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Perceuse fraiseuse 3 axes -3 D de haute precision a commande numerique - Technodrill

La perceuse fraiseuse 3 axes - 3l) de Technodrill en action

Le systeme Technodrill est ideal pour reali-
ser tous les projets de decoupe, gravure,
pergage, detourage, usinage...

II peut egalement etre utilise pour graver
les faces avant en aluminium ou plastique.

Les courses X, Y, Z sont de 215, 350 et
80 mm pour une surface utile de 210 x
310 mm. La resolution varie de 0,003 a
0,01 mm et Ia reproductibihte est de 0,05 mm.

La Technodrill est equipee d'une broche de

900 W tournant a une vitesse de 8000 a
26000 tours/min avec mandrin 3.17 et
8 mm. La vitesse de deplacement est au
maximum de 50 mm/s et le palpeur de
positionnement outil est integre. Par

ailleurs, le systerne Technodrill est Vivre
avec ('ensemble de logiciels Windows
Galaad 3 (6000 licences vendues en
France) destines au pilotage intelligent de
machines a commandes numeriques de 1
a 5 axes.

Le guidage tres précis des axes apporte
une haute resolution et une grande repro-
ductibilite

Les points forts de Ia Technodrill

 Apprentissage immediat
 Polyvalente : pergage, fraisage, detoura-

ge...
 Compatible avec tous les types de

fichiers
 Guidage tits precis des axes
 Logiciel GALAAD 3
 Palpeur d'outil
 Capot en option

11, Rue Charles Michels
92227 Bagneux Cedex - France

Tel.: 33 (0) 1 4547 4800
Fax : 33 (0) 1 4547 1614

E-mail : cif@ciffr
Web : www.cif.fr

S'initier a la programmation des PICBASIC
Les PICBASIC revolutionnent aujourd'hui le monde des microcontraleurs : outre leur faible
coot, une grande vitesse d'execution et une excellente fiabilite, leur programmation en
langage BASIC (grace a un simple PC) permet d'etablir rapidement et sans difficulte leur
configuration et leur mise en oeuvre.

A travers la construction d'une platine d'experimentation et de nombreux exemples de
programmes, cet ouvrage propose une approche fres progressive qui permet au lecteur
de comprendre, par la pratique, la " philosophie " et les avantages de ce composant hors
du commun. Les applications proposees en fin d'ouvrage presentent quelques aspects de
ses spectaculaires possibilites, comme la commando des moteurs ou encore les solu-
tions d'affichage LCD ou a LED.

Les subtilites du langage machine ne seront bientot plus qu'un lointain souvenir. Les
portes de la creation vous seront des lors grandes ouvertes, et qui salt jusqu'ob votre
imagination vous entrainera ?

Guy ISABEL est professeur en lycee professionnel dans le secteur electrotecbnique (BEP
et Bac pro). 11 collabore rOgulierement, depuis plus de 25 ans, A la revue Electronique
Pratique.

DUNOD/ETSF - 26 
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SOLUTION DE FABRICATION DE CIRCUITS
FRAISEUSE A COMMANDE

Concepteur et fabricant de fraiseuses a
commande numerique depuis plus de
20 ans, Charlyrobot devoile sa solution
de fabrication de circuits imprimes sans
chimie (ou gravure anglaise).
Cette solution permet le pergage, ('isola-
tion des pistes et la decoupe du circuit
imprime, sur fraiseuse a commande
numerique.
Ce logiciel permet la realisation de cir-
cuits double face, monocouche, avec un
nombre de pastilles illimite, avec optimi-
sation des liaisons (chevelus) en temps
reel, auto placement des composants,
auto routeur en contour (base sur les for-
mes, sans grille).
Le calcul des outils est realise directe-
ment par le logiciel de CAO, grace a une
liaison directe au pilote machine
Charlyrobot avec gestion du reposition-
nement du circuit pour le double face.
L'ensemble des parcours est inclus dans
un seul fichier d'usinage, le cycle de
changement des outils (manuel ou auto-
matique selon le modele de fraiseuse
Charlyrobot) est Ore par le pilote
machine.
La realisation de circuits imprimes

NUMERIQUE
IMPRIMES

C

SUR
HARLYROBO1

congus avec d'autres CAO electroniques
par import des PCB (principalement au
format XGERBER, compatibilite a tester
suivant les logiciels et les versions).
Avec ce logiciel, Charlyrobot met son
expertise de l'usinage au service de la
fabrication mecanique de circuits impri-
mes.

Charlyrobot

BP 22 - F-74350 CERNEX

Tel : 04 50 32 00 80
Fax: 04 50 44 00 41

info@charlyrobotcom
www.charlyrobotcom

S'INITIER A LA PROGRAMMATION DES PIC BASIC ET
ASSEMBLEUR

ALAIN REBOUX

S'initier a la
programmation

des PIC
BASISET ASSEMBLEUR

IONS TECHNIQUES FrUII.R.1140.115(3

2eme edition

Vous permettre de maitriser les bases de relectronique programmable, telle est
l'ambition de ce there.

Nous avons choisi de nous appuyer sur les fameux et universels microcontraleurs PIC
avec lesquels on "fait" de ('electronique sans s'embarrasser de schemas complexes.

Les modeles retenus ici sont les 16F84 et 16F628 au rapport performances/prix sans
egal sur le marche.

Cet apprentissage, nous l'avons voulu progressif au travers de montages simples et
ludiques, bases sur des applications actuelles comme les cartes a puce, la television
ou les robots.

Ainsi, vous explorerez les immenses possibilites de cette electronique moderne en
BASIC, assistes des logiciels BASIC F84 et F84+ develop* pour vous par I'auteur,
puis en assembleur. Bien plus qu'un manuel technique et qu'un simple ouvrage de pro-
grammation, ce guide est une veritable porte ouverte sur le monde de ('electronique
numerique.

CD-ROM inclus

A. REBOUX - ETSF/DUNOD
224 pages 38 
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Avalanche de nouveautes ROBOTIOUE
chez... Lextronic

Lextronic est desormais le distributeur
exclusif pour la France des bases robo-
tiques a Robotics ConnectionTM»
Proposes sous forme de kits a assem-
bler, les modeles « BotsterTM » se com-
posent d'un chassis mobile en polycar-
bonate dont la motricite est assuree par
2 servomoteurs. Chacune des roues est
equipee dune "bande" anti-derapante
ainsi que d'un disque associe a un enco-
deur optique qui vous restituera des
impulsions proportionnelles a la vitesse
de rotation. La base dispose de plusieurs
emplacements permettant de recevoir
en option des batteries, votre platine
electronique de commande, 3 detecteurs
d'obstacles infrarouges ainsi qu' une tou-
relle pour la camera de detection de cou-
leurs « CMUcam2 ». La photo montre la
base equipee de divers accessoires
optionnels. Le modele « BotsterTM

libre de toute option est propose a
135  TTC.

Lextronic distribue la plate forme de
developpement « RDS-X01 ». Livree en
kit, elle se compose de plusieurs plaques
supports, associees a 2 blocs moteurs
ainsi qu'a une serie de capteurs
(antennes « palpeuses », detecteurs
d'obstacle et de lumiere...) eta une pla-
tine de gestion microcontrelee destine a
coordonner ('ensemble des fonctions du
robot (toutes les platines electroniques
sont montees et testees). L'ensemble est
fourni avec un logiciel de programmation
graphique sur PC (type organigramme)
permettant via une liaison serie de modi-
fier les reactions du robot (action sur ses
sorties logiques, sur ses moteurs avec
plusieurs vitesses) en fonction de l'etat
de ses capteurs ou de calculs pouvant
etre effectues sur des variables. La
plate -forme complete est proposee a
159  TTC.

Develop* par la societe "Designer
SystemsTM" et distribuee par Lextronic,
la base « DS -X4 » s'apparente a une
plate -forme mobile « tout terrain » avec
4 roues motrices (actionnees par servo-
moteurs). Ces servomoteurs sont pilotes
par une petite platine (livree montre) qui
pourra recevoir des ordres series en pro-
venance de votre electronique de corn-
mande afin que vous puissiez faire avan-
cer ou reculer la base ( avec 9 vitesses
au choix), la faire tourner a droite ou
gauche, la stopper, activer ses detec-

Le Botster avec son chassis mobile en
polycarbonate, sa motricite est assuree
par 2 servo-moteurs

Le DS -X4, plate forme mobile tout terrain

teurs d'obstacles infrarouges integres...
La base est disponible en version stan-
dard (avec support pour piles) a 159 

TTC ou dans une version plus complete
avec un accumulateur et un chargeur a
215  TTC.

Parmi les autres nouveautes *lees a la
robotique, Lextronic propose egalement
plusieurs petits modules hybrides :

- Petite carte accelerometre/gyroscope
subminiature.

- Module de commande pour moteur
« CC » 3 A avec entrée d'asservissement
(par tension via un potentiometre de
recopie ou via le signal d'un encodeur).
Platine microcontrelee integrant un pP
AtmelTM + un Otage de puissance pour
pilotage de moteurs « CC » + afficheur
LCD.

- Module de commande miniature pour
moteur CC » de 30 A max !

- Module de communication infrarouge
bi-directionnel securise.

- Module de commande pour moteur
« pas a pas » tres evolue avec fonction
memoire.

La description de ('ensemble de ces
nouveaux produits est disponible sur le
site www.lextronic.fr

LEXTRONIC

36/40 rue du General de Gaulle
94510 La Queue en Brie

Tel. : 01 45 76 83 88
Fax : 01 45 76 81 41

Plate forme de developpement
RDS-X01 totalement Evolutive
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Initiation

Internet
PR@TIQUE

Les DSP sont des processeurs optimises pour
realiser des traitements complexes sur des
signaux audio, video et autres. La specialisation
de ce type de processeurs est telle que dans ('es-
prit de beaucoup de personnes le terme DSP
designe la fonction egaliseur que l'on rencontre
dans les amplis audio modernes ou dans des
logiciels de lecture de fichiers audio tels que
Winamp. Pourtant ('utilisation des DSP va bien
au-dela du filtrage elabore d'un signal audio.
Pour decouvrir l'etendue des applications
offertes aux DSP nous vous invitons a visiter
quelques sites Internet avec nous.

Pour entrer directement dans le vif du sujet nous vous invitons
a charger la page suivante dans votre navigateur prefer. :

http://perso.wanadoo.fr/lapiste/DSP/dsp.htm ». Cette page
brosse rapidement le tableau de quelques-unes des particu-
lates d'un DSP sans pour autant noyer le lecteur dans un flot
de details trop techniques. Apres avoir lu les quelques expli-
cations sur le format en virgule flottante qu'un DSP est
capable de manipuler tits rapidement, on ressent le besoin
de trouver un site qui donne un peu plus de details.

C'est donc tout naturellement que nous vous invitons a char-

http://genelaix.free.frnufm-genelec-
forum/DSP/TomeLDSPpdf 2
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http://perso.wanadoo.fr/lapiste/DSP/dsp.htm

ger ensuite la page « http://genelaix.free.frAufm-genelec-
forum/DSP/DSP_Prog.htm » dans votre navigateur.

Ce site comporte plusieurs documents fres interessants au
format PDF. En particulier, ('introduction disponible

a l'adresse http://genelaix.free.fr/iufm-genelec-forum/
DSP/Tome-I_DSP.pdf » est particulierement utile pour bien

3
http://perso.ens-
lyon.fr/arnaud.tisserand/docs/semlip-at-
dsp.pdf
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Initiation

4 http://wyvvv.adaptyv.comfidarticle.php?sid=5

'
Vowe...5 Eks.a.

comprendre ce qui fait la force d'un DSP face a un micropro-
cesseur classique dans le domaine du traitement de signal.

Si vous recherchez des explications un peu plus illustrees,
nous vous conseillons de telecharger egalement le document
PDF disponible a I'adresse « http://perso.ens-
lyon.fr/arnaud.tisserand/docs/semlip-at-dsp.pdf ». Ce docu-
ment illustre [Intel -et des instructions MAC propres aux DSP
dans la mise en ceuvre d'un filtre a reponse impulsionnelle
finie (FIR). Ce document explique egalement pourquoi les
modes d'adressage particuliers d'un DSP sont un avantage
pour le traitement de signal.

Si l'idee de mettre vous-meme en ceuvre un DSP vous semble
trop ardue vous constaterez a ('aide du site situo a l'adresse

http://www.adaptyv.com/fr/article.php?sid=5 » que cela
reste pourtant a la portee des amateurs passionnes. Notez au
passage que, comme le demontre le site en question, la carte
son de votre fidele PC contient une partie des equipements
necessaires pour constituer a moindre frais un generateur BF
et un analyseur de spectre. Le site indique les liens qui per-
mettent d'acceder aux logiciels necessaires pour cela, et ils
sont gratuits. Alors ne vous en privez pas !

Pour terminer notre petite incursion dans le monde des DSP
grace a Internet, nous vous proposons finalement de charger
la page « http://www.unice.fr/Demartini/dsp/index.htm » dans
votre navigateur. Ce site propose un cours en ligne sur les
DSP. II decrit notamment les operations de base du traitement

http://www.unice.fr/Demartini/dsp/p003.htm#

9 In*

de signal tels que le produit scalaire, la convolution et la
transformee de Fourrier rapide avec des illustrations tout a
fait interessantes.
Bien entendu, la visite de quelques pages sur Internet sont
insuffisantes pour pretendre maitriser un sujet aussi vaste
que celui du traitement de signal a ('aide d'un DSP. Mais
desormais, lorsque vous entendrez parler de DSP dans une
conversation profane, vous aurez le sentiment d'en savoir un
peu plus sur le sujet. Si votre soif d'apprendre sur ce sujet
n'est toujours pas etanchee, nous vous proposons de visiter
egalement les sites mentionnes a la fin de cet article (les trois
derniers sont en anglais) et nous vous donnons rendez-vous
a la rentree pour de nouvelles decouvertes grace a Internet.

P. MORIN

http://perso.wanadoo.fr/lapiste/DSP/dsp.htm

http://genelaix.freeir/iufm-genelec-forum/DSP/Tomel_DSP.pdf

http://genelaix.free.fr/iufm-genelec-forum/DSP/indexdsp.htm

http://perso.ens-Iyon.fr/arnaud.tisserand/docs/semlip-at-dsp.pdf

http://www.adaptyv.com/fr/article.php?sid=4

http://www.adaptyv.com/fr/article.php?sid=5

http://www.uniceir/Demartini/dsp/index.htm

http://www.creatis.insa-lyon.fr/-yougz/tsi/dsp.ppt

http://www.f5mi.fr.fm/

http://www.bores.com/courses/intro/chips/index.htm

http://dspvillage.ti.com/

http://www.dspguru.com/info/tutor/index.htm

Liste
des
liens
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Les
asservissements
lineaires

Les asservissements

sont employes ties

frequemment pour

controler une

grandeur physique a

l'aide d'une
consigne. Cela va de

la vitesse d'un

moteur a la position

du bras articule d'un

robot, sans parler des

nombreuses autres

applications

courantes (regulation

de la temperature,

climatisation,

positionnement de la

tete d'un lecteur de

CD, etc.).

L'atude des asservissements fait appel

a la theorie des systemes boucles.

Cette theorie ne s'applique pas seule-

ment a l'electronique puisqu'elle per -

met egalement d'etudier de nombreux

systemes mecaniques (ABS des vehi-

cules modernes, direction assistee,

etc.). Sans vouloir pretendre resumer

cette theorie en seulement quelques

lignes, nous vous proposons de
decouvrir ici quelques-uns des grands

principes mis en jeu dans un asservis-

sement.

Tous les systemes boucles peuvent se

ramener a ('etude du schema bloc
represents en figure 1. En effet, sous

reserve de pouvoir poser les diffe-
rentes equations qui regissent le fonc-

tionnement du systeme a etudier, it est

toujours possible de revenir au sche-

ma bloc de la figure 1 au moyen de

plusieurs regroupements. Les regrou-

pements en question ne sont bien
souvent qu'une facilite d'ecriture

mathematique de sorte qu'il n'est pas

toujours tres simple d'identifier quels

sont les parametres influents du sys-

teme physique. Cependant, la mise en

equation sous la forme de ce schema

bloc permet d'exploiter directement

toutes les conclusions de la theorie

des asservissements, ce qui en vaut la

peine.

On distingue deux types d'utilisations

principales des asservissements

lineaires : ('asservissement de position

(systeme suiveur) et la regulation.

Dans le cas d'un asservissement de

position, le retour est dit « unitaire

c'est a dire que la grandeur de sortie

est directement comparee a la

consigne appliquee en entrée (voir la

figure 1). Dans le cas d'un systeme

regule, la grandeur de retour est obte-

nue par un bloc de traitement (capteur

de vitesse, pont diviseur, etc.) qui

ramene la grandeur de sortie dans une

unite comparable avec la consigne

(voir la figure 2).

Moyennant un remaniement du sche-

ma bloc de la figure 2, on demontre

que ('etude d'un systeme regule s'ap-

parente a ('etude d'un asservissement

de position suivi d'un traitement de
mise a l'echelle, comme cela apparait

sur la figure 3. Dans ce cas, la gran-

deur de retour « r ' est souvent abs-

traite car elle n'existe qu'au travers
des equations mathernatiques, ce qui

perturbe souvent les jeunes esprits qui

cherchent un sens concret aux notions

etudiees (oil placer la sonde de ('oscil-

loscope, par exemple, pour visualiser

la grandeur de retour ?).

Au vu de requation reportee sur la
figure 1, on constate que le gain d'un

systeme bouclé a retour unitaire « G

tend vers 1 lorsque l'amplification «A

. est elevee. Pour les autres systemes,

le gain tend vers 1/B (figures 2 et 3).

La contre reaction introduite dans un

systeme bouclé permet done de s'af-

franchir de la valeur exacte de l'ampli-

fication « A .. Que l'etage amplifica-

teur soit realise avec des transistors

(dans ce cas it est assez facile d'ob-

tenir A = 10 a 100) ou avec un ampli-

ficateur operationnel (A=100 000 et
plus) le gain du systeme bouclé reste-

ra tits proche de 1 (ou 1/B).

Lorsque l'on Otudie un systeme bouclé,

on s'interesse a deux parametres
contradictoires : la precision de l'as-

servissement et sa stabilite. En effet,

n° 296 vvvvvv.electroniquepratique.cam 12 ELECTRONIQUE PRATIQUE



Robot

G = ste = A/(1 + A)

Asservissement de posi-
tion (la consigne est direc-
tement comparee a la sor-
tie, le retour est unitaire)

G = s/e = N(1 + AB)

Cas general d'un systeme
regule (la sortie n'est pas
de mettle nature que la
consigne)

E = e -

G = s/e = A/(1 + A) 1B

L'etude d'un systeme
regule est comparable a
celle d'un asservissement
de position

pour obtenir une bonne precision de ('asser-

vissement, it faut maintenir (e) aussi faible que

possible. La solution consiste a augmenter

('amplification du systeme, mais ce faisant, on

augmente egalement le risque d'instabilite

comme le precise le critere de Nyquist. On

peut comprendre ce critere de facon intuitive

si Ion tient compte de la composition spec-

trale de tout signal electrique. En admettant

que le systeme etudie reste lineaire sur toute

la plage de fonctionnement envisagee, on

peut determiner son comportement en etu-

dant sa reponse pour chaque frequence du

spectre (la reponse totale Otant la somme de

toutes les reponses pour chaque frequence

individuelle). Pour etudier la stabilite du sys-

teme, tl suffit done d'etudier le gain et la
phase du systeme en fonction de la frequen-

ce du signal d'entree. Si pour une frequence

donnee on constate que le signal de sortie est

*hese de 180° tandis que le systeme pos-

sede un gain superieur a 1, alors le systeme

sera instable. En effet, a cette frequence par-

ticuliere, un infime couplage du signal de sor-

tie sur le signal d'entree transformera le sys-

teme en oscillateur ! Pour rendre un systeme

stable, on ajoute generalement un reseau de

compensation (un simple filtre R/C peut suf-

fire) dans la boucle. Dans la pratique, it ne

Taut pas se contenter de rendre le systeme

theoriquement stable. II faut prevoir une

marge de fonctionnement pour assurer une

stabilite correcte du systeme. On parle de

marge de phase ou de marge de gain. Ces

termes viennent des differentes representa-

tions de la reponse du systeme en frequence

sur lesquelles on mesure le critere de stabili-

te (diagramme de Bode ou diagramme de

Nyquist).

La marge de gain est definie par la formule

20 Log (A), le gain A etant calcule a la fre-

quence a laquelle la phase fait 180°. La
marge de phase se mesure a la frequence

pour laquelle le gain du systeme vaut 0 dB.

Ces notions sont illustrees sur la figure 4.

Dans la pratique, on considere qu'un systeme

est suffisamment stable si sa marge de gain

est de -10 dB a -15 dB tandis que la marge

de phase recherchee se situe entre 40° et

45° environ.

On constate facilement l'interet de ces
notions si l'on etudie la reponse du systeme

a une impulsion appliquee sur le signal d'en-

tree. Les courbes de la figure 5 illustrent la

reponse de plusieurs systernes, en partant

d'un systeme parfaitement stable et en pro-

gressant jusqu'a un systeme totalement
instable.

P. MORIN

A

//
Systeme tree

stable

).-

IP.--
-...---

I
Systeme stable

A
r r's..../ %.,

Systeme avec une faible
merge de stabilite

A

1

11 w

I 'I 'i't1Iti I/ Jftul1 j%.

I i 1'
I Systeme en limits

de stabilite

A
rN !I it ^. I
I 1 f I it I 111111 11 il

t...." .1 li,./ '1,j

Systeme totalement instable

Reponse a une impulsion
en fonction de la marge
de stabilite du systeme

La marge de gain et la marge de phase definissent la stabilite
d'un asservissement

Gain

50

- 50

- 100

- 150

1 1 I 1 1 1 1 11 1 1 1 1 1 1 11

I 1_1..111111 1 1 1 1 1 1 1 1
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Controls d'un
moteur a courant
continu par MLI

Les moteurs

courant continu

existent sous une

grande variete de

tallies, de prix et de

qualites. Les aimants

permanents utilises

dans ces moteurs

permettent d'obtenir,

maintenant, des

modeles de tits
hautes performances.

En robotique, ce sont

bien evidemment ces

modeles qui sont

recherche's pour

diminuer la

consommation sans

perte de puissance.

Les plus petits modeles font 4mm de

diametre pour une puissance de

0,1 W. Pour un robot de 1 kg, on pour-

ra utiliser des moteurs de 25 mm, 3 W.

Pour controler ce type de moteur,

existe essentiellement deux me-

thodes. La premiere consiste a utiliser

un amplificateur de puissance avec

une tension proportionnelle a la vites-

se desiree. Cette technique montre, a

('evidence, une perte considerable de

puissance dans l'amplificateur. Ceci

est inacceptable sur un robot mobile

dont l'energie est limitee. La meilleure

solution consiste a commuter le
moteur avec un rapport cyclique adap-

ts a la vitesse. Cette technique est

aussi mieux adaptee aux moteurs de

qualite moyenne que Ion trouve plus

communement.

Principe (figure 1)

La modulation de largeur d'impulsion

MLI (Pulse Width Modulation, PWM en

anglais) est la technique employee

pour reduire la puissance moyenne

transmise a une charge comme un

moteur.

Le moteur etant equivalent a un circuit

LR, sa constante de temps L/R doit

etre plus grande que la periode du
signal qui lui est applique. Les

constantes de temps des moteurs CC

sont voisines de 1 ms environ, ce qui

impose des frequences de 1 kHz mini-

mum. L'inertie du moteur integre les

impulsions et le courant dans le

moteur est quasiment constant. Pour

eviter les vibrations de la carcasse du

moteur aux frequences audibles, on

choisit souvent des frequences supe-

rieures a 20 kHz. Cette technique
autorise les demarrages a bas regime.

Les signaux faisant
varier la vitesse d'un
moteur CC

25 %

75 %
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MLI analogique (figure 2)

II existe difforentes techniques pour obtenir

cette modulation. Les plus simples sont
entierement analogiques et utilisent des

amplificateurs operationnels ou des circuits

de type 555.

On peut, par exemple, transformer une com-

mande de vitesse analogique en la compa-

rant avec un triangle. Le resultat est un signal

de type MLI dont la ()el -lode est !Janie par le

programme af in de traiter notre control° des

moteurs. Cette derniere technique, quoique

convenable, n'est pas sans poser des pro-

blemes dans certains cas.

MLI numerique

II existe plusieurs types de programmations

pour obtenir le meme resultat, mais chacune

a ses avantages et ses inconvenients.

Gonerateur de signaux triangulaires

Entree analogique

L

Sortie

Schema analogique pour generer des signaux MLI

triangle et le rapport cyclique (rapport entre la

largeur de ('impulsion et la *lode) est la
duree pendant laquelle la commande est
superieure au triangle.

Une autre solution est d'utiliser un 555 en

monostable, declenche par un autre qui defi-

nit la *lode ou encore d'utiliser des compo-

sants specialises pour alimentation a decou-

page. Ces dernieres solutions sont toujours

d'actualite. Mais des que ('application devient

complexe, les microcontrOleurs sont incon-

tournables et proposent de nouvelles solu-

tions pour generer les signaux necessaires.

C'est plus precisement ('objet de cet article.

Le microcontreleur

Les microcontroleurs ont revolutionne le

monde des composants electroniques et les

applications qui s'y rapportent. C'est encore

plus vrai en robotique mobile, oil tl faut reclui-

re le nombre de composants en accroissant

les capacites.

On a donc invente des techniques de pro-

grammation pour generer des signaux de

type MLI pour controler des moteurs de tous

types et en particulier a courant continu.

Pratiquement toutes ces techniques utilisent

une ressource interne importante qu'est l'in-

terruption. On parametre le microcontrOleur

pour obtenir une interruption reguliere du

Pre methode (figure 3)

La premiere consiste a modifier la ligne
affectee au moteur a chaque interruption. La

duree d'une interruption est calculee pendant

celle-ci, en fonction du rapport cyclique sou-

haite. Le probleme apparait pour les valeurs

proches des valeurs limites 0 % et 100 %,

car le temps passé dans ('interruption peut

etre superieur a la duree du signal a appli-

quer au moteur. On considere que cette
methode permet de generer des signaux de

rapport cyclique compris entre 10 % et 90 %.

Ce demier probleme peut etre resolu en res-

tant dans ['interruption et en calculant l'autre

partie du signal. Alors, it devient possible de

generer des signaux MLI de frequences
20 kHz maximum (quartz 20 MHz) avec une

precision de 0 a 100 % en utilisant moins de

25 % du temps. L'ecriture de cette routine est

longue et fastidieuse.

2eme methode (figure 4)

Cette premiere methode montre déjà des

limites d'utilisation. Dans beaucoup de cas,

une precision sur 4 ou 6 bits est suffisante et

permet d'augmenter la frequence, critere

plus interessant.

La deuxieme methode consiste a incrementer

un compteur a chaque interruption. Puis une

variable contenant la vitesse est ajoutee a ce

compteur. Si le resultat depasse la capacite

L

Moteur_On

255 - Ton
-> Timer

Moteur_Off

255 - (Pariode - Ton)
-> Timer

/1\
Interruption

Le signal change a chaque interruption

Listing 1 : methode n° 1, en assembleur pour PIC

Routine MLI (methode n° 1) vitesse entre 10 et 90 % a frequence 2 kHz

Btfsc

Goto

MLI_haut

movf

sublw

movwf

Moteur_On

goto

MLl_bas

movf

addlw

movwf

Moteur_Off

MLI fin

Moteur_pin ; test si la ligne est a 0

MLI_bas

; *ere le temps haut
MLI_vitesse,W ; transfere la vitesse dans W

.255 ; 255 - W

TMRO ; pour duree de Petal haut

; ligne moteur a 1

MLI_fin

; genere le temps bas

MLI_vitesse,W ; transfere la vitesse dans W

.5 ; 255 - ( 250 -W )
TMRO ; pour duree de l'etat bas

; ligne moteur a 0
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du compteur, le bit de retenue est positionne

puis la ligne du moteur est mise a 1 et inver-

sement. La *lode du signal est egale a la

precision, multipliee par la duree entre deux

interruptions.

Une addition supplementaire est necessaire

pour atteindre les 100 %, voir listing.

methode (figure 5)

Cette derniere methode est peu employee.

Pourtant, elle n'est pas plus compliquee que

la precedente et permet de generer des
signaux de frequence plus elevee.

A chaque interruption, on ajoute la valeur de

la variable vitesse dans un compteur et on

utilise la retenue pour activer le moteur. Cette

technique appelee modulation de la frequen-

ce des impulsions MFI (Pulse Frequency

Modulation, PFM en anglais) permet de mul-

tiplier par 5 au plus la frequence du signal et

d'augmenter la precision par rapport a la
methode precedente.

MLI enfoui (figure 6)

Levolution et la demande ont fait que Ion

trouve maintenant des microcontroleurs

Listing 3 : methode n° 3, en assembleur pour PIC

Routine MFI (methode n° 3) repetee toutes les 50 ps

movf MFI_vitesse,W

addwf

btfsc

Moteur_On

btfss

Moteur_Off

MFl_compteur,F

STATUS,C

STATUS,C

transfere la vitesse dans W

ajoute la vitesse au compteur

teste la retenue

retenue a 1 -> ligne moteur a 1

teste a nouveau la retenue

retenue a 0 -> ligne moteur a 0

equipes, en interne, de structures pour gene-

rer des signaux MLI.

Fini la programmation, it suffit de parametrer

a I' initialisation la periode et la precision et de

changer le rapport cyclique a la volee, la syn-

chronisation s'occupant de la mise a jour.

Ces microcontroleurs ont simplifie la com-

mande des moteurs en robotique. Le pro-

grammeur pouvant se concentrer sur le corn-

portement de son jouet (Electronique

Pratique n° 290).

15 retenue a 0 retenue a 1

MLI_vitesse
N MLl_compteur

--*-----------

--------"-----

Moteur Off Moteur On

Un compteur est increments a chaque interruption

Conclusion

Malgre ('apparition de microcontroleurs a MLI

interne, it existe beaucoup de cas or) cette

ressource doit etre utilisee pour autre chose

que la commande de moteurs.

C'est dans ces cas la qu'il peut etre interes-

sant de connaitre d'autres methodes pour

creel; des signaux de ce type.

F. GIAMARCHI
giamarchi@iut-nimes.fr

255

128

0

MFI vitesse

50

200

100

- MF- l_compleu- r-- -

H H inn
La modulation de la frequence des impulsions

Listing 2 : methode n° 2, en assembleur pour PIC

Routine MLI (methode n° 2) repetee toutes les 50 ps

movlw Ox10

addwf

bffsc

addwf

movf

addwf

btfsc

Moteur_On

bffss

Moteur_Off

MLl_compteur,F

STATUS,Z

MLI_compteur,F

MLI_compteur,W

MFI_vitesse,W

STATUS,C

STATUS,C

; precision sur 4 bits

; frequence : 1,2 kHz

; test si egale a 0

; addition supplementaire

; transfere le compteur dans W

; ajoute la variable vitesse

; teste la retenue

; retenue a 1 -> ligne moteur a 1

; teste a nouveau la retenue

; retenue a 0 -> ligne moteur a 0

Structure d'un generateur de
signaux MLI pour microcontriileur
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Robot

Initiation aux PLC
ou automates
programmables

Les PLC,

(Programmable Logic

Controller) ou

Automates

Programmables

lndustriels (API),

existent depuis de

nombreuses annees.

Surtout utilises dans

l'industrie pour la
commande de

processus, ils

subissent une

vulgarisation qui

permet au grand

public de les utiliser

dans diverses

applications, que ce

soit par exemple la

domotique ou la

robotique.

Generalites

Les PLC sont, si l'on peut dire, des

ordinateurs specialement congus aux

applications d'automatismes et peu-

vent se comparer a nos ordinateurs

personnels mais ne possedent ni

Ocran, ni clavier. Ils necessitent cepen-

dant un outil de programmation, entre

autres un PC, sur lequel est install& un

langage de programmation graphique

tits simple a assimiler : le Relay

Ladder Diagram.

La figure 1 montre un exemple de
symboles graphiques utilises par Get

outil de programmation. En fait, une

personne ne connaissant memo pas

les bases de l'electronique est

capable, apres une courte adaptation,

de programmer un PLC.

Si l'on compare un PLC et les Ian -

gages de programmation classiques

(BASIC, C, assembleur, ...), on s'aper-

goit que les PLC sont multitaches,
c'est-a-dire que plusieurs actions
peuvent etre accomplies simultane-

ment.

Dans les autres langages dont les pro-

grammes comportent une suite d'ins-

tructions, le fonctionnement est

sequentiel. Les taches sont accom-

plies les unes a la suite des autres et

ce, une seule a la fois.

Les PLC utilisent pour leurs applications

le principe de temps de cycle afin de

synchroniser correctement le fonction-

nement des entrées et des sorties entre

elles. Le dessin donne en figure 2
montre ce principe. Le temps de cycle

est d'une duree fixe, duree pendant

laquelle le programme est lu de la pre-

mière ligne a la derniere ligne et ce,

quelle que soit sa longueur. Comme on

le remarque sur la figure, c'est durant

cette *lode fixe que les entrées et
les sorties sont mises a jour apres une

auto inspection.

Comme les microcontrOleurs que nous

connaissons, les PLC controlent et

assurent le fonctionnement de diffe-

rents types de peripheriques (voir
figure 3) a la difference pits qu'ils
remplacent les relais dans les equipe-

ments d'automatismes et qu'ils peu-

vent contreler differents equipements

sur des lignes de production.

Les entrées peuvent comporter des

capteurs de proximite, de temperatu-

re, de lumiere, tandis que les sorties

activent des moteurs, des vannes,
etc., et ce bien sir, en fonction du pro-

gramme qui est inscrit dans leurs

memoires. Les applications possibles
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P
P1:0 P1:2

P1:1

Example de Relay
Ladder Diagram

Les deux circuits travaillent
de fagon independante

sans interference.

Symboles graphiques du programme ladder

des PLC sont nombreuses et c'est pour cette

raison que le grand public comme les indus-

triels peuvent les utiliser. On peut citer
comme exemples ('automatisation de robots

mobiles ludiques ou la regulation de la tem-

perature d'une habitation en fonction de cha-

cune des pieces de celle-ci, applications

interessant directement ('amateur.

Structure generale d'un PLC

La structure simplifiee d'un PLC est donnee

en figure 4. On y distingue :

- Le processeur qui se charge de ('execution

du programme

- Le systeme d'entrees/sorties qui assure la

liaison avec l'exterieur

- La memoire qui stocke les informations

II existe thfferents types de memoires qui

peuvent etre utilisees :

- La RAM en lecture et en ecriture qui perd

son contenu en cas de coupure d'alimenta-

tion

La ROM qui ne supporte que la lecture

L'EEPROM dont le contenu est efface elec-

triquement. Les donnees peuvent etre
modifiees en cours de fonctionnement et

subsistent apres une coupure d'alimenta-

tion

- La FLASH ROM, similaire a l'EEPROM mais

dont la methode de fabrication est differente

Principe du temps
de cycle

Principe du temps de cycle

Execution du
programme

Mise a jour des
entrees sorties

Auto inspection

Les diffirents
types de relais

Pour leur fonctionnement, les PLC utilisent

differents types de relais. Ils peuvent etre de

trois sortes :

- Les relais externes connectes aux entrées

et aux sorties

- Les relais internes

- Les relais se trouvant uniquement en
memoire

Afin de rendre plus concret ce qui vient d'etre

enonce, nous avons choisi un modele com-

mercialise pour le grand public et les profes-

sionnels. On peut, sans trop se tromper, dire

que c'est un echantillon representatif des
PLC.

M - relais memoire (support memoire) :

ce type de relais n'existe que dans la
memoire du PLC et ne peut avoir directe-

ment acces sur l'exterieur. Sa fonction est

de garder ('information.

K 4 relais sauvegardes (keep relay) : Hs
ont un role identique au precedent relais.

La valeur qui y est stockee est conservee

apres coupure de ('alimentation. On les
utilise si ['information doit etre conservee

hors tension.

F 4 relais speciaux (special relay) : c'est
une fonction interne du PLC, operateurs

internes ou informations temporisees,
comme par exemple, repeter ON et OFF

toutes les secondes.

T - temporisateurs (timers) : c'est ce
type de relais qui contrOle les temporisa-
tions qui peuvent etre ON ou OFF. La base

de temps est de 10 ou 100 ms.

C - compteurs (counter) : Ce relais
compte un nombre d'impulsions. Si les
impulsions comptees sont plus courtes
que le temps de cycle, c'est le compteur
rapide CNT qui s'en charge.

D - donnees (data) : ce type de relais
stocke les donnees d'operation sous la

Entrees/sorties

TemporisatetnS

Compteurs

Etc...

Types de periphoriques connectables

Les relais de ce PLC sent classes par des

lettres. Hormis les relais K, tous les relais

sent a 0 a la mise sous tension ou apres un

RESET.

Le texte donne ci-dessous, en gran enumere

les differents relais ainsi que certains autres

composants du PLC :

P - relais entrees/sorties (I/O relay) : Ns

sont directement connectes aux entrées

et aux sorties. Les entrées peuvent
prendre Petat haut ou bas (1 ou 0, ON ou

OFF) et sont connectes sur les ports utili-

ses en entrée. Les sorties peuvent com-

mander des organes electriques.

forme d'un mot de 16 bits. Plusieurs ins-

tructions du PLC stockent ('information
dans ce domaine.

S - relais pas -a -pas (step controller
relay) : relais utilise pour le fonctionne-
ment sequentiel. Le PLC fonctionnant sur

le principe du temps de cycle, ce relais
permet de resoudre simplement le fonc-
tionnement en sequentiel qui pose parfois

des problemes.

CH - affichage LCD : c'est le buffer utili-

se pour ('affichage LCD. Si on ecrit un
code ASCII dans ce domaine, it sera ensui-

te affiche sur Pecran LCD. Si on ecrit un
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Structure generale d'un PLC

CPU

Memory I/O

La CPU lit les instructions du programme, les
interprete et les execute, les entrees sorties
sont chargees de faire la liaison avec rexterieur,
tandis qua la memoire est chargee de stocker les,
informations.

4E1-_,) Structure schematique
d'un PLC

blanc (20H), le caractere est efface.

G -> affichage SGN : c'est le buffer pour
('affichage 7 segments. Si on ecrit un code

ASCII, it apparait sur I'afficheur.

AD - stockage du resultat d'une conver-
sion A/D : c'est dans ce domaine qu'est
enregistre le resultat d'une conversion
A/D.

Le resultat peut etre utilise en se referent
a ce domaine.

CNT 4 compteur rapide : c'est dans ce
domaine qu'est sauvegardee la valeur du
compteur rapide.

Le resultat peut etre utilise en se referent
a ce domaine.

Comme on peut le constater, le fonctionne-

ment du PLC nest pas aussi complexe qu'il

n'y parait de prime abord.

P1:0 P1:2

P1:1

Diagramme

Ladder

LOAD P1 : 0

OR P1 :1

OUT P1 : 2

END

Mnemoniques

assembleur

34 FA 00 37

98 9B 03 C9

23 43 11 32

89 36 00 00

Programme
assemble

) Processus de programmation d'un PLC

Symboles de base LADDER

0 Lamp

C7-1) Exemple d'utilisation des symboles du ladder

Fk Elk Does.dol Run Melo

41 -4 d1, 4.3 17

11.,001 m. 1 0.'11..1 mmi -1 F
F1

PLC

"FE -6

Cortuosedeon
-

f 1491.12e

I.- ASCII Mutt I55292I

1601 Mode ps+85)

601410-2151

10011 Pod Ind ad. Oteodl

7 6 5 1 3 2 1 0

7- FO rrrr rrrr
7- Pl rrrr rrrr

P2 Pcifj17 113. -PP
P3 FP r",
Pd 7P7P1PP: 1,f,P7P7

PO Seem I'm. _LI

-0
FR I

-1_ / j4 -3I I

FR F9 FII I Flo NOT I 0,0

2

3

12 701

9

13

9 -I

9

ld/A0I7 5001

10N1001

TON 11.D1

C ]

P12

MON 13.10

C

MON 12.10

C 3

Pia

PI

002
_1 I

Lod, mnernow

P15

( )

TAU; id 10

Vue d'ecran sous Windowe
d'un programme
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Instructions de base

Nom Instruction Symbols Description

Load LOAD

H H
Fonction qui commence au
point de contact A, NO

Load Not LOAD
1-1/1-

Fonction qui commence au
point de contact B, NF

And AND -I H Interface serie de contacts
I I

And Not ANDN H Interface soda entre NO et NFI----I/F-
Or OR Interface parallels

H]
Om ORN Interface parallele entre

contacts NO et NF
I I

I1-1/1-1

I

And Stack ANDS Interface AND entre blocsIII
I-1

III
I-II I

Or Stack ORS
I

Interface OR entre blocs
I

-1

I-I
'-I --I

Output OUT

H
Sortie, resultat dune fonction

--A
Not NOT Inverse le resultat de la

fonction qui la precede

Step
sequential set

STEPSET STEPSET SO:2

-C 0
Sortie sequentielle d'un comrole
pas é pas

Step
Output

STEPOUT STEPOUT S0:1

-C 7
Sortie (run pas (LIFO)

Master
control set

MCS MCS 0
-C D

Commence le controle de
boucles

Master
control clear

MCSCLR MCSCLR 0

-C 7
Termine le contrOle de boucles

Instructions de base du ladder

Le LADDER,

chargement et execution

Afin d'utiliser un PLC, it est necessaire d'uti-

liser un programme ladder et un cable reliant

la platine de programmation du composant a

l'ordinateur. C'est en principe a ('interface

RS232 ou a un port USB que ce cable est

connects. Le PC est de plus en plus utilise

pour cette tache.

Le developpement d'un programme pour PLC

se deroule en trois stapes :

- Ecriture par symboles du programme

- Compilation et telechargement

- Verification du fonctionnement

La figure 5 represente une vue d'ecran de

l'ecriture d'un programme. Le ladder neces-

site trois stapes pour effectuer le telecharge-

ment :

1 - Compilation du dessin ladder en mnerno-

niques.

2 - Transformation en code par l'assembleur.

3 - Telechargement de l'ordinateur vers le

PLC a ('aide du cable.

Le processus est effete si une erreur de pro-

grammation est presente. II suffit simplement

de la corriger. Cette suite d'operations est

representee en figure 6.

Les symboles
de base du LADDER

Nous allons maintenant voir que les symboles

du ladder sont d'une grande simplicite. La

figure 7 donne deux exemples :

- En a : le symbole ladder consiste en deux

lignes de depart.
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Robot

- En b : ces deux lignes representent ('ali-

mentation.

- En c : une ampoule qui est connectee a ces

deux lignes s'allume.

- En d : en ajoutant un interrupteur, on all-

mente cette ampoule ou on la place hors

tension.

- En e : c'est un diagramme de symboles a

relais car le circuit est dessine par sym-

boles.

- En f : quand plusieurs symboles sont places

ainsi, it s'agit de conditions. X et Y Torment

un OU et Z forme un ET avec X ou Y. Pour

que ('ampoule soit alimentee, it taut soit Z

et X, soit Z et Y.

- En g : si X est appuye, Y se colle car la

condition ET avec Zest a ON. Ensuite, Y (OU

avec X) maintient le circuit sur ON. Un appui

sur Z a pour consequence le passage de la

sortie a OFF.

Nous donnons pour conclure cette breve

initiation, trois tableaux representant en
figure 8 et 9 les instructions de base du lad-

der et en figure 10 les commandes de com-

paraison.

Nous aurons ('occasion, dans un prochain

numero, de revenir sur les PLC, mais cette

fois, en abordant le cote pratique.

P. °BUIE

Differential DF Front montant (differentiel)

Differential
Not

DFN Front descendant (differential)1
Set Output SETOUT

:0SE TOUT P07

-C
Met une sortie a 1

Reset

Output

RSTOUT RSTOUT P0:1

-C 7
Met une sortie a 0

Save Status SAVES Pas de symbole Satrve l'etat de la fonction en cours

Read Status RDS Pas de symbole Lit Mist sauvegarde

End END
-C

END
7

Fin du programme

Tempos et compteurs

On Timer
Base 10 ms

TON TON T1, 100

-C

Relais tempo valeur maxi 32767 soit
327,67 s. Quand elle est vendee, la
tempo demarre, la sortie passe a ON
en fin de tempo, sinon rests a OFF

Off Timer
Base 10 ms

TOFF TOFF T1, 100

-C 0

Relais tempo valeur maxi 32767
passe a 1 des validation, se
maintient a 1 apres devalidation
pendant le temps programme

On Timer
Base 10 ms

TAON TAON T1, 100

-C 7
Base 0,1 s max 3276,7 secondes
Fond. Idem TON

Off Timer
Base 10 ms

TAOFF TAOFF T1, 100

--C 7
Idem TOFF mais base de 100 ms
Max 3276,7 secondes

Up Counter CTU CTU Ci, 100

C

Compteur (maxi 65535). Augments
epfoisquel ee pds1rachisar

par lereset. La sortie
passe a ON quand la valeur
programmes est enceinte

Down
Counter

CTD CTD C1, 100-
C

R
-

Decompteur, utifise pour decompter
depuis la valeur programmee (65535
maxi). A cheque fois que rentree
passe a 1, la valeur diminue de I. La
valour est reinitialisee a la valeur
programmes par le reset

...._

Commandos de comparisons

Classification
Format de
!Instruction Description

Commandos
de

comparisons
Mots 16 bits

=, Si, S2
Dans le cas ou SI = S2, le point de connexion
passe a 1. II compare une valeur de 16 bits

>, SI, S2 Si Si > S2, le point de connexion passe a 1

<, S1, S2 Si S1 < S2, le point de connexion passe a 1

>=, S1, S2 Si S1 >= S2, le point de connexion passe a 1

<=, Si, S2 Si S1<= S2, le point de connexion passe a 1

<>, S1, S2 Si Si >= S2, le point de connexion passe a 1

Commandos
de

comparisons
Mots long

32 bits

D=, 51, S2
Dans le cas ou S1 = S2, le point de connexion
passe at II compare une valeur de 32 tits

D>, S1, S2 Si S1 > S2, le point de connexion passe a 1

D<, 81, 82 Si S1 < S2, le point de connexion passe a I

D>=, SI, S2 Si S1 >= S2, le point de connexion passe é 1

D<=, Si, S2 Si Si <= S2, le point de connexion passe a 1

D<>, Si, S2 Si S1 >. S2, le point de connexion passe a 1
Oat
Les commandes
de comparaison

Suite des instructions
de ladder
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Mise en oeuvre
d'un perceptron

Invente it y a presque

50 ans, le perceptron

est le plus simple des

reseaux de neurones

et par consequent le

plus facile a realiser

avec un

microcontroleur

16F84.

Le perceptron est un dispositif identifi-

cateur de configuration. II peut ainsi

indifferemment reconnaitre des confi-

gurations cites par la reunion d'etats

logiques (0 ou 1) de capteurs, tout

comme des images qui ne sont que

des configurations de points allumes

ou eteints.

La structure typique du perceptron,

illustree sur les figures 1 et 6 nest
pas tits differente de celle dune porte

logique.

Elle comporte une couche d'entree,

appelee usuellement refine, formee

d'un certain nombre de cellules qui

recoivent l'information logique (0 ou 1)

a analyser a leur niveau et qu'elles

transmettent par l'intermediaire de

liaisons ponderees excitatrices ou
inhibitrices, appelees synapses, aux

cellules de la couche de sortie qui
integrent ('ensemble de ces stimula-

tions pour decider de leur propre
niveau de sortie logique (0 ou 1). On

notera que les cellules de sortie sont

independantes entre elles, it sera donc

possible d'etudier le cas de chacune

separement.

Les synapses sont caracterisees par

un coefficient d'intensite synaptique,

positif ou negatif, note W. Dans la

mesure ou tous les liens sont poten-

tiellement d'intensite synaptique diffe-

rente, on utilise une notation indexee.

Ainsi, le coefficient W associe au lien

etabli entre la troisieme cellule de la

refine et la premiere cellule de la

couche de sortie sera note W3,1,

Perception servant a la commande du robot suiveur de ligne

Reline

Capteurs

Synapses CeNules de
sortie

Commandos

Moteur gauche

Moteur droit
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Cagan%
(pholotensistas)

Roue foie
(en (lessons)

Vue de dessus

Moteur droll

Phototransistors

Meteor gauche

Roue fole

Vue de e6te

4a111;) Robot suiveur de ligne

comme on peut le voir sur l'exemple de la

figure 1.

Cet exemple act un robot suiveur de ligne

equipe d'un perceptron dont la refine ne pos-

sede que trois cellules (des phototransistors)

et dont les deux cellules de sorties comman-

dent ('activation des moteurs de propulsion

droit et gauche (voir figure 2). Toute la ques-

tion est de determiner Ia valeur des coeffi-

cients W des differentes synapses qui vont

permettre d'associer aux circonstances exte-

rieures qui se presentent au robot les
reponses (ou les comportements) que Ion

attend de lui et, dans ce cas précis, sa capa-

cite a suivre une ligne tracde sur le sol sans

s'en .carter avec en supplement, le choix de

le faire toumer a droite en cas de croisement

(voir figure 3). On a recapitule dans le
tableau de Ia figure 4 les correspondances

recherchtes entre l'etat des capteurs d'en-

tree (les cellules de la retine) et l'etat logique

attendu au niveau des cellules de sortie du

perceptron.

Pour connaltre la reponse d'une cellule de

sortie en fonction de Ia configuration presen-

te au niveau de la retine, on calcule son

niveau d'activation (note A). Ainsi, pour la cel-

lule 1 de la couche de sortie de la figure 1, la

formule sera :

A1= X1 x W1,1 + X2 x W2,1 + X3 x W3,1

oil X1, X2 et X3 sont les .tats logiques (0 ou

1) oil se trouvent les cellules de la retine, X1

pour la cellule de refine 1, X2 pour la cellule

de refine 2, etc... A priori, les valeurs des
coefficients synaptiques W sont des valeurs

reelles quelconques. On remarquera au pas

sage que lorsqu'une cellule de la retine est

inactive (X=0), cette cellule n'a pas d'influen-

ce sur la cellule de sortie, ce qui impliquera,

comme nous le verrons, que seules les

synapses !lees aux cellules de refine actives

verront leur coefficient W modifie lors de

l'apprentissage.

Une fois le niveau d'activation A de la cellule

de sortie calcule, it suffit de le comparer au

seuil d'activation que Ion a fix., qui est le

meme pour toutes les cellules de sortie. Dans

la majorite des cas et notamment dans cet

article, ce seuil d'activation S est tout simple-

ment zero. Ainsi, si Al est strictement supe-

rieur a S=0, alors l'etat de la cellule de sortie

sera 1 sinon ce sera 0.

Les quatre configurations que le perceptron dolt apprendre
reconnaitre

Capteurs vus
de dessus

Ligne
traces

O
0
0

Ligne
droite

Corps du robot

0
0

Ugne
°entree

0
0

mo0

Ugne
gauche

0
INN 0

0
T

Croisement

A l'etat initial, il est souvent convenu de tirer

les coefficients synaptiques W au hasard

mais il est beaucoup plus simple, surtout

lorsqu' il est question de raaliser le perceptron

avec un microcontroleur, de prendre tous ces

coefficients nuls au depart. Bien entendu,

dans ces conditions, il est peu probable que

le perceptron puisse realiser la moindre

association correcte entre les configurations

d'entree et les .tats de sortie desires. C'est

ici que sert reellement l'analogie avec les
veritables neurones puisque c'est en ajustant

les valeurs des differents coefficients W

tensite synaptique, par apprentissages suc-

cessifs, que Ion parviendra a obtenir le resul-

tat recherché et ainsi, bien qu'il soit quasi-

ment impossible de prevoir a l'avance quelles

seront les valeurs qui conviennent, cela parce

que Ion ne possede pas d'information a prio-

ri sur la fonction logique a remplir, le percep-

tron sera capable de trouver la solution sans

jamais avoir a connaitre cette fonction.

Cellules de
sortieRetine

Niveau
des
1

de
capteurs

2

sortie

3

Action a
effectuer

Commande
des

moteurs
gauche droit

0 1
Tourne a

droite
Actif

1
Inactif

0

0 1 0
Avance tout

droit
Actif

1

Actif
1

1 0 0
Toume a

gauche
Inactif

0
Actif

1

1 1
Toume A

droite
Actif

1

Inactif
0

Table servant a
l'apprentissage

Comme nous l'avons dit precedemment, les

deux cellules de sorties (voir figure 1) sont

independantes, nous nous concentrerons

donc sur la cellule de sortie n°1, dont toute la

procedure d'apprentissage est exposee sur la

figure 5.

La loi d'apprentissage du perceptron s'appel-

le regle de Widrow-Hoff et son principe peut

ate compris en se rappelant ('observation

faite peu avant : seules les cellules de refines

actives (X=1) voient leur coefficient synap-

tique W modifie en cas d'erreur et cette
modification s'opere de la fagon suivante : si

la cellule de sortie repond 0 au lieu de 1, son

niveau d'activation A est trop bas et les coef-

ficients W concernes seront augmentes dune

valeur N. Si la cellule de sortie repond 1 au

lieu de 0, son niveau d'activation A est trop

eleve et les coefficients W concernes seront

diminues de la merle valeur N.
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Con

dentrthe
X1

figuration

X2 X3

Vale0r
coefficients

synaptiques
W1,1

des

W2,1 W3,1

Reponse de la cellule
de sortie 1

(croteur gauche)
tt,ndueattend Correction elthmentaire a apporter

aux coefficients synentiques
en fin d'epoque

Epoque

0 0 1 0 0 0 0.0+0.0+1.0=0 --> 0 1 Ajouter 1 a W3,1
0 0 0 D*0+1.0+0''0= 0 0 1 Ajouter 1 a W2,1

1 0 0 0 0 0 1.0+0''0+0*()= 0 --> 0 0 Aucune
0 0 0 1.0+1.0+1*0= 0 --> 0 1 Ajouter 1 a VV1,1 W2,1 et W3,1

2

0 0 1 1 2 2 0.1+0.2+1.2= 2 --> 1 1 Aucune

0 1 0 1 2 2 0*1 2+0*2= 2--> 1 1 Aucune

1 0 0 1 2 2 1.1+0*2+0*2= 1--> 1 0 Retrancher 1 a W1,1

1 1 1 1 2 1*2+1*2= 5 --> 1 1 Aucune

0 0 1 0 ^ 2 0.0+0*2 1*2= 2 --> 1 1 Aucune

0 0 2 2 04`0+1*2+0*2= 2 --> 1 1 Aucune

0 0 2 2 1*0+0*2+0*2= 0 --> 0 0 Aucune

1 1 1 0 2 2 1*0 2 2 Aucune

Etapes de l'apprentissage des configurations par la cellule de sor-
tie n° 1

En cas de bonne reponse, les coefficients
d'intensite synaptique W restent inchanges.

Dans le cadre de cet article, on prendra N=1

(N est appele coefficient d'apprentissage).
D'autres valeurs n'ont de sens que lorsque

Ion decide de rendre ce parametre variable

en cours d'apprentissage, ce qui ne sera pas

le cas ici.

Refine

Les modifications a operer sur les coeffi-

cients synaptique W sont notees dans la der-

niere colonne du tableau de la figure 5 (par

exemple : ajouter 1 a W2,1) mais ces modifi-

cations ne sont pas effectuees immediate-

ment. Les coefficients W gardent la meme

valeur (ici 0) lors des tests des quatre confi-

gurations que la cellule de sortie dolt recon-

ROponse

du
perceptron

(111M) Structure du perceptron identificateur de leffres

Les quatre lettres que le perceptron apprend a identifier

naitre. C'est ce qui caracterise l'epoque.

C'est une fois que toutes les configurations a

apprendre ont ete testees et que les modifi-

cations a operer du fait des diverses erreurs

de la cellule de sortie ont ete notees que Ion

fait la somme de ces modifications elemen-

taires a apporter pour chaque coefficient afin

d'obtenir de nouvelles valeurs qui seront a

leur tour evaluees dans une nouvelle époque.

Ainsi, dans la derniere colonne du tableau de

la figure 5, pour la premiere Opoque, nous

pouvons faire le bilan suivant :

W1,1 = 0 doit etre increments de 1 donc

W1,1 =1

W2,1 = 0 dolt etre increments de 1+1=2

donc W2,1 =2

W3,1 = 0 doit etre increments de 1+1=2
donc W3,1 =2

Ces valeurs sont reportees dans le tableau

dans la colonne « valeur des coefficients

synaptiques ir pour l'epoque 2.

II suffit alors de reprendre toute la procedure

1 2 4

6 7

9 10 11 12

13 14 15 16

17 18 19 20

21 22 23 24
25 26 27 28

7 Refine du perceptron en
forme de matrice de 4 x 7
cellules

de test precedente jusqu'a ce que la cellule

de sortie ne commette plus d'erreur.

A cet instant, son apprentissage est termine

et les valeurs des coefficients W definitives.

Une fois que les deux cellules de sortie ont

appris a reconnaitre les quatre configurations

d'entree decrites dans la figure 3, le percep-

tron est operationnel.

Avant de passer a un exemple plus general, it

faut faire deux remarques concernant le per-

ceptron. En premier lieu, le perceptron est

incapable de differencier ce qu'il connait de

ce qu'il n'a pas appris, toute configuration

presentee en entrée donne un resultat en

sortie et si cette configuration n'a pas fait

partie de sa liste d'apprentissage, la reponse

sera tout simplement imprevisible. Dans le

cas du robot suiveur de ligne, ceci peut adve-

nir en cas de chevauchement de la ligne par

deux capteurs simultanement. Le plus simple

est d'ajouter cette configuration a la liste et
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de reprendre l'apprentissage de ('ensemble

de cette nouvelle liste.

Deuxiemement, le cas X1=X2=X3=0 est dif-

ferent de tous les autres cas pour le percep-

tron. En effet, le niveau d'activation induit par

un tel &tat vaut toujours zero. Aucune valeur

des coefficients W ne peut modifier cela, l'ap-

prentissage est donc impossible id si Ion

recherche un etat haut en sortie. La solution

la plus efficace, dans le cas oil cette configu-

ration est reellement importante, consiste

ajouter (avant l'apprentissage) une quatrienne

cellule de refine etablissant un lien W4,1 avec

la premiere cellule de sortie et W4,2 avec la

seconde cellule de sortie tel que retat logique

X4 de cette quatrieme cellule de refine soit

toujours 1. Ainsi, on evite une configuration

d'entree oil tous les etats logiques sont bas

et le perceptron n'a plus de difficulte

apprendre.

Le second perceptron que nous allons etudier

est en fait une generalisation du precedent.

Sa structure est (kite sur la figure 6. II

possede 28 cellules de retine (ici encore des

phototransistors), Rees a deux cellules de

sortie. Les cellules de la retina sont disposees

en une matrice 4 x 7 comme l'indique la
figure 7.

Le role de ce perceptron est de reconnaitre 4

lettres qu'il a precedemment apprises. On

trouvera sur la figure 8 les quatre lettres

identifier (dessinees par exemple sur des

calques ou des transparents) et sur le tableau

de la figure 9 la reponse attendue en fonc-

tion de la lettre presentee sur la refine.

La procedure d'apprentissage est semblable

en tous points a cello de ('exemple prece-

dent. On presente successivement chaque

lettre a apprendre sur la refine et Ion deter-

mine la reponse des cellules de sortie en cal-

culant d'abord leur niveau d'activation selon

la formule :

Al = X1 x W1,1 + X2 x W2,1 + + X27

x W27,1 + X28 x W28,1 pour la premiere cel-

lule de sortie et

A2 = X1 x W1,2 + )(2 x W2,2 + + X27

x W27,2 + X28 x W28,2 pour la seconde, puis

en comparant ces niveaux Al et A2 au seuil

S=0 pour determiner leur kat logique (0 ou 1).

S'il y a des erreurs, on utilise la *le de
Widrow-Hoff pour calculer les corrections

Olementaires a operer sur les coefficients W

des cellules de refine alors actives. Une fois

les quatre lettres presentees, 'Vogue en
cours est acheyee et lion fait la somme des

Lettre Reponse du
cellule 1

perceptron
cellule 2

A 0 0

H 0

R 1 0

E 1 1

MID Table qui servira a
l'apprentissage

corrections a faire pour chaque coefficient

afin de determiner sa nouvelle valeur, puis

Ion reprend toute la procedure jusqu'a ce

que le perceptron ne commette plus d'erreur.

Le lecteur trouvera sur la figure 10 un
tableau illustrant revolution des coefficients

W d'intensite synaptique entre les cellules de

la refine et les cellules de sortie en fonction

des époques (Le coefficient d'apprentissage

N=1). On remarque que le perceptron n'a

besoin que de trois époques pour savoir iden-

tifier les quatre lettres A, H, R et E. Sur la

figure 11 est presente un exemple de sche-

ma de realisation electronique de ce percep-

430 Modification de la valeur
des coefficients
synaptiques durant
Papprentissage

Valeur du
Coefficient
synaptique
entre: NN

Cellule de sortie

Cellule de
la retine

1 2 1 2 1 2

1 0 0 1 2 0 2
2 0 0 2 1 1 -1
3 0 0 2 1 1 -1
4 0 0 1 2 0 2
5 0 0 2 2 0 0

6 0 0 0 0 0 0

7 0 0 0 0 0 0

8 0 0 1 1 -1 -1
9 0 0 2 2 0 0

10 0 0 0 0 0 0

11 0 0 0 0 0 0

12 0 0 1 1

13 0 0 2 2 0 0

14 0 0 2 2 1 1

15 0 0 2 2 1 1

16 0 0 0 1 -2 0
17 0 0 2 2 0 0

18 0 0 1 0 1 -1
19 0 0 0 0 0 0
20 0 0 0 1 -2 0
21 0 0 2 2 0 0
22 0 0 0 0 0 0
23 0 0 1 0 1 -1
24 0 0 0 1 -2 0
25 0 0 2 2 0 0
26 0 0 1 1 1 1

27 0 0 1 1 1 1

28 0 0 2 2 0 0

Epoque 1 2

tron avec ('usage d'un simple PIC16F84. Le

multiplexage de la matrice 4 x 7 de la refine

est realise a l'aide des decodeurs/multi-

plexeurs 74LS138 et 74LS153 IC1 et IC2.

Une telle refine demande un Oclairage infra -

rouge alimente en courant continu (un eclai-

rage pulse derouterait le programme) tres

puissant.

Une matrice de 28 leds infrarouges placee a

1 cm des phototransistors convient (chaque

led &ant alimentee sous 5 V / 470 52). Les

lettres pourront etre dessinees en noir sur du

papier calque et seront glissees dans la fente

entre les deux matrices posees sur la refine.

Les interrupteurs K1 et K2 sont sous le
controle de l'utilisateur lors de la phase d'ap-

prentissage et indiquent au perceptron quelle

est la reponse attendue en sortie. K1 sea de

reference pour la cellule de sortie 1 et K2 pour

la seconde cellule de sortie.

Bien entendu, a chaque changement de lettre

placee sur la refine, les positions de ces com-

mutateurs doivent etre modifiees en conse-

quence. On appuiera ensuite sur le poussoir

P1 afin de demander au perceptron de lire

cette nouvelle lettre, que Ion soit en phase

d'apprentissage ou en mode identificateur de

lettre (lorsque l'apprentissage est termine). Le

basculement d'un mode a l'autre se fait par

rintermediaire de l'interrupteur K3 relie

RB7. Enfin, la led D1 indique en mode appren-

tissage que le perceptron ne commet plus
d'erreur en fin d'epoque et est donc pret a

('usage.

L'elaboration du programme du PIC est fedi-

litee par les choix que nous avons fait prece-

demment : S=O, N=1 et W=0 initialement,

car nous avons ainsi la certitude que les
coefficients synaptiques W seront toujours

des entiers signes.

Le tableau de la figure 10 nous montre que

leurs valeurs restent faibles apres apprentis-

sage, aussi est-il possible de choisir de les

representer par des entiers signes (comple-

ment a 2) sur un octet, soit de -128 (1000

0000 ) a +127 (0111 1111). Ils seront stoc-

Ms dans l'EEPROM, 28 coefficients W etant

associes a chaque cellule de sortie.

Les sections les plus importantes du program-

me sont indiquees sur le synoptique de la

figure 12 : la routine REPONSE determine la

reponse d'une cellule de sortie en fonction de

la lettre posee sur la matrice et cette routine

sert autant durant la phase d'apprentissage

que durant cello de reconnaissance. Elle cal -
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Robot

.m1=113,

C2
15 pF j 15

4 MHz

_L
cn1, IC3

PIC 16F84 j

AA AA AA AA AA AA A

AA AA AA AA AA "fly

AA AA AA AA AA AA AA

R6
4,7 k

R7
4,7 k

R8
4,7 k

R9
4,7 k

AA AA AA AA AA AA AA

ct. CO .1 I- 0TT TT r".0000000rn
CO CO d- LO- )-

IC1/74LS138

< CO 0
V)

111 LU LU

CV CO 0
(0 a to

+5V

-11111-±65  Osc1/Clkin RAO *1

Osc2/Clkout RA1 

+5 V
R1

AM .3 4,7 k
FtA4/TOCKI --1=0 +5 V

RA2 1

MCLR

RBO/INT 
RBI 

LU W 03

;21

N N ca
Co

LIC2/74LS153 1

>-

111

REI2 
8

RB3

RRBB45 :1011
-12RB6 

RB7
1

O
+5 V

R3

4,7 k
1

Di R5
+5 V

470

o Reponse de la cellule de sortie 1
O Reponse de la cellule de sortie 2

R4

4,7 k

P1

R10

4,7 k

K3

0.21,

0---* Schema de principe du perceptron identificateur de lettres

cule le niveau d'activation sur 16 bits de facon

a etre stir d'eviter tout debordement et donne

son resultat (cellule de sortie active ou non)

sous la forme de l'etat du bit 7 de OxOF.

(Les valeurs indiquees en gras entre paren-

theses correspondent a la seconde cellule de

sortie).

Ce perceptron peut en fait apprendre a recon-

noitre plus de quatre lettres, simplement it ne

peut les classer qu'en quatre categories
puisque les cellules de sorties ne peuvent

definir que quatre etats differents. Operer

ainsi un classement des 26 lettres de l'alpha-

bet, de dessins ou d'autres signes est done

possible.

De memo, en ajoutant par exemple 4 autres

cellules de sorties, jusqu'a 64 categories peu-

vent etre definies. L'apprentissage risque

cependant d'être long dans la mesure oil

chaque époque doit contenir la totalite de ce

qu'un perceptron doit savoir reconnaitre puis-

qu'il est impossible de proceder par simple

about de nouvelles connaissances ce qui ris-

querait de faire oublier les donnees apprises

auparavant.

Les limites a partir desquelles le perceptron

ne parvient plus a apprendre ne sant pas

faciles a fixer a priori, surtout que vient
s'ajouter une autre difficulte : it existe

quelques combinaisons qu'un perceptron ne

peut pas apprendre, ainsi, un reseau a deux

cellules de refine et une cellule de sortie est

incapable d'apprendre la fonction XOR (OU

exclusif), mais cela reste un risque avant tout

theorique et d'autant plus faible lorsque le
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--)-1 NOUVELLE EPOQUE

Presentation de la
premiere des 4 lettres

sur la retine.
Selection de la reponse

attendue grace aux
interruoteurs 1(1 et K2

RAM

10

28

2C

47

Copie
de l'EEPROM

en RAM
en debut de

nouvelle
époque

Adresse (en hexadecimal)
0.

018

IEEPROMI

Table des coefficients
synaptiques entre la retine et
la premiere cellule de sortie

1C

37

Table des coefficients
synaptiques entre la retine et
la seconde cellule de sortie

i A pui ur le poussoir P1

eponse: movlw Ox1C
movwf Ox0C Compteur pour les 28 cellules de la retina
clrf PORTA Les sorties du port A sont A zero
Off OxOE Octet de poids fable du niveau d'activation A
clrf OxOF Octet de ooids fort du niveau d'activation A
movlw 0500 (Ox1C) On placerait Ox1C pour la cellule de sortie n.2
movwf Ox4A Place ['index au debut de la table des coefficients synaptiques

e ure: btfss PORTB,0
goto suite
call eeprorn
clrf NOD
btfsc Ox48,7
comf Ox00,f
movf 0500,w
addwf Ox0F,f
most Ox48,w
addwf Ox0E,f
btfsc STATUS,C
incf Ox0F,f

quite:incf PORTA,f
incf Ox4a,f
decfsz OxOC,f
goto lecture
movf Ox0F,w
iorwf Ox0E,f
most Ox0E,f
btfsc STATUS,Z
bsf Ox0F,7
comf Ox0F,f

Verifie que rent de la cellule de retina est 1.
Sinon,passe A la suivante
Lecture de la table de coefficients dans l'Eeprom

Extension de signe pour le calcul sur 16 bits 1
asp

Somme des poids forts
Charge le coefficient synaptique dans l'accumulateur
Somme des ooids faibles

Ajout de la retenue si necessaire
Passe A la cellule de retine suivante
Passe au coefficient synaptique suivant

m:bsf STATUS,RPO
movf Ox4A,w
movwf EEADR
bsf EECON1,R0
movf EEDATA,w
movwf 0545
bet STATUS,RPO
return

Verifie qu'il reste encore des cellules de retine A echantillonner
Continue les operations

Teste si le resultat du calcul du niveau d'activation A est nul

Si oui,positionne le bit de signe Ox0F,7 comme ridge&
car A=0 ne permet pas d'activer la cellule de sortie.
A party- d'ici,le bit 7 de OxOF represente l'etat de la cellule de sort e.

Comparaison de la reponse de la cellule de sortie (bit 7 de OxOF
avec retat logique de ['entree RBI relive a

EC= Si identiques

Le perceptron repond 0
au lieu de 1

moms

movlw Ox1C
movwf Ox0C
clrf PORTA
movlw 0510 (Ox2C
movwf FSR
btfsc PORTED
decf INDF,f
incf PORTA,f
incf FSR ,f
decfsz OxOC,f
goto moms

movlw Ox1C
movwf Ox0C
clrf PORTA
movlw 0510 (0x2C)
movwf FSR

plus: btfsc PORTE,0
incf INDF,f
incf PORTA,f
Ind FSR ,f
decfsz OxOC,f
goto plus

Copie de la RAM dans l'EEPROM
0-2B dans 00-1B et 2C-47 dans 1C-37

Fin de la procedure pour la cellule
de sortie

II Taut reprendre la merne procedure
pour la cellule de sortie n°2

on chargera alors Oxlc au lieu de Ox00
dans le registre Windex Ox4A

et ron comparera la reponse de
cette cellule n°2 avec retat !calque
present a rentree RB2 relive A K2

puffs ron procedera aux corrections
si necessaire en chargeant la

valeur Ox2c dans le registre FSR
au lieu de Ox10

Presentation des trois autres lettres
sur la retine en reprenant a cheque

fois les memes procedures.

Fin de repoque

Le perceptron il commis au moms une erreur.

OU1 NON

Les quatres lettres ont ete
presentees

Allumage de la led D1
Le perceptron est pret

passer en mode reconnaissance

--

Synoptique de la routine d'apprentissage

nombre de cellules de refine est important et

que les figures apprises deviennent com-

plexes et diverses.

Le principal avantage du perceptron, par rap-

port a un simple logiciel d'identification point

a point d'images memorisees, est qu'il

demande moms de memoire pour fonctionner

et repond au mains aussi rapidement puisque

revaluation de la reponse ne demande qu'une

simple addition de coefficients synaptiques.

Ainsi, pour classer en 4 groupes les 26 lettres

de ['alphabet, le perceptron aura besoin de

2 x 28=56 octets correspondants aux coeffi-

cients synaptiques W associes aux deux cel-

lules de sorties alors que la memorisation de

26 lettres matricees 4 x 7 demande, elle,

4 x 7 x 26 bits soit 91 octets en theorie.

Notons que plus le nombre de cellules de sor-

tie du perceptron est important, plus le rap-

port lui est favorable.

Par contre, une procedure d'apprentissage est

beaucoup plus longue qu'une simple memori-

sation de donnees par stockage direct et, de

plus, le perceptron ne peut restituer les signes

qu'il a appris contrairement a une simple

memoire graphique.

Le lecteur curieux d'en savoir davantage

trouvera de nombreux complements sur
Internet ou bien dans les ouvrages consacres

aux reseaux de neurones.

0. VIACAVA

re 296 www.electroniquepratique.corn 29 ELECTRONIQUE PRATIQUE



Robot
Hitec

A force de voir ses

servomecanismes

utilise's pour la

realisation de robots,

Hitec a mis a son

catalogue un

servomecanisme

specialise : le

HSR-5995TG. ll utilise

les dernieres

technologies en

matiere de servo :

pignons en titan et
electronique

numerique. Les

premiers permettent

d'obtenir un couple

encore plus

important associe

une longue duree

de vie.

21 servomecanismes pour le
robot Hitec. 11 n'a pas encore de

nom mais vous pourrez
l'acquOrir en kit..

II atteint 30 kg/cm avec un temps de

reaction de 0,12 seconde. Sa sortie en

acier est montee sur un double roule-

ment a billes. La course a ete portee

180° tandis qu'un palier a ete installs

sur la face opposee a la sortie tradi-

tionnelle. La gestion numerique du

servo permet d'ajuster ses parametres

comme le point central et les extremi-

tes, la largeur de la bande morte ainsi

que la vitesse. Hitec a aussi mis a son

catalogue des elements de montage

qui permettront de ('installer facile-

ment dans un robot.

Pour illustrer la qualite, la rapidite et la

puissance de ce servomecanisme,

Hitec a congu un robot presente au

dernier salon du modele reduit et
mobilisant 21 de ces servos. Les
membres du robot alignent les servos

montes dans des Otriers d'aluminium.

Le palonnier metallique de sortie du

servo est visse sur la piece a com-
mander. Chaque jambe a 4 servos, le

pied en a 2. Chaque bras en utilise 4 et

le dernier sert a la rotation du torse, ce

qui nous fait bien 21 axes. La tete est

solidaire du torse et regoit un capteur

infra -rouge de telecommande.

L'appareil est aliments par une batte-

de au lithium dont les 2 elements
apportent les 7,4 V necessaires a l'ob-

tention du maximum de couple des

servos. Batterie et electronique s'ins-

tallent dans le dos de la machine.

Le microcontroleur se programme par

ordinateur, des sequences de com-

mantles peuvent "etre enregistrees et

rappelees par la telecommande afin

d'animer le robot dune fagon plus
simple que de programmer les 21 ser-

vos un a un, ce que Ion pourra faire

dans un second temps, une fois les

instructions acquires. Hitec a pour le

moment presents un prototype, le

developpement dune version com-

merciale est en cours avec un prix qui

se situerait aux environs de 1000
euros, chiffre qui sous entend ('utilisa-

tion de servomecanismes plus Ocono-

miques que ceux utilises pour le pro-

totype. On attend aussi un gyroscope

qui permettrait a l'engin de beneficier

d'une meilleure stabilite, it lui arrive

parfois de tomber, mais it sait se

remettre debout tout seul. II lui sera

alors possible de monter un escalier...

Cette absence de gyroscope lui donne

parfois un equilibre incertain lors de la

marche. II sera egalement interessant

de pouvoir ajouter des capteurs au

robot pour lui donner de l'autonomie.

Le principe meme de la commande

directe des servos et leur reversibilite

impose une alimentation permanente

lorsqu'on desire le voir maintenir une

position debout. Une fois l'alimenta-

tion coupee, les articulations devien-

nent souples et les forces de gravite

reprennent le dessus.

Les quelques photos montrent le robot

en operation. Dommage, nous n'avons

pas la video !
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robot

Detail de ('articulation du genou du robot humanofde.
L'articulation du pied a deux axes donc deux servos

Detail du bras, on volt ici la transmission du mouvement
par les palonniers metalliques des servos. Les elements
d'alu plie entourent les servos

Vous voyez, je me releve tout seul...

Merci pour la musique, la danse hip hop ne me fait pas pew..

Un robot d'envergure...

Zut, le robot est tombe...il n'a pas de Un petit retablissement et c'est fait..
gyroscope mais it bouge encore... Je suis remis sur mes pieds

y est, j'ai fini, alors, on
m'applaudit ?
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Personnalisation
d'un montage USB

Les modules de

conversion

USB-RS232 tels que

l'USBMOD1 ou

l'USBMOD3 offrent

une possibilite de

personalisation
travers la presence

d'une EEPROM

externe pour

l'USBMOD1 et interne

au module pour

l'USBMOD3. Cet

article propose de

voir comment une

telle personnalisation

se realise et quel en

est Pinteret.

Lors de la connexion d'un montage

USB au PC, it y a une phase dite d'Onu-

meration au cours de laquelle le mon-

tage envoie au PC un certain nombre

d'informations pour decrire le monta-

ge, le type d'alimentation et rogler plu-

sieurs parametres concernant le pro-

tocole de communication USB. Toutes

ces informations sont figees dans une

memoire du montage USB. Lorsque

Ion realise un montage USB a base de

68HC908JB8, elles seront placees

dans la mOmoire Flash (qui contient

aussi le programme utilisateur) du
microcontrdleur. II incombe au

concepteur le renseignement précis et

exhaustif de ('ensemble de ces don -

!lees.

Dans le cas d'un montage a base du

circuit FT232AM ou BM, comme le

sont par exemple les modules USB-

MOD1/3, un jeu de donnees par defaut

est fourni par le circuit lui-meme, de

sorte qu'il puisse s'integrer dans un

maximum de realisations sans autre

forme de proces. Cette description par

defaut peut s'avorer rOductrice.

Heureusement, FTDI a eu la bonne

idee d'ajouter au FT2332 la possibilite

d'aller lire clans une EEPROM externe

quelques informations de configura-

tion personnelle en remplacement des

standards fournis.

Pour illustrer notre propos, on utilisera

ici l'USBMOD3 qui presente le gros

avantage d'avoir cette EEPROM into-

gree sur le module... et pour le meme

prix que l'USBMOD1.

II y aura necessite de bien maitriser la

sequence installation / desinstallation

des pilotes, ce que nous ferons clans

un premier temps. On commencera

par telecharger les dernieres versions

des deux types de drivers proposes

pour le systerne d'exploitation :

Sur le site www.elexotcorn, alter a la

rubrique Support > Downloads > USB-

MOD3&4. Dans la partie consacrOe a

l'USBMOD3, telecharger :

- Le driver VCP (Virtual COM Port) qui

permet d'utiliser le module USB

comme un port RS232 ordinaire.

- Le driver D2XX, un driver qui permet

d'utiliser le module comme un "vrai"

montage USB.

En fait, Elexol a simplement tree un

lien de redirection vers www.ftdi-
chip.com, le site du concepteur du cir-

cuit FTDI232.

Une fois le telechargement termine, on

se retrouve avec deux fichiers de type

archive ZIP. L'auteur vous conseille de

decompacter le premier dans un dos-

sier C:\ftdi\vcp\ et le second clans

C:\ftdi\d2xx\. Ces denominations et

emplacements n'ont rien d'obligatoire

mais permettront de mieux suivre
('ensemble des procedures que l'on

utilisera. Les procedures qui suivent

ont Ote realisees sous Windows XP

Service Pack 2.

Commengons par decrire la demarche

a suivre pour une installation stan-

dard.
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USB
MOD3
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Cablage minimum de l'USB MOD3

L'installation standard

Avant de Maser I' installation, it est bon de

verifier la configuration de Windows en ce qui

concerne ('acceptation ou non de pilotes cer-

tifies et ('acceptation ou non d'une connexion

a Windows Update pour la recherche des

pilotes. Windows XP &tent fres securise, tl

peut arriver qu'une installation echoue pour

des raisons de "securite". L'auteur pense
qu'il est preferable de rester maitre du syste-

me et donc d'eviter les procedures automa-

tiques. Dans Panneau de Configuration >

Systeme > Materiel > Windows Update,
selectionner "Me demander de rechercher un

pilote sur Windows Update..." et dans
Signature Pilote, selectionner "Me demander

de choisir..."

Connecter un montage a base d'USBMOD3,

par exemple le programmateur pour

HC9080T/OY. (Remarque : contrairement au

module USBMOD1, l'USBMOD3 nest pas

detects par le PC si on le connecte directe-

ment a l'USB : certaines broches du module

doivent etre connectees entre elles pour que

la detection alt lieu (figure 1).

Le systeme d'exploitation va detecter un nou-

veau peripherique a base d'USBMOD3 et va

reclamer les pilotes. On a alors la possibilite

d'aller les chercher avec Windows Update :

refuser en selectionnant "Non, pas pour cette

fois". Puis, faire le choix "Installer a partir
dune liste..." ; ensuite selectionner

"Rechercher le meilleur pilote dans ces
emplacements", cocher "Inclure cet empla-

cement dans la recherche" et preciser Fern -

placement : ici c:\ftdi\vcp\.Comme it y a deux

fichiers pilotes a installer, on devra repreciser

une deuxieme fois cet emplacement. Mais

avant it faut franchir l'avertissement de secu-

rite concernant les pilotes non valides en cli-

quant sur "Continuer.

Le montage est pret a fonctionner sur le nou-

veau port serie virtuel qui apparel

C'est ainsi que la grande majorite des utilisa-

teurs de ces modules les utilisent.

Pourtant, cette installation "par Maur peut

presenter plusieurs inconvenients.

Tout d'abord, pour un montage aliments par

l'USB, l'intensite reservee sur le hub est limi-

tee a 100 mA. Cette option choisie par le
fabricant assure en effet une compatibilite

avec tous types d'ordinateurs (PC de bureau

aliments par le secteur ou PC portable ali-

QUO Ambiguile sur l'identification des deux modules connecter

Periphdriques infrarouge
0 Pdripheriques systeme
B Ports (COM et LPT)

NetMos PCI ECP Parallel Port (LPT2)
NetMos PCI Serial Port (COM3)
NetMos PCI Serial Port (COM4)

0 Port de communication (COM1)
Port imprimante (LPT1)

,y USB Serial Port (COM6)
USB Serial Port (COM7)

Processeurs

mente par sa batterie). Cette valeur de
100 mA peut dans certains montages etre

insuffisante, alors qu'il est possible de soutirer

jusqu'a 500 mA d'un port USB (si le hub qui

supporte ce port est aliments par le secteur).

Par ailleurs, la connexion d'un deuxieme

montage a base egalement d'un module
USBMOD3 engendre au niveau du systeme la

creation d'un nouveau port serie virtue!
declare de la meme fagon (dans Panneau de

configuration > Systeme > Gestionnaire de

peripheriques > Ports (COM et LPT) : USB

Serial Port (COMx) (voir figure 2)

II serait quand meme preferable d'avoir une

denomination personnalisee de fagon a pou-

voir identifier sans ambiguite les numeros de

ports qui ont pu etre attribues aux differents

montages (voir figure 6). Tout ceci est pos-

sible en personnalisant l'EEPROM integree au

module USBMOD3. (Pour un module USB-

MOD1, ce qui suit nest possible que si on a

connecte une EEPROM externe au module

puisqu'il en est depourvu).

FTDI fournit un logiciel qui permet de lire,

d'effacer et de programmer l'EEPROM du

module : MPROG. A l'heure oh ces lignes sont

ecrites, c'est la version 2.3 qui est en cours.

On ira la telecharger sur le Net : en partant du

site Elexol et en suivant comme precedem-

ment le Support > Downloads > USB-
MOD3&4, cliquer sur Software Utilities. On

recupere un fichier ZIP a decompacter, puis

on pourra installer MPROG. Ce programme

est utilisable si le module est associe au pilo-

te direct : le driver D2XX. Si le module est

associe au driver VCP (Virtual COM Port), ce

qui est certainement le cas, alors it est

necessaire d'en faire la desinstallation avant

de lancer MPROG.

Desinstallation du driver

Deconnecter tous les montages USB utilisant

un circuit de type FTDI232

Lancer le logiciel FTClean.exe qui, comme

son nom l'indique, est la pour faire le ména-

ge II faut lui donner le VID et le PID : on garde

le VID de FTDI et on entre 6001 dans la boite

de texte du PID (figure 3). Un clic sur le bou-

ton "Clean System" lance la desinstallation.

Le logiciel rappelle qu'il faut deconnecter

tous les montages, demande ensuite confir-

mation de la desinstallation, puis une nouvel-

le boite de dialogue demande "Do you want

to cancel driver uninstallation ?" ("Voulez-

vous annuler la desinstallation du driver ?"),

ce a quoi ii faut repondre par un clic sur "No".
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Reconnexion du module

Le systeme d'exploitation detecte un nou-

veau materiel USBMOD3 et reclame le pilote

necessaire a son fonctionnement : cela prou-

ve que la desinstallation s'est faite convena-

blement. On indiquera ('emplacement du

pilote : attention, cette fois ci dans

C: \ftdi VI2xx\ dans notre exemple.

Apres installation, un petit tour dans le

Gestionnaire de peripheriques nous montrera

qu'il n'y a plus de port serie virtue! ajoute

mais qu'a la rubrique Contreleur de bus USB,

on a un materiel FTDI FT8U2XX. Un clic droit

pour en obtenir les Proprietes : dans l'onglet

Detail, la rubrique n° d'identification de l'ins-

tance de peripherique fait apparaitre la char-

ne de caracteres" :

USBWID_0403&PID_6001 \" suivie d'un code

constitue de deux lettres (EL pour Elexol) et

de six caracteres alphanumeriques. La

connexion d'un deuxieme module USBMOD3

donnerait la merne chaine de caracteres
mais un code alphanumerique different. Ce

code permet donc de distinguer sans ambi-

gee ces deux modules qui ont le memo
couple VID (0403) et PID (6001). Leur utilisa-

tion simultanee est donc possible.

FTDI pourrait etre compris entre Ox0000 et

OxFFFF. FTDI a fourni a l'auteur de cet article

les 8 PID compris entre OxEA28 et OxEA2F.

Les lecteurs pourront utiliser le PID OxEA28,

mais a titre d'experimentation, dans le cadre

de cet article uniquement.

On se propose de realiser la personnali-

sation suivante : it s'agit du montage
Programmateur de HC908QT_QY qui utilise

un module USBMOD3. Le VID = 0x0403

(FTDI), le PID = OxEA28. Le montage sera ali-

mente par ('USB, la consommation reste

inferieure a 100 mA. La chaine de description

fabricant : "Electronique Pratique", la chaine

de description produit : "Prog.HC9080T_CIY".

Lancer MPROG.

Dans le menu Device, selectionner "Scan" :

MPROG recherche alors tous les montages

USB associes au pilote direct D2XX. Si on a

sauté l'etape precedente ou si on n'a pas

bien associe le module a ce nouveau driver,

alors MPROG ne detecte aucun module. Dans

le cas contraire, la fenetre d'etat (repere 9 sur

la figure 4) indiquera :"Number of blank
devices : 0" (il n'a pas trouve de montages

USB n'ayant pas d'EEPROM (exemple modu-

le USBMOD1) ou ayant une EEPROM vierge)

et "Number of programmed devices :1" (il a

r FTDI Clean Utility V1.0 1,1 XI

FTDI
Chip

VID (Hex)

IFTDI

PID (Hex)

Status: Ready

Clean System I

Exit

Nettoyage de la base de registres

Personnalisation
du montage

La personnalisation prend tout son interet si

on possede un couple valide VID/PID pour son

montage.

La societe FTDI peut en fournir. Le VID sera

celui de FTDI : (0x0403). Le PID fourni par

detecte le module USBMOD3 dont I'EEPROM

est déjà programmee).

Cette detection etant faite, on peut eller ana-

lyser le contenu de I'EEPROM : dans le menu

Tools, la selection successive de "Read and

Parse" puis de "Read" fait afficher le conte-

nu de I'EEPROM sous forme detaillee (repere

9) ou par rubriques (reperes 1 a 7) (figure 4).

L'auteur conseille de faire une copie d'Ocran

du resultat obtenu (touches Alt + Imp.Ecran

du clavier) et de sauvegarder ou d'imprimer

cette image, pour pouvoir remettre facile-

ment le module dans sa configuration
d'origine.

Menu Files, selectionner "New" : la seule

option alors disponible se trouve a la rubrique

Basic Details (1) et concerne le type de cir-

cuit. S'agissant d'un montage a base

d'USBMOD3, le circuit FTDI monte est un

FT232BM. Le selectionner dans la liste

deroulante. Les autres options deviennent

alors accessibles : on commencera par cid-

nir le couple VID/PID. La liste deroulante pro-

pose trois options : le couple VID/PID par

defaut (0x0403 et Ox6001), "FTDI supplied

PID" c'est-a-dire le VID 0x0403 de FTDI et le

PID attribue, "own VID & PID" quand on dis-

pose de son propre couple VID/PID. C'est la

deuxieme option que Von choisira en prenant

EA28 comme PID.

Au niveau de la configuration de l'alimenta-

tion (rubrique 2), on gardera ('option Bus
Powered (le montage sera alimente par
('USB) avec une reserve de courant maximum

de 100 mA. (Remarque : on peut reserver au-

dela de cette valeur de 100 mA et ce jusqu'a

500 mA mais cela entraine quelques

contraintes supplementaires sur le montage,

contraintes que nous ne detaillerons pas

dans Get article).

A la rubrique (3) : Numero de serie USB, on

pourra changer les deux lettres de prefixe :

on a pris ici EP (initiales d'Electronique

Pratique). On pourrait choisir par nous-
memes le reste du numero de serie en
cochant "Use fixed serial number", mais il est

preferable de laisser le logiciel en fabriquer

un lui-meme. A la rubrique (4) on selection-

nera dans la liste deroulante USB 2.0 car le

module USBMOD3 est compatible USB 2.0.

Les autres options resteront decochees. Idem

pour celles des rubriques (5) et (6).

A la rubrique (7), on tapera comme texte de

chaine Manufacturer : "Electronique

Pratique" et comme chaine Product

Description : "Prog.HC9080T_DY".

Remarque : I'EEPROM etant de taille Draftee,

48 caracteres maximum sant autorises pour

('ensemble numero de serie, chaines de des-

cription produit et fabricant.

En (8), ('option "Only Program Blank Devices"

cochee permet d'eviter la reprogrammation

fortuite d'une EEPROM programmee : seules

les EEPROMS vierges le seront.

II ne reste plus qu'a sauvegarder le travail
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Ell ME roir - Multi Device E(PROM Programmer I Wit Mode )

Fie 4rrioe Tools EMIP

Basm Delete

Device Type IFT232Bret

1
USE VIO (MD IFTDI Default

BM /C Device Specific Options

USB Version Number 'USB 1 1

'r Disable USB Serial Number

r Rd Down *Pins in USB Suspend

USB Power Options

a Bus Powered 2

C Sell Powered

Max bus Pawn

FT mil Amos

USE Serial Number Control - -

Serial Number Prefix ( 2 dials) F

r Use Fixed Serial Number 3

USE Remote Wake Up

4 r Enable USB Remote Wake Up

Plug a Play ( FT232 Series Orbs

Enable Plug And Play

Product and Manufacturer Oescrador Strums
manufacturer 7 Product Description

ELexa. lusemozo

Pros... mho options

rz Only Program Blank Demon

5

6

0010,A210132120E0345004C00450058004F00 0
0020, 4C 00100365005300420040004F 00 4400 1....USB.M.01)
12230 33001203450010004200650036003800 .3 ..E1B.U.6.6 9
0040:4D 00 47 00 02 03 01 00 00 00 00 00 00 00 00 CO M.0 ..

FT2232C Device Options

Side A

Hardware

Ewer

Side B

Hardware

Driver

C-10 Analyse de l'EEPROM d'un USBMOD3

Assistant Matkiel cldtecte

Cet Assistant vous aide a installer le logiciel pout .

Frog HC908 OT_QY

(*) Si un CD d'installation ou une disquette a ate
foucni avec voice pecipherique, inserez-le
maintenant.

Queue Cache voulez.vous que 'Assistant execute ?

()Installer le logiciel automatiquement (recommande)

G!installer a partir dune lisle ou d'un emplacement specifie!
l[utifisateurs expefimenteat

Cliquez stir Suivant pour continuer.

< Precedent Suivant > Annuler

<MO Le montage est detecte

CAW Ambiguite levee grace a is personnalisation

E P6ripherigues infrarouge
Peripherigues systeme
Ports (COM et LPT)
4 NetMos PCI ECP Parallel Port (LPT2)

NetMos PCI Serial Port (COM3)
NetMos PCI Serial Port (COM4)

0 Port de communication (COM1)
Port imprimante (LPT1)

tiwftegt Prog.HC908QT_QY (COM7)
USB Serial Port (COM6)

+  Processeurs

dans un fichier d'extension ".ept" (par

exemple "hco8qty.ept") : cela se fait dans le

repertoire Template du logiciel. Lars de la

phase de programmation, c'est le contenu de

ce fichier qui est envoys vers l'EEPROM..

Deux nouvelles 'dines sont alors accessibles

(egalement dans le menu Device) : on clique-

ra sur celle permettant l'effacement (Erase)

puis sur celle permettant la programmation.

La fenetre d'etat (9) indique alors la reussite

de chacune de ces stapes.

Le numero de serie *ere par algorithme est

obtenu dans cette fenetre d'etat (9) une fois

la programmation terminee. En prendre note :

cela pourra etre ''occasion de faire une nou-

velle copie d'ecran. A ce stade, la personna-

lisation du module est realisee... mais it

reste encore un petit travail a faire.

Personnalisation des pilotes

Une tache qui fait, a tort, bien souvent peur...

Pas de crainte a avoir, on ne touche pas au

systeme mais seulement a quelques fichiers

de type texte. Dans le pire des cas le monta-

ge n'est pas reconnu.

C'est d'ailleurs le cas maintenant : si on

deconnecte puis reconnecte le montage,

Windows detecte un nouveau montage
(figure 5) (remarque : c'est la chaine de des-

cription du produit, placee dans l'EEPROM

("Prog.HC908QT_Qr) qui apparail pour
annoncer le nouveau montage detecte), mais

si on essaie d'indiquer un pilote soit dans le

repertoire ftdi\vcp\ soit dans ftdi \d2xx\, ['ins-

tallation echoue car Windows n'a pas reussi

a associer le montage a un pilote. Normal,

lors de la precedente installation, le module

avait le couple VID/PID 0x0403 / 0x6001 et

maintenant c'est 0x0403 / OxEA28.

Pour que le montage puisse etre reconnu par

Windows, il faut ajouter dans les

fichiers"*.inf" des pilotes les references a ce

nouveau couple VID/PID.

Dans le dossier ftdi \vcp \, ouvrir avec un edi-

teur de texte (Bloc Notes) le fichier "FTDI-

BUS.inf".

Dans la section [FtdiHw], recopier en fin de

section une des lignes de cette section mais

en changeant le PID en EA28.

Recommencer ce travail dans la section

[ControlFlags] qui suit, puis dans la section

[Strings] en fin de fichier : la, it faudra chan-

ger le PID et la chaine "USB Serial Converter"

en "Prog.HC9080T_QY"

Lors de la realisation de ces changements, it

faudra etre tres attentif pour ne pas faire
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Haute integration avec technologie CMOS pour les modules

d'oubli ou d'erreur de frappe. Remarque :

c'est cette chaine de caracteres qui sera affi-

chee dans le gestionnaire de peripherique et

non pas celle placee dans l'EEPROM, il est

donc preferable de les rendre identiques.

Le fichier FTDIPORT.inf sera a modifier selon

le meme principe dans les sections [FtdiHw]

et [Strings]. Bien sOr, on sauvegardera dans

ce repertoire les fichiers modifies (sans
changer leurs noms).

Reconnectons le montage. Apres detection,

on peut lui indiquer le dossier ftdi [fop \

comme dossier contenant les pilotes a utili-

ser. Cette fois-ci, ['installation se fait sans

probleme. Le gestionnaire de peripheriques

fait apparattre a la rubrique Ports le nom du

montage personnalise avec le numero de

port qui lui a ete attribue. Un autre montage a

base d'USBMOD3 non personnalise reste vu

comme un "USB Serial Port" (voir figure 6).

Apres reprogrammation de l'EEPROM, on

pourra faire la desinstallation du driver direct

avec FTClean (PID 6001) de fawn a pouvoir

reutiliser un module USBMOD3 non person-

nalise selon ['installation standard.

Reutiliser le module
dans un autre montage

Le module ainsi personnalise sera toujours vu

comme "Prog.HC908QT_Cr. Peut-on ['utili-

ser dans un autre montage ? La reponse est

oui car la personnalisation s'est faite, comme

on l'a vu, dans une memoire effacable et
reprogrammable (EEPROM). Pour cela it faut

passer par MPROG. Le module dolt donc etre

associe au pilote d2xx. II faut recommencer le

cycle presents au cours de cet article et faire

la desinstallation pour ce module declare

avec un VID/PID = 0x0403 / OxEA28.

C'est de nouveau FTClean qui va entrer en

action, on lui donnera cette fois le PID EA28.

Cette desinstallation ne fait que supprimer

les pilotes VCP associes au couple VID/PID =

0x0403 / OxEA28, l'EEPROM gardant bien sOr

ce couple memorise. Ce qui fait qu'a la

reconnexion, Windows detecte un nouveau

montage et demande ['emplacement des
pilotes. Si on lui designe le dossier

C:\ftdi\d2xx\ , ['association ne se fera pas car

le fichier FTD2XX.INF ne possede aucune

reference a ce couple. II faut Miter ce fichier

et ajouter les lignes relatives au montage

comme on l'a fait au paragraphe precedent.

Plutfit que de renseigner toutes les rubriques

proposees par MPROG, on pourra preferer

rappeler une configuration enregistree :

menu File > Open et choisir le fichier de type

".ept" dans le dossier Templates.

Si le montage dolt etre utilise avec les pilotes

VCP, on devra, avant reconnexion du module,

kilter les fichiers "FTDIBUS.inf" et FTDI-

PORT.inf situes dans Cltdi Wcp \. Si on a pris

un nouveau PID, it faudra creer de nouvelles

lignes dans les sections adequates, si on a

garde le meme PID tl faudra seulement modi-

fier la ligne correspondante dans la section

[Strings] en donnant a la chalne de descrip-

tion produite la memo suite de caracteres

que celle placee en EEPROM avec MPROG.

Dans le cadre d'une application commercia-

le, le concepteur devra bien stir fournir au

client les pilotes modifies : soit les fichiers

"FTDIBUS.inf" et FTDIPORT.inf s'il utilise la

connexion USB comme un port sorie virtuel,

soit le fichier FTD2XX.INF dans le cas ob c'est

le pilote direct qui est utilise.

Bonnes personnalisations !

V. LE MIEUX

References:

(En telechargement sur www.electronique-

pratique.com les deux dossiers ftdi\vcp et

ftdi\d2xx avec les fichiers modifies confor-

mement a cet article.)

FTDI : www.ftdichip.com

ELEXOL : www.elexol.com

LEXTRONIC : www.lextronic.fr

L'ouvrage de l'auteur : "L'USB pour tous"

Editions DUNOD/ETSF (www.dunod.com)

Pages perso :

http://home.nordnet.fri-vlemieux/
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Pour la premiere fois,

un tournoi de robot

mini sumos a eu lieu

en France. Cette

discipline de la

robotique est ties

recherchee en

Amerique et au

Japon. C'est d'abord

une occasion unique

pour tous de

participer a un

concours de

robotique quand on

n'a plus Page d'être

Etudiant. C'est

ensuite une categorie

de tournoi de

robotique tits
spectaculaire. En

effet, le but etant de

pousser son

adversaire en dehors

des limites d'un

cercle, on peut

imaginer les combats

acharnes pour

soulever et repousser

Pautre.

Tournoi
de mini-sumos

de Nimes

Yemo, robot a chenilles, tres redoutable malgra son sourire

Deroulement

Ce tournoi a eu lieu a Nimes les 2 et 3

avril, dans le cadre du printemps des

enfants, manifestation qui a accueilli

40.000 personnes cette armee, it y

avait beau temps. Deux categories

etaient presentes. Les enfants de
9 ans a 14 ans ont pu apprendre a
realiser un petit robot sumo filoguide

et concourir. Mais la categorie reine

etait celle des robots autonomes qui a

accueilli 15 participants de tous les
coins de France.

Organise par le Lion's Club de Nimes,

cette manifestation avait le soutien de

la ville de Nimes, des medias locaux et

de nombreux partenaires financiers.

Le tournoi s'est deroule sur deux jours

et plusieurs demonstrations autour de

la robotique etaient presentees au

public. Un robot cheval, tres recherché

des enfants, un robot joueur d'echec,

plusieurs petits robots qui se bala-

daient en se croisant sur une grande

table ou encore un robot a clavier
musical.

Le samedi

Les participants ont pu decouvrir rare-

ne avec des gradins pour recevoir le

public et les tables de jeux (Dohyo), it

s'agit de cercles noirs de 77 cm avec

une bordure blanche. Une partie du

local etait reservee pour les ateliers.

D'un cote, les enfants suivaient une

animation sur video afin de com-

prendre les differentes parties du petit

robot qu'ils allaient construire. De

l'autre, les participants au tournoi
principal s'installaient. C'est l'occa-

sion de voir les concurrents pour la

premiere fois et de se faire déjà une

petite idee sur ses chances de succes.

Le poids a ete un des plus gros pro -

blames pour beaucoup de robots. Les

500 grammes ont ete difficiles a

atteindre et certains concurrents ont

perce au maximum leur chassis pour

ne pas depasser ce poids reglemen-

taire. La majorite des robots pesaient

entre 490 et 500 grammes. Cette jour -

née a permis de faire un premier clas-

sement et Mini deux poules a la suite

des premieres rencontres.

Le dimanche matin

Cette matinee a permis de reprendre

espoir pour certains concurrents qui

ont revu leur mecanique ou leur pro-

grammation. Mais le sentiment gene -
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ral &aft de vouloir en decoudre avec un
adversaire pour verifier et ameliorer son
robot. Des petites rencontres informelles se

sont deroulees sur les tables d'essais en

attendant la finale de l'apres-midi.

Les finales

Les finales ont debuts a 14 h pour les enfants

et a 15 h pour les robots autonomes. Le
nombre des enfants a ate tellement important

(ores de 40 enfants inscrits), qu'il a ete tits

difficile de demarrer la grande finale avant

15h 15. Les gradins etaient pleins et it y avait

encore du monde qui souhaitait entrer. De

l'avis de tous, les enfants ont montre de
reelles competences pour le maniement et la

strategie des petits robots mini-sumos filo-

guides. Enfin la finale tant attendue pour tous

les robots autonomes. Des mois de travail

pour en arriver la. Chacun de ces robots

represente un concentre de technologie et de

programmation patiemment elaboree dans

un but simple, pousser l'adversaire en dehors

des limites du cercle. Enfin, nous allions
decouvrir quelle serait la meilleure strategie,

cette armee. Les combats ont ete incroyable-

ment courts pour la majorite et rapidement,

certains robots se sont detaches du lot. Plus

de puissance, meilleure fiabilite, meilleure

detection. Les combats entre ces derniers

allaient etre titanesques. Et effectivement,

nous avons assists a des rencontres o0 les

robots ont essays de se pousser face a face.

Les concurrents encourageaient leur robot a

chaque centimetre gagne et ('assistance

applaudissait a la fin de cheque combat. La

finale opposa deux robots nimois tits diffe-

rents. Goliath, un gros robot qui demarre avec

le nez en lair, car it possede deux enormes

roues qui lui permettent d'avoir beaucoup de

couple contre Nimesis plus rapide. Nimesis,

aura vite fait d'attraper Goliath sur le cote

pour le retourner et le pousser.

Resultats

1" prix

2' prix

prix

Nimesis

Goliath

Nantes

Divers prix ont recompense les gagnants. Ces

prix ont ete remis par les responsables du

Lion's club. Cette annee, le premier prix etait

un robot hexapod de Microrobot. Tous les

enfants qui ont participe ont garde leur petit

robot af in de s'entrainer pour l'annee pro-

chaine et les trois premiers ont aussi regu

des petits robots a construire. Mais indepen-

damment des resultats, l'ensemble des par-

ticipants a ete conquis par le tournoi et ('am-

biance. Ils ont promis qu'ils reviendront pour

gagner.

Bilan

Parmi les differentes manifestations autour

de la robotique en France, le tournoi de
robots mini-sumos de Nimes est une nouvel-

le demonstration du caractere pedagogique

de cette science. Le tournoi est reconduit

pour l'annee prochaine, toujours a Nimes,

debut avril 2006.11 est possible que d'autres

demonstrations y soient incluses, pour des

robots suiveurs de lignes ou des robots
labyrinthe.

6. EIAMARCHI

Liens Internet :

www.geiLiut-nimes.fr/fg/sumo.htm

Site officiel du tournoi avec des videos et

photos :

www.fsLcajp/sumo-eindex.html

Site officiel japonais

www.robot-maker.com

Forum sur le tournoi de Nimes

O
Goliath, a gauche, est un robot

qui dolt demarrer en appui sur
Parriere pour respecter les

dimensions de 10 cm x 10 cm

Les deux demi-finalistes, Yemo

gauche contre Escap a droite

Nimesis face a Nikaia, combat

inegal

0
Le grand gagnant, Nimesis,

a la pesee

L'arene nimoise prete a admirer

un nouveau genre de gladiateurs
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Les robots

autonomes ont

parfois besoin d'un

partenaire pour les

tester. C'est dans

cette optique que ce

robot pilote par

infrarouge a ate

developpa. Une base

mecanique simple,

une electronique

reduite, une

programmation

succincte et un

pilotage par PC par le

biais d'une liaison
sone sans fiL

Robot
infrarouge

Caracteristiques

Pour tester le comportement de sa der-

niere realisation en matiere de robot

mobile autonome, it est parfois utile de

lui opposer un robot plus intelligent.

Dans le cadre des concours de robo-

tique, it est utile d'avoir un adversaire

ruse. C'est pour repondre a ce besoin

qu'a ete tree ce robot pilote par un PC.

Pour supprimer le fil a la patte, on utili-

se une liaison infrarouge et pour ne pas

se compliquer la vie avec un quel-

conque protocole code, on utilise un

dialogue serie RS232. La partie meca-

nique dolt etre simple et bon marche.

L'interface de puissance choisie n'utili-

se que des composants discrets. La

carte de controle utilise un microcon-

troleur connu. L'interface infrarouge est

aussi des plus simples. L'alimentation

est realisee avec 4 accus de 1,2 volt. II

n'est pas utile de creer un dialogue

dans les deux sens, seule une liaison

PC vers robot est realisee. Un petit logi-

ciel ecrit en C ( Builder C++) permet le

controle du robot, mais it est aussi pos-

sible d'utiliser HyperTerminal, logiciel

inclus dans Windows.

to olhc LIthmei

La mecanique est constituee d'une

plaque de plexi de 3 mm d'epaisseur,

correspondant au chassis du robot.

Cette plaque est decoupee suivant le

plan de la figure 1. Sa forme ronde a

ete choisie pour faciliter ses apiece-

ments devant des obstacles anguleux.

Celle piece recoit deux vis M3 de
35 mm de longueur avec ecrous et
entretoises filetees, ces vis servent de

roues folles, les Ocrous et les entre-

toises seront *les avec les roues
(voir figure 5). Elle recoit egalement

quatre vis M3 de 5 mm pour tenir ('axe

des roues (figure 4). Deux engre-
nages blancs sont inseres dans l'axe,

puis deux roues et deux bagues d'ar-

ret. Les roues sont solidaires des
engrenages par deux vis plastique de

3 mm dont la tete est toupee apres

coup. Pour cela, it faut percer deux

trous de diametre 2,5 mm sur les deux

engrenages (voir figures 2 et 3).

Le reste de la mecanique, le deuxieme

jeu d'engrenages et les moteurs font

partie de ('interface de puissance.

L'interface de puissance
(figure 6)

La particularite de cette interface est

que les moteurs sont directement sou -

des sur le circuit imprime. Cela permet

d'eviter des fils de liaisons vers les

moteurs. De (name, ces liaisons etant

fres courtes, on redid les parasites qui

sont importants avec les moteurs utili-
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76 mm

I 19,5 mm I 37 mm

rl

19,5 ram I

21 mm

48 mm

21 mm

Diametre des trous :
3 mm pour 1 et 2
et 2,5 mm pour les quatre autres

r

90 mm

(11 Le plan de decoupe du chassis

ti

Le percage des engrenages

4G-c"--)11 Le chassis est fini

L'engrenage et la roue sont
solidaires l'un de l'autre

( ) La vue de dessous

Nomenclature
Piece n°1

2 vis M3 35 mm

2 icrous M3
4 vis M3 6 mm
4 vis M3 10 mm plastique
2 entretoises filetees M3 15 mm

1 axe 3 mm 90 mm de longueur

1 sachet d'engrenages [module 0,5]

ref : 29 77 04 22 [Conrad]

2 roues 45 mm
ref : 21 73 79 22 [Conrad]

ses. Effectivement, les moteurs choisis sont

des petits moteurs economiques de faible

rendement et de qualite tits moyenne. Le

schema est assez classique, deux transistors

de type MOSFET pilotent les deux moteurs.

L'inversion du sens de rotation est realise°

par un relais de faible puissance commande

par un transistor bipolaire 2N2222. Ce sche-

ma appelle deux remarques. La premiere

concerne les deux transistors MOSFET qui

doivent etre des modeles a commande de

type logique. En effet, ('alimentation est reali-

see avec 4 accus de 1,2 volt, ce qui est insuf-

fisant pour des transistors MOSFET clas-
siques. Le choix d'utiliser des transistors
MOSFET plutet que des bipolaires permet

d'utiliser toute la tension des accus pour les

moteurs sans en perdre dans les transistors

comme c'est le cas avec des bipolaires. La

deuxieme remarque concerne le mode d'in-

version du sens de rotation. Si on decide

d'utiliser ici des relais de faible puissance,

c'est dans un souci de simplicite mais c'est

au detriment du fonctionnement. Ce qui
implique que ('inversion du sens de rotation

ne doit pas se faire a pleine puissance. II faut

done d'abord couper la vitesse jusqu'a 0 puis

basculer le relais et remettre la vitesse. Ce

role sera devolu a la carte de contrale. Les

diodes de "roue libre" et les condensateurs

de deparasitages des moteurs participent

('amelioration du fonctionnement global.

Le circuit imprime

Le circuit imprime presente quelques parti-

culates qui permettent d'optimiser notre
realisation. La premiere concerne les

moteurs qui sont directement soudes sur le

circuit imprime. Une decoupe doit etre 'tali -

see pour permettre cela (voir figure 7 et les

photos). Mais une decoupe supplementaire

doit aussi etre realise° pour fixer deux tiges
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Robo

+UB

R3
1k

0 V 0 V

+UB

0v 0V

R1

SENS DR 1 k

T11.1,
2N2222

0 V

+UB

Le schema de principe de
('interface de puissance

+UB

0V

r
Connecteurs

K3

+UB

DV

+UB

0 V

1 VIT DR
2 SENS GA
3

DV

K4
1 VIT_GA
2 SENS_DR
3

0 V
J

+BAT

4 MHz

0V

+BAT

0 V

RB6

2°

119*

CI1
PIC16F873P

18

0V

R3
1k

D1

rouge

Vdd RC7

RC6
OSC1 RC5

RC4
RC3

OSC2 RC2

9e

17

16
15

14

13

RC1 12

RCO
11 +BAT

1--e 28
MCLR RB7

RB6 27
26RB5
25RB4

RB3 24

RB2 23

RB1 22

RBO 21

RA5
RA4
RA3 0 V
RA2 4

RA1
8

Vss
RAOVss

RC4

0V

Le schema de principe
de la carte de controle

BZ1
Buzzer 01

0v

RB7

0 V

K2 K3
R4

1 RC2 1 RC1
1k

2 RC3 2 RB5

D2
verte

3 3

0 V

+BAT 0 V

0V

+BAT

K1

1

R7
220

0 V

0 V

C3
147 pF

0 V

1 R07

Cl2
1 PIC26043S

BAT

C1 C2
100pF 100 nF

0v
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de laiton de 3 mm de diametre. Chacune de

ces tiges supporte un engrenage reducteur

blanc, indispensable pour que notre robot ait

une vitesse realist°. La compacite de l'en-

semble presente d'autres particulates que

nous allons voir.

Trace du circuit imprime

all0 Implantation des
composants

II faut verifier que les &coupes sont assez

larges pour permettre un repositionnement

des moteurs spits coup. On dolt coller en

premier les deux tiges de laiton cote compo-

sants puis souder l'ensemble des compo-

sants a l'exception de toutes les resistances

et des condensateurs C2 et C3 qui seront

soudes cote cuivre. Attention aux risques de

court -circuit avec les moteurs. Attention, tous

les connecteurs sont soudes cote cuivre sauf

le connecteur d'alimentation K1. II y a encore

5 liaisons volantes a realiser cote cuivre. Ces

liaisons supplementaires n'ont pu etre reali-

sees cede composants en raison d'un risque

de court -circuit avec les moteurs. Une fois le

circuit imprime fini, it faut placer les deux

moteurs avec leurs deux pignons, les deux

engrenages et l'ensemble sur le chassis.

L'ensemble est fixe par deux ecrous. On peut

maintenant souder les deux moteurs de
maniere a ce que les engrenages et les

pignons presentent un jeu reduit.

01, 03, 04, 06 :1 Ir52 (marron, noir, rouge, or]
02, R5 :100 5-2 (marron, noir, marron, or]
Cl : 470 pF [radial]
C2, C3 : 47 nF

01, 03 :1N4148
02, 04 : 1N4007

Tl, T3 : 2N2222

T2, T4 : IRL0014

RV, 0L2 : Relais 2RT

K1, K2, K3, K4 : barrette seeable femelle.

2 moteurs : Mabushi type 130
ref : 24 44 06 22 [Conrad]

2 tiges : laiton 0 : 3 mm x 15 mm
2 engrenages blancs

2 pignons

La carte de controle (figure 9)

La carte de contrele utilise un PIC16F873. Ce

composant est le grand frere du célèbre

PIC16F84. Notre selection s'est faite sur les

differents PICs disponibles, de coat reduit et

facilement programmables. II aurait ete plus

simple de choisir un composant plus petit en

raison du faible nombre d'entrees/sorties
necessaires a ce projet. Un PIC16F627 ou

mieux un PICi 6F88, aurait simplifie le circuit

imprime. Mais la programmation de ce dernier

n'est certainement pas encore bien maitrisee

par la plupart des lecteurs, malgre le tres bon

article de J.P. Mandon sur le numero de mars

dernier. Ce n'est que partie remise. Peu de

composants autour du PIC, quelques resis-

tances pour alimenter deux LEDs ou pour don-

ner des niveaux aux poussoirs de Reset et S2,

un buzzer, deux condensateurs et un resona-

teur. Des connecteurs de liaisons avec la carte

interface de puissance K1, K2 et K3. Et surtout

un photo module infrarouge pour recevoir les

ordres transmis par le PC. Ce composant pos-

sede deux sorties specialisees pour generer

des signaux PWM pour piloter les moteurs. Un

pont diviseur R5, R6 permet de verifier la ten-

sion sur la batterie pour couper le robot en cas

de baisse de tension. Le connecteur K4 sert a

la programmation ICSP, c'est a dire sans sortir

le composant de son support.

Le circuit imprime (figure 10)

La encore, le circuit imprime possede une

forme non conventionnelle. Deux decoupes

permettent le passage des engrenages de la

carte de puissance. Le circuit imprime com-

porte 5 straps (voir photo). Les connecteurs

doivent permettre de s'inserer dans ceux de

la carte de puissance. Pour cela, tl faut utili-

ser des connecteurs males a l'exception de

AIM*.
4104-,

On distingue les dAcoupes pour le passage des engrenages
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K4 qui sera un modele femelle et soude cote

composants pour ce dernier.

Nomenclature
R1, R2 : 47 Id2 [plum violet, orange, or)
R3, R4 : 1 162 [marron, nois rouge, or)

R5, R6 : 10 IQ [marron, noir, orange, or)
R7 : 220 Q [rouge, rouge, marron, or)
Cl :100 pF [radial)
C2: 100 nF

C3 : 47 pF [ radial)
01 : led rouge

02 : led verte
Q1 : risonateur 4 MHz

CI1 : PIC16F873P

Cl2 : PIC26043, TSOP1838

61, 82,1(3 : barrette seeable male

1(4 : barrette seeable femelle

1 !inner
Support 28 broths

L'interface infrarouge (figure 12)

Ce montage permet de dialoguer entre un PC

et notre robot d'exercice. Pour simplifier le

schema et reduire la consommation, le dia-

logue ne fonctionne que dans un seul sens,

du PC vers le robot. L'alimentation est tree

des lignes de la liaison serie RS232. Les

lignes RTS, DTR et meme la ligne de dialogue

TXD sont utilisees pour cela. Protégé par une

resistance, le signal active un generateur de

signaux cants dont la frequence est de
l'ordre 38 kHz.

Cette frequence devra etre reglee par la
resistance variable RV1 pour s'adapter au

photo module utilise par la carte de contrele.

Pour disposer d'une puissance d'emission

suffisante, la diode d'emission n'est pas

reliee directement a la sortie de la porte
logique mais commandee par un transistor.

La resistance R4 limite la distance d'emis-

sion maisil n'est pas conseille de la diminuer.

De toute maniere, it est important que la liai-

son infrarouge soit directe entre ['interface

infrarouge et le robot. La vitesse de dialogue

ne devra pas depasser 1200 bauds, pour une

qualite de signal optimale. La portee se

degrade vite si les longueurs d'onde de

l'emetteur et du recepteur sont tits diffe-
rentes. Plusieurs essais ont ete necessaires

pour trouver une association correcte, dans

l'exemple une LD271 avec un PIC26043.

Le circuit imprime (figure 13)

Ce montage ne presentant pas de difficultes,

it sera realise en quelques minutes. Pour le

reglage, on cherchera le maximum de portee.

Position des enfrenages (voir texte)

+UB

0
D1

A 1N4148

+UB

0
D2

1N4148
+UB

0
7

0

0

9 0

G1

G2

0 V

+UB +UB

C2 2C3
141 1100 nF

0V V

10

R2

C1
RV1 10k

1 riFT 100 k

0 V
+UB

0v

CI1P I

4093N

CI1B
4093N 1

ED.

2

CI1A
ov 4093N

+UB

0v

(1----* Schema de principe de ('interface infrarouge

La programmation

Le comportement du robot doit repondre aux

ordres envoyes par le PC. Afin de ne pas

compliquer le dialogue, les commandes sont

des lettres minuscules tepees au clavier : (e)

pour avancer, (d) pour droite, (s) pour gauche,

(x) pour reculer, (q) pour stopper, (o) pour

accelerer, I pour ralentir. II est done parfaite-

ment possible d'utiliser ('interface de

Windows, HyperTerminal.

Mais pour plus de confort, une petite interfa-

ce de controle, ecrite avec Builder C++, vous

est proposee figure 15.

Le programme du robot comporte une routi-

ne de dialogue principale -qui attend une

commande par la liaison serie a 1200 bauds.

Puis une routine d'interruption de l'ordre de

la milliseconde traite le clignotement des

LEDs rouge et verte, ainsi que le traitement

des vitesses. Les deux LEDs clignotent a

chaque fois que Ion inverse le sens de rota-

tion d'un des moteurs. En marche arriere, on

ajoute un bip cadence. A cheque fois que l'on
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Robot

4:0 Trace du circuit imprime

ciVorneuk lature

R1, R3 : 15 162 [marron, vert, orange, or)

R2 : 10 kf2 [marron, noir, orange, or)
R4 : 100 S-2 [marron, noir, marron, or)

RV1 : 100 kI2 [horizontal)

Cl : 1 nF

C2 : 10 pF

C3 :100 nF

01, 02, 03 : 1N4148
04 : L0271 [led infrarougel
C11 : 4093

X1 : Connecteur 0119 femelle condo

Support 14 broches

Contrble dun robot Mini Sumo par Infrarooge

Port Sane rude

Souris

Stop

Con I Connecte 2400,3, 1

A
A

V

Vue d'Acran

donne un nouvel ordre, la vitesse est coup&

et repart de zero pour protager les relais. Les

changements de vitesse se font progressive-

ment. Les vitesses en marche avant et les

autres sont memorisees a chaque comman-

de stop du robot. Ces vitesses memorisees

sont restaurees a chaque nouvelle mise sous

tension du robot. Le bouton poussoir S2 n'est

pas utilise dans le programme, mail it keit

prevu initialement d'ajouter un pare-chocs.

Mise en place
des accumulateurs

RS232->IR

lij °"16.43:. (4111

.l.". 0 'etn.

lL

4210 Trace du circuit imprime

Les differents fichiers sont disponibles sur le

site de la revue.

F. 6IAMAREHI
giamarchaiut-nimesir

www.gegiut-nimes.fefg/

Implantation des composants

Aspect du PlC 26043S
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Un detecteur de ligne

est un accessoire

classique sur les

robots qui utilisent

des lignes noires ou

blanches pour se

reperer. Nous vous

proposons un

montage tres simple

delivrant une

information logique

fiable.

Detecteur
de ligne

La problematique

Souvent utilise avec une electronique

sommaire, it delivre une information

proportionnelle a la quantite de lumie-

re reflechie par la ligne (figure 1).

Cette solution, tout a fait correcte,

necessite une entrée logique pour

detecter la transition entre le blanc et

le noir (figure 2) ou une entrée analo-

gique pour detecter l'approche de
cette transition. Si Ion souhaite reali-

ser un robot qui doit suivre une ligne

CID Le schema d'utilisa-
tion d'un capteur
infrarouge simple

+5 V +5 V

Phototransistor \ iD.E.L. Infrarouge

Surface blanche

La transition entre
le noir et le blanc
dolt etre parfaite-
ment detectee

avec une bonne precision, ce schema

est suffisant en utilisant une entrée

analogique et a condition d'ecrire un

programme qui realise un etalonnage

avant d'utiliser la valeur We. Mais it est

souvent possible de se contenter
d'une entrée logique pour informer le

robot de la transition noir/blanc. Le

probleme qui se presente alors est la

concordance entre la transition et l'in-

formation logique delivree.

Le seuil de basculement du transistor

peut etre corrige en jouant sur Ia
quantite de lumiere emise par la diode

infrarouge. Un autre element impor-

tant a prendre en compte est la corn-

patibilite avec une carte de contrale. Et

pour finir, ['utilisation d'un capteur

reflexion qui integre Ia diode emettrice

infrarouge, le phototransistor adapts

et dont le positionnement de l'un par

rapport a l'autre est optimise pour
detecter une cible a 5 mm environ.

Schema electronique

Malgre sa simplicite, le schema choisi

permet de rapondre aux differents
points critiques (figure 3). Hormis le

capteur, ['element central est un cir-

cuit integre tits classique comportant

deux comparateurs a sortie a collec-

teur ouvert. Ce point est indispensa-

ble, on le verra plus loin.

Le capteur a reflexion est un modele

classique qui pourra etre remplace par

n'importe quel autre modele, du

moment que les pattes sont en ligne.

En general, les correspondences sont
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respectees mais it y a toujours des excep-

tions. Le capteur est polarise par une resis-

tance fixe, de meme que le phototransistor.

Le seuil de declenchement sera *le par une

resistance ajustable. Les deux tensions sont

comparees avec un circuit integre LM393,

comparateur double. On realise une legere

hysteresis avec la resistance R3 afin de s'af-

franchir des petites variations dues aux pous-

sieres. La compatibilite est obtenue facile-

ment avec la resistance de charge du collec-

teur ouvert R4. Ce dispositif permet de 'tali-

ser ('adaptation avec des entrées dont les

seuils ne sont pas connus a l'avance. On

complete le montage avec un indicateur

lumineux pour permettre le reglage en local

du montage. La led rouge s'eciairera lorsque

le module sera sur une surface blanche.

Realisation (figures 4 et 5)

Ce montage ne presentant pas de difficulte, it

sera realise en quelques minutes. Dans
l'ordre, souder les 5 resistances, le support

du circuit integre, le condensateur, la resis-

tance ajustable, la led rouge 3mm et pour

finir le capteur a reflexion qui dolt etre coude

au prealable. Le connecteur K1 sera realise

avec une barrette secable male a 3 points.

Le circuit imprime obtenu
est le plus petit possible

Implantation des elements

Si vous trouvez que l'ensemble prend encore trop de place, vous pouvez le
realiser en CMS. Mais cela ne devienf interessant gue si on deporte le cap-
teur

+5 V
+0 V

+5 V

R2 RV1
47 k 100 k

OP1

HOA149

+5 V
+5 V

R3
100 k

O
ov

6

3

+5 V

R4
4,7 k

4 r CI1B
LM393N

+5 V
0 V

CI1A
LM393N

+5 V

C1
10 NF

1 k

D1

rouge

0 V
R5

K1

2
0

(ae) Le schema electronique est fres simple

Test

Sur une feuille blanche, placer un bout de

ruban adhesif noir. Regler la resistance

variable RV1 a mi-course, placer le circuit

integre sur son support et alimenter le mon-

tage par le connecteur JP1. Regler la resis-

tance variable pour obtenir un allumage de la

led rouge lorsque vous passez du noir au

blanc. Tester le reglage en reculant le detec-

teur. En l'absence d'un fonctionnement nor-

mal, verifier le sens d'implantation du cap-

teur a reflexion et du circuit integre.

Caracteristiques

Tension de fonctionnement : 3 a 12 V

Consommation : 6,7 mA (sous 5 V)

Distance de detection : 3 a 30 mm (suivant

eclairage ambiant) -

Compatible microcontrOleur

F. 6IAMARCHI
giamarchaiut-nimeaft

www.geklut-nimes.fr/fg/

Nomenclature I

111,115: 1 162 [marron, noir, rouge, or]

112: 47 1(52 [jaune, violet, orange, orl

R3 :100 NO [marron, noit jaune, or)
114 : 4,7 kQ [jaune, violet, rouge, or]
RI/1 : 100 LI [horizontal has profit]
Cl : 10 pF

DI : led rouge [3 mm]
C11 : LM393N

OP1 : HOAI49, H0A1405

JP1 : barrette seeable male 3 points
Support 8 broches
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Donnez un air
a vos robots

Le montage presents

ici vous propose de

donner a vos robots

la capacite de

communiquer une

emotion ou une

expression grace a

('image et au son.

Cette fonction vous

permettra
d'ameliorer

('interface

homme/machine de

votre robot et

d'augmenter, de cette

maniere, son

interactivite avec

l'homme.

Description

La robotique demande a la fois des

competences en electronique et en

mecanique. Cependant, pour les

robots destines a interagir avec r horn -

me, it est necessaire de developper

une capacite a creer des interfaces

hommes/machines. En effet, dans le

cas des robots concus pour directe-

ment servir ou distraire l'homme, la

fonction d'interface se revele la plus

importante en faisant passer les fonc-

tions Olectro-mecaniques au second

plan. Pour communiquer avec l'hom-

me, ('interface du robot doit exploiter

un langage directement comprehen-

sible par tous. L'affichage de textes et

d'icOnes en fait partie mais fait appel a

des pro-requis importants tels que la

connaissance du langage ou I'appren-

tissage de la signification des images.

Les emotions des robots ludiques sont

souvent materialisees par I'emploi de

leds de couleurs dont la comprehen-

sion n'est pas toujours evidente et
demande systematiquement ('usage

d'un mode d'emploi. Aussi, la commu-

nication la plus basique et comprise

par tous reste les expressions du visa-

ge. C'est ce que nous allons exploiter

dans notre montage en vous donnant

la possibilite, a ('aide d'une interface

12c, de declencher l'affichage d'une

expression que vous pourrez faire cor-

respondre aux situations que ren-
contre votre robot lors de ses *lace-

ments par exemple. Vous aurez ainsi

acces a neuf expressions qui couvrent

les expressions du visage les plus

significatives. La figure 1 vous pre-

sente ces diverses expressions.

Afin d'augmenter encore le realisme

de ('expression, ces dernieres sont

toutes animees et sont egalement
accompagnees d'un son destine a
faciliter davantage la reconnaissance

de remotion. Pour realiser cette fonc-

tion, nous allons exploiter un mini

ecran graphique generalement utilise

dans les telephones mobiles. Celui-ci

est aisement integrable dans de petits

robots et ('interface I2c, equipant le

montage, autorise un interfacage aise

avec votre propre platine de gestion

du robot. Nous ne detaillerons pas le

Les differentes expressions
programmables

Content

Malin

Conies Colere

Heureun Surpris

Intorrogadf Embarrasse

Effraye
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Robot

mini ecran exploito ici. II s'agit du modele

LPH7779 equipe du processeur PCD8544 qui

a déjà fait ('objet de montages et de descrip-

tions completes dans les colonnes de votre

magasine. Vous retrouverez son brochage a

la figure 2.

1 2 3 4 5 6 7 8

1 Vdd
2 : SCK
3 : SDIN
4 : D/C
5 : SCE
6 : Gnd
7: Vout
8 : Reset

LPH7779
Vu de dos cote

connecteur

Le brochage du LPH7779

Schema de principe

Le schema de la figure 3 prosente la struc-

ture du montage. Le cceur de celui-ci est

constitue par un pic 16F876 cadence a

20 MHz. Le choix de ce modele a Ote condi-

tionne par la necessito de disposer dune

memoire suffisante, ici 8 Ko, pour permettre

le stockage de tous les dessins et du pro-

gramme de gestion.

[interface 12c est realisee a ('aide d'un cir-

cuit specialise de chez Philips : le PCF8574.

Ce circuit met a disposition de tout controleur

gerant l'12c 8 ports parametrables en entrée

comme en sortie. Ceux-ci sont directement

connectes au port C du Pic. C'est la lecture

reguliere du port C qui permettra de detecter

l'instruction 12c demandant l'affichage dune

expression stockee dans la memoire du
microcontroleur. Vous remarquerez sur le

schema que les deux lignes 12c sont placees

a l'etat haut par deux resistances de 4,7 ka

Dans le cas ou votre montage en dispose

déja, vous pourrez ne pas les installer. Le port

B est consacre au pilotage du LPH7779. Ce

mini ecran graphique exige une tension d'ali-

mentation comprise entre 2,7 volts et 3,3

volts. Notre montage etant alimente par un

classique regulateur 7805, nous avons donc

utilise des diodes zeners de 3, 3 volts dont le

(Ole consiste a abaisser la tension d'alimen-

tation de l'ecran ainsi que celle des signaux

de controles issus du microcontrOleur. Le

buzzer dont le de est de produire le signal

sonore accompagnant les expressions affi-

chees est directement connecte a la broche 7

du port B.

(pi Le schema du montage

C2
-L

C3
22 pr

20 MHz 1 22 PF

HuE
Crystal

10

U1/PIC16F876 I

9
al OSC1/CLKIN
 OSC2/CLKOUT
 MCLRNppirl-IV

R2
4,7 k

+5 V

-- RAO/ANO
- RA1/AN1

RA2/AN2NREF-
5- RA3/AN3NREF+

-- RA4/TOCKI
RA5/AN4S

U3/780E'

R3/180

R4/180-1=1
R5/180

R6/180

R7/180

RBO/INT eat.
RB1 
RB2  23

RB3/PGM 24

RB4 25

RB5
RB6/PGC 27

26

RB7/PGD 28

6 x BZX/3,3 V

D6 D5 D4 D3 D2 01

R1

180

+5 V

U2 I

I PCF85741

RCO/T105071CKI 11 O
4  PO

RC1/T1OSI/CCP2 12 O  P1
RC2/CCP1 13 cp 6  P2

RC3/SCK/SCL 14 O
7  P3

RC4/SDI/SDA 15 O
9  P4

RC5/SDO 16 o
1 P5

RC6/TX/CK 17
12 P6 13

RC7/RX/DT 18
13 P7 INT lb --

14SCL ----
15SDA --

+5 V

0

Lc) co

C1
1 NF

co

'oYZ 0 w
38003(5>LkIcn

Afficheur
LPH7779

R8/4,7 k

R9/4,7 k
0

+5 V

AO 
Al 
A2 

I
BUS 12c

BUZZ
Buzzer
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Affichage de ('expression " content "

Realisation

La figure 4 donne le dessin du circuit impri-

me. Celui-ci est classique mais presente une

petite difficulte au niveau des pistes passant

entre les panes du Pic. Vous veillerez donc a

['absence de court -circuit entre celles-ci.

Vous trouverez le dessin de 6 pastilles autour

des broches 1,2 et 3 du PCF. Celles-ci vous

permettront de Gabler plus facilement

I'adresse du circuit 12c en fonction de ('occu-

pation de votre bus 12c. L'approvisionnement

en composants ne pose aucune difficult& ils

sont tous disponibles chez le revendeur Elec-

tronique Diffusion. Le seul composant qu'il

vous faudra chercher est le mini ecran gra-

phique LPH7779. II existe diverses sources

d'approvisionnement. Vous pourrez trouver

ces ecrans chez les revendeurs de pieces

detachees pour mobiles et Internet vous four-

nira un grand nombre d'adresses de sites

vous proposant de commander ce genre

d'Ocran. Rappelons ici que le LPH7779 a

equip& le mobile 3310 du constructeur Nokia

et qu'il est equipe du contrfileur PCD8544.

Ces diverses references devraient vous per-

mettre de trouver rapidement ce que vous

cherchez a l'aide de votre moteur de
recherche prefers.

L'installation du mini ecran constitue egale-

ment une etape delicate. En effet, celui-ci est

equipe d'un micro connecteur non standardi-

se. Pour proceder a son installation, nous

vous proposons d'utiliser une nappe de fils a

Poursuivez en appliquant une goutte detain

sur chaque patte du connecteur de l'ecran en

prenant garde a ne pas surchauffer l'ecran,

n'hesitez pas a faire une pause entre chaque

soudure. Une fois cette operation achevee,

fixez a l'aide d'un morceau de ruban adhesif

la nappe au dos de l'ecran de facon a ce que

chaque brin soit aligne et superpose aux

pattes du connecteur de l'ecran.

A l'aide d'une pince a bec fin, alignez chaque

brin a chaque patte du connecteur puis appli-

quez simplement votre fer sur cette combi-

naison af in de la solidariser. Ici encore, pre-

nez garde a ne pas surchauffer l'ecran. La

figure 5 vous presente ('implantation des

composants ainsi que leur orientation.

Commencez classiquement par les straps et

les resistances et poursuivez la construction

en installant les composants en fonction de

leur taille. Les circuits integres prennent

place de preference sur un support. Vous

pourrez programmer le pic l'aide du fichier

AIR.HEX que vous trouverez sur notre site a

sertir dont vous denuderez les extremites I'adresse suivante :

wwwelectroniquepratique.com.pour les enduire detain.

Or4, Trace du circuit imprime

Implantation des composants

D4 --,111L.)--
D5 ={- 134, (III R7

D6 "--C' ,==GILL)==--. R1
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Robot

Exploitation du montage

Ainsi que nous l'indiquions en debut d'ar-

tide, ce sont les instructions revues par l'in-

terface 12c qui vont declencher I'affichage

d'une animation permettant de faire exprimer

a votre robot une emotion. A la mise sous

tension, les ports du PCF 8574 sant automa-

tiquement parametres en sortie et refletent

directement ('instruction regue sur le port 12c.

Pour ecrire dans le PCF, it faut d'abord preci-

ser I'adresse du circuit integre, definie par la

connexion des broches A0,1 et 2 sur le circuit

imprime, en envoyant ('octet precise a la

figure 6 suivi de ('instruction : ici en gras.

Nous ne precisons pas ici les bits specifiques

au bus I2c et vous recommandons, si vous

voulez en savoir plus, de vous referer au
mode d'emploi du bus 12c disponible sur le

site du fabricant Philips. Les bits DO a D6

peuvent prendre les valeurs decimales sui-

vantes en fonction de ('expression dont vous

avez besoin :

- En colere

- Confus

:30
:40

0 0 0 A2 Al AO 0 0 D6 D5 D4 D3 D2 D1 DO

OM, L adressage du PCD8574

- Ennuye 50

- Heureux 60

- Interrogatif : 70

- Malin 80

- Effraye : 90

- Surpris :100

Lorsque aucune instruction n'est envoyee,

remotion par Maul correspond a retat
a content a. Le programme gerant le pic se

charge de lire regulierement retat du port C

de maniere a afficher retat qui lui est deman-

de et ce, de fagon continue. Si vous souhaitez

revenir a retat par defaut, it vous suffit d'en-

voyer une valeur differente de celles listees

plus haut.

G. EHRET5MANN
http://g.ehretsmann.free.fr

Nomenclature
IC1 : Pic 16F876 20 MHz + support 28
hroches tulipes etroit [Electronique Diffusion)
IC2 : PCF 8574 port 8 bits pour bus 12c

[Electronique Diffusion)
IC3 : regulateur 7805

01 : 1 pF/16 V Tantale

C2, C3 : 22 pF

C4 : 220 pF/16 V horizontal
C5: 100 nF

RI, 113 a 117: 180 SI [Marron, Gris, Marron)

R2, R8, R9 : 4,7 ItS2 [Jaune, Violet, Rouge)

01 a DB : Diode Zener BZX 3V3

Q1 : quartz 20 MHz

Buzl : transducteur piezo

Nappe a sertir

Ecran graphique : 11H7779 a B broches ou

compatible a recuperer ou a commander; en

autre, chez

hffp://wwwjelu.se/shop.php
Coupleur pile 9 V

Pile 9 V

844 pages, tout en couleurs
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Robot

Avec cette

realisation, nous vous

proposons de mettre

en oeuvre un double

bloc moteur

2 roues, garnies de

pneus gomme. Cette

approche simplifie

enormement les
&apes mecaniques

souvent delicates et

sources de
decouragement. Nous

aurons surtout

l'occasion de
decouvrir une

maniere simple de

Older 2 moteurs
independants a l'aide

de ponts en H

transistors.

Mobile a
deplacement
aleatoire

II ne s'agira donc pas a proprement

parler d'un robot tits sophistique,
mais plutOt d'une reponse moderne a

leur motorisation. Ensuite, it ne sera

puke difficile d'exploiter cette base

pour y adjoindre quelques capteurs et

modifier en consequence le program-

me tres reduit que nous avons chargé

dans la memoire Flash du célèbre
microcontroleur Pic Basic PB-3B .

Une astute logicielle permettra de
choisir parmi 8 modes de deplace-

ments, simplement en indiquant un

nombre decimal a 3 chiffres. II sera

donc possible d'enchainer des figures

tres particulieres, pendant un delai

précis et dans un ordre quelconque.

Un deplacement sur un trajet précis

pourra etre memorise et reproduit

volonte.

La commande
des meteors

Nous utiliserons un module theca-

nique fort compact, comportant 2
minuscules moteurs a courant continu

et toute la pignonnerie reductrice de

vitesse avec 2 roues a pneus gomme.

Ce produit, fabrique par Microrobot et

disponible chez le distributeur

Lextronic, porte la reference MRM -

009. La tension nominale preconisee

pour les moteurs est de 5 volts, avec

une puissance de 0,46 W par element.

La vitesse a vide est de l'ordre de
20 000 tr/mn, avec une consomma-

tion de 70 mA. Apres reduction, la
vitesse des roues est donnee pour
environ 354 tr/mn. II suffit d'appliquer

une tension continue sur les 2 fils d'un

moteur a CC pour le voir s'animer.
Pour un changement du sens de rota-

tion, it convient bien entendu d'inver-

ser les polarites aux bornes du moteur.

Deux solutions sont proposees habi-

tuellement : ('utilisation des contacts

de 2 relais inverseurs ou un montage

statique faisant appel a 2 transistors

NPN associes a 2 transistors PNP . On

pane dans ce cas de structure en H

(voir figure 2).

Cette seconde solution a ete retenue,

malgre sa complexite de commande,

car elle offre une rapidite d'inversion

bien superieure. Par contre, on se doit

de noter une legere chute de tension

dans les transistors, ce qui oblige par-

fois a prevoir une alimentation plus
genereuse.
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Robot

C1
470 /IF

+9 V
0

LIC1/7805

E S

C2

100 nF
1100 pFG3

+5 V

R3
100 k

I/O 0

On/off
ou

Capteur

20

19

1C2
COMFILE
PIC-BASIC

PB-3B

2

R1 [ R2
10 k 10k

28 *PC o

27
PC in

0
0

blanc

rouge

Dt 0 noir
1N4148 -

I/0 15 Rh18 -1=1
820

17
I/014 R10

820

110 13 R7
16

910

15
I/0 12 96CI

910

14 .I/O 11
R91=

820

I/O.1=1/10 R8

820

9 R5
12

1/0-1=1
910

I/0 8 R4
11

9 10 910

C4 Quartz

22 pF 20 MHz
C5

777); 22 pF

R19 T7
10 k 2N2905

R18
10k T3

2N1711

914
10k

PC
Port LPT1
ou USB

Y+V moteur

C7/22nF

8 =D9

D6
Droite

4 x 1N4148

T8
2N2905

T4
2N1711

D7

R15
10k

R17 T5
10 k 2N2905

A D4
R16
10 k T1

2N1711

Ak D2

R13
10k

V moteur

C6/22nF

Gauche

4 x 1N4148

In D5

D3

T6
2N2905

T2
2N1711

R12
10k

(-
Schema de principe

Schema electranique

II est donne sur la figure 1 et s'articule

autour du desormais célèbre microcontroleur

COMFILE Pic Basic PB-3B , deja presents

maintes fois dans cette revue . II se trouve

que nous allons mettre a contribution 8 sor-

ties specifiques du jC, formant un octet, a

savoir les ports I/O 8 a I/015. Ces 8 valeurs

binaires seront individuellement chargees de

piloter chacune un transistor parmi les 8
necessaires pour la commande complete des

2 moteurs.

Nous y reviendrons sous la rubrique concer-

nant le programme. Pour cheque moteur, on

trouve donc 2 couples de transistors comple-

mentaires. Par exemple, pour le moteur

gauche, it faudra commander simultanement

T1 et T6 (soit I/O 9 et I/O 11) pour obtenir un

sens de marche. L'autre sens necessitera de

faire appel au couple T2 -T5 avec les broches

I/O 8 et 1/0 10.

Petit rappel : pour rendre passant un transis-

tor de type NPN , it suffira de porter au niveau

1 sa commande de base alors que pour un

modele PNP, la mise au niveau 0 sera requi-

se. Quelques diodes et un condensateur de

faible valeur ameliorent le fonctionnement de

cet ensemble tits fiable et peu coOteux. Le

fonctionnement du moteur de droite est
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Les quatre transistors NPN/P1111P, de la structure en " H "

strictement identique. Pour le reste du sche-

ma, une alimentation de 5 volts est necessai-

re, a partir d'un bloc de 6 piles de 1,5 volt,

avec une regulation et un stage de filtrage

fort classique.

A l'aide de 3 fils seulement, on pourra rac-

corder le montage au PC, via le port impri-

mante ou une entrée USB (selon le type de

cordon et le systeme d'exploitation).

L'entree I/O 0 sur la broche 2 sera dotee d'un

petit interrupteur ou d'un strap amovible

comme sur notre maquette. Nous pourrons

ainsi provoquer une interruption du program-

me a tout instant. Cette entrée pourra encore

recevoir un capteur LDR pour une mise en

marche optique. Notre but reste avant tout

de devoiler les subtilites de la commande de

puissance des moteurs a courant continu. Le

lecteur pourra, en developpant sa propre

carte, greffer de nombreux capteurs sur cette

base mobile, et modifier de pair le minuscu-

le programme propose.

Relais

(a)
Option
a relais

Relais 2

+ T2 = avant
T3 + T4 = arriere

Principe de la
structure en " H "

(b)
Option a

Transistors

Realisation pratique

Notre circuit est compact et regroupe la

quasi-totalite des composants du schema. On

trouvera le trace des pistes de cuivre sur la

figure 3 a l'echelle et ('implantation des com-

posants sur la figure 4. Quelques pastilles

supplementaires ont ete prevues au cas ou

l'on souhaiterait alimenter separement l'elec-

tronique de commande (le Pic Basic) et les

moteurs, sous une tension differente. Dans ce

cas seulement, on devra OTER le strap spe-

cial et implanter en plus un regulateur de ten-

sion de la valeur souhaitee, avec quelques

condensateurs de filtrage. Une etude attentive

du trace des pistes et des pastilles vides
devrait vous eclairer davantage.

Un chassis rudimentaire en tale ou en alumi-

nium recevra le bloc des 2 moteurs, un loge-

ment pour les piles et sur le dessus, la carte

imprimee (yoff photos). II est indispensable

de prevoir sous le chassis, du OM oppose

aux deux roues, une piece de frottement

unique ou mieux encore une petite roulette.

Veillez a orienter le connecteur jack 3,5 mm

de maniere a pouvoir inserer le cordon de

programmation vers le PC. Bien entendu, le

pC IC2 sera monte en dernier sur un support

DIL 28 etroit a broches tulipes.

Programme

Pour l'expliquer plus aisement, nous vous

invitons a prendre connaissance du tableau

ci-contre recapitulant les entrées sollicitees

du mot 1 et les actions obtenues au niveau

des moteurs. Nous avons tenu compte direc-

tement du type de transistor utilise, soit PNP

soit NPN. La somme des divers poids binaires

donne un nombre decimal qui sera finale-

ment utilise dans je programme avec ['ins-

truction BYTEOUT.

Rappel

PNP a 1 = non passant PNP a 0 = pas-

sant

NPN a 0 = non passant NPN a 1 = passant

Voici finalement les quelques lignes de pro-

gramme Basic realisant les 8 figures diffe-

rentes, separees par un Mai de 1 000 ms.

L'ordre des nombres decimaux dans ('ins-

truction TABLE determine les enchainements

des mouvements du mobile. On pourra else-

ment obtenir des deplacements particuliers

en alternant les mouvements (BYTEOUT, xxx)

et leur duree (DELAYxxx).

Nous ne doutons pas que vous saurez exploi-

ter cette realisation pour y adjoindre de nom -
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Moteur Sens PNP PNP NPN NPN PNP PNP NPN NPN Decimal

V015 1/014 V013 V012 V011 1/010 1/09 I/O 8

GA AV 1 1 0 0 1 0 0 1 201

GA AR 1 1 0 0 0 1 1 0 198

DR AV 1 0 0 1 1 1 0 0 156

DR AR 0 1 1 0 1 1 0 0 108

GA+DR AV 1 0 0 1 1 0 0 1 153

GA+DR AR 0 1 1 0 0 1 1 0 102

DR AV 0 1 1 0 1 0 0 1 105

+GA AR

GA AR 1 0 0 1 0 1 1 0 150

+DR AV

Poids binaires 128 64 32 13 8 4 2 1

Tableau de commande

Nomenclature

Semi-conducteurs :

101 = regulateur integre 5 volts positifs,

7805, boitier TO 220

102 = micro controleur COMFILE Pic Basic

PB-3B, heftier OIL 28 etroit (LEXTRONIC1

01 = diode commutation 1N 4148

112 a 08 = diodes commutation 1N 4148

T1, T2, T3, T4 = transistors NPN 2N 1711

T5, T6, T7, T11 = transistor PNP 2N 2905

Resistances (toutes valeurs 1/4 de watt)

R1, R2 = 101(0

R3 = 100 IrQ

114 ali7 = 910 Q

R8 a R11 = 820 Q

1112 a R19 = 10 kQ

Condensateurs :

Cl = chimique vertical 4711 pF / 25 volts

C2 = chimique vertical 100 pF / 25 volts

C3 = plastique 100 nF

C4, C5 = ceramique 22 pF

C6, C7 = plastique 22 DE

Divers :

Double bloc moteur MRM-009 a 2 roues,

tension 5 volts (LEXTRONIC1

Support a souder OIL 28 etroit a broches

tulipes ou 2 supports 1111 14

Quartz a fils 20 MHz

Connecteur pour 6 piles 1,5 volt

Coupleur pression pile 9 volts

Connecteur a souder CI, jack 3,5 mm stereo

2 picots a wrapper + strap de shuntage

Aluminium, entretoises, visserie

Programme

robot aleatoire 2005

DIM T as BYTE, N as BYTE,C as BYTE ' declaration variables

DEB: C = KEYIN(0,25) ' presence du shunt ON/OFF ?

IF C = 1 THEN GOTO DEB '...cycle de 8 figures si present

FOR N =- 0 TO 7

T = TABLE(N,201,198,156,108,153,102,105,150) 'equivalent deci-

mal des codes

binaires

' lecture du mot 1 sur 8 bits

' tempo 1 seconde

BYTEOUT 1,T

DELAY 1000

NEXT N

BYTEOUT 1,0 : DELAY 5000

GOTO DEB

' desactivation des moteurs

5 secondes

' retour

Simplicite du chassis et double bloc-moteur
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breuses fonctionnalites ou capteurs divers pour donner vie a vos projets les plus ambi-

pour voir enfin s'animer votre propre robot. tieux.

En tout cas, le pC PB-3B dispose encore de

nombreuses entrées, certaines analogiques,

Trace du circuit imprime

B. ISABEL

PC port LPT1 ou USB

(741.7)
Implantation des elements

"[AL

Cl

"Settifelfr

D oite

5

°pion
r- ali m

0- 0

R17
,-01111-

+9 V PIC t Masse

(Bloc de 6 pies 1,5 V)

Starter Kit Systeme embarque Caviar
Gratuit : + compilateur C
Gratuit : + noyau multi-tache

*AI 0,1,11

- .

Caviar A
AVR ATmega32
32k Flash

4 entrées analogiques
16 entrées/ sorties numeriques
1 relais

2 moteurs (pour petit robot)
LCD 2 lignes x 16 caracteres
USB, Rs232

Horloge temps reel(option)
Prix : 190 E. Prix de lancement

jusqu'a fin mai 2005 :149 E

a SI 51 U
13 0 13 13
13 ra to 111

C3 ta C3 01

Caviar B, Caviar C
AVR ATmega32/128
32k/128k Flash
8 entrées analogiques
Entrées/ sorties numeriques
8 relais
Rs232 x 2

Horloge temps reel*
LCD graphique 128x64 *
ClaVier 4x4 *

8 entrées opto-couplees *
3 sorties analogiques *
Carte a memoire CompactFlash

Prix: a partir de 270 E

Avec IDE complet :
Editeur, assembleur,
Compilateur C (ANSI C)
Debogueur in situ par USB ou Rs232.
Point d'arret, pas a pas
Drivers, exemples en assembleur et en C
Mutex : Noyau multi-tache

Data Logger sur CompactFlash

GigaLog
8 entrées analogiques

0..2,5V ou 0..20mA ou compteurs.
Cadence de 1 ms a 24 heures
Enregistrement des donnees Rs232
jusqu'a 115200 baud
Memoire jusqu'a 2 Gb
Programmable en C

Carte seule: 250 E

Dans coffret pour rail DIN: 290 E

FlashLog
8 entrées analogiques
0..2,5V ou 0..20mA
Consommation zero entre deux
echantillonnages.
Memoire jusqu'a 32 Mb
Configuration, transfer de donnees,
alarme par modem, GSM, SMS.

Modem GSM + antenne: 275 E
Recepteur GPS: 120 E

.[LINTROLLIRDir
ControLord, 83210 La Farlede Tel. 04 94 48 71 74 Fax 04 94 33 41 47



Robot

Co

Tres apprecids en

robotique, les

moteurs pas a pas

font regulierement

l'objet de toutes les

attentions aux

travers de petits

montages dediAs

leur pilotage. Ce

mois-ci, c'est le bus

USB qui a ete retenu

comme organ de
liaison avec un PC

qui foumira les

commandes. Le

montage que nous

vous proposons dans

ces pages permet de

piloter
simultanement deux

petits moteurs

bipolaires, ce qui

devrait vous ouvrir la

vole pour de

nombreuses

applications.

Schema

ande US
oteUrs

Le schema de notre montage est
reproduit en figure 1. On y distingue

ties aisement le microcontroleur (U3)

et les circuits dedies au contrOle des

moteurs pas a pas (U1 et U2). Une fois

n'est pas coutume, nous commence-

rons la description de ce schema en

abordant les alimentations.

L'alimentation du montage sera four-

nie en partie par le bus USB. En effet,

toute la section logique du montage

sera alimentee directement par le PC

(ou par un HUB) au travers de la liaison

USB. La consommation sur Vcc etant

relativement modeste (environ 30 a

40 mA), notre peripherique USB n'au-

ra pas besoin de *lamer au PC de
passer sa sortie en courant max (500

mA). Cela arrange bien nos affaires car

sinon, it faudrait prevoir une structure

qui permette au microcontroleur de

demarrer les negociations via le port

USB pendant que le reste du montage

est en mode basse consommation.

Notre montage &tent relativement
simple, nous n'aurons pas besoin de

tout cela.

L'alimentation 5 V fournie par le bus

USB est filtree au moyen de L1, L2, C8

et C9. Cela permet de lisser le courant

d'alimentation qui circule dans le
cable, ce qui limite le rayonnement

Olectromagnetique du cordon USB au

strict minimum. Notre microcontroleur

fonctionne avec une tension interne de

3,3 V. Fort heureusement, le microcon-

troleur en question (MC68HC908J68)

possede un regulateur interne. II suffit

donc d'alimenter le microcontrOleur

en 5 V sur sa patte nominee VDD

B

(broche 5). La sortie du regulateur
interne a besoin d'être filtree par le

condensateur externe C6 (car it est

tits difficile d'inclure des condensa-
teurs de forte valeur dans les circuits

integres). Le regulateur interne du
microcontrOleur n'est pas congu pour

fournir un courant important au monde

exterieur. II faut donc veiller a ne pas

trop consommer de courant sur la sor-

tie VREG du microcontroleur (broche

4). Dans notre cas, la tension de 3,3 V

fournie par le regulateur du microcon-

troleur servira tout d'abord a polariser

la resistance R1. Cette resistance

determine la vitesse de communica-

tion sur le bus USB (vitesse lente dans

notre cas). La tension de 3,3 V sert

egalement a alimenter une petite
diode Led qui sera pilotee par le port

PTCO du microcontrOleur (broche 10).
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Robot

+MOT
O 03 D4

14  14
D7 D8

8 x 1N4004

D11 D12
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CN1

1 0
2 0
3 0

CN4
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3 0
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CN3
1
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-.OUT2
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vcc 9
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3.

OUTS
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IN1

IN2

ENA
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STEP1 A

IN3
10 STEP2 A

IN4
12

15 11
SENSEB ENB

GND 

STEPS A

+MOT
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D5 06 8 x 1N4004
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1
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SENSEB

IN3 10
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GND 8

STEPO

STEP1 B

STEP2I,
STEP3

C8
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C)' L1
C>c 47µH

R5/4,7 M

-1=1

C4
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Di -

41-27 pH

D17 +Mot +Mot Vcc
MR751

C7
470µF

QZ1

6 MHz

3,3 V

C5
22 pF

3,3 V

I) R1
R2/27 1,5 k

R4/27
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C2 C3

C6
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U3
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2 OSC1
3 OSC2
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PTE4/D-
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PTCO

9

RST 20

PTAO/KBAO 19

PTA1/KBA1 118
PTA2/KBA2 p 17
PTA3/KBA3  16
PTA4/KBA4 15

PTA5/KBA5 14
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STEP2 A \
STEPS A \
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Schema de principe

Cette diode s'allumera pour signaler que les

moteurs sont en mouvement.

L'oscillateur necessaire au fonctionnement

du montage est integre dans le microcontro-

Lew. II suffit donc de lui adjoindre un quartz

(id 6 MHz) et le tour est joue. C'est simple,

mais it ne faut pas oublier les condensateurs

C4 et C5 qui forment le reseau de dephasage

necessaire a l'entretien des oscillations et la

resistance R5 qui fixe le fonctionnement de la

porte inverseuse integree dans U1 dans sa

zone lineaire.

Abordons maintenant le pilotage des

moteurs. Les bobines des moteurs seront

contrelees par les circuits U1 et U2 qui sont

commandos directement par le microcontre-

leur. Ce dernier devra gerer simultanement la

liaison USB et la progression des moteurs en
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Robot

L298N
W880F909
TIGAPORE

Les L298N controlent les bobines des moteurs

cadengant correctement les differentes phas-

es des moteurs. En depit des apparences,

notre petit microcontrOleur a suffisamment

de ressource pour piloter tout ce beau
monde. II faut dire qu'il est aide en cela par le

fait que le bus USB peut etre Ore par une

methode de polling avec un cadencement

assez lent (10 ms par exemple). Cela laisse

largement assez de temps au microcontrO-

leur pour gerer la progression des phases des

moteurs.

Notez que les sorties du microcontrOleur qui

sont utilisees pour piloter les circuits U1 et U2

(port A) sont des sorties 3,3 V.

En toute rigueur, it faudrait intercaler des

stages d'interface entre les sorties du micro-

controleur et les entrées des circuits L298 qui

sont congus pour fonctionner avec de la
logique 5 V. Mais en consultant la notice tech-

nique du circuit L298, on constate que le

seuil de basculement des entrées a l'etat

haut se situe a 2,3 V.

Etant donne que les entrées des circuits L298

ne consomment pas beaucoup de courant

(moins de 100 pA), notre brave petit micro-

controleur n'aura aucune difficulte a fournir

des signaux a l'etat haut. En revanche, it faut

tout de meme remarquer que, ce faisant,

nous avons fortement reduit la marge de
bruit de cette partie du montage. Pour un

montage experimental, cela reste tout de

meme acceptable.

['alimentation des moteurs sera fournie par

une alimentation externe. La tension pourra

etre comprise entre 9 V et 12 V et devra cor-

respondre exactement a la tension de fonc-

tionnement des moteurs pas a pas que vous

aurez choisis. PreciSons que notre montage

ne peut piloter que des moteurs par a pas de

type bipolaire.

4C ---D Trace du circuit imprime

La diode D17 protege les circuits U1 et U2

contre une inversion de polarite de ('alimen-

tation. Etant donne les courants importants

que peuvent debiter les circuits L298, la

diode D17 doit etre un modele puissant.
Cependant, le trace de notre circuit imprime

ne permet pas d'exploiter toute la puissance

prevue.

Dans l'etat actuel des choses, evitez de
connecter au montage des moteurs qui
consomment plus de 300 mA par enroule-

ment. Si vous souhaitez piloter des moteurs

plus puissants (jusqu'a 1 A par enroulement)

vous devrez revoir le trace du circuit imprime

pour elargir les pistes d'alimentation des cir-

cuits U1 et U2 (broches 4) et les pistes qui

vehiculent le courant aux moteurs (broches 2,

3, 13 et 14). Notez qu'en utilisant un circuit

imprime double face cela est plus facile.

Les diodes associees aux circuits U1 et U2

(D1 a D16) assurent leur protection contre les

surtensions des a la rupture du courant

dans les bobines des moteurs. De simples

diodes de redressement telle que la 1N4004

suffisent, theme si elles ont des temps de

reaction un peu lents.

Si vous comptez utiliser des moteurs fres
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inductifs (ce qui n'est pas toujours specifie

dans le catalogue des revendeurs) tl vaudra

mieux utiliser des diodes un peu plus rapides

telles que les BYV27.

Realisation

Le dessin du circuit imprime de ce montage

est visible en figure 2 tandis que la vue
d'implantation associee est reproduite en

figure 3. Le circuit ne comporte pas de diffi-

culte majeure mais tl faudra tout de meme

etre vigilent aux pistes qui passent entre les

pattes des circuits U1 et U2.

Les pastilles seront percees a l'aide d'un

foret de 0,8 mm de diametre, pour la plupart.

En ce qui concerne les diodes, les circuits Ul,

U2 et les connecteurs CN1 , CN2, CN3 it fau-

dra percer les pastilles avec un foret de 1 mm

de diametre.

Et enfin, en ce qui concerne la diode D17, il

faudra percer les pastilles avec un foret de

1,5 mm de diametre. Le connecteur USB
necessite egalement un pergage plus gros

pour ses pattes de fixation. II faudra adapter

le diametre de pergage au modele que vous

IMO Implantation des elements

aurez achete (il existe plusieurs modeles dis-

ponibles sur le marche avec de petites diffe-

rences d'implantation).

Avant de realiser le circuit imprime, it est pre-

ferable de vous procurer les composants

pour vous assurer qu'ils s'implanteront cor-

rectement.

Cette remarque concerne particulierement le

connecteur USB. Les inductances L1 et L2 ne

sont pas indispensables. Elles peuvent etre

remplacees par des straps si le montage est

destine a fonctionner dans un environnement

familial (dans ce cas, le cable USB risque de

rayonner un peu ce qui pourrait perturber un

poste de radio ou un televiseur situe a proxi-

mite du montage).

Pour le reste de ('implantation, tl n'y a pas de

difficulte particuliere. Soyez tout de meme

attentif au sens des condensateurs et des

circuits integres. Respectez le decouplage

des lignes d'alimentation et ne supprimez

pas les condensateurs C2, C3 et C9 si vous

voulez eviter les mauvaises surprises.

Enfin, vous noterez la presence de 7 straps

sur le circuit imprime qu'il est preferable
d'implanter en premier pour des raisons de

commodite. Pour cabler correctement vos

moteurs afin qu'ils fonctionnent avec ce

montage, vous pourrez vous eider de la figu-

re 4.

Connecteurs
CN2 et CN4

44010 Cablage correct des
moteurs

Le microcontreleur U3 sera programme avec

le contenu du fichier « STEPUSB.S19 u que

vous pourrez vous procurer par telecharge-

ment sur le serveur Internet de la revue

(http://www/electroniquepratique.com).

Les lecteurs qui ne sont pas equipes du mate-

riel necessaire pour programmer ce micro-

contreleur pourront se reporter a ('article paru

dans Electronique Pratique n°276, page 82.

Pour piloter le montage a partir d'un PC fonc-

tionnant sous Windows a l'aide du program-

me « STEPPER.EXE » (qui vous sera remis

egalement lors du telechargement), it ne suf-

fit pas de brancher le montage a un port USB

de la machine !

II faut au prealable installer un pilote de pen-

pherique. Pour cela vous trouverez le pro-

gramme « usbio_el_V151.exe u parmi les

fichiers que vous aurez telecharges pour ce

montage. Ce programme installe un pilote

USB generique exploitable avec toutes les

applications realisees-autour du microcontre-

leur MC68HC908JB8.

II s'agit du driver « USBIO Driver Package

V1.51 (Light EL) . realise par la societe

Thesycon. Les lecteurs sont invites a consul-

ter le site Internet de cette societe pour veri-

fier si des mises a jour sont disponibles :

(http://www.thesycon.deeng/usbio light.sht

m1).

Une fois ('installation du pilote USB terminee,

it ne vous reste plus qu'a brancher votre
montage a l'aide d'un cable USB puis a lan-

cer le programme « STEPPER.EXE dont l'in-

terface est assez rudimentaire comme vous

pouvez le voir sur la figure 5.

Notez que si vous utilisez ce montage avec
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r. Commando USB pour moteurs pas a pas

Moretti el

1.10

Nb de piss desires Temps entre pas

Stop
I

Nb de pas restart 0

120 (1 a 255 ms)

Fin

Motets n'2

115

Nb de pas desires

Stop

[15 (1 a 255 ms)

Temps entre pas I

Nb de pea restart 0

Liaison USB etablie

Le programme affiche le nombre de pas que le moteur dolt Maser

d'autres montages realises autour du micro-

contreleur MC68HC908JB8, vous pourrez

rencontrer des conflits.

En effet, le programme « STEPPER.EXE . ne

sait actuellement gerer qu'un seul periphe-

rique USB a la fois (lorsqu'il y a plusieurs

montages raccordes au PC, le programme

suppose que le in est le bon).

Si ce comportement vous semble *ant,
vous pourrez eventuellement modifier les

sources du programme mais it faut une
bonne dose de perseverance pour se lancer

dans cette aventure (il faut egalement un

compilateur Borland Builder C++).

Sinon, en ce qui concerne ('exploitation du

montage, ('utilisation du programme n STEP-

PER.EXE est extremement simple. II vous

suffit de saisir le nombre de pas que vous

voulez imposer au moteur (-127 a +127)

Gros plan sur l'embase USB (CN4)

sans oublier de preciser le temps necessaire

a votre moteur pour effectuer un pas (en

fonction de sa puissance et de la charge qu'il

pi lote).

Le temps s'exprime en Wade de 10 ms
(1 pour 10 ms, 2 pour 20 ms, etc.).

Generalement, un temps de progression de

10 ms a 20 ms entre les pas est suffisant

pour la plupart des moteurs.

Pendant les mouvements, le programme

affiche le nombre de pas que le moteur doit

encore realiser.

Si vous avez programme une vitesse de pro-

gression relativement lente (255 ms par
exemple) il se peut que vous souhaitiez inter-

rompre le mouvement qui est en cours.

C'est pour cela que le programme comporte

un bouton STOP pour chaque moteur. Notez

egalement que pendant des mouvements

lents, vous pouvez ajouter ou soustraire des

pas individuellement a chacun des moteurs.

II suffit de saisir le nombre de pas souhaite et

de cliquer le bouton . Nb de pas desire

Le microcontroleur de votre montage se
chargera de faire le bilan du travail qu'il lui

reste encore a effectuer.

P. MORIN

CN1, CN2 : Barrette mini-KK, 4 contacts,

sorties dittos, a souder sur circuit imprime,
reference MOLEX 22-27-2041

CN3 : Bomier de connexion a vis, 2 plots,
au pas de 5,08 mm, a souder sur circuit
imprint, profit bas

CN4: Wiese USB (embase pour connecteur
type B]

Cl, Cli :10 pF / 25 V, sorties radiates

C2, C3, C9 : 220 nF

C4, C5 22 pF

C6100 nF

C7 : 470 pF / 25 Volts, sorties radiates

MI Diode LED rouge 3 mm

Dl, 02, 03, 04, 05, 06, 07, DO : 1N4004

09, 010, 011, 012, 013, 0141115, 016 :1N4004

017: MR751

LI, L2 : Inductance 47 pH

QZI : Quartz 6 MHz en bottler HC49/U

RI :1,5 k121/4 W 5% (marten, vent, rouge)

R2, R4 : 27 Q 1/4 W 5% (rouge, violet, noir)

R3 : 330 Q 1/4 W 5%
(orange, orange, marten)

R5 : 4,7 MQ 1/4 W 5% Qaune, violet, vent]

UI, U2 : L298

U3 : MC68HCOLIBLIP
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Ce montage n'est pas

nouveau, nous

l'avons en effet
cow it y a

prEcisEment 20 ans.

Comme Pelectronique

ne change pas

beaucoup, nous le

proposons avec

quelques

modifications.

Capteur
directionnel

La balise et le detecteur

Principe

Ce capteur est destine a s'installer sur

un robot. II associe deux composants,

un emetteur qui sert de balise et un

recepteur qui (tenure une tension dont

la valeur depend de ('orientation du

capteur par rapport a la source lumi-

neuse. La balise envoie sa lumiere
dans toutes les directions et le robot

se dirige vers elle. Nous vous donnons

le moyen de fabriquer un capteur mais

ce sera a vous d'installer le capteur et

d'en tirer des informations pour com-

mander un engin. Le but du capteur

directionnel est de delivrer une infor-

mation qui sera fonction de la position

angulaire relative entre le capteur et la

balise.

On utilise pour cela un capteur diffe-

rentiel utilisant deux photodiodes
infrarouges montees dans un systeme

optique particulier. La figure 1 donne

le principe differentiel utilise ici.

Lorsque la source est en position 2 par

rapport au detecteur, les deux photo -

diodes D1 et D2 regoivent la meme

intensite lumineuse. Lorsque la source

est en 1, la diode D1 est complete-

ment eclairee tandis que la cloison fait

de l'ombre. La diode D2 regoit donc

moins de lumiere. Si maintenant la

balise est en 3, ce sera la diode D1 qui

recevra le moins de lumiere. Cette

configuration et l'eloignement des
deux diodes fait que si on (*lace
legerement la balise autour de la posi-

tion 2, les deux photodiodes resteront

Aclairees identiquement pour une cer-

taine variation angulaire. Une solution

consiste a placer les deux diodes cote

a cote, ce qui n'est pas toujours facile.

Pour notre capteur, nous avons adopts

une variante. Elle consiste a placer un

petit valet a l'extramite de la cloison

(voir figure 2). Le moindre *lace-
ment angulaire de la balise par rapport

a la source creera immediatement une

ombre sur l'une des deux photodiodes

D1 ou D2. Sur notre figure, aux posi-

tions extremes 1 et 3, une seule des

diodes est eclairee alors que sans
volet, une diode etait eclairee et l'autre

illuminee sur plus de la moitie de sa

surface. Nous reprendrons cette for -

mule en tenant egalement compte de

la geometrie interne et invisible des

diodes infrarouges.

Les figures 3, 4 et 5 donnent les
dimensions du capteur realise. II abri-

te une paire de photodiodes infra -
rouges BP104 montees tote-beche

avec leurs deux cathodes reunies. Le

capteur est realise avec du stratifie
verre epoxy cuivre de 0,3 mm d'epais-

seur (ou plus si on veut). Ce materiau

cuivre se soude facilement et presen-

te l'avantage de ne pas etre traverse

par la lumiere. La position relative des

diverses faces cuivrees facilite le sou-

dage et assure l'isolement des sorties

du capteur. Par contre, le cuivre refle-

chit la lumiere et si on veut eviter les

interferences de lumiere externe, on

recouvrira le cuivre dune couche de

peinture noire mate.

Les diodes de notre capteur ont ete

souctes sur la plaquette arriere, la

gravure est faite suivant la mathode

anglaise c'est a dire avec une petite

(raise. Nous avons miniaturise le cap-

teur mais on peut bien sOr l'agrandir, la

seule chose a respecter &ant la lar-

geur du volet qui sera egale ou supe-

rieure a la distance separant les deux

puces installees dans les photodiodes.

Cette distance (figure 5), est egale a

l'entraxe des diodes moins 2,8 mm. La

puce est montee asymetriquement, les

deux cathodes (ergots) etant juxtapo-

sees. Compte tenu de l'encapsulage

des diodes dans une resine noire
transparente aux rayons infrarouges,

ces puces sont invisibles. Ce valet a

toutefois 'Inconvenient de perturber le

fonctionnement a tres faible distance

du capteur. En effet, si la diode est trop

proche, elle fait de l'ombre sur les deux

capteurs qui conservent neanmoins

leur fonctionnement differentiel.
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(-0 Principe du capteur de
base. Un volet place entre
les deux capteurs permet
d'avoir une exposition des
photo detecteurs qui
change avec la position
de la source par rapport
au capteur

Electronique

L'electronique se compose de deux ele-
ments, un emetteur qui sert de balise et un

recepteur. La figure 6 donne le schema de

l'emetteur. Son oscillateur est un TLC 555 ou

un NE 555, le TLC 555 a une consommation

inferieure mais dans le cas present, la

consommation principale sera due au cou-

rant envoys dans la diode electroluminescen-

te infrarouge, l'emploi d'un 555 classique

convient parfaitement. La frequence de la

balise se situe dans une zone tranquille de

quelques kilohertz, le choix de cette frequen-

D1 D2

C-*--)_ En installant un volet au
centre, on rend le systeme
plus lindaire vers le
centre

ce permet de s'eloigner des perturbations

creees par les sources d'eclairage. Par
ailleurs, on est bien au-dessous des fre-
quences des telecommandes infrarouge qui

ne devraient pas trop perturber le systeme et

qui n'emettent goneralement qu'un court ins-

tant. La frequence d'emission peut eventuel-

lement etre changee en modifiant la valeur

d'un condensateur. Cette opportunite per-

mettra d'avoir plusieurs balises en service

sur un site, chacune ayant une frequence

associee a sa position particuliere. Une

reconnaissance de la valeur de la frequence

permettra alors de diriger automatiquement

le robot vers l'un de ces points.

II est egalement possible de modifier la fre-

quence d'emission en changeant Ia polarisa-

tion de la broche 5 du circuit integre par une

Dimensions de notre capteur, on pourra bien stir Pagrandir a son3 gre. Les fleches designent la face cuivree

Face cuivre

11,5

resistance que Pon placera entre cette
broche et l'un des points d'alimentation du

circuit. La valeur depend du type de circuit

integre. Pour un NE 555, quelques milliers

d'ohms conviennent mais pour le TLC 555, it

faut multiplier cette valeur par 20. Le courant

est debits par un generateur de courant
constitue du transistor T1, de la diode elec-

troluminescente D1 et de Ia resistance R4. Le

transistor doit etre capable de debiter un

courant relativement important, ce qui

explique le choix d'un BC 328 capable de

faire passer 1 ampere. La diode D1 sera une

diode rouge. En effet, Ia chute de tension

dans les diodes electroluminescentes depend

de la nature du semi-conducteur et, par

consequent de leurs couleurs. On prend une

diode standard et non une ultra brillante. Les

diodes electroluminescentes emissives sont

des classiques LD 271, relativement direc-

tives. En utilisant deux de ces diodes, on

couvre un angle de plus de 50°. Ces compo-

sants generent une lumiere non coherente si

bien qu'il n'existe aucune interference entre

les deux sources. Le courant de crete est ici

de 150 mA, on peut eventuellement augmen-

ter sa valeur. La diode LD 271 admet un cou-

rant moyen de 130 mA et le rapport cyclique

de la balise est voisin de 1.

Detail du capteur realise en
stratifie verre epoxy de 0,3 mm

Ricepteur

Le synoptique du capteur est represents

figure 7. Les deux signaux des deux cap-

teurs sont amplifies apres un filtrage destine

a reduire les signaux parasites issu du sec-

teur. Le signal est ampfifie. Pour assurer une

distance de detection relativement importan-

te avec une plage de distance etendue, on

utilise un circuit de commande automatique

de gain qui exploite la somme des signaux

des deux capteurs. Plus le capteur sera

proche de la balise, plus ('amplitude du signal

sera importante et plus le gain sera reduit. Le
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<t) Vue en perspective du capteur, les fleches montrent les lignes de
soudure

11'4

La largeur du volet sera
fonction de Pecartement
des capteurs dont nous
avons represents ici la
surface sensible cachee
par la matiere noire de
l'enrobage

regoit plus d'energie que l'autre, la tension

diminuera. Le recepteur (figure 8) traite le

signal electrique capte par les photodiodes.

Les resistances R1 et R2 polarisent les

diodes en inverse, la variation d'eclairage

entraine une variation de courant convertie

en variation de tension par la resistance. Le

condensateur C1/C2 transmet la tension a

des stages adaptateurs d'impedance en
assurant un premier filtrage de type passe-

haut. Nous avons installs, derriere, un filtre

de type passe-haut a source contrelee filtre

du second ordre ayant une pente de 12
dB/octave. La tension est transmise a un
stage amplificateur a gain eleve, la valeur de

Schema de principe de remetteur

second amplificateur mesure la difference de

niveau rem par chacun des capteurs. Si les

deux capteurs recoivent la meme energie,

nous aurons une tension donnee. Si le cap-

teur du bas recoit plus d'Onergie, la tension

de sortie ira vers le haut, si le capteur du haut

C8 assure un filtrage passe-haut comple-

mentaire. Aux frequences les plus basses,

nous aurons donc un filtrage a 24 dB/octave.

Apres amplification, le signal est detects par

des diodes classiques. On notera que la pola-

risation des amplificateurs operationnels est

La face cuivree a eta peinte en noir
pour eviter les &flexions

Le detecteur et ses amplis

Constitution des photo coupleurs, un
film adhesff noir empeche la pene-
tration de la lumiere au &avers du
circuit imprime. Les boucles des sor-
ties des diodes permettent un regla-
ge de leur position par rapport a la
photoresistance (equilibrage)

Vue arriere du capteur, on volt ici la
gravure du circuit permettant de
connecter les deux photodiodes

assuree par une diode identique, ce qui assu-

re une compensation automatique de la tem-

perature. On elimine pratiquement le seuil de

detection de la diode. Apres filtrage, la ten-

sion part d'un cote vers le sommateur Cl2A et

le differentiateur Cl2B. La somme va etre
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detectee par la diode D6 et la jonction base-

emetteur de T5 qui alimentera a son tour les

deux diodes electroluminescentes D7 et D8.

Ces diodes sont installees dans un photo

coupleur a photoresistance.

En presence d'un signal de grande amplitu-

de, les diodes vont s'allumer et les photo
resistances verront leur resistance diminuer

ce qui aura pour effet de shunter les photo -

diodes. Leur signal de sortie diminuera. Cate

technique d'action des l'entree permet de

conserver une bonne linearite du fonctionne-

FiWage Amplification
Somme

Filtrage Amplification

Synoptique
r_ du recepteur

Sortie

(44--) Schema de principe du recepteur
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ment. Letage differentiateur delivre une ten-

sion variable dont on peut faire varier la
valeur moyenne par le potentiometre P1.

Realisation

Lemetteur ne pose pas de probleme, nous

l'avons meme realise sur carte pastillee

reprenant approximativement la disposition

des composants du circuit imprime des

figures 9 et 11.
La polarite des diodes est donnee par le fil le

plus long qui correspond a l'anode du corn-

posant, anode recevant le courant du transis-

tor de commande T1.

Recepteur

Le recepteur est plus complexe a realiser

compte tenu dune densite relativement
importante des composants. Vous devrez

realiser les deux photocoupleurs qui devront

idealement etre aussi identiques que pos-

sible.

L'ideal serait d'utiliser une photoresistance

double, composant particulierement difficile

a trouver aujourd'hui. Vous pourrez eventuel-

lement changer la position relative de la
diode par rapport a la cellule pour augmenter

ou reduire la quantite de lumiere qui frappe la

cellule. Une reduction de l'intensite lumineu-

se entraine une augmentation de la valeur de

la resistance.

Les deux photocoupleurs sont alignes et

n'ont pas besoin d'être isoles l'un de l'autre.

Nous les avons loges dans la gaine d'un

cable fendue dans le sens de la longueur. Le

fond du circuit imprime est recouvert d'un
adhesif noir ou peint de cette couleur. On

evite ainsi ['entree de lumiere externe. Les

extremites du tube pourront etre obturees

(resine epoxy, colle thermique et peinture

noire).

Les photos illustrent cette conception simple

et a la portee de tous.

Certains composants sont montes verticale-

ment, nous avons installe des pastilles car-

rees pour distinguer la cathode des diodes, le

pole positif des condensateurs chimiques, le

collecteur des transistors et la borne 1 des

circuits integres.

Le potentiometre P1 sera ajuste pour avoir

une tension de sortie de 2 V, cette tension

variera de part et d'autre de cello valeur
lorsque le capteur changera d'orientation par

rapport a la balise. Celle tension pourra etre

envoyee dans un micro controleur qui deter-

minera faction a entreprendre pour que le

mobile se deplace. Si on a besoin d'une infor-

mation concernant la frequence de la balise,

Capteur

1

I1

Circuit imprime de
la balise

Circuit imprime du
detecteur

on la recueillera sur la sortie de Cl2A, par

exemple sur la resistance R25.

E. LEMERY

01:31) Implantation des
composants de la balise

ff':137:1c11:181 (kliargiN"
-6" -Alp

44°

Cl2JPAIr - - ,?

111 11,1110
Li.-411 41111-

Ait-Wernal,C01;

tKX'P
Implantation des
composants du
detecteur

Nomenclature
Emetteur

Rl : 8,2 kQ [gris, rouge, rouge]
R2 :1 IQ [marron, noig rouge)
113: 470 52 [jaune, violet, marron]

R4 :10 Q [marren, noig noir]
CI : 22 nF, MKT 5 mm Lou ceramique]

Cl :100 pF chimique radial 5 V
01 : diode electroluminescente rouge, 3 mm
02, 03 : diode IR LD 211

C11 : Circuit integre NE ou TLC 555

T1 : transistor PNP BC328

Becepteur

Resistance 1/4 W, 5%
R1,112,1111, 112, 1113, 1114, 1123, 1124: 56 kg?

[vert, bleu, orange]
R3, R4,1129 220 kg? [rouge, rouge, jaune]

R5, R6 : 330 kg? [orange, orange, jaune)

117, R8, R15, R16 : 4,7 kg2 [jam, violet, rouge]

R9, R10,1134 :12 kg? [marron, rouge, orange)
1117, R18,1131: 3,3 kg? [orange, orange, rouge]

1119,1120 : 820 kg? [iris, rouge, jaune]

1121, 1122 : 82 kg? [Luis, rouge, orange)

1125,1132 :150 IQ (marron, vert, jaune)
1126, 1127 : 68 K2 [bleu, gris, orange]

R28, R30: 470 kg? [jaune, violet, jaune]

R33 :100 Q (marron, noig manual

Cl, C2 :1 nF ceramique
C3, C4, C5, C6 : 4,7 nF ceramique

C7, C8, C11, C12: 22 nF

C9, C10 :100 nF ceramique

C13 : 4,7 pF, tantale goutte, 6,3 V

C14 :100 pF chimique radial 6,3 V
P1 : Potentiomitre ajustable vertical 220 kQ
PRI, P112 : Photeresistance 5 mm

01, 02 : Photodiode BP 104

03, 04, 05, D6, : Diode silicium 1N4148
07, 08 : Diode Electroluminescente

3 mm rouge

T1, T2, T3, T4, T5 : Transistor

NPN/BC550 C, BC239 C

C11, Cl2 : TLC 25M2, TLC 27M2, LM 358
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Nombre de montages

pilotant des moteurs

sont proposes avec

un traitement des

informations confie a

un microcontroleur.

Cependant, le choix

de ce composant

n'est pas toujours

justifie, notamment
en terme de coat,

surtout si le
fonctionnement

s'avere simple. Nous

vous proposons de

commander, a partir

de quatre contacts

nommes CCP, CCN,

PPP et PPN, un

moteur a courant

continu (CC) et un

moteur pas a pas

(PP).

Commands
de moteurs
par GAL

Deux contacts par moteur permettent

de choisir le sens de rotation (Negatif

ou Positif). Un GAL 22V10 se charge de

la gestion des donnees. Le moteur a

courant continu est associe a une
detection de surintensite SI. Cette

detection s'avere tits utile pour erre-

ter le moteur en cas de blocage de son

arbre. Deux contacts supplementaires

SH et SB permettront, par exemple, de

servir de butee haute et basse et donc

d'arreter aussi le moteur a courant
continu. II est evident que des amena-

gements du programme propose
seront necessaires a votre propre uti-

lisation...

Description
du fonctionnement

Le schema structure! de la carte de

gestion des donnees est represents

sur la figure 1.

Le bornier JP4 sert a alimenter la carte

en +12 V. Les borniers JP5 et JP6 ser-

vent de relais afin d'alimenter les

cartes moteurs.

La diode D1 protege des inversions de

polarite.

[alimentation +5 V des circuits inte-

gres est assuree par le regulateur U3.

La mise sous tension est indiquee par

la diode electroluminescente LED1.

Le circuit U2A et les composants C1 et

POT1 croent un signal d'horloge
necessaire a la fabrication des quatre

signaux de commande du moteur pas

a pas (PH1 a PH4).

La vitesse de ce moteur pourra alors

etre ajustee a ('aide du potentiornetre

POT1.

Le reseau de resistances R1 impose

que tous les contacts necessaires a la

commande des moteurs s'etablissent

avec la masse puisque celui-ci a son

point commun connects au +5 V.
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Programmable

5
I I/0/Q

6
I 1/0/Q

a7
1

I I/O/Q

9
I/0/0
I/O/Q
I/O/Q

1/0/0

2 14
I I/0/Q

3 15
I 1/0/0

4 16
I I/0/Q

17

18

21

23

U3 = LM7805 Voc +5 V

Schemas

Le schema structurel de la carte d'interface du

moteur a courant continu est represents sur la

figure 2.

Le circuit U4, un L298 est constitua d'un
double pont en H que nous avons mis en

parallele afin de pouvoir disposer du courant

maximum, soit 4A. Son fonctionnement est

donne dans le tableau ci-dessous :

Les diodes D2 a D5 sont des diodes de roue

libre. L'ensemble des composants C7 a C9,

R3 a R7, POT2 et U5 assure la detection de la

surintensite. C7, C8, R6 et R7 filtrent et

convertissent le courant moteur en tension.

R5 et C9 evitent de detecter la surintensite au

Entrées Fonction

AR = "1"
MP = "1" ; MN = "0" Translation sens positif

MP = "0" ; MN = "1" Translation sens negatif

AR = "0" MP = MN = "X" Arrest roue libre

demarrage du moteur. R3 et POT2 reglent le

seuil de declenchement du comparateur

collecteur ouvert U5 associe a R4.

Ce seuil est a ragler en fonction du moteur

utilise, la valeur de la resistance R3 pourra

donc are modifiae ci necessaire. Nous avons

utilise un moto reducteur 12 V de 4 W.

Le schema structure! de la carte d'interface

du moteur pas a pas de type unipolaire 7,5 °

est represents sur la figure 3.

Le circuit U6 est constitua de transistors
Darlington protégés par des diodes de roue

libre qu'il n'est donc pas necessaire de
rajouter.

Le regulateur U7 permet d'alimenter le

moteur en +5 V separement de la carte de

gestion des donnees.

0 V
JP1

3 PPP
2

O
PPN

R1 /10 k

+5 V
0

1

I. - CO U) Ct)
/GAL22V10

JP2

CCN

SI

0 V
JP3

SH3

2

O

JP4

SB

POT1
10k

1
1

'

47 µP. U2A = 74LS14

0 V

+12 V D1

1N4001
R2

4,7 k

AR
MP

MN
SI

+5 V
0 J1

2

3

4

5

6

7

8
9

10

MOtCC

J2
O

1
PH1

ov -
 2
 3PH2

PH3  4
PH4

5
6

MOtPP

V0 7+5

8--.9
-- 1 0

Schema structure! de la
carte de gestion des
donnees
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Programmable

+5V +12V

C5 CS
100 nF 100 nF

MotCC

ov
J3

10

9

8

6

5

4

3

2

1

+5 V

SI

MN

JP7 JP8

Bornier2 Bornie 2

+5 V +12 V

MP

AR

CON10d p 0
0 V

1-C7
1 pF

7 IN2
10 IN3 OUT2 03

91 41

VL VS
IN1 OUT1 02

+12 V

4)<

BY299

132 Ds

M+ M -

12  IN4 13
OUTS

OUT4 14

D4 D5

ENA ISENA
15T

1

11
ENB ISENB 0 V

OND

81
U4

L298/MUTIV

R5 VISR=i
6

LLLJJJ100
R7
1

33 k

08
nF

1
10Cb9/F

0v

0 V VIS

+5 V

R3
22 k

2

VREFI 3

POT2
4,7 k

8

+12V

5

V+ B

4 7
OUT

V - G B/S

4

1:1 R4
1k

SI

6 1 ti U5
I LM311 I

Schema structurel de la carte d'interface du moteur CC

MotPP
5 11,--
67 .-
80-
9

10

0 V
.14

1
PH12 

3 
4 

PH4 4

U6 "I

I ULN2003

COM

+5 V
O

PH2 2
1B D.4 1C

PH3 3
28 2C

3B 3C
4B 4C
5B 5C

6B SC

7B 7C

0v

16

JP9

Ml -
1

M2 -

15

14

13

12

11

10

M2. C 3
M1 C 4

C 2

C 5
C 6

HEADER 6

La realisation

Les schemes d'implantation de nos trois
cartes sont donnes figures 5, 7 et 9, les
typons sont donnes figures 4, 6 et B. Les

montages sont realises sur des circuits
imprimes simple face et comportent 11
straps en tout qu'il faudra cabler en premier.

Montez ensuite les supports de circuits inte-

gres puis les composants passifs et finissez

par les connecteurs. Attention au montage

des regulateurs et du circuit L298 qu'il faudra

equiper, si necessaire, de dissipateurs.

Connectez les cartes entre elles a ('aide de

nappes dix points pour J1, J3 et J2, J4 puis

des cables multibrins pour les tensions d'ali-

mentation JP5 vers JP7 et JP6 vers JP10.

Placez les quatre contacts de commande sur

JP1 et JP2 et les deux contacts de butees (si

vous les utilisez) sur JP3. Tous ces contacts

doivent avoir un point commun a la masse.

Connectez JP4 a une batterie de 12 V, la

LED1 dolt s'allumer. Verifiez les tensions

d'alimentation sur les divers circuits integres.

Tournez la vis de reglage du potentiometre

P0T2 de maniere a obtenir la tension maxi-

mum sur la broche 3 de U5 (a peu pres
800 mV). Comme nous l'avons dit precedem-

ment, ce reglage permet d'arreter le moteur

CC en cas de surintensite et donc, si vous

etes au minimum, le moteur ne pourra pas

dernarrer. Regler le potentiometre POT1 de

maniere a obtenir un signal d'horloge de fre-

quence inferieure a la frequence de decro-

chement du moteur pas a pas, si non le
moteur ne tournera pas.

Le programme

Le programme suivant est donne en langage

ABEL. Vous pourrez le saisir et le modifier

avec ISPlever (Voir Electronique Pratique

numero 288 de novembre 2004) puis trans-

ferer le fichier Jedec correspondant a ('aide

du programme GALBLAST et de la carte de

programmation de GAL 22V10 decrite egale-

ment dans le numero 288 de novembre
2004.

N.B. : Pour utiliser le logiciel Galblast sous

Windows XP lorsque vous ne disposez pas

d'un port parallele, it faudra vous procurer

(WED
SchErna structure! de la carte
d'interface du moteur pas a pas
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Carte moteur CC Carte moteur pas a pas

module cmdmot;

title 'commande de deux moteurs;

declarations

"entrées

H,PPP,PPN pin 1,2,3;

SI,CCP,CCN,SH,S8 pin 6,4,5,7,8;

"Sorties

PH1,PH2,PH3,PH4 pin 23,14,22,15 istype 'reg';

ARPP pin 17 istype 'com;

MP,MN,ARCC pin 20,16,21 istype 'com;
IA pin 18 istype 'coin': "test sur-intensite

sortie = 113H4,PH3,PH2,PH11;

s0=0; s1=5; s2=9; s3=10; s4=6;

equations

sortie.clk=H;

sortie.ar=PPP&PPN;

"horloge rotation

"Reset des bascules rotation

ARPP=(PPP&!PPN)#(PPP&PPN); "condition pour toumer (rotation Jd ou Jg)

MP=1CCP&CCN&SH; "translation vers le haut

MN=CCP&ICCN&S8; "translation vers le bas

ARCC=(MP&!lA) # (MN&!lA); "condition pour toumer (translation Jh ou Jb)

" Memorisation de la surintensite

when (((MP == 1) # (MN==1))& (SI == 1)) then IA = 1;

else when ((MP == 0) & (MN ==0)) then IA = 0;

else when (((MP == 1) # (MN ==1)) & (SI == 0)) then IA = IA;

else IA =.X.;

"Cycle de rotation de la table (commande moteur PP)

state diagram sortie;

state sO: goto s1;

state Si: if !PPP then s2 else s4 ;

state s2: if !PPP then s3 else Si;

state s3: if !PPP then s4 else s2;

state s4: if !PPP then sl else s3;

end cmdmot

Nomenclature

Carte de gestion des donnees

REPERE VALEUR BOITIER

Cl : 47 pF Chimique V

C2 : 100 nF Ceramique

C3 : 47 pF Chimique V

C4 : 100 nF Ceramique

D1: 1N4001

J1: CON10dip Droit

J2: CON1Odip Omit

JPI : Bornier3

JP2 : Bornier2

JP3 : Bornier3

JP4 : Bornier2

JP5 : Bornier2

JP6 : Bomier2

1E01: LED Rouge

POTI : 10 kg Multi tours V

R1 : 10 kQ SIP7

R2: 4.7k52 1/4W
Ul : GAL22V10 Dip24 + support

U2: 14LS14 Dip14 +support

113: LM7805 T092

Carte d'interface du moteur a courant continu

REPERE VALEUR BOMER

C5 : 100 nF Ceramique

C6 : 100 nF Ceramique

C7 : 1 pF Chimique V

CB : 100 nF Ceramique

C9 : 10 pF Chimique V

02: BY299

03: BY299

04: BY299

05: BY299

J3: CONlOdip Omit

JP7 : Bornier2

JP8 : Bomier2

POT2 : 4,7 1(52 Multi tours V

R3 : 22 kQ

R4: 1 IQ
R5 : 33 kg2

R6: 1Q
R7: 1Q
U4 : L298 Multiwatt 15

115: LM311 Dip8 + support

Carte d'interface du moteur pas a pas

REPERE VALEUR BOITIER

C10: 100 nF Ceramique

C11 : 47 pF Chimique V

C12: 100 nF Ceramique

06: 1N4001

J4: CON1Odip Droit

JP9 : HEADER 6

JP10 : Bonder2

116: ULN2003 Dip16 + support

U7: LM7805 1092
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une carte d'extension additionnelle qui se

connecte sur le port USB ou PCMCIA. Si vous

disposez du port parallele, it faudra lancer

Ga!blast a partir d'une fenetre DOS et confi-

gurer le port en mode PS/2, bidirectionnel ou

AT et non en ECP. Vous devrez alors [basins-

( %) Trace du circuit imprime gestion

11_1'1U3 JP4

C cv

JP5 JP6

11CaD Trace du circuit imprime moteur CC

taller votre driver d'origine et utiliser un dri-

ver du type Direct I/O pour acceder au port.

L. J055E

J .L

EMMIMM%
EN NM
ME MI   

0..00

( gag ) Trace du circuit imprime moteur pas
- - - a pas

(7 MII- ) Implantation des elements

Implantation des elements

Implantation des elements ( 7

r= 295 vvvvw.electroniquepratique.com 74 ELECTRONIQUE PRATIQUE


	EP-296-01.jpg
	EP-296-02.jpg
	EP-296-03.jpg
	EP-296-04.jpg
	EP-296-05.jpg
	EP-296-06.jpg
	EP-296-07.jpg
	EP-296-08.jpg
	EP-296-09.jpg
	EP-296-10.jpg
	EP-296-11.jpg
	EP-296-12.jpg
	EP-296-13.jpg
	EP-296-14.jpg
	EP-296-15.jpg
	EP-296-16.jpg
	EP-296-17.jpg
	EP-296-18.jpg
	EP-296-19.jpg
	EP-296-20.jpg
	EP-296-21.jpg
	EP-296-22.jpg
	EP-296-23.jpg
	EP-296-24.jpg
	EP-296-25.jpg
	EP-296-26.jpg
	EP-296-27.jpg
	EP-296-28.jpg
	EP-296-29.jpg
	EP-296-30.jpg
	EP-296-31.jpg
	EP-296-32.jpg
	EP-296-33.jpg
	EP-296-34.jpg
	EP-296-35.jpg
	EP-296-36.jpg
	EP-296-37.jpg
	EP-296-38.jpg
	EP-296-39.jpg
	EP-296-40.jpg
	EP-296-41.jpg
	EP-296-42.jpg
	EP-296-43.jpg
	EP-296-44.jpg
	EP-296-45.jpg
	EP-296-46.jpg
	EP-296-47.jpg
	EP-296-48.jpg
	EP-296-49.jpg
	EP-296-50.jpg
	EP-296-51.jpg
	EP-296-52.jpg
	EP-296-53.jpg
	EP-296-54.jpg
	EP-296-55.jpg
	EP-296-56.jpg
	EP-296-57.jpg
	EP-296-58.jpg
	EP-296-59.jpg
	EP-296-60.jpg
	EP-296-61.jpg
	EP-296-62.jpg
	EP-296-63.jpg
	EP-296-64.jpg




OCTOBER/ NOVEMBER 2015


  


THE GLORY 
OF ATHENS


PARTHENON


AMERICA’S
RAILROAD


THE RACE TO  
UNIFY A NATION


VIKINGS IN THE 
NEW WORLD


500 YEARS  
BEFORE COLUMBUS


 
EUROPE’S  


BLACK DEATH
75 MILLION LOST 


ANTONY AND 
CLEOPATRA


HISTORY’S GREATEST  
LOVE AFFAIR 


PRAETORIANS
POWER, POLITICS,  
AND PLOTS


PLUS:
 HOW BRITAIN   ABOLISHED SLAVERY
 JOSHUA, JERICHO,   AND THE MISSING WALLS







INCREDIBLE PLACES. ENGAGING EXPERTS. UNFORGETTABLE TRIPS. 


 TRAVEL THE WORLD
 WITH NATIONAL GEOGRAPHIC


Travel the world with National Geographic experts. From photography  
workshops to small-ship voyages aboard our fleet, family trips to active  
adventures, classic train journeys to once-in-a-lifetime expeditions by 
private jet, trips for independent travelers to a hand-picked collection 
of National Geographic Unique Lodges of the World, our range of 
travel experiences offers something for everyone.


Call toll-free 1-888-966-8687 or visit natgeoexpeditions.com/discover







NATIONAL GEOGRAPHIC HISTORY  1  


F R O M  T H E  E D I T O R
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a popular movement to  
abolish it. 


92 DISCOVERIES


Joshua blasting the 
walls of Jericho  
is a much loved Bible story, 
but evidence still eludes 
archaeologists.
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excavating the tomb of an  
official called Min, located  
in the necropolis of Sheikh 
Abd el-Gourna, used to bury 
important dignitaries of 
Egypt’s New Kingdom (16th-
11th centuries B.C.). 


In March 2014 they were 
exploring a tomb known as 
Kampp 327, when they dis-
covered the burial place of 
an important 18th-dynasty 
civil servant called May, and 
his wife, Neferet. 


Further excavations re-
vealed a funerary complex 


Many  tombs have 
been discovered 
in Egypt, but re-
cently one be-


came noteworthy for being 
assigned to a particularly  
unusual occupant. It was not 
built for a mortal but for a god, 
and the god of the afterlife at 
that—Osiris. The discovery 
was made by two European 
archaeologists, Mila Álvarez 
and Irene Morfini, who are the 
directors of the Min Project, a 
dig on the western bank of the 
Nile, in Luxor. They have been 


Stairway to the Afterlife:  
A God’s Chamber  
Egyptologists have discovered what they believe to be a replica of a long-
lost tomb built for Osiris, god of the underworld.


that Álvarez and Morfini 
believe is modeled on the 
mythical Osireion of Abydos, 
a long-lost funerary mon-
ument in southern Egypt 
and the center for the cult 
of Osiris. The Luxor tomb 
seems to be a replica of what 
the ancient Egyptians imag-
ined the final resting place of 
the god of the afterlife would 
look like. 


From Kampp 327 Álvarez  
and Morfini had to descend  
many feet down staircases  
full  of debris, in what 


TWO MEMBERS OF the 
team descend into one 
of the wells found in 
tomb 327. This is the 
only way to access the 
funerary chambers 
below. Unfortunately, 
the archaeologists 
discovered that the 
graves had been 
robbed, the interior 
scattered with 
hundreds of fragments 
of mummified 
remains.
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Álvarez, the lead archaeolo-
gist, believes is a represen-
tation of the descent of the 
deceased into the under-
world. The stairs lead to a 
portal through which they 
reached a vaulted chapel pre-
sided over by a magnificent 
statue of Osiris. He wears 


his characteristic atef crown 
and carries the crook and 
flail, traditional symbols of 
ancient Egyptian authority. 
In front of the statue they 
found a 30-foot-deep well 
that led to another well, 20 
feet deep, which brought 
them to a vaulted funerary 


chamber that appeared to 
be immediately beneath the 
statue. There a corridor led 
to another chamber with yet 
another well, this one 26 feet 
deep and descending to four 
more funerary chambers. 


The largest of these is 
decorated with reliefs de-
picting demons that sit 
or stand within little cha-
pels. Some of them hold 
knives, while others have 
lizards in their hands. Ac-
cording to Álvarez, the de-
ceased had to know and 


pronounce the names and 
the titles of these other-
worldly creatures in order 
to gain access to the afterlife. 


The funerary complex 
still holds many mysteries, 
not least being who built it. 
Since there is no inscription 
with the owner’s name, we 
do not know if it was used 
to bury members of a fam-
ily and later reused, or if it 
was originally conceived as 
a necropolis where the dead 
would be buried under the 
divine protection of Osiris. 
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THE FUNERARY WELL discovered 
at the foot of the statue of Osiris 
was hidden underneath the 
stairs leading up to the god’s 
statue. The stairs were actually 
detached, so that the steps could 
be removed to allow a new burial 
and then put be put back in place 
afterward. This ingenious design was intended 
to conceal the chambers and their rich treasures 
from grave robbers. Sadly, the strategy was 
unsuccessful, and the tombs were stripped bare 
of whatever grave goods they once held. 


WHAT LIES AT 
THE GOD’S FEET? 


Funerary chambers


Well


Chapel of Osiris


Well


Funerary chamber


LAYOUT OF THE 
TOMB KAMPP 327 


WellCorridor


Funerary chambers
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MIN PROJECT. PHOTO: EDU MARÍN (EFE)


OSIRIS’S CHAPEL (above) with the statue of the god 
commanding the room. In front of it is the well that leads 
down to several funerary chambers. Egyptologists Mila 
Álvarez and Irene Morfini (below) work in cramped 
conditions inside the tomb known as Kampp 327. 







6  OCTOBER/NOVEMBER 2015


P R O F I L E S


Richard III: Unearthed, 
Reburied, Reconsidered
For 500 years Richard III has been reviled as a usurper, murderer, and tyrant. Now renewed interest 
in this English monarch is casting doubt on the accusations that have tarnished him for centuries. 


THE GREAT SEAL OF RICHARD III, PORTRAYING THE KING AS A FIGHTING KNIGHT
BRIDGEMAN/ACI


Richard ruled for two troubled 
years before being betrayed and 
defeated at the Battle of Bosworth.


A
parking lot in the English 
city of Leicester was the 
scene for a historic event in 
late 2012: the discovery of 
the long-lost body of King 


Richard III. For me the find was the result 
of ten years of research into the location of 
his grave. And it has sparked a renewed in- 
terest in a man who lived and ruled through  
a turbulent period of English history. 


From 1455 to 1485 England was wracked  
by a series of wars as the country’s two 
dominant families fought for the throne— 
the incumbent House of Lancaster and 
the rival House of York. Known as the 
Wars of the Roses, they began with Rich-
ard’s father, the Duke of York, and were 
continued by his eldest brother who be-
came King Edward IV. 


Richard was a strong supporter of  
Edward and fought for him during a split 
in the Yorkist house that saw another 
brother, George, temporarily take control 
of the country. Once restored to power, 
Edward handsomely rewarded Richard, 
who remained loyal to the king until the 
monarch’s unexpected death in 1483. 


Richard’s loyalty was widely assumed, 
and he was appointed Lord Protector of 
the Realm, with responsibility for the new 


king, his 12-year-old 
nephew, Edward V.  


Instead, Richard himself became king,  
under controversial circumstances. Rich-
ard ruled for just two difficult years before 
a rebellion ousted him and he was defeat-
ed at the Battle of Bosworth Field by Hen-
ry Tudor, whose coronation, as Henry VII, 
established the Tudor dynasty and effec-
tively ended the Wars of the Roses. 


Richard is an enigmatic figure, long  
reviled but recently restored to grace, as 
highlighted by the reburial of his remains 
with honor and dignity in Leicester  
Cathedral in March 2015. It is part of an 
ongoing reevaluation of his kingship that 
is bringing balance to 500 years of Tudor 
propaganda and misinformation. 


A Despised Monarch  
The image of Richard III as a grotesque, 
twisted, and malevolent man who plotted, 
murdered, and usurped his way to the  
English throne comes largely from Shake-
speare’s eponymous play. But Shakespeare 
was not interested in accurate history: his 
play was a propaganda-driven thriller for 
the Elizabethan theater—Tudor audi- 
ences. Writing more than a century after 
Richard’s death, Shakespeare drew on the 
few available and already tainted historical 
sources, and then applied poetic license to 
them, playing to and reinforcing the polit-
ical prejudices of the time. 


From Minor 
Noble to King 
of England


1452
Richard is born to the 
powerful noble Richard, 
Duke of York, and his  
well-connected wife,  
Cecily Neville.  


1461
Edward IV’s accession 
makes Richard a prince.  
His ardent loyalty earns him 
Edward’s gratitude and a 
strong power base. 


1485
Richard III is defeated at 
the Battle of Bosworth. His 
body is buried by Franciscan 
friars, but its exact location 
becomes lost over time.


2012
Years of research lead to 
the discovery of a battle-
injured skeleton in a parking 
lot in Leicester. DNA tests 
confirm it is Richard III.


1483
Richard is crowned King 
of England and begins a 
troubled two-year reign 
threatened by enemies both 
at home and abroad.
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Just like some modern regimes that 
have removed opponents through mili-
tary force, the Tudors rewrote history to 
suit their needs. Shortly after seizing 
power, Henry made an unprecedented 
move. He not only repealed the act of  
Parliament that had established Richard 
III’s right to the throne, he also expunged 
all evidence of it. Only the first 13 words 
of the original act, all of them innocuous, 
were quoted in the repeal. He then made 
provision for all copies of the 1484 act to 
be destroyed “upon peine of ymprison-
ment . . . so that all thinges said and 


remembered in the said Bill and Acte 
maie be for ever out of remembraunce 
and also forgott.” With the basis for Rich-
ard’s accession to the throne nullified, it 
became possible to accuse him of illegal-
ly seizing the crown by force. 


 However, contemporary evidence 
shows that Richard III did not seize power 
by force of arms. Rather, he was legitimate-
ly offered the crown by the Three Estates 
of the Realm: the clergy, nobility, and com-
moners. In 1483 representatives of the  
estates were in London for the opening of 
a Parliament after Edward IV’s death, when 


a bishop presented the accusation that the 
former king had committed bigamy. 


The evidence revealed that in 1464  
Edward had found himself attracted to 
the young and beautiful widow, Eliza-
beth Woodville. He tried to seduce her, 
but she refused to become his mistress.  
Edward, driven by desire, agreed to a  
secret marriage ceremony in order to 
get Elizabeth into his bed. This was not 
in itself unusual, but the bishop’s evi-
dence added a controversial spin to the 
story: Edward was already married. 
Several years earlier, the bishop 


IN 1452 RICHARD WAS BORN into 
one of England’s most powerful 
families. However, as the fourth 
surviving son he was not automat- 
ically marked for greatness. His child- 
hood during the Wars of the Roses  
was one of upheaval, including a  
period of refuge abroad in the 
Low Countries. But his brother’s  
coronation as Edward IV made  
Richard a prince with titles and 
lands. In 1469 Richard remained  
loyal to Edward during a rebellion 
led by their brother George. Richard  
fought well and was rewarded with 
more land, forging a strong power 
base over the 14 years before the 
king’s death, in 1483.


THE LONG AND 
UNLIKELY ROAD 
TO KINGSHIP


THIS PORTRAIT OF RICHARD III WAS PROBABLY 
PAINTED AS PART OF A HISTORICAL NARRATIVE OF 
THE TUDOR DYNASTY IN THE LATE 16TH CENTURY. 
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attested, Edward had entered into a 
similar secret marriage with Lady Elea-
nor Talbot. Eleanor was still alive when 
Edward later married Elizabeth Wood-
ville, making him a bigamist and ren-
dering his offspring, including the 
would-be Edward V, illegitimate. 


Not everyone is convinced that 


Edward married Eleanor Talbot, but no 
one has ever questioned the basic fact 
of his relationship with her, and since 
Eleanor was both deeply religious and 
of royal descent, her reported refusal  
to become Edward’s mistress seems  
credible. Moreover, even if she had not  
married Edward, the Three Estates 


accepted the story and used their legal 
authority to reject Edward V and  
invite a possibly reluctant Richard to  
become king over his nephew. Richard’s 
portrayal as a usurper is therefore a 
graphic example of history being re-
written by the victor—Henry VII. 


In the Name of the King 
Tudor sources also accuse Richard III 
of being a murderer. In Shakespeare’s 


play Richard is haunted by the 
ghosts of his alleged victims: Ed-
ward of Westminster (suppos-
edly the son of King Henry VI); 
Henry VI himself; George, 
Duke of Clarence; Earl Rivers; 
Richard Grey and Thomas 


Vaughan; Lord Hastings; Ed-
ward and Richard, often called the 


Princes in the Tower; the Duke of 
Buckingham, and Queen Anne Neville. 
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THE FACE OF A QUEEN?


ELEANOR TALBOT, AUTHOR’S RECONSTRUCTION


DAUGHTER OF THE EARL OF SHREWSBURY and 
granddaughter of the Earl of Warwick, Eleanor Tal-
bot undoubtedly had a relationship with Edward IV,  
whose younger brothers married two of her first 
cousins. John Ashdown-Hill discovered what are 
probably her remains in the city of Norwich, England.


ILLUSTRATION: JOHN ASHDOWN-HILL  


THE TOWER OF LONDON was 
where Richard and Edward, 
known as the Princes in the Tower, 
stayed before disappearing in the 
summer of  1483. 
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RICHARD III was a good general 
and personally fought  bravely 


at Bosworth, living up to the 
ideal of medieval kingship.


THE BATTLE 
OF BOSWORTH


IN 1485 Henry Tudor invaded 
England with an army of well- 
trained mercenaries. Richard III 
fought bravely, but the tide of 
battle turned against him when 
the forces of Lord Stanley defec-
ted to Henry Tudor. Richard was 
defeated and killed, his body lost 
for over 500 years.  


A HELMET TYPICAL OF THOSE WORN BY 
ENGLISH KNIGHTS IN THE TIME OF RICHARD III


However Clarence, Rivers, Grey, 
Vaughan, and Buckingham were not 
murdered, they were executed—a legal 
process. In fact Clarence was executed by 
Edward IV, whereas Rivers, Grey, and 
Vaughan were all executed by the Earl of 
Northumberland. Richard III did order 
the execution of Hastings and Bucking-
ham, but on the grounds that they had 
conspired against him. Similar action by 
other rulers, including Henry VII, was 
viewed as a sign of strong kingship. As 
for the others, Edward of Westminster 
was actually killed in battle, and Anne 
Neville almost certainly died of natural 
causes. Mystery still shrouds the fate of 
the brothers Richard and Edward, but 
there is no hard evidence they were mur-
dered, let alone murdered by Richard III.


It’s also unclear why, if Richard had so 
few scruples about killing, he allowed 
dangerous enemies to live. Doctor John 


Morton had plotted with Hastings in 
1483, but was imprisoned rather than ex-
ecuted. Lady Stanley had been involved 
in a rebellion and Lord Stanley’s loyalty 
was questionable, not least because  
Henry Tudor was his stepson. But in June 
1485, with Henry Tudor poised to fight 
for the crown, Richard granted Lord Stan-
ley’s request to retire from court. It was 
a decision that ultimately led to the 
king’s defeat at Bosworth, where Stanley’s  
support of Henry Tudor proved decisive.


Another story often told to discredit 
Richard’s character is that he planned to 
marry, incestuously, his niece, Elizabeth 
of York, the eldest daughter of Edward IV 
and Elizabeth Woodville. The letter on 
which this accusation is based has not 
survived, but rumors to this effect were 
circulating in 1485, after the death of 
Anne Neville. Richard was concerned 
about the accusations of incest and issued 


firm denials. That is not surprising, since 
the crown had been offered to him on the 
basis that Edward IV’s children were il-
legitimate, including Elizabeth of York. 


In fact, Richard III did intend to re-
marry in 1485, but his chosen bride was 
the Portuguese princess Joana. More-
over, his diplomats were also arranging 
a marriage between Elizabeth of York 
and a minor Portuguese royal to prevent 
her marrying Henry Tudor—a marriage 
Henry subsequently made in 1486 to 
strengthen his claim to the crown he 
won at Bosworth. His was an absolute 
victory, not only killing the king but his 
reputation as well. 


  —John Ashdown-Hill


BR
ID


GE
M


AN
/A


CI


BR
ID


GE
M


AN
/A


CI


THIS ARTICLE WAS EXCERPTED FROM THE MYTHOLOGY OF RICHARD III  
(AMBERLEY PUBLISHING) BY ASHDOWN-HILL. HE WAS MADE A MEMBER 


OF THE MOST EXCELLENT ORDER OF THE BRITISH EMPIRE FOR 
CONTRIBUTING TO RICHARD III’S DISCOVERY. 
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of the Prefect of the Vigiles, a member 
of Rome’s aristocratic equestrian or-
der. Though vigilante work was con-
sidered to be beneath Roman citizens, it 


was not deemed prudent to have 
large groups of armed slaves 
roaming the city by night. A 
compromise was reached  
by filling their ranks with 
former slaves. The men 
were equipped with buckets,  
axes, picks, pumps, hooks, 
and blankets (for smoth-
ering flames). As the vig-
iles raced to the scene of an  
incident, a horn player called 
the buccinator went ahead 


framed, and oil-lamp-lit housing, ma-
jor conflagrations could erupt at any 
time—but especially after dark. During 
the Roman Republic, bands of privately 
owned slaves, the Triumviri Nocturni, 
were tasked by the government with de-
tecting and extinguishing fires. This ar-
rangement proved woefully inadequate, 
so in 6 B.C. Emperor Augustus created 
the vigiles (firemen). These patrols had 
a similar function but were better or-
ganized and equipped to tackle the fires 
that all too frequently flared up. 


The vigiles were arranged on a mili-
tary model, consisting of seven cohorts 
numbering 500 to 1,000 men, subdi-
vided into seven centuries around 70 
to 80 strong. Each cohort patrolled two 
of the city’s 14 administrative districts 
and came under the overall command 


B
y day ancient Rome’s narrow, 
steep, and stinking streets 
teemed with all manner of life; 
by night they were plunged 
into a near pitch-black dark-


ness—but this did little to quell the 
commotion made by its citizens. As the 
sun set, the cacophony continued, leav-
ing some Romans desperately craving 
the sound sleep that so many of their 
fellow citizens seemed to be spurning. 
Of those who took to the streets after 
dark, not all were hedonistic revelers 
lurching between debauched parties—
though some certainly were. Many were 
ordinary people going about their busi-
ness by night.  


The Vigilantes
In Rome’s densely packed, wooden 


Roman Nights: 
Fire, Crime, and 
Sin in the City
The streets of Rome never slept. The rattle of ox-drawn carts, 
the shouts of drunken revelers, and the cries of the urban 
militia chasing criminals or fighting fires meant that only the 
rich could afford a good night’s sleep in the imperial capital.   


THANK YOU, GOOD NIGHT


RICH ROMANS who dined at the homes of family or 
friends would not only expect luxurious food and 
entertainment but also first-class transport there and 
back. Reclining on litters borne by burly porters, they 
would proceed through the dark streets with an escort 
of armed slaves and torchbearers lighting the way.
A TORCHBEARER, IN A MOSAIC FROM THE  VILLA OF THE AVIARY, CARTHAGE, TUNISIA
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sounding the alarm with a large trumpet. 
In practice the vigiles duties went 


beyond fighting fires. They also act-
ed as night watchmen, confronting a 
wide variety of nocturnal delinquents, 
including arsonists, burglars, cutpurs-
es, muggers, murderers, and rapists. 
In spite of the presence of this urban  
militia, the nights were dangerous in 
imperial Rome, possibly because the 
vigiles were indeed more focused on 
firefighting than preventing or stopping 
crime. The hours of darkness were con-
sidered such a problem that the law had 
heavier penalties for crimes committed 
between sunset and sunrise. “Punish-
ments for theft varied,” wrote jurist 


MUSICIANS AND DANCERS 
enliven a banquet held at 
nightfall in a lavish Roman 
residence in this 19th-century oil 
painting by Henryk Siemiradzki.


Rome’s Royal Nights of 
Danger and Debauchery
THE MOST COLORFUL accounts of Roman nightlife often  
feature emperors such as the belligerent Nero or  
empresses such as Messalina, famed for her depravity. At 
sunset, such royal figures would sneak out of their palaces  
in disguise to taste the pleasures of the sordid side of the city. 


It is said that in the first century a.d.  
Messalina, wife of the Emperor 
Claudius, would put on a yellow 
wig and go to a brothel, where 
she would offer her services 
until dawn. Nero indulged his 
quarrelsome nature by passing 
himself off as a freed slave and 
roaming the plebeian areas of 


Rome provoking fights. In the 
second century the emperor 
Commodus, an aficionado of 
g l a d i a t o r i a l  c o m b a t ,  w a s  a 
habitual hell-raiser in bars and 
brothels .  L ike  h is  infamous 
predecessors, he reveled in the  
low life that the imperial capital 
could offer in abundance. 







D A I L Y  L I F E


THE HOUSE OF VENUS  in 
Pompeii is representative of 


the  comfortable city villas in 
which the rich had bedrooms 


overlooking a tranquil garden.


THE BEST NIGHT 
YOU CAN BUY 
ROME’S PLEBEIANS were mostly 
crammed into small apartments 
in noisy blocks known as insulae. 
Wealthy residents had a much 
better chance of a good night’s sleep, 
as their bedrooms, although often 
small, opened onto cool courtyard 
gardens that sheltered them from 
the worst of the city’s nighttime noise. 


SILVER MIRROR FROM POMPEII, FIRST CENTURY A.D.
ALBUM


Paulus around A.D. 200. “Nighttime 
burglaries were considered the most 
heinous; those caught were severe-
ly beaten, then sent off to work in the 
mines. Those who burgled by day were 
similarly beaten, but then sent off to do 
forced labor for a set amount of time.” 


The vigiles were not considered to 
be an especially effective 


deterrent for felons, 
as the second-cen-


tury poet Juvenal 
noted: “There’ll 


be no shortage of 
thieves to rob you, 


when the houses are all locked up, 
when all the shutters in front of the 
shops have been chained and fastened, 
everywhere silent. And, every so of-
ten, there’s a vagabond with a sudden 
knife at work.” In fact vigiles patrols 
were so conspicuous that most crim-
inals simply slipped away on hearing 
their approach. Juvenal considered the 
city streets more dangerous than some 
of the most notoriously crime-ridden 
rural areas, explaining: “Whenever the 
Pontine Marsh, or the Gallinarian Forest 
and its pines, is temporarily rendered 
safe by an armed patrol, the rogues skip 


from there to here, heading for Rome as 
if to a game preserve.”


Traveling by Night
A significant contribution to the ca-
cophony of Roman nights was made by 
heavy traffic. A decree by Julius Caesar 
(49-44 B.C.) had prohibited the move-
ment of carts between dawn and dusk. 
This stringent restriction was aimed 
at reducing the risk of pedestrians be-
ing run over and to prevent the mix of 
people, animals, and wagons causing 
gridlock on the crowded streets. The 
only vehicles allowed to move freely by 
day were those actively taking part in 
processions, military triumphs, public 
games, or in the demolition or construc-
tion of public buildings.


All other traffic entered Rome by 
night, turning the city into a bustling 
hive of activity. Its dark streets rang 
with the relentless clatter of hooves 


ARALDO DE LUCA


A ROMAN TOMBSTONE FROM THE SECOND CENTURY A.D.
ORONOZ/ALBUM 


Funerals were regarded as events that 
augured ill, so Romans initially held 
them at night, out of public view.
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Let There Be Lights
THE ROMAN HOME was lit by lamps consisting of a bowl (infundibulum) containing olive oil or tallow, and a wick 
of threads (ellychnium). Most lamps were very simple and constructed of cheap materials such as terra-cotta. 
More expensive lamps were designed to be works of art fashioned from bronze or gold.


and iron-rimmed wheels on cobbled 
stone—not to mention the animals 
themselves and the shouts of the cart-
ers urging them on. Driven to distrac-
tion, the first-century poet, Martial, 
reflected enviously on the living ar-
rangements of his friend who resided 
in relative peace on the other side of the 
Tiber, saying, “wheels should not dis-
turb the soothing sleep which neither 
boatswain’s call nor bargeman’s shout 
is loud enough to break.”


Torchlit Funerals
Nighttime was also when the refuse 
collectors came out. Under Julian law 
they were barred from removing gar-
bage between dawn and the tenth Ro-
man hour—around five in the afternoon 
in summer, and three in winter. Perhaps 
it was better that they did their work by 
dim torchlight, as among the detritus 
left for them to pick up were the bodies 


of dead beggars and slaves. They ended 
up in mass graves on the outskirts of the 
city. The funerals of the rich, attended 
by mourners, musicians, and a lavish 
cortege, were usually held during the 
day. But the burials of children and the 
poor were held at night, as their deaths 
were considered bad luck. Their bodies 
were removed in wheelbarrows or in 
hired caskets. The word “funeral” may 
have come from the funalia, the torches 
that headed the nighttime procession. 


Sleep-deprived Romans, poets or 
otherwise, couldn’t even dream of a 
morning sleeping in. Soon after first 
light the racket of daytime traders 
would begin, the air filling with their 
cries and mingling with the bellowing of 
schoolteachers instructing their young 
charges. Dawn also found the bleary-
eyed tottering back from bars, broth-
els, and all-night banquets, where drink  
fueled ever louder revelry. “Some have 


reversed the functions of light and dark-
ness,” said Seneca, the first-century A.D. 
philosopher, “they open eyes sodden 
with yesterday’s debauch only at the 
approach of night.” 


Juvenal struck a more worldly tone in 
his invective against the Roman night: 
“You have to be filthy rich to find rest  
in Rome. That’s the source of our sick-
ness. The endless traffic in narrow, 
twisting streets, and the swearing at 
stranded cattle.” 


The poet Martial, however, put his 
frustration in the plainest possible 
terms. Whatever the differences be-
tween the nights in ancient Rome and 
our modern world, people today can 
easily identify with the poet’s descrip-
tion of insomnia two millennia ago:  
“But I am awakened by the laughter of 
the passing crowd; and all Rome is at 
my bedside.”


 —Pedro Ángel Fernández Vega


LEFT TO RIGHT: INTERFOTO/AGE FOTOSTOCK; DEA/AGE FOTOSTOCK; DEA/AGE FOTOSTOCK; FOGLIA/SCALA, FLORENCE; FOGLIA/SCALA, FLORENCE


Bronze tripod 
lamp in the form 
of a comic mask


Votive lamp shaped 
like a gladiator’s 
helmet and possibly 
made to fulfill a vow 
or a promise


Gold lamp made 
for two flames, 
decorated with a 
palm motif


Terra-cotta lamp 
in the form of a 
phalllus, believed 
to ward off the 
evil eye


Bronze wall 
lamp styled as a 
Medusa’s head
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later, his owner recognized Strong,  
arranged to sell him, and had him 
seized. Outraged, Granville went to 
court to stop the sale, and Jonathan 
Strong was set free. 


Granville was a devout Christian 
with liberal and democratic ideals 
typical of the Enlightenment thought 
popular in Europe at the time. Con-
vinced that slavery was not only im-
moral but actually prohibited under 
English law, he decided to help other 
black slaves who were calling for their 


I
n 1765 a bewildered black teenager 
from Barbados arrived in London. 
Jonathan Strong was a slave, the  
legal property of his owner who 
could do with him as he wished. The 


man beat Jonathan almost to death, 
abandoning his battered body in the 
street. He was rescued by Granville 
Sharp, whose brother William was a 
doctor with a reputation for treating 
the poor and misfortunate of London. 
William took the boy in and helped him 
to recover and find a job. But two years 


freedom. In 1772 Granville support-
ed James Somerset, an escaped slave 
who had been recaptured in England. 
In a landmark case Somerset was freed, 
and it was widely, though mistakenly,  
interpreted as a sign that slavery 
was illegal in Britain. It was believed 
that there would be no more need for 
posters advertising silver shackles for 
Negros or dogs, and the poet William 
Cowper wrote, “Slaves cannot breathe 
in England; if their lungs receive our 
air, that moment they are free.” 


Britain’s Battle to Abolish 
the African Slave Trade
In the 18th century a few devoted abolitionists turned the British public against the trade in human 
beings. But even then, they faced a long, difficult, and dangerous fight to win slaves their freedom.
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However, slavery in Britain was only 
a small part of a much bigger problem. 
Slave trading had been a common prac-
tice around the world for thousands 
of years. By the 18th century an entire 
international economic system had 
been developed based on transport-
ing African slaves to British and French 
colonies in the Caribbean, where they 
were put to work on sugar, tea, coffee,  
and tobacco plantations. Their labor 
helped these small islands deliver 
huge profits to Britain, up to ten times 


more than Canada 
and the Ameri-


can colonies. 


Abolishing such an established, wide-
ly accepted, and profitable institution 
seemed an impossible dream and an 
economic calamity. 


An Essay Against Slavery
In the 1780s a group of English idealists 
followed Granville Sharp’s lead and 
launched a movement to turn public 
opinion against slavery. In 1785 Cam-
bridge University held an essay contest  
with the title “Is it lawful to enslave 
someone against their will?” It was won  
by Thomas Clarkson, a 25-year-old 
theology student who couldn’t get the 
subject out of his head. “A thought 


came into my mind that if the contents 
of the essay were true, it was time some 
person should see these calamities to 
their end.” Moving to London, he met 
Granville Sharp and others of a similar 
mind, including many from the small 
Protestant sect of Quakers. Together 
they founded the Society for Effecting 
the Abolition of the Slave Trade. 


The activists launched a campaign 
to raise public awareness of the im-
morality of slavery. Clarkson traveled 
to Bristol and Liverpool, the principal 
ports for British slave ships, where 
he gathered information on the mis-
treatment of their human cargo. It  
was unpopular and dangerous work.  
In Liverpool he was almost murdered 
by a gang of sailors who had been  
paid to assassinate him. Undeterred, 
Clarkson helped to found local anti-
slavery committees and held countless 
public meetings to debate the issue. 
At some of these, slaves gave moving BRONZE MEDAL BEARING THE ABOLITIONISTS’ SLOGAN


“Am I not a man and a brother?” 
was the abolitionist’s emotional 
and philosophical slogan. 


THE GREAT ABOLITIONIST
WILLIAM WILBERFORCE was a British MP who campaigned for the abo-
lition of slavery and became a hero to black people around the world. An 
evangelical Christian, his spiritual adviser was a former slave trader who had 
repented and become the pastor at Wilberforce’s church. In 1791 a group 
of slaves met in the British colony of Jamaica “to drink King Wilberforce’s 
health out of a cat’s skull by way of a cup and swearing secrecy to each other.” 


AFRICAN SLAVES 
spent weeks and 


sometimes months 
being  transported in 


dark, airless, cramped, 
and unhygienic 


conditions, with barely 
sufficient food or water. 


BR
ID


GE
M


AN
/A


CI


BRIDGEMAN/ACI


ART ARCHIVE


 







M I L E S T O N E S


A.
 V


AN
 Z


AN
DB


ER
GE


N/
AC


I


CAPE COAST CASTLE, in 
Ghana, could hold as many 


as a thousand slaves awaiting 
transportation in ships to 


Caribbean plantations.


personal testimonies to the horrors of 
life in bondage. 


Slave traders and plantation own-
ers were infuriated, complaining that 
“The press teems with pamphlets upon 
the subject . . . The stream of popu-
larity runs against us.” Some warned 
that the abolitionists risked provoking  
anti-European revolts in the Caribbean.  
Others even claimed, “Africans them-
selves have no objection to the trade.” 
This was not entirely untrue as many 
African kings owned and traded slaves. 


The Fight in Parliament
The aim of the campaign was to pres-
sure the British Parliament into pass-
ing an act that would abolish the slave 
trade. Abolitionists in towns and cities 
across the British Isles collected signa- 
tures on petitions that were subse-
quently presented to the House of 
Commons. By the end of 1788 more 


than 60,000 people from all social 
classes had signed their opposition to 
slavery.


In Parliament the abolitionist cause 
was led by the young MP William Wil-
berforce. He was a rich landowner and 
in many ways a reactionary, but he was 
also a devout evangelical Christian, 
and his faith was a major force fueling 
his passion to end slavery. One story 
relates that when plantation owners 
argued that African slaves actually 
benefitted by being taken out of Africa, 
Wilberforce countered, “Be it so. But 
we have no right to make people happy 
against their will.” 


In 1789, backed by Prime Minister 
William Pitt, Wilberforce began his 
parliamentary campaign to abolish 
slavery. Together with Clarkson and 
the Society for Effecting the Abolition 
of the Slave Trade, he worked day and 
night, even on Sundays, which he held 


OLAUDAH EQUIANO was an 
African slave in the 18th cen-
tury. He managed to buy his 
freedom and joined the British 
movement for the abolition of 
the slave trade. His autobiog- 
raphy made him rich and fa-
mous; in it he wrote, “I hope to 
have the satisfaction of seeing 
the renovation of liberty and 
justice.”  


SELLING A 
SLAVE’S STORY


18TH-CENTURY PORTRAIT OF OLAUDAH EQUIANO
ALBUM
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sacred, writing an extensive report 
containing all the evidence he had 
gathered. The committee sent copies 
to every MP prior to a parliamentary 
vote in 1791. But the results were 
disappointing: 163 in favor of the slave 
trade and 88 against. 


Women abolitionists then applied 
economic pressure by organizing a 
mass boycott of Caribbean sugar. This 
was taken up by more than 300,000 
people, cutting sales by up to a half. 
One abolitionist wrote that his ten-
year-old grandson had not taken sugar 
since he had read a tract by the anti-
slavery campaigner William Fox. The 
abolitionists also produced a summa-
ry of the report they had prepared for 
Parliament and published it as a book. 
It sold thousands of copies. 


In 1792 Prime Minister Pitt final-
ly managed to persuade the House of 
Commons to vote for abolition, but 


the bill was blocked by Parliament’s 
upper body, the House of Lords. In-
ternational events then intervened 
as the French Revolution triggered a 
wave of repression and censorship in 
England that weakened the abolition-
ist movement. Their cause was also 
undermined by a major slave revolt in 
Haiti in 1791. This sparked a series of 
rebellions throughout the Caribbean 
and suggested to some that the slave 
owners’ ominous predictions were 
coming true.


A Hard-Won Freedom
However, Wilberforce and Clarkson 
would not give up, devoting the next 
15 years to the cause. In 1807 they fi-
nally achieved their goal. Britain was 
at war with revolutionary France, and 
in 1806 the government banned British 
ships from carrying slaves to French 
colonies. With the support of Prime 


Minister Lord Grenville, Wilberforce 
persuaded MPs to extend the ban to 
the entire slave trade—although this 
did not abolish slavery itself. 


In May 1830 Clarkson and Wilber-
force, both old men by then, took part 
in the public meeting that launched 
the campaign for full abolition. Parlia-
ment passed the Slavery Abolition Act 
in 1833—a month after Wilberforce 
died. The full emancipation of slaves  
in the British Empire took effect on  
August 1, 1838. At midnight a ceremony  
was conducted in a church in Jamai-
ca. William Knibb, a Baptist minister,  
reminded his flock that the English had 
landed the first slaves on the island in 
1562. They placed a punishment col-
lar, a whip, and some chains in a coffin 
bearing the inscription: “Colonial slav-
ery. Died 31 July 1838, Age 276 years.”  


 —Juan José Sánchez Arreseigor  
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The Abuses 
Inflicted on 
African Slaves
ILLUSTRATIONS by artists like Isaac 
Cruikshank and James Gillray 
showed the cruel treatment of 
slaves and were used by Wilber-
force in his campaign. Cruikshank 
engraved a scene aboard ship, in 
which a black woman is hung from 
her ankle by a British sailor while 
the captain prepares to flog her. 
James Gillray’s drawing recounts 
the true story of a young slave 
who was too ill to work. He was 
thrown into a boiling vat of sugar 
by his overseer, with the reproach: 
“What? You can’t work because 
you’re not well? 
. . . But I’ll give you a warm bath to 
cure your ague.”







ANTONY AND 
CLEOPATRA


He was a veteran general and one of the most powerful 
men in Rome. She was the beautiful young queen of 


one of the world’s wealthiest countries. Their very first 
meeting sparked a passionate love affair and a political 


alliance that doomed them both. 
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This 1883 painting by Lawrence 
Alma-Tadema shows Mark 


Antony impatiently waiting for a 
glimpse of the alluring Cleopatra 
when they meet in Tarsus on her 


luxurious barge.
CHRISTIE’S IMAGES/CORBIS/CORDON PRESS







A DIVINE QUEEN  
Cleopatra identified 
herself with the 
Egyptian goddess 
Isis, sister and wife 
of Osiris, and one of 
the most important 
gods in the Egyptian 
pantheon, as seen 
on this grand temple 
dedicated to her on 
the island of Philae.


WILLIAM BELLO/AGE FOTOSTOCK







RULERS 
OF THE 
EASTERN
WORLD 


42 b.c. 
The triumvirate 
defeats its 
enemies, and 
Antony is sent 
to reaffirm 
Roman control 
over the east.


41 b.c. 
To tap Egypt’s 
resources 
Antony invites 
Cleopatra to 
Tarsus. They 
become political 
allies and lovers. 


40 b.c.  
Antony’s wife 
starts a rebellion, 
forcing Antony to 
return to Rome. 
To prove his 
loyalty he marries 
his ally’s sister. 


37 b.c.  
Antony rejoins 
Cleopatra, 
launching a 
disastrous 
campaign 
against the 
Parthian Empire. 


As Antony journeyed to take up his new respon-
sibilities, amorous adventures ranked low on his 
agenda. The triumvirate that ruled over Rome’s 
vast territories needed to urgently restructure 
the army in the east, secure new sources of mil-
itary funding, and launch a punitive expedition 
against the Parthians to avenge a humiliating 
defeat in 53 B.C. Julius Caesar had been planning 
such an expedition before his assassination, and 
Antony was keen to be seen to continue his great 
mentor’s work. He also knew that a major vic-
tory against a foreign foe would greatly enhance 
his personal prestige and power. 


Mark Antony’s interests, however, extended  
beyond Roman politics. He had a deep love of 
the Greek Hellenistic culture that Alexander the 
Great’s conquests had firmly embedded in the 
lands that now formed Rome’s eastern provinc-
es. The abundant cultural distractions helped to 
alleviate the heavy cares of state, and Antony took 
full advantage as he toured his territories. Visiting 
Athens, he won the sobriquet  “Dionysus the giver 
of joy,” and traveling in Asia Minor, he was met in 
Ephesus by a spectacular procession of men and 
women dressed as satyrs and priestesses of Bac-
chus, the Roman god of revelry. The citizens of 
Ephesus bestowed upon the Roman Antony the 


divine title of “Dionysus the benefactor.” 
Antony’s grand tour then took him to Tarsus, 


in modern-day southern Turkey. From here he 
dispatched a messenger to the Queen of Egypt, 
inviting her to a meeting in the city. This was 
politics, not pleasure, as Rome needed to tap 
into Egypt’s immense wealth, abundant grain 
supplies, and military strategic location. Cleo-
patra also had strong political reasons for meet-
ing Antony. Winning the friendship of one of 
Rome’s most powerful men would bring closer 
links with the republic, consolidating her grip on 
the throne and perhaps even expanding her king-
dom. Already playing a brilliant political game, 
Cleopatra delayed her departure, heightening 
Antony’s anticipation and ensuring the prepa-
rations were in place to make the Roman’s first 
encounter with Egypt’s queen one to remember.


A Sensational Entrance 
Cleopatra dramatically played on Mark An- 
tony’s fascination for Greek culture and his love 
of luxury. She approached Tarsus by sailing up 
the Cydnus River in a magnificent boat with a 
golden prow, purple sails, and silver oars. As 
musicians played, Cleopatra reclined under a 
gold-embroidered canopy dressed as Aphrodite, 


I
n 42 b.c. Rome’s three most powerful men carved up the republic  
among them. The triumvirate of Lepidus, Octavian, and Mark 
Antony was an uneasy alliance after turbulent times. Placed 
in charge of the eastern provinces, Mark Antony found him-
self far from Rome and immersed in the Hellenistic cul-


ture he had always adored. It was a heady combination that 
drew him into the arms of Cleopatra, Egypt’s beguiling queen. A


A MARBLE BUST OF MARK ANTONY IN THE VATICAN MUSEUM
ORONOZ/ALBUM


EGYPT 
SUPPRESSED 
Mark Antony and 
Cleopatra’s dream 
of creating a great 
empire in the east 
was destroyed by 
Octavian’s decisive 
victory at the Battle  
of Actium in 31 b.c.  
A Roman coin (above) 
commemorated the 
defeat of Egypt. 
WERNER FORMAN/GTRES











THE QUEEN  
OF EGYPT 
On the rear wall 
of the temple 
dedicated to the 
goddess Hathor, in 
Dendera, Cleopatra 
VII had herself 
depicted as a queen, 
alongside Caesarion, 
the son she had with 
Julius Caesar. 
GEORGE STEINMETZ







CLEOPATRA’S 
PEARL 


PLINY THE ELDER’S account of a legendary ban-
quet held by Antony and Cleopatra has become 
a classic illustration of the couple’s uncurbed ex-
cesses. He tells that Cleopatra, competing with 
the boasts of her lover, claimed that she could 
spend ten million sesterces on one dinner. The 
next night’s banquet was not noticeably more 
splendid than usual, until, during dessert, Cleo-
patra called for a goblet of vinegar. She removed 
a pearl earring of immense value and dropped 
it into the acidic liquid. The lovers watched the  
priceless jewel dissolve, and then Cleopatra drank 
the mixture, thus consuming a huge fortune. 


This story is generally believed to be apo-
cryphal, created to discredit Cleopatra, whom 
Pliny refers to as a prostitute in the same 
passage. But there are arguments to 
suggest that some form of spectacle 
involving a pearl may have taken 
place. 


“CLEOPATRA’S FEAST”  
OIL PAINTING BY  


JACOB JORDAENS, 1653
FINE ART IMAGES/SCALA, FLORENCE


DIGESTIVE POTION?
Cleopatra’s unusual drink may have 
been a form of digestif that settled 
the stomach after a rich meal. This 
custom may have been adopted from 
India, where powdered pearls were 
sometimes eaten to aid digestion.  


SOLUBLE IN VINEGAR? 
Modern experiments have concluded 
that the acid in vinegar does indeed 
dissolve pearls—but slowly. Perhaps 
Cleopatra’s goblet contained some- 
thing more than vinegar to speed the 
process?


PEARLS IN EGYPT?
Pearls were not often used in Egyptian 
jewelry; more common were brightly 
colored, semiprecious stones mounted 
in gold. However, pearls were widely 
appreciated across the Roman world in 
the first century b.c. 
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Greek goddess of love. She was fanned by  
youths dressed as Eros and waited upon by girls 
dressed as sea nymphs, while servants wafted 
perfume toward the gaping crowds lining the 
river. As sound and smell embellished this vis- 
ually suggestive tableau, the impression made 
by Cleopatra must have been truly extraordinary. 


Antony was overwhelmed by the spectacle. 
The Greek historian Plutarch describes a scene 
in which the Roman was abandoned in the city 
square as his attendants joined citizens racing  
to the river for a first glimpse of the queen. 
Caught off guard, Antony decided to invite Cleo-
patra to a banquet. However, the Egyptian queen 
was in complete control of events, and instead 
Antony found himself accepting her invita-
tion to a feast she’d already prepared. Accord-
ing to Athenaeus, quoting Socrates of Rhodes, 
gold and precious gems dominated the decor  
of the dining hall, which was also hung with  
expensive carpets of purple and gold.  Cleopatra 
provided expensive couches for Antony and his 
entourage, and to the triumvir’s amazement, the 
queen told him with a smile that they were a gift. 
Antony tried to reciprocate but soon realized he 
could not compete with Cleopatra. 


According to Plutarch, the queen had been 
convinced that her conquest of Antony would 
be easier than her earlier seduction of Julius  
Caesar—she was now far more experienced in 
the ways of the world. At 28 she had the con-
fidence, intelligence, and beauty of a mature 
woman. She was sure of winning over Antony 
through a combined assault of conspicuous con-
sumption and generosity, proving both Egypt’s 
abundant resources and her famed seductive 
charms.  By some accounts Cleopatra’s beau-
ty would not have turned heads at first sight, 
but she was deeply charismatic and was noted 
for her sweetness of voice. Cleopatra also knew 
she had the advantage: Antony had seen her in  
Alexandria 14 years earlier and been captivated 
by her then. Now they fell wildly in love. 


Days of  Wine and Roses 
Antony and Cleopatra spent the winter of 41-40 
B.C. in Alexandria, reveling in the unique mix of 
Egyptian and Greek culture for which the city was 
renowned. They were inseparable companions, 
playing dice, drinking, and hunting together. The 
lovers developed a taste for nocturnal escapades, 


walking the streets dressed as slaves. On one  
occasion Antony was even jostled and struck in 
an unsuspecting crowd. They organized lavish 
banquets for each other. Money was no object 
for what they called “The society of inimitable 
livers.”  Writing about the reckless extravagance 
of these banquets, Plutarch described what 
his grandfather had seen when invited to vis-
it the royal kitchens. The vast quantity of food  
being prepared, including eight entire roast boars, 
amazed him. This led him to speculate about the 
great numbers of guests expected, at which the 
royal cook burst out laughing. He said that in 
fact only 12 diners were coming, but they always 
prepared much more food, as Antony’s appetites 
were so unpredictable. 


Antony seemed to live a double life, and 
not just because he was already married with  
a highly political wife in Rome. There 
were two sides to his character: The so-
briety and gravitas of the Romans and 


A SISTER SACRIFICED
ARSINOE IV, the younger half sister of Cleopatra, was captured by Julius Caesar 
in 47 b.c. She was paraded in his triumphal procession through Rome, where 
the crowds showed her such compassion that Caesar spared her life. She 
was sent to live in Ephesus at the temple of Artemis. Six years later, following 
Cleopatra’s meeting with Mark Antony, the queen persuaded him to order 
her death. Arsinoe was duly taken out of the sanctuary and executed.
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THE ROYAL 
LOVE CHILDREN 
Statue of Alexander 
Helios, the sun, 
Cleopatra Selene, 
the moon, the twin 
children of Antony 
and Cleopatra, born 
in late 40 b.c. 


FACADE OF THE 
LIBRARY OF 


CELSUS, EPHESUS, 
BUILT IN A.D. 110







THE CHARISMATIC 
RULER  OF EGYPT 
With her beauty, 
brains, and beguiling 
charms Cleopatra 
succeeded in 
captivating two of 
the most powerful 
men in Rome: Julius 
Caesar, and later, 
Mark Antony. 
SANDRO VANNINI/CORBIS/CORDON PRESS
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the fun-loving Dionysian spirit of the Greeks.  
Indeed, Alexandrians said that while he was 
in the company of Egyptians Antony wore the 
mask of comedy, but with the Romans he would 
switch to the mask of tragedy. 


One anecdote recounts Antony’s irritation 
when Cleopatra witnessed his poor performance 
at fishing. Having had no luck, Antony secretly 
ordered a diver to load his hook with fish that 
had already been caught. After he landed these 
in quick succession, Cleopatra realized what was 
going on; she loudly praised Antony’s skill and 
invited friends to return and admire his ability 
with rod and line the next day. Unbeknownst 
to Antony, the queen ordered a diver to put an 
obviously dead fish on Antony’s hook. Thinking 
that this time it was a genuine catch, Antony 
hauled it in to gales of laughter. “General, leave 
the fishing rod to us poor rulers of Pharos and 
Canopus,” Cleopatra teased him, “Your prey is 
cities, kingdoms, and continents.” 


The Tragedy’s Final Scenes 
Antony and Cleopatra had achieved a content-
ed balance between their taste for pleasure 
and their political responsibilities. However, 
the spring of 40 B.C. brought news from Rome 
that shattered the hedonistic idyll of the lovers:  
Antony’s wife was causing trouble. Fulvia and 
Antony’s brother had mounted a political chal-
lenge to Octavian, who ruled the west from 
Rome. Naturally, Antony was implicated and 
it’s likely he had some knowledge and probably 
gave them his tacit approval. But the conspira-
cy collapsed, and Antony had to do everything  
possible to persuade Octavian of his innocence, 
including returning to Italy. Conveniently, 
though not suspiciously, Fulvia died that year, 
and Antony seized the political opportunity. 


To prove his loyalty and cement the alliance, 
Antony married Octavian’s sister, Octavia. She 
was considered by some to be more beautiful 
than Cleopatra, but as a model of sober Roman  
virtue, she was very different from the pleasure- 
loving Egyptian. 


Antony finally returned east in 37 B.C. and im-
mediately resumed his passionate affair. He still 
saw in Cleopatra not only a matchless lover but 
also a highly efficient ruler, whose political am-
bitions were attuned with his own. He bolstered 
her right to rule Egypt, while she supported his 


belated campaign against the Parthians, a mili-
tary venture that ended in disaster. 


In Rome, Octavian viewed these activities with 
growing disdain. Tensions grew between the for-
mer allies and then erupted into a war that Octa-
vian presented as a struggle against a dissolute 
Egyptian queen into whose clutches Antony had 
fallen. The armies of the Roman rivals met in 
Greece, where Octavian managed to cut Antony’s 
supply lines to Egypt. Forced into action, Antony 
took Cleopatra’s advice to fight at sea. In 31 B.C. 
about 900 ships clashed at the Battle of Actium. It 
was a closely fought engagement. But when Cleo-
patra’s galleys fled Antony followed, and his forces 
soon surrendered. The lovers were defeated, and 
in a dramatic fashion, both took their own lives. 
Mark Antony’s death removed the last obstacle 
to Octavian becoming sole emperor of Rome. He 
assumed the title Augustus in 27 B.C.  


NEWS FROM ALEXANDRIA
THE LUXURY AND EXCESSES of the Alexandrian banquets fascinated 
contemporary commentators. Ancient authors chronicle the continual 
stream of gifts that Cleopatra presented to Antony and his entourage. 
On one occasion she gifted them the very couches on which they had 
reclined during their meal, and then gave them the litters, bearers, and 
horses with which they traveled home.
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A ROMAN THEATER 
AT KOM AL-DIKKA, 


ALEXANDRIA, BUILT 
IN THE FOURTH 


CENTURY A.D.


FERNANDO LILLO REDONET 
LILLO REDONET HAS WRITTEN A SERIES OF NOVELS 


AND ESSAYS ABOUT CLASSICAL GREECE AND ROME.
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THE DISEMBARKING 
The 18th-century artist Giovanni Battista Tiepolo re-created 
the moment when Cleopatra leaves her spectacular ship, its 
size and lavishness suggested by its high prow. The queen’s 
extravagant 1740s-era dress, partially exposing one breast, 
symbolizes her seductive mission. Antony, in a fantastical 
Roman uniform, is clearly captivated by Cleopatra as he takes 
her hand. The people of Tarsus are depicted wearing oriental 
style robes and turbans.  


ANTONY AND CLEOPATRA:                







       A GENERAL MEETS HIS MATCH 


THE BANQUET
Cleopatra has prepared a feast for her Roman suitor that she 
claims will cost ten million sesterces. The queen appears with 
both breasts exposed, reinforcing the popular image of her as 
a temptress. In her right hand she holds the priceless pearl she 
will dissolve into the cup of vinegar being brought by a servant. 
At the table is Mark Antony and his close adviser Lucius 
Munatius Plancus, who sits with his back turned to us. In the 
background is an obelisk that helps place the scene in Egypt. 


GIOVANNI BATTISTA TIEPOLO; SCALA, FLORENCE







Blown apart by an explosion in 1687, 
this is the best preserved part of the 
building. The statues on the pediment 
were removed by Lord Elgin at the start 
of the 19th century. 
MLENNY PHOTOGRAPHY/GETTY IMAGES







PARTHENON
It was built to celebrate the triumph of Athens over adversity, 


but survival would be hard for this extraordinary building.  
Over 2,500 years it has been abused, plundered, neglected, 


and all but obliterated. Its remains now stand as a proud 
symbol of the endurance of Greek civilization.
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These skeletal ruins are all that have survived 
the ravages of a long and torturous history. Yet, 
remarkably, it remains an impressive and truly 
iconic sight.   


The Parthenon was built between 447 and 
432 B.C. It was the centerpiece of a hugely ambi-
tious construction program commissioned by 
the great Athenian statesman Pericles to cel-
ebrate the city-state’s victory in a 50-year war 
against the Persian Empire. An acropolis, mean-
ing  “city at the top,”  was a hilltop fortification, 
found in all ancient Greek cities, that protected 


the main municipal and religious buildings. 
In Athens the Acropolis had been badly 


damaged during a devastating Persian 


F
or nearly 2,500 years Athenians 
have looked up and admired the im-
posing silhouette of the Parthenon, 
built high on the rocky outcrop of the 
Acropolis that dominates Athens and 


its surroundings. Even today amid a skyline 
of tower blocks and construction cranes the 
Parthenon maintains a dignified and watch-
ful presence over the sprawling Greek capital. 
It nearly wasn’t so, for war all but obliterated 
this magnificent monument; what remains is 
a mere shadow of its former self. The vast roof 
is gone, its many towering columns have col-
lapsed and crumbled, and precious few of its 
spectacular statues and sculptures remain. 


DRAWING THE 
PARTHENON
Cyriacus of Ancona 
made two journeys 
to Athens, in 1436 
and then 1444. He 
made many sketches 
of buildings, some of 
which were copied 
(above). Cyriacus’s 
original manuscripts 
were destroyed by a 
fire in 1514. 


A TOURIST’S 
IMPRESSION  
OF ATHENS


I
N 1436 CYRIACUS OF ANCONA, an Ital-
ian traveler, described his journeys 
through Greece: “I came to Athens, 
the celebrated city of Attica, where I 


saw, first of all, large walls everywhere in 
a state of collapse owing to their age. Both 
inside the city and out in the fields there 
were marble buildings beyond all belief—
houses, sacred shrines—as well as various 
works of art remarkable for their marvel-
ous execution and enormous columns, 
but all in heaps of shattered ruins every-
where.” Cyriacus found one monument 
particularly impressive: “What pleased 
me most of all was the great and marvel-
ous marble temple of the goddess Pallas 
on the topmost citadel of the city, a divine 
work by Phidias.” This was the Parthenon 
that Cyriacus sketched in his notebooks.


ADMIRED, 
DESTROYED, 
RESTORED


Pericles commissions the 
construction of a new Parthenon 
and other buildings on the 
Acropolis. The temple is 
inaugurated in 438 b.c., with the 
last statues in place by 432 b.c.


The Italian traveler Cyriacus of 
Ancona visits Athens twice and 
fills six books with sketches of 
ancient Greek buildings and 
temples, including the Parthenon, 
which particularly impressed him.


BPK/SCALA, FLORENCE


447 B.C. 1436-1444


BUST OF PERICLES, ROMAN COPY OF THE ORIGINAL
M.FLYNN/PRISMA







of its construction were truly exceptional.  The 
project was supervised by the great sculptor 
Phidias, who meticulously oversaw the pro-
gram of artistic beautification. The result was 
an extraordinary temple and a powerful testa-
ment to the triumph of Athenian democracy. 


From Pagan Virgin to Virgin Mary
Over the following 25 centuries war, neglect, 
and the political waning of Athens progressively 
stripped the Acropolis of its treasures. As early 
as the second century Roman visitors to the city 
had begun carrying off whole statues as souve-
nirs. A fire in the third century further damaged 
the site’s former majesty. But it was the arrival 


siege. The original Parthenon temple had been 
destroyed, so Pericles decided to rebuild it in an 
even more glorious style to express the renewed 
confidence of the city-state. 


He made plans to redevelop the whole Acrop-
olis, including building the great stairway of 
the Propylaea and the neighboring Erechtheum 
temple. But the Parthenon would be the jewel 
in the crown. It was built to house a superla-
tive statue of the city’s patron and protector: 
Athena Parthenos, the Virgin. To honor the 
goddess, the architects Ictinus and Callicrates 
designed a temple of peerless grandeur. Al-
though it followed a traditional Greek design, 
the Parthenon’s enormous size and the quality 


REBUILDING 
THE RUIN
In the 1930s the 
Parthenon’s columns 
were reconstructed 
using fragments 
found scattered 
on the Acropolis’s 
esplanade. This 
created the iconic 
silhouette visitors to 
Athens see today. 
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A mortar shell fired by Venetian  
troops falls on the Parthenon 
where its Ottoman defenders 
had stored their gunpowder. The 
explosion destroys the structure 
and many of its sculptures.


The British ambassador to the 
Ottoman Empire, Lord Elgin, uses 
his contacts at court to allow him 
to remove and transfer to Britain 
most of the Parthenon’s surviving 
decorations—the Elgin Marbles.


Greece wins its independence 
after an exhausting war against 
the Ottomans. Throughout the 
following centuries the new nation 
undertakes numerous projects to 
try to restore the Parthenon.


GEORG GERSTER/AGE FOTOSTOCK


1687 1801-1811 1833


OTTO I, KING OF GREECE, 1832-1862
AKG/ALBUM
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of Christianity that really accelerated the de-
cline of the classical Acropolis. In the fourth 
century Roman emperor Theodosius I banned 
the worship of pagan gods, bringing the thou-
sand-year-old cult of Athena to an end. Her 
38-foot-high statue of ivory and gold, sculpted 
by the masterful Phidias himself, had already 
disappeared sometime in late antiquity. In the 
sixth century the Parthenon was consecrated as 
a Christian Greek Orthodox church. 


Six hundred years later the archbishop of Ath-
ens would worship with his flock in the splendid 
edifice of Our Lady of Athens, a church dedicated 
to the Virgin Mary rather than the “false” Virgin 
Athena. The Parthenon’s main structure had not 
been significantly altered, but Christianity had 
introduced notable changes inside. The entrance 
was moved and a wall built to enclose the spaces 
between the columns. A canopied altar was in-
stalled, surrounded by an apse that closed off the 
east entrance. The whole interior was redecorated 
with rich paintings and colorful mosaics.


Between 1204 and 1456 the Acropolis was 
occupied by a succession of European invaders, 


The Beulé Gate was built 
by the Byzantines in the 
third century a.d. and has 
a tower on each side.


The Odeon of Herodes 
Atticus was a 5,000-seat 
theatre built circa a.d. 160 
as a venue for concerts. 


The so-called Frankish 
Tower stood next to the 
ancient propylaeum but was 
demolished in the 19th century.


C  
LIMBING THE ACROPOLIS, today’s visitors can see a recently 
installed plaque bearing the words of Peter IV of Aragon. His 
medieval kingdom, which eventually merged with Castile 
to form modern Spain, brought whole areas of the Mediter-


ranean under its sway—including Athens. The words on the plaque 
are taken from a royal letter, written in 1380, in which the king orders 
12 archers be sent to defend the “castle” of Athens. He wrote, “The 
Castle of Athens is the most precious jewel that exists in the world, 
and such that all the Kings of Christendom could in vain imitate.” The 
year he wrote these words, Peter IV had formally taken control of the 
dukedoms of Athens and Neopatras, which had been in the hands of 
his fierce Aragonese infantry, known as the Almogavars, since 1311. 
The Acropolis was the nerve center of the Athenian duchy, and at that 
time the Parthenon itself was the Cathedral of Santa María. In 1388, 
after 15 months of fierce Aragonese resistance, the Acropolis fell to 
the army of the Florentine aristocrat Nerio I Acciajuoli.


THE MOST PRECIOUS 
JEWEL IN THE WORLD


THE ARAGONESE ALMOGAVARS MARCH UNDER THE GAZE OF THE BYZANTINE EMPEROR IN 
CONSTANTINOPLE IN 1303. OIL PAINTING BY JOSÉ MORENO CARBONERO, 1888 


OR
ON


OZ
/A


LB
UM







NATIONAL GEOGRAPHIC HISTORY  35  


including the Franks and the Aragonese, before 
passing into the hands of a family of Florentine 
bankers, the Acciajuoli. During this time the 
Parthenon underwent yet another transforma-
tion, from Orthodox church to Catholic cathe-
dral complete with the addition of a bell tower 
on its southwest side. By then a thousand years 
old, the Parthenon still drew great admiration: in 
1395 Niccolò de Martoni recorded his impres-
sions of the Parthenon in The Pilgrimage Book. 
Cyriacus of Ancona visited in 1436 and 1444, 
not only writing detailed descriptions of the 
building but also making many drawings.


Mosque, Fortress, and Arsenal
Not long after Cyriacus’s last visit Athens 
changed hands again, as it fell to the Ottoman 
Turks. The Sultan Mehmed II—the conqueror 
of Constantinople—added the whole of Greece 
to his extensive European domains in the mid- 
15th century. Mehmed toured Athens and  
admired the classical splendor of the Acropolis. 
He also recognized its military value and had his 
soldiers garrisoned on the hill. He then imposed 


the Parthenon’s third change of religion, mak-
ing the Church of Our Lady a mosque. The bell 
tower became a minaret, lavish paintings and 
mosaics were whitewashed; and the altar was 
replaced with a minbar, or pulpit. The neighbor-
ing Erechtheum temple, which too had been 
made a church, was put to radically different 
use—as a harem.


Although the Acropolis was effectively closed 
to foreigners, some adventurous visitors gained 
access by bribing Turkish guards. Among them 
were two early pioneers of European tourism: 
Jacob Spon and George Wheler, who in 1675 
described the Parthenon as “the finest mosque 
in the world.”  They were among the last to ap-
preciate it intact, as war between the Ottomans 
and the Venetians sparked the greatest catas-
trophe in the monument’s turbulent history. 


The Venetian Republic had been fighting a 
long and sporadic war against the Ottoman Em-
pire, and in September 1687 they occupied the 
slopes surrounding Athens as they laid siege to 
the city. Believing that Christians would nev-
er destroy a building that had been a famous 


The Parthenon, used as 
a mosque at the time, is 
shown with its minaret.


Houses were built 
on the Acropolis for 
Turkish soldiers and 
their families.


The monument of 
Thrasyllos was built in 
320 b.c., but only two 
columns still remain.


The Stoa of Eumenes  
was a 535-foot-long 
portico, or shaded 
walkway.


THE ACROPOLIS 
CIRCA 1670


This drawing shows the Parthenon 
shortly before its destruction in 1687. 
It is still largely intact, with the roof in 
place and a minaret built on its side. 


MICHEL URTADO/RMN-GRAN PALAIS


THE SPOILS  
OF VICTORY 
As the Venetians 
retreated from Athens 
in 1687 they carried 
off booty including this 
marble lion. Nearly 
ten-feet tall it was taken 
from the nearby port of 
Piraeus and stood guard 
over the entrance to the 
arsenal in Venice.


C. CIABOCHI/AGE FOTOSTOCK







This 19th-century artist’s impression of 
the Parthenon shows how it may have 
looked when the Acropolis and the city 
of Athens were at their most splendid, 
during the height of classical Greece.
RMN-GRAND PALAIS
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church, the Turks used it for gunpowder storage 
and as a refuge for women and children. It was a 
tragic mistake. The Venetian general, a Swede 
named Otto Wilhelm Königsmarck, subjected 
the Acropolis to a merciless bombardment. 
On the evening of September 26 a mortar shell 
crashed through the roof of the Parthenon and 
triggered a colossal explosion. 


The sight that greeted Athenians in the af-
termath must have been pitiful. Having sur-
vived intact for 2,000 years, the Parthenon had 
been instantly reduced to rubble as the entire 
building blew outward. Only the two gable ends 
were left standing. The Turks withdrew two 
days later, but the Venetians found the city too 
unhealthy and costly to defend, so they aban-
doned Athens after just a few months—but not 
before they had plundered what they could from 
the rubble. Although attempts to remove the 
sculptures from the western gable failed, a great 
many other pieces of the temple were carried 
off to Venice. When the Turks returned, they 
re-established a garrison on the Acropolis and 
built a small mosque within the ruins. 


L 
ORD ELGIN WAS British ambassador to the Ottoman Empire at the 
beginning of the 19th century. An avid art collector and lover of 
the classical world, Lord Elgin launched a single-minded cam-
paign to gather the best of the surviving sculptures from the 


abandoned ruins of the Parthenon. Close relations with the Turkish 
authorities enabled him to ship the pieces to London. On their arrival 
in 1812, the “Elgin Marbles” stirred much admiration but also criti-
cism—notably from Lord Byron, who considered their removal an act 
of looting. In 1816, deep in debt, Elgin sold his collection to the British 
government for only £35,000—half his asking price. That same year 
the collection found its permanent home in the British Museum. Since 
1938 it has been displayed in the Duveen Gallery, named after the 
millionaire art dealer who financed it. The marbles make an impressive 
sight, and the room is one of the museum’s most visited. However, 
some consider that it’s time for these and other sculptures held in 
museums around the world to return to Greece.


THE PARTHENON AND 
THE BRITISH MUSEUM


PARTHENON METOPE DEPICTING THE STRUGGLE BETWEEN A CENTAUR AND A LAPITH, FROM THE 
SOUTHERN FRIEZE REMOVED BY LORD ELGIN AND DEPOSITED IN THE BRITISH MUSEUM IN 1816
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Of the shattered statues that littered the 
Acropolis, the most intact were soon taken and 
reused in new constructions nearby. Smaller 
sculptures and fragments of the frieze were 
pilfered by rich tourists. These included the 
French ambassador, the Count of Choiseul-
Gouffier. An avid collector of antiquities, he 
made off with a magnificent metope (square, 
sculpted panel) and a section of the Parthe-
non’s frieze that is now on display in the Louvre 
Museum in Paris. Over the following decades 
deterioration and pillage led to the disappear-
ance of almost all the treasures of the former 
Temple of Athena.


Rising from the Rubble
In the first decade of the 19th century, the 
British Ambassador in Istanbul, Lord Elgin, 
removed many of the remaining sculptures 
from the Parthenon. These included a large 
part of the frieze and the last of the beauti-
ful statues adorning the eastern facade. His 
actions remain controversial and the subject 
of heated debate. Detractors argue that Lord 


Elgin robbed Athens of its classical heritage, 
but his defenders counter that by removing 
these deteriorating pieces he preserved them 
for posterity.


In 1832 Greece won its independence from the 
Ottoman Empire, and since then the nation has 
taken enormous pains to conserve the Acropo-
lis, considered by all a symbol of their national 
identity. All the structures built after the classi-
cal period have been removed to help restore the 
site’s dignity. In the 20th century many of the 
collapsed columns were reconstructed to rebuild 
the Parthenon’s imposing outline. Thousands of 
fragments have been collected from the site and 
carefully curated. Many are now on display in the 
new Acropolis Museum, opened in 2009, which 
showcases the long and determined Greek-led 
efforts at restoration. Inside the museum there 
is a large, empty room that has been put aside for 
the day when the sculptures carved at the height 
of Athenian democracy will finally come home. 


THE FINAL 
BATTLE
During their long 
and bloody war 
of independence 
Greek troops laid 
siege to the Turkish 
garrison occupying 
the Acropolis (above) 
and even considered 
blowing it up.
CORBIS/CORDON PRESS
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CARLOS GARCÍA GUAL 
CARCÍA GUAL’S PASSION FOR ANCIENT GREECE HAS LED HIM TO WRITE BOOKS AS 


VARIED AS DICTIONARIES OF MYTHOLOGY AND TREATISES ON HELLENISTIC PHILOSOPHY.







THE DAY THEY 
BLEW UP THE 
PARTHENON
In 1683 the Ottomans lifted their siege of Vienna, 
which led to a wholesale rolling back of their 
conquests in Europe. The Venetians joined the 
Austrians in a counteroffensive, sending soldiers 
to Greece under the command of Francesco 
Morosini. Between 1685 and 1687 Morosini 
occupied the principal strongholds of the 
Peloponnese, creating what was known as the 
Christian Despotate of the Morea. In September 
1687 the Venetians received envoys from Athens 
who urged them to liberate the great city of 
classical antiquity from the Turks.


2FIRING THE  
FATAL SHOT


At nightfall on September 26, a 
Venetian mortar shell crashed 
through the roof of the Parthenon. 
It detonated the huge reserves 
of munitions that the Ottomans 
had stockpiled in the temple. The 
explosion tore the Parthenon in two, 
killing an estimated 300 Turks, whose 
bodies were found scattered over a 
wide area of the Acropolis. A German 
officer who witnessed the fighting 
recorded that the Venetians were 
deliberately targeting the Parthenon. 
He said that a few days earlier an 
informer had told the Venetians that 
the Parthenon was being used as an 
arsenal. The Ottomans had assumed 
that no Europeans would dare to 
fire on such an ancient and famous 
monument. They were wrong.


1BESIEGING  
THE ACROPOLIS         


On September 21, 1687, a Venetian 
detachment disembarked at the port of 
Piraeus and marched on Athens under 
the command of the Swedish General 
Otto Wilhelm Königsmarck. The Turks, 
awaiting reinforcements, retreated 
to the Acropolis, where they urgently 
strengthened the exposed western flank 
of the fortress using materials taken 
from the temple of Athena Nike (rebuilt 
in 1838). Meanwhile, Königsmarck 
concentrated his heavy artillery on the 
Acropolis’s vulnerable western side, 
placing 15 cannon on the slopes of the 
Pnyx, where democratic assemblies had 
once met, and five large-caliber mortar 
cannon on the Areopagus, a rocky area 
to the northwest. On September 23 
the guns roared to life. The systematic 
pounding of the Acropolis had begun.


BOMBARDMENT OF THE PARTHENON IN 1687, 
ENGRAVING, FROM ATENE ATTICA, BY FRANCESCO 
FANELLI, VENICE, 1707


VIEW OF THE ACROPOLIS, 1863, WITH THE  RUBBLE OF 
THE EXPLOSION STILL VERY MUCH EVIDENT. OIL PAINTING BY 
IPPOLITO CAFFI, MUSEUM OF CA’ PESARO, VENICE







4 LOOTING 
THE REMAINS


Fortifying Athens against a Turkish 
counterattack proved too difficult, so the 
Venetians decided to abandon the city 
they had just won at such a terrible cost. 
Then the plundering began, with clear 
instructions received from the governor 
of Venice to “send us everything that 
you consider to be of the best quality, 
and of most artistic interest.” A priority 
was the sculptures on the Parthenon’s 


western gable, and especially the 
two horses pulling Athena’s chariot. 
However, while attempting to remove 
these pieces they fell to the ground 
and shattered. The looting party did 
manage to remove many other major 
works of art, including the metopes 
(square, sculpted panels) that are today 
displayed in Copenhagen and Paris. 


AN IRIS HEAD FROM THE WESTERN GABLE OF THE 
PARTHENON, BROUGHT TO VENICE IN 1687 AND NOW IN 
THE LOUVRE MUSEUM, PARIS, FRANCE


3 ASSESSING
THE DAMAGE


When Venetian troops took control 
of the Acropolis a couple 
of days later, they 
could contemplate 
the true scale of the 
devastation they had 
inflicted on this icon 
of Greek civilization. The 
roof of the Parthenon had 
collapsed. Six columns 
on the southern side, eight on the 
north, and all but one on the western 
portico had collapsed. One witness 
noted, “Königsmarck’s regret at 
having had to destroy this beautiful 
temple that had withstood 3,000 
years of history. Nothing remained. 
The bombs had done their worst, and 
it could never be rebuilt.” His victory 
had come at a great cost for Greece.


FRAGMENT FROM THE PARTHENON’S EASTERN 
FRIEZE, ACQUIRED BY THE FRENCH AMBASSADOR IN 
CONSTANTINOPLE IN 1784. LOUVRE MUSEUM, PARIS


LEFT TO RIGHT, TOP TO BOTTOM: BRIDGEMAN/ACI; CORDON PRESS;  PHOTOAISA; WHITE IMAGES/SCALA, FLORENCE







The Praetorian Guard were the elite of the Roman army, with 
privileges, prestige, and political power to match. As the emperor’s 


personal bodyguards, they were obliged to die for his safety, but 
sometimes their loyalty extended only to the highest bidder. 


PRAETORIANS: 
SWORDS OF 


THE EMPEROR







This relief shows officers and soldiers 
of the Praetorian Guard wearing their 


parade uniforms. It might originally 
have decorated a triumphal arch built 


by the emperor Claudius in a.d. 51. 
ERICH LESSING/ALBUM







PROTECTING THE PALACE
The imperial palace, the political heart 
of the empire, stood on the Palatine Hill, 
in Rome. It was protected day and night 
by the Praetorian Guard, who ensured 
the safety of the emperor and his family.


MAURIZIO RELLINI/FOTOTECA 9X12







MASTERS 
OF THE 
EMPIRE 


circa 27 b.c.  
Augustus  
founds the 
Praetorian  
Guard with men 
from his own 
army and Mark 
Antony’s army.


a.d. 69
Vespasian 
appoints his 
son Titus as a 
prefect of the 
Praetorian Guard 
and reduces its 
numbers.


a.d. 217
The praetorian 
prefect Macrinus 
assassinates  
the emperor 
and seizes the 
imperial throne 
for a year.


a.d. 312
Constantine the 
Great defeats 
Maxentius and 
his praetorians. 
The Praetorian 
Guard is 
disbanded.


T
he Rome of the emperors was not 
a safe place, especially if you were 
the emperor. A tradition of treach- 
ery and murder accompanied 
politics in a way that could see 


a ruler violently overthrown on the impulse 
of an individual or an angry mob. If you were  
unpopular, you really had to watch your back, 
or pay someone to watch it for you—the 
Praetorian Guard. These were the elite of the 
Roman military, a body of handpicked men 
who formed the personal bodyguard of the  
emperor and his family. These were not toy 
soldiers for palace guard duty but tough and 
trained fighting men as capable of breaking 
an enemy assault on the battlefield as stop-
ping an assassin in the Senate. However, their 
services came at a price, and their loyalty was 
bought with hard cash. The Praetorian Guard’s 
unique proximity to the emperor placed them 
at the heart of Roman politics, so that they 
often found themselves holding the delicate 
balance of power. 


Emperor Augustus founded the Praeto-
rian Guard in 27 or 26 B.C. It emerged from 


the bloodshed of the civil wars that had 
ended the republic and replaced it with an 
empire, in which one man ruled supreme.  
Initially the Praetorian Guard was made up 
of nine cohorts, military units of around 
480 foot soldiers and 100 horsemen—called  
equites pretoriani. The numbers and com- 
position fluctuated until the end of the first 
century A.D., when it was set at ten cohorts 
and it is likely that in the first half of the sec-
ond century A.D. each cohort was strength-
ened to 1,000 men. Command of the guard 
was shared by two praetorian pre-
fects, both experienced soldiers and 
members of Rome’s equestrian or-
der, the moneyed social class that 
held the most important positions 
in the government and the army.  


Favored by the Emperors
Joining the Praetorian Guard was an ex-
tremely attractive proposition. Not only was 
it a great honor to protect the emperor, but 
the position also brought significant financial 
benefits. Praetorians were paid more than any 


STATUE OF AUGUSTUS FROM PRIMA PORTA. FIRST CENTURY B.C.
SCALA, FLORENCE


DEFENDING 
THE REPUBLIC
Elite cohorts called 
praetorians had 
protected Rome’s 
rulers since the 
founding of the 
republic, and some 
generals had their 
own praetorian units. 
These were the 
forerunners of the 
Praetorian Guard, 
whose standards 
embellish the coin 
(above).
DEA/ALBUM







THE ARCH OF CONSTANTINE
At the Battle of the Milvian Bridge 
Constantine the Great defeated the 
Praetorian Guard to win the imperial throne. 
He then disbanded the unit and forbade 
former praetorians from approaching within  
a hundred miles of Rome. The Arch of 
Constantine was built to celebrate this victory.
K. KAMINESKY/CORBIS/CORDON PRESS
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other unit in the Roman army. At the end of 
Augustus’s reign their basic annual pay was 
3,000 sesterces, whereas an ordinary legionary 
earned just 900. In addition, emperors also 
showered them with gifts at important occa-
sions, such as coronations, victorious cam-
paigns, and special celebrations. When the  
army as a whole was rewarded, the Praetorians  
usually received a greater share. In his will  
Augustus bequeathed 300 sesterces to every 
legionary but 1,000 sesterces to each praeto-
rian. When they came to power, many emper-
ors gave the guard generous gifts, buying the 
loyalty of the men to whom they entrusted 
their lives. Claudius gave them 15,000 sesterc-
es each; and in the second century A.D. Marcus 
Aurelius and Lucius Verus gave them 20,000. 
However, like the legionaries, the praetorians 
had to deposit part of their pay and half of any 
gifts in their unit’s coffers, which acted like a 
bank, with the soldiers’ savings being returned 
when they were discharged. 


Costs like food were normally deducted from 
legionaries’ pay, but the Praetorian Guard had 
special privileges. They were usually billeted in 
the imperial capital, where wheat, a staple food, 
was handed out free of charge. Nor did they pay 
for their arms or armor, and members of the 
cavalry corps were provided with their horses 
and fodder. Praetorians only served for 16 years, 
compared with the legionary’s 20, although they 
were forbidden from marrying while serving. 
They were also granted certain legal advantages, 
such as the right to be prosecuted within their 
own camp and speedier trials when they were 
plaintiffs. Upon retirement each guardsman 
was given a piece of tax-free land or a lump sum 
of cash (20,000 sesterces under Tiberius, A.D. 
14-37). On top of all this came the considerable 
prestige and social status they enjoyed.


Making the Grade
The Praetorian Guard typically recruited civil- 
ian volunteers between 17 and 20, over five feet 
eight inches tall, and in excellent physical con-
dition. They had to present letters of recom-
mendation, and each man was carefully vetted, 
with close scrutiny paid to their status as Ro-
man citizens. During the first two centuries, 
most recruits came from the center and north 


of the Italian peninsula, as well as from Hispania 
(Spain), Macedonia (northern Greece), and Nori-
cum (central Austria and parts of Germany, Italy, 
and Slovenia). Septimius Severus (A.D. 193-211) 
reformed the entire army, and thereafter prae-
torians were only drawn from serving soldiers 
stationed around the empire.


New recruits were sent to a dedicated camp 
called castra praetoria, built to the northeast of 
Rome in A.D. 23. After completing their train-
ing, praetorians might be assigned to a variety 
of tasks, but their essential role was to pro-
tect the emperor wherever he was—whether 
in his palace, moving around the city, or 
traveling across the empire. Every day 
a cohort of praetorians marched to 
the imperial palace, on the Palatine 
Hill, to stand guard.  Inside the palace 
they wore togas with swords hidden 
in their folds. At the Senate they 
were usually stationed outside 


KILLING CALIGULA
CASSIUS CHAEREA, a praetorian tribune, plotted with other guardsmen to 
assassinate the hated Caligula. The emperor had apparently mocked Chaerea, 
calling him effeminate and making him use obscene passwords. According to 
Suetonius, “while [Caligula] was on the ground, they finished him off by stabbing 
him 30 times.” It was not only the emperor who was killed: “His wife Caesonia 
perished with him . . . as did his daughter, who was dashed against the wall.”
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EQUIPPED 
FOR BATTLE
Helmets like this 
were common in the 
legions at the end of 
the first century b.c. 
A crest was attached 
to the top, and the 
helmet included 
fittings for additional 
plates to protect the 
cheeks and neck.
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THE ASSASSINATION OF 
CALIGULA AND HIS WIFE 


AND DAUGHTER. OIL 
PAINTING BY LAZZARO 
BALDI, 17TH CENTURY, 


GALLERIA SPADA, ROME







NERO, WITH TIGELLINUS BESIDE 
HIM, DELIVERING A SPEECH TO THE 
PRAETORIANS, ON A FIRST-CENTURY A.D. 
COIN IN THE BRITISH MUSEUM


RECONSTRUCTED MARBLE 
BUST OF NERO FROM THE 
FOURTH CENTURY A.D. 


N 
ero’s reign exemplifies the po-
litical influence exerted by the 
Praetorian Guard and especially 


its leaders, the praetorian prefects. When 
Claudius died in a.d. 54, the prefect 
Afranius Burrus made the guards swear 


loyalty to Nero as the new 
emperor. Burrus became 


an influential figure in 
Nero’s government 
but was eventually 
poisoned, possibly 
by the emperor. This 


and Nero’s many other 


despotic acts, including murdering his 
own mother, pushed many praetorians 
to question and oppose his rule. Some 
took part in Gaius Calpurnius Piso’s failed 
plot against the emperor in a.d. 65. The 
conspirators were brutally punished by 
the new praetorian prefect, Tigellinus, 
and Nero gave the remaining praetorians 
500 denarii each in an attempt to buy 
their loyalty. Three years later Tigellinus’s 
co-prefect, Nymphidius Sabinus, prom- 
ised every praetorian 7,500 denarii to  
betray Nero and support Galba, although 
he actually planned to make himself  
emperor. Tigellinus saw that Nero was 
a lost cause, and so declared his loyalty  
first to Galba, and then to Otho, who  
ruled for just three months. Nymphidius 
was assassinated by his own praetorians, 
and Otho had Tigellinus executed.


NERO AND HIS 
PRAETORIAN 
PREFECTS


NERO KNEELS OVER THE BODY 
OF HIS MURDERED MOTHER, 


AGRIPPINA, IN THIS 19TH- CENTURY 
PAINTING BY ANTONIO RIZZI.
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the building, but Emperor Caligula (A.D. 37-41) 
allowed them to stand guard inside as well. 


Personal Protection
Some emperors developed an almost paranoid 
obsession with their personal safety. Claudius 
(A.D. 41-54) was afraid to attend banquets un-
less he was surrounded by armed guards and 
insisted that all visitors should be thoroughly 
searched—with no exceptions. If he visited 
the sick, he ensured that their bedrooms were 
carefully examined, including checking the 
mattresses and shaking out blankets. When 
Claudius learned of his wife’s adultery with 
Gaius Silius, he fled and took refuge in the 
praetorian camp, fearing that Silius was about 
to overthrow him. 


Sometimes the emperor’s safety could be 
seriously compromised. The eccentric Nero 
(A.D. 54-68) would go on nocturnal wanderings 
around the streets of Rome. One night he was 
almost beaten to death by a senator for having 
taken liberties with the man’s wife. Conse-
quently, he was followed at a distance by prae-
torian tribunes. A bandit and former soldier 
called Maternus plotted to kill the emperor 
Commodus (A.D. 177-192). Maternus’s gang 
planned to disguise themselves as praetorians 
during a spring festival, but the plot was be-
trayed and Maternus was beheaded. 


The Praetorian Guard escorted the emperor 
whenever and wherever he traveled, such as 
Nero’s journeys through Greece and the fre-
quent tours of the provinces made by Hadrian 
(A.D. 117-138). A detachment always traveled 
ahead of the imperial cavalcade to clear the 
way and neutralize threats. On one occasion 
Tiberius was traveling through Italy when the 
litter in which he was being carried became 
entangled in some blackberry bushes. The en-
raged emperor threw the scout responsible to 
the ground and flogged him almost to death.


From Bodyguard to Battlefield   
The praetorians performed a number of cer-
emonial duties, including acting as the honor 
guard at official events, such as victory parades, 
ambassador receptions, and imperial birthday 
celebrations. As a final act of loyalty the guard 
formed the emperor’s funeral cortege. They were 


also responsible for keeping order in Rome. They 
helped the vigiles (firemen) put out fires, inves-
tigated plots against the emperor, and put down 
rebellions. Their duties included guarding the 
prison and carrying out orders of execution. 
They also stood guard during public entertain-
ments such as theatrical performances, gladia-
torial games, and chariot races. Sometimes they 
even took part; once Emperor Claudius ordered 
praetorian cavalry to fight against African ani-
mals in the Circus Maximus.


Despite sometimes being mocked for enjoy-
ing a more decadent lifestyle, the Praetorian 
Guard was a real fighting force. Their military 
equipment was essentially the same as that 
of the legions, with just a few decorative dif-
ferences. Praetorian shields bore special em-
blems such as winged lightning, the moon and 
stars, and the scorpion; their standard-bearers  
carried banners depicting the emperor and 
wore a lion’s skin as a hooded cloak instead of 


A PRAETORIAN 
REMEMBERED
This funerary 
stela was erected 
in memory of 
the praetorian 
Pomponius Proculus. 
It shows him dressed 
in his uniform and 
fully armed for battle. 
DEA/AGE FOTOSTOCK


THE PRAETORIAN CAMPS
THE PRAETORIAN GUARD had a number of camps around Rome. The main 
camp was the castra praetoria  northeast of Rome, near the Viminal Hill. 
Its 42 acres were encircled by an 11-foot high wall with a string of towers. 
There was a two-story barracks capable of housing an estimated 12,000 
men. Outside the walls was a large training field that was also used for 
parades and religious ceremonies.  
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The urban cohorts were 
responsible for keeping 
public order in the city 
of Rome. 


The Batavians, 
Germans from the 
Lower Rhine, were the 
guards closest to the 
Emperor.


The Equites 
Singulares Augusti, 
founded by Trajan, 
replaced the German 
Guard dissolved by 
Vespasian in a.d. 69.







TRAJAN’S CAMP
Trajan’s Column, in 
Rome, celebrates the 
emperor’s campaigns 
against the Dacians 
(a.d. 101 and 106). 
Several praetorians 
are portrayed on the 
monument, suggesting 
they had played an 
important role in the 
campaign. 
AKG/ALBUM 
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the usual bearskin. In addition to protecting 
the emperor while on campaign, the Praetorian 
Guard was sometimes ordered into action. At 
the beginning of his reign Tiberius sent his 
younger brother to lead the trusted praetorians 
in putting down revolts by the legions in the 
central European provinces of Germania and 
Pannonia. The praetorians also fought under 
Trajan (A.D. 98-117) in the Dacian Wars and 
helped defeat the Germanic peoples during 
Marcus Aurelius’s reign (A.D. 161-180). Even 
senior officers found themselves exposed to 
real danger. While in the service of Emperor 
Domitian (A.D. 81-96) the praetorian prefect 
Cornelius Fuscus was killed in battle.  


Praetorian Plots 
The privileged position of the Praetorian 
Guard, so close to the emperor, gave them 
considerable political influence. Coupled with 
their military strength, this made them a pow-
erful force in Rome. It placed the praetorians 
at the center of the frequent intrigues and re-
bellions against emperors—often foiling them 
but sometimes supporting them. In A.D. 192 
Commodus was murdered. The praetorians’ 
preferred choice of emperor was Pertinax, an 
elderly senator. However, when they realized 
that he was planning to curb their excessive 
power, the guards used their unrivaled access 
to assassinate Pertinax. 


The praetorian prefects then literally auc-
tioned off the office of emperor, announcing 
from the walls of their camp that the imperial 
throne was up for sale and would go to the 
highest bidder. A former consul named Didi-
us Julianus—clearly not considering the risks 
that such a deal entailed—promised the prae-
torians a vast amount of money and guaranteed 
them free reign to do as they wished. The prae-
torians accepted his bid and escorted Julianus 
to the imperial palace amid heavy security. 


His rule was indeed short-lived. Soon 
afterward the general Septimius Severus 
arrived in Rome, having been proclaimed 
emperor by the legions of Illyria (northwest 
Balkans). Severus ordered  Julianus’s execution, 
just three months after his accession to the 
throne, and invited the Praetorian Guard 
to swear loyalty to him instead. They were 


commanded to leave their weapons in camp 
but instead they paraded in full dress uniform. 
Severus had them arrested and expelled from 
Rome. From then on praetorians were recruited 
from among the border legions. Despite this, 
the guard’s meddling continued, and at the 
beginning of the fourth century they put 
Maxentius on the imperial throne. He and his 
praetorians were defeated by Constantine at 
the Battle of the Milvian Bridge, in A.D. 312. 
Constantine decided to disband the guard for 
good. He ordered that no former praetorian be 
allowed within a hundred miles of Rome and 
stripped the praetorian prefects of any military 
authority. Thus ended three centuries of glory 
and shame, heroism and disloyalty—the legacy 
of the elite corps entrusted to protect the 
emperors of Rome.   


FINAL DEFEAT AT THE TIBER
IN 312 Constantine fought Maxentius, his rival for the imperial throne. 
Their armies met at the Milvian Bridge, which crossed the Tiber about 
two miles from Rome. Maxentius had constructed a pontoon bridge to 
allow more troops to cross the river. On October 28 his army, including the 
Praetorian Guard, was defeated. During the hurried and disorderly retreat 
the pontoon bridge collapsed, drowning Maxentius and many praetorians.


FERNANDO LILLO REDONET 
LILLO REDONET IS AN  EXPERT IN THE GREEK AND ROMAN 


WORLDS AND THEIR PORTRAYAL ON SCREEN.


CONSTANTINE’S 
REVENGE
After disbanding the 
Praetorian Guard, 
Constantine (below) 
probably replaced it 
with his own personal 
guard, the Scholae 
Palatinae. This military 
order survived into the 
11th century. 
AGE FOTOSTOCK


PRAETORIANS FALL IN THE 
TIBER DURING THE BATTLE 


OF THE MILVIAN BRIDGE. 
OIL PAINTING BY PIETER 


LASTMAN, 1613
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Goddess Victory, 
an image shown 
on a vexillum 
found in Egypt


1  Flag or vexillum
A  square flag  was hung from a spear 
and crossbar, probably bearing 
the unit’s number and title. It was 
used by both  cavalry and  infantry 
detachments.  


2 Dress helmet
Ancient reliefs differ in their depictions of the 
Praetorian Guard  in a way that suggests they wore  
the standard legionary helmet of the time. This 
reconstruction is based on a relief now in the Louvre.


3 Shield or scutum
Both the cancellaria  and puteo shields  appear on 
ancient reliefs and are here depicted with  the 
praetorian motifs  of scorpions on the cancellaria and 
lightning, stars, and moons on the puteo.


4 Standard or signum
Each centuria (around 100 men) carried a signum, or 
standard, bearing its particular honors. The signa of 
the Praetorian Guard were elaborately decorated, 
making them extremely heavy.  


A Spear holding 
the praetorian 
flag, which was 
usually red 


INSIGNIA OF THE 
PRAETORIAN 
GUARD
Experts think the praetorians 
wore the same standardized 
military equipment as ordinary 
legionaries. Their weapons, 
helmets, and shields followed 
the prevailing styles of the time. 
However, their shields and standards 
bore distinctive decorative features 
to distinguish them from ordinary 
soldiers of Rome. 







Eagle inside 
a torque, or 
honorary collar


Picture of 
the emperor, 


probably 
Domitian


Inscription 
saying 
“Praetorian 
Cohort III”


Picture of 
Vespasian, 
the emperor’s 
father


Civic crown


Winged deity, 
probably the 


goddess Victoria


Mural crown 
commemorating 
the capture of an 


important city


The signum was thrust 
into the ground; an 
iron handle was used 
to help pull it out.


Civic crown  
with oak leaves


3


4


3


Umbo, a metal 
boss in the 


middle of the 
wooden shield


A scorpion, 
one of the 
praetorian’s 
distinctive 
symbols
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Civic crown
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NORSE
AMERICA
During the ninth century Nordic seafarers left their native Scandinavia 
in search of new lands to colonize. Some sailed west across the North 


Atlantic, island hopping into the unknown until they chanced upon  
a land full of vines—the coast of the New World. 







This warrior figure  
is carved from elk 
horn. Contrary to 
popular belief the 


Vikings did not wear 
horned helmets.


BELZEAUX/RAPHO/CONTACTO PHOTO


Viking ships on coins 
(opposite) minted at 
the beginning of the 
ninth century were 
found in Sweden’s 


Birka market.
WERNER FORMAN/GTRES 
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“I
n fourteen hundred and ninety-two,  
Columbus sailed the Ocean blue,” says 
the poem. He certainly did, but he was 
not the first to reach the New World:  
Humankind had discovered the continent 


on at least three separate occasions. The first 
was thousands of years ago when an anony-
mous Asian hunter crossed into what is now  
Alaska—although he didn’t know it, he  


was making history. In 1492 Christo-
pher Columbus famously claimed 
the New World for Spain, funda-


mentally changing the history of 
the continent. But in between these 
momentous events came “Lucky” 
Leif Eriksson, the Viking renegade 
who accidentally landed in America 
around 1000. 


That first Asian hunter was 
driven by his constant struggle 
for survival, pursuing migrating 
animals across the land bridge 


Vikings 
Across  
the Ocean


986 
Erik the Red, who had already 
left his native Norway to live 
in Iceland, starts colonizing 
Greenland, the starting point  
for voyages to America.


985 
Viking trader Bjarni Herjólfsson, 
driven off course on his way to 
Greenland, sights what some 
consider was the coast of the 
New World. 


1000 
Leif Eriksson the Lucky, Erik the 
Red’s son, sets sail in a knarr 
with 35 crewmen. They reach 
America by chance and call the 
place Vinland.


1003 
Thorvald Eriksson, 
Leif’s brother, also travels to 
America and decides to settle 
there but is later killed in a 
fight with indigenous people. 


CIRCA 1006 
Thorfinn Karlsefni attempts 
to establish a colony on 
the American coast. He 
arrives with three ships, 150 
colonists, and livestock.


1347 
The Annals of Iceland 
record the last known 
voyage to America by 
Scandinavian sailors. 


CIRCA 1008 
Snorri, Thorfinn Karlsefni’s son, 
is the first child of European 
parents to be born in America. 


ICELAND TO 
GREENLAND  
TO VINLAND
Having reached and 
settled Greenland, 
Vikings would 
inevitably continue 
farther west to 
America.
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that then joined the continents. By contrast, 
Columbus set off on a deliberate voyage  
of discovery—even if the land he encoun-
tered wasn’t what he set out to find. But Leif  
Eriksson’s landing was the culmination of  
a chain of events that saw a group of Vikings 
become the first Europeans to set foot in 
America. 


The Scandinavians expanded into the  
North Atlantic through different islands— 
the Hebrides, Iceland, and Green- 
land—on their route to finally reach 
America. One of their ships was 
blown westward by a storm and 
they found new land by chance. 
This was followed by a planned 
exploration and a study to deter-
mine the feasibility of settling 
there. Deciding that it was pos-
sible and desirable, a group was 
organized to sail west and colo-
nize these new shores. 


North Atlantic Colonists
Around the year 800, Norwegians started 
to build settlements on what they called 
the “Sheep Islands,” or the Faroe Islands, 
north of Scotland. They were later joined 
by Scandinavian seafarers from colonies  
in the Hebrides, west of Scotland; as the 
communities thrived, the Vikings made an  
expansionary leap from the Faroe Islands to  
Iceland. The first Viking to set his eyes on  


this island was a Swede called Nad- 
doddur who sailed around what he  
called “Snowland” in about 850. It 
was a Norwegian, Flóki Vilgerðarson,  
who settled the territory and named  
it Iceland. Permanent colonization 
began in 874, when Ingólfr Arnason 
established what would eventually 
become today’s capital, Reykjavík.


Once the Vikings were firmly es-
tablished in Iceland, Greenland be-
came their next step, the result of an 


 ATLANTIC  ISLAND-HOPPING
At the beginning of the ninth century 


Vikings settled in Jarlshof, on the Shetland 
Islands, to the northeast of Scotland. 


These became an important stopover on 
the journey to Iceland.


MYTHS AND 
LEGENDS
This intricate 13th-
century carving 
shows Sigurd, a 
hero of ancient 
Scandinavian 
sagas. It was found 
in Norway, where 
most of Vinland’s 
colonists probably 
originated. 
WERNER FORMAN/GTRES
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safely, and some 400 colonists settled in a 
location Erik had chosen that he’d called 
Brattahlid, at the end of a long, deep fjord 
that made a good anchorage. It was from here 
that most of the Vikings’ subsequent explo-
rations of Vinland set sail. 


America Found, Lost, and Found 
Once the Scandinavians had settled on the 
west coast of Greenland it was almost inevi-
table that they would reach America. There 
was a busy trade between the various Viking 
settlements in the North Atlantic and the 
distance between Greenland and America 
is relatively small. There are two Viking 
sources that describe their experiences in 
Vinland: the Saga of the Greenlanders, and 
the Saga of Erik the Red. Both were written 
sometime during the 13th century but pre- 
sent different accounts of events.


According to the Saga of the Greenland-
ers, Vinland was discovered in two stages. In 


unexpected encounter: Gunnbjörn Ulfsson, 
a Norwegian-born sailor blown off course 
during a storm on a voyage to Iceland, saw it 
around 930. The land was re-discovered in 
981 by Hrölf Thorbjarnarson and Sneabjörn 
Holmsteinsson, who spent a winter on small 
islands off its coast. A year later Erik Thor-
valdsson, better known as the infamous “Erik 
the Red,” arrived on its shores and established 
the island’s first settlement. 


Erik had become an outlaw, exiled from 
Iceland for three years after a series of  
violent killings. In the summer of 982 he 
set sail for Greenland in a small cargo ship 
called a knarr. Once his exile was over, Erik 
returned to Iceland with a plan to colonize 
the new territory. He enthusiastically spread 
the word about the island’s virtues, call-
ing it “green” to make it more attractive. His 
marketing worked, and Erik assembled 25 
ships to carry a large number of families to 
their new home. As many as 14 ships arrived 


THE EPIC 
VIKING SAGAS 
Strictly speaking, 
a saga is a story of 
legendary or historical 
fiction built around 
key characters or 
heroes from Iceland. 
Originally, sagas 
were told around the 
campfire, but later 
many were written 
down for posterity.  


SHIPS FOR 
EXPLORATION, 
TRADE, OR WAR  
The Vikings used two types of oceangoing 
ships: the knarr and the drakkar. In 1962 
archaeologists discovered an 11th-century 
knarr they named the Skuldelev 1. Designed for 
transporting goods, animals, and passengers, 
studies show that knarrs were certainly strong 


enough to sail to America. The 
Vikings could navigate by the 


sun and stars and used 
sundials (left). The 
sagas say they also 
used “sunstones,” 


translucent crystals that 
could locate the sun when 
the sky was overcast by 


isolating its unpolarized light. 


FRAGMENT OF SOLAR COMPASS FOUND IN GREENLAND, CIRCA 1000
SCIENCE PHOTO LIBRARY/AGE FOTOSTOCK
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KNARR, A CARGO 
VESSEL (RIGHT)


DRAKKAR, A 
WARSHIP (BELOW)







NATIONAL GEOGRAPHIC HISTORY  59 


the first, Bjarni Herjólfsson, a Scandinavian 
trader, was heading from Norway to Iceland 
when he learned that his father had gone with 
Erik the Red to Greenland that year, probably 
985 or 986. Bjarni set sail again and for three 
days made toward Greenland without any 
trouble. But then “a north wind rose together 
with fog and they knew neither where they 
were nor where they were headed.” When 
they finally sighted land, Bjarni suspected 
it was not Greenland, as it did not 
match any description he had heard. 
He decided not to go ashore.


The second stage of the explora-
tion took place 15 years later, when 
people in Greenland were discussing  
the possibility of finding somewhere  
new to colonize. Leif Eriksson, one of  
Erik the Red’s sons, decided to search  
for  the  land Bjarni  had en-
countered. He bought the trad-
er’s boat and raised a 35-man  


crew. When he reached the place Bjarni had 
sighted, Leif found a barren landscape cov-
ered with stones that he called Helluland 
or “flat rock land.” He sailed on and reached 
a flat, forested coast he called Markland or 
“forest land.” Finally he found dew-covered  
grassland where he and his men built houses 
and stayed for the winter. Exploring the area, 
they found large grapevines, so Leif named 
the place Vinland, or “wine land.” On his  


return voyage, believed to have 
happened around 1000, Leif is said 
to have rescued some shipwrecked 
Norsemen and was thereafter nick-
named “Leif the Lucky.” 


Keeping it in the Family 
The Saga of Erik the Red, however, 
claims it was Leif Eriksson him-
self who first discovered Vinland. 
It says that Leif was in Norway 
with King Olaf Tryggvason some- 


IRON TOOLS 
ACROSS THE 
ATLANTIC 
This carving from 
Hylestad, Norway, 
shows a Viking 
blacksmith at work. 
The iron tools found 
by archaeologists in 
America point to a 
Viking presence in 
the New World. 
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1 Mast 
The mast was fitted to the 
keel in the center of the ship 
and was fully removable.


5


6


7


8


5 Oars
These allowed the ship to 
sail without wind and made 
it highly maneuverable.


3 Cargo 
The knarr had the capacity to 
carry large animals such as 
cows and horses.


7 Shields
These were decorative 
rather than defensive and 
denoted a ship’s owner.


2 Sail 
A single large square sail 
was used, with red being the 
Vikings’ preferred color.


6 Hull 
Its low draft enabled the 
ship to sail in shallow water, 
including rivers. 


4 Rudder
The wooden rudder had a 
horizontal bar attached to 
make it easier to handle.


8 Dragon 
Dragon figureheads were 
favored and were believed to 
help protect the ship.


ILLUSTRATIONS: MB CREATIVITAT







VIKING FOOTPRINT IN 
L’ANSE AUX MEADOWS


A NEW FOUND LAND


excavated the site until 
1968, finding the remains 


of eight buildings and a 
sufficient number of 


objects to prove 
they had been  


i n h a b i t e d 
by Nordic 
p e o p l e 
around a.d. 
1000. The 
h o u s e s  


were built with wooden 
frameworks covered with 
turf, in the same manner 
used in 10th-century Ice-
land. They recovered over 
a hundred items: nails, a 
bronze brooch, glass beads, 
bone needles, files, and 
scissors. There were also 
the remains of a workshop 
where ships were repaired 
and a forge. 


I
n 1959, after visiting Greenland, the Norwegian explor- 
er Helge Ingstad decided to search for signs that the 
Vikings had sailed as far as America. He systematically  
conducted archaeological digs along the American 


coastline and uncovered the ruins of Nordic settlements 
in the far north of Newfoundland, next to the village of 
L’Anse aux Meadows. Ingstad and his archaeologist wife 


time around 995-1000. When the king 
learned that Leif intended to return to 
Greenland, he gave him the mission of  
converting the island’s pagan inhabitants  
to Christianity. The saga then describes 
Leif’s voyage home as occurring in much 
the same way as Herjólfsson’s in the Saga 
of the Greenlanders. 


The sagas describe several more planned 
expeditions to Vinland. Thorvald Eriks-
son was next to try his luck, borrowing his 
brother’s boat and reaching the new land 
without any mishaps. Thorvald and his  
men spent two years systematically explor-
ing the surrounding area and planning its 
colonization. “This is a good land,” Thor- 
vald apparently exclaimed, “and I want my  
farm to be here.” However, shortly afterward  
they fought a large band of Native Ameri-
cans. Thorvald was killed and buried in the 
place where he had hoped to build his farm. 
Thorstein, another of Leif’s brothers, led 


THE HOUSE OF THE VIKINGS
Replicas of Viking dwellings have 
been built at L’Anse Aux Meadows, 
in Newfoundland, the archaeological 
site that contains the remains of 
their original homes, as well as four 
workshops and a forge. 


TENTH-CENTURY HELMET FOUND IN GJERMUNDBU, NORWAY
PHOTOAISA
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LEIF ERIKSSON SIGHTS  
THE NEW WORLD IN A  
19TH-CENTURY PAINTING  
BY CHRISTIAN KROHG. 


the next voyage. Using the same boat as the 
previous expedition, he lost his bearings and 
spent the whole summer sailing between 
Greenland, Iceland, and Ireland. As winter 
approached he gave up and returned home. 


A third expedition was led by Thorfinn 
Karlsefni, a rich Icelandic merchant who 
planned to colonize Vinland. He sailed  
with three ships carrying 150 colonists 
and plenty of livestock, but the settlement  
lasted less than three years. They were  
forced out after repeated battles with the  
natives, whom the Scandinavians nick- 
named skrælings. Before they left, however,  
Thorfinn’s wife gave birth to their son Snorri,  
making him the first known European to be 
born in America. 


According to the Saga of the Greenlanders, 
a final expedition was carried out by Freydis,  
who was most likely the illegitimate daugh-
ter of Erik the Red. She probably used the 
old family boat that by then had sailed to 


Vinland three or four times. Freydis was 
joined by two brothers, Helge and Finboge, 
who had acquired a larger and faster ship. 
This seems to have been their undoing, as 
Freydis may have killed both brothers and 
their 28 crewmen to take it for herself. The 
saga tells that Freydis’s henchmen refused to 
murder five women who were also on board, 
so Freydis took up an ax and she slaughtered 
them. She then abandoned the family knarr 
and returned to Greenland in the new ship, 
claiming that the others had stayed to ex-
plore Vinland. 


The Legend Lives On 
According to the sagas Vinland was first 
sighted more than a thousand years ago, but 
tales of its discovery were not written down 
until the 13th century. The earliest surviv-
ing manuscripts date from the 14th century, 
so there is nearly a 400-year gap between 
the first voyages to Vinland and the earliest 


LIFE AND 
DEATH IN 
VINLAND
According to Nordic 
legends, the Vikings 
tried to colonize 
America several 
times, but they never 
managed to hold out 
against its indigenous 
people for more than 
three years.
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DETAIL FROM THE “MAP OF VINLAND”, YALE UNIVERSITY
BRIDGEMAN/ACI


documents of its existence. The two sagas 
are the only medieval texts that describe the 
expeditions to Vinland, but others mention 
it in passing. In the Gesta Hammaburgensis 
ecclesiae pontificum (circa 1073) the Ger-
man priest Adam of Bremen says that the 
Danish king told him about “another island 
of the many found in that ocean. It is called 
Vinland because vines producing excellent 
wine grow wild there.” Vinland is also ref-
erenced in the Book of Icelanders, a history 
of Iceland written around 1130. It links the 
name of Vinland with the colonization of 
Greenland by Erik the Red, “14 or 15 years 
before Christianity reached Iceland.” This 
happened in the summer of 1000, dating 
the settlement of Greenland to 985 or 986.


Beyond the sagas, no further attempts to 
colonize Vinland are recorded, but that does 
not mean the Scandinavians abandoned it 
altogether. They are likely to have arranged 
occasional expeditions to bring back wood, 


THE FIRST MAP  
OF VINLAND


A GREAT FAKE? 


its west, an island with two 
fjords cutting into it that is 


identified as 
Vinland. The 
a c c u r a c y 
with which 
Greenland 
is drawn has 
made many 
s c h o l a r s 
skeptical, as 
they do not 


believe that it could have 
been rendered so perfectly 
in the 15th century, especial-
ly when it was only circum-
navigated for the first time 
in the 20th century. The au-
thenticity of the map is still 
questioned, but it is now ac-
cepted as indisputable fact 
that Scandinavians sailed 
to America in the early dec- 
ades of the 11th century. 


T
he “Map of Vinland” was donated to Yale Univer-
sity in 1965 as proof that the Vikings had reached 
America. It was apparently part of the Tartar  
Relation, a medieval codex that some scholars 


believe may have come from a Spanish monastery. It shows 
the continents of Europe, Africa, and Asia (not shown 
here), and some islands. These include Greenland and, to 
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an important raw material that Greenland 
was unable to produce. Sources also tell of 
Viking hunting expeditions in the arctic ar-
eas of Canada and the north of Greenland. 
In the Annals of Greenland, written in 1625, 
an Icelander called Björn Jonsson claims 
that, “All major landowners in Greenland 
had large ships and vessels built to send all 
sorts of hunting equipment to places in the 
north.” Björn Jonsson mentions some of the 
places to which these expeditions headed 
including Nordseta and Greipar.


Tracing the Sagas 
Throughout the 1970s the Danish archae-
ologist Peter Schledermann conducted a se-
ries of research projects in Inuit settlements 
on the east cost of Ellesmere Island, Can-
ada. During his excavations he unearthed 
25 items of Scandinavian origin. The finds 
include two pieces of fabric, dated to the 
mid-13th century, boat rivets, a carpenter’s 


plane, and a piece of chain mail. And Rob-
ert McGhee from the Canadian Museum of 
Civilization has also found various Viking 
implements, on Bathurst Island in northern 
Canada. These are some of the tangible re-
mains of Scandinavian expeditions to Amer-
ica a thousand years ago, and they testify 
to the Vikings being the first Europeans to 
deliberately try to colonize the New World 
some 500 years before Columbus claimed 
it for the Spanish Crown. 


BOOKS
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Edited by William W. Fitzhugh and Elisabeth I. Ward, Smithsonian 
Books, 2004. 
The Age of the Vikings 
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EDUARDO MORALES ROMERO 
MORALES ROMERO HAS SPENT 


MOST OF HIS LIFE IN SCANDINAVIA INVESTIGATING ITS VIKING PAST.


ERIK THE RED 
IN GREENLAND
Brattahlid, the 
largest Viking site 
in Greenland, was 
founded around 
986 by Erik the Red. 
He was devoted to 
the pagan Viking 
religion, but his wife, 
Thjodhild, converted 
to Christianity and 
built a turf church 
(reproduction above) 
around 1001.
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The search for new lands to settle led the Scandinavians 
to America, which they reached through a series of 
expeditions that carried them far from their ancestral 
homes. These long and dangerous voyages were made 
possible by their swift, robust  knarrs. By combining sail 
and oars, these ships were highly maneuverable, able to 
tack and sail close to the wind.


THE EPIC OF THE NORTH: FROM        
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VIKING SHIPS, OIL PAINTING BY HANS GUDE, 1889
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      SCANDINAVIA TO AMERICA


1 Scandinavia 
The Vikings included 
Norwegians, who mainly 
colonized the northernmost 
Atlantic islands; Swedes, 
who explored Russia and 
Byzantium; and Danes, who 
focused on Britain. 


2 Iceland 
Approximately 900 miles 
from the coast of Norway, 
it would have taken Viking 
ships between a week and 
a month to reach Iceland. 
The island’s colonization was 
completed around 930.


3 Greenland 
Erik the Red led the 
settlement of the vast island 
of Greenland. He settled in 
Brattahlid, the center of the 
eastern colony, where Viking 
ships would set sail for the 
coast of America. 


4 America 
L’Anse aux Meadows was 
the first confirmed Viking 
settlement found in America. 
It’s likely that clashes with 
indigenous people and bad 
weather may have driven the 
Vikings to finally leave.


1
2
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This 1562 painting, “The Triumph of 
Death,” by Pieter Bruegel the Elder, 
illustrates the deep impression left on the 
European imagination by the epidemics 
and wars that ravaged society. 
ORONOZ/ALBUM







THE BLACK
DEATH







S
ometime in 1347 a sailing ship moored 
in a Mediterranean port unwittingly 
unleashed one of the most destruc-
tive pathogens in history. Unloaded 
with its cargo and passengers were 


some deadly stowaways: flea-ridden black rats 
carrying the bubonic plague. It was a scenar-
io played out many times in ports all around 
Europe, and the results were always the same: 
Sickness, suffering, and death on what seemed 
a cataclysmic scale. The years 1347-1353 saw 
Europe in the terrifying grip of the worst pan-
demic it had ever suffered: At least one-third 
of Europe’s population died from what became 
known as the Black Death.  


Most historians agree that it was bubonic 
plague, a bacterial disease that periodically 
flared up in Asia and Europe. The plague had 
devastated the Byzantine Empire in the sixth 
century, killing an estimated 25 million people, 
and it continued to exterminate large numbers 
of Europeans until the last major outbreak at the 
start of the late 19th century. However, during 
its peak years, the plague’s terrifying virulence 


THE ORIGINS 
OF THE 
EPIDEMIC
The Arab author Ibn 
al-Wardi suggests 
that the plague 
originated in the 
“Land of Darkness”— 
in modern-day 
Uzbekistan, then  
part of the Mongolian 
khanate of the 
Golden Horde.


spread faster, farther, and with deadlier effect 
than ever before or since. Its impact fundamen-
tally altered the social, economic, and religious 
lives of those who survived, scarring the col-
lective consciousness of the entire continent.


Medieval Europe was at the mercy of many 
infectious diseases, including dysentery, influ-
enza, measles, and much feared leprosy. But it 
was the plague that struck the highest note of 
terror into people’s hearts. Outbreaks seemed 
to strike from nowhere: It seized victims with 
alarming speed and its horrific ravages were in-
curable. None were safe as the plague cut down 
peasants and princes alike, its leveling of social 
distinctions resonating in the written accounts 
of the time. It is little wonder that its medieval 
chroniclers often assume an extravagant and 
even apocalyptic tone.


Many explanations of the plague were  
proposed, most wrapped up in religious or 
superstitious assumptions. Those closest to 
scientific reality were based on classical Greek 
medicine, attributing the sickness to miasmas: 
The invisible corruption in the air emanating 


68  OCTOBER/NOVEMBER 2015







from decomposing matter and supposedly 
absorbed by the body either by breathing or 
through skin contact. Some accounts suggest-
ed astrological causes, blaming the plague on 
the conjunction of certain planets, eclipses, or 
the sighting of a comet. Others cited natural 
phenomena: volcanic eruptions and seismic 
tremors releasing deadly gases. But even these 
explanations were widely believed to have an 
underlying cause: divine wrath at the sinfulness 
of humankind.


Of Rats and Men
It was only in the 19th century that the plague’s 
supernatural origins were definitively discard-
ed. An outbreak in the Far East prompted fears 
of a worldwide pandemic. Researchers rushed to 
identify the pathogen causing the disease, and 
in 1894 two bacteriologists—Japan’s Kitasato 
Shibasaburo and France’s Alexandre Yersin—
simultaneously discovered the plague’s bacil-
lus, or rod-shaped bacteria. Later named Yersin-
ia pestis, the bacteria was carried by fleas living 
as parasites on rats and other small rodents. The 


1346


1347


1348


1349


1350


1351


1352-53


The Deadly Path of the 
Plague Across Europe
Spreading rapidly inland from ports, the pestilence 
from Asia soon reached nearly all corners of 
Europe. Poor hygiene, diet, and medical knowledge 
helped it establish a deadly grip on the continent. 


ALLEGORY OF THE PLAGUE, DETAIL FROM  
LE MIROIR HISTORIAL, BY VINCENT DE 


BEAUVAIS, 15TH-CENTURY TRANSLATION


RATS DEVOUR THE CORPSE OF 
A PLAGUE VICTIM IN LE MIROIR 
HISTORIAL


AN ANGEL AND SAINT ROCH, 
PROTECTOR OF PLAGUE VICTIMS, IN A 
16TH-CENTURY SCULPTURE
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1346 
Soldiers in the Mongol 
army besieging Caffa, in 
the Crimea, are infected 
with plague. The disease 
enters the city and spreads 
rapidly via trade routes.


1347 
The epidemic arrives 


in Constantinople and 
from there spreads 


to Greece, Sicily, and 
coastal cities in Italy 


and France.


1348 
The plague rampages 
through the Balkans, 


Italy, and France, 
across northern Spain 


and Portugal, and to 
southern England. 1348-49 


A truce is called in the 
Hundred Years War, 
as the plague is rife in 
the contested regions 
and ravaging the 
armies of both sides.


1349 
The plague arrives in 


central Europe, parts of 
Poland and Scandinavia, 


 central England, and 
the southern area of 
Spain and Portugal.


1351-53 
Spreading east through 


Germany and Poland, 
the deadly pestilence 
reaches Moscow and 
its surrounding areas.


1350 
The Netherlands, most 
of Germany, Denmark, 
the Polish coast, the 
south of Sweden, and 
Scotland all succumb to 
the Black Death.


MAP: EOSGIS
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bacilli multiply in the gut of the flea. When it 
bites, it regurgitates the bacilli into the body,  
infecting it. Normally this takes place in a closed 
cycle between fleas and rodents. But under the 
right conditions the bacteria spreads at such 
a rate as to kill off its rodent hosts, forcing the 
fleas to find alternatives—humans. As such, 
the plague is a zoonosis, an illness that passes 
from animals to humans. Infection spread easily 
because the rats were drawn to human activity, 
especially the food supplies kept in barns, mills, 
and homes.


The bacteria could be present in people’s 
homes for between 16 and 23 days before the 
first symptoms of illness emerged.  Death came 
three to five days later. It was perhaps another 
week before a community became fully aware 
of the danger, and by that time it was too late. 
The nodules of a patient’s lymphatic system 
became infected, showing as swellings in the 
groin and armpit. These were accompanied by 
vomiting, headaches, and a very high fever that 
caused sufferers to shiver violently, double up 
with cramps, and become delirious. 


Not all historians and epidemiologists agree 
that the pestilence that devastated Europe was 
bubonic plague. Instead, some of today’s most 
feared diseases have been suggested, including a 
virulent pulmonary anthrax and the Ebola virus.


Was the Black Death 
Bubonic Plague?


CRITICS OF the mainstream 
bubonic plague theory point 
out that it needs high tem-
peratures and damp condi-
tions to develop. These are 
not the conditions typically 
associated with the north-
ern regions of Europe, where 
some of the most deeply af-
fected areas were located. 
Nor is it clear that countries 
like England had sufficiently 
high infestations of rats and 
fleas to spread the disease.  
Doubts have also been cast 


on whether the bubonic 
plague could spread with 
such high speed, levels of 
infection, and rates of mor-
tality. Some argue that the 
appearance of rashes, boils, 
and abscesses across the 
victim’s body are not the 
usual symptoms of bubon-
ic plague, of which a single 
swelling is more typical. 
The mystery continues to 
perplex scientists and his-
torians alike, but most agree 
that it was bubonic plague.
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DEATH STRANGLES A 
PLAGUE VICTIM IN THE 
14TH-CENTURYSTINY 
CODEX, FROM PRAGUE.
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THE ROUTES 
OF COMMERCE 
AND DEATH
Close commercial 
links between the 
Baltic and the North 
Sea brought huge 
numbers of boats to 
ports such as Bruges 
(above). Many of 
these vessels carried 
the plague. 
GÜNTER KIRSCH/AGE FOTOSTOCK


The inflamed lymph gland was widely known 
as a bubo, giving rise to the term bubonic plague. 
But this was only the most common form of the 
Black Death—two other variants of plague were 
also at work. Septicemic plague infected the 
victim’s blood, causing visibly black patches 
beneath the skin, perhaps what gave the Black 
Death its name. Pneumonic plague affected 
the respiratory system, making the sufferer 
cough—the perfect mechanism for airborne 
infection. In the medieval world both septice-
mic and pneumonic plague had a 100 percent 
mortality rate.


A Swiftly Paced Plague
In Europe the Black Death first appeared in the 
Mediterranean basin and spread to most of the 
corners of the continent in just a few years. But 
the initial outbreak is thought to have been in 
the Black Sea port of Caffa, now Feodosiya, 
on the Crimean Peninsula. In 1346 Caffa was 
an important commercial trading post run by 
Genoese merchants.  That year it was besieged 
by the Mongol army, among whose ranks were 


a growing number of plague sufferers. As the 
disease spread, one story has it, the Mongols 
deliberately hurled infested corpses over the 
walls—siege warfare was rarely chivalrous. Even 
more likely is that the bacteria entered the city 
in fleas carried by the rats scampering between 
the siege lines. However it arrived, once the city 
realized it faced a plague epidemic, the Geno-
ese merchants panicked and fled, carrying the 
bacillus with them to Italy. 


Historians and scientists have puzzled 
about how the Black Death took such a firm 
hold over such a vast area in such a short time. 
Some have suggested that the main plague vari-
ant was pneumonic rather than bubonic be-
cause airborne transmission seems to support 
its rapid spread. However, pneumonic plague 
kills so quickly—in a few hours—that it ac-
tually spreads slowly because the host rarely 
lives long enough to infect many people. Most 
evidence points to the Black Death being the 
main bubonic strain of plague, spread far and 
wide by flea-ridden rats on boats and fleas on 
the bodies and clothes of travelers. In an age of 
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2


1


2 A king and his retinue 
are reveling in their carefree 
day, enjoying a hunt, when they 
stumble on three corpses in 
various stages of decomposition. 
The king covers his nose against 
the stench, but he cannot escape 
this reminder of the transience of 
life and its fleeting pleasures. 


FROM EARTHLY PLEASURES TO 
Before the epidemic arrived, a fresco depicting the Last Judgment was painted in Pisa. Its  


The dead are heaped together 
in a pile. Death is the leveler 
through which all become 
equal. Pontiffs, kings, princes, 
and peasants all fall under the 
inevitable sweep of Death’s 
scythe. A swarm of demons 
swoops down to take away the 
souls of those who sinned in life.


3Pious hermits go about their 
daily work at a small remote 
sanctuary—reinforcing the idea 
of retreat from the world. One 
milks a goat, one reads, while 
another prays. Their indifference 
to death highlights their complete 
confidence in eternal salvation, a 
reward for devotion and piety.


1







THE TRIUMPH OF DEATH IN 
A FRESCO PAINTED CIRCA 1340 
IN THE PISA CAMPOSANTO, 
ATTRIBUTED TO BUONAMICO 
BUFFALMACCO.


5


6


3


4


ETERNAL DAMNATION
vivid images resonated even more when the Black Death devastated the Italian city.


Angels and demons fight for 
the souls of the dead, shown as 
children flying from the mouths 
of the deceased. This formidable 
moment of terror is captured 
in the Requiem mass: “Lo, the 
book, exactly worded / Wherein 
all hath been recorded / Thence 
shall judgment be awarded.”


5The scythe-wielding figure 
of Death dominates the center 
of the fresco. It hovers over its 
macabre kingdom, the pile of 
bodies that have succumbed to it. 
Damage to the fresco means that 
this figure does not immediately 
catch the eye as much as it would 
have originally.


4 Young boys and girls 
converse in a representation of 
courtly love. They sit beneath 
luxuriant trees in a garden  
covered with bright flowers. 
Death seems very distant—for 
now. But the implication is that it 
will all too soon bring an end to 
youth, beauty, and earthly delight.


6
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growing maritime trade, food and goods were 
carried ever longer distances from country to 
country, and the rats and their bacteria traveled 
with them—at an estimated 24 miles a day. The 
unceasing flow of sea, river, and road traffic be-
tween commercial centers spread the plague 
across huge distances in what is known as a 
“metastatic leap.” Big commercial cities were 
infected first, and from there the plague radiat-
ed to nearby towns and villages, from where it 
would spread into the countryside. The plague 
was also carried down the well-trodden paths of 
medieval pilgrims; holy sites became additional 
epicenters of regional, national, and interna-
tional propagation. 


Even without such help the plague is esti-
mated to have moved inland more than a mile 
a day in the right conditions. In very cold and 
dry areas it slowed to a stop, explaining why 
Iceland and Finland were among the few places 
to escape its ravages. A popular refrain in cities 
of the time ran: “Get out soon, quick and far, and 
the later you return, the better.” It was advice 
heeded by many who could afford to flee to the 


In 2006 Mike Baillie, professor of paleoecology at 
Queen’s University, Belfast, published New Light 
on the Black Death: The Cosmic Connection. In it he 
proposed a radical new idea on the origins of the 
medieval pandemic.


The Plague from 
Above . . . or Below?


BAILLIE DETECTED a marked 
downturn in tree ring growth 
during two of the plague 
epidemics in Europe—the 
sixth century’s and the Black 
Death—that coincided with 
unusually high concentrations 
of ammonium in Greenland ice 
samples from the same peri-
ods. But no natural processes 
on Earth produce so much 
ammonia. Baillie suspects 
that atmospheric detona-
tions or earthquake-triggering 
ground impacts of cometary 


meteorites is one possibility. 
Contemporary accounts cited 
numerous phenomena: fiery 
rain, shooting stars, comets, 
and aerial explosions, as well 
as a pungent smoke in the air. 
Was Earth struck by a mete-
orite, its disintegration releas-
ing ammonia? Or did impact 
release poisonous gases from 
underground? And did such 
noxious fumes play a part in 
the death of millions? Scien-
tists are still debating these 
questions.
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THE PLAGUE, SENT 
BY GOD AS A DIVINE 
PUNISHMENT FOR 
MANKIND’S SINS
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countryside. Yet this brought disastrous con-
sequences. Evacuation did not necessarily save 
those fleeing, as some were already infected or 
traveling with plague carriers. However, it did 
help to spread the disease to new and ever more 
remote places as evacuees sought the safety of 
uninfected villages. 


The Death Toll
Calculations of the fatalities caused by the 
Black Death make shocking reading. In abso-
lute terms, the population of Europe was esti-
mated to be around 75 million people before the 
plague: It plummeted to just 50 million in the 
six years between 1347 and 1353. The sharp de-
cline was a result of both the disease itself and 
the widespread social breakdown it set in mo-
tion—not least that the deaths left fields and 
animals untended and family members uncared 
for. Even after the Black Death burned itself 
out, flare-ups continued to disrupt Europe’s 
demographic recovery. Not until around the 
16th century did Europe’s population growth 
start to strengthen. 


The effects of the catastrophe were apparent 
in every area of life. In the decades following the 
pandemic, wages soared because of the huge 
shortage of workers. Vast tracts of once produc-
tive farmland turned to pasture, and even whole 
villages lay abandoned—around a thousand in 
England alone. There was a major migration 
from the countryside to the cities, which recov-
ered relatively quickly and were reinvigorated 
with commercial energy. The peasants who re-
mained in the countryside were often able to 
take their pick of unused land, increasing the 
power of the landed peasantry and boosting the 
rural economy. 


Indeed, historians have argued that the 
Black Death paved the way for a new wave of 
opportunity, creativity, and wealth from which 
would flourish the art, culture, and ideas of the  
Renaissance, and the beginnings of a recogniz-
ably modern Europe. 


THE PLAGUE 
IN EASTERN 
EUROPE
The city of Prague 
(above) was the 
capital of the 
kingdom of Bohemia, 
where, it is believed, 
the deadly infection 
arrived overland from 
the German region of 
Bavaria, its southern 
neighbor.
RAINER MIRAU/AGE FOTOSTOCK


ANTONI VIRGILI 
VIRGILI IS A SPECIALIST IN THE MIDDLE AGES.
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CHANGING 
EUROPE
In March 1348 Guillem Bassa died on the island 
of Mallorca, the first documented victim of the 
plague in what is now Spain. By June 300 people 
a day were dying in the city of Valencia. The 
epidemic drastically changed people’s behavior, 
transforming the economy and the society.


A JEW THREATENED 
BY CHRISTIANS IN 
THE 13TH-CENTURY. 
CANTIGAS DE SANTA 
MARÍA


Royalty could not escape the pestilence. On October 30, 
1348, the Black Death carried off Leonora of Portugal, 
the wife of the King of Aragon. On March 26, 1350, the 
plague raging through Andalusia killed King Alfonso XI 
of Castile while he was besieging the fortress of Gibraltar. 
He was the only European monarch to die of the disease. 


On May 14, 1348, a religious procession in Barcelona 
ended with an attack on the Jewish ghetto in which 
many were killed. The massacre was incited by priests 
who accused Jews of having poisoned water and food 
sources thought to be causing the deaths. The plague 
stirred often violent anti-Semitism across Europe. 


II Blame the Jews


I Death of a King 


ALFONSO XI IN A 
MINIATURE, FROM 
THE GREAT SPANISH 
CHRONICLE


SAINT ROCH, 
PROTECTOR OF THE 
PLAGUE-STRICKEN, 
IN A 16TH-CENTURY 
PAINTING
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The plague killed families and friendships, leaving many 
without financial security. This caused an increase in ex-
tramarital affairs and prostitution. In 1351 the chronicles 
of the Spanish city of Valladolid scandalously reported, 
“Concubines of clergymen . . . brazenly walking around 
. . . wearing rich cloth . . . adorned with silver and gold.”


The fear of eternal damnation in the flames of hell 
prompted many to change their wills in favor of churches.  
These attempts to placate God’s wrath greatly enriched 
church coffers.  The epidemic also enhanced the cults of 
Saint Roch and Saint Sebastian, both seen as powerful 
protectors of the plague-stricken. 


IV Plague and Piety


III Seize the Day


Advice to avoid the plague:
“Get out soon, quick and far, 
and the later you return, the 
better.”  


Fugere cito,
longe, 


et tarde revert


AN ANGEL POINTS AT A SINNER WHO HAS BEEN THE VICTIM (NOT PICTURED) 
OF THE PLAGUE IN A 15TH-CENTURY PAINTING.


The plague took a heavy toll on Europe’s peasantry. Land 
that was once worked for crops was now left for grazing. 
The booming wool trade of  England and other countries 
was a direct consequence of the plague’s devastation. 
A scarcity of labor allowed survivors to demand higher 
pay and threatened Europe’s feudal system.


V Empty Countryside


MEDIEVAL BROTHEL. 
MINIATURE CIRCA 1450


SAINT ROCH SICK 
WITH THE PLAGUE, 
IN A 16TH-CENTURY 
ALTARPIECE 


PEASANTS IN THE 
BIBLE OF ST. LOUIS, 
FROM THE 13TH  
CENTURY







BUILDING
AMERICA’S
RAILROAD


THE TRANSCONTINENTAL


In laying the railroad that connected the Atlantic 
and Pacific coasts, America demonstrated its 
determination to conquer, control, and unite  


its vast land.







The track, tunnels, 
bridges, and trains 


that allowed 
passengers and 


freight to travel from 
coast to coast at up 
to 50 miles an hour 


were a testament to 
the pioneering spirit 


of the age. 
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Tracks 
Across the 
Continent


DECEMBER 2, 1863  
Dignitaries take part in a 
ground-breaking ceremony in 
Omaha, Nebraska, that marks 
the start of work on the Union 
Pacific Railroad.


1862  
Congress passes the Pacific 
Railway Act of 1862, which 
gives railroad builders generous 
land grants and large long-term 
loans to fund construction.


SUMMER 1865  
The Civil War’s end releases 
men, materials, and money to 
speed up construction. Many 
soldiers from both sides find 
work on the railroad. 


SUMMER 1867  
As the Union Pacific line 
reaches Wyoming, 2,000 
Chinese workers on the Central 
Pacific strike but are forced 
back to work by lack of food.


SPRING 1868 
Track had been laid through 
the 1,650-foot Summit Tunnel, 
blasted through the Sierra 
Nevada by Central Pacific 
workers.


MAY 10, 1869  
The Golden Spike 
is hammered in at 
Promontory Summit, Utah, 
signaling the completion of 
the transcontinental railroad.


APRIL 28, 1869  
A Central Pacific crew set a 
record by laying ten miles of 
track in just twelve hours, 
although much of the work 
was slapdash.


GETTYSBURG 
ADDRESS
In November 1863 
President Lincoln 
lamented the huge 
loss of American life 
at Gettysburg. The 
Civil War divided the 
United States, but the 
railroad would help 
reunite it.
BRIDGEMAN/ACI


T
he American Civil War was entering 
its third bitter winter. No one knew 
for sure if a nation founded by rebels  
“four score and seven years ago,” in 
Abraham Lincoln’s words, would 


emerge intact from what some saw as a second 
American Revolution. Yet as fighting between 
Unionists and Confederates continued, a mas-
sive project got under way that would come to 
symbolize national unity by linking the original 
thirteen states along the Atlantic coast to that 
glittering newcomer on the Pacific called Califor-
nia. On December 2, 1863, in Omaha, Nebraska—
as far west as passengers could travel by train at  
the time—dignitaries broke ground for the Union 
Pacific Railroad. This would span the continent  
by laying tracks across the Plains to a distant  
junction with the Central Pacific Railroad, ad-
vancing eastward from Sacramento, California. 
A few weeks earlier, Lincoln had delivered his 
Gettysburg Address, honoring the Union dead. 
Bolstered by hard-earned victories, the Union-
ists were determined not just to reclaim the South 
but to secure the West and bind it to the East 







THE INDUSTRIAL REVOLUTION brought the power of steam to trans-
portation, changing almost every aspect of society, including war-
fare. Trains were used extensively in the Civil War, allowing rapid 
deployment of large armies and weapons to distant battlefronts. 
Railroad junctions like Chattanooga  became crucial strategic hubs.   


THE AGE OF STEAM 


UNION RAILROAD MORTAR, ”THE DICTATOR,” DURING THE SIEGE OF PETERSBURG, VIRGINIA, 1864


THE TRAIN 
REVOLUTION
On September 15, 
1830, travel changed 
forever with the 
introduction 
of the world’s 
first passenger 
train service. 
Stephenson’s 
Rocket (below) 
carried passengers 
from Liverpool to 
Manchester.
AKG/ALBUM
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by rail. “When this shall have been done,” wrote 
Secretary of State William Seward to those break-
ing ground in Omaha, “disunion will be rendered 
forever after impossible.” 


The great transcontinental railroad inaugurated 
during the Civil War was made possible by an 
earlier conflict, the Mexican-American War. This 
had concluded in 1848 with a treaty that ceded 
to the United States the vast area through which  
the Union Pacific and Central Pacific would  
eventually run, including the future states of  
California, Nevada, Utah, and parts of Wyoming. 
During the 1850s, expeditions launched by the  
U.S. Army surveyed the future Union Pacific– 
Central Pacific route and several other possible  
pathways to the Pacific. Up along the Canadian 
border blizzards and avalanches in the Rocky 
Mountains and Cascade Range made the pros- 
pects of laying tracks so far north extremely  
problematic. In the South, politicians like sena-
tor and former secretary of war Jefferson Davis of  
Mississippi, who would later become president of 
the Confederacy, favored a route through Texas. 
As he and others pointed out, the southern route 


offered perfect conditions for railroad builders, 
including mild winters and level terrain for much 
of the way. However, critics noted that it lacked 
the crucial ingredients of water and timber, and 
passed through few settlements of any size or 
importance. What good would come, asked  
Senator Thomas Hart Benton of Mis-
souri, from building a railroad across 
country “so utterly desolate, deserted, 
and God-forsaken that Kit Carson says 
a wolf could not make his living on it?”


Benton himself favored a route run-
ning almost due west from St. Louis,  
Missouri, to San Francisco, but surveyors 
of that path came up against a daunting 
barrier in the Front Range of the Rockies in 
Colorado Territory. In any case, Northern 
politicians were wary of a route originating 
in Missouri—a slaveholding Border State 
whose loyalty to the Union was in doubt 
as the Civil War loomed—and dead 
set against funding any railroad that 
would connect the potentially hos-
tile Deep South to the mineral wealth 
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tracklaying became a methodical  
process that on level ground could be  


carried out quickly and efficiently.
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of the Far West. When Southerners left Congress 
to join the Confederacy in 1860-61, the remaining 
representatives were free to select their preferred 
route. This ran from Omaha to Sacramento, pass-
ing entirely through states or territories that were 
firmly in the Union camp. It also had the advan-
tage of following paths that were well marked by 
the wagons that over the past few decades had 
carried thousands of traders, prospectors, and 
settlers westward. It included portions of the Or-
egon Trail that ascended gently along the Platte 
River in Nebraska to a relatively easy pass through 
the Rockies in Wyoming and the California Trail 
that descended to the Great Basin and crossed 
Nevada along the Humboldt River. 


Those who traveled along that historic 
route from Nebraska to California, includ-
ing riders for the short-lived Pony Express,  
established in 1860, and crews who com-
pleted the transcontinental telegraph a 
year later, faced few steep inclines until 
they confronted the towering peaks of 
the Sierra Nevada. Pioneers entering Cal-
ifornia in wagons had struggled over this 


imposing mountain range at great effort, some-
times perishing in the attempt. Fifty miles wide 
at its narrowest point and soaring up to 14,000 
feet above sea level, the Sierra Nevada stood as 
one of the stiffest challenges North American 
railroad builders had faced anywhere. Congress 
acknowledged the cost of overcoming this obsta-
cle when it passed the Pacific Railway Act of 1862, 
which offered the builders not only generous land 
grants along the route but also long-term loans 
that increased with the difficulty of the terrain, 
peaking at $48,000 for every mile of track laid 
through mountains. 


Refining the Route 
Hefty construction loans might have been 


hard for the wartime Union Treasury to 
bear had work begun in earnest during the  
conflict. But before crews began grading 
railbeds and hammering down tracks, 
chief engineers and master surveyors such 
as Theodore Judah of the Central Pacific 
and Peter Dey of the Union Pacific had 


to chart the best possible paths for steam 


TRACKS AND 
TELEGRAPH 
POLES
The government 
stipulated that the 
railroad must build 
a telegraph line 
alongside the track. 
This was usually a 
standard two-wire 
line on tall wooden 
poles—often 
knocked over by 
buffalo using them 
as scratching posts.
BRIDGEMAN/ACI


CONNECTING EAST AND WEST


The Union Pacific and Central Pacific railroads were 
the backbone of America’s first transcontinental 
railway. They joined up with existing or soon-to-
be-completed railroads to span the continent from 
the many cities of the Atlantic coast to the rapidly 
expanding Pacific coast metropolis of San Francisco. 
The two lines finally met at Promontory Summit, on 
May 10, 1869. 


Central Pacific Railroad


Union Pacific Railroad


Other Railroads







The railroad workers were 
fed by slaughtering Plains 
buffalo on an industrial scale. 


COLONEL “BUFFALO BILL” CODY, IN A 19TH-CENTURY PHOTOGRAPH 


locomotives pulling heavy loads. Those trains 
could not handle tight turns or tracks that as-
cended more than about 120 feet over the course 
of a mile. With that in mind, the surveyors often 
departed from the Oregon and California Trails 
to follow straighter paths or seek gentler inclines.  


Judah plotted an ingenious but laborious course 
over the Sierra Nevada that involved Central  
Pacific construction crews carving railbeds out of 
mountainsides and digging no less than 13 tun-
nels. He clashed frequently with the Central Pa-
cific investors known as the “Big Four”—Charles 
Crocker, Mark Hopkins, Collis Huntington, and 
Leland Stanford—who obtained larger govern-
ment loans by prevailing on President Lincoln  
to certify that the Sierra Nevada began in the foot-
hills just east of Sacramento. “Abraham’s faith 
moved mountains,” one politician quipped. Ju-
dah feared that the Big Four would milk the Cen-
tral Pacific dry and hoped to buy them out, but 
he died of yellow fever in late 1863 while cross-
ing the Isthmus of Panama to raise funds in the  
East. Dey had similar conflicts with the Union  
Pacific’s management and resigned as the 


railroad’s chief engineer two years later. 
He was replaced by Grenville Dodge, a for-


mer Union brigadier general who exemplified 
the drive and determination that enabled the 
North to turn quickly from defeating the South 
to conquering the West. Crushing the Confed-
eracy in 1865 enabled the Union to shift its focus 
westward and overcome not only formidable 
geographical barriers between the Midwest 
and the Pacific coast but also stiff resistance 
from Indians who occupied that country. 
The Indians opposed intrusions by set-
tlers, prospectors, and railroad builders, 
who they rightly saw as a threat to their way 
of life. To feed work crews, the bison on which 


BY THE 1860s steam locomotive design was fairly advanced, and 
trains typically weighed 25 to 35 tons and traveled at speeds of 
up to 50 miles an hour. In 1869 the Union Pacific had 147 locomo-
tives, 25 first-class and 26 second-class coaches, as well as 1,150 
boxcars, 1,500 flatcars, and another 100 assorted freight cars. 


THE IRON HORSE  


THE THROUGH EXPRESS, 19TH-CENTURY COLOR LITHOGRAPH


MAP: EOSGIS
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Thousands of Chinese workers were employed 
during construction of the transcontinental 


railroad. Their manual labor made the 
endeavor possible. In this image, workers 


grade a railbed for the Southern Pacific in the 
1880s, using picks and shovels, the same basic 


tools wielded by those who built the Central 
Pacific over the Sierra Nevada in the 1860s.
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aying track followed a standardized method 
adapted to any particular challenges faced. The 
American-made wrought iron rails were usually 
28 feet long and weighed 56 pounds per yard. 


They were bolted together with fishplates, which allowed 
for expansion and contraction as temperatures changed. 
Track was laid on wooden crossties—up to 2,640 per mile. 
On the Union Pacific the available timber was poor quality, 
so it had to be treated and better hardwood brought in for 
the end and center ties of each rail length. 
 Once the route was surveyed and marked out, “grad-
ers” moved in with picks, shovels, and horse-drawn scrap-
ers to prepare the ground, creating a gradient, or slope, 
that would ensure that trains could climb and descend at 
safe, steady rates. Where necessary, newly invented nitro-
glycerin explosives were used to blast through rocks, and 
timber bridges were built over streams, rivers, and canyons. 
 Tracklaying was a spectacular sight, excitedly reported 
by correspondents at the time. A car loaded with rails was 
moved to the very end of the new track, where a dozen men 
lifted each of the rails and laid them parallel on the embed-
ded ties. “Gaugers” adjusted the width between them, and 
spikes were dropped along their lengths, tapped gently 
into the ties before being driven home by three powerful 
strokes of a sledgehammer. Finally, “bolters” attached the 
fishplates. Then the whole process repeated, moving for-
ward at walking pace. 


ONCE I BUILT 
A RAILROAD


THE TRANSCONTINENTAL RAILWAY BEING BUILT CIRCA 1869. THIS PHOTOGRAPH SHOWS 
THE PROCESS OF GRADING THE TRACK BED UP ONE OF THE MANY SLOPES ENGINEERS HAD TO 
OVERCOME. 







tribes relied were slaughtered in droves by pro-
fessional hunters like William “Buffalo Bill” Cody, 
who later won fame for his Wild West shows. As 
a result, when Dodge resigned from the army and 
resumed his former occupation as a surveyor and 
engineer, he went from battling Confederates to 
fighting Plains Indians. Warriors attacked vul-
nerable advance parties of railroad graders and 
bridge builders, so when Dodge regimented his 
workers for railroad construction, he also made 
sure they were ready to defend themselves against 
Indian raids. He had formed “the best organized, 
best equipped, and best disciplined work force I 
have ever seen,” Dodge later remarked. “I used it 
several times as a fighting force, and it took no 
longer to put it into fighting line than it did to 
form it for daily work.” Soon the Union Pacific, 
which had thus far made little progress, was ad-
vancing across Nebraska with military efficiency. 
Every day, a construction train chugged forward 
another few miles to where new track was being 
laid, delivering equipment and laborers, including 
some Confederate and Union veterans. One re-
porter likened the pounding of their hammers on 


spikes to a “grand Anvil Chorus . . . playing across 
the plains.” In their spare time, workers looked 
for entertainment in the towns that sprouted up 
along the tracks to serve them. Known as “hell 
on wheels,” most of those places withered after 
crews moved on. But some endured, either as little  
“jerkwater” towns—where by jerking the chain on 
the spigot arm of a trackside storage tank, a steam 
locomotive could fill its water tender—or as sub-
stantial division points like Cheyenne, Wyoming, 
where rail yards and machine shops were located. 


Indispensable Immigrants 
By 1867, as the Union Pacific  
tracks entered Wyoming, Cen-
tral Pacific crews were still work-
ing their way over the Sierra  
Nevada. They were equal to 
that challenge, however, thanks 
in large part to a proposal by  
Central Pacific executive  
Charles Crocker, who served  
as superintendent of construc-
tion. Two years earlier, unable 


LAND GRANTS 
AND SCANDALS 
IN THE SENATE


EPHEMERAL 
SETTLERS 
As the railroad 
advanced, temporary 
towns sprang up 
to sell the workers 
everything from 
crockery to liquor. 
When the workers 
moved on, these 
places evaporated 
or became water 
stops for trains, called 
jerkwater towns. 
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A 
FTER 1863 OTHER RAILROADS 


began that would eventually 
cross the West, including the 
Santa Fe, Northern Pacific, 


and Southern Pacific. Generous federal 
loans and land grants boosted construc-
tion, the Union Pacific and Central Pacific  
receiving 12,800 acres for every mile of 
track they laid. Hungry for quick profits, 
railroad directors set up construction firms 
that charged excessive rates to lay track. 
The directors made millions while keep-
ing their indebted railroads going by selling 
bonds to unsuspecting investors and lining 
the pockets of government officials who 
favored their companies. In 1872 a list of 
politicians given shares in a construction 
firm was leaked, and the public grew wary 
of the financial ploys of railroad bosses.
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to hire enough white laborers for the demanding  
project, Crocker had suggested hiring Chinese im-
migrants. “I will not boss Chinese!” replied fore-
man James Strobridge, who thought Chinese 
men were too frail to grade beds, excavate tun-
nels, and lay tracks. Crocker pointed out that men 
of similar stature had built China’s Great Wall.  
Strobridge agreed to try out a crew of 50—he was 
soon asking for more. 


By 1867 more than 10,000 Chinese immigrants 
were toiling diligently on the railroad in the Sierra 
Nevada. Some had arrived in California during the 
gold rush that began there in the late 1840s. Others 
were recruited in China by labor contractors and 
transported across the Pacific specifically to build 
the railroad. At first they earned less than white 
workers, who themselves made only about 
$35 a month. Eventually, the Chinese earned 
the same amount, but for working longer 
shifts—up to twelve hours a day, six days 
a week. Despite the grueling regimen they 
were generally healthier than other work-
ers, in no small part thanks to their habit of 
drinking hot tea and thus avoiding the risks 


posed by water that had not been boiled. Yet scores 
were killed or maimed in explosions while laying 
charges of black powder and dynamite, or fell victim 
to avalanches and various other accidents. But all 
those who were fit for labor remained hard at work. 


Early on there was  “no danger of strikes among 
them,” wrote E. B. Crocker, Charles Crocker’s brother 
and the railroad’s legal counsel. But as their num-
bers and efficiency increased, they realized that their  
labor was worth more to their employers than they 
were paid. In June 1867 they went on strike, demand-
ing higher pay, a ten-hour workday, and the right 
to seek employment elsewhere. Charles Crocker 
refused to negotiate, forcing them back to work 
by cutting off their food supplies. “I don’t think 


we will ever have any more such difficulties,”  
wrote his brother, who paid belated tribute  


to those workers in a speech delivered af- 
ter their epic task was completed: “I wish  
to call to your minds that the early comple- 
tion of this railroad we have built has been  
in large measure due to that poor, despised 


class of laborers called the Chinese, to  
the fidelity and industry they have shown.” 


THE RAILWAY’S 
SELF-MADE 
MILLIONAIRE
Charles Crocker 
epitomized the 
American dream. 
He quit school to 
support his family, 
working as a laborer 
before opening a shop 
in Sacramento. He 
became a powerful 
businessman, banker, 
and politician worth 
around $40 million. 
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Race to the Finish 
By the spring of 1868 Central Pacific crews in the 
high Sierra had laid track through the 1,650-foot-
long Summit Tunnel—whose 7,042-foot eleva-
tion represented a gain of more than 7,000 feet 
from low-lying Sacramento—and proceeded 
down along Donner Lake and the Truckee River 
to Reno, Nevada. They were now on level ground 
and surpassing the pace of Union Pacific crews, 
who had to excavate several tunnels through  
the Wasatch Range along the Wyoming-Utah 
border, where Mormons swelled the workforce. 
No junction for the two lines had yet been agreed 
upon, and bosses on both sides vied for federal 
subsidies by pressing crews ahead so fast that 
much of their work was slapdash. Central Pacific 
workers set a record on April 28, 1869, by laying 
more than ten miles of track in 12 hours. 


By then, Promontory Summit, in northern 
Utah, had been designated as the junction for 
the Union Pacific and Central Pacific railroads 
to meet. The American rail network would then 
reach from the Atlantic to the Pacific, for Sacra-
mento would soon be connected by train to San 


Francisco Bay, and various routes would connect 
Omaha with East Coast cities like Washington, 
D.C., and New York. The completion of the trans-
continental railroad, on May 10, 1869, signaled 
that a nation torn asunder eight years earlier  
was now firmly stitched together in iron. This 
sentiment was expressed in an inscription on  
the Golden Spike—also known as the Last Spike 
—used in the grand ceremony staged to signify  
the final joining of the tracks: “May God continue 
the unity of our Country as this Railroad unites 
the two great Oceans of the world.”  
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THOMAS HILL’S PAINTING (left) depicts the ceremonial driving of the 
“Last Spike” at Promontory Summit in Utah. A newspaper cartoon 
illustrated the railroad’s completion with locomotives represent-
ing the largest cities on the two coasts triumphantly joining hands 
while Native Americans and buffalo fled the scene. 


THE FINISH LINE 


CARTOON FROM FROM FRANK LESLIE’S ILLUSTRATED NEWSPAPER, MAY 29, 1869 







SAN FRANCISCO 


san francisco boomed with the discovery of gold in California in 1848. A 
year later it had around 25,000 inhabitants, more than doubling, to 56,000, by 1860, 
and surging to 150,000 by 1870, making it the tenth largest city in the United States. 
Despite being hundreds of miles from the frontier and over 2,500 miles from the de-
veloped cities of the East Coast, San Francisco displayed all the signs of a flourishing 
urban center: Hotels, restaurants, parks, churches, synagogues, schools, libraries, 
academies, and its own newspaper—the Chronicle, started in 1865. In 1858 the first 
overland stagecoach service with the East began, and in 1861 a telegraph service con-
nected it with New York.  But the arrival of the transcontinental railroad revolutionized 
communication, allowing passengers and freight to travel quickly from coast to coast. 


 


EAST MEETS WEST WITH 







NEW YORK


at the opposite end of the line was New York. From a small Dutch colony to the 
commercial epicenter of the continent, New York owed much of its rapid expansion to 
the Erie Canal, completed in 1825, which gave Great Lakes cities access to the Atlantic 
sea trade. By the early1870s New York boasted a population of almost one million 
and already had many of the famous institutions we associate with it today:  Lehman 
Brothers, Barnum’s American Museum, the New York Herald, the Stock Exchange, and 
Bloomingdale’s, as well as the New York Police Department and Metropolitan Fire 
Department. Iconic buildings included City Hall, the Metropolitan Museum of Art, 
Grace Church, and the Halls of Justice. The Brooklyn Bridge was under construction, 
and Central Park had become a popular attraction. 
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A 2,500-MILE RAILROAD







D I S C O V E R I E S


T 
he story of Joshua  
blasting down 
the  wal ls  of  
Jericho is one of 
the most capti-


vating passages in the Old 
Testament. It supposedly  
took place around 1400 b.c.  
during the invasion of  
Canaan, the land Yahweh 
promised to the people of 
Israel, and tells of a seven- 
day siege during which  
Yahweh ordered the Isra-
elites to march around the 
city walls. On the seventh 
day they circled the city 
seven times: “So the people 
shouted when the priests 
blew with the trumpets: and 
it came to pass, when the 
people heard the sound of 
the trumpet, and the people 
shouted with a great shout, 
that the wall fell down flat, 


so that the people went up 
into the city, every man 
straight before him, and 
they took the city.”


Jericho originally stood 
on Tell es-Sultan, an oval 
mound covering around ten 
acres of the Jordan Valley. 
It was an important city in 
ancient Israel and was vis-
ited by early Christians, 
including one known as the 
Bordeaux Pilgrim. He wrote 
in A.D. 333, “Here stood the 
city of Jericho, round whose 
walls the children of Israel 
circled with the Ark of the 


Covenant, and the walls fell 
down. Nothing is to be seen 
of it except the place where 
the Ark of the Covenant 
stood, and the twelve stones 
which the children of Israel 
brought out of Jordan.” An-
cient Jericho was abandoned 
shortly afterward, and a new 
city was built nearby.


The Groundwork
The first modern archaeol-
ogists to search for Jericho’s 
walls found barely a trace of 
the original settlement. At 
the end of the 19th century 
Charles Warren from the 
British Palestine Explora-
tion Fund made initial in-
vestigations, but finding 
little more than pottery 
jugs and stone mortars he 
concluded that the site was 
not worth excavating. Be-
tween 1907 and 1911 Ernst 
Sellin and Carl Watzinger 
were funded by Orient- 


Gesellschaft to lead further 
digs. This Austro-German 
expedition used more mod-
ern archaeological methods, 
based on stratigraphy that 


BIRD-SHAPED DRINKING VESSEL FOUND IN JERICHO. MIDDLE BRONZE AGE, 1700 B.C.
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1930-1936
British archaeologist 
John Garstang exca-
vates the city’s oldest 
levels, dating them back 
to the Mesolithic period.


1907-1911
Ernst Sellin and Carl 
Watzinger dig in Jericho 
and discover walls that 
they claim are those 
destroyed by Joshua.


1952-58
Kathleen Kenyon 
conducts seven digs in 
Jericho and proves that 
its walls date back to the 
eighth century b.c. 


Lorenzo Nigro and 
Nicolò Marchetti carry 
out limited digs at the 
site, which remains 
archaeologically valuable.


1997


IN 1958 JORDANIAN 
workers excavated 
a defensive tower 
within Jericho’s city 
walls. This impressive 
fortification dates 
from about 7000 b.c.


Jericho: The First 
Fortified City in History
The city walls of Jericho were no match for Joshua in his biblical 
conquest of Canaan. But while fortifications and even an impressive 
tower have been unearthed, the ancient walls he managed to bring 
down still elude archaeologists. 


Jericho
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allowed more accurate dat-
ing of objects. They found 
walls that they dated to 
the 14th and 13th centu-
ries B.C., and suggested that 
these were the defenses de-
stroyed by Joshua. 


However, from 1930 to 
1936 the British archaeol-
ogist John Garstang con-
cluded that the city’s most 
ancient levels dated back 
to the Mesolithic period—
around 10,000 B.C. This was 


much earlier than anyone 
had imagined, and Garstang 
dated the destruction of Jer-
icho to a period before the 
Late Bronze Age. This was 
before Joshua’s time, and 
his walls were now nowhere 
to be found.


Modern Methods
The enigma of Jericho be-
gan to be solved in the ear-
ly 1950s. Kathleen Kenyon 
was a British archaeologist  


KATHLEEN KENYON was one of the most prom-
inent archaeologists of her time. She already 
had an excellent international reputation 
when she took charge of the Jericho digs in 


1952. Kenyon had 
excavated Great 
Zimbabwe in Africa 
and worked with Sir 
Mortimer Wheeler, 
perfecting his strati-
graphic methods 
and using them in 
her excavations.


A PIONEER OF MODERN 
ARCHAEOLOGY
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whose work revolutionized 
field archaeology in the Near 
East. Kenyon surrounded 
herself with a large interna-
tional team and began work 
on the site. Housing proved 
challenging and living con-
ditions were crowded and 
spartan, but it was worth it 
to work in such a beautiful 
location. 


Kenyon applied a more 
modern, scientific, and rig-
orous approach than her 
predecessors. This includ-
ed using a grid system de-
veloped by Sir Mortimer 
Wheeler. Instead of dig-
ging randomly in likely lo-
cations, Kenyon marked out 
regular grids and as layers 
of soil were removed, the 
objects found at each lev-


el were carefully recorded. 
This technique, combined 
with a greater knowledge  
of how pottery had devel-
oped over time, enabled 
more precise dating of the 
finds. Kenyon was also 
aware that archaeological 
methods were improving 
and so she left material for 
future (and more advanced) 
digs to explore.


Jericho Unveiled
After seven field seasons 
Kenyon reconstructed the 
main periods in Jericho’s 
history, dating the city 
back to around the eighth 
millennium B.C. One of her 
most important finds was 
a 26-foot high circular de-
fensive tower dated to be-


tween 7000 and 8000 B.C. In 
the Neolithic layers around 
7000 B.C. Kenyon found 
portrait sculptures, plaster 
modeled over human skulls 
with shells for eyes, which 
she connected to Neolithic 
funeral rites. A similar de-
sign was used for two styl-
ized human statues. Com-
parable finds would later 
appear in other archaeo-
logical sites in the eastern 
Mediterranean. 


However, those who 
dreamed of finding the 
walls destroyed by Joshua 
were disappointed. Ken-
yon’s research showed that 
during the Middle Bronze 
Age, around 1900-1550 B.C., 
a strong defensive system 
was built around Jericho, 


but it had probably been 
destroyed by an earthquake 
before the Late Bronze Age. 
There is no evidence that 
the walls were rebuilt and 
later besieged by the Isra-
elites. Kenyon herself said 
that she had found no proof 
of walls from Joshua’s time 
(1400-1200 B.C.) Further-
more, the city does not ap-
pear to have been densely 
populated again until the 
Iron Age, around 1200 B.C. 
Though archaeology and  
the Bible may disagree 
about Joshua’s walls,  
Kathleen Kenyon was able 
to give Jericho one import-
ant claim to fame: It’s the 
oldest fortified city found 
anywhere in the world at 
that time. —Felip Masó


1 Tower and wall
The wall was six feet thick 
and the large circular 
tower was 26 feet tall.


2 Altar
Excavations of one wall 
revealed an altar with a 
life-size plaster figure on it. 


3 Houses
Houses were rectangular 
with a central courtyard, red 
walls, and limestone floors.


4 Cereals
The hand mills and 
mortars found indicate the 
domestication of wheat.


5 Looms
The presence of looms for 
weaving wool suggests 
they kept flocks of animals.


A Neolithic City in the Near East
NEOLITHIC Jericho was spread over ten acres and surrounded by a defensive wall. The homes 
were rectangular and grouped together. Its population numbered around 2,000, and they planted 
crops and probably raised livestock. The picture below shows life in Jericho during that period.
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Plundering the Pyramids  
Packed with luxurious grave goods, the tombs of Egypt’s 
rulers have long been tempting targets for grave robbers 
prepared to risk their tunnels, traps, and vengeful gods. 


The Bloody End of a Mad Emperor
Caligula was crowned to popular acclaim, but in just four 
years he’d become a hated man with enemies everywhere. 
The question soon became how, not if, he would be killed. 


Troy: The Hunt for the Trojan Horse 
When Homer told the tale of the Greeks using a wooden 
horse to trick their way into Troy, he created a much loved 
masterpiece of literature. But is there any truth to the legend?


How Europe Welcomed Opium
Seventeenth-century Europeans turned to opium as a panacea. 
Used for everything from anxiety to asthma, its addictive 
qualities and side effects were tragically misunderstood.  


WASHINGTON: 
THE RELUCTANT 
PATRIARCH
GEORGE WASHINGTON  


is a towering figure in 
history and in many ways 
the epitome of what would 
become the American 
dream. Ambitious beyond 
his education and standing, 
his strong qualities earned 
him both military and 
political respect, winning 
him command of the 
Revolutionary army and 
later the presidency of 
the new United States. 
These were top jobs, which 
he seems to have both 
yearned for and yet feared, 
but which he performed 
with an ability and duty that 
has inspired generations.


SAMURAI: THE FEUDAL 
KNIGHTS OF MEDIEVAL JAPAN


JAPAN’S SAMURAI remain one of the most 
revered icons of the Asian world. The image 
of the samurai warrior emerged out of a long 
civil war between Japan’s strongest clans. Their 
epic struggle was not only pivotal to Japanese 
history, it also provided a rich source for its 
art and literature. For the next seven 
centuries the samurai were the real 
power behind the Japanese throne, 
ruling with a strict code of conduct 
that promoted bravery, loyalty, 
and honor. So strong was its 
influence that long after the 
samurai were outlawed, 
their code still shapes 
the ways of modern 
Japan. 


UI
G/


BR
ID


GE
M


AN
/A


CI


SO
L 


90
/A


LB
UM















