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Abstract:

In the ever changing world of technolggthe humanoid robot has been a constant
member of science fiction culturélowever there hasbeen an ongoing project on thempus
of Huazhong University of Science and TechnolgyST)in Wuhan, Chinao build and
programhumanoidrobots capable of playing soccer the Federation of International Robeot
soccer Association's (FIRA's) Human Robot World Cup Soccer Tourname@ufjud®ur
project goal was to develop laumanoid robot capable of independently displaying effective
soccer skillsWe divided the tasksnto two teams one designed a ball kicking robptogram
while the other designed a path trackimgbot program After each group completed their four
major objectives, wehad created a superior prograrthan its predecessorsUsing our
optimized code as a foundation, another grougan further develop these robot progranis

demonstrateevenmore humanlike soccer dls.



Table of Contents

ACKNOW D G LEMEN T S ... oot e s ababa bbb st s bt b e s s emnssssnnnne I
A B S T R A T .o R e E e e ne e e e s ene e e r e e n e nnnnneereeeeee s Il
TABLE OF CONTENT S, ... ma e e e e s snsese e e e e emrsnrnnnnnnes Il
TABLE OF FIGURES.......oiititiiiiiiiiiie ettt ettt ettt ettt e e e e e e e e e e e e e e et et e e e e e e e e e e e e e e e e e e e e e e s e s e e aame e e e e e e e aaaas Vil
TABLEDF EQUATIONS. ...ttt na ettt bttt 5552222t £ttt s 524522 e et e e e e e e e e e e aeeeeameeeeeeaeens X
LIST OF TABLES . ...ttt ettt ma et s e e e e et ettt et et ems s e e e e e e e e et et e e e e e e eeeeeeeeeameeeeeeeeeeeanananas Xl
(08 o VN =t B I LV I @ ] B 1 1
CHAPTER 2: BACKGROUN......uuuttiiiiiiiiiiiiiiieietieieieieieeeeeeeeeeeeetetasseseeeeeeetettetaaaaataaaeaaeameetetaaaaaaaaaaeeeeeeesenasaans 4
2. L INTRODUCTIQN . ..ttttttttttiiiittrttres st ettt e ee e s s s s bbbt e e s e e e e e e s s s s e b e s e et e et e e e e e e se s s s bbb e e s e e e e e e e e e e s e s a bbb e ae e e e e e ae s 4

2. 2HUMANOIDROBOTIBHISTORY. .....eiitiiiiiii et r e e e e e e s s bbb e e e e e e a e e e e e s s s bbb areeerees 4

2. 3. LIMAGEPROCESSING. ....ee et ittt ittt e e e e e easasaa s ee e et e e aeeaaaeesa s e E e e e et et e e e e e e s aa e s b a e b e s ettt e e e e e e s aa s nnnrr e 5
RS T N =1 To] (o VY ] [o ] o FO SR PP OUPPPRP PPN 6

R I - T T O T O PP PRSP P PP PR UPPOPRON 6

2.3.2.3 OPIC NEIVE ...ttt ettt e ettt e et oo bt e e aa bt e e e e et e e e e b et e e ek b et e e a b et e e e e e e e R e e e nre e e e 6

RS A N = - 1 PP TSP PP PUPRPPUPPPO 7
2.3.3.1 MACKHINE ViISION....ceiiiiiiitiiie ettt e e ettt e e st e e e e e e e e e s st e e e e s st re e e e e s anrreeeeenanns 7

B B R OF 14 1 =T =SSO PP PPPPP ORI 7
2.3.3.2.2 Charge@oupled DeViCe (CCD) SEMNSOL......couiutiiiiiee ettt ettt e e ee et e e e e et e e e e e e sabbereeeeeaeas 8

2.3.3.2.3 Complementary Met@xide Semiconductor (CMOS) SENSOL.......cccuutiiriiiierireee it e e sieee e neeeens 8

2.3.3.3.1 Programming LANQUEAGES. .. ...cuurterrreeeitreeeaaiietesssteeessibee e st eeeessseaestb e e s atee e e sanseeeessneeeaasbeeesannneesanneeenan 8
2.3.3.4.1 ElectroniC ProCeSSING BOAKM........ccooiuuiiiiiiiieeiie ittt e et e e e s eise e e e e e s e innr e e e e e e e nane 9
2.3.4.1 Image Processing AlGORIMIS..........uiiiiiiiiiie e 9

A B St R I ¢ 1 1= g To] (o [ o To [ SO TPPPTPTOP 9
2.3.4.2.2 Histogram EQUAIIZALION..........cciiiiiiiiiii ettt e e s st e e s 10

B I o = (][ T PP PRRN 11

2.3.4. 2.4 EAQE PIXEL ittt e e e et e e e e e et b et e e e e e e e e e nnnrreeeaeeaas 11

2.3.4.2.5 HErative OF OPIMAL.....cocuuiiiiiiiie ittt ettt et bt e s ab et e sb e e e e st e e e antn e e nnnnes 11

2.3.4.2.6 AGAPLIVE. ..ottt e e bt e e bt e e e e e nnn e e e e annr e e nreeas 12

B B e o R 11 = L1 [ PP PO PSPPSRI 12
2.3.4.3.2 IMAGE NOISE. ...ttt ettt e bt e bt e e b b et e ek bt e saan et e e s b et e e ah b et e e ante e e e nen e e e nbeeenan 12



2.3.4.3.4 MEIAN FILEEL......ce ittt et e et et e e et e e s e e e s n e e e et e e e e e 13
2.3.4.3.5 GAUSSIAN FILEL. ....eee ittt ek n e e st e e e e e e e e nan 13
2.3.4.3.6 FrEQUENCY FilLBL.....oveieiiiii et e e e e e e e e e e e et e e e e e e s aaabaeeeeessansraanneeeeean 14
2.3.4.4.1 EAQE DEEECHON. .....eeiiieeeiiiieie e e e ettt e e e e ettt e e e e e et bttt e e e e e e aatbeeeeeaeesannbeaeeaeeeaannnnnneeeaeaeannne 14
B NS T o 1= PP PTUPPRRTN 15

D R B e A O T o 0| TSP TP 15
2.3.4.5.1 Digital MOIPNOIOGY ... .ccuteeeeiieieiieee ettt e e st s e e e e st e e e n e e e nne e e s eanrreenan 16
2.3.4.5.2 BINATIZAION . .....eeiieteie ittt ee et s e st e e e st e e as bt e e st e s a R e e e e e R et e n e e a e e e e r e e e e e e neee s 16
2.3.4.5.3 EroSion @nd DIlALON..........ccoiuiiiiieiiieiiee ittt 16
2.3.4.5.4 Opening ANd ClOSIG ... . ceeiuriieiiieee it e ettt e e s e st e e e e e et e e e s ann e e sne e e e annr e e e anrn e e e nnnnes 17

R N Gl =1 (o] o BT (=Tt o NPT PP PP PUPPPO 17
PR TR ©o 4 o] [ ] T o PO P PP PPPPRRR 18
2.4 LMOTIONTONTROL ... ettttteeet ittt e e e s e s s st e e e e e e e e a4 s e e e e e e et e et e e e e e e e e sa b e e e e ee e et et e e e e e e s s snnnrnneeeeeeenaeeeeas 18
2.4.2 DOF REQUITEIMENLIS....cetiiiitiittei ittt e e ettt ettt e e sttt e e s e sttt et e e s bbb et e e s aabb et e e e e sabbeeeeesanbbeeeesannbneeeean 18
2.4.3 Joint ACtUALION METNOM........eeiiiiiiiii e 19
P YT o 1= =Y N1V (o 1 T o R 19
2.4.5.1 Passive and Full ACtUALION METNOMS. .........uviiiiiiie e 19
2.4.5.2 Balance CONSIAEIALION.. ... ..ccueiritieiireeittt ettt ettt s bt e sae ek e e abe e nb e e b e e e bt e sbeenbb e e sneennne 20
A SR I - 11 ol 2 7= 1= g o] T PRSP 20
2.4.5.5 DYNAMIC BAIANCING .....ceiuttee ettt ettt e ekt e ekt e ek e e e st e e et e e e st e e e s b e e e senn e e e nnes 21
2.4.5.6 ChOSEN METNQAQ. .....cciiiiiiiiiiie et e et e e e e s e e e 21

2. 5. 1ARTIFICIAINTELLIGENGCE ..ciit i ittt ittt ettt ettt e e e e s e e e e st b b e et e e e e e e e s e e e s s s eb bbb e et e e e aeeeeessaaaas 22
2.5.2 HUMAN EMUIBLION........eeiiiiiiieiii ettt e st e e s s e e e e s e e s e e 22
2.5.3 Team Coordination ArCRItECIUIE ........oiuiiiiie it e e 25
2.6. LODNTROSYSEMS. ....eeitttieeettete e et et s sttt e e e e e e e s s e n e e e ettt et e e e e e e s e b b e eebe e et et e e e e e e e e annnrnnneeeeeeeeeeeeas 27
2.6.2 Galit GENETALIAN ... ..ciitreiee ettt e et e e e e e e e s et e e e st et e e e e b et e e s e s e e e e e e e e e e 28
2.6.3 TrajeCtory FOIOWING.......coiiiiiiiie ettt e e e s e e e e e e e e 29
2.6.4. Hardware Background and OPEratiOn.............ueiieiiuriieeeiiiiiiee ettt e e st e e ee s 31
2.6.4.2.1R0ODOt BOAIA COMPONEIES. .....ceiiiiuitieieee ittt ee e e e e et et e e e e e e st bbeee et e e e s aaabbee e e e e e e snbbeeeeaeeeeanbbeeeeeeeeanneseeens 31
2.6.4.2.2 MICTOPIOCESSAL. .....utvteeitete sttt eeeasteteesaseeeess bt e e aste e e s ane et e ek b et e ase e e e ease e e e s amn e e e e s be e e e anb e e e e abbeeeenneeenannes 31
2.6.4.2.3 Digital SIgN@l PrOCESSOL ... .eeiiieiiiietiiie e ettt e e e e e e et e e e e e e s tbeeee e e e e s sanneseeeaeeeasbbeaeaaeaannn 31
2.6.4.3. 1 SEIVOS.....ooiiiiiitie oo e e —E e e e e et r e e e e e e e e e e e s n e e e e e e s e snnreees 32
2.6.4.3.2 BASIC DESIGN ... eteieiitiee ettt ettt E et e e e e an bt e e nen e e e nbe e e e 33
2.6.4.3.3 SEIVO CONIOL.....oiiiiiie ittt et ettt e n e e e et e e e e e s nr e e e st e e e e e e e nanees 34
2.6.4.3.4 SEIVO CONNECTIONS. ... eveieiiiii ettt ettt e e n e s e e e s st e e ettt e snn et e s st et e e anre e e snneeesnnneeee s 34
2.6.4.3.5 JOINE CONMECHIOMS. .....eeiuttiieiiiee ettt ettt ettt e et e e ek e e s bb e e e et bt e e e aabe e e e enbe e e e asbeeenanbeeeeennneas 35
2.7.1PROJECIRLAN BALLKICKING. ....ctttieeiieiiiititie ittt e e e e e e sttt e e e e e s e e e e st e e e e e e e e e s e s s e et e e e e e e e s e aene 35



2.7 . 2PROJECIRLAN PATHTRACKING. ..+ttt tteeeetsiiititteseeeeteeaesessssassssbsseeetaeeeaeeesaaaasbnbseseeeteeeeaeeassaansnnbenreeeaeeesens 35

PR <16 o] N o U1 o] N PP TP TPPPPPTPPPPI 36
CHAPTER 3: METHODGIYO.....cceiiiiiiiiiiiiie ettt ettt ettt e e e e e e e e ame e e e e e e e e e e e e e e e e e e s e s 37
S L INTRODUCTIQN. ¢ttt eutteuteeauteeteeaaseeateesaeeasbeesbeeesbeesbeeeab e e aab e e shbeoa bt e eh et e bt e eabe e eEe e em ke e eb bt embeesbbe e amneenbeesnneebeeas 37
3.2.1BALLKICKINGOBJIECTIVE CREATEMAGEPROCESSING GORITHMBTRATEGY. .....cveeiieee i eieeenbeesine e sene s 37
Be2.2 KBY DALA....eeeeeiiiiiii it a e et e e e e e e 38
3.2.3 DEIIVEIADIE. ... e 38
3.3.1PATHTRACKINEOBJIECTIVE CREATEMAGEPROCESSINGE GORITHMBIRATEGY. ... eevvesireesiee s esieeesiee e esiee e 38
B.B.2 KBY DALA....eeeeeiiiiiii i a e e et e e e e s 39
.3LB DEIIVEIADIE. ... e e e e e e e e nnes 39
3.4.1BALL KICKIN@BIECTIVE CREATIBALLKICKINGETRATEGY ....0evviiiieieiiiiisiitirsssssesinee e s s sssiinrsseessaesae e e s s nnnnns 40
OB ] (= 1 (=0 | VA ATV o TN = T Vg =T o 40
3.4.3 Srategy 2 W/O BaITIEI.......eeiii ittt et e e et e e e e s snbreeaeens 40
] (= 1 (=0 [ LTSI I = T S 41
R ST (C=) VA B L= - USRS 41
3i4.6 DEIIVEIADIE....co i e e e e e e ansd 41
3.5.1PATHTRACKINEOBJIECTIVE CREATIPATHTRACKINGTRATEGY. ....teeetteteeeiieiainnrrssreeeeeeaeesssssasnnnrsneeseeeeneeeeess 41
3.5.2 A8 METNOM. ... ittt s e e e e e e s e e e e 42
3.5.3 ANGIE MELNOM......coiiiiiiiii et e e s e e e s e a e e e aees 42
3514 KBY D@LA.....eeeeiieeeeee it e e e e e e e e et e e e e e e e e e 43
5.5 DEIIVEIADIE. ...t 43
3.6.10BIECTIVE CONVERPROCESSHENTAISHANGUAGE ......cciiiiiiiiiiieiiit ettt 43
BiB.2 KBY D@LA.....eeeeeieiie ettt e e e e e e e et e e e e e e e e e 44
3.6.3 DEIIVEIADIE. ... A4
3.7.10BJECTIVAE DEBUGGING ANBERVOTESTING ....cuuriiriiiiiiieeiiisiiiiirnneeeenene s e s s ssinnnnsnnesnneneeesssssssssnnnnneesnnee s 44
BT 2 BOY DALA.....eeeeeiiiiee et e e e e e e e ettt e e e e e e e e e 44
3.8 HANALDELIVERABLBALLKICKINGROBOT . ......uettrrreeeireeeeeeseessssiiirnnreeeeeeae e e s e s snmnnnnnnnneeeeeeeessennnnnnnnnnnnnneeeneee s A4
3. 9ANALDELIVERABLBATHTRACKINBROBOT.......uiitiiiiiiiiiie ettt e et e e e e e s s nar e en e e e e 45
1 1016 0N U L[ N OO PPPPP 45
CHAPTER 4: FINDINAMID ANALYSLS.... . iiiieitieiiiiieeeieueeeeeeeeeeeeeeeeeeeeeeeeeessmsesseeeeseeeeeeeeeeeeteeeeeeeamereeeeerereeees 46
A LINTRODUCTIQN. ...tttttttteteeetieiiittastssseeeteese e e s e s s bbb e et et e e teeesse s bbb e e et e e s e aeaeeeeesaasb bbb e e et et aeeeesesessaasnnrnnneees 46
4.2 IMECHANICADESIGMANALY SIS, .. .utttiiiiiiiieeeieiiisintitreereeeresessssssseisrssrssseseeeesessssssssnnnrssssesesesessssssnsssnnnssses 40
4.2.2 WEIGNT DISTIDULION. ....ceiiiiiiiiie ittt ettt e ettt a e s sttt e e e anbbe e e e s anneaeeanad 46
4.2.3 MECNANICAI STTUCTUIR. ..ot iiiiiie ittt et e e s st e e e e e b e e e e e nbbe e e e e annreeas 49

V



S I =TT T oL a = T G =TS 1] o SRR 50

o = - | B o) (o PP PPPUPSRRN 50
N B o= 1 T I - T 4 o PP PRPP 51

4 . 3FORCHNFLUENCE OMECHANIBLDESIGN.....ceiiiiiiiiiiiiiiiiristne ettt e et e e e s e s e e reeaa e e e e e e a e 52
4. 4. 1ZMPEFFECT OBAITPLANNING. ... ettt tuttttttteteteeeeaees s s sttt e et e et eeeeaesa s s sbebe e b et et e eeeeesaaannnnnnbrenreeeeeaeeessesnnnn 53
4.4.2 ZMP/WalKing Track Planning............ooiiuiiiiiiieirieee s s s e e e e e e s e e s s e s sssantanseeeeeeeeeeeenssssnnnsenneees 53
4.4.3 MOtioN CONLIOL MOAEL.......euiiiiiiiiiie et e e e e et e e e e e e e e e s e nnnbeeeeees 55
44,4 JOINE MOTION......eieiiiie ittt ettt e et e e s e et e e se et e s sn e e e e ssne e e ann e e e anr e e e snneeeareeeennneeaas 58
4.5.1BALLKICKINGMAGEPROCESSINGE GORITHNBTRATEGY . ....tttttteeetessaaiittntreeseeeteeeesssaaannrnsseeeeseseeeesssasannnssnnnens 62
4.5.2.1 Constraints and CONSIHEIALIONS. . .......uutiiiiie ettt e e e e e e et e e e e e e e e e s s s annrrrreeeaaeeeaaaeeas 63
4.5.2.2 TRE HAIOWAIE:....ce ittt ettt e e e e e ettt ee e e e e s antbeteeeeaeeaansasseeaaeesansanseeaaaeesansnsnneeeeessd 63
4.5.3 AlGOItM REQUINEIMENTS. . .citiiiie ittt ettt e e et e e s ettt e e s ssnbb e e e e e anbbeeeeeennnd 64
4.5.4.1 Choosing thed@form for DeVEIOPMENL:..........oiiiiiiiiii e 64
A.5.4.2 CICHH/VCtt itttk bbbttt h e bt e et 64

A 5.4 3 MAT LA ...t a b aa b a b bttt bt bt b nnn bbbt bt bt bt ntnnnnnnnnnneneed 65
4.5.5.1 AlgOrithm DEVEIOPEMEINL.......eeiiiiiiiiie ettt e et e e e et b e e e s snnb e e e e aneene 66
ST O] (o] ST =T o F= =1 1o o P PP P PP PP PP UPPPPPPPRPIN 66
SR I O] (o] g1V - 11 T T T TP TRV PPP TP 67
SR Y =T o [ = T I (] 4 o PP TPR 67
4.5.5.5 Blackvhite AUtOTRrE$IOIdING. .....c..vviiiiiiie e et 68
4.5.5.6 SODEl EAQE DEECHIAN. ......tiieeiiiie s iitiee ettt ete et ee e et e sttt e e st e e e snbeeessnteeessaneeeeansneeesneeessnnneessnsseeesnned 68
4.5.5.7 Circular HOUGN TranSTOMML. .......eeiiiiii ettt e ettt e e ettt e e e e e s s bb e e e e e e e s nbbeeeeaeeeeaan 69
4.5.6.1 First Algorithm REVIEWE........ccooiiiiiiiiiiiie et 69
4.5.6.2 Resize the Image DefOre PrOCESSING. ... .ccuiii ittt e et e e et e e e e e s seibn e e e e e e e e annee 70
4.5.6.3 IMProve the Color MALH...........eeii i e et e e e et e e aaes 71
4.5.6.4 Median filter after BINAIZAtION. ...........uuiiiii ettt e e e et e e e e e e e s s inrreeeeeeaaaees 12
4.5.6.5 Replace Circular Detection Components with Blob Detection and Centraiding.............ccccooeveviiiieeeenn. 73
4.5.7 RefINEMENT REVIEWE: ......oiiiiiei ittt ee et e e e e e e s e s e e e e e e e e aeeeessannnntreneeeaeaaeens 15
4.6.1PATHTRACKINGVAGEPROCESSINE GORITHNBITRATEGLY. ...0vvviiiiiieeeiisiiiriitstieein e e e e e s s srnesen e e e s 76
4.6.2 INtErface CONSIIUCTIONL.......eeieiiirieeee it ee ettt e e e sttt e e et e e e s st e e e e s sk r e e e e e s sarrereeesanrneeeesannneeeenans 16
4.6.3 BINArization TECHNIGUE. ......ci ittt e e et e e e e e e e 17
G N oy (o 1S T I = Ted o o [ = TP PTPPPR 77
4.6.5 Slope/Angle CalculatiGBCRNIGUE...........oiiiii it e e e e e e e e e as 78
N ST Y o T 11 Y g F= 11 AL PSPPI 78
N ST R =11 Fo T 4= i [o] o FO O OO PRSP U PP PPPPPPPIIN 79
4.6.6.2.2 Thresholding TECHNIGUE. ........oi ettt e e e e et e e e e e e s anbbreeeeeeeanees 79

4.6.6.3 Median VS. MEaN FltEIING . .....c..eeieiie ettt e e e ettt e e e e e s s bbb e e e e e e e s aatbeeeeaeeeeaan 83



4.6.6.5.1 Slpe/Angle Calculation MEtNQU.............cueiiiiiiiie e 85

F O R R YA =l [0 T3 B =] (Yo 1] o PR SOPPSUPRRR 86

4.6.6.5.3 Linear HOUG traNSTOMIL. ... ..ueiii it e e e e e et e e e e e e et e e e e e e s e nnaaraeeee e 87

4.6.6.5.4 Slope/Anglealculation COMPATISQN..........uiiiiiiiiiiiiieaae e e et e e e e es et e e e e e e s atbeeeeaeeeesnneeeeas 87

4. 7BALL KICKING GAITATIRGY IMPLEMENTED. .. ..uuituuiittiitnettestettaeesnessteeaetsnesessssesassttessesstersnessnrrsnessnsened 88
4.8. 1PATHTRACKINGAITSTRATEGNAPLEMENTED ... cuuuiitniiitieete it eeanettntestessteeaaesstetensesesaneesteraeettsesnasstasranns 89

T L L= 1 ] 1 -\ (=Y |/ RSP 91
R N [ 9T o] L=T 4 1= T ] ¢= L1 [ o SRR 91

4 9BALLKICKINGOOMPLETEUNCTIONALITY .ttt tttttttettttette e et eeaestasesta s st sesa s st eeaasstesaneastesansetassstssassrnsesnsssnnns 91

4 10PATHTRACKINGIOMPLETEUNCTIONALITY . .evuuttttneeetteeeetetesaseesetseesssaesssaseersssssssnssssssssssssesssnnsersnseessnseees 92
Tt I @ 0 ]\ 1= [ N PPN Q2
CHAPTER 5: RECOMMBNEDNS AND CONCLUSBO......couuiiiiiii et ee et s s stmr e e rae e s e s esan e 93
LT 1 N T I 0 2y T a3

D 2 RECOMMENDATIONS. .11t ttt ettt ittt ettt see et e s et e et esaa e st et b e aassaa e st s st e aa s st s saassaa s aaesstesansssssesansstasranssanssenns 94

F N (O ST TR 95
2] 1S T@ TN ad e T 97
APPENDIX A: IMAGE®BESSING INTERFACKE ...t e e et e e st e e e e st e b s
APPENDIX B: IMAGEM®RESSING INTERFAGBE. ...ttt e st e e et e e eaaa e e s eaan
APPENDIX C: BALLKINIG DSP CODKE ... .cooiiiiiieee ettt e e ettt e e e e e eaa s e e s eaae e e s e st e e st e seeeannseaee
APPENDIX D: PATH TEKANG DSP CODE.... oottt e ettt e et e e e et e e e e e et s e e e sameesaaaseeseran
APPENDIX E: SERYWIERFACE ... ..ottt e et e e e e et e e s ea b e e e s et me s e s b e s e eaba e essesanessees
APPENDIX F: SERVAOHERFACE CODE......coiii ittt ettt et e e e e et s e e s e e e e e ea b e e st eeeesanreaees
APPENDIX G: IMASS AINIS. ... oeieitei ettt e e et e e e ettt e e e et me s e et e ee s et s seese b s e e esameaaeaasseseaaaseeesbanseeseans
APPENDIX H: COG ANABLS. ... ..ottt e et e e st me e et e e e e et e e e eeaaa s eessabme s s saaasessebanseserabasesserrmnas
APPENDIX I: ZMP FAHRCODE. ... oottt e e et a e e s e et e e e s s bme s e et e e s eabaeesseaanesseren

VI



Table of Figures

FIGUREL: RETINAINVERSION. ....1ttttttttteeetts ittt ettt e e e e s e s st ae e ettt e e e e e s e sa s b n e s ettt e e e e e e e s e s aaasnernnnreeeaeeeeeenessannnns 6
FIGUREZ: CIMOSIENSOR ...ttt e ettt ettt s e e oo e e e e et et et et e e e ee e eeee e e R s s e s e e e e e e e e e e e eeeeeeeeeeenennnnnnnnnns 8
FAGUREB: HISTOGRANMEQUALIZATION. .. ...t eutetteeeeseesteemteaseesseeseeaseeseeaseesseesseeseeaseeseeasseaneesseansesssesseensesneessesneesseens 10
FIGURE: SOBELGRADENT. ....ctttttetttteeeeesiasestssstrese ettt eaesesassassra e b aee e et e et e e e e sesa s bn e e e ettt e e e e e e e e e e s s s b renneeeeeaeaenesesaannnns 15
LTI =0 =W e )= ) g =T o) NP 18
FIGURES: ZIMP.....c.ccecee ettt s e e e e e e oo e e e e e et et e e e e e eeae s e e e R e e s s e e e e e e e e e e e eeeeeeeeeeennnnnnne 21
HGURE': PROCESS TOBTAIN AMODELPLAYINGROBOSOCCER BY USWNGPROGRAMMINBOBOSOCCEWGENTS2009).......... 24
FGURE: SKELETORGENTARCHITECTURE. ......uutttttettteteeesssssssseranresetetaeeess s s s ssse et taeeeeesaaasnsrbnnnsseeeeaesesessenanen 26
AGURE: PIPELINMISUALIZATION OF TBETGENERATIORROCESS ... tveteeuteiteeeeateeseeesteeneesseesseaseeseeensesneessessseaneenees 29
FGURELO:DFFERENTERVOAZES. ....viiiiiiieeiiiiiititr sttt e e et s e e e e e e e e e s s s s bbb e e et e et e s e ae e s s e s s b bbb e bt e e e e e e e e e ne s 33
FGURELL: SERVADONTROLOOP. ...ttt e ettt e e et sttt e e e e e a4 e s e e e et e e e e e e e e e e s e aasnrrnrrreeeeeeeeeeenn 33
FGURELZ: EXAMPLE ORWIMOODNTROL ...utttttiiiieieiiiiisiiitittt it s e et as e et n e s e e s s bbb s e e e s e e e e e e s s s s sanra b b e aee e 34
FHGUREL3: IMAGEDIVISION FORREAMETHOD. .....utttiiiiiiiieiiiisiiiiiniissieenneae s siirrsrsssressne s e s s sssnnnnnsssnssssssesssss s 42
FGURELA: ANGLEVIETHOMEXAMPLE ...ttt tteteestteetessstaesseeeseeeaseeessesasseessesassessnsesssessnseessesssssessnsensessssesnsessnsesnsensns 43
FGURELS: ALUMINUMZ20L8ALLOYPROPERTIES . ..cctieetitiiitirrererereeeaeeesssssnnnnsnneeesessssessssnsssnnnnnneeesessssssnssssssnnnnnee 0
FIGURELG: SERVALAYOUT.....ciiiiiitieet ittt sttt e e e e e e e e e s s s bbb bbb e s e e e e s e e e e e s s bbb b abaneaennnaese e 49
AGUREL7: BALLKICKINGIESTHELD. .....eeuttettteeteessteesteasseeesseeesseessseasteessseessseesseesseeansesssseansessaseesssesnseessessnsessseesnsens 51
FIGURELS: TESTTRACK ...ttt et ettt ettt e e e e e et ettt et e e e et e a4 e s ettt et e e e e e 44 e e e ettt e e e e e e saaenn b bnn e nneeeeeeeneas 51
FIGURELO:WALKINGLOWGHART. ... teetteeie et st te ettt e e e e e et e e e e e e s s s s bbb e e e et e e e e e e e e s s e s s bbb b e s eeeneeeeeene s 55
FGURE20: HOMOGENEOUSDORDINATEY STEM......uututiitiiiiieieeesisisiitbsssesrr e s e e s s s s s s ar bbb s e e e e aee e s e s s ssssrasannaeeesaeseeas 56
FGURRL:FERVOANGLEVIATRICES. ...ttt iititttieeete et e e e e e e e s e sttt et e e e e s e aa s s s e e ettt e e e e e e aa s e bnar e e et e teeeeeenaannnnrnnes 58
FGURE22: LATERAIDINTIMOVEMENT.....cetitiiieeiiiiiiittrestte et e e e e st e e e e s e e e e s e s s e e e a e e e s e e e s s sb bbb asaeeeaeeee s 59
FGURE23: ZMPEXPECTELRACKZAXIS ....etttieiiiieee ettt ettt e e e e e e e e e e s s s s e e e e e e e e e e e s e s ser e aeaee e 59
FIGURE2A:ANGLEDURVES. ...t ettt et te e e e e e et e ettt et e e e e e e s e e et et e e e e e e e e e s b b e nn e e et e e eeeesesannrnnnnnrnneeeeneesd 60
FGURE25: FRONTIOINTIMIOVEMENT. ... cee ettt ettt e e e e e e e e e sttt e e e e e e s e s s ettt e e e e e e e e as b n e s e e e e e eeenesaannnnnnnee 61
FGURE2 7 COLOREEPERTION. ...ttt ettt e e e e e e e s e sttt e et e e e e s st a e et e e e e e e e s e s s bbb e b e e et e e se e e e s s s bbb b e s reeaeeees 66
FGURE28: OPTIMALCOLORIZATION .....ettttietiieeee e e s s st e e s e e e s s e st bbb s b e st e e e e e e e e s s s bbb e s s e e e e e e e e e e e e s s bbb b s nneeeneeas 67
FIGURE2O: MEDIANALTERINGL .+ttt teeetttiuuttttteeeeeetetteeesassaassss e eeee et e eeaeaeessaaassere e ee e et e e teeeaeessasasasnn e neeeeeeeeeessanaannnnn 67
FIGUREBO: THRESHOLDING . ... ... tttteettttteeesssissssesttbese ittt s e ae s e s s s sae b s s e et e e e e e e e s s s s sbnnse e s et e eaeeesessasesnrnsrnnnneeneeneesd 68
FGUREBL: EDGEDETECTION ... uittttttetette e e e e st sttt e e e e e s sttt e e e e e e e s s e e e b e e e e et et e e e e e e s e sserrereeeraeeeeeeeens 68
FGUREB2: HOUGHTRANSFORM. ...ttt etetttiiutttteseeeeeeeeaeaes s s st ee ettt e e aeeeeaesa s bbb e e e ettt e e e e e e aaaasnnbnbreee e et eeeesesnannnannnnes 69
FGUREB3:MPUATIONIMEBREAKDOWN. ......ccettiiiiiitttteeetteeeeeeesessa et e et e e e e e e e e e e sa s e e et e e e e e e e aa s s annnnnnnneeeaeeeeas 70
FIGUREBA: IMAGEREDUCTION. ...t tteettis ittt ettt et e e e e e s st e et e e s e s e e e e e s s s s b e e e et et ae e e e e e s s e s seb e e e e e e e reeeeessansaannns 71
FIGUREBS: COLORMATH . ....ttttetttteeee et ittt ettt e e e e e e s e sttt e et e e e e e e e s e s e b e b et e et e e e e e e e e e sa e e nn b n b e e e et e e aeeeaeesnennnnrnneees 71


file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172712
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172713
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172731
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172732
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172733
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172734
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172735
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172736
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172737
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172738
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172739

FGURE36: COLORBINARIZATION. ..ttt tttttteeeeeteeaeeeeaassasssbbese e et e e aeeessaaaa s sn bbb e s et et e e e e e e s aaaansmnn b b aneeeeeeaeeesaaannnrnbnnnneees 72

FGURE7: MEDIANALTRATION ....cttttttiteteeetiaiiissstrsreeeteesesessssisssressseeereeeeesssssssnnrnnneeesaaesessssssssnnnnnnneeeesesessnsnenad 2
FIGUREB8: BLOBDETECTION. ... uttttteetttteeesessas s sttt e e e e e e s s s st et e e e e e e e 4 s s s e s e e e s et et e e e e e e s e s rnreneeeeeeeaeeeas 73
FAGUREBD: AREACALCULATION. ...t tteateeueestee et emeeaseesseaseeaseeseeaseesseamseasseaseeeeaseeseeaneeseeanseenseaseeseeaseesseansesseesseeses 74
AGUREIO: QENTROIDOCATION .. .cevttteeteeneesteesteemeeeneesseesseaseesseessesseasseeseeaseesseensesseesseensesssesseesseseesseensesseensenneess d 2
FGUREIL: METHODDOMPARISON ... 1cttttteeeisiiititssssesseeeteeesassaasssraass et s e e et eae e e s s s s bbb e e ettt e e aaaeesse s s snbrrnrreeeaeaeeenenss 75
FAGUREI2: KICKINGAREADIVISION ...t vttt steesteseeesueeseeaseeseeenseaseesseanseameeaseeseaseeaseeseaseeseeamseaneeaseesseaneeseeeneessennes 89
FGUREF3: ANGLEDETECTION. ... euttttesteastesteaneeesseaneeseeaneesseanseaneeaneesseenseaseeseaneeaseeseeameesseenseaneeaseensessessseensesneenes 90


file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172741
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172742
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172743
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172744

Table of Equations

(0N 0] I € 27 o1 =1 N PPN 14
BEQUATIONR: EDGESTRENGHT. ...ttt eteeteentesteaseeesueasaeseeaseeaseeseeanseaseeseeesseameeaeeenseaseenteanseaneeaeeenseaneenseaneeaseenseensens 14
BEQUATIONB: PLANEACCELERATION ... ettt steesteseeesueeseeaseeseeenseaseesseanssamesaseesseaseeaseesseaseesseanseaneesseessesseesseeneesseanes 30
[0 ]U . 0] S = o151 (o] N PSR 30
BEQUATIOND: ZIMPPOSITION ...t tteeutteteesteeseeeueeeseeteaneeaseeseeaseeseeanseasseaseeseeaseesseeseaneesseesaeanseaneeseeaneeseeensenneesneesees 30
EQUATIONE: XOOORDINATEMP........etiiitt et ateeteetteeteeeteesteameesteameesteanteeseeameesaeanseeseenseeneeaneesseenseaneeneeeneesseeneeaneens 53
EQUATIONB: SMPLIFIELXCOORDINATEMPTRACK. .. ettt eettee ettt e et e e et e e et e e et e e et e e e et e e et e e satn e eaaneenen 54
EQUATIOND: SMPLIFIELY COORDINATEMPTRACK ... .ccttieiitee et e et e e e e ettt e e et e e ettt e e et eeeat e e e et e e et eesatnseeenneaeeen 54
BEQUATION : ZCOORDINATEMP. ...ttt ettt ettt ettt ettt este et e seeete e s ee et e saeameeeaeesbeemeeeseesaeeneeameesaeaneeseeensennes 54
BEQUATIONLO: ANGLHRELATIONSHIRS. ..ttt tttutitittttett e st esesstessesssesasstassansetasestasstastanesstetsnsetnstsneesttersnresniessnnes 58
EQUATIONLL: GENTER OBRAVITY. ..t eetttttuuieeeeeetttaseeeeatt s eeesestanaseastastaasaeseestanaaeeeesstanaaesentanaeerersssnnseeerensnnnieeeeed 60
EQUATONLZ: KINEMATIC 1ttt tetttettettieett ettt e ete et s eaaee e e e s e s aa e st s saa e s s e s aaeesaesbaeesa e s b sanasbassansssesnnsssnresnsennsernnesrnnsd 60
BEQUATIONLS . JOINTIVIOVEMENT. L. ettt titteetts et ee e et e ettt e et e et s s et e et e sa s et e s aaessaesbasesa s sassanssbnsesnssanesssessnresnsennssd 61
EQUATIONLA: SMPLIFIERDOINTIMOVEMENT. ....ceetttiieeeeeeetti e e e eeeiaaeeeeseasta e eeeeesstaseeseastan e aeeeesstansaeesenanneeeeeesnnansaens 62
EQUATIONLS: GRADIENTDIRECTIOKRINGLE ... .. tteesetttinseeeeestttaeeeeeeestan s eeesestata s eeesaatan s aeesestasnseeesestanneessessnnnnseeeenssnnns 86


file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172753
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172756

List of Tables

TABLEL: ROBOTICLATFORMVEIGHTDISTRIBUTION. 1. cettutesteenteaseesueesseeseeaseesseassesseesseanseaseesaeansesseeseeaneessnenseeneens 48
TABLEZ: WEIGHTRATIO. ..t tetttie et ettt ettt e ettt e e e e e e et e s s e e et a e e e s e e e e e sannnnnrneeeneeeeesnensnsnnnnnnnneees PO
TABLE3: HUMANBODYPARTPROPORTIONALITY . ...t etiiitiittteeeet et e e e e e e e se et et e e e e s e s e s s st e e e e e e e e e e e s s nee e 50
TABLEA: ROBO BODYPARTPROPORTIONALITY......ceuttuteteenteaseesueesesseesseanseaseesseanessneesseenseasesssessessseesseenseesessseeneenns 50
TABLED: MEASUREWELOCITIES. ...eteetiiiiiitttreeetttteeteeeessaais st e ittt aeaesaseessa s a s se et e e e e e e e aesaaaass b b n e et et e e aeeesessasnnnnnn 52
TABLED: THRESHOLD......cii ittt ettt ettt et e e e e e e 1 e s b e e ettt e e e e e et e e ss e n et e teeeeeeeeesnaanenn 80
TABLET I AVERAGH. ..ottt e e e 80
QLY== S N | PPN 80
TABLED: THRESHOLB. .....ceitiieiiiiititt ettt te e et e e e e e s s ettt e e e e e e e e e 4 e e ettt e e e e e a4 e e e e E e e et et e e e e e e e na s s n e nnneeeeeeeeeas 81
TABLELO:AVERAGRE. ......utitiiiiiiiee ettt et e et e e e s s e s bbb e et et e e e e e e e e e s s bbb e e e e e e e e e e e e e e e s r s 81
TABLELLIKERNER .....cciiiiiiiiii ittt et r e e e e e e s e e e s s s bbb e e et e et e e e e e s s s s bbb e e e e e e e ne s 81
TABLELZ: THRESHOLB. ...t tttie e e ittt ettt et e e e e e et e e e et e et e e e e e e e s e s bbb e et e et e e e e e e s e e s e nee e s 82
TABLELSIAVERAGHR. ...ttt ettt e e e oottt et e e e 44 e 4 e e e et e et e et e e e e e e e e e r e e et e e e e e e e e e e a e 82
TABLELAIKERNEB .....cciiiiiiiiii ittt ettt e e e e e et r e e e e e e e e e e s st bbb b e et e et e e e e e s s e a bbb e e e rane s 82
QY= R b Y = 8PP PP 83
TABLELG: TRUNCATERERNELL..........uiiiiiiiiiiieeeees e ettt e e e e e s s ettt e e e e e e s e s e s e e e et e e e e e e s e s nnnnnr e e e e eeeees 83
TABLELTIKERNEB ......ceeeeeiiiiie ettt e e e e e s ettt e et e e e e e e e s s s s bbb e b e et e e e e e e e s e e s s e s bbb e e e eeaeae e 83
TABLELO:IMEANIM EDIAN ... uttttte e ittt e sttt e e st e e s ekttt e e 4 st e+ 4 skt e e 4o as et e e 4 s Re et e e e e e et e e e e et e e e enn e e e e e ennnes 84
TABLE2O:IMEANFLTERS. 1.+ttt tteetttiaattitteee et ettt e e e s e s s e s bt ettt eeeeeeeesa e e s a e e e e e et et e e e e e eeeae s sb b e b e e et e e e e e e e e e saaaasnnnr e nnee s 84
TABLEZ2 L IMEDIANALTERS. .11ttt tteeettt ittt ettt e e e e e e st e et e e e e e e e e e s e e b e e s et et e e e e e e e e e e aa s s b nnne e et e e e eeeesasaannnnrrnneees 84
TABLELB: TRUNCATEBIEANIM EDIAN. .....eeiiiiitieieesitietee e s ettt e e e ettt e e s sttt e e e s st et e e s e asn e e e e e et e e e e e e asre e e e e e aerreeeeennnnes 84
TABLE22: AREA ANGLEVIETHOIOOMPARISON ... uetttetessuitteeeeaautteeeesasttseeessssbeeeesamsbaeaesasbbeeeeaansbeeeeeasntbeeeesannnees 90

Xl


file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172783

Chapter 1: Introduction

From the dawn of creation the world has been on a constant course of evolution.
Darwinism has left the weaker species by the way side promoting a world of superior
specimens. The same is partially true for the human tzsed orthe theory we have evolved
from gpes to Neanderthals to Homeapiens However, from this point we have relatively
stopped evolving on a biological level, instead vesting our survival on the evolution of
technology. From the wheel to electricity to computers, technology has beerstaotty
changing in order to make our lives more convenient and comfortable. There are some tasks
however that humans are still forced to do such as working in dangerous factory envirament
or working in spacewhere humans are subjected to extreme measiof risk. Tasks sucts
these are the main area where the use of a humanoid robot would be most beneficial.

In the ever changing world of technology, one desire has remained constant from the
invention of the first robot; the desire to create a robot th@sembles a man. The humanoid
robot has been a constant member of science fiction culture and robotics dream but with the
march of technology it has slowly been shifting from a novel concept to a reality. Over the past
few years there has been amgoingproject on the ampus ofHuazhong University of Science
and TechnologyHUSTn Wuhan, China.

The test of thed O K 2 d$igR & to place the robot in an annual soccer robotics
completion that pits designs of the past year to see which design featueesuperior.The end
goal of this project wado create a robot capable of playing soccerthe Federation of
International Robotsoccer Association's (FIRA's) Human Robot World Cup Soccer Tournament
(HuroCup).This is a competition very similar ®oboCp which was conceived by Manuel
+Stf2a23 I ANR1S YAlGly2 FyR tSGSNI {(2W¥8cstheai2 &L
latest robotics advancements of the year are put on display to the public.

In China the competition is known as the FIRA Huro@og breaks the robot

programming challenge of playing soccer into separate categodes.project goalwas to
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develop ahumanoid robot capable of independently display&fifgctivesoccer skillsThis work
wasdone in partnership with colleagues from tMéuhan Institute of Science and Technology.
This robot waglesgned to complete tasks ia more efficient or fastemannerthan the robot
which had previously beeentered into the FIRAHuroCup.We broke this project into two
teamsbased on 2 FIRéategories one designed a ball kicking robmtogramwhile the other
designed a path trackingbot program

The first event whose performance we were required to improve was the ball kicking or
penalty shooting event of the FIRA HuroCup. In this chadleting robothadto locate and kick
a ball that waspositioned randomly within a predefined space on the field. Whereas in the
actual challenge an opposing robot goalie would be positioned in front of the goal, our
requirements were limited to succesdfukcoring agoal without an active goal keeper. HUST's
Robot Soccer Club was able to perform four out of five succeskfis and our technical
sponsor required us to improve on this shooting aspect.

The competition rules were such that the ball kickingat needed to be able to identify
a ball placed in a semicircular area in front of the gédtier locating the ball and the goal it
needed toscorefive times out of fivechanceswith one kick The robot hadd0 seconds to kick
the ball into the goal during each attemptvhen we completed our four project objectives, our
robot was able to scorevery time We also set up a barrier in front of the goal and the robot
was able to avoidhis obstacleto score

Tocomplete our goal, we finished four objectives. First, we created an image processing
algorithm strategy to allow the robot to locate the object in the field and discern it from the
background. Second, we developed an optimal ball kicking strategy tenmepk. This strategy
was tested and researched to be the most effective in kicking mechanics. Next, we converted
the strategy into DSP code. This had to be done so the robot could understand the
programming and know how to react. Lastly, we tested the momet of the servos and the
entire system while debugging any problems.

Another event that the HUST Robotic Soccer Club participates in FIRA HuroCup
competition is the Marathon. Similar to an actual human marathon run, the HuroCup marathon

challenge requirs the robot to follow a line for 42.195 m (1/1000 of a human marathon



distance) in the shortest time possibleor the competition requirements, the robot needed to
autonomously locate and track a 42 meter path in 15 minutes while maintaining a lineidaviat
less thardOcm. This tests the endurance of the humanoid robotswaedl as the robustness of
the control algorithms.

For our path trackingrobot, it neededto round the track for a total distance of42
metersin 10minutes.The robotwasrequired to stay within @ cm from the closest point of the
center line, and any more dation from this path constituted as @eparture from the field.
Human handlersvere not allowed to interfere with the dnction of the robot once it bega
down thepath.

To effectively complete our goal, we created four objectives. First, we created an image
processing algorithm strategy to allow the robot to locate the white line and discern it from the
background. Second, we developed an optimal paticking strategy to implement. This
strategy was tested and researched to be the most effective in path designation and
determination. Next, we convertetthe strategyinto DSP code. This had to be done so the robot
could understand the programming and know how to redastly, we tested the movement of
the servos and the entire systewhile debugging any problems.

After both groups completed their four objiees, we had two working robot programs
Each group met all the requirements and even went beywhdt was needd. We recommend
the use of our strategies for future humanoid soccer robots. Usingcode as doundation,

another group carfurther develop these robotto demonstratemore humanlikesoccer skills.



Chapter 2: Background

2.1 Introduction

Our goalas stated in chapter 1 is to develop a humanoid robot capable of displaying
effective soccer skills and techniques. To help us accamplis goal, we explored general
humanoid robotichistory. Then we researched the four main areas of humanoid robotic
development including: Image Processing, Motion Control, Artificial Intelligence, and Control

SystemsFinally, he project plan explains the steps we took to complete our goal.

2.2 Humanoid Robotic History

WeKS g2NR aw2020¢ gplagwvrightKarg! Sapek dndhis fpildg 8 UR] S OK
produced in 1923.1n this play the robots are used to spell humans from the drudgery of
everyday work; a scenario that could easily be a future reality. This however is a distant reality
as the robots of today arnowhere as advanced as the general population thidsst robots
currently employed are confined to packaging facilities and the assembly lines of factories. The
efficiency and accuracy of these robots however serve as a catalyst for the spread tofisebo
to other fields such as space exploration, medical and personal use. In the performance of
these tasks however there is an underlying constant, the fact that these are all human tasks. As
such the universal solution is a robot in the form of a huraasimply a humanoid robot.

¢CKS RSTFAYAOUAZY 2F KdzYl y2 AR alKd dameRforsRr 60& 2 S
OKI N} OGSNRAaGAOQaeéd 2KAES AdG Aa GNMHzS GKFdG NRo2
variations might be superior in performancegving a robot in human form is initially reged
olaSR 2y | DThisRanthé sumiicsizzdlBEom practical experience as from a
psychological point of view the casual observer is less intimidated and consequently more

affectionate b a similarly suctured form* This is simple human nature as we fear the
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unknown and the field of robotics is an area whose future has been poisoned by science fiction
movies where robots are usually portrayed in a villainous light.
As such there is an ongoing drive deate an autonomous humanoid to coexist with

mankind.

This integrated design work is led by corporate teams such as Honda, Toyota, and Sony,
government/corporate teams such as National Institute of Advanced Industrial Science
and Technology in Tsukubal$A), Korea Advanced Institute on Science and Technology
(KAIST), National Aeronautics and Space Administration (NASA), and the German space
agency Deutschen Zentrum fur Lufbd Raumfahrt (DLR), and university led teams with
long traditions in mechatrons such as Waseda, Massachusetts Institute of Technology
(MIT) and Technical University Munich (TPM

Such research and development is an expensive and time consuming struggle. As a
result most teams of research are mainly focused on a subsystem of tharfmidrobot such

asvision systemssensory reception, or bipedal locomotion.

2.3.1 Image Processing:

The first major step for humanoid robotic design is Image Processing. We initially
researched generabiology visionto understand the processNext we looked intanachine
vision and compared its three components to biology viswith: cameras,programming
software andelectronic processing boar#chnology For camera technology, weoked into
the two different types of CamersensorsCCD an€€MOS. Thewe researched dew different
programming languageginallywe compared differentlectronic processing boards.

After researching the three main components for machine vision we used programming
software tooptimize the mathematical image processing algorithms. Thesghhiques can be
split into five major categories thresholding image filtration, edge detection digital
morphology,and blob detection Using this preliminary research we were able to design the
best posible image processing algorithm ankdose themost effective cameraprogramming

languageand processing board technologigsuse
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2.3.2.1 Biology Vision

To understand how robatprocess images, we first need to understand how biological
species process image dafiche studyof Biology to aid in the design of new technolagyalled
Biomimetics® Biomimetics focuses on making robots atlapre human functions likeision.
For usto program a humanoid robot to see and react to images, we need to understand the
important steps for image processin§io process images, hungamuse three main tooisthe

eye, the optic nerve and the braifihis process is shown In figure 1.
object

lens
retina

oplic nerve

cornea

Figurel: Refnal Inversion
2.3.2.2 Eye

The tool used tocollectimage datain a biological system is called the eyiée eye
works in a couple stepsirst the eye mustlocate the object. Then the iris filterall the light
entering so the eye only gathers a set amauriis actgust like a brightness adjustevould in
a mechairtal systemNext the lens focuses the light that passes through theAfier the light
is filtered in the lens the neurons in the eye convert the light to chemical energy. Cueres
convet the color within the light whileods convert the brightnesll this new information is

then sent to the second human image processing tool called the optic nerve.

2.3.2.3 Optic Nerve
The second tool humans use to process images is the optic nerve which reorganizes the
image data into useful informatiohe optt nerveis connected to the eye by thaptic disk. It

organizes all the light gathered from the eye this area This task ixalled stereo image
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processing’ Stereo Processing allows humans to judge the distance from the object in question
along with is 3D shape. This is only possible if both eyes function completely. All of this data is

then transferred to the brain or the final human image processing tool.

2.3.2.4 Brain

The final and most important step of image processing is done by the brain. Afte
receiving the information from the optic nerve, the brain assembles the data into an image you
are able to recognize. Each part of the brain deals with different parts of the processing step.
The brain will split the processing steps into: color, motisimape, and size. Putting all this
information together it will be able to classify objects you have seen before and register new

objects as well.

2.3.3.1 Machine Vision
Machine vision is a key application of computer vision which is the science and

technology of allowing machines and robots to sE&lachine vision systems must be able to:
identify objects, detect position, and regnize shape Typical machine vision systems will
mirror how biologicatreatures process images.

Most systemswill use acamera to collect image information like an eye, organize the
information using different programming languages like the optic nerve and translate the
information into something theabot can understandising anelectronic processing boaike
the brain Forarobot to process images needs a camera, a programming languagend an

electronic processing board.

2.3.3.2.1 Cameras
Cameras are the most important and most effective tool used to gather image data for

mechanical systems such as robots. Tamera will act exactly like the human eye by gathering
light within the area of vision through lans. Cameras that are used in robotics are categorized

as either digital or analogh robot will use adigital camera to collect image datidlowever, the

" Computer Vision TutoriaPage 3
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mosg important feature ofa camera is the digital sensbfhere are two types of digital sensors:

chargedcoupled device (CCD) and complementary metadle semiconductor (CMOS).

2.3.3.2.2 Charged-Coupled Device (CCD Sensor
The CCD sensi one type oftamera used to collect image pixefstst the CCD camera

collects the pixel data and sends it to the chip. Since this data is analog, it uses antanalog
digital converter (ADC) to turn thexgl value into a digital valu8.This type of sensor creates a
high quality and low noise imagéJnfortunately,light sensitivity is much higher and the power

consumed is much greatéhan CMOS

2.3.3.2.3 Complementary Metal -Oxide-Semiconductor ( CMOS Sensor
The second sensor is the CH@s shown in figure 2. The CMOS device uses several

transistors to amplify the charge of each pixel in the im&8gEhis data is digital already, but the
sensor is more sensitive to background disrupti@MOS takes about 100 times less power
than its counterpart CCHowever,the CMOS pixels might not be as well defined as the CCD.

Overall, this sensor is very helpful in collecting image data.

Figure2: QMOS Sensor

2.3.3.3.1 Programming Languages
Programming languages are great at organizing the data collected by the cahaeera.

compile imageprocesing algorithms, the use of higkevel progamming languages are

essentiaft? Visual C++, Visual @isualFORTRAN 90, MatlaWjsual Basiand Visual Java are

® Machine Vision Algorithms and ApplicatidPage 46
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just a couple of programming languages used in organizing informalising such
developmental tools we can analyze and implement the different image processing algorithm

techniques.

2.3.3.4.1 Electronic Processing Board

For the robot to understand the mathematical algorithms, electronic processing boards
are needed to bridge the gaphe eletronic processing board collects the data from the image
processing algorithms and converts it into a language the robot understands. Acting like the
brain in a bitogicalsystem, the board translates the data and has the robot act based on the
information. There are many different types of processing board technologies like Digital Signal
Processer (DSP), microprocessors, and embedded systems. These different Electronic

Processing board technologies will be discussed in more detail in section 2.6.

2.3.4.1 Image Processing Algorithms

Image processing algorithms are the basis behind machine vision and image computer
analysis. Using a programming language discussed in section 2.4.3.3, we can use different
algorithms tohelp the robot distinguish the objects it detects in the fieometimes it is
applicable to use all possible algorithms simultaneously to allow optimal image recognition
This is not always the case because the more algorithms used talger fmncompué within
the program complier.

When using such techniques, the programmer needs to use algorithms that are most
effective together to complete the task. Although using all techniques together is not practical,
it depends what images the robot will see amdhat tasks it needs to accomplish. Image
processing algorithms can H@oken into fivemain categories: thresholdindiltration, edge

detection,digitalmorphology,and blob detection

2.3.4.2.1 Thresholding
The first image processing algorithrachngue is called thresholdingrhresholding is
the technique of converting a grdgvel image into a Hievel image® A greylevel image is the

brightness values of each pixel in amage B-level image®nly containblack and white pixels.

13Image Processing Techniques for Machine ViBage 1
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Thresholding is a good way of recognizing pixels with similar brightness values and organizing
them accordingly

First the pixels collected are organized into grey level brightness bins. These bins are
then used to create a histogram. This technique iedahistogram equalizatiowhich isused
in every thresholding method. Using this histogram, we next set a threshold value. The value of
the threshold can be found using four types of thresholding techniques. Applying this number
to the histogram, itdefines the pixelscollected from theimage as a binary numbeither zero
or one. The darker the pixel is the lower a number it receives. Pixels higher than the set
threshold number will be assigned a value of one and lower pixel values will be assigned a zer
This technigue separates the pixel colors between white and black.

The robot can define the different objects just pyxel brightnessThe background and
objects in the image are ei@s to identify with this method Although some are more effective
than others, here are many different ways to go about usmg¢hreshold Usingmore than one
thresholdper imagewill yield better results since most pictures have more than two shades of
pixels There are four main types of thresholding techniquegild? Edge Pixel, Iterativer

Optimal andAdaptivemethods.

2.3.4.2.2 Histogram Equalization

Histogram Equalization is the main tool used in thresholding techniques to enhance the
contrast of imag@s.It organizes the pixel brightness the grey level brightness from 0 to 255
4 Each pixel is sorted intbins which areinputted into a histogram graphBy applying a
threshold value to the graph, the pixels can be classified as either white or blaek.
procedure can alsbe usedto enhance the contrast afed, green and blue color paneEvery

thresholding method uses histogram equalization effectiaslghown in figure 3.

oy
u

40 BD 120 160 100 240

Figure3: Histogram Equalization
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2.3.4.2.3 P-tile
The first thresholding techniqus called gtile or percentile.It takes thecumulative sum

of pixel intensities in the image. This percentile number becomes the set thre¥hdhis
method collects the input data into bins of black pixels which are organized in histog@ms
mentioned in section 2.3.2.2 Since each bin contains percentageof black pixels, the
program finds which bins have a value greater or equal to the threshold vdhtde is
advantageous if the object the robot will view is known beforehand since it is computationally

cheaper than the other methods.

2.3.4.2.4 Edge Pixel
The second main thresholding technique is called the edge pixel meiit@alue of

the threshold is based on the conceptatligital laplaciaroperator. A digitallaplacian opertor

is used to define the pixeBurrounding the edge of the objett.The histogram then takes into
consideration the probability density of the pixels that lie on or near the object. The points with
large laplacian values are given the value of one while the pixels below this thresfeold
valued agero.

If there is a large contrast between the object and the background, the histogram will
have two hills dividing a long valley. If the object in the picture is only a small portion of the
image, the hills and valleys become more alikethis casepsing adigital laplaciarwill only
include the high valuesf the histogramThe edge pixel method is best used when the object is

less significant in the picture and there is not much difference in the contrast of background.

2.3.4.2.5 Iterative or Optimal

The iterative method is the third main thresholding techniqueAlso known as the
optimal thresholding method, it takes into consideration the mean grey lev¢he pixels in the
image First it makes several passes of the object redefining the threshold 1&V&lsing the
values from each threshold, a mean grey level for the pixels is found by taking the average of

the pixels below the initial threshold and above the last one. This value becomes e ne

> A Comparison of Thresholding Methods Page 2
'® A Threshold Selection Technique Page 2
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threshold value and this process continues until these values are egoal.method is very

effective because it sets a more accurate threshold level for the image in question.

2.3.4.2.6 Adaptive
The last thresholding technique is treelaptive method. In this case, the image is

divided into patches. A global threshold value is found by taking the weighted sum of the
thresholds for each patch This technique is much better at defining the edges of the image
but a great deal of fuzziness is ealied as well. This method is very effective since it is able to
avoid the different lighting conditionbut it is also the most computational heavy of thauf

techniques

2.3.4.3.1 Filtration

Filtration is the second main image processteghnique Hltering deals with the
problem of extra noise in the image. These algorithms makes it easier to distinguish an object in
an image in there is too much extra pixaterference. Filter algorithmsare usedto either
smoothor enhance the imagdf an image has high frequency pixels, a smoothing filter must be
applied whilefrequency filters are needed fdow frequency pixelsTo smooth images spatial
filter techniques are used while frequency filters are ugedenhance theimage®® Mean,
Median and Gaussian are the thremain types of spatial filters-or low frequencypixels, a

frequency filtercan be applied

2.3.4.3.2 Image Noise

The most important reason for filtration algorithms is the concept of image nbiszge
noise includes all thextra pixels that interfere with the image. Every picture collects noise, but
it depends on factors like detector sensitivity, light radiation, and other ambient parameters.
Noise can be classified as either independent noise for extraneous sources @dependent
on the image itself. Different filters are implemented based on how nitrettevantnoise is in

the picture.

8 A Comparison of Thresholding Methods Page 2
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2.3.4.3.3 Mean Filter
The mean filter is the easiest method to smooth imagdss filter works by replacing

each pixel with theaverage value of its neighbof$This neighborhood of pixels is known as a
kernel. To understand how this filter works, it is important to know about convulsion filters and
kernels.A kernel is 3 X 3 image array that is used in convulsion filtering. Migaim§ works

very similar to convulsion. Thisiethod involves multiplying different image pixelarrays
together. The larger the array the more complex the image is. For example, grey scale pixels are

entered into a 3 X 3 arrayhe bigger the array the one smoothing is necessary.

2.3.4.3.4 Median Filter
The second method to smooth image noise is known as the median Tilber median

filter does a much better job of eliminating noise than the mean filter. This works similar to the
mean filter by lookig at a pixels neighbor to determine the median value. Instead of averaging
these pixel values, the median is taken from the set. This grants two main bonuses over the
mean filter. First, the median filter will not be adversely affected by an outlier piatkie.
Second,the median value will be a pixel in the image thus edge detection is much more
effective* The only downside is if the image in question has too much Gaussian noise. The

median filter becomes less effective if than the mean filter.

2.3.4.3.5 Gaussian Filter
The Gaussian Filter is a typecohvulsiorfilter that removes detail aneoise.Using he

Gaussian distribution in-B, smoothing the image becomes possible withwolution methods.
Since in D, the Gaussian distribution is@itar symmetric, convulsion cédre used irboth x

and y direction$? These kernels being composed in both directioas only be done this way
because they are Gaussiarhe effect of he filteris that itblursthe image.The Gaussian uses a
weighted average of the pixel neighborhood instead of the uniform average the mean filter
uses. This allows for preserving the edges in the image better than the mean filter. This method

however, is more computationally heavy then @tlthe mean or median filters.

**Mean Filters Page 1
* Median Filters Page 1
2 Gaussian Filter Page 1
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2.3.4.3.6 Frequency Filter

For the frequency domain, the frequency filter is us&ince pixels in the spatial
domain are computationally cheaper, the frequency filtestr@nsforms the frequency domain
pixels into the sptial domain by multiplying the filter with a Fourier transfofftSince pixels in
the frequency domain are in sine or cosine form, the Fourier transform is the tool used to
change these values into the spatial domaiimis method is only used when the othtiaree

options are not possible.

2.3.4.4.1 Edge Detection

The third image processing technique is edge detectiaige detection is used to
identify the outline of an image with its backgroundThis is done by converting al?image
into a set ofcurves® This allows the algorithm to identifine area, shape, and perimeterf
objects in the imageEdge detectiorhasa variety of methodsapable of locatingdge pixels
including measuring edge strengémd defining edge enhancemerin important comept in

edge detectionsknown as a gradienfThe gradient equation is as follows:

V= [givgﬂ 2.3(1)

Equationl: Gradient

An edge is found where there is the biggest change among pixels. This is found by
finding the maximum value of the derivate at any given point. A similar indicator is the second
derivative will be zero at the given poirthe gradient finds the most rap@hange of intensity
in the image and using this value can calculate the edge strempgthedge strength equation is

shown below:

IV = \J(GD% + 3D 23(2)

Y

Equation2: Edge Strenght

% Frequency Filter Page 1
2 Edge Detection PPT Page 2
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Every edge detection technique usi® gradient in some capacity to detect the edges
in the image.The other method is known as edge enhanceméydually, the algorithm will
increase the contrast between the edge pixels and its background. Different methods produce
different results depenohg on the situationThee aretwo distinct edge detectiortechniques

calledSobel andCanny.

2.3.4.4.2 Sobel
The Sobel edge detection method is the most commonly used. This technique works by

creating templates of the image to form convulsion maSkEhese templates are then used to
find the gradient at the center of the image. This allows for the better approximation of the

derivatesat the center point of the objectAn example template can be seen here:

A A,
-1 0 1 1.2 1
2 0 2 0O 0 0
-1 0 1 -1 -2 -1

(c)

Figure4: Sobel Grdient

2.3.4.4.3 Canny
The second method is known as the Canny edge detection technldnpgeCanny edge

detector is consideredn optimal technique since it needs to follow three main conditions:

1. All edges in an image need to be identified
2. Distance betwen edge pixels and actual edge must be very small

3. No more than one edge should be detected if only one exists

Since these steps are essential in edge detection it is imperative they work so the Canny
method will work as wellThe method works by first applying a Gaussian convulsion filter to the

image as mentioned in section 2.3.4.3After convolving in both x and y directions, the

% Image Processing Techniques Ktachine VisiorPage 2
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magnitude isfound for each pixel This method is so effective because it removes noise while

finding the edge.

2.3.4.5.1 Digital Morphology

Digital morphology is the fourth image processing technidoigital morphology deals
with the shapes of objects in an image. Shapes are a collection of pixels that feBroaj2ct.
These objects are referred to as structuring elememgferent mathematical methods are
used to either enhance or highlight the shape in the imdgsually, geometric morphology
deals with the binarization of the image pixels. Algorithms are computationally cheaper since
binary data is much easier to process. This is the main way to reconstruct the pixels to-their bi
level forms. Binary erosion andation as well as the concept of opening and closangways

to go about geometric restructuring.

2.3.4.5.2 Binarization

Binarization is an essential concept of digital morpholoBinarization deals with
simplifying the 256 gregcale and colopixelsinto a btlevel image. This reduces computational
speed while improving the effect of algorithm analy$i®icking the right threshold values
shown in section 2.3.4.2.1, important for the effectiveness of the binarization algorithifhe
downside isfithere is too much interference in the image. The more interference, the more
thresholds are needed and therefore the effect of binarization diminisAd& algorithms

become more computationally heavy to compensate.

2.3.4.5.3 Erosion and Dilation

Erosionand dilation aredigital morphologytechniguesused to effectively reconstruct
geometric objects. Eliminating the set of pixels that form a pattern is essentially what erosion
does. Dilation is the addition of pixels ta set area. Erosion the complement of dilation.
Erosionand dilation theory is based largely on the Euclidean space mheaf unions and

intersections?’ Dilation is the union of all pixels within thstructuring element.By using

26Image Binarization Page 1
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erosion and dilation together, an effective imagecessing tool known as opening and closing

can be implemented.

2.3.4.5.4 Opening and Closing

When erosion and dilation are combined, this concept is called opening and closing.
Opening is when erosion is applied to a structuring element followed imrteddiby dilation to
the same element. Closing is the exact oppo&it®pening is most effective for removing the
noise from an image after thresholding as occurred. Closing is very effective at smoothing the
outlines of an imageSince mathematicahorphology has a nonlinear nature, it is essential for
image analysié’ To get the effect the user wants, using both erosion and dilation side by side
numerous times can be very beneficilthe more steps used however raises the computational

heaviness ofhe algorithm.

2.3.4.6 Blob Detection

The fifth image processing technique is blob detecti®@hobs refer to any small,
compact, bright or dark objects. This of course covers a large area of objects so there are
different levels of algorithms that can bapplied. There are four main factors for the

effectiveness of blob detection algorithnis:

Reliability
Accuracy

Scalability

H w NP

Speed

The algorithm must be reliable against all noise. A filter should be applied beforehand to
increasethe results. The suipixel resolution must be extremely high and be very accurate.

Scalability is important because pixels of different sizes must be extracted. Since blob detection

2 Image Processing Techniques for Machine ViBage 5
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algorithms can be computationally heavy based on the image and what otiperithims have
been implemented, the speed of run time processing is extremely important. These four steps

are crucial to Blob detection algorithm effectivenesshown in figure 5 .

Figure5: Blob Detection

2.3.5 Conclusion

For a humanoid robot to function, it needs the abilityidentify objects ad process the
data collected.To accomplish thigesearchinghow biologicakreatures gather image data was
completed. After this step, an analysis between biology vision and machine vision was needed.
Then different imag@rocessinglgorithmswere reseached to understand what tools could be
implemented. The combination of this research beregfithe creation of our humanoid rob6 a

vision systenand helged tocomplete our goal mentioned in chapter one.

2.4.1 Motion Control

Being able to actuate th@ints is one of the major componenets of our project. In order
to implement this module we first needed to do some general research into the history of
robotics locomotion. This gave us a solid foundation of knowledge upon which we could make
future plansfor our own design. The results of this reaserch is summarizedeirfollowing
sections and congute of Degree of Freedom requirements, various joint actuation methods

and special considerations for the maintenance of balance during robot operation.

2.4.2 DOF Requirements

In order for the robot to perform human like action it is necessary that the robots design
is one that contains enough joints and the rights amount of degrees of freedom. For the
optimal design the robot would have the same amounDd@Fs as a human however in terms

of project feasibility, the desire is to keep the DOFs to a minimum. As such our design will
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2.4.3 Joint Actuation Method
These joints would all have to be actuated in some way and for this task there are 3

main options. These options are the use of hydraulics, air cylinders or electrical motors. The
first two are clever solutions that are currently being developed and further researched. As
such they are a bit out of our capabilities to implement, which leaves the highly practical
method of employing electric motors as our only option. The past years have a&een
advancement in these motors making them more light weight and powerful. DC motors are the
motors of choice as they are the more reliable and energy efficient when compared to AC
motors. Furthermore Brushless DC motors are compact in nature while prgwesden greater
efficiency due to the fact there is no possibility of speed losses due to resistance between the
sliding connections between the brushes and the commutator as seen in conventional DC

motors. Similarly there is no bearing and brush frictioss.?

2.4.4 Bipedal Motion
This project requires that the robot walk around on two legs. In terms of bipedal

movement there are a variety of options, starting with the major choice of how the robot will
actually walk. In current practice there are twaam methods of accomplishing the task of bi

pedal motion. The first is Passive Bipedal and the second is Full Actuation.

2.4.5.1 Passive and Full Actuation Methods
The Passive Bipedal method promotes efficiency as there is less actuation employed.
The mdion follows the dynamics of human walking by emulating the controlled fall that

humans naturally exhibit. Therefore the main parts that have to be directly controlled are the

dzLJLISNJ NB3IA2ya adzOK Fa GKS GKALKAE dstfidknee and A I K €

feet are made in such a way that they automatically fall in a manner to mimic a human step. On

the other hand Full Actuation provides complete control over all limbs. This means that each

3 RoboCupPage272
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joint of the leg is actuated and can be moved indegent of outside stimuli. Therefore in order
for the robot to walk all the actuation of the joints have to be programmed to work cohesively
to mimic the gait of a human.

In reality both methods have their advantages and disadvantages depending on the
situation in which they are employed. For the purpose of our project of creating soccer playing
robot the method of Full Actuation has the edge over Passive Bipedal. While PasBa&aBi
has the advantage of being less cumbersome, cheaper, lighter and energy efficient; the
fact that Full Actuation allows to robot to perform more complex tasks is crucial in playing
soccer. For example kicking the ball with power is more easily accomplished with Full Actuation.

As such it is the method that the team wilie in the development of the robot.

2.4.5.2 Balance Consideration

In order for bipedal walking to be successfully implement the issue of maintain balance
is one that merits major consideration. There are two types of balancing to consider, static and
dynamic balancing. Static balancing has been employed from the beginning of humanoid robot
development. Dynamic balancing however is the future of robotics as it enables the robot to

deal with more challenging terrain and situations.

2.4.5.3 Static Balancing

aG! adrdaArolrtte olflIyOSR aeadsSy | @2ARa (A LILRK
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of the first designs using static balance was the mechanical horse patéytLewis A. Rygg in
1893. Since then there has been ongoing research in this area. From this research the Zero
Moment Point Theory was developed and first postulated by Miomir Vukobratovic in 1963. The
theory simply states that by keeping the momentstloé robot at a value of zero balance can
be maintained duringvalking. This can be achievég counteracting the moments cause by
the movement of the legs by moving the upper body of the robot so that the sum of the

moments about the COG is zero.

% Legged RobotRage 4
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Figure6: ZMP

2.4.5.5 Dynamic Balancing
While the method of static balancing is effective it is limited by the fact that its steps are

all preplanned in nature. As such it cannot respond to an unexpected outside stimulus such as a
sharp push or the degradation of terrain. Thss where dynamic balancing comes to the
F2NBFNRY(G Fa GKS 2LIAYIFE azftdziazyoe a!' ytAlS |
in or near a state of equilibrium, an actively balanced system is permitted to tip and accelerate
for short periods ofi A Y*ETthig means that self recovery of balance is an accomplishable task
making the robot more humatike in nature. This system is based on the concept of balancing

an inverted pendulum and probably first developed by Claude Shannon in 1951. Hereche us

an electric cart to move forward and backwards to balance an inverted pendulum. This was the
start that led to the development of the first legged robot to employ this method of dynamic
balancing. The robot was built Miura and Shimoyama in 1984 andhedgst walking machine

that actively balanced.

2.4.5.6 Chosen Method
For our project we will be using the principle of static balancing and hence the zero
momentpoint theory to achieve stability while the robot is operating. This is chosen as it is the

easiest to implementthe most cost effective and the least time consuming method. Also

3 Legged RobotBage5
21



dynamic balancing is a luxury as the terrain in question is topographically flat anobibis, as

far as wecan discern are not allowed to run into each other. There there are no outside
forces and as such dynamic balanciegnnot be considered as a requirement. With static
balancing we will be able to investigate the first method of balancing. We will also be able to
keep the robot upright during activities suak walking, turning and kicking which is required to

play soccer.

2.5.1 Artificial Intelligence

Critical to any system is an effective means of control thuspangmetersfor the robot
are key. To be competitive on a world standard, a soccer robot'scatifntelligence (Al) must
be efficient in guiding the robot through obstacles and other challenges, as well as detecting
balls, goal posts, friends and foes, andnigeable to maneuver around them. Any mechanical
advantage would amount to naught if thebot's Al cannot leverage it towasdnaking a
successful goal in a real competition enwingent. This section will explaithe different Al
programming techniques and structures that can and have been used on robot soccer

platforms, demonstrating method® improve the effectiveness and performance of the robot.

2.5.2 Human Emulation

In most cases, robot soccer agents are programmed dauntingly by hand. One alternative
would be to use machine learning (ML) techniques to either program the robots with human
playing styles and behaviors, or even to adapt and predict the movements of the opposing
team on the field. The robot minds, known as agents, can be programmed using models derived
from pairing the sensor data inputs on the agents to human defined outputactions. The
main advantage of this method is that it makes use of the human players' ability to play many
games well and quickly, thus making sense if it is transposed into a robot domain. By emulating
human playing behavior, the agents' Al can beetino enact more fluid and natural styles of
play.

ML technigues are no strangers to the programming field. In video games, such as those

in the first person shooter (FPS) genre, Thurau, Bauckhage, and Sa(0@4) provide a good

35 Programming Robosoccer Agents, page 4
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summary of how imitatn can be used at reactive, tactical, and strategic levels. Using the FPS
game Quake II, they built a MATLAB interface to allow a human to play the game while
simultaneously recording pairs of-game statevectors and actions. A salfganizing map was
used to reduce the dimensionality of stateectors, and then used mulkayer neural networks

to map statevectors to actions. Neural networks are also used to learn trajectories, aiming
behavior, and their various combinatiofismaking better models that catake context into
account before performing an action. Primitive movements are extracted as blocks for more
complicated strings of movement, and conditional probabilities on the statdor and the last
action are learned’ Other research by Priestelja, Kramer, Weimer, & Goebels (2005) use
genetic algorithms to improve imitation modef. Alternative research involves agents
modeling opponent behaviors and using said model to better defeat them.

More specific to Al challenges in a soccer domi@aearch has already been done into
improving the effectiveness of agents in a virtual soccer environment, devoid of actual physical
robot platforms. Riley, Veloso, and Kaminka (2002) use ML techniques to create a coach agent
in a Robosoccé? domain. The gach can learn from previous games, using models to predict
team formations and passing behavior in order to beat the opposing team. For instance, models
can be used to best select the ideal plan to defeat the opponent in set flagsdels are not
learnedin some cases, and instead are predefined and used to classify the opposing teams
through a similarity metric.

Aler, Valls, Camacho, and Lopez look into transforming Robosoccer into an interactive
game, permitting human control of a Robosoccer agent drahtuse ML techniques to clone
his/her ingame behavior. The figure below shows the GUI soccerclient that allows a human
user to play Robosoccer as a video game, designed in such a way that the only information

displayed to the user is the same as the awvailable o the actual agent in the simulation field.

36 Ibid, page 4

37 Programming Robosoccer Agents, page 4
38 Ibid, page 4
39 The Robosoccer simulator is a challenging environment for artificial intelligence, where a human has to

program a team of agents andtroduce it into a soccer virtual environmentbid, page 1)
40 Ibid, page 3
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ROBOSOCCER AGENT

Aler et. al conclude that using ML algorithms are indeedctiffe, at least in the low
level behaviors of their scope, and the modeled agent was able to provide a challenging
experience for a human. Key to providing the user feedback is aftisedly and responsive
interface for human play* and a responsive intéace is the cru for learning lowlevel
behaviors** The Soccerserver interface used by Robosoccer was not originally conceived as a
video game, thugimiting thelevel of interactive play compared against commercially available
games. Their method worksest on reactive behaviors (mapped inpaitputs), but degrades
when the action of the human depends on hidden variables, like making use of human
memories and predictions about the opponeifs.

In terms of further study, more attention could be applieniMard cognitive functions
applied by a human playing Robosoccer, such as planning, opponent prediction, and trajectory
computation®* Using new attributes, they plan to add estimations of some of these hidden
variables to the agent. Special algorithms e¢so be used, for instance, to track objects even as

they go out of view, in the same way that human memory works. By alsprpgramming all

41 Programming Robosoccer agents, page 8
42 Ibid, page 9
43 Ibid, page 9
44 Ibid, page 9
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lower-level behavior, the human player can focus more on higeeel decisioamaking and

strategy, leaving thexecution of more rudimentary details to the computgr.

2.5.3Team Coordination Khitecture

With the goalof having a full robot teanbest the reigning human soccer champions by
2050, robot players must not only have the individual coordinatiorn tha best human players
posses, but alsteamwork and strategic movemerthe beg teams employ. The benefits for
robot coordination affect the FIRA challenge as well \&rious commercial and industrial
applications for robots, such adeaning work and aembly technologies. Developing suitable
controllers and architectureis important foradvancing collective robot performance.

Camacho, Fernandez, and Rodelgo (208&loretechnologies for intelligent systems
and multiagent systems (MASE),coming todescribe an instantiation of SkeletonAgent, a
multi-agent framework capable of integrating classical Al techniques to build intelligent
systems, into the robot soccer domain. Likewise, Harmati and Skrzypczyk (2008) describe
collision free target trackingroblem of a multiagent robot systent’ Both papers approach
the problem of optimizing robot agent coordination, though not necessarily limited to robot
soccer in their application. SkeletonAgent is a software agent framework that can be used to

help concet movement between multiple robot agents, and is described by the figure B&low

45 Programming Robosoccer agents, page 9
46 Roboskeleton
47 Robot team coordination

48 Roboskeleton, page 2
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The framework is divided into the following modules, interconnected as in the previous figure:

1 Agenda/sKis: This dynamic structure stores items calbads which are correlate to the
skills of the agent. Each act contains a list of Ielegel skills/routines that are executed
in the propersuccessiorio perform the desired act, and when the particular act cannot
be further broken down, the agent executes the baseel act!® Camacho et al. (2005)
show that if the skill can be decomposed into several -acis, these can be
independently managed in thagenda>® This builds upon compounding small, simple
tasks into progressively larger and more complex outputs.

1 Heuristics/control moduteThis decides what act to select from the agenda at any time,
according to a preselected control policy, such as ldétrshout (LIFO) or first in/first
out (FIFO).

1 Knowledge basearchives the knowledge that can be used by agent skills, such as files,
databases, tables, etc.

1 Yellow pagesstores the information about all agents belonging to the team, consisting

of a list of partners and a list of their corresponding skills.

49 Roboskeleteon, page 2
50 Ibid, page 2
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1 Communication moduleesponsible for serializing and-gerializing information to and

from other agents on the rtevork, as decided by the control module.

Harmati and Skrzypczyk tackle the problem of generic robot formations, where team
members have to follow the target and achieve a favorable position relative to other
teammates, targets, and obstacles/opporien Tteir method is to convertformations,
essentially a control problem, into a game theoretic problem and provide solutions in this
framework. To improve team performance, they build upon the seowuperative Stackelberg
equilibriun™! proposed by Harmati (2008 System robustness is improved with the control of
cost function component with a Rlike fuzzy controller. Santos (2002) proves soft computing
techniques to be efficient in poorly defined system organizatibmnd Hwang, Tan, and Chen
(2004) prove tht it is also effective in muldgent coordinatior’.

The sample of methods describeexemplify the types of options and possibilities
available in tuning the Al of robotic systems, all of which can be applied toward improving the

performance of individal soccer robots and teams.

2.6.1 Control Systems

At the heart of every robot are its behaviors, the sum of its abilities to receive inputs
from its surroundings, perform due processing and calculations from this information, and then
promptly affect saicsurroundings through some means. This is in essence a diospadystem,
where a controller manipulates the system inputs to obtain desirable effects on the output of
0KS aeaidSYod 2KIFG RSTAYSa GRSAANI O6f Sérody RAGA 2
system. Without an effective control system, a robot will not be able perform its desired tasks
successfully, whether that would be cleaning floors, disabling landmines, or kicking balls in

between goal posts.

51 Stackleberg eqglibrium: Agame theoreticequilibrium in which one player acts as a leader and another as
a follower, the leader setting strategy taking account of the follower's optimesponse. (http://www
personal.umich.edu/~alandear/glossary/s.html)

52 Robot team coordination, page 2

53 Ibid, page 2

54 Ibid, page 2
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This section will delve into possgbtontrol models for humanoid robots. One particular
consideration is the shape; since a hursraped robot has a relatively high center of mass
while upright, the stance can be unstable and prone to tipping. The robot would have to propel
itself forward o its bipedal drivers, and still be in control of its center of gravity for maximum
stability and speed.

To be able to play soccer against human opponents, much less-teetofgam, the
robot has to identify teammates, opponents, boundaries, and the it=dlf. It also needs to
balance itself through many dynamic situations, and effectively maneuver around changing and
static obstacles. On collective higHewrel actions, robot teams must be able to quickly
coordinate and move towards the best positidiesmaterialize a goal. The processing in control
units must be done in redime, so variables like CPU size, current consumption, memory type
and capacity, orthip peripherals, as well as the level of development tools are important
factors that influencehe selection of the control processor and algorithms used in a particular

mobile robot.

2.6.2 Gait Generation

Effective gait generation is the means by which a bipedal humanoid robot oga m a
quick yet balanced marmam, having the robot's legs movthrough calculated steps and
positions. Gait planning for humanoids is essentially different from path planning for serial
robotic arms, since the center of mass is in constant motion while the feet periodically interact
with the ground in a unilateral wa Since this means that there are only repulsive and no
attractive forces between the feet and ground, ground interaction must thus be planned out to
avoid postural instability?

To further understand dynamic stability and help monitor and contnabiking robot, it
is useful to understand the concept of zero moment point (ZRPhe ZMP is the point on the
ground where the sum of tipping moments on the robot, due to gravity and inertia forces,

equals zerc’

550bserverbased Dynamic Walking Control for Biped Robots, page 3
560bserverbased Dynamic Walking Control for Biped Robodgie 3
57lbid, page 3
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Figure9: Pipelne Visualization of the Gait Generation Procé%s

In the figure above, one can see the how the cluzs®p system of the gait is run,
determining the best placement of foot and body movement all to keep the resulting aggregate
motion stable. The gait genation takes in the desired translation and rotational speed vector
Mo W, jO d GKS AyLldzizs ¢gKAOK A& y24 aeyzyeéyvyzdza
rather its desired average. The playing field is designed to be fully flat, but more robust gait
generation algorithm might take into account uneven terrain, resulting in irregular gait patterns

at different velocities.

2.6.3 Trajectory Following

Control systems also guide the robot through a determined path, and are responsible
for the fidelity of he trajectory interconnecting the start and target positions. On wheeled
mobile robots or serial robot manipulators, a control system would involve the use of an
inverse kinematic model, which calculates the necessary movement needed by a system to
reach adesired end location in space.

¢tKS NRo620Qa RSAANBR Y20SYSyid OFy ©6S RS&ONR
be calculated using a simplified model using the center of mass to represent the entire body. As
only one foot is connected to the grourdlring the walk, and considering only that contact
point and the center of mass, the system can be likened to an inverted pendulum. Contracting
2N SEGSYRAY3 (KS 83 Oly FtGSNI 6KS NRo2GQa K

trajectory. By regicting the inverted pendulum such that the CoM only moves along an

*8 Observerbased Dynamic Walking Control for Biped Roppége 4
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arbitrary plan, it results in simple linear dynamics called the 3D Linear Inverted Pedulum Mode
(3DLIPMY>®

Walking on overall flat terrain defines the constraint plane as horizonfat K¢ = 0),
despite slight deviations in level consistency. Using a global coordinate frame, wa ase
mass of the pendulunyg for the gravity acceleration an andty as the torques around the-x

and yaxis, the following equatiof8R A & LJ | & (G KS LISy Rdz dzyQa Reéyl YA O

. g 1 2.6 (1)
Yy=—"44——"T7¢

Zh Mz
. g 1 2.6(2)
r=—I+ Ty-

Zh mzp

Equation3: Plane Acceleration

According to this model, the position,{fp,) of the ZMP on the floor can bealculate

using the following equatioft&

P, ’: Ty 2.6 (3)
mg
Tz 2.6 (4)
Dy = .
mg

Equation4: Position
From there, a simply substitution of equations 3 and 4 into equations 1 and 2 yields the

following ZMP equatior?é

:h| . 2.6 (5)
Py =T — —T

g
Py=Y——UY

g

Equation5: ZMP Position

% Observetbased Dynamic Walking Control for Biped Robots, page 5
% bid, page 6
® bid, page 6
%2 pid, page 6
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It can be seen that for a constant heightaf the constraint plane, the ZMP position depends
on the position and acceleration of the CoM on the plane and tren® ycomponents can be
addressed separately.

Fran the equations given, we can ascertain the required ZMP positions needed to as

the controller outputs, thus propelling the robot onward with stability.

2.6.4.1 Hardware Background and Operation

This section describes the different critical hardwargoinmed in the processing and
operation of the HUST soccer robot. Each unit will be described in its general functionality, and
how it works together with the robot as a whole. This will serve to explain the importance of
each unit, and the consideratiorikat need to be made to ensure the best performance from

given resources.
2.6.4.2.1 Robot Board Components

2.6.4.2.2Microprocessor
The microprocessor is essentially an entire central processing unit (CPU) onto an
integrated circuit (IC). They are forethmost part general purpose, although there are different

types dedicated for specific uses. At the core of all robots is a microprocessor of some type,

dza dz- t €& | YAONRO2YUNRffSNE dzaSR FT2N) GKS NRO 2

areas ca#d registers that store numbers to be used for data manipulation, and areas called

arithmetic logic units (ALUSs) that perform arithmetic or logic operations on that data.

2.6.4.2.3Digital Signal Processor

Digital Signal Processors (DSP) apecialized microprocessors with architectures
designed specifically for the types of operations required in digital signal processing; it takes in
a signal and manipulates it mathematically through digital means. They are programmable
devices, running thie own native instruction code, and can perform millions of operations per
second, and gain further performance advantages by their dedicated architectures.

Firstly a signal must be defined. A signal is stream of information representative of a
certain candition, and in this particular application it is an electrical signal. Since most data,

31



SalLSOAlLffte a4 NBLINBaSyildldAz2ya 2F (GKS aNBIf g2
they need to go through an analdg-digital converter (ADC) so thatgitial processing can be

applied. In most cases, a signal is a voltage or a current that represents the condition, such as
temperature, pressure, and so on.

Signals often need to be processed to remove unwanted information, such as noise and
other extraneows data, for further simplification down the line and to make the information
Y2NBE AYYSRAFUGStE & dzaSTdzZ © C2NJ §KS NRo2GQa 24y
AGNBIFY FTNRY (GKS //5 OF YSN} Y2 dzydeadWRiigital{ginall KS NI
processings that the image seen by the robot needs to be reduced to a simpler form and thus
give the robot a better ability to recognize key objects, such as white lines, yellow tennis balls,
or blue goal posts. By reducing the image to what ig/tndeded, it makes it much easier for an
embedded processor to take these in as inputs and produce movements that would be in line
with our strategies.

To get the best performance for a particular use, factors like operations per second,
power consumption,cost, and unique features of a particular processor all add up toward
judging which is the best processor to use. As mentioned before, these devices run their own
native instruction code, which can be optimized for ease of use, better functionality éaif&p
tasks (like audio and/or video processing), or compatibility with other hardware. Given the
aeySNBEHe 2F |ff (KSasS FFOG2NRZ | YI ydzFl O dzZNB ND
source for comparison between different DSPs, and furthgestigation must be made into

their more particular features.

2.6.43.1 Servos

The primary actuators in the robot are servos, and this section describes the basics of
servo operation and control. A servo is essentially an electromechanical device thiatlson
the angle of a load of rotating around a pivot. The servos at each joint are responsible for the

direct actuation of knees, ankles, hips and feet. Different servos are shown the following figure:
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FigurelO:Different ServoSizes
2.6.4.3.2 Basic Design
A servosystemconsists af

1 Power supply
1 Interface
1 Position Controller

o Servo Controller
1 Servo Motor (typically limited by a mechanical stop)
1 Feedback sensor

The following figure illustrates how the different parts interactttweach other to enable

effective and accurate servo control.

POWER SUPPLY
"DC" POWER

LOW LEVEL HICH LEVEL
POWER POWER

RFACE : FROGRAMMAEBLE SERWVO
INTEREACE e LA | POSTIONING CONTROL
L . SICMAL COMNTROLLER {AMPLIFIER)

FEEDBACE

Figurell: Servo Control Loop

33



2.6.4.3.3Servo Control

To communicate to the servo which angle to at, it uses a method called Pulse Width
Modulation (PWM). By PWM, the servos assigned angle is determined by the length of an
electric pulse sent to it. Pulses are sent in at a regular frequency, but by modutag width
of these pulses, one modulates the position of the servo. The figure below illustrates the

example of PWM control.

a 1.50 ms: Neutral

1
g 1.25 ms: O degrees

sw 000
WSZ°T
WOS°T
WSL'T

sw 00°0
sz T
05T
st

0 1.75 ms: 180 degrees i

Sw 000
WSZ'T
WOS T
WSLT

Figurel2: Example of PWM Control
Servos usually work using proportional control to reach the desired position. The further

the actual servo position is from the value assigned by the pulse width, the faster the motor

would have to move, and the closer the position is the slower the metarld be.

2.6.4.3.4Servo Connections

Since servos receive electric pulses, they can be connected to the outputs of a control
board. Counters and timers on embedded systems can be used so that users can vary the pulse
through the program they download ¢m the system chip. A downside of this method of
control is that some boards may have limited outputs, counters, or timers, and having to
control a large swath of servos might be impossible without using more resources.

Alternatively, some servos may leatheir own dedicated microcontrollers on each
servo unit, and instead of directly receiving pulses they can receive byte commands over a
serial connection. The microcontrollers would then be responsible for sending pulses to its own
servo. These servo umican be daisghained together with no problem, since each byte

command would be designated to a particular servo through its ID number. Not only can data
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be sent to the servos, the servos can also return data packets back with information about
themseles such as feedback measurements and such, eliminating the need for extraneous
sensors. With this type of servo, multiple units can be connected to the control board via a

single serial port connection.

2.6.4.3.5 Joint Connections

Actuators like servosra motors have different means to be connected to other
effectors. Apart from the mechanical advantages gained by placing these actuators in front of
gear trains, they can also be connected via chains, belts, and linkages, each offering their own

particular advantages and tradeoffs in terms of performance.

2.7.1 Project Plan : Ball Kicking

To effectively complete our goal, we needed to create a set of objectives to follow. We
developed four main objectives to complete our proje€irst, we created an imagprocessing
algorithm strategy to allow the robot to locate the object in the field and discern it from the
background. Second, we developed an optimal ball kicking strategy to implement. This strategy
was tested and researched to be the most effectivpath designation and kicking mechanics.
Next, we converted both strategies into DSP code. This had to be done so the robot could
understand the programming and know how to realcastly, we tested the movement of the
servos and the entire systewhile debugging any problems.

We had to make sure the robot moved effectively and accomplished all the tasks
needed. This included following all the rules of the game and kicking the ball into the goal.
These tasks were divided among our group members thes course of our projeciChapter 3

is a more detailed explanation of our objectives and what we designed.

2.7.2 Project Plan: Path Tracking

To effectively complete our goal, we needed to create a set of objectives to follow. We
developed four main obives to complete our project. First, we created an image processing
algorithm strategy to allow the robot to locate the white line and discern it from the
background. Second, we developed an optimal path strategy to implement. This strategy was

tested ard researched to be the most effective in path designation and determination. Next,
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