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Abstract 

TIn, report &scrioo, the &,ign. WJ15!ruction 1IIJd progrumming of >m ammatrollic Aard\"dIk that W"rl5 buill 
1IIJd sn=5fully used in !be filming of a wildlife documentary for Nallonal Geograpluc 

The animatrOD W"rl' r"'lUlled to will, !DO\"e it, head, .00 ha\"e a, many facIal DlO\'emenl, as pos.ible These 
rcquiremenl.'5 were met by using hobby 5eIVOS to produce the movements. and control was acl'k...cd with a 
Motorola based micro oontroIler (the H>md)' Board), 11 .. proportion' of the animatron were besed on those 
or a rcal aanh'lll"~ made to approximately V. smlc, TIle final product met an the requirement. and was 
filmed on location inleracting with a real aardvarl< 
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1. 

pre:-progJrarrlIllcxI sequence of movements or are 
controlled reD[lotl~ly. DU1)Dets used in amusement Walt .-. •.. --.. ,~ 

to the film and 
most animatronic creations are found. In 
motion. motion is achieved a combination and are used to 
control the motion. The main difference between anintlatronics and robotics is that robots have sensors, and thus can 

........ '"',"' .. , to their environment with the aid of artificial whereas an animatron is a 
DeI10rms a pre:-pr'ogJraIIlIllcxI sequence of motions. 

since had an interest in animatronics and robotics and was with the 
~~,. __ '''' an anintlatronic aardvark for a National wildlife film. The aardvark was built as 

Mt:chanl,cal En,gmeering at UeT. The animatron can move its and and 
This animatron and how it was built and DT()gr;llIllmed, 

The main nn"p(>lt ... "·,, of this are as follows: 

1. To descnt>e the brief that was for the robotic aardvark. 

2. To describe the final protOUlct that was "'. "' ... "' ..... 

3. To describe the various nmetn .... """" UUJ"""U'" the aardvark's cmnp<>nents. 

4. To "'''''Jla" .. how the animatron was nr"emltmmp£! and '"'" .... oc, .. "' .... 

5. To comment on the effectiveness of the final solution and su~~est further work to be done and iml"rn.vPlmp·nt" 

to be made to it. 

.... .uv.,,'"' .. the author researched many areas of robotics as of his focuses on the UUAJ'ULU'J<. 

of the robotic and material related ro that. Material that is not omectilv to the aardvark appears in 
aplpertOl(:es. Much work that went into this was in the pn:)gn:u:mrniIlg of the aardvark. Since the program 

may be difficult ro understand for those without a a fujI of the program 
as as the code. 

Most of the research for this went into the most suitable way for the animatroltL, 
program the and how to interface the servos to the It was found that the 
date resource for this infonnation was the and author used this eX1:em;IVlelv ad<iition, various 
books on electronics and science where referred to. 

will as follows: First the to the author the Film Producer will be and then 
prcKtulct will be described with an emph~lSis on how each of the brief was met. A 

ti .. "" ... n1,.,n of how each of the movements was will be - both and from a control of 
view. Once the fmal solution has been will be An 
eXl,laItlalion of the various processes, and the final solution for each feature 

will be The will follow the order in which the author antlroaICh€:G 
nrl1,nlp,m" - i.e. first the then find a control solution for it before dUlpll(:atlng 

and the control fur all 4 The and mouth movements will then be discussed. A 
on how the animatron while filmed will be in section 4, and then conclusions and 

pu.,"UJ .• " future work will be diSc:USlled. 

1 
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1 

The film producer 
success, the 

the animatron in various scenes, and in order to make these scenes a 
had been in the initial brief: 

1. The animatron should resemble an but it did not have to look like a real one. It was more 
imr."rl·",nt for it to be a likable character than for it to be an accurate model of an aardvark. 

2. The animatron should be able to walk. This was as the Film Producer wanted to have 
the animatron walk into a scene then stand still and interact with other action 
haJ)pe:niIllg in the scene before out of frame. This to create in the film. It 
was to film the animatron the real aardvark as it was for 

wallktill!! down into an aardvark burrow. 

3. There should be sufficient facial and head movements to make the animatron look 'alive' and as 
intl~raA;tinig with other action in the scene, such as on of the research scientists 

"''i''''1'''''-,",,''L he/she was 

4. The animatron should be on location in the it would be difficult to 
do any and this would result in downtime for the rest of the crew. 

5. While IOOilttOn, the routine would be to find the real aardvark in the 

6. 

and then follow it the bush and film it for 
the animatron into the scene whenever the terrain etc allowed it. Since this could 
hours until the aardvark went to in the the power for 
would have to last for several hours. 

on for many 
animatron 

person should be able to control the animatron. This was since it would be 
un,,,,",,,, .. to have more than one person to coordinate all the movements while the animatron 
was inb~ralctiIlLg with other live action on around it, and the did not allow for a second 
person. 

7. Since for the film was ..... , ... ,,'.., that the materials and construction cost for 
the animatron would be less than R7000. 

was to in the animatron would have to be cOlnpllete:d 
the author 2 ~ months to cOInplete the 
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2. Discussion of Final Solution 

2.1 Overall Design Proportions 

Foc the AniIMiron to """",bl< on .....JvM~ the aulb<oc had 10 en""" tbat the undttlyin~ stl'\lCturt: had the oomo"" 
prop<x1;':;m. Since ace." to a live OIIId_k "'U "'" avoilobl. during the ocmtructi<Jn period, pbc:«lI'J~Ifu had to be 
used to .pproxl!nate the proportioo., A side profile photogroph WIS u.oo to obIoin the proportioos of the vanoos leg 
.ioinl', the m<lancc bcmwrt the oboolders, the ovcroll hoillhl, the head dimC!l.'ilom 010 (.00 Figure I) A , uitabl< front 
pro/Uc plwolo eoold not be found tho>Jgh, or.;:! '"' tll> width bad to be ",{n!'lllted. It w... decided to err on the >ide ofbemll 
too wide, md "" the OI'lgt1llill prototvpc was very oIocky. Ardio """ lMer narrowed doY.n (ospociilly the !i'm\ ohouldersl 
.... ben a better illoo. of the proportion. where oI:Uined A fully_grown .,.m",,,k con mea.,ure alm«<t 2m from Iieod to tail, 
~ Anho IllO.sur", SOcm, rnobng him .pproxirno\ely & V. scale. 

Figor< l' Photogropb u.ed I. obl.i. th< ona,.,mjo~1 proportion. of on .. rd,· ... k 
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2.2 Leg Design --- -, .. ,_. -_._-- - ----

Fj~u ... 2: Side ,1cw of Ill< troDI aDd ~r ~. of tho aDlmalroo. 

lJoclIleg has t..u do8=" of_, and •• m" i , ,",cd 10 gi"o motion to each of!hesc de",re, of freedOOl. Althoogh 
Uri, i. , u/f",irn! 10 .dne-" • milling motion, il is not "" .ocurnte repro>tlllotHIl ofht1.>l . ... 1 oard"..-k -, leg ""'"'" "" 
thi> "'" • third d'1=" of modem. The hip ond lnee juinb ore n:plico{ed en AIdie, howe"",- !lrro i, no oriJe join! 

The upper leg motioo ;, ocb,oved ~. coo>n<cting tll< 'thlgh bono' directly to tho ,orvo >haft, ",1,ilo tho lower log m"';oo 
i, ..::hiew;d by l!~ do"n the ,<rof\d 'le1'I<l', nutPll, and thon driving" pu<h-l"'ll o:od ooupkd tn tll< lo,=, leS 

1\, i, tll< = ... v.ith tho real ...-d,'ork, !h; frrnl and ",or 1<:g' .re not idonli""L Altho"",,, the dri\'illlJ rn;choni , m, !Dr both 
po.i'" of i"ll' "'" the ""'", the front le~, .,. >lxlrter, ond ha,'O the kn::c bending in the OWO"lte drreclicn lo the ":II. leg, 

After building the (IDlolype fiom Perspex, !Ill aluminillm "',,"00 of the leg w'" de'igr>!<! ...:l mochin<d llilili< a eNC 
milling mochme. 
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2.3 Head Design -------------------------

f ig. ",3: Obi;,,"" y;"", of A nlie'. H,.d 

n.. head ;,,,,If has ~ do~ .. of froedOlll, and in iddiuoo the upper and lower ey.M, C/IIl be movod and tho m<>.lth 
opened. A total of 5 """'" "'-0 1'-'1«1 to ""hie ... the"" mov"metX, in the follo\Y1lli wayo: 

TIu, ;, achievm by • " rvo lllOUll!od OIl the bOOy of the onimatron. whICh <lti", .. tho beIId via a puilil»Jl1 rod. 'The """-1 
;. at!.>ched to tho body by • hmged jom~ which allow. for pItch !llffi'<ment. 1bo poMpull rod is mounted ot uneqUlll 
d;, t.mce. frern the..,,-yo ond head hingo, ~tr;n8 a .t;~.ht mochanical advll!"08. in the !W;o.a •. Ibis in dToot iO= 
doW!) the """'" m.kmg more to,,~ ""oilab!. to drive tho lIerid. Th. ronge of rnolion f"" tho lu~ ;, awolcimately 40 
deW""'" ",tuch allows A"ho to lower hlS nose to the ground whilo "'<III<Irn>:, fI!ld to ~ straight up """"" 

Left/right 

The len.rr4lht moI;OO;, aclrie\'oo by. mini .ervo mountod in tho head. The ""!pDt durlt; , cmnected directly to th. 
up/do"",I,;,,ll". The mi"i '""'"' 1'Ia., • mT;¥e 0{ 150 uogree" ""'" "" the Il«!d """ be mO\-ed to J.O degree, coch , ide 
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The two upper eyelids COD be moved togdher .s we !1 as the two lower lids. A pair of mini .ervo. in the head i. used 
lOr tbe.e motions - one drives the upper lids, while the seeond drive, the lower lids. The motion b achieved by ~ pulley 
system - mounted to the servo "'afts are .mall pulley •. .oo attached to the pullt)"' am fine threads. The thread, .... fed 
thought a ,eries of guide. and then attached to th. perimet<r of the eyelid •. As the servo, rotOie. the thread. are wound 
onto the pulley" and the eyelids an: pulled ~. The eyelid. are spring loaded with small elastic bond., which puU 
them closed", the tension in the thteads i. relea,ed by reversi~ the servOS. Thi' allow, the eyelids to be opened by 
varying degree., and !It different speeds, which help . to add chata<-ter to the oardvaJk in the form offucia l e"pres,io"" 

Mouth 

The mouth can be opened to any p,,"~ion between closed and the luny opened pOl<ition (approximately 30mm wide). 
Thi, i, achieved by a mini ,ervo im;ide the head. which drives a helkal cam. TIle cam run. on" ridge in \he lower jaw. 
ond !IO rotatiDi\ the ,ervo drive. the mouth open. The lower jaw is spring loaded with .mal! c1aOlic band" and 00 rerums 
to the closed po,itioo when the "",",,0 rotation i$ Tev<'rSed. 

A .. th~1ics 

The head was made to resemble thai of a real umV3rl<, but wa1; intentionally given a robotic 1001. as well. The snout 
was shaped from Perspex. while the el"'lids were made by bending and shaping strip' of aluminium. The eyeball. were 
made from plastic beads, and are held in place with self-lopping screw" that aIso .erve lIS pupifs. The ear, were made 
from a w8..'lhlng-machine outlel hose. 

2.4 
Control 

The ooimatron is controlled by a combination of a Motorola 16HCll based mkrocontroller board and a PIC b .... d 
Mini Serial Servo Commander. '" well OS" customized control box that is used to ocnd .ignal. to the microcontron ... . 
Each oftbe .. i. de!lCrlhed in detail below. 

2.4.1 Handy Board 

5 
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Flgure~: mlf')'am oft~e H80dy Boord'. rolll.pouot. 

The Hondy Boord ''',. developed by Fred Mort1D at MIT, ond i, bescd on tho populo.- M",aoho 16HCli 
ntlo:oc.oo.troll.,-_ The board "'"' d=loped . pocificaJly fa- ""011_"",,le roboUc proiecm., ond i, "'ldely used IhroIlghoot 
the world in ~ti .. om [or privnte robotic !>""loct.<. Boc,m." of Its wide use, it ho.< a vas!. ' '4'port .mel inJ~.liC<l 
"'"",lrCe 00 the JTItemet, willi l!lfO.Jl from user, orouoo the ",,"Id. Tho Hondy Bum! hoi lIlony fe. lure. tho! make il iderJ 
for lObuli<; ptQ_i<-otl;, In addition to tho _ Hondy J::joord, "" ""[>Ill<im. board i. abo ,,'IIilitble, whioh plllll' into the 
HorxIy Bo..-d !IIld prmides odditJO!\al input and (lUtplK, OS wen", on u-tert'a<e \0 other <icVlce' .""h as hobby """'0'_ 

External 
Se~ 

"'~, 

• • ....... =.:;.:::; 
Dlglmt LEGO Analog 

Outputs SSnI/or Slinsor 
Inputs Inputs 

Figu", 6: lb.odY Baird Expnojoll. Jloud 

A H<Uldy I}oo.rd on<! OxpoIl>l<l"l boord were or<Iered ID \;it form Ii-om At:ro!:lMno Robot;.;. in Color.&o USA, orrl 
lI.'ISCmbl<d by the O\1t~rr_ A. Iho 00erd ,..as only capatie of cootroUing 6 !len"", • lIOI.\licn bird to be found fcc 
OC<ltrollirli n further 8 ~ • . Thi. """ oclUo,-ed "ith" Mini Ser",-' Servt:> ComIIl4llder, whicll i. doscnbod bolo,,", 

6 
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2.4.2 Mini Serial Servo Commander (SSC) 

the mini sse w"' &vdoped by ScottEdW8!ds Ek>ctl'rni< •. ]{ i,o. boord 1>.0."", On the PIe 1(,021 and i. specifically 
design<>d to cootrol 8 tx>bby ..",.,. from a COI1\p.1ter ...-ia1 port. The board =i",. coomHlnd, v,a =ial 
comrnmiClltiorl. and Ih<,. instruct it wh"", to po.<itirn each of the RrV"" ,t i, cortroIling. Tho: <XmIIlonds .... in the 
r""" of a servo TlWllber (0_7) and • P"",bm (0·254). Once a commund " received, the sse drives the corresponding 
servo to the inmucted po,ition, ODd holds it there until " new common<! with. diff«ml ,.",.., J'O'lUon i> w"v,xL 

In o.-d<:r f<r the H.mdy BO<Ird lo cootrol11l1 14 sen'os, OIl< of;t, digiLal outp.1l peru """ used to comrnuruCllie with the 
sse. Tho: port "'" used to sen! comm..oos to the sse ",. ,criol ,ignols, in tbe SIIIIle ""y !hot ,igMis v."OU!d be stIlt to 
the sse from. compotot ,eriol port (refer to Appendix I f<r" d<Wlcd description of\hi,). the Hlmdy Il<>ard S<:IJJ. 
oommond! to Ih< sse to coolml the 8 leg seY\o'OO, ",him on ottachcd 10 the sse, ...mile the other =voo f..- the bead 
!Uld ,"eight shillin>l .... co!llmlled dm,cUy by the Fhndy Boord 

2.4.3 Control Box 

Flgu", 7; Hamd. j~ po<ition on , .... cnntTnl b nx 

Tho cortroI box is """d to send "goa!. 10 the Handy Boord vi. a lether. The box i.\ used to orntrol the ''l1000' head 
mowme .. t. !Uld "'" ;n<h button., IMI am ""ed to stan (I' >lop cmain seqllCllCC> <r m",,,mtnls (",tit "" "'_!kina, nl1inot 
up etc.). the control box oll""" the opcntlor 10 oootrol mo£e llml one ne.d mOV=mt.t the same time. end in real 
tune, wfuclllllue , the rno"."",..,l, o.ppear more n;ah, lio. Aloo, \hi, 11l1ows thc urri .... tron to 'react' to ~ arO\l1d it OS 
the)' hawen. For eJ<1UIlI>e, when lilrmnp Ardic and TImm)' (the real OIII'dvark) 10~e<her, it WIIS vital that Ardie c(>.lld 
follow Timmy', """",men\> ",th his ~ to moke it app=- .. if be "'"" 1L1.,.11)' watching infO. 1hi. kInd of oontrol 
WlS oot ..,..ible withoul the control box. 

Tho: .... i.ol oommUTII_ .md rochargi"i cl1ClJitr)' for the Hondy Board ore 01,., booscd in the oomrol box. the tether 
frOI!l the box to Ardic =rit. two '''P'''''te power ""ppIi., -. 6". supply to JXAA''' the ,,",,'0', and . 12v "'!'Ply to keep 
Ih< HlIrly Boord', rnbond bttucric:; clwJ;oo 

7 
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2.4.4 Infra Red Control 
• 
Initiillly, i1 was decided !hat Ardie should Ix: obI" to """r 1m O'.\'!l PO""'" ",,!,ply, ..-.! "" cootrollod withou OIly I<1hcr:> 
otla<:hcd to lmn. To ""lncv" Uri, l)'p< of c""lml, tb<; H..-.!y Boord', inlTAr<d """,vIDa circuitry w", used. The boord 
"""' JrCW.IIIIIl«i 10 ",cciv" and doeo<k: infrartJ signa!, =t IT"'" a ,tmd..-d Sony TV remote oonlroL lioch buuco:! <n 

the cmtml could"" J'"0gr:ammed to ,tart Of ,top a ""QUOOCo (such OS "'IIllina), '" move C<J.e Oflt.c """"',. ccrtoin 
iIIIlOLml Tm, hm of oontrol. ,,", .d<:qUllle fur ,1art!Ill' and 'lq>piI¥ tho walking =lu"""",, oc making Ardlo perform 
pre-programmed ""qurn= >UclI M ,<iUmg up, but bec= each posh of a W:tcn coold only be mod to move I """0 
mcrcmentaliy. the 1J{ control "''O, not od«]uIrte to< producilli! ,moo\h ond realistio hood ,,",,'OJllcnb 

2.5 Power Supply 
• 

The onimfitron ho& the following pow« reqUlremenl8 

&hn<hrd and !ugh-torQUe ocrvo, - 6v 
Mini ..,-vo, - 4.Rv 
Ilm:iy BoMI-'!,6v 
MIDi sse - <>" 

FigtO",8: Two ~v 1 DA h lo.d . d d b ott ...... u .. d to pm • • c Ih. Rno. 

The 6v suwlY for the .w.hrd and high_!o<que :<en",;. nW;cl by " 10Ah lOlld ocid ,",-llorr pod, am ;, rnulod 
t~ the trth<r ~i, tho cootml box ("'mill in tigtrn: 8 .bm-eJ- This ,uwl)' .no"" Ard," 10 Ix: opetIllbd nOD-.lup ro.-. 
few h<>.lf', winch MI.< IJK>'O than odcquall: fco: '''WIl of lilmilli!. Th<: 6v ,uwl)' ;, abo tc~"I.tod dowD to 4 .8nmd used 
to ,upply!he mini seIVO>. Al~\O"gh the>< <erV0II "'" coon.cted to the Hamy Boord f..- cmlml, they """i"" powcr "" 
!he llandy Boord', <><terMl supply inpot Tho Handy Boord rn.< a 1 COXlmi\h 9.6v N;'Cod ball",,! poci< much pi)wo"", 
the pr""es"", am nJemo<y, ..-.l Ihi, is corri<d onhoord Arnie. Tho mini sse hu a srnall 9v balL<;ry 10 powc;ril" logic 
""Cllitty, ond this is .1", corriod oohoord Ardie. To r<clulrge tb: H!IIldy Boord', Ni-Cod bo.llcry ~, cum:nl;" 
supplied to it V)a the oh..-giTI~ cirruilry housed in tho txnrd bo~. 'The """", ... reql1ire, • 12" >OUtce, and !hi.> OOm .. 
fr"", either an AC odaF"oc, or ~ .. \2,. load "cid batt"'y pod (the two 6v batt ... ;e, "'" coo!)ected in ,ori .. fO< th;'J. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1.6 Ovenll LRyoul 

Infuo _ Il< ""' .. 

PC 
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2.7 Walking 

TIle waiting mOOoo i, och!eved b}' c",""dinotini tbe mwcment' "ftbe 8 Jog !iet\'O!I_ 1he~. for tbe'T mwement 
i, 0l0<eiI in !he It.-In of COOlIn...:!' in tho p<qlJlIIIl 1h>I1 i, downlood<.d ~) tho Hond), Flo.d', momor)" Who:n the 'MIIkin!< 
pm1. of tho program i. ron, tho Hmly Ikwd ",00:; . ign"h lo tho sse, which in I1nu drivo, the .. ,,'0' to tho rotpired 
positions, In. order to dete""",,, tho p""ition, tllat tho leg, .rnuJd be in ,t eoch Slage of tho walking ... -quencc, a 
tcchniquo ",. .. , d",,,,qJCu frr pr"1'll!IllIning tho ''I3!k!n~ "'qllCIl<" 

2.7.1 ProgrammiD2 fur walking seq lleDcr 

T" pr"grom tho "" .. lkmg ''''Iocn<Io, tho sse is d,,,,,,..,ected from tlk: H...:!)' Board, and oonnected I" a PC. ,erial p<rt 
A Windows hase:l "Wlic.o<ioo "' .. <kv<l"ped th..t 00ll he u>ed to coo.tml the..",,,,, ,ltaoMd to th< SOC ~ odjuatiJl!l 
,lider bars on tho oc,= with, mcuo"_ 1he .lid<r, are piau<! in a l. y<>i th>.trepr"'''''ts tbe logs of the OIIfdvark, ,,00 
otoch slider "1>'0""1' """ oftho daht leg servos, By ";\justillll the slider posit;"", the leg, CilIl be moved to • =Wn 
f""itim, on:! tho pooition """ thon bo "ved, 11>0 ~ positicm are ""ved ill tbo fortn Or " 501 of 8 number" each 
representing tho ~ti"" of me of tho servru. Tho"" ooc.-.:1I".1o, aro written to a t.><t tile ""d ,tored on the hard drive 
Once too position, "'" ,-\'&:I. the leg. Me m<wed 10 noW po'itiom, !II1d tho'o oro .. ved again. In thi' WIly, cne c},cl. of 
the ",'lIlkmg """,",,,nee i. 'aniIMt<d' > IIIld tho pos>.litn'! o,ftho str\IOO in each oftbo -frame,' of the oni!rultion is ",vcd. 

I' I 

r -~ '--1 "" ' -- .... .~ . , .. 

.1-: -:-.J._ 

I 
lor' Ii , 

1 
-~ -- r r -

~ - -
I' 1 ! 
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3. Conceptual Design 

When ;t~ 001 <II the oard....,-k proje<~ tho autho< docid«l to deal with v.n.llu: <>CIlsidorud would i>< tho most 
difficult pml1ern. first, and then move <lIlto the I"oblertti thaI ho foil Ill"'" "onfJdentabout ooIvin~. It ,,~s realized thaI 
IillIkini the lWdvor~ woll< woold be the looiheot problc-m, lOCI lhi. ""'" .p~d firrt. Bo(""e the mechoni08l "pcc1 of 
the _!kina COIJId be ;"wru.:.tod, il """ lir$\ necessary 10 il<:cide how the robot would be controlled. 

3.1 Selection of Microcontroller 

AI1bough the ... tOO.- had alreod~ ~oinod experienoo with tbo HOI:ldy Boord 0I'ld "PIC 16F86 bo,od booro, it """ d""idcd 
to invesli;:.te ""y other IlIHH1C(IIllroilor bo.>rd. on the mul:ot 1h.ot IlUght he nulal1e . Bo"'w i. a d=ripilOll of the"" two 
OO/Ird'. as ",. 11 "' the OOPic boord, 0I:ld the suilabihty of eoch to the ..rovarl; l"~oct i, giVen. 

3.1.1 Handy Board 

A. menti<ncd lD ",,<lion 2.4.1, Ihe Handy Boord " -"" developed by Fred M!Iltin ~ MIT, and j, bosa:l 00 the 
Motorola 16HC 11 mi",ocool:rall<r 

ThoHoody Boord (wjth E~.nion Board) hd tbe follu,.log odv ... tog .. : 

" lh. ""'thor hod olre...l.y ord<:red .00 hwlt """ and had bccomo f=riIi..- with 1JS1Ilj; il 
" 11 h .. sufIiOlcnt mcmo:ry 10 hald lfll'ie proW""" (J2K RAM) 
" Th. power .uppl~ 10 tho m.:m~ i . mainlllin<>d even v.hen the b<wd 1< ",itched off, ,0 tho l"ogrom i, is 

not "'"' " The board i, progr~""rUld u.";Il\l IDI.;rac11\'O C, • >cued dCNro. version of C, whioh tho autbor hod 
experie_ in ",iTJg 

" lDter!tct\\'O C" mt..-actj"" - one can type .Ime of effi. on tho PC, ond it i . ",,""IXod irnmedlOlcl~ on tho 
Handy B"",,:L 'lhi, is "",ful for !<:sling and debugging p.ms of> prOgr=! befu:o dmrnJoo.dmlj tk-m. 10 tho 
Handy Bo.,,;h m.mory. 

;.. It has an LCD =orn, wlncit is useful [ (X disployinj: mo""gcs ., a p-owom nI'l', nmkinll the debul!ltlnlil 
proc"" • .,."or. 

" 11 ha, .uff",in11 digil.l i'l>lX' to inter1ltce to u.. pum btJtoo.< on the control box. 
" There are , utl"icient "",,1o~ ;TlJ>JUi to imem.re to the bead and ey<lid caltrol . on tIlo control box 
" 11 crm be nsed to ccrnrol 6 hc(:,by . """'" 
;.. An extemo] [IOW<r suppl y con be = d foc pOY,<nng the !UVOII, rcduciIJa tho drOlll on the lOii< POWOT 

~ply 
;.. It 1>0.. infrart<! nocei"ng circuilr)' "" IR 0IUl be =d foc oontrot 
;.. There i< • lorg" ~port ond ""OUT"" bo:l. on the W=t 

Th. H ... dy B ... d ltad tb. f"U""iD~ Di",dvut_" 

" It i . reI!1li,'oIy Ixliky 
" Iftbo lOgIc 1>"''''' ~pI~ bll1to'ios '" run OM, tho prolln"u i, lo&t from meInOf)' onoJ Ik bo<ord need, to be 

reprOgl'lll"lll<:tl. 

11 
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3.1.2 PIC 16F84 Based Board 

MIcrochip monuf~ctures the PlC br.oo clmicro::ontrdlm that .,.. widely used in oontrol projocL" The comple"l1y m1 
proce..m~ powtr <>fthe PlC. vary /rom the very M.UC 16F5x !amil}- up to Ih~ 12Cxxx fomily, As port of1hc C><JO.nc m 
Thgillll Logic Md MicrojToc .. , (]n lhol !he .llIhcr rompl~ .1 nCT (MEC 3:1OW), he beoame familiar W1th • 
nucr(ljXOCe''''''' boord based 00 the PIC l6F1>4. developed by Mr De lleet ot Cope Toclmicon. He Imd uocd the boon! 
fer bosic C<rJtroi flpJllioationa, SO dccideJ to inveotigtrte ;1>1 I!UitltMity to 1~ !II1Tdwri pr"lool 

Th. board b., tbo roll""l~ Idvant.geo: 

~ It is furl}- COI!lJ"Cl 
~ It, power roqulT<:mm:, "'" I"" 
» The boord I>U , ,,btivd}- inexp«Bi'" (R2:1O\ and the.uIbcr ilrad), owned 0'"'. 

~ The .mltor hod experi"",,, with wing the board and pro(!Jarnmmg tho PK: 
~ There ... tcchrucal '!1lpP<rt .,.."il.ble for )rUgT3l1lln1np. the PIC ot OCT, ., it i, widely used by 0Iber 

s!udeI:t. and in Ih~ MEC3:\oW CO<Jr>c. 

» &""" EEPROM i , 1l.«<I. the progrorn i. not """ when power ... Irn><lVro from the board. 

Th. boln! hi. tho fon.lI'l~ dl,odvlntlW''' 

~ It ... , lirmtcd IDem«)'. "" would 001 be obl" to sI"". cumplex~. 
» The ~rnmE hos to he <kn: in .,,=bly code, much " more dlfficu1t than using • hi~ level 

l""ill"i!" .\lcb as CH Of l""l!. 
).. The boord has. limited number of dlglt.ol i~ .00 output. 
).. There i, no 0DA!0~ inJ"ll (AID row,crt.".) 
).. Only 4 "",en_,.;:gment_disp)oy. ore mod to dioploy OIly ;nform. ti"" v.ful~ the program ;, nIlIIin;!. 
~ Then ;, no buill in interfoce for conlrolli"" """,os. !O oo~ ~d ~ to "rite compl"" code to do !hi" 

ODd US< the olrcody lirmled wljU ~ to drlw the """'u, 

Figu. 11, PIC 16FM b •• ed boord, keypod oDd pl"'I:r".,"'ing unit. 

12 



Univ
ers

ity
 of

  C
ap

e T
ow

n

3.1.3 TIlcOOPic 
Board 

Figu,"" 11: OOPic microcomrBlI~r board 

Tb<, DOPic is a Micnl-COnlroller board thol was developed by Sa"age Innovation,. and i, differon! from other Micr<>­
controller board. in tnat it acts as a Prq;rammable Virtual Circuit. and not just a Programmable Mienl-C"nln,ll.r, 
DOPic is on :lCronym for Objoct-OrieDled Programmable Int.gra/.d CiIcuit. and it is the use of the Objeet-Oriellted 
cmlCepi thai make, it different. Thi' cOlICepi is use<l in pr"gramming languages such os C++ and b" .. [16] 

1 be OOPk ba. the foll""'ng advantages: 

}- Tho board i, reasonably priced ($45), and the allIhor had ooIered and receive<! """ from the United Stale'. 
}- It i .• oompacl-just larger than a erodit card. 
}- The programming software nm, "" the Micn,soft Window, 9x opel'1ltiog ')'&ems ""d is available for 

download, free of ch ... ~'C. 
... l1!e DOPic:l!llrts nmning a program !hat i, downlwded ",,10 it .. :IOOIl as the download has com]>lcted. 

After thai. it doo' not malter if the DOPic', power i. tume<l off. the DOric wi U ,..tain il' program for a 
rated 40 ye .... , Wllen the ,.,wet is turn<:d back 011, tho DOric will start running the pr"gram again. 

)0 It has as-volt reguliltor built in so any battery, from 610 15 volm. can be connected to the p<,wer 
connector. Connectiun ..... also provided for a 5-volt PO"""- """,ee. 

)0 The boclrd illClude;s. ,mall prototypjng area where additi,tlal circuitry eftn be built up. 
... It has sufficient input d!&ital input and oUlpnt, a.< w.ll", ftnalog input pins. 
... Code i, available for download from !be Internet filr interfacing the boord with variou, peripherals, . uch 

os servos. 

T be OOPic bu Ihc following Disadvantages: 

)0 Akhough the author had purchased an DOPic, he had not yet hod the opportllnily 10 experimont and 
become mmiliar with tile bt,ard, 

)0 It doe.. not indOOe any display. 
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3.1.4 Conclusion on Microcontroller Selection -. 
Before starting tho invcsligto.tim in!u ID:: van,." m~troller boru-d., it was !!u'l"'o!Cd lli,lllie Hondy Boord w<cld 
be llie most IlUilable "fID:: Ihr<e. b L1: !bo ~uthor mmt«I to mob> s"re. B~ m.: <md <Jt tho invcsti~otioo it ,,~, clear that 
tho H_) Hoard wos the!llOO: suitable choic. , Altl>wgh tho PlC boon] ''''' ' inexpen'i"" .m the ,uthoc bad a fnit 
=tnlt of e>q>erience "ith it, it idl WOl' .hm of t;" 'oquirt:tner1. ru- C«JtroUing 14 """"" and roceivina input from 
the oontrol box, The (X)I'io woold ),."" m<:I moot of thc.e "'quiTemOIts, but os the .uthor bad n ... actuoll~ ll:«:<l llio 
boor<! befure, h. owldn't be rut. uf \hi" Leoming tu ,,,e the burn! wo'*l ho,'e bocn too hme crn.<uming_ lt wa.<; felt 
that thdlaoo)' B<W'd would be .ble to btmdJo the required om<J.lJlt of inl"-lt ond output, and eve" th<>.'ib i1 coold mil' 
cOlltrol 6 .. rvo, di=~y, il had been eol,blilhNl !!lilt il COIlId be u<;e<I to coo]J[nmicMe "'th • Mini sse lu cootrol. 
further 8 iIerV,-"" Beini; f",,"lior with m.: t:.:..rd Wa' a big od.ant'g<; os it m"""t llio .uthe< coold begin "" llS it 
immtdialely. The rnl~ di.oovOIlla~. o:J' the H.oo)' BOOItd woo ir..iz<: ccmpored to II>: olhor two OP-iOIlS, but onoe It 
had bc:m <:S!:abli,lrd what "'l~ t;" I!Illll'Ultrcn woold be, it "''' ",rJ i ... -d !!lilt Ihe H..-.l)' Boord', ,oz. woold not be • 

"00'" 

3.2 Development of the Leg Design 

Onoe illlad been e;nabli, hod how Ihe omimalroo w"" g'"Il(I to be oontrdkd, w",k was begun '"' de.:i~ Ihe 1"1\' _ 
&f",~ d""ijDling the m. cmruc, of the J"IlS, II w., fi~t nee .. ",,')' to ""t. bli,h bow !hey woold "" Jl<l""'n'd." Ill ... 
""uM determine oertam limit..tirn, C.uch os sprtoc aIJJ a,,,ill<bl. t<><q"e) in the dooign. 

3.2.1 Selection of Motor Type 

To ",,~ .. ve the ",!lki1lj> rn"-ilOl, th~ molou ~d hove to he obi. to rowe to • """,boo acrurately and hold IIlIII 
position. Th.m~ Ihe re..,,,,,,h that the out!:u ctOldU01cd in 20C(l ,"'-;:ow; m« or tyres """,I in rol:rlio. Wefe lnve<llg.>ted, 
,,,,,In<ling o:tewor motor. on:l '''''-'''_ !k(h of ~"" or~ U>cd fox pr«:isioo [>o8itiooing appliClltioo~ From th!, TeIlOo>{oh, 
"' wetl as IT'"" IT'''';ou, ""P"rienoo with both <),p"" of mctor, the "KIM dOOocc-d 1M! !!«V<)8 ""uM be more ,,--ottabl. 
fo< Ihe ..,-dv~l lT~"c1 The ,,,,,>COl, fa- this c:m be gummed llP in !bo folloWIng laNe which comp= ='0 ODd 
<tcp(1er moton 

Figu,"" 13o, Stepprr mulor tIP"' 13b: St.-.d.rd hobb}' IU .. O. 
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Cri~ri. Stepper Motor 
~". ~ 

Size COffiP"Cl !tlOO:lN O\'8ilo.bJe, bII these ore 
Very COOlpoct (4Ox4()x20mm) 

"..,' low t,,<quo rmt<>c, 

Weight Steal ooostruct;"'" theref<:R beo.vy Mostly pI.ut,,; therefore light (458) 
~ -

MO!,.- i. !l"~ down to ..,OOllOe high torque for 
TetqL>O Relatiwly low torque It. W", (StnnOOrd O(), 3n~m, High torque ~ 

O.~Nm, 

Power requil-om""r. UV OV 

A vail.bility 
Typically .. lvag«l from old harffi.,,'ore. SO 

Freely .voil.hle in hobby ohop. 
dlffieUlt to fiJJd ""'1lJI of the SMle I)' - Sahag«l - froe. othemi"" from RSOO standord = RI20, Hil;h to<qu<: - RllO 

Eo.« ofoontrol 
NoOO' cOOlplex code written or a otc'W"T Controll«l by Pul .. W,dth Modulotion _ can be 

mot<r driv..- JC c(]IHJ<ctod to sse 0< Handy B<J<II'd 

DmlIt.lit} DiffICult to d=agc Gcon con be mipp«! or logic oircmtry do.m.ged 

Preci<ion 3,6'(full5lepmOOe) o:r (.oltwan depm<lont) 

RMgc of moo", "" '"" 

The high torqlJelWeiahl ratio of bOOby =', their compact .au, avoil.bilily IIIId ease of 1llledioCtni! to tl>< llandy 
Boord ,.- sse modc them idelll for thi, \yJloO of "ppliaotioo. Ab o, the motion required ofthe motets for walkl1lg i. Ie"" 
than I~, "" that JIO"iblc limito.tion WI .. oot OIl i....., 

3.2.2 Geometry and Construction of the Legs 

An ."rn\...-k',leg lIM 3 m*"" joinls - the hip, knee and IIlkle ,iomts. To replicote the movements of ench of these joint, 
!lCcurately wooJd reqwre 3 mOlo" per leg. Trmsmitting the power from the mot"", to the m:e mi ""Ide jomt ",ould 
require .. romplox linkoge system ( ... umin>; the nPtor, were 10 be momtod on the body of the oardv.,-k.!IIld not 
,,;!hm \he kll' tbetrulel.w,). !lefore It)ini 10 ""Iv< • JrooJem ofthi, complexity, it Wa:! d<Cid<d r,Bt 10 con'itruct a leg 
with two &ire., of freodom, IIIId determi"" if thi, could produoe •• wt.hle walking motirn, TIll. would involve 
havmg • hip jo,,~, and. knoo jom\, but 00 ontle joint, 

The most struWttforw!lOO way of doi"l< this would ba1. .. been to have a motor directly driw each of the joints (as 
in~1t:d In Ii¥= 14), but _ of,pace limitlliom, iT wa, not J'O""ible 10 !ll<lUlt • &eTVO 0010 the leg'" the knee to 
dri"" thi. jo",t An .IMnoo:h .. """ to h.ve botb mOlar. mrom«i.t the hip end oftl>< lei!>..,d to 1,l!", ""me way of 
lramr=inf power from the \:nee molor 10 til; knee joint 

" 
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Scn'od,;, .... g 
kn« .joint 

&"'0 driving 
hip joint 

Figuro 14: llIu.tntion orb",.. tbe ",rv". ."uld b. u •• d to drtve tb. Joint. dlroct.ly 

/3ecau.", of the hmi!Cd time, budget ond mtlterW:<, it was not fIO",ibl. 10 ';mply design the ullilMte _d,ark Ie('; mil 
then build ,1. 1_, the !Oll!hoc bod to make do ",;1h the molenal .. ",;la1>e to blm, ond follow. 1"""""-' oflrial md 
error ",;1h >aO""-' l'"otctYl""'. Fh>!, l~ ofbolsa w<><:J<l were used to experiment with tho geometry ro>i motion of 
the lei!. and then a f'TII<:type ""'. huilt u.oinI:J 3= P=pcx. 0,"", the design rod been fiIllllized, the leg ''''' rebuilt 
u:rin;\ .JUIIlinium, 

Flguro l~a a Dd b: Pboto. of 'be Pn'pex leg prototype u.ing pull.}~ ond cbord tu drive the Irne. juiDL 

'The ft!'Sllcg protot),pe that w .. oo;it ha.d the hip joint dirocUy driVED by a ><I'VO, and 11>00 a . y.tcrn ofpullcy. and 
nylon chord for a """om servo to drive !he lmeejoint. (See figure. Is" mil bJ. Imfiolly, ~ d""bk pulley , y,tem "", 
used _ the first set trafl,f.",-ed power ITOOl the ,.,-yo to • «com pulley moontod 00 the "xi. of the hip joint . ttVO shi!ofl 
From here, the ~ set of I"ll.)~ m mferrcd the powcr to the 10","" limb The {rOblom with \hi. conliguntioo "", 
tllOl the geometry c,,",-'iod the lrnee angle to ch:mge a , the hip !IIlgle ohimgcd 

IG 
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fi~ur~ 16a aDd b: Photo. of tb~ second 1"11 pulley protol)'p"-

To reduce this effe<t. the double pulley 'y'tem was done awil}' with. In'tead the servo tran'ferred power to the lower 
limb by ooly one pulley, and the chord was led through a hole in the hip axi, (.iIown in fIgure. 16a and b .oove). Tht , 
did redoce the effect c(K"td"",bly, but placed friction on tll< chord wlH:re it passed through the hole. mJking the jamt 
,tifT. Although the pulley ' ystom allowed for smooth motion, it wa" found to he fairly flim,y, and oot enough torque 
W", Iran'mined to !be knee joint. Alw, it wa, difficult to set up the am,ion of tile ohord consi'tently, ODd if ill four leg, 
wore not ten'ioned to the 3a/Il. degt<e, liley would react differently, making it diffioult to coordiMte them acourately. 

It wa" reali'cd that a rigid l;"'blge meohanism wo"ld be neoded to driw lho knee joinl. and that the mecbani'm wo~Jd 
haw to provide wme meob""ical ..dvanta# 50 as to increase the torque tnrn'mined to tbe mee. 

figu"" 17: Photo of prototype u' i~g ' maU-!ootb ed gea ... and p. ,._p"ll rod to dri,'~ J.n~e join t 

The next prototype was buill ~.ing g.:= and a pu.'h_poll rod 'y'tem to drive the knee joinL The first gear was mounted 
directly to the knee servo ,haft. thi, drov •• larger diameter geM that rotIIIed on !be axis oftbe hip ,joint servo 'haft. A 
push/]mll rod was men co.meolJ:d between the larger gear and the lower limb. The system did work, but it wos found 
that tbe teeth on tbe plil"tio ge"'" were too fIne, ond the gears tcnd: d to jump teeth when tbo leg was overlooded Also, 
not enough meohanical advantage was provided by t:hI: sy,*,m. 

'The ge..-s ... -ere replaced with a pan- that had largor teeth, and a larger gear ratio (shown in Figures 19a and b). 'fllis 
",lved the problem, that had occurred with the fIner tootbed gears. "The only disodvantage of this system was {bat the 
knee joint ongle changed a" the hip joint angle changed. It was decided that this effect oould he corrected in 
progrOllllllmg of the kg movement. AI"" it was discovered tbat the effect a<rually help"d the walking a<tion on the 
rear leg,. beca"", <IS {he hip joint !OOved back, the knee joim straighwn<d ou~ tI:,ulting in a man: lino..- path for the 
foo~ (See Fig"", 18) 

17 
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• • • 
Note: 

Ground pi",,,, 

Originall .~ po>itioo _ 115" betw •• n opper and Iowe ... oction,_ 

Final log PO''';'''' - 145' bctwocn upper and lower occtions. 

Position that lower section would end up in if the O/Igle of the knee joint 
did IKlt change as the hip angle ch""lIed 

The largo r~d gear onto whloh (he push-pull rod j, attaohod,.toe. 001 rotate"" tl1" 
lower "'NO rota!e. - it i. free to rotate CIt the axis of this servo, ar.d is ollly 
rotated by the upper servo (via the "",all gear). 

A, the lower '0"'0 rotates the lIPper .. ctiOll of tho leg backwar<l>. the push_pull 
rod ca",., the lrnee to open oUl_ TIri. ,,,"ults in the tOol fullow;"g a path that is 
almost parallel to the ground plane. 

Figure 18: 111.",,1100 of ho,," ~n~. joint .han~os .. hip joint;, oh.n~.d 

18 
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n1he froot ond relit l<g' of "" Mtdvar~ differ in ,"z., ond in tbe \VIy the m:.e beOO<. Willi th:: front legs, the knee bend. 
bnckw.rt:b:, "fule with the =r legs, the \;noo beTK\, r"""",d" ., it """' foc" human knee thi, """"'1II11II \\"" verno')I 
of tt.: 1"1: bOO to be built_ The prototypine wos \>Mod 00 !he dilncn<l<m of tt.: r= I.~, /Old "" to build !he ftDr:tt legJ 
liOl"Jle mooifieltkm to !be <rigina] design hOO to be made. The""",. driVIng mochanism ,,~, u •• d, but th:: I..,~. of 
the lunbo were ITdwcd ""cordin~y, on<! the moontIfli of the leg ""s ","YInOd 

Figure 20: Photn orthe miginol prototype "ith IDnger log<. 

lmti!lily, sbndm-d Ilohby =vo. we", used to dn"" th:: l.~ md.11 foo..- leg. '-'= mod< a cert,in w., The lee.< we", 
t.",JXIlarily nlOUJltod ooto •• trip ofb.tlsa ,mod, opaced out !ICC~ to th:: ocal. ofth • ...-dvark tho! was ..,." w<rl:«I 
{owards. (See f~ 20) After ouwlyinll """,er to th:: lell' and attemrting to make the <JIlI>dn¥rl stnnd, it " ... reoli,.,d 
that the oe""" ,,"ould DOl be poo.>erful """"l!h fO'" th:: .pplica!ion, os they ooold hordly .upport the ~ghi of the 
Mimntroo_ 
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Alternative motor optioos we", investigated. and it wa, di,eovcrtd that high-torque versions of the ",rv"" were 
available. These have !be .arne dimensions. but prodnre O.5Nm of torque as oPl""lOd to O.3Nm for the .undard 
vcrsi"" •. To determine if these mot"", woold produce ,ufficient torque to .uppnrt the aardvwl. tho weight of the final 
produrt was estimaled, and the torque thai eacb molor woold have to prodnre was C111culaled. The calculation. .howed 
that lhe mot"", would still be too weak. increa,ing the torque of Ibe servo. would requi'" ll,ing the ned available .ize 
of '''"..0. and these woold be too bulky fur the aardvark. Also, they we", ooru;lderably more exp<"ll.ive (R500 as 
.wo,ed 10 R210 for tho ,moll high-torque ,ervos). II lOllS decided 10 modify the leg< until the standard .ized high_ 
torquo ",rvo< could produce sufficienl torque to support lhe animatrOlJ while waIkin~. Thi' involved ",ducing the 
lenb1h of the limbs .• o that the moment produced by each abotr the hipjoim would be reduced. Usin~ the same weight 
approximation as before, a maximum length fur the limb. was calculated. The ""Iution that was arrived at meant thai 
the ..,imalron would be approximately Yo scale of a live urdvm. TIm; would be ,uitable for mming purpose<, and so 
the length ""d motor modificotiom """'" made (sbown in Figure 21). and !be quadrup<d proIOIype w"" re-tested. 1his 
time it could ,upport itself ea,ily. 

Fi1l.ure 21: Photo or prototype "ith ,bortu'" log.. 

Once all four leg. had been attached 10 a makeshift body. it was time to Iktennine ifit would be possible to make the 
animalron walk with only two degrees of froedom per leg. After tcstmg v"';ou, gale opti"" •. OIle wllS discovered th~t 
worked with lwo degree. of freedom. and '10 it w(I$ oot nece,,,,,y 10 add the third degree offrttdom. 

After .ufflCient testing had been done with all foor legs and the de.iwI W"" found to be .atislilctory, il wa, decided to 
have them remade in aluminium. This decisiOil was made primorily to increase the rigidity and durability oflhe legs, IS 
the Perspex ver:o;iollS had shown ,igrn ofllexing while uMor klad, and il w(I$ important not to have any Iililures while 
filming oIX 0/\ location in the bush. A 3D model of the leg was created , ",mg AutoCAD, and from this drawing' w.re 
produced for the key structural component. (See Appendix E). Mr Martin Batho tnen lJ.",d the drawing< to prow-am the 
CNC milling mac~ine in the Mechanical Engineering workshop at UCT, and machined Ihe ports. II wa, decide 10 keep 
the ooOOle plale OIructu'" supported by CJ"OSS-pieces, as had been used in lhe Persp<x protolype. The< reduced the 
,,"eight of lhe legs, while givin¥ them the rigidity they required. 1be knee structure was ",.ooigned "'ing a wiid 
aluminium block 0010 which the plate. of the lower limbo could b< fa'tened. The block was drilled oulto reduce it. 
weight. For the hin~e pin in the kneejoint, a length ofPe"p<" tube was u,ed. and a boh was inserted through this to 
keep the tube in place and add rigidity to the joml. For the ends of the pu.<h-pull rod. b.ll and soc'etjoints were used 
(.ho"TI in FiguTt 25). The,e woro purchased from a hobby ,hop, and OJ" commonly uoed in model R.,dio Cootrol 
aoropiaocs. The Figure. below .how part. of the mannfacruring proce ... for the leg" as well (1$ oompari,o., botweon 
the JD model. of Wnte of the eompanellls, and !be actUIII components. 
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FiiU,"" 23: elo •• KP of h.1! .nd .001«1 juio\. 

Flr;u.r< 2~: Re.du. d ,k" or leg .nd pb.l. of ,-.oIl,,!\-
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3.3 Development of Head and Facial Features 

3.3.1 Head Movement 

A tee.! oa<dvark has three def"<'C' of mOlion fur it, head - Pltch, yow om roll. To re-!"'O'IU"" oil throe In th" !IIlimatroo 
would require three •• r""", whioh \muld be very bulk)' It ''''' docided thaI two degr"'" of freedom would Jlfovide 
.ufficienl mo=nent to mah the head mrti"m 1001; ",. lime, The ,¥,down ood left/right rnovemont. (plloh ood yaw) 
"'= ""en "" helllll most impcUant, 0IId "" it "',., decided to fOplnte these mtl. 

After lul\ini used hol:<>y ,ervo. f~ the leg" the "",box w., sure tbat1hese WO\Ild.Bo be ",il"ble for the ~ mOli()(l 
The IIlIIm deci,i<:n!hot had 10 be mode w,," where 10 mounl the """'OIl In reI.lion 10 the head. They could",ther he 
mounted <:n the _y, and I=Isftr the moll"" 10 the Irad via a lmk.tge "l".tem, oc me servo eould be IIlOlIlted to the 
body (fo< pitch) motirn, IIJld the other m<llIlted i""ide the head (for yow) mobon. 

First of all. tbe outhor e"pe'-'IIlorrt«l with vanoo:l "'''y< cf MVlIlg both servo, IIl<'<lIlted 00 Lb" bod)', "" !hi. wuuld 
reduce the \:ulkiness of the head Troruferring power 10 lk _ tOr lk )'"'" mOli<Il in llu, WI)' r:ro".".; difficull­
vall""" linkage mech.oni,m" "' well ... nexilie pu>h_pull coble, m:re tn«l, but r>one of these ",,,,,e found 10 be 
",tim.elC<)', It wn rcoli,.,.] thaI ODe """,0 would have to be !Il<JUIlted inside tho head, arw;! . 0 the f1!S! protOlype was 
built tI", way, A binge WM ouated at the frunl oflk bod)" 01110 whioh the bead oould '" mounted The ~ wrold 
allow the head to hav< pilch movemmL The ,;mplC>! wa)' ofaclne"ing the piloh motioo would ba,'. bo.-en tOr • """'0 

10 dri .... the neck hinge di=:Uy. The ""'""0 wruld t..w 10 '" 1Il0000I<d "tty far forn-ani <:n the body III thi, 
eonfigurotiOil, IIJld would gi'" lk aard\'!Irk a bull::y JootinJI noc};c, lnotOild, it wa, decided 10 rrl<>Wl the """"" furthet 
bock, am tronsfer PO""'" from it 10 the oook WIth . ,",<II-pull rod (Shown in figure 27 aoove) The yllW ,,",,'0 "',.. 
mounted \'ef1i<.liUy oro up side dov.n ""th iI, ooIpLt ,baflatlaebrd directly to the m,e end of the nrrl bmy. e- figure 
28} The heed could then be o\~ 10 (hi, servo, Thi, configuration JIoduc«l Mti>fact()ry Ileod m<lwmonl', allowing 
the /rod to be 1lltI1<-d 40 de@<ocs to the left m:l riJ!ht of the furv,1CI'd position, 0Iid i'I'" opprolrim&ely 40 degree. of 
pilch m,,,,eIll<'Il1 
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FI,;are lli: Pbot •• !>owtltg <be ~·u, 
le ... o .tl"ocbed to tile "",k binge. 

Fill""" 29: botto", ,;ew .f head 

."" .. Ing tbe Y'" ""'0 10 tbe cont"". 

Wh«l l/1e d<"i',Tl oft"" eye mo~""t mechani,m "'" be~!Il. it "'" reali~ that having • stondord sizod servo for the 
horizontal mctim III the head took up too much = .. 00 ""uld h~ve resulted III llie be"" being too bulky, Vorl"" 
other hohby ,,,"VO opliom we,.e In.,.coti~at"<l om Il """ di,,,,,.,.enx! !hal mini """"'. """". ~,"ail~hI<_ Jb, .. WeI1I mon 
expcm;ive than the -.d.Yd "'rYOI< (R200 .. ~ to RI20) • ..00 rould JrOOuo< Ie" to.-quo. but would "" SUIt.hle f..­
the hood application, 'rho st:md.,,-d ...-vo was ropbcod "irl, • mini S<TVO (JR Sorvo modo] l-o.'"ES 331]. nnd tlus become 
the rlMl d.sign ""lution. 

Figure 19.oow> lhc servo in [mitioo. mounled belween the lIOn eyelid mowment SOlVO., rho only problem that tho 
autha- IOre"w wllli Uri, !IOluticm was thaI the shaft of tile mini. ...... ·0 would SUppct1 the full we:tiht of the heM, To 
preverJ 1/1 • ...-vo from being dam.~ ond to {';I"" <,Ira , upport. a , "";,,,1 bush plat. w ... odd<d Jn Jigure 28, the pI,*, 
is miSS>.~ while In Jlgure 30 it hils been fitt<d. Fiiure 31 shows the bush plate. 

Figu"" 30: P bOlo •• owing ... 1\..,1 
bu.h plate aU.eked to add ,uPp"rt 

f." t~~ bud 

Figure 31: Photo of lwi""l bUlb plato 
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3.3.2 Development of the Eyes 

3.2.2.1 Eye Movements 

In C>rtlcr to give more hfe to the otw .... 1er, the Film PrC<!ooer hod ."'cd th<> alIh..- to creale WIlle m"",'11lCnI wiill the 
eye., It w .. roofued lOOt bc<:a_ of !be lim,ted..,...,. av.ilobk i"";Jc the head, it """W ooIy he po",ible to ""hieve 
WiO "",b m"",mrnl, (ctlCh movomrnt would r«:]uire an actu..tor). Eitl= the eye""",, o"uW he m.dc to mo..., upi'd""" 
ond leftlfi~t, ..- the eyelids coul<1 be given mov"ITlOIll to open I'Il<l do.e the ""e, . It was <i<cJd<d th. ill. latter would 
he flIC<e effect;'" for Illrru"l' p1IJlO.e' , .. eyelid mo",m<"t 'MlLJl<1 be ~ notkoobl< thon "yeboll movo1OOl1l 

Feo: tho fiut e y.IW 11IOVem~1lI JrOlOlJPC, N1ttDol'" ""-pe-momcty meW win: '''''' =1, os this would require minimol 
space,.oo ooo;rume little PO" ''''' Altlwough tin. matcri.,j _ med p<fteetly ouitoo to .cbicving tbc C}"lid ITlO""ment, ~ 
few 1""001"",. """, . 0011 di"",_ "iill using it f..- illi_, 

1h< first " "" in the way the wi", reg';"" its 'ha"" oft'" the c\llTe!lt ha, been fl>ffiOwd _ it noqUUM. Teslonng fmoe to 
pull it back to It. ocigilllil length. S"",ll sPli!liil' fIn<11~hs of i""DO "ire ""'" tried f..- thi, - tl!< Nitcnol woold 
<lefocm tho ' iXing <X ben) tbc piono wire .., it cmtrocte:l, ~nd illon be re.tared by tho orting t", .. -..bon tho ourrent WlU 

removed from it ond it coolod_ n.e trick "jth thi, technique ;s .ppI)'~ the o<xITct re,toring t'moe - too littl< mel ill. 
Nitrnol' · will notrctml to ,11 rngmollcngth, 100 moch, mel it will ,omain <!retched "hen ille =t i, removed Its 
'memory' ,,,II then loc ", .. t to this Jrnglb. ..J the wtre will not cm\ntc1 when it i, heated ogoin. 

Anoilior ,roblcm with Nitcnd.'· is in !be Wly it bas to be t;"tened 10 ~ M1c=. The f",toner muot no! dam"l!,,!be 
wino. ond ex""""i"" he"'- rr-.m not be oppli"d (ouch os in ..,!detinaJ, •• Ihi> win ~ ille prupcrt''''' of the WlI1>. These 
hmitaticm !lII>1e it <lifficUlt to ottacll ille wire betwem tbc e\~lid, ODd the rost<ri1ljl; 'l"jng>. Mot< irnp<rtantlv, . im< 
four oyeJiJs were to loc mo'-",j in thi> ""y, the >Mre "",del haw to be alt,ciJcd in a oon.i_ rnonnor"" imt the 
movement> of 100 ~clid' ,,,,"1<1 be the """"'_ 

[be flte ot which Nitoool'" return:! (0 it' , lJ!'i~m.llmgill i , <lopcn<Wlt m the Tate at which ,I 0001., on<! tims m the 
ombi""t temperollxe OS well •• any other facton thal C<:O.i1<1 cfiecl!he cooIl"t\ Tat~ (",oh ., air mov.,ITl<Illj. TIn. caused 
!be motion or !be l"ot~'PC C}ehd. to be in;:"""i,tent_ AI"" mder room tempeo:aloce conditions, the wire ",OUW 
conlrnct rllpid! y, W.I the nostoolti"" WlIS ",lb...- ,1"" ond Lhi:I did not pmciln rooli<lic "yelid mo""ment .. 

If Nilmol'" wire i. he.oted ~bm·. a oerwin temper.tIlre, il will oontr .... ~ fully, ""'~ 11, mc",,",~' state In ~cr to 
molro il contract to • ]e,..,- dew", ,t. temperature \w; to be carefully reauloted_ Tm. would involw regw..h"t\ 100 
omOlri of cum'"t poMed th'''''!lh t~ WIre, "" well ", tho tem()Ol'\lttln: of tlwo :o,nounding .ir. The fir>! of thooc would 
be po:;oible to ochieve (u,ing Pulse Width Mr,;\ulorloo feo: examj}le\ l>!K would be dUficul( with !he HoOOy BOMd 
Without o:uch control_ the "Y'" would e ither be wide open, (X cloood. and ..chi~ any in·bc\,,,,,,, pcsihCfl would no! 
be P",,;b!e_ 

Given ill""" i<liosyncrasios of Nitonol"", (IS woil .. tho f""t that a roIillble ar.l Cllsily maitllHfnable 5')'!!cm would he 
needed ',",i le fitm;ng "" iocotim, it W"" decided thot Nil"...,l'· 'MlIM not loc ouitablc for ille eyelid movemenl 

In>te.~ tho pcmibilily of ""i"ll mim -"= """ m~gatod., Ilt>l it ",.. discovered that there \Wf'O s.".v"" available 
th.t ""'" eYeD , mo.tl.,. than ill. 00< "sod for the head yaw movement (JR S"",o modeJ !l{l NilS 371]_ Ih.", ''''''10' wore 
=11 cnroiih to loc moo.mtod irn:i<k the bead milloot molillg ;1 too bUlky_ n.e next design chollenge WI. to creote an 
eycli<1 ""'clwllsm. ,.00 to In1mfcr motioo from the "","os (0 !he eyelid,_ 
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Figure 32: Illu.lntioD of bo,,' Ih~ ~Y.' "'Ol'¢ 10 be mounl"" in ",Iali"n 10 Ihe ni. of Ihe h • • d. 

Wh>ot made the..cmd jX"ob!ern challenging "' .. thatlhc eye' ,,, .. lid not be ,,,,,,,mod oqua'. to the head (i.e lookill,l! 
'tr.i~ abood. Of out to the <ide.l, M.t.., anglc. This m08Ill tlwl a simp,. link b<twun the left ond right eyelid, 
could not be u.oo 10 mote the,. lllo"e togethoJ- Thc otbi;r de3igo. deci,ion thot "''as ftIced wu how the eyelids ""oukl be 
polred t..- ,noVl.'IUOtl1. Sine. Iv." servos oould be filted in the hca<l, two ><:par.lc motioo, could be achi""';. Either one 
.. <YO could be ="<1 t<r """h .ye. roovmg its upper on:! lower Ii"" loselh:r, or il oould be u.ed to """ .. It.: upper lid. of 
both CY.', while tho other , ervo movoo the /ov,'or lid" 1he first oonfi~u'"tion would oJI"", the Mrdvll11: 10 win>: Wllh 
me eye. 1M it "ould be difficult to .yncl.-rnizc lhc mot;"n ofbotll .y .... Tho ,ecooo would oJlow the t~ on:! bottom 
c'yclid, to be mov..,,] independotl\ly. Although thi. {ype; of mOyemc-nt i, not COIUfIlOO in real ej=, it ""uk! help to ""'" 
the elf",,{ of the c'VC lookin~ up Of do_ AI<o, it ""uld be =0£ to .y""hronizo the mOlion of the I.ft ond right eyelid, 
.md "" thi . crnJiguraliO/1 was ooo.en 

Flgu,.. 33: Jllu,tntlow .bowing h"" tho Ib",.d " .. ,ouetted bet,,' ... the pulley' .lId tb •• y~Ud •. 
(l'hr<od lOr ~pp.r eyolid. h;p;hlightod in blue, fm lowoe e)"lid. In ",d) 

In <Xder 10 lmlISlale the nwtioo of the oervo. into eyelid rnoIioo,. l~ me<ohani= bod to be dovioed, Given tho 
limited "pnce availabl. in the head, and the facl tho{ the C,,"'" ",,",c 1101 motJtted S(jUIIre {o the head, tbis Ul[Jled out to be 
• chll1letl1tin~ problem, V""""" hnbgc COflngtJI11lJons -' pwhIpull rod .y.reI!'" wore t.stO<!, but rlOI1e of \..". 
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Fffi\id«l ""ti, f,ottrr f=.!lls. II difforert approach "'as then lri«I: m.W:ad of a rigid mochonism, • pulky.md 1hre:>1 
.<y!ttem W.1.' uoe<\, TIm imm«iiate!y produc«l bdtcr T<:OuI",. 0., ,I g"'''' roOf< It<<<Iom <IS to \\horto tht """"" could be 
moonIOO in relaIion w tht oyelid.,.md me.,,1 1Mt one ,."yo could ,,';!y be uoed 10 cootrol tht Iell rud righl eydj,j" 
wifuo,n • """I~ictlted link """'=t them. 

F<1 ""ell ",",,0 • • pull"}' w ... mounl«1 dinx:Uy lo i1> !Ibafl. and Iv.>:> lengths of\hread WOUld ooW the pullty 1lw 1hr0lld. 
",ere then f«l through. guido bolo, - 0"" koding (0 tho righl "yo, .md """ lo tho 1.ll F.ach treod was .mci:tI:d to tho Iq> 
of lh< ",,!,<c1iv •• yelid. In lhi, "".y', . , tho "''''''' ",taI<d, lh< thread. would be v.""lid 0010 the pulleys, and in (urn pull 
tht eyelid, opon. 1\ . tbo """"" WOfO TIlQIIod in tbo 01'PO"1I. drroctioo, the tem;"" in II>: tlnOO would be relea,t>d, ani 
th" sjri"<l mechani,m in tht eyes woold 1'-'11 \be lids ek1sod "llain. To ensure (!lol the mo(iun oftht oorrc-spondl"<ll"n 
""d rilOht lid, \=e lh<.arne (i. o. they opened ODd clo.ro to the.amo "",j!ioo) requir«lthlOl tho ton<icm in tht u-.-fftd. 
for e""'" of the eyelid. be odiuo:tod until they ",~e . qual 

Construction of The Eyelids 

Ona: tho m<dwni= fCO" ""'viOl! the eyelids hfrl been fl",,\i,.od. foem """ .hifIM (0 oonO!nlctiOl! the eyo;; and "ydid, 
A~in, thi. wa. och!eVOrl by buildllllj a serie, of jn!!OlypeS, "ith trial .00 em)f Jeadi"!l W .. (i.f.ct,~y dos'gIl 

FIR""' 34: Flnt oyolid prototyl'" mad. uf P<np<>. 

11>< fif'llI"TIDlypo w", mado ftom Perspex. fOf each "y ohe!,. Pm;pe~ block w"" "',ped dov.n usina. hft!by l:fu>Jer 
11>< e'<'elids nceded (0 close over on Cl"'boU, ..,d '" the bloc); ''''' hoUolWCl 00l into. bolf-cup sbape, Two such e'{"lids 
,,~'" lIxn moun!«l in "Perspe~ fram o "" thot thty wtt" fto<: (0 . wive! llP aa1 dov.n, (See figuro 34) IIlthoogh lhi. 
d=gn did "tt); W a degre<. th. rnctioo il go'''' did not loot very rcolistie _ it loo):ed rno<lO hk< • mouth ~""ing rnd 
ching than",,- oy~, Aloo, it was difficull to;~. ,jring mechoni"" that v.Quld pull the O)'~lids cIoood "ben 
the servo rel •• sed the lM,ioo in the lhrcad AnoUlcr Fffiblem w.s thot -.otten the ey.lids "'""' 0P' '''d. lh: tack oflk 
cup <hope of <ach would inlttht with the e,{"ball roour.(, 1be l"otct)'l'" "US 01. 0 hu.Ily, and "ould boo difficult to 
make II fit into the ."aU.1l>t. 'P"'" in tho head 

27 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Figu re 35a: E)'~lidli and frame 
made from alumin ium 

FigoreJ5b: Eyeball and 
m"" ... I .. ~ <0"'-

For the next fO"ototype, ~I uminium was ... ,ed, a, Ihi. made it po"ible to make an arclled SlruOime thai "",uld be used "" 
the eyelid. Havin~ just an arcll, in'lead ofa whole eup, meant that the eyelid woold h.ve plenty of clearanco 11"0m the 
eyeball, and would not be oo.lIUctod by the eyeb.JI mount .. il wa, ol'M"d AI.." il wa, po .. ible to extend the strip of 
aluminium beyond the pivot point in t~e eyelid to give a mounting point for the spring m",hani,m. A .mall aluminium 
frame was m.de to Iiou .. the two eyelids and provide a way or mounting the eye to the head. The eyelids were attached 
10 the frame by two SIlliIII ,crews al the pivot points, which also acted as hinge-pin,. A small eI",tic blUld was used fur 
I~e spring memani,m 10 pull the eyelids closed. (See figures 35a IUld bl. Thi, "".ign wc.-kod very well with t~e pulley 
IUld chord mechani,m fur opening the eyelids, and '0 w"' used in Ihe flnal ""IUlion. 

3.4 Dcvelupment uf Ih(' Mouth 
M('chanism 

Afterthe head and "Ye mo",,",ents had been acllieved.;1 was realized that the ... ",mid be enough 'pace in the head for 
another mini-oervo, and this would be able to provide some ""'vement for the mouth. It wa, very limiiod '" to how Ihe 
servo could be placed in the heed though, .. il had 10 fit in with the other three servos. The space in front of the yaw 
head JOOvemeol servo was used to mounl the mooth ,etvo, which meanl it was .bo"" the ... ar part of the mouth palate. 
The aulhor did DOl want 10 have any visible ,ign' ofa linkogo meehani.", visible when Ibe mouth was openod, '" had 
to devise a system that was "" compacl .. po,.ible. Various Hnblg< mecbanisms that would translate the rnolion of Ibe 
oervo into mouth movement were visuali:.rd, bill .11 of the .. would be too obtrusive. It was then decided to uoe a 
helical cam sy"em, IUld a prmotype oflhi' was built 10 ""e if iI would work:. 

Fi gurx- 3(" [Joltom "K-" of moulb nl<"~ " ni'nl "ith In", .. .i"'" r<m"nd, ,h"" in~ Iwtle.t cam altacll<'d 10 mi. i 
.. ,YO 
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Flgu.re 38: Lewer JOw otto<bed.t b1Dge puiDt. Elo.t!< bODd, u.ed lu d"". mUlllb 

The """"0 w .. IDQlIltro ... de, mbc:d above"rn mvortro (Sa: figuro 36). A bcliool corn "' •• sbo.ped from Per,p<x and 
fitted to the .mlt of tbe _ vo. The lower jAw"",. al"" .mped from P""'p"". _ included a ndge 00 ito mner .m",. 
onto v.itich the com "">\lId run (Sa: fillure 37), The j"" wo, moontoo to the heOO "'ith olanie, Ro/Atinlllbe CIIm "ould 
drivc !be mouth ope1'I, "hl!e two MI£IlI elastics \Wfe ottochOO. bem'<:oe!llbe ICM"eT jaw and the ht:II.d to pllll !be JffW closc:d 
when !be molion of !be ',,",'0 WI' rcVtncd. (Soc fi~uro 38). Ibis dcslgn govc ,otisia«Of)' rc.ulls, aM I!O "'", uocd In 

the final ""lulien The JDalth could be upon>d ,uUloicn<ly wide, alllKxIgh. tho IOOvemaM: "',. nrthcr duw 
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3.5 Weight Shifting Mechanism 

B.ttery 

Pushipull rod 

Roil 

Fi;:ur~ 40. nd b: Weight .hifliog mech~i ... 

Once !he fint walling prototype of Arnie had heon =!nlct<d ond demmstr.te<J to the Film Prodocer, one ofher 
primar,. ooneo,,,, "". that it ooukl not wolt W<t eoou~, Thi, "'", o~ dLJO le IlK; <peed . t "tHCh tllel0l!' owtd move, 
but """ in fuet • , .. 11It of the way m ,,",ieh the _lkitli! moti<ll1 was achieve,]. 'The full wci~t of the .. ..rov",t hod \0 be 
baIanctod on !huo logs ",hil. the forth _, ""iog brought forwurd, and \h<,'Il !hi: ,,~ight ~ifled onto the next 
comhimtion of 11=< log' _ Thi, <hif\in~ of '''''ght took """'. time to MpP<n, ond it """ thi. u.t limited !he ""'lkitli 
'P"oo. If!lx; kg> wcre m ode to """'" too fo.!, tbo "'''Bilt would not hz",e >hiRed to fret: !lx; rdeVllllt leg, OIKI Lt would 
moke crnt""l With!lx; ground MIt ".,,, brouglK thr""llh. tn CO"cier to red""o th~ time takeD tCO' tllo weight ,.,ift, it ""'" 
docide,] to devise a "'0)' of sluflin8 a mas. o{[""he'] 10 tlle body, Tho """"' could eithor be .rune,] from side to side, or 
bo.cl< ,..) h1h. Sp""" limitllti= 00 1hc Mrd,.,.,t made it moT< proo::{ic,l tu ""elh~ lottor ojOti",,_ 

Since the oveToll we:i¢lt of the oard_k was critlcol (the """'u, eould rnl)' 'uwm. • em';n load), tho author did not 
wanlle odd additiooal ,',elgh! f..- this mcchani!ll'L1, ond 10 docided to use tile Hmiy _'I Ni·Cod botltury pack that 

'" 
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''''' alr...dy oarried onIx>ord The bonery pack ",,, mounlod 0010 • bose thot wao oble 10 slid<: rn " ""lor porallel rod .. 
The rods were secured 10 tho moin """,pox ,bc<.1 thai f<:4"mcl th< 'bsdbooe' of the Mrdv ... x. A . l.m<W-d oervo ,_ 
mounted .. the frrnl tad of1he body, =d . pusll_pull roo atu,cb>d bem-. the ,"",,0 ond the .lidin~ bois •. lb< """'0 

" ,,,-tid thu, "ide the ,,,,,girt bnck .Dd froh in relotion 10 the "",I of the body. (Seo figure s 40 0 .1Id b whkh ,how tho 
,,-.,ii/lt slufted to the re ... .00 frool ""')lOOtm,ly) Tk ,uo""",, of Un •• )--nom h inoreMing the walking speed i , 
discussed in =lion 3,g,3 "" poge 40 

3.6 Description of Infra Red Control 

In 00)", 10 ornlroi Ardio from a dislano,\ withOIl! ~y vioible lethors oo:tacbed to him, a remote ccn1rd . y3lem hod 10 be 
dovo~ The 'YSlom would have to ffi4k< it possible to initime MY IR-~ammed seque~ NCh os wolk::ina or 
. iltin(!; up, ond if poMibk, olou 0110'1" for ",ol-time mlemctive mO'o--.m<tlb ofU .. he"d ~d eye>, Sill"" the llandy Boord 
jncludo. "" Infra Rod reo' '''-eJ one! demodulntcr, il was decided thlt tIu, wmld be u...."j fcr tho TOm""e control 

IDfro.-",d ~ ""ntrlll 

BuUollII p_..J, and. 
.... tnl:m!d IRbemo is "II'" 

IR oiwIIIlli _ and 

dow<>ll;nblBd AltOlJ!lut 'YIIiIaB! 
DrOta5 .. ispnd!rod~ 

"" tho! dgMl_ 

SIgnal Ii ted 10 1Il1..,..q; 
~ ... pilrt Dftho I'luoIy Boanl'. 

pro<e.=,..tdi:h __ AID 

<01lVI' .... to._ t 10 ... umber 
b_1I.0andl55 

Flgu", 41: Tllustrotion orth. Infcu.d ,oolrol .)~I.m 

The receiver ciTCIJit e<nsi5l, of. Sharp 1R demodulotor, "hich i. int..rfoced 10 tho Motoroln rnierooootrullor. 1h: 
demodul.t,.- ,,,,,oi,.,, • modulatod lR ,;gnol from the IR tl'MSffiltIe.-, .00 prod"""" an output voltago th.t van", form I 
to 5 min, de,..ooin.\; on tho <igrcl =.ivod. TIm voltage is fod to OIl analog irq>ul pin «l tbe Motorolo mi~lor 
wbere on AnaJo~ to Digll11i cmvcr\", OO!1V<.-rt. the signa1 10 a digital number between 0 oM 255. 11>w; any but!"" 00. 

tho IR trOllomitt", prod""e, 0 umq""ly modula!ed "gIlOi !hal i. translufO<i 10 • ,-,.,mOOr bot",-.,." 0 .md 255 by !be 
Motorola olllp. 'The ooftware hbrory tlal provido, commands !o tho proararnmer for makiIli u .. of the tr.n,lmed IR 
tlljUI wo, develope<! by Vred Mortio .md Brion Sihumon .1 MIT, and is ", .. n.ble for oown100.d from the in(emol The 
oommflnd, allow the JlfOlIfOmmer 10 writo cooe wlllch check> 10 see if the chip has roceiV«i ." TR ';jI;IIal, lID!! if so, 
wrot tho vol"" of the tr.mlatril . ignol ,w. •. Comh!Knal bronch su.tements can U"", be used to alter tho TlIlfIlJl(( of tho 
prOjll'!lIIl dependmg 00. the lR " gnol ",<rived. F,.. oxample, if OIl IR sipl of 150 "''' T"""i,-m, initiate tho wolung 
><quen:>e. In th>< ''''-y each burton on tho lR trlolomitter COIl be .. ,iglJod to . certa>n functim.. (Ref<t (0 Awend;" H 
....nero the PfosrOffi lio:llng i , !liVCll ond !Ill cxplmotim of what ]1 does for • mon do!oilcd insight into how the 
CommMd.< Wberel"lt 10 \Be.) 

For the lR ccdrol, • &my TV n:mole cootroi w~' used with 24 bun;m., Since co.-.tmIling the heM m""em",,!' .. well 
os ,,1IrtlD~ and .oIuP!"Jlll Oil of the ]lI'f>-l"ogr'Onlmed .equence • .-.qurred mo.--.: Ibm 24 button", """'e of '"" b\Itoo, ",~e 
given more tbarJ cne function, dopendiog <m whol mooo tho urd"""k WAA in. For exompl., jUShiog the ""'off buttoo 
would put U .. ..,-dvar1 either inlo 'Head' or <Will' mooo_ 1n lIead mode, the volume com-ol b!Itom would be usod to 
tl1<JVe U .. h<o>d up and oo"D, while tll Woll<. modo, tho"" btnOO5 W<>.l!d be used 10 rn.nll" the walbng <peed. 

[>;,pendini 00 the lighti"i c<n:li!ions. Un. allowed the ""d_k 10 bo cootrolled from '" to ~m owa y. The l:Of;ge>t 
proble m ....... int..rf..-.n"" from other Iigb! ''''''''"'', ,.,.,), ... unIiii/lt and flucrescent light 11", mad< tho ",molo control 
Syslem wreh~b1e in ,uch condition" .md '" 1he emtrol box was built 

31 
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3.7 Construction of The Control Box 

L.ft/Klgbt h.od 

• 

12> lsup~· to 
nandy Boon! 
<It>:r1lOl" uoit 

~I .... th 

"'--- Seriol iop"' fmm PC 
tu nond) Boon! 

dI .. ~rI]>r<I",.mm"'"mt 

FIg"re ~2: Tnp ,-jew nf tho <nnl . .. bn, 

. -
Lo"er oyelid 

<Mlrul 

-• • 
~ 

.. -. 
• i 

U~.~-.lId 

oootrol 

Figu'" 43: Front ,iow nf tbo <oot .... 1 bo~ 
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Mo,,,!> C"'tTI~ 
I'OT 

LCD'i.L"",," 

H .. "" Il""Td 

"oil 

E)olid C"",,; 
w, 

Figure 44: llllnior of (be COlU,.l Box 

After h~ving cootroHod (he ozrdvark willi tho lR rcmot£, il DcCllmo ckar thot 1hi> wOl~d no! ljiv£ ..nabl) reol!.tic head 
movtnu",t" AOO thai the lR w.l.< not olw .. y. rcli.blc duo 10 intOl]""""'" from otl .. :r li¢ll oourceo, Aloo, th£ ",,!hoc 
wnntod to)RlVidoo ~ "".tor m.thod of <uwl)ing POW"- lo lhe ozrdvark (n!hcr than the mIn"""" wi= runmng from 
th<o biotl<rios to it),.oo .Iso to integro'" the chorgCflprogr.mmor mt.rf"". foc the Hondy Boord 10 tbot ooly <DO cabl. 
h.><! to 00 ooInCClL'd lu tbo .!£d\'ork lOr 1111 tbo"" futtli"" "lbo l'ontrol box provided th.; <oh_ion to 1hi> prt>hlc1l\,'oo 
the way in mlich il doc. 50 i . do""ribod !>do" 

3.7.1 Head and Facial Movements 

A . tandard cumjXl!cr parolld ""b!o "'., """,, to =.n th.; sign.ls from the contt<> box to the _vorl:,~' well"" 
,~) the "'''''''''''';, power, 25 !in m.le.oo [om.'" he.dc~' " .. ". mounted i~ the """tID box AOO OIl the IMdva:rk 
roopcctivel)' "" thot tb.; ",hie could he di""",,,,,cted from .ither ifnecell"'Y 

Cootrol <>f each of lh; head movcrnonto w •• .chiovc-d by comoolina • putenliomder (pot) ..,.-".s 000 u.f tl>:: Bandy 
Boord', rnalo~ input port>, orr! thon )'roat"""'UTlJo: tho Uondy 13oo .. d to position tb.; C<Cre6pondini "'"""0 l>CCordJni to 
th; vult.gc m ... ,urcd .l th; port Thu, 1l1rning • knoh rn the cootrol box ",'ould " n<)' th<o volmg~ Hwlied to tbe pm, .00 
the servo woold mm", accordingl)'_ 

To mol. this _,)' , tom wort C<JITCcll), il fir'l bad 10 be ,,.libr.lOd, This w"" do"" by measuri"i tlx: full r""i" ofvultol!OS 
lhol th; pol woold JrOduoc, _ tho ~ "''Of ",tIich tb.; ;o.wo would rove to move. A ratio WWI then dc"lermined 
bc1,""'" th""" 1"", on;! this "'." used ill th<o CIlicukttirn, thot (Ix: trogrom mt<!o continuw,ly "" it detennined wh<.-re th.: 
"""" sh()l~d be po>i!iuned, 

33 
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To m .... e it poo, ible 10 0_ Ih< pilch and yaw mcwements of tho h::rd at tho =ne tim< lL'ing ooly one fin>;cr, . 
joyetiok was ruilt. Thi. ""'-, done by mOlmtillll one of too poX. 10 tho b.'e of tho control box, ortIlhen moonling the 
=oo,KI pot to tho ""ft of the fi",t me..t ntlht "">lIes, 1he fim pot wa> llII OO tD cootml Ih< f11~h motion of tho hatd, 
and tho second ODe to.- it' yaw mOlirn.. Oooe the 'y,tcrn had he." ""lik~~, the joystick did ,_k, but the head teooed 
to jitter COIllinU<>Jsly. Thi< '''''' duo 10 noi"" in the >ignal l fnru ttl< potentiometer.., is tho:y "'-TO poor quolity. AI . o, the 
joy>tick ooly movod the P<>l' • ,mallllIl'runl, Clffil ing ooly a "",all change in their re,iston<:e This smoll chongo had to 
be 1,1,«1 to mow tho ....... .,. over " rekllively wge =ge, "" tWe wa, ~ largo mul~pli""tion fiI<1or that wa, ""od in the 
oof\v.' ..... TlIi' .&led to the jiu...rn.t jrObkm of tho boad. In order 10 all~;ato thi« prublem, tho pol' where replaced 
with better qoolity ""', and !be jO~i'lJck ",tom abondon<d for one 1,1";nO\ two knoho. 'nus me""t that • ItIIjI;..- portion of 
the pot's nnge could be ""00, reducing the multiplication /iu :tor in the flWilfOlll. This ""mbmalion IIU\;d<d bottor 
resu1", ond ,1 eliminatod tho jitter 

Figure 4~: P."'Jdio .. .t.r u •• d to control tho ~pr"" ~yolid' 

Fe>< the .yclKl ond m<>uth movement,. similor 'y,tem woo used, but irnt~ nfu.<ing 1m.-.<>< 10 ,_ the p<>\>, =OJl 
l~"" where mod irutead This \\~. dcne W male it po, sible to control rnony mO>'OJIlonll ";rnult.meously, "' the lever, 
could be rortroll<d wah one fingo.- . och, whe,."" the lrnolx< ",,,,ired ttl< tloJrnb.oo fCO'eftl\llcr 

The ergonomic layout 01 tho Je""".m lmobo 00 tllo oox was also c;ocefully «mlJeted, 111<' levers f<>: ccrJrolling Ih< 
eyelid< wlrre p-actd in frOOI ,>here tho tordingers woold naturally fall ,,",it. holding ttl< bolt. \>bile tho mouth control 
I""-~ w., plaoc-d wh",e the n~t thumb woold ""t",llIly fall Initially ",11m tho jo}ttick _, u,<d, it ~ p!aeed "" thaI 
il "'"-lId be movw by ~ left thlmb, rul t:I>e rnoo. which replaced it ,,,,,,ired tbat both harwJs be u'oo 10 control tho 
heAd m""-1Ilcnll. 

FlIlu", 46: Bond, io po.itioll Oil tb. <onl .. 1 bm _ right th~lII~ on tll~ lIIollth mov~m~ot 1 •• .,.-, 
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3.7.2 Push BuUon Controls 

To cmtrol tho walking md other pre-pr<JiMlllIlod ""'Iuenoe" to...: push bullon, wberc &:idod to the cootrol box, &cit 
of tho .. wn, intorf""cd to a d'!tiIol inpII! pm. or tho HaOOy Board. In ,be prOKf'O'll routine wberc !be Hmdy R"",d 
ohoo~ the ,Me. ofil' _lOS inpul port.> for the he&:! IIIOvernont" it v,.., oow abo In",1c to check the >!ales of the 
digital in~ port> to "trlch the"" I""h bottom who", conn<>el«l. Depending (II the stales 01.' lho input ports, the 
prOWIlTIl "oul<! !nnch 10 carry' wi • ,0( of instruction< (fcr """,,,pIe , if push b tLtcn A "'" Itt"cd, • digital 1 ,""wid 
. ppcar 00 input pon 13_ .nd !hi, ""I!ld o.o.u .. the prOiffim 10 0C!0rrl! 10 the 'wink - rC<Itmo Hence [U'hing thi.< t.moo 
would make tho ..,-dvuk wink) 

Smre rru: bull"'" ",:re no! mough 10 co<..,,- 1111 the ""mm.nd., tbat need \0 be .em \0 the aordvorl;, VlIIiru., butlm 
combmatioru wen: , " 0 LlSod. .md tho rutio,," had IJU<e than ono function depenJing on "bill mode tho oard".,-k ,"'-, 
in. Wlu! fi",t turned CIlI_ the Mrd_k wcdd t-.e in '''''-up' modo, In thi, mC<!e, the button, oould oc used to chongetbe 
5pC<ld .... which the . ord_ k ""'lId ",",I; and ped'orm lie other ,....pr..".,..mmed rodine •. 'Then, me. both tho ower 
left md right bunoo, where pr=ed .. mnlwI>eCl""ly, tho -.:I_k would rnler 'control' mooe_ """"" 1111 the I-t 
movsmonl "ooIroIs wonld be OCIivl lod. ond !>J.'hin!I tbe bull""" would initi . !" (J{ ""P tl", '",;ou, f()'-!tine" (fur 
""",,,pie, pu.run~ the UP!"f left bull"" wC<J!d _< tlk: wolkin~ routine. while pushIng the uwer right butloo would OiI"I' 
tho walking) Ago'n. _ieu< buttoo combinotiom were u..u to h'<=aoo the DUmber of eonnmnd, thol eould be "rued 
In &:iditim to thi. toclmiq .... a del~y tochnique w,,' .1'0 ....."j - Le . pu>hin~ • bullon OM rek",ing il wcdd <igna! CJlIC 

oomrn.od, while ?JSI1ing the """e hull"" .00 holdinil il do"n for mon: limn . .. ccnl would sigDIII • different 
oomm.oo. Th" modo It po>slhlo to cmtrolllll tho mOVWlenl> and ""'lue00e3 n=y for tbo filmiI\l!, bul mc'tlllllhlll 
tbe vmou" hutloo comIMmtioo< hod to be rnemori" d by tl,. op<ralor, 

3$ 
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3.7.3 Power Supply Interface 

T. PC ",rial port 

P ..... rln""tj..,k 

Flj(uw 45: Hoo dy Board ohoogerand pTog • • mmiRg interface 

Since the """"" were not powerlill ~ to oorry tile neceBS«Y ~ foc long-t.flU o""tim",,,, oper. ti"" of the 
oarrh...-\;, OIl external 6v power >U(IJlly hod to be provided. lhe porUIbie ligho;, ",ed fur tilmmg ",ere J>OWered by 6v 
10lld .00 ho.tt..-y pack., ODd the .. would be .voil,ble on !he film lao.tioo, "" it wos decide to mote U5< of them. Tho 
ho.ttfiy Jl"Cks w= "lready fiUed with • st!lnd>rd 1M10 4 pm e;.n""" o~tor, .nd .0 • female _<im ()f the 
ooo"odor WM hou, ed in Ihe control box to allow the battery to be o"""""ted to it J'O"'fi fiTIm the <nmecta- " ' IS fed 
tbrouih. tOi!i1e S\vitd, rnd then to the p.,.-.Jld ""Ne OUlplll pIll!. Th, 6v >llpply WIO' COllIlected to tile power input 
plll$ of too mini sse; in the LtTdvorli; ODd thuo =d to power the 8 leg ocr""" 

Figa..., 49, Lood Acid boltery u,od to J>OWer the ........ 

Figu e SO: CanOD 4 pi n OO!lln ecto. 
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The """"'" thol """" crntrolkd directly by tho fundy Booa:d wert: mainly mini """""'" which !e!jIlire. 4.&v .'Wly 
The conlT" box ":ll.' used to hou"" . ",Itago .egu1. 1o< Ie t1 .. 1 reduced the 6v.upply down to 4.8v. Thi. 4.8v 'Illpply 
wa, IIJon fed to I~ e>:tomo.1 ='>'0 pow.r<upply pins of tho HMdy Hoard vi. tho porall.1 mtor1'aoc cable. 

To enl UIC thol tho HMdy Bomd', Ni·Cad boltcry pack did DO! IooIie ih ohorge ",bile ~IIIil In: Mrd_k foc 
oxtendtrl po~ il WlI> noca""" 10 supply the Hond)i Board with 12 ,'Oll. while it ""'" in u><. This ""'" impmrnt 
while ooIllil In: fIlrruIllil, a, In: Ni·Cad OOttory W~, U<ed to PO""" the fundy 130=1', RAM - if the power failed, In: 
program MOral m mem"l' wood bo los!, .,.;l tho -.. woUld !la,,,, to be ri:prOllnJIlJIloo. Thi. would !'CqlllR acco .. 10 
a computer, which would IIavo dim¥OO the filming prooo ... The H51dy Board oould either bo p""~rcd di=tly or vi. 
i!o cbugillj!l..-ogramming UIlit. To w< the laU..- ~~ tho circuit l'rnrd fcc- tho chorsmgl~unmmg LlIlit wo., 
_ inllide the ooo.troI box. A sep.vato ,."..-er supply s:ocI<ot 'MIS inserted in lho wall of lho control box, ond 
c""",,,Clod to the 1'<"'1.'1" injU poi'" of the clulrger trit lhe power outpu! of!t.: unit wu then fod !o tho Bandy Board 
via tho parallel c.ble. To ohorge In: Handy Boord', batteries "rule OIJI fIImillOl, • 12,' leod ""id boilery "'" eoor<:ct<>i 
to In: l ocket that fod the cborp,ing umI. When a maim ,""",Of supply was availohl. , tho hatter;', could be CM'lIed by 
Ll!Iing" 12,-lrlInsiormcr, instcttd of the load acid b!lttel) 

3.7.4 Handy Board Programming Interface 

To downlo.od • program into lho lIfOiy Bot!rd'. RAM, ,I "' ooonocl«l to the = ial port of . computer. nu< i. d""" via 
tho pro;mmurung IllLlt, which cooverts tho 13,' RS231 ,;gT\!ll from tho compAor to • 5'1' .,sn-!, which i, """I to tho 
Handy Rol>ld. U, Ltally' OIal!<lMd telopl100.e cabl. coni .. the mgnol from tho progromming unil 10 tho HMdy Boord, 
with RIll pl"<!. on coch end (1Olc1'bone plugs). The cable pluo:. itto RJIl j..,t>; on lho I-\ond), Boord ond pr<¥!. mmifij\ 
unit The progrmnming LlIlii """ hou;ed in !be cootrol box in ,uch a woy IMI the 2~ pin serW in):lll socket mIS exposed 
"" tbot it cwld <lill bo coonocted 10 In: ...rnu pm of" COIllj>ll!cr ., lJ>LtaI. 111e ,eri.1 oo!pUt of tho ~ ,,~. then carried 
to the lilllldy Bomd by th. p.vallel cablo thot 01"" carried the cootrd ,ijmOl. and power , upply 

The limJ), Boord i, ,upplied with OIl LCD ,c",on thotplug, nXo It. Thioi . '-.r'f w<fu1 fo<do~ing . progrnnt, ,, it 
cm displ.y toxt while a p<OI!fMtl =, giving the user fe«lt..:k os to mrich jl!Il1. of tho program ;. hei"l! e,,"cuted. It 
w,,-, rrnioed that when the Hand)' Bo"nj wa, moonIod insido the oardv...-k, it would nct oIWIYS bo ea<)' to """ the LCD 
screen, OIld "" the """"" wu m<Uliod in tho 00"""1 box in,ka<\. To connecl the """on to tho Uandy Boou-d, • I~th 
of ribbon c.lk 'MI' uood. Thi, wa, fittod with male Il"aden . t both ends thot plua into ~ oct !be fundy Board and 
tho oontro! box. ~i1)Ce tho OCI'Oell needs 14 lines to int~ it 10 !be HMdy Hoard, il ""-, 001 p""ible 10 """ tho porallel 
cab., that oome< the control ligmlo.mil PO""" . upp!y fcc tlli,, " _~ Ii,.,. ,..- "vOlI~bJo. The = io!bus 
not .!way, c"""""ted to th. Handy Board, but i. pluggod in while de~~ . program 0< when a vi. ua1 outy.l: is 
"'quIted. 
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3.8 Walking 

Doe of the main ,..quirement, of Ardie w"' that he shoold be able to walk. os this woold help to bring him to life. and 
would ptovio;k continuity in the filming (Le. being able to mo;o into a shot ODd then oot again). 

From the oot,e~ the legs ~2Id been designed and buill {o CIIrry {be weight of the aardvark, and {o have the movement 
nocessary to /Or wall ing. bit i{ wa, nO! \Uuit all lOur ieg' had been moonted O!l thr cha",i. {hat the atKhor cOilld 
experimeru with actually making {be aardvork walk. and in f.ct. determining ifthi. would be pOMihle 3! al L 

3.8.1 Dynamic vs. Static Stability 
Moo{ robotic walker:-; b.vc 6 or eight legs. which make, them ,tatically slahle while walking. This is bec.use they can 
alw.y. have at iel!S{ 3 leg. 00 the ground at ~ time. forming a tripod OIl which to balance while the other ley; """ 
broog~t forward. Thus 3! any point in tbe gate. if the action was frozen, they would be stahle. In the ca,e of animal" 
both biped and quadruped, a dynamically mble gate is used. 1b.is mean, that they are stahle while walking a, long", 
they keep movin2 - if the ",,{iOil were froz.n a{ any point in the mide, the animal would be unrubl. ODd woold 
po;sibly full ov.r. Thi. dynamic stability i. ""hieved by ·fiIllinll into' the step and belp" to give a smoother walking 
aLiion. 

To repli"3!e dynamic otability artiflcially in a robot woold require a gate thot took into 1ICC0Ulltthe dyoomic properti., 
ofthe robot. To be'{ 2lChieve {hi., ,e"sen (e.g. 1ICCelerometer.;).JJould be used to detect the motion of the robot, and 
this k.dbac l used in cak"llialing {he """r step. Slnce the budget available for building {he urdvork would not cov.r (he 
nece .. "T)' proces,ing power and sensors for such a 'ystem, it wa, not po.,;ible to develop. d}namicolly 'table gate for 
the animatron_ 

3.8.2 Statically Stable Gate For a Quadruped 
Becall.'Ie it w"' 001 p""sible to develop. dyo.micolly stable gate. a comprOlJlise had to be r • ...,hed, and mi!; would 
mean de.eloping a .lmically stable g&e for the quadruped. Ardie would thn' nO! be able 10 mimic the gate ofa ... al 
aanhark, and the walking motion would look rother artificial, but thi-; woold be ""{i,faetory for the film. 

In order lOr Ardie 10 be statically ,table while walking, be WIluld need to h.ve 3 legs on the ground a{ a time. with ~is 
"entre of gravity over the triangle that rbose thn>e Jeg,; formed. While balancc<lllke this, the fourth leg COIlld be bt"Ollghl 
/Orword. To te't thi' 'ystem, a window, bas.d appliurion w"' developed using Vi,ual Ba,ic. Thi8 conld be ... ed {o 
control {he mini sse {o drive the leg servos directly (nor via the Handy Boord), and to onimate the walking sequence. 
(See Appendi, J for • listing of the program). Initial trials sbowed tbat it w"' possible to achieve • ,tatically stable gate 
for Ardie, OS illll.,rrared in the ,eqllence, below: 

Figur. ~2a' watklng .cqu.n~. pa n one. Firs{, the lell' are shifted '" t~at most of the weight ; s o.er {be front legs. The 
front left leg i!; then dipped ,lightly. and thi!; free, "I' the back right leg. The hack right leg i. {hen rocked up and 
brought forword, before being straigtue~ed and placed on the &1"OundjllS! behind the front right fOO!. 
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Figure Slb: WalkiD.g ..,..u~n<e PMrt tlm. The back right leg is then driven funher and the other lellS adjusted '0 that 
me weight i> takw off the front right leg. This leg i. then tucled up and brought through, before being stretched out to 

the front. The other legs are tben ...:IjUSled "" that the weight lips onto 1be extended front right leg. and thi> frees up tho 
reor left I.~ 

Figure 521:: Walking !!eIIuenc. part th...,.. The rear left is then lucked up and brought forward 10 be placed behind the 
front left foot. Af, w"' the case with lite rear right leg . ",lier, the ",ar left is used to lake the weIght offth. front left (the 
other legs are odjusted 10 help thi> too). and the front lcfi i. then free to be meked up and brought forward. 

Figur • .52d: Walking sequence part four. A> the fi-OI1tleft i. brought throu~ and .tretched out to the fi-oot, the oth..­
legs are adjusted "" that me weiiht tips 01110 the fi-0I111cft leg, freeing up too rcar righL 

At tbi, poiIJ;. """ cycle oflilc walking sequence h"" b<:en completed. and the cycle is then "'P"",ed The first cycle i, 
'lightlY ditli::rent to the re<l of the cycles though, as it start!; off with Ardie in the standiui position, wherea!l the other 
cyel'" .tart whh him in mid stride. The fooward motion of the h<xly is =isted by driving the three legs thOi ore 
oupporting the weigh~ backward,. "" the fourth leg i< brought forward. 
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3.8,3 Using the Weight Shifting Mechanism to Assist The Walking 

CInco the ""'lking hod beon ""hieV<'d, it "US roaliged tb.t At<lio 'MlUld _ be obl e to "",11; very f.<:t. lIS time """ noodod 
['" tho """ght to tip from on ""t of three 1<g' 1(> the !lOXl 0" each st.~e 0[ the w!llkin~ .. qt>en<e. n,e t1pj)l~ oction was 
, 10" boo,,,,,,,, Ill< Mrdvarl; """ alm""t b.!onced at u.: poirt wbore lhc liWin~ OCClITed. Tn order to.peed up the tipping 
. c'\jon, thi< balonc< nooded 10 be upset, lftb. oenttc of \!fa"t)' of the I!Mdvu k w,," ~ fuiber f()(Ww, it would tip 
ftvwmd"lI<lfe q,ticl<ly, rot woul~ !hen lip bttckWl<rd, s10",,,,_ Of JlOT/Jap< "'" Z1I 011. In cn!er to sp<ed '4' u.: lippinf 
"olion in both ~ircctirns. the centre of gra,ity woold hove to be shiflw. To .chicvo thi .. the ontx-d Ni-Cod hott..-y 
J»Ck wu Ill(Ulted on • <I,di"" be.<. that <X:Uld be driven took ""~ lOrfu b:o' • """"". The ",alb"" muti"" wo, o.:n 
. dJu<ted to jllClu:1. tlu, new vmabl." follows: While u.: ow-d_k """ bolaocod on three leg" the w-e;:p,bt ,''-oulJ be 
ohjft<d .., that it WM 0'''' lOOse throe legs. to m",-e the '\",",0 m"", <!able. '\lIh<n jt "'" """""'"'Y foc Ih:: OfIrd,'..-k to 
tip 0.-.1.0 the next group of thr"" le~, tho Adjustabl. we:i~t w", ,hiJlod to put the LUdv~r~ off bol"""., thug wing lU'>J 
..-ling '4' the tipping acti"" 

In pucti"", it wOS f<xlnd!hat tho«~tom did "".-k to. dearee, but di.:! not belp to speed up the ",allnng very much. The 
blss",t p<obl em w"' rl,ot tho &Jjusl<tbl. ",-.ight coul~ oot be tnOwd l",t _ugh by the >en", "00 '0 ' delay in the 
W\l1J;j~ "' .. , neC<''''IY each tim. the "'.1 wos to be tnO'»<i. Thi, TMd. the walking ""'lueTIC< aj)pe!lr st.~gered.M 
l""" .... listic. 

3,8,4 Other Uses Of The Weight Shifting M~hanism 
.---=.---=.~~':':::''::::':':===-------

11,. <rliustable "eight did pmve be very useM in oth<J: tlllil'lOOO\~O' though, "'-lch os the >lti1Il!l ~ nlOIlOOU\,,", I'-or thi, 
the w-.iiht;, shifted to the root <0 trot the floot leg, can both be ftooJ. 'When returning to the <lonciitql po<jtioo it i.< = to shill the weiaht to the front '" thot the "'''' legs can lilt lhc ""',- end of the I!Mdvo.-k. Without u.: .hiitable 
"cll!ht this man""u\~. would 0<:( be possible 
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The of the real aardvark "The was taken in the "Tussen Die Riviere" game reserve in the Free 
which lies in the of land fonned the of the Caledon and rivers. A male aardvark 

had been researched there on and off for 4 years, and had been to the extent where one could walk 
310ngsilde him and even and scratch him while he burrowed for tennites. had a transmitter lIDlJUlIllleu 

in his and a receiver was used to track him down each When the author travelled up to the 
game reserve with and most of the and 
aardwolves had been taken. The aim of this was to obtain of' which would 
show how "The was filmed. Ardie was to feature in this and the idea was to see the 
m3Kltltg of the film from his In order for this the Director the "'-"'_ ... '--
shots: 

)- Ardie the C31Dera crew as .... A~ .... U"''''' to him what were and how their eqllipltnelrlt 
worked this would him to into the move his head and eyes while the eXl,lwlatiion 
was and then walk out of the fratne. 

)- Ardie and 
walked tnr;ou12:ll 
and to walk over 

as he burrowed for 
Ardie to interact with 

as he 
head and eye movements, 

terrain. 

into and em1erging out of an aardvark burrow. This would 
incline. 

him to walk up and down a 

Until out into the been tested under 'lal>' conditions - he had walked on flat and 
even surfaces. he should have been tested under realistic conditions before off to do the UllJlUU;i5, but time 
constraints on him this. The Director realised that most of the shots she would be very 
detnarldltljl; on and was nrF·n,.-.... r! in advance to have to make rnrnnr'nrn 

It did not take to realise that would have to be made for his 
all in the terrain. Because he was on while fourth was 
did not take much to this balance. A small tuft of grass or unevenness in the was 

he was unable to walk on a very as this would the balance 

In order to the shots of Ardie into fratne with one of the cwnera crew, we could prepare a level 
before and film as many takes as we needed to the shot. When it cwne to with 

no'we'ver_ this was not as would be on the move most of the time. When did 
DOSilllOln Ardie near him and then film the two of them togethler, 

lack there to Ardie. He had become so used to 
eqilipltnelilt J)omte<1 at that he seemed unaware of any human presence whatsoever. He did 

didn't show much or interest. 

For the shots of Ardie and it was realized that a would have to be nlade. Ardie could not 
walk fast up with level It was to mount Ardie on a skateboard 
and him while the shot so as to cut out the board A set of mounts was made on a 
skateboard for didn't solve the Even with the was UC~;I.IC;I..I, 
and in fact the themselves and so the shot was never 

Ardie into and out of a burrow also some For a small sled was made from a sheet 
of onto which Ardie could be mounted. He was mounted so that his were free to move and he could 
still carry out the action. The sled was then up or down the entrance to the burrow at a rate that 
matched the and the shot was fratned to exclude the sled. The final effect was and 
uVI'''U~U y would be corlvirlcrrl2 """vur!!>n. 

To film Ardie inside the burrow a bit of manual labour. A vertical shaft had to be about 2m from the 
entrance so that it intersected the burrow as it levelled off. This a hole 2m which was 
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for the cameraman and his to fit in. It was very un,,, ......... to make the floor of the burrow level 
for Ardie to walk on, and so the aluminium sled was used him into and out of the shot. 

Because it had not been to film Ardie and decided to take some blue screen 
to(11:IU~e of so that he could be onto a different h".,lror' ..... n.-i in the if 
necessary. This involved a blue sheet that ran onto the Ardie in front ofit. Ardie was filmed 

from various and with different conditions that the 
h"',·lrarnl .... tI onto which he would be have. 

What made it even more difficult for Ardie to walk was that he had to have a of a mini video camera attached 
to his head. The camera is a 3CCD video camera 40x30x2Omm in and 
was used to film in and for Ardie's POV shots Of This would 

the effect of The real camera was mounted to the end of an inverted monollOd 
and could have been Ardie was filmed with 

the camera camera on his appear as if the POV shots had been taken him. It was 
decided to do this while out on and so the author did not have time to his sequence for the new 

and had to build the camera out there. The of the as made from and one of the real 
lenses was attached to it. This added to the front of his balance. In order to restore the bal:ance, 
the was shifted to the rear, and an extra was also added to the rear. Not much more 

as this would strain on the servos, and so the balance was not restored. 

meet the was when it came to the head and 
facial he did very well. the control the author was able to realistic movements with 
the head and eyes, and could make him interact with what was on around him. For when the film crew 

delmonstratiin.g their or when was Ardie was able to follow the action 
and blink his eyes from time to time. the mouth movement made it appear as if he was to 

how their worked etc. 

Another of the Ardie that it had not been to test before out on location was his 
It was realised that once out on if went wrong it would be very to and 

jeOlpar.iise the While the author had this in mind all the and did 
robust as This is it was decided to rebuild the aluminium rather than P"'?~n~'''' 

. This as no mechanical TlT"'nI .. ! ...... " 

encountered with the even Ardie was to some conditions 
survive from a desk onto the floor before a demonstration at 

One area where a few did arise was with the servos. servos where used for the 
these were under much strain while and were at close to their maximum rated In the 
manoeuvre where Ardie sits up, the servos for the hind as take the full 
of the robot. It was while this manoeuvre on uneven that the gears in on of the servos "':_._L.1::_ 

the gears or a spare servo were not available on loc:aU1on, 
A spare standard servo was available and the author Ill ...... !; ..... 

servo had been used to drive the of the is driven a servo that is 
so this servo is under less The servo was the one that had been the lower 

and the spare standard servo was then used to then drive the lower It was found that the standard 
actualily to this and the was back in action. 

Another incident that occurred was with the mini servo that drove the from side to side. At one 
Ardie and reversed into Ardie and knocked his head. This 

this did not render the servo - some side-ta-side movement was 
PO:;slt)le. but to a limited A spare set of gears was not this was on the last of 

ULLU.u.<.S, and so most shots had been taken. The servo was easy to gear when author 
returned to Town. 

While on various other modifications and had to be made as the 
role that the Director saw Ardie in the movie somewhat as she saw what his ... ""I""" ... ' .. u ..... " 

A ........... '~.".. a fur coat had been made for Ardie looked more with his coat and so most of the HU'UU'S 

was done with him 'naked'. because he was now meant to be seen as a it did not matter if there was a 
visible tether to him. This made it easy to control him with the control box and the connected 
permanerltly Below are some taken while on location: 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Fi~ 54 Tho Author withAr<ti. <r>d limmy 

Figure 55: Filming Arilic OIld Timmy l"l'c1hcr 
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Figure 5~: Timmy openilog " trnnite moon<:! 
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has shown how an animatronic aardvark was 
ie<)lgtllpl1ic wildlife film. The animatron met the _nn; .. '.1TI ..... t" 

and mouth. a realistic ")'1 ........ 11'"'0<11)' 

satlsnlCtC)ry cornpromlise was reached 
and mouth movements the control 

imJpre:ssicm that the animatron was with its environment. the animatron was limited to W"jlAl1j'~ 
over smooth the Film Producer was able to film most of the and was very with the 
animatron's pelITOllll1lmc:e 

Since the Film Producer is interested in the animatron for future prctdu<Cticms, additional work will be done to 
...... r' .. 'n' .. its The sequence will be revised with the it more stable and the 
animatron to walk on terrain. 

For research pmposes, the author also intends to convert the animatron into an autonomous 
sensors, and the control program so that it can use the from the sensors to make decisions for As 
an infra red sensors could be interfaced to the and these could be used to detect 
obstacles. The could then be to roam around in an with and avoid these 
obstacles. For this to be additional would also need to be such as and 

backwards. 

Since most of the mechanics and electronics of the animatron are left and it serves as a 
demonstration as to how mechanical and electrical can be to use. The animatron has been used for 
demonstration on numerous both to school children and students. The author intends to 

Ardie in such demonstrations in the that other students will interested in the filed of 
animatronics and robotics. 
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Appendix A: The Author's Background 

Robotics is • field that h .. interested the autho< since 1996 _ ocigina\!y in the basic form of being able to control 
mechanical device, from a computer, and to feed inpul from ,ensors no tbe computer. TIle 4th yo.,. thesis project for the 
author's ASc in MechaniCllI Engineering at UCT involved lbe,e 1"0 _ an anlomaled warehoose paclaging system was 
devcloped and • worldng model wa, buill to tesl the COl1rep!. His interest in the field grew, and after travelling Europe and 
working in London for two yea,." he decided IMI he would like 10 do an MSc in robotic5. After researching which 
univ..-,iti., offered sncb a course, the 1IUthor travelled to the United Statcs 10 vi, il a few of the campuses. He w"' most 
impre,sed with tbe facilitie, and the research heing cOl1ducted at the University of Sou(bem California in Los Angeles, and 
decided that he woold like to srudy there. In order to apply for the MSc at USC, it was ncCC""'Y to have a background in 
computer science (the coone is. MSc in Computer Science, ,pecializing in Robotics), w the auth.,.- rctnrncd to UCT and 
enrolled II first and second yenr computer science CO!Icum:ntly in 2000. Ik decided to make the mo!.! of his time at UCT, 
.., looked iuto the possibility of doing a MSc in Mechanical En~ineeriTIg. It was disco""",d thai: Profe""," Andrew S .. , 
had beCOII\O iuteT"e5ted in the field of robotics, and was enthuo;iastic for the ;wth.,.- to do an MSc under his ,upcr>i,ion. 

from the ool5et. the aim of (he author"s thesis was to re,earch various aspeet, of robotics. and to create a ""ouree of 
robotic related iufoIIIll¢i"" fur future , mdcms to use. It was 01'0 hoped to build a 5rnal1 autonomou, mobile robot that 
could serve as II test-bed and worl.ing ""ample of the various thing, that had ooen re,earched. During 2000, infOlIDation 
was collected aod an IITM1- based resouroe WII' developed. A smaO mobile robol was a1,0 buill The primary functi"" of 
(his robo! was to test the capabilitic, of a microproce'sor board that had ooen ordered from the United States (the lfundy 
Boord). The robot (Tioa) had limited , pace for oensors and batteries, and so the author irrlended to build a bigger ver,ion 
that could carry all the seo,,"", nccess"'Y 10 demonstrate what had been re,earched thus fur. 

r 

Figure 58, Tina-Ih~ aolooomon. mobile robot 

JUS( before construction on the bi~ v=ion ofTill:t began (end of JanLW)' 20(1), the author was approached by Lynne 
Richard,,,,, of Africa Wildlife Film, with an intcre'ting propoo.al. Africa Wildlife Film. is a Cape Town based oompany 
thai p.ooIJCCS wildlife films _ they have prociuocd film' for (be IlOC and Disoovery Channel, a. well as Natiooal 
Geographic, for whom they were iTI the pro<lCS' of producing a film on aardo""',. To re,earch and film the aardvark, 
Vllrioos modern tectmolob<ic, were """d, ,ncb "" radio tracking devices, and Ground Penetrating Radar (to s.cau the 
aamvar\; burrows). 11Ic producer decided (hat the", would be ,ufficient interesting material to put logether a 20-minute 
'makin~ of" mooie, to explain how all these technologies were used. She decided it would 00 a good idea to have an 
animalronic aardvarl< character to tell the stOl)' of bow the moo;c was made, and through", ho', eye' the viewer would ,.,., 
this being done. Professor Sas.. agreed that building the animatron would be a suitable e"erei,e for a Mas(e", Thesi., and "" 
the alllhor undeJtook this challenge instead of building (be wltecled robot. 
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2 Ports and Connectors 

: 17) LCD screen 

18) 
9 digital 
inputs 

(16) SPI 
-,,,.lj--expanSlOn 
;: header 

(11 ) 
IR input 

(10) sensor 
IR output ," loolcator 

(13) user 
knob 

(12) 8f1i!log 
expansion 

header 

Figure I: l;ibd..,d Handy Boord Diagram 

F'gure I, above, ~how~ a labeled .iew ofthe H&ndy Board's ports, ~'(lnnectors, mpulS, and outputs. In 
the following, each of these is briefly descn bed, 

1 , PowerSwitch, The power swileh is used Jo tum thc Handy Board OIl nnd off. The Handy Board 
n.."Iams the contents of it~ memory "'\"~'Il "hen tnc !JoHN is sWitched off. 

2 . Computer Connector, Viathts RJll oonneetor. the Handy Boardattoches lOa de,ktop romputcr 
(uSlIl£ \hc scparJI<' IIlI~rfacc.'C'h;H"gcr BooN). 

3. 4 DC Motor Outputs and Indicators. The Handy Board', four motor outputs arc located at 
Ihi, single 12 -pill conn~ctor. Each motor OUlput conSISIS of Ihree pins; Ihe mOJor connects to 
the outer two pms and th~e~nWT pin i~ not U>ioo. Red an<J !,,'I"ecn LEDR indicate motordircction. 
From top 10 bottom, the motor outpuG arc numlxm:d 0 to 3. 

4 . Start Button, The Start button is used to control the execution of [nkracli.c C programs. Also, 
its state may be read under user flrDgr:un control. 
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9 to are 

7 is to arc 

1 is 

1 

connector row 

1 IS a can user 

to 

1 is 

1 a I 2 screen can 

tones user 

.....,....Iltol., .. exp,ans.lon neaaer is a 1 access 
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Appendix D: Mini Serial Servo Commander Datasheet 

Serial Servo 
Controller (SSC) 
for RIC Servos 
U5i! a roJI1pI.1fPrS SCI'l81 pon 10 romrol 
smndMd R/e = fVr robotia;, 81l/:r)mauoft 
and animorronics. Mim sse .• 8CCI!/>f ser; .. J 
IfJptI/ (1/ UrJO or 9600 bps. ctllplR piglx rock­
s/('ady chanJlc/s of SN",>-·ronl roJ :signals. 

Easy Motion Control 

.~,,,,,.­

, .. ,,'.,., 
loe ""m< ar~ .. h .. I"l'l!lotllng n~"'~ u:,cr.l I n radir.>..,,,,ltI<" 0""" """,,,. ~tKl pj~"" •. n",y RIC 
p"p_,lor ~ ",n"I1·""a'" rolJotk! ..... tormtJoo. ""d '1"""0 ' otr;,r" boca""" of tiler low l"'e .n""l 
31<~. und hIgh ""","I"" 

Our Mini sse " AI"""" ynu m """trol up H> e!gh;""""", !"rougil a <omput~.~ .. <'all"n "'ing 
~!m"le IIl>Iructkll1s at 2400 oc 9(lO(! """- Pl"OAram YO"- <0111"",(,[" to """" ",,"" byt""-_ 

<255 (,}T.;» ~"ioil> <p"!>IUoo> 

... and tho Mini = ~ thai .w"'" I~ tlI' 'pr"I'l~.,.j !""irion. ~nd kreps 11 the .... until told 
10 d .. ,W til< lJ<l'Juon. T"" MI"I Sse. t:~" ... .. l~ tho '"'" .. ",rial lX'n to<omrol up to 16 """""'. 
0[. Y"" may ~"1 ordc-t- Mini S~ with hiS ...... S<'fVO rull1"",.....-l<I romrul '4' '" 255 "" ...... 
C""1il<:t US for tletillls. 

M~ Mr"j sse . pplkatloo. ~ulr. you to wrlle )'WI" nwn PO-"IIT""'" r", tic h:J5I con' ......... 
ynu plaIllo "SOl. The n",,,,,,* Ind ....... """,,,pJes In IlASlC for St~m[>' micrntmtrolt.r:I ~nd 
Pc. ru"n'ne DOS. But you can use a~ oombinarmr ofhardware """ ",/tware th:tt can drM­
an RS-232 ,.,rial poct. If you don·t want to prograRL >isit ,...,.. web I""lf!" nrd follow lhe n" .... 
to Udtd I,m ty . .,oU W<llU pa<:k>rgos lot Wlnoo .... " I .... w. oeetron .cOltf 0_0 .bU'). 

Neat Features 

II .. MlIll::'s(; II I. pn ~...,.tnbl"'" anrl te>te<I module th". feattn. a oo""""" t 1''' ......... olylo 
.Iock foc ...-Ial iq>ut. th=-conrloct.,.. ..,"'" connecton. _"I"'" LF.:D to ve<'ity Cort'<'fi 

GllPTIlI ion. ~,.I , ,,lt ch:.lrle 'Hn~~luI Ion Ir "''' 90' at O.3{l· il<"" WIlt or 180' at O.12°lwlit. 

Ordering information 
A" .. ,·,,, .. t "' ,; sse " ISSC_ASD2) ... .... 00 

P C I DEl\l, _ , , . ... >Or"'" ss.c ;; '. SSC-<C8") .•• 0.00 

--------------c=-c====-c=;;;-
Scott EdWards Electronics, Inc. '~.l'lS. ,""""". I....,. ",,", F. Simo 'o1sto. N. 8:163, us.; 

"~''''.59 <t'J2 . ",,-, ,2()·.",-t.oI!ll · __ .axe 
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Power l'8QiLdl1lilmllnls 

Power I'lI'IlIUllll'll1II!'lm 

Serial 
Serial 

I'oIkM'lrIQ code 8K8mpllElS IlIO\'8 &8I'VO number 5 b 

, No at "I" or "B" 
SEROUT 0.N2400, (255,5,200) 

200. Fa'mora 

BASIC II 

• No jumper at "I" r install jumper at "B" 
SEROUT 0.$4054, [255,5,200] 

QBASlClQuIckBASIC on PC DOS 

CK 

• No at "I"; install at "B" 
OPIN "OOMl,9GOQ,N,e,1.CDO,CSO,[)OO" FOR OO'l'roT AS #1 
PRINT ttl. CHR$(2SS);CHR.$(SI;CHR$(2001; 

309-382-1816" Net: WWW .... Y'Lum;'O ... .I.0IJ com 

1-8Q0.637-4989 or 217-398-3635" Net www.towerhob.bies.com 

Tech(h.~~UW~ND!~ 

805-522-3750· E-mail: ckdsgn@aol.com 

Road, Suite F. Sierra Vista. Al 85635 USA 
..... ,,-.. .,."" • lax: 52(}459-0623 • WINW.seetron,com 
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= m == 

,. for Board v1.2 *' 

fredm 
to SCJ)I1I1de 

1,1998 
~wmre mmalmb~ 

*' 

{ 

} 
1* 

{ 
return 

} 

{ 

msecouUO) I 

msl(:ep«lon,g)(mt)(sec:onds 
} 

is 

"hb!;eDSor.c , to room 

____ ---m *1 
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{ 

} 

{ 

} 

{ 

} 

{ 

} 

{ 

} 

IDSe)CondsO + IDSe)C; 

execute at least once a 

} 

'* tum power to off *' 
void set bee:))el PltlCIl(tloat frecJuel~CY) 
{ 

pokf:wonl(OJL~6, 

} 
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else 

} 

void _SCCDIlOb)1'{1:nt 
{ 

else 

} 

void 
{ 

int 
+ 

int 
+ 

} 

1 

int 

+ -~.~-,,'. 1* tum motor on *1 

__ .. _." 1* set for backward *1 

1* set mnJLmm *1 

« 

« 
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{ 
return ! 

} 

int 
{ 

return ! 
} 

} 

void 
{ 

} 

{ 
return 

} 

& 

& 

1* process that calls it 256 ticks 
more to nm before out 

void hO~~j)I~SSOlr(l 
{ 

-....l., .. UI,...n .. 

} 

processor inldefilDilc:ly *1 

1* is now a C nritniti'lfe *1 
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'*** 
, ••••• * •••••••• ** •••••• **.* •• ****, 

'* functions allow you to tum on and features 
controlled the routines. The more teatJlU'es 
you tum run. 

featJlU'es have the 
modulati,OIl ON 

state: 

ON 
ON 

IR ttamnission 

This uses approx. 30% 

OFF 
OFF 

CPU time. 

Ap):)fOximate benchmaiks: 

x Feature % of CPU 

3 
11 

5 
IR transmission I 

*' '* 

*' 

'* 

'* 1* 
int 
{ 

return 
} 

detlemJUne motor 

at2MHZ 

& % 

buffer becomes full 

clock *' 
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/. expsemi.C 

./ 

{ 

} 

} 

} 

} 

} 
} 

{ 

} 
} 

< 
retum2SS • 

retum 

is in use 

{ 

{ 

out 

./ 
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The listed below contains the routines used to control the aarc:lva1'k. Note comments are colored blue. 

int mOlnthJNellV: 
int ::: 

I*This is the 

{ 

{ 

of the program that starts Ynn,nnllO the Board is switched on*1 

IR Dec:eivll::f state IR 

== &£_'--\"h the variable to the value that is read at the IR 

> is one, it means anlR has been 
received. variable to this new 

if= 

I*The program now UldJll"'U'''::' to a subroutine dependling on what the value of the IR 

= I*branch to the set W alk routine if the IR was 149*1 

= I*Set the wallkSl:eps variable to 100 and branch to the 
244*1 

routine if the IR was 

{ 

} 

I*branch to the stand routine if the IR was 129*1 

l*branch to the sit routine if the IR was 135*1 

I*branch to the walk routine if the IR was 141*1 
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} 

} 

{ 

} 

routine if the IR was 149"'1 

ch(:cklmg the state of the IR the program also the states of the connected 
Dus:n-[fUUlons on the control box. It will to a routine if the correct combination 

v."' ........... is detected"'l 

=1) 
routine"'! 

=1) 

ir"" 0; 

12 and 14 are pressed, to the controlBox 

12 
0.5 

redlUCUlg the number of that are 

Dresse,d, increase the 
the variable on the screen. *1 

I*TIlls is used to slow down the WaJlKI1llf! routines the number that are 
inserted between the Droigraumledw~lmnllfltc:in the routines*! 

=1 Dressed, increase the 
the variable on the screen. "'I 

{ 

} 

aec:OdJmf! routine so that the ",,,,,.,..pc,,,,,,. doesn't have to monitor the IR 

!"'TIlls routine makes the aardvark stand the servos to their for stalldirLg"" 
!"'Refer to the code for for an eXjlilanatioln of how the moveTo function works"'! 

{ 

} 
); 
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I"'This routine makes the ",,,, .. ,i'Jl>'rll' sit up 
void 

{ 

} 

nV'",Ul.l"; to make the aardvark up 
void stalldFroD1Sit:Q 
{ 

ir:::O; 

} 

the servos to a series 

the 'sit' """"""',,, the program will 

I"'This is the routine that is run when the is controlled IR into 
I"'The state of the IR is program branches on 

value recieved at the IR 
I*These subroutines are used to control the movement of the and facial features with the IR remote*1 

{ 
= 

headHori= 

u .... a .. '''''' the servos connected to the 

wbiJle(tt 1= COIltIDlle until a value of 165 is read on IR - this will take the robot out of 'head mode' 
*1 
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{ 

::::::::: I*Ifthe lR value read is reduce the 60*1 
{ 

-
ir=O; 

} 

= lR value read is the headVert variable 60*1 
{ 

+= 
ir= 0; 

} 

::::::::: I*If the lR value read is reduce the variable 60*1 
{ 

headMori ..:= 

ir=O; 
} 

"""" lR value read is the variable 60*1 
{ 

+= 
ir=O; 

} 

""'" I*Ifthe lR read is to the 

= I*Ifthe lR read is to the head routine*1 

== I*Ifthe lR read is to the routine*1 

= read is to the routine*1 

= lR read is to the 'lookLeft' routine* 1 

lR value read is to the routine*1 

/*If the lR value read is to the routine*/ 

== 
ir=O; 
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/"'If the IR value read is to the Dl1IlK1lllg routine"'/ 

/"'Ifthe IR value read is A'<'''',''''UY,", the 

= 131) /"'Ifthe IR value read is the bottom 

the down"'/ 

IR read is bottom down"'/ 

/"'If the IR value read is to the 'contro1Box' routine"'/ 

the servo that controls the vertical head movement to the new of 

servol "" hesLdHori; I"'Move the servo that controls horizontal head movement to new value of 
'hadHori''''/ 

1= the values ofthe 'headVert' and 'headHori' 

, ..... " .... ,",. for lOms "'/ 

} 
/*Deactivate the Board servos"'/ 

} 

/"'Routine to make the nod"'/ 

{ 

= 0; i < 3; 
{ 

headVert 

fortheadVem ... 

} 

ir""O; 
} 
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!"'Routine to make the head shake from side to side"'/ 
void sbakeEleacJlO 
{ 

inti; 

=0; i <3; 
{ 

headH()ri> 
servo} 

headHclri < headHori 
servo} == healdHori; 

} 

ir:::;:; O~ 
} 

!"'Routine to make the head look 

{ 

} 

while(bead1Vert >= 
{ 

} 
ir=O; 

b.ealIiVert -
servoO "" head'Vert: 

!"'Routine to make the head look down"'/ 
void loolld)()W1liO 
{ 

} 

while(head'Vert <= 
{ 

} 
ir=O; 

!"'Routine to make the head look left"'! 
void lUUIlloJ..lC;;UV 

{ 

} 

while(headlflori >= 
{ 

} 
ir=O; 

servol 
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{ 

} 

{ 

} 

head look 

whUe(lllea1ciHc)ri <= 
{ 

} 
ir=O; 

servol == healrJHn,11: 

servo 1 = hea~t1Ho:r1; 

ir=O; 

/*Routine to make 

{ 

} 

servo2 = 
servo3 = 

servo2 == 
servo3== 

ir=O; 

I*Routine to move 

{ 

} 

servo2 == 
ir=O; 
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} 

"'KIOOlme to move the 

servo2 ::::: 
ir=O; 

I*Routine to move the bottom 

{ 

} 

servo3 ::::: 
ir=O; 

I*Routine to move the bottom 

{ 

ir= 0; 

} 

I*TIris is the routine is run COiltinuOlllSly 

{ 

box knobs and DWin-[mnons are COIlllle\:tec.t 

subroutines from this one, QeJ:lenamg 

an response to ""'':u'''''. 

.... , ........... '" the 

_ 92 + ...... l"" •• I"'1llnl>· 

l(di1~·(13) = 1 
{ 

int 

the control 

'VV.uu , .... Box' mode has entered*! 

Board '"'" .. ,,' "'''''"'''' servos * / 

= 

I*These the that the servos for head movements m1llSt go to, on 
the values read from the knobs. The constants in the formulas were in the calibration 

servoO :::: 1867 + ''''81l18l()g\1 
servol :::: 1282 + ___ • __ .r. 
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........ ' .. I.U'JAUJ > 
{ 

} 

the values read from the 

servo2 = 
servo3= + 

movements must go on 
+"~~"',n~ were in the calibration 

and then rel€:ase:d, ........... '" sequence is started If it is held more 
trac~kiIlg sequence is d~lrt"ri·1 

{ 

tt{c:bgitall(12) -
{ 

} 
else 

} 

{ 

} 

UI ~l)M;l". the stands up 
=1) 

} 

} 

'*.,.rmt;1~'" to shift the adtustl.ble to the 

{ 

} 
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''''Y'l',,,t;t,p to shift the adjlllStlble to the rear* 1 

} 

I"'routine to shift the adjllst:Jlble to the .. UU ..... "'l 

{ 

} 

I"'routine to make the aardvark walk. "'I 
I'" lbis is done of , move To' commands. The coordinates in commands were obtained the 
Visual Basic the sequence. Each of the numbers is a reference to 
which on servos must me After every of moves, a routine is to check if the 
button has been on the control box. "'I 

{ 
to track of the number taken"'l 

to the center"'/ 

I'" The first series of moves are to the aardvark from standstill. 
once so that aardvark is the program enters a that 

160.0 ); 1* stand *1 
160.0 ); /* free br *1 

tbrouWl "'I 
1:l!r1oulllh "'I 

th .. ,rnu"h "'I 

br011gtl.t forward 
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• 

1* At this the program enters the w""" .. ,, sequence until the button is pres;sed. or 
the desired umber of 
for(take:nSteps::: 0; < waDcSteJ)S: take:nlSteJ)s+t-) 
{ 

/* Check to see 

=1) 
{ 

} 

== 1) 
{ 

} 

I""'''''''''''. If so, the are moved to the stamlmg position and 

160.0); ., 

free fl *1 
free fl *1 

16.0 ); 1* free fl *1 
16.0); 1* lift & fl *1 

); /* fl thr(JIUI!h 

96.0); 1* 

); /. ./ 



Univ
ers

ity
 of

  C
ap

e T
ow

n

== 1) 
{ 

160.0); *' 
} 

%.0 ); '* free fr *1 
); 1* lift & tuck fr *1 

%.0 ); 1* fr *1 
96.0); 1* fr *1 
96.0 ); 1* "uW'&'''''''' 
86.0); 1* *1 

=1) 
{ 

); '* *' 
} 

} 

160.0 ); 1* stand *1 

ir=O; 
} 
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routines to control from Note comments are COl(uea 

col!rutIlmd. to the sse in the fonn of a servo number and The function is lll .... JlU ... ' ..... 

file that contains commands for serial information from the Board to a 

{ 

} 

servos to a desired The move from the to the new ones is 
done in a certain number the servos are not all moved the same amount. the routine has to 

void 
{ 

to move each servo so that the servos fInish their movements in same number 
d.e(:l'el:lSil1lg the number of the motion is either slowed down or up - this tecllmic:Juc 

float float float 

c; 

I*First the difference between the current }JV~"U\J'U and new DOSilt!cm for servo is .... (U.~u.~ ........ 
= sO­
== 51-

difJ:2 "" 52-
== 
"'14-
... sS· 
=86-
=87-
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{ 

} 
} 

= 0; c < (int:)ste:ps; times*/ 

I*The move increment for each servo is calculated 
move, the total number 
servO += diftlO/!ltJens: 
servl += 
serv2 += mIl[u~ireIllS: 
seIV3 += mIl[.:mirelllS: 

serv4 += mll[4/~ireIllS: 
servS += mllr:l/~ireIllS: 
serv6 += mllrn/~ireIllS: 
serv7 += ... ..,.-, ,..,.-..,. 

new posmOln"'l 

WVlOlIll! the total amount that the servo has to 
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• 
• 

WU'uaU,", close the SSC/comm 

II. 

• 
II, 

• 
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:::: 177 
=81 
=60 
= 100 
=85 

SliderS.Value:::: 7S 
:::: 167 
:::: 165 

:::: hlIllU.IWlV. 

::: 

Text2.Text::: .., .... , ...... 
:::: 

:::: 

Text6.Text = ....... I ..... U. 
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Appendix K: Calculation of Overall Dimensions 

Since lbe ~g .eIVO. could produce a moximum to£qUe ofO.5Nm, \be dimen.ioll5 of th. Ie~, bad to be adjusted so thOl thi' 
ma,imum would nol be e~coOOed while !he arumatron was walkin~. A, !he rear "'il" would be longer that the from OIIe,. 
tho bip joinl .ervo. for lbe rear leg. would be ,ubjecl to the gre"",51 momeol arm (the torque reqnired by the knee joinl 
servo. would be less a. the geat =mbly help. to increase !he torque Ihey produce). For Ihi' reason. all c:llcuIOlion. were 
b!Ilie<Ion lbe "'at lego; being in the JIO!iitiOll during the wa1l~ "que""" that would pro:luce the gre""", momem at the bip 
join! ser>"O. (A. ilIurualod in figure 59). 

Since Ibis calculation had to be made while \be aoimatron was mill in \be prototypo Perspox pb ... , an e.timation ofth. 
final weighl had 10 be made. Based OIl the Imown weighl of the servo,. the Bondy Board and the batterie" tile total 
Pf'!ieclcd weighl was estimaled al3kg. il was as.umed thaI the weight would be di.tribUled evenly among all four leg., 50 
lhal each leg would have to cany O.75kg. 

To delermine the maximum momem ann thal could be 'upported.!he following formula was used, 

O - TIF 

Where 0 = momem arm 
T - lorque produced by servo (O.5Nml 
F~ force 3J>pliedat moment arm(F - M ~ ~ - O.75q:x 9.S - 7.35N) 

tnoening the above value:s imo the equation proouced a re,uhing moment arm of 0 - O.068m. It was decided to add a ,mall 
"'fety filclor, Md 50 a final moment ann of 55mm was cho""". Workio~ backward. from this value, the dimensiOll' of lhe 
~per Md lower limb. where calculated. and !hen tbe overall dimen,ions for the re.1 of the OIlimatrOD where scaled 
accordin&ly. 1hls remiled in !he ani matron being approximately 'I. scale. 

87 
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