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An Electro-Mechanical Model of
Simple Animals

Mlabeelm G, Mugglin, snd
Ives Sethedland

Scursdaly msd Teoy, MV

(Pasnd -
M G

UR SUB)JECT lies in & sowel and selinvely unex
plored fckd  to make 3 machise Bar mismsos some

of the charactenstin of hnag Ta do chis cequunss
& combininion of ebectmnss J:i.ﬂalan. yer it us diffi-
cule 1o brdge sho gap bovwoen two fickds so far apart
Horwgwer, wy have constroomed s predeed some clingmg-
mechanial models of smple anemal hfe, and the pur
ot of thn ariicls 1 o ropost o what we have ssedied
wnd constructed and 1o duiosis some of (e 1mplcameen.
We should e fo scknowled ge cus indcbeednss 1o
W Grey Walier, Clonde Shanaos, W R Askby, and
achey swnomi who have examined awiomara and sobaos,
witeer theoreiscally or wich wailnng models Fas exam
ple. W Ross Ashby oo England bas bk a device whach
be calls a b Iz bk itke & slosping cat whiach
whes I-ﬂhpd findi & comlomable pouinon 1ad pocs back
o slotp It Bais a very luplnunhﬂ'nf p-uu&tllr mbll

i i thons subained
b Cepunmes
e Imonie, Troy, 3 ¥ 3

W R Seaberlind snd
]

thar seom boyecal 10 ua, we should nor be 30 suryg
whin they show some of the wme seedonoe and
ceptibnbatict thar smals do, eevertbeless we are §
how we fisd o delboult pa sdmie bt machisey m
have s 2 hile like mannes
An clecors mechanicsl model has muny sdvag
over dhe ammal o8 wmtaoes Parts are anterchangd
closer controd amed seeasurement are poanble,
bevter undenstanding of the mechaniams ivvolbve
be adorded
Dnirabide (haracteristics
Some of che charscicinens that are imberent 1o
are dificslt po acoomplish on machines  The peobid
learning and forgeiting o cor of tbax n
machimes learn matantly and retasn the informaba
1t unkal cheared, whetospen they lorger ins
well Thus 14 & deurabls charsgicnse 1 & comp

e s that whencwer ot d £ Iy
searches unnl 4 pew sabde stare sl
W Giep Walted had publabed sn socomnt of e
“life and habsss of am electro mechanical creasure whach
b buile sand samed sk beologually  Mackens Spens
lare  When pleced ulmmuhﬁ'mnblem
it wouki | hgm Ia oliow.
mg & cyelondal patecen Srd'ul'l wen (rom
e mdﬂmp 1o mvesngate lighes [t was suracred bo

Iight of and licd from aenceg
Ieght When o by ate an ohetkcle it would buck
uﬂ tarn wnnil i had freed ||.u|l Duning the nma it

g from an ok I had 0o n-

|:rq.| it I:qhu Thes an glensis n} [PUFpOEE (5 BECESAF
for s e avoid beooming caught om the bamma of 2
dilemma Meother coald 1i be caughe between two lights
af cqual wnremsty bue would go first vo one sad chen
w0 abe gaher It was abo capadbde of recogruaieg stecld
& earper because of a uboe light ea the creanue o
self  Last bur by mo seans lesn, when so bactery began
to mus down i@ would sk our s hug and po chece
ta be rechusged A licer sumschmest was sdded 0
e amimal so thar it could e Thu iavolved che
anadogy of & comdiiesaed reflex 30 thae it could be ught
what  sound meass hght  and hencg weeld come inte the
noom oo heanng 4 whetle

Jem B gy app rediy thar there
are wsmalanties b-umn she behaviar of clectranically
comttolled machunes and thar of certasn amimals  Since
we deugn compunng mackuane B0 carry oot operacont

chusg but i no 8 chagsctenistse of lafe, whak
sowly ssd forgety tlowly The wme obprcnoa =
rawed in the e of Clisde Shasnmons mech
ez which fidgees 1n wuy ibrough & maze b
int the walls mitd if evenpually reacken o pail
svend bune i gors chrough il mure i eesemb
iy Pﬂ[ﬁll"l‘lﬂﬂ‘wmbﬂ It dors soc i
unlos the macksne s mmed off, cleanag che o
A =i lide hke model should boamn gradually b
sepeaced truks snd foiges alowly of the cxponence
II.TCIM

Amathor probless o5 char of geoteng some sorr
prodictable ar cxpemmnial behamor This = 2
kmacry prodsdem, snd i othe muchingl we B
aerzcted it 18 sodved i caly o limied fwshion,
WY B idEddleal with the maching & low i
The mechine has & sex of aleeenatives 1w choose
when it encounters & gaven suanion W hich alo
15 chooses s tied 18 wath che probles of lascag
shall see presently However, ot should be oo
of the model w0 bawe any ingevent for modl
gatas, ir must be somewhie wepredicrable

Anoaher imporant characrenisiss 1o put w3
maching i cunonty When placed an o srenge &3
ment, an ansmal will begen 10 explore, encoes
aify vined givehond  Thi wis lackiag in oet 3
earlier madels  The by ching st coulbdn ¢ be b
ba loak for ml'unhgpcﬂtmd 20 ia? iy e
thing smmulating i came along

A model of an ssamul bsuld abe have & o

COMPUTLES awd AUTOMATION fod




- an i surroundimgs B should acuvely
F wn_:::mhua light 1 3 math dasy  Cursm
a goal secking provides & bk o which mase
[y hebavior can be buidt
’ “#mﬁ,mmmm.ml will e
d abyzscies danmg ns exploraness  Some meiss
g from these *wtumdsang blocks * muat be pao
. p ot serull somey of thewe mechasscal animate
e les have some wiy of commusstabing o4 very
e fuskeon  Wethous this charsctorsme teere would
Ie chancr of grolmg any codperamon ar snalogous
Eoup behimod
ml.rgwmwummuﬂu:n;
pooce berwees models thar imumEle the appiaranis
B bie and those char st che bebevor of lving
lsamans There was ab ong ome 2 oy beetle om the
E et chit dllovteaes chis powne quise well T had two
dnmag wheels and 3 frons tranmwerse driving wheel
was 1o consnucted that & fecler wad 1a contsct waih
whie top where a pested and the feeler was hag
' ﬁuq posteasd s chat ot prevenied the trans
fac Brpnag whee! from resnng oa the uble The
wilp wowld run forwasd wanl gis foglor ran off the edge
Traneve s l.illlnij wheel then would fall on the
Gk sad tarm the bornle away from ihe edge The same
pe b Sochafim hid il mounied o 2 oy ag
B wnpaniant ibeng 1 vor whether i looks bbe o beetle
niminessbile, but fether thet we have heve 3 mach
with & boilt in imaninct  for sell pregervibeas oh
miile savicaamant
[hlse aze some of the dewrable churacegrne: of
K of asumal I, however st sometimes & pashlem
0 Bein phogoutions ta despa 3 working mechasasm
thew chassceernisiscs
* Power for EleoroMedsancal Asmals
(Al ife depends on emergy cbaumed from some kind
. A midel of kfe Bmit hikewase sbénn mergy
_iNH b shle o stoqe o for Fuiuee we However,
i hiacr of & porwer wapply for o model snimal is some
oz leeueod The power supply essic be postable and
sheer remsonubdy laght, 0 mwst e m.ﬁ;ﬂ.hnl.c!
eament cwocpt for  mol bmes, and s mum
Iblﬂ- difficult 1 construct
Funhine o speam cngues would be L and sunly
i bee, bendes bong dufioult 1o tmnt-ghm the dey
th, ¥horhs, & convesucnt wse 1 oot availsble  Furcher
e che fames aag 3 peobless
F wr would ke o bevrer source of power
mperimented walk k8 dir sk ind & wand
® "ipet motor and found char, sldhough ches sys
fked, 1t was boo hard to conarol  Then oo, high
R b 6 oot elaly ava bshle
R tonuge buttery seems 1o be the o pracucs]l It
e dusdvancages, namely a Jow margy warage,
Wit and  bong rechanpog ome, bt are
thed by s availdbaliry sud pae of conpection
_' I;P“.;[“;;klf” we hud wob the cloctoo e
e e of E C Berkeloy, which weed 3
el Wil wer batery, ﬁarn?:hu 1 hagher
B Bt was definuely demrable A higher voluge
“ould buve leas cureent drus, sephfpsg che

reasonable sare wan available and was the supply of the
June 1957 models In sddwron, ssese small buc power
bed 38 wolt, DC senes wound motons were cannihalized
from warplus fans and became the deving metoes

But subsequencly we d wad legh i the
whole model animal The Seprember 1937 model (wec
Figuee 1} coaenns throe ety of dry bacterees  showt
ven pre [ fashlighe bacrerses, sbost mx ponlioe basteric
(Far the tranmmons) . and 2 Barges 673 volt battenes

Speering sed Derving

For steenng, both Walters Turtle and Berkeley's
Squee ensde use of @ magle (ponr wheel fo both steenng
ind devring  Theee were two rear wheels for suppour,
free munsang, mach bike 2 cheld o ancycle  Thie motbed
hag ax beast ome senous deawbsck 2 15 mechassaliy
dificult to conmruct  The drving mocor must be
mognied on ke seeng column, mikiag 8 balky and
fequining brodber and ship nngs  Therefore, we deoded
1o use two wdependeas front doveng whoels and one
froe rollng resr caster Dnoneg sac whesl ar ile other
provides 8 stetbod of moerng somewhar analogoas 10
thar of 3 cacerpillar tracos

Orar Best model sumal (Sprng, 1936) abowed b
sdventapes of thow base dhenges  As expened, e
donag wsd stcenng aysem wosked well and ihe
higher volrsge was a defimre pser  Nevesthelon ths
aasmal sl Beft mach o be doneed b basmpors weve
unsaisefwomry, and the barery needed 10 be mounted
e 0a pa e g blz wushout & ting che machine
I sddirion the dynamorar, which wii ihe plabe wpply
far the vicoum tubes, drew too much oarenr We
deaded 12 pwaich po teassaton and ger md of dhe vac
wem fubm Doung ehis had dosbie effee, 0 elimsnaned
wae oaly the dynimacer bur the flasmeont carrent as well

Dunng cw summer snd fall of 1996 we suwed oo
soeming & socesd model, which mcuded deurable
fewtuees lackeng 1 the frn model  The wcond moded
Bad & camt aluminum body, and s bastery could be
remaved theough the botmom  The bumery was covered
by s plose case whath supparied the bumpeo and
many of the ooxposens  The bumpers themseives wese
beet cut of plune und Buag from the bamery cuse by
foar sprag wired

Permanemt Senses and Accive Hespoases

e e power upply end ihe base mechisscy of
the model were dended upon and worked our, our next
puuhlm: L rﬂ.lklﬂ; the peemanced senupd  Theio wenses
wra wghr, heaneg, wad coach and the responsss are
maving, wqueshing, sad hgheag up

To conieal the moiods, we nesd pelays, bor snsiesd of
& simpbe o off connmal, each relay was run by & maduwn.
beator, whech pelied 1 persodically (sec Fugare 2)
Varpang the repettion eare of the palses provided a
vamable mooor speed  Thes sypsoem proved a0 b qrans
samt{smory  The oaly deawback o spadung o the selay
contsn. Each mgear had an addmional relay o contrad
ief dipecnion (goe Fapare 3)

The models eyes divetly controlled che repsaiea
e of by molonbritor The molo: II‘J.IrI ECENE o
pulis every vwo 1o five seoonds when the model momn

‘] Hark When the eye sest hghe, s e

" Probies and muieading the operaning time be
Supng 4 gueple 28 vedt Wilkied bistery of

L ol AUTOMATHMY for Pebruary 1738

sistunce decreaves, the palue Bocome mare frequend,
aed the Mot spoed uhebeisen



il
F

Esch cye consuts of 3 cedmum schmade  ening
{pheto cell} mounted = am epe socket  The sedker
lumens che Beld of vossa to a W07 cone The ces aw

on & carcular  bead ' #a thas she amsmal may
be hook an any durectosm OF the oym are s
st 3 shghtly drverging angle, @ gh deatly shead
sl kst soen By boch epet whule 3 hight moving fo gas
side will pass o of coe eyes feld of vawa belare
the ochers Conneung rich eye to the Spposte matod
casbles che model ro Follow o hght A lyght Jlumina
wng caly cae epe will dnve the appesie matar, IWIILE
the machize unnl both eyes see oqeally well BF che
hesd 1 poinced forwaed, lighst acc anncve I ke
hesd o powhoacd sdeways, & wiry archag el 1
mude 1o look ovee oo shoubder,” the model shaks
yuwmy from che Light Ik some forkun nomamal restuse

The plasuc bumpers provede ibs model el 8 semig
of veech, enabling hum o deteot obscacles The icuit
adigeed for obuaacle evamon 15 shown wn Figare 4 Exch
mater s dieection 18 controlled by a neon rabe asaillstar
and oscillanes besween forwaed and mevere The gwa
osallacars are mdependens of rach olber, making (he
rriuleing mooon & randem pEEng thas wdl evenbsslly
uike che anumal cloar of the chatacle The o of the
ool i3 & delay which continues che pggag for about
whaee wooonds aficr the bump mgnal ceases

E

Commuickion

The ome condruction paoblem we ded not @osh o
caar nafislB0twon waS ferworn animals

COMMERSA LR
suhu;aim-um.h:wmhliu:-uu
]

\nbsrenely dufficule probiem  The motors ase
car must copect the nomse bt oo peck up soundy
the other ammals  This meens satleer using 3 very
vowe® in esch amesal er ehe flionag out the of
moase Severdl weempls ot Alechng were made,
seccesful 5o w seemed bew to bypam e probly
moving the fecquescy anig the £ range A1 o
cyeles peovides a prsscsuble anbenna seee (15
tengrh 13 7 anched) 1ad we had 3 wmall bransmitre
chat Frequescy The eecewer fon each snimal, howy
tus mot yet been buh The use of thu " hewneg
sranismeter 10 robroadesst wodible seesd should
oo change wn the exiemal behamos of the maddf
fact an observer could not tell the dfcronce

The last respossic wchuded 1 a hight mounied ca
amamal and coarrelicd by a selay (fee Figuee 3)
peesent the hght o coaneoed s that ot 15 en wihed
snimal 1 meveag showly and gocs our whes s
comsei riped

To make the modeh versutde the com
moenied in inerchasgeshle prooted aeoucs The
ing 13 made from & copper chad formics boaed by
soctng the desed layost wmh caps, and chen
swup the undewsed copper

The animal # brus, where the seases ame
i wespoaies, o dlso cuuly changed B o mou
a wmall chasis which plugs st the stamal
changing brasns & cowardly ammal may be
a Forocwons beast

7%

[ L
Fagure 3 Motoe Dhiesction Costrol

BT

Fwr
L

Charscceriss of 3 Bradn

The most bawe type of behanor m 1ns0LT
sunce 15 possessed by all dssmaly In fwcr, the
fowcs of Dfe opesase parely as & fesalt of 2t I
to conssdee the beam of an smimal & &
et would dictats that the inguts and
durectly comnecied  Thas the e mruulw;l
always peoduce the dame rexponse

Ay we progress up the ladder orward baghe s
of life, we frd what msght be called 3 capsy
fearmeng  Thu umplss chat shers o o ph
wvnsd for senching betwem stzmmal) and
whether ther provdn @ cver used o not 16

[Cosuancd oa page 23}
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Model of Simple Animals

[Contizsed frem page 8]

L= &

=
R

*

IME

i Wmmﬂm T—Rag-
K 72t Ry — Reverie celipi, 5 — Bamp con-

’ P.gwhlel‘u the ammal 10 change a3 be
meet i coroumminces of the momont

., rwo pther charsgtenacgs are secesiary be

ing can take place These are memary #nd
%ﬂemuﬂ.m anly recall but cowrclate pa
¢ before they bevome !Il,l'l.lml

hipheir fonouca of 4 Bran mighs be tenmed w0
behawier © Tha conmuiby = makisg chinced

fire shiped By the learnmg procrss Whather 3

R OE
| T

Belligen:  or not depends oo whether ihe
o st

# b0 desge coomty possemng theis
AUTOMATION fon Pebosary, 1938

charsxensmcs  Instmect 15 easy 10 amumste  Any Beshavior
of 3 =aching whare & given inpur shwayy predeons the
sime oulpit may by aod ta operae by “uanng © A
apaity for learmng o il eary oo promide  All thao
uwr]’nmﬂm the medel wn yoch 3 way thae
there are many ;p-auhrlomuw bevween the npuits
and ¢etputs of the "black box  Both af thewe charasuer-
ulis wene idadporited e our model

At wis preveoiily mestioned, however, the peoblem
of Semgning o memory thar would leam and forget
ilowly seemed io be difcule  Wabier i Mackmsa Dioashir
had & memery char consazed of & slowly dyang condla-
ton sa i oeadumned reflex crcar This fype of &
memary hit o sendeocy bo by unitable and soemowhat
complicated  Obweosly what u secded o o phymeal
phenomenon whech his & long nme comsant and =
clectrcaliy detectsble (e Figuie &) Afoer conmdon-
uon of masy knghly mpesoicy] schemes, the anywer
rurned gar to be ndiculoualy sy A thermemor poted
s pluiges af i ind mounbed wicde & hallew, cepamic
revavor Bas exactly dhe desired charscersncs The
phenomenon thic ha dhe slowly decapeng chacacter
oo if the rempersture of the wast  Elenncal osergy
w pur into the cevimic vesmbor and B changed o
hest The eheramisor bas 3 high acgabive tempesature
oo effisent of eensumity and Funcoeses a3 & detector  The
rase of bparmng s comolied by che remmance of che
heater while the rae of forgeiting o doicrmuncd by
the amount of surrsanding thermal insalanon  This
spiicin has same advent {rae af chowe m thae ther
misioes are avislable im many diferene sthapes and siees
Amacher o that the methed 1 exoomely mmple

The problem of wsonson s the problem of de-
wgring 1 condiboaed refles Hece agun iBs teader u

Loarseng
-




referred 6o W Grey Waltee's The Living Beass © The
chapies on the soven fram chancr bo melnSg gives
an excellens discusssen of the proceiscs thil afe nroewsy
fee sssocmnon Dy Walter has aba bkt & covcuir which
cmbuodses these procescs  We therefoee deaded tha
wather than pmply duphoae work so well done, ot
would be more proficshle to savesugue the neelligence
aspect

An pmeligeat bosg muse firse of all poasess e
power of chowe When faced with o set of propecly
defsed aloeenacives, this hypochetical person it choose
one wlvernanve even i that one 18 to do shsaluiely noch
eng To be properly defined, such & 3ot of whematives
should be mueually excluive and eshausive Tha @
mot ceally dofficale bo do Cases where two shorssives
evetlap may be defismed 13 mew wnd ndependens slrerna-
1wen, peeservang the exchuive sequicemene To make the
sor exhasipve, 1 “ratch all  alemsoee may be anbre
Suced to mclude everpihang thar the modd sl
might 5 thar 1w noe one of the defimed aliomazves

Eack alvernabies bus 48 sssonsied probabudiny of bong
chosen The value of this probubulicy is dependess upon
many faciors mch &b & person's previous expediehoe, his
emotigmal seite ae che ume, or whit he for beeik
fasm, perhaps Ceermnly what he has learned feom pre
vagms eapersence 15 ooc the least factos thut shapes the
probability duteiburion

1§ the wot of alecenamves w mwtually exchusive and
exbsushve, then the s of the probaislon o alwiys
ualy The effecy of the learning poocois o 00 causr 2
reduaribunon oc Sew  of pashabidity between the van.
ous chowes Consder the folloming example 1 we have
2 rmaze buslt on 1k shupe of a capital T and we dend 2
sumber of Rengry raby theough the maze, cach one will
be foeced m choois whether to go nghe or to go left
U serrncmg oot sliowed and we place food sy o
the raghe but sever 68 Bt beft, we should e dur, oo da
firse trral, skt Badf will go eight and half befe [s odher
sords, the probabiliey of & parnulas ras goang mght sbeould
be abeet 0% However, afier o number of b, the poob-
abaliy of a rmt going mght sbeould be conmderably ea
hagced 1n sy gven wal, we would never be abls s
poedice whach way the rid weukd go, bt we woehl have
4 good whes of the probabilmies wvclved Lewming, chat
unudhgmnhufprmhhywbeﬂdmm-
plueﬂm:mmiw:nﬂmd the probabadines be
come mahle 1§ che sraning m now sopped the ram shoukd
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