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Development of Stereo Vision Assisted
Control System for Humanoid Robot

Kim Tae Hyung

Department of Mechanical Engineering
Graduate School, Korea Maritime University

Abstract

We developed a new type of human-sized biped walking robot(BWR),
KUBIR III, driven by the closed-chain type of joint actuator. The lower
part of the robot is composed of twelve joints; body is 1 d.o.f., head is
2 d.of., and arms are 12 d.o.f. In all, 27 degree-of-freedom biped
robot has been developed in this study. A unique actuation structure for
the leg joints of the BWR is designed using the four—bar-link
mechanism driven by the ball screw, which has a high strength and high
gear ratio. The weight of the robot is 70kg with 170cm tall, and it is
designed to be capable of supporting 120kg.

CCD camera is attached to the developed robot, each of eyes to be
capable of supporting stereo vision system. We have provided the
closed—form solution of the inverse kinematics for the end-point of two
arms with 12 d.o.f. of the robot in order to recognize and grab the
object in the workspace. If the left and right cameras successfully find
the same target object, then the implemented active vision system with
two cameras focuses on a landmark and can detect the depth and the
direction information.

Also, we have developed 3D graphic simulator before performing
experiments for prevention of accident. As a result of experiments, the
gripper of the arm of robot can successfully catch the object in
workspace.
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Fig. 2.1 A front of specification of KUBIR III
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Fig. 2.2 A back of specification of KUBIR III




olgle] Table 2.1 2.2%= KUBIR IlI¢] 2z} B2 AYS JeR

At
Table 2.1 Specification of KUBIR III
Height 160 [cm]
Weight 72 kgl
Head DC motor
DC Servo motor + Harmonic speed
Arm
reducer + Ball screw
Actuator DC Servo motor + Harmonic speed
Waist reducer + Ball screw + Gravity
compensator
DC Servo motor + Harmonic speed
Leg

reducer + Ball screw

Control unit

Main controller

Embedded
Single-board Computer
(PCM-9582)

Joint controller

TMS320LF2407 + Motor Driver
+ Motion board

Power
capacity

24V / 50AH




2 CCD camera / Image grabber

S
ens'ory Tilt sensor, FSR sensor
device . ..
Magnetic sensor, Proximity sensor
Opera'ltlon Notebook PC with wireless LAN
device
Table 2.2 Degree of freedom of KUBIR III
Head 2 DOF
6 DOF
Left (shoulder 2 + elbow 1 + wrist 1
+ hand 1)
Arm &
6 DOF
Right (shoulder 2 + elbow 1 + wrist 1
+ hand 1)
Waist 1 DOF
6 DOF
Left . .
L (pelvis 2 + thigh 2 + knee 1 + ankle 1)
eg
. 6 DOF
Right . .
(pelvis 2 + thigh 2 + knee 1 + ankle 1)
Total 27 DOF
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Fig. 2.3 The head of KUBIR III



Fig. 2.4 Rotation range of the head

Table 2.3 Specification of the joint actuator for head part

= =6 FOEE B =241 &)
[W]

0 Yaw 5 14:40 1:104

1 pitch 1.5 14:40 1:104
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Fig. 2.6 Gravity compensator of the waist joint
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2.4 KUBIR I1¢) & 7|75 74
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Fig. 2.8 Shoulder joint
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Fig. 2.12 Wrist joint
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Table 2.4 & &Zol] AH&H AdF 5719 ALFS YERAT

Table 2.4 Specification of the joint actuator for arm part

5 |mavz| es | oo | gaw | paw |0
(W] 2] = [mm]

0 A yaw 60 - 1:160 -

1 443 | pitch 150 1:1 1:4.3 2

2 443 | pitch 60 1:1.75 - 1

3 443 | pitch 60 1:1.75 - 1

4 24 yaw 60 - 1:100 -

5 4 A= 3 | gripper 18 1:1.75 - 1

14
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2.6 KUBIR II19] ™ 2#9] 7] 34

A ZE(rigid robot)o|t}. KUBIR IIIell gt 7]
;’-tﬂ- H]—X—]_] T 253/\3‘ 7]-?—6]— H]—X—]/\]O EE-A .1/]—7(‘] tfl ]— —-,—01
e o, g Ao A} HEFs 73]3?‘_“:}. Q@ Hdd Aol
My ‘%] Atole] Ztrojan, A AHEd g B W
= B9 sold dojolt, 7] 2ol %X‘O]L TS &
obf 7] $1gk A ‘?_WH ol o[ 7].
= EwolA 719 A 2 wEe Z2F 3E e 7 2
of o&] A=EH= 54 =A 9 Agel ok ¥ %
93te] o] &= AT

Fig. 2.14 D-H coordinate for the head
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Table 2.5 Link parameter of the head of KUBIR-III

link a, a, d 6
1 0 90° 0 *
&)
2 0 -90 d, 6,
3 as* 0 0 H;
A7 a = & %{r g A 70](length), @, HEH(twist), d,

© QX Al(offset),
d, = oA HE]7tx o] ZAo]o]r,

o

A PHEL Table 2.5 9 wj/pHSFE

®

! 0

0
rce,
sé,

0

0
Co,
S6,

° 0

0

C o,
S6,

6+ Ztx(angle)o|t}.

O OO0 B O O

ce,
0
0

sS4, 0

— o

0 0

0 1

-S6, O

Ca, 0

0 d,

0 1

0 a,Cé,

0 a,S6,
1 0
0 1

webd waad T = gest 2o] Fo

17

o] Zol= ¢F 17.15cm%A =0

2R g7 2o dojx

(2.1)
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r, =cécé,cl, —sb s,

r, = —c6,c6,s6, —sb,co,

I, =—C6,s6,

P.=c6,cb,a,co, —sba,sb, +s6d,

X

r,, = sécé,co, +ch,so,

r,, = —s6,c6,S6, +cfch,

I, =—S6,S6,

P, =s6,cd,a,cH, +cba,sb, -co,d,

r,, = S6,CH,
r,, = —S6,S6,
l,; = CO,

P, = s6,a,cé,

z
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Fig. 2.15 D-H coordinate for the arm
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Table 2.6 Link parameter of the arm of KUBIR-III

link a1 ai dl HI
1 90 0 *
6,

2 0 -90 d, 6,
3 90° 0 *
s &,

4 -90° 0 *
a, o,

5 0 90° 0 *
&;

6 0 -90 d, 96
7 a7 0 0 9;

o714 a & slg SN o AFTAA ] Ao, ¢
26cmeltt. d, = olZf AFAFEH o7 E7Ae] Aglelw, of
18cmelth. a; = o7l E5H FwEAZFA e Agolw, °F 22cmo]
ok Eg a, v FEAFE S5 SIFE7EA I, °F 23cmelal, d
= =5 SIRERE E574A 9 AgelH, A= ¢ 20cm ol

A FHEL Table 2.69 wi/ATEZRE tfSa o] dojxit}

CH 0 SO acq]
s6 0 -Cq asq
O 1 O 0
O 0 O 1

20



Cé,

s6,

"C6,

s,

C6,

s,

0

Co,
S6.

Co,

s6,

o O o r O O

0

a,So,

21



r31 r32 r.33

0 0 0

Cé, -S6, 0 acCéo,]
A = S8, C6 0 aSsé, o
0) 0 1 0)
0 0 0 1 |
webd wsad T = ohea) 2o] Fojzint
_rll r.12 r13 I:)x_
— — r21 r22 r‘23 P
Ty =AAAAAAA = o e
1

I, = ((((c6cb,ch, —sbsb,)co, —chs6,s6,)ch, + (—c6,co,56, —
sécd,)s6,)ch, +(—(cdch,ch, —sbsb,)so, — c8sb,co,)so;,)co,
+(—((clch,ch, —sgsb,)co, —cfsb,s0,)s6, + (—-c8,c8,s6, -
sécéd,)ch,)sb,

r, =—((((c6,cb,ch,-<6,56,)ch, —ch,s0,s0,)ch, +(—cb,
cd,s6, —s6,ch,)sb,)ch, +(—-(cf,ch,ch, —sb,;sb,)s6, —ch,
sd,c8,)s6,)s0, + (—((c8,ch,ch, —sb,s6,)ch, —cO,s6,s6,)
sg, +(-c6,co,s6, —sf,ch,)ch,)co,

r, =—(((c6,co,co,-s6,s6,)co, —cb,s6,s6,)ch, +(-cb,co,
s@, —sf,ch,)sb,)sf, + (—(cf,c,ch, —sb,s6,)s6, —ch,sb,
ch,)ch,
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P, = ((((c6,cl,ch, —sb,s6,)cl, —cb,s6,s6,)ch, +(-cb,
cl,s8, —sf,ch,)sb;)ch, + (—(co,c,cl, —sb,s6,)s6, -
cé,sd,ch,)sb,)a,co, + (-((cb,ch,co, —sf,s6,)co, —co,
sd,s8,)s6, + (-cb,ch,s8, —sb,ch,)ch;)a,ch, + (((ch.ch,
cf, -sb,s6,)cl, -ch,s8,s0,)s6, - (-cf,ch,s6, - sb,ch,)
cg,)d, +(cf,ch,co, —-sb,sb,)a,cl, —cf,sb,a,sl, -
sf,a,co, +s6,d, +a.ch,

r,, = ((((s6cbch, —chshb,)ch, —s6sb,s6,)ch, +(—sbch,sb, +
COCH)S6,)cH, + (~(SOCHCE, — COSH)s6, — SOSE,CH,)S8,)c6,
+(~((sHcB,Ch, +chSH)Ch, - SSB;56,)58, + (-SHcH,s6, +
chch,)ch,)sh,

r, = —((((s6,cl,cl, +ch,;sb,)cl, —<6,s6,s6,)cH, +
(-s6,cH,s0, +cf,chl,)sb,)cl, + (-(s6,cH,co, +cb,sb,)
sf, —s6,s6,c8,)s6,)s8, + (-((sb,ch,co, +ch,sb,)

cl, —sf,s0,s6,)s6, + (-sb,c8,s8, + cf.ch,)co;)co,

rs = —(((s6,c6,c0, +c0,s6;)ch, —sb6,s0,s0,)c; +

(-sé,c6,s6, —co,ch,)so,)sb, +(—(sf,ch,ch, +ch,sb,)
sf, —s6,s6,c8,)co,
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P, =(((&4cacé, +cgst)ct, —s4s6,s6,)cb, +(-sdea,sa, +
cgea)sa)cq, +((sdeded, +cgsa,)st, -sgsacs,)sg)ace, +
(H(sécled, +chsa,)ch, —s4s8s6,)s, +(-shcasa, +ched)
cé)ac, +((shcaca, +cgsa)cd, —sgsast),)sa, —(-sacasa, +
cgca,)ca)d; +(sacaca, +cgst)a,ct, ~sgshase, +cqaics, -
cgd, +asq

r,, = (((s6,ch,ch, +cb,s6,)c, —sb,s6,s6,)ch, +(—sb,c6,s6,
+cd,ch,)sb,)co, +(—(sb,c,ch, +cb,s8,)sb; —sb,s6,c6,)sb,

;. = ~(((s8,cO,, +c6,56,)cl, —6,50,58,)ch, +(-sb,ch56,
+06/06)50)S6, + (~(s8c8c6,+ 858, ~SASACH)CE,

r,, = —((s6,c8,c, +cb,s6,)ch, — sb,s0,s6,)s6, + (-
sd,co,s6, + cd,ch,)co,

P, =(((sb,cl,cé, +cb,s6,)ch. —sb,s6,56.)c, + (—sb,ch,S6,
+0OC6,)56,)a,c8, +(~(SOCACH, +Chs6,)s6, — SHSECE)
8,6, + ((SB.CACH, +C,58,)s8), +58,5008,)d, +sBcHa,H,
+cta,sh,

ayez 23 2 wa qxuy Pos des oo

Px
Parm = I:)y
L PZ .
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2.8 Four-bar-link®] 7]73+4 34

KUBIR M9 <Zo] A1gH 4d-Ha #4dE& Alojsty] 98,
Fig.2.163} #Zo] vl W 5 A We] Aol 1go]al v g W
B 237/ HR e B 237/ AA

Y A
L (.d)
4 I
- g ™%
e

Fig. 2.16 Four—bar link modeling

AA B3l els) s delel 4E (ab)t 3w
a=|,cosd ,
b=1sing (2.6)

ol FA4lo] (ab)olm WAFo] 1,9 9] PHAE A (2.7) olvh

(x-a)*+(y-b)*=I; (2.7)

A (l,,d) S 9 Aol Widste] doll Bate] Astd
d*-2bd +a® +b% +13 -1 - 2al, =0 2.8)

g1e] 23 WA Ed
d=bxt,(,+a-1,)(I,-a+l,) (2.9)
A d = 919 gol 78 5 9tk
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2.9 Q7|38

AATFx £ T AAE ALtstE FH ol
A o zbo] EA gt} o] ALk Ha & A
HE S7EX| e QlY). 97]FSH(inverse kinematics)< 7]-8t
Aro = k= Blolth. 29 FH(end point)e] FAHS o, o
St Ao FEE e 5 Ak 9

L=
o 3L T Xl

o4
1o
o
X
o
N
Jo
o
_O‘L
AU
il
i
m‘l
o,
2
&
il
i—'ﬁ
I
i
2
e o
L

_)&
e ol el H & o

lo
AN 2

A7l r Ao HAZMAS TS Fohlry] A W

obehst 2t

B2 A5s oo, A7 HxEC duE 5 /e Aol
) o2 So], AAle FEAZ 2] o AY S g AF
i Alzgo] vl b EA 2 Zlojrh. thA] wetd, BHllo] A4
TZ] 49 Hel = Afelvt

(2) siAgHol st -

o
-
L ol
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o
;_AO

0

(3) sl Aol
= A

=4 @
& Aol

5
24 o <F

9|

| 7HHA
B} o
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(5) 97173 A

ofgfe]  Fig. 2.17A4¢9 3AFEY T3  wUYEHolH
(manipulator)®] 91X 7|88 Felazt o, T xE HUyE
doleixd A AERSFE 7| A (base)?] 3ol Ha, o1 @&
p,. P, 7t &Al°l 0°] ofyH

6, = Atan(p,,p,)
=2 Fot p st p, 7t B 0 o Solgsdo] Ha, g2 o'

= 748 & ek

it /
S8 :

" = ¥
QES _____________________________________________ - Jomed

Fig. 2.17 Spherical configuration manipulator
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Fig. 2.17°14 2% 6,%
6, = Atan(r, s)

ob a1, o714 r® = pi+ py. s = p, - dp otk #RAY
HUFeole A% 6, 6,9 F WAl o thew) ot

6, = n + Atan(p,,p,); 6, = n - Atan(r, s)
112 d,e

N

(d;+8,)" = r*+s’
ol A
d; =+ -8, :\/p5+ p§+(pz_d1)2 )

s o] e,

4AA" d, o & AFES MW, EBFHo] 7,9 Wi
Gt @ GAITee] F 52 v 9] gow BEAY
HUEdole s} 2ol A% Fg3} ogd FPL /AT
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Al 3 F 22X AR 74

3.1 Embedded System®] 7l &

AWy = A|x"olgk 7A e A Ao Fi A9E S
no] I 2 X ZA| A (microprocessor)S F&Fell AAgoZN 7 kA
ol AAE & F JEF = A|AES u|SH[9].

Aukxd o 2 AUt = AlAHLS Ft=go] Aol g E o] glom,

AT EYolE FtEgolE AFASAY vt A& & ¢ Qla, &
& meaan segolol e AdEt Agd 5 g, o)
e @rl Aelshy QvE Aswe 4a gmel %A A7

slgk olgtar & 4 3l

Al Wt PCyE oA Al 2EIRQI ] H]gl dHlt = A
A 54 3 714 BEE 98] A FE o] o, o]y
oA AMEHE 4 7HAE, A7), A AER
2 Al I 2Ert AR Zlo] olye} wlola =

Hof Qlom, o]y sl ufo]a R ZR M A= 54 V|sS
EF Z2 el Y Eo E AS B 9

2 o

I

= A Aok FRH ok, AR, T
okE ZhAa glow, Aol g ozt
obilEY F el AZE, F UESD Ao ES
L WETY A28, FaAwe] Azd, deuole Axw, @
A3 Al AZR, $FA Ao FA, EAE Al

oX ol O | [

MR

L 7g ol

»)

=K

> O

S rot
oo O
ofo |

M

,
A
i_l
>

!
=

A 55 5 T AT

At = AT EQ o= YA Z UHAXEH, I FAANE &
3] ‘H = OS(operating system)' 7} 534 2= Qi) ¢
HO = A& 850 9= 7S delyy @y 2 FEd] Tk
7F o] A A HAlAH, ¥=CE, & 0S T°] fxEHolx #=5

T 53 A AT 2 AFAME GAAE, EH A,
Ax dE.E8 & BolsiA Al & 4 = Windows XPE &

ol
Y
2
fu
>~
el
ofo
ol
o
38
o
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S HY

ZEIDICIH
Ol ALA]

Fig. 3.1 Embedded system application

3.2 Embedded System?] 7§ 3173

MERA S FFo7] Aol dubd o=z dWy= AlxES s
st7] 9lElA] oi%*-ﬂl AAS FF3I] AFEEAL A=A LolR AT
y v L2 WSS pCal A
Al et g A et 203 9A] PC oA A3}

o EUEe 7RE, vleaet T ¥FE 9l &9 s=doE
BT ulstal e PCEAStA /M & = oy st 7 &
ufj -] ivﬂ 3l A HE &x &=
a8y, dEtE AZEo)E HFog Hile MERtEe] 7
AA gx = d3te] viE e e #dE Zloth dut=
L Eoldr ZAZE PCot= g 37 . &9 st=do7F AF
13l HE(board)RF & ZHFANA JiEs|of d7] ol ¢=3}
A 2 MdAE 17ﬂf o]~ gk EA7F obd S gl

LA
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AukA Rl vl = Al /i g2 o) 19 Fig.3.2¢9 #th.

HOST
§ A TARGET
. i =~
Programming
MCU Erase & Write S/W
(Dewnloading)
Serial Virtual Terminal Monitoring
HW Debugger Debugging
e
Cross Compiler, Library Embedded Board

Text{Source) Editor

o J
PC

Fig. 3.2 Embedded system development environment

)
e |o

WA, 27 Z23% source ZEE L3 PCE ¥ty
2 F~E(host)ghal stH, o] EFo] HE Juts RES
W2 o 2 7l W E=(target board)ghal ek}

At = A" s 3 A S FEStE ov|e ulE 919 1
Fig.3.2¢} #o] T2E A4S 58t uje|th[10]. oldst &
2E AL I/ st=do] A AxZEYY AAHeR YUm F
A=, WA =] HLS TAE9 ER HE 7H] flolHE
T 7] g AolER dAstts on|oln, AXE Y 3
olg A AAH AolFe| HolHE Fia W] 3] T2E Je 3|
T AZEYES AAsta AAstE AS Yn| g,

olg] gt st=9o], AZES o] AL TAEL} B HE IHo F
3 W= dlolE e whel 919 1§ Fig.3.24 % AA ‘ﬂ woE
¥ F7F2 S 2E9 cross compiler®} library”} 2
1) Programming (downloading)

Bl REZS FEalry] e sk T2a¥ =58 B B
o WHH HEHY 2 Y Z2AA dHe] e 2o
HEglo Agstr] gk FAS W, o] HE9 Ao|Ey} HE

o] A4 £ZEdo7 s}
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Ak o7 AMESHE 32bitd] L AFY ZRAX G Agole T
A el ZROF e vEeZ) MR glons of g
HE B2l Hee A 9% Flash wRels sjd 2208 3=
& A8, ATmegal28e] Aol ZEAA o] LRI
MEest e glemz o7l A4 & 4= vk, EF, 32bit T2
Aol Eol7bs A SFAA] Feole B HE 5o da
g ZRIF IS Apo]=7t WlalH 371 mell e Aol 2
= AEe Aels WAl ofudlat e e Aoles MER <

A= O\:o
O]’ _L_}\}]\

==

==

m

2) Monitoring

Bl HEE S2EL 9y RUYHe 7|HE) vke-A T HFE
, =49 st=goirt gl A5 dFEelr] wiel B BHE
HE dEstAY B BES HAHE SHAoR gl B 5
7] "ol AEE dAZS F% Huld §8& ZEads FI &
Eox gRlsjof s}, o] & sl Mol FAojE AZAY AT ES
AR 2 Aol Fgsir,

2 [~ 52 oE

3) Debugging

OA AFgdRe] B HE= HES 9] =9 s=9dojr7t g7
il Wi HEE E£2ES 7 B3 /\—LEOJ]o]ﬂo
2 g8 EAY, 52 st=dlo] A& AHE F stedlo]dos
g3 B 4 Aded oleld st=Edo] tUmMAS HsiAeE
Aol &3 oE#HlH e ZF& HE& =4 Z}H] T o wmE
AN

AEE ol FEStelo} Bk,

[ o o

4) Cross Compiler & Library

Programming ¥} Monitoring, Debugging 742 o]v| E}A
& ZEO9 =5 L HEjedA] E2EQF B2l BE P A4
A&l gk FAolEhH, tool chain B}l HEe] 23 51
MEatr] 913k AxzEde] $4& @it uvs AxEd)
A= B HEE FEolr] 98 Zash /\iEﬁ?ﬂo%j)rﬂ Ely
th, ddtx oz PCAlol A "”@ﬂt LI Eo]= PC/oll A
A= G B HEE B HEOA A5 AXE ]
= JWEst7I7F B7Fset7] Wil Bl REg é’:EE-‘%ﬂ‘HE A=
T Eo|A] Jdtsto]of gttt

a27] #3] 283 AU E TAEA B HES &
A i six 222 Agded o, o w dagk 2ol

_

)
g
!

M <y 2 | o
nﬂ% o i
Fl?
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¢ #3E FEYEHES 979 tool chainolzt aty lHti= 7)
W 3 5 Al 7R WA pEEEoF ke ol

3.3 KUBIR II19] AA AlojF A

KUBIR 1II1¢] 5 A]©{7]?] embedded mini computerE ol §
ZIAlA 2789 CCD 74 ket 27702 motor, motor driver, motion
board, TMS320LF2407& &A1tk Lefar zkzhe] ¥ A|of7]
= CANC( controller area network )& dAEo glon A A
o712 Ao] WHS WA FHrk X3 mini computer’} ZEo] #
Ztxo] lomz vl AHE d= ghe wet o WHE §lo] F32
o] 7bsstAl HlaL, o 714 AIME fJY Wl 2pE A7t Ths
sHA = ATt

==

=
u:
iz,
2
>
>,
ofo
(i,
kit
:[M
Ay’
é
s
o -{ﬂ

A WFETE AFEE o] glo] 9] le]
q EEOE oS LH% T o Hoig w7z 2 oy 5
2o 22X A JHE YFH=Z < F Q. AFgE FA oyl
HEHAE ol==(ad~hoc)o. 22X =52 HELFAS 74 2 F
Xlé el 71 A =oly WA AFE N E(access point) et #E 7]HE Y]

A3 FA7F BQeskA] o= Fho] ook mEA 2F7] 9%
}” LERY B @AY 2R FA7]e] FA ol FA7] §lol
2 AAx o] B4lo] 7hEseH11].

[

4

_

(o3

o

R =Rl vy o] AAE 2ol CCD shHlgt=AE 5o
o= ofdRa °““Ua§ sl 53te] ojxstetr] fls = Alof7]el
= o|m A ZLef Bl (image grabber)7} AX| 5o glom =32 A

‘511 O‘Eﬂﬁ FElM 54 =AE HESH] dE Ao A

£
g 5 9w Ho] gtk

1
o

KUBIR IIel A= F39] HAste} A|Agle] duA ALEs17] 9
sto] A A o2 AEEF S RE =golBg Jidsielch dd
AEZ Y= sty =efolHz F 79 EEHE AT 4 doe
Zdol 9t} Fig.3.32 motor driver, Fig.3.4+ motion board,
Fig.3.5+ motor controller®] A}zlo]ty,
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F

Fig. 3.3 Motor driver

Fig. 3.4 Motion board

Fig. 3.5 Motor controller



Operator
| rliotebo.ok H Keyboard

AD-hoc
; ~ I' Il
JH""-‘ /O port NTSC
Wireless LAN card J o Mini camera

Image Grabber

Embedded Single Board Computer
(PCM-9587)
P Y

i

Controller
& Driver 9

Fig. 3.6 Total control system of KUBIR III
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3.4 KUBIR II19] F A|o}7] #+&x

2 AFelA = KUBIR M9 H34gh Fx9F @& AlA o §f=
stereo vision system®] #-& 131—’ FEAYE A= F A
71 computer? 715 7V4°]¢ ghobar AzbE A ek 23
o gAst = d+= A3 embedded single board computerE A A
EA=g

KUBIR III¢] 5 Al°}17]1Q1 embedded computerel= o] A ~1zj
H(image grabber)7} &2#=o] ¢loj CCD ZhH|gt =27y e w2

o

N

Fd ARE g5 st 4 AP (digital image processing) & &
dom, I Agd B4 ELES CAN B2 BES o] &3te #
A FE57v ANZEY o 7HA] JHE oéé ATk =T F
A W J=(wireless LAN card)& o] &3l KUBIR II19] €A] AHH
g YFE dFE T 7 e, NgE R EHY Ao WHS 74
0}04 g 7 ol [LPE AN o ST

KUBIR II19] = #A|o17]9] &G AAl(operating system)Z+= 2] H-
of =71 & sl=9oje] QA ET A EQ O T3, Aol HE
slar, UE Z2aol :Y(coding)d]l &°]d Microsoft A}

‘Windows XP'E& AF-&3}%iTH
Ar8E F Ao]7]= AdvantechAFe] PCM-95825 AF&319it).
Fig.3.7% PCM-9582¢] t}olojrzo|t}i[12].

37



Bourd Diagram

Intel
Pentium M
procassor

WA Connsctor k A

,—|: <:— DCR
VDS Connector F 255 GME — G
W1 Connsctar |( ;

f

Mini PCI
Cannector

PCl Bus

8300 ESB Tm
()l 25am |

Fig. 3.7 Board diagram of PCM-9582

Fig. 3.8 7|¥5<l KUBIR I1¢] ol &% embedded computer

Expansion Interface

Ethemet PCI DikAtA up to 1GB

Fig. 3.8 Main controller of KUBIR III
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Fig.3.99} Fig.3.102 embedded computere] ©o]w]x] 1z
(image grabber)%}
= Yads A7l Bgolt

Hard Disk

Image Grabber

Fig. 3.9 Loaded hard disk and image grabber on embedded computer

key board / Mouse port
On/Off switch

Setal port
USE port

Fig. 3.10 Loaded hard disk and image grabber on embedded computer
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v A
A

FAQ T2t 3p Hahe] Agstel A W AEl= cut off AFE]OlA
Ho] ¢tAdE A8kt

118 F Ao]71¢} 74 gk, KUBIR 1119 #elieo AEZe
35k Hﬂﬁirﬂa AAAZ HFolt),

T3, KUBIR [IE= Ao}l RE A4S B gozn REo)
ol
o

o]
Fig.3
TES

DC 24V motor power

Dz 12Y, BY, 3.3V power

Fig. 3.11 Power supply on the back of KUBIR III
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A 47 25 B39 3D AlEHIA

4.1 3D A&l AT &7

odgelA JidE B Eie] dA stse] 100kg A =oltt.
aEln ze) gAY QoM mwe] ehgAdel e E I A4 A
2®He] E48 9] fsiA e AlEdelde] 4 o=m Ittt

AAe} & B2 AEES =517 HAshd /‘]%fﬂ ol A AA
¢} o] Yxlel sttt AE /\]“é‘ﬂﬂol}ﬂ X 1;e Microsoft
Visual C++ .NET AL HZS A3, 3D 1393 4E S v
7] 938}e]  Silicon Graphics /‘}(SGD«] OpenGL(open source
graphics library)ES AF&3FTE OpenGLol & 188 =90 A o]
= A% REE ddEyojagtal & o glow, 2 oA
e Ae £x5 74 3D Y & BdE glolB g o|t[13].

o

o ©

H=20IE T2

Y i ry

r

OS AHIA | | 1/0 A8~ @Dl OpenGL

—

Display device Software Rasterizer

Fig. 4.1 Public application program of OpenGL

A9 Fig. 4.1 9% 234 3D fx==do] 7] ¢35k
Auk el OpenGLY 82 A},
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4.2 3D AlEH |y ¥HE 734

oA »n3 22 ANEYolAe CATIA 3D X213 A7
39S 3D MAX ZE2198O 2 import 3+ AutoCAD U= W3
3ttt AutoCAD 3= W33l 318 thA] MilkShape3D 3=
exportdte] HEH o2 MilkShape3D TE21#Ho 7 (xt U= W
gkstol ok

CATIA 3D AA el 7z} REES W3stal OpenGLY #holE
2] s o] gdte] AAES AAsNT. Yo #o] oz
3D display7} 7FeshAl H9a vA 2o 2 Visual C++ NET A3}
dejE o] &3t AlEdHolAS FEIATE olgdlY Fig. 4.2&
CATIA A7 39S Visual C++ NETO 2 W3le 34S velya
ATF.

CATIA wil .dwg .3ds Ixt
30 4 30 MAX AutoCAD

v
v
v

MilkShape3D T

v

OpenGlL
Visual C++ NET

Fig. 4.2 File conversion process for 3D simulator
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4.3 3D AlEH°lH

Fig. 4.32 ™e] 2 Z}%E EA 13 Ak, skAl 12 A

ofzj ¢
FEE 39 7hed AA =X RdS 3D TR n#i e Q)
=3

W e - oponnl
DEIE EEE SO SRR 10000
D@ R

Fig. 4.3 Design of simulator of KUBIR III

o}z 2] Flg 4.4= Aol BE gt gElR e BY e olE
st =3 wAde Eé*oﬁ} sto] B-T2s oS53 AlEHolH

ol .
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] HM

2o M2, =, e X 22 Ho 20| o2l B U2 A
Fig. 4.4 Walking simulator of KUBIR III

4.4 3D A& °IH AT

w Aol e A%
9% 229 2o KU T 5
2ol gol kg & gl 4
A AsoRRE ALE %
ste] ol EMAZA BibE & 9l D
ABHOIHE 7178 971 Tee] Aol ha &
Aeg Hgste] Anle 2R FA4L 4= sbsetA Hd
obele] Fig. 4.59 4.6& 239 o] BAL fH= Igolth

dolH = ZXAMFH Dol eAztA o A
A=Al et AlEdolgoltt, dAlzs =
ol QlofA= o] oFste] AH L M
g T Aof7llA HAAtez ET

R
il i

e

sl

il
o

o

4 4



WA ol —EE

| DB BEIEF B SRR TN ‘

OFR 2R a e

Target

Fig. 4.6 Simulator of catch the target
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2 Ao e AlEFolEE 2t #de] Zhme) wet 9A gk
A A Ak e AlEHolH e HESS fEiA HA 2R
2117} vlals)] Kk,

WM A Fig. 4.7¢} Fig. 4.8 AlEdolE 9] Zted & 2UdS
E-‘ﬂ"l“-l—— A ‘:]'

G

Ho 2

T

TR ———— 3 S e R —

Fig. 4.8 Verification of simulator at 30 degree
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ol#) o] Fig. 4.9 A& ol e} A KUBIR 119 =4S SAH3 A

AlZ2e2f0lEl €t
HAE gt

45" 80 =15 v 15 s 45 SR

Fig. 4.9 Comparison between 3D simulator and experimental test

flo] efzeh ol AlEeoIH ) g3t HAEC] gho] of 2~3
= AR At e A & gl AA HAES & el <l
SH gs AR Weste dEeialy] wiiel <=y, #457], =
234, PID hae)s g9 ZRIAFAA o 53k Ak o] e apw
Qlste] AlEelolE b= of7he] a7} AT

o3 EANS Asy] Yt kAH BA A A 7] FE

Aol Q3 A Ak, dold Be] sust Aasiek
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Al 5 & Stereo Vision System< ©]-83}
H A 2

Azl 23e] AlMEE F(optical), A7](magnetic), &%
(thermal), ¢F= (pressure), #%(vibration), % (vision) 5°] 2
A AMES 7 ARgtofel & ©@do] om, o]FoAE B A
Toll ZkEl KUBIR 1119 =9l sidsls A2 visiono] 7 2
o] &Y Aol B AT A}2¥ stereo vision system< A9
wo 2 vkt HE AAFE AAH7] wie] 3 AzrAelga g
T ey, o]F AREFol oA ojwgt AAHTE offtia
T AUTH14].

Ab= 9] 12S g HAY F7A 2l (digital image processing)+
AAN7A = ko] o] =y Holw, F M b oln|x]e] HE
ZARS, AAF Sxo mE T2AAC BhE 94 AEle BEH &4
Az AXNTMIE BwF7I7F el ofde AN A8 & 5 Q)
v ZRIOe] s st=ee]e] dFoR W o] o,
o]2 KUBIR IIlo] A& Al7]a2t stitH15].
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CCD(charge-coupled device camera) Z}H|g}e} ojn#] Zd9] 1
¥ (image frame grabber)”7} & Q.3}t},

5.1 Image Frame Grabber®] +Z& % A4
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Fig. 5.2 Photo of stereo vision system
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2 B AFA ARER FhHERe] AR e]al AFFe Table 5.1 %
=
Fig. 5.3 Photo of CCD camera

Table 5.1 Specification for TCC-3232H
Specifications TCC-3232H
Image Sensor 1/3" SONY Hi-Resolution Super HAD CCD
Dimensions 32 * 32mm Size
Resolution 420TV Lines
Minimum Illumination 0.3Lux / F2.0
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Fig. 5.4 Model of stereo vision processing
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Fig. 6.4 Experiment of distance measurement

shelel AFR Fig.6.5% 714bel Al Fig6.6e A4 7e =4
A} o] .

59



«iYiAE»> .

Fig. 6.5 Result of distance using program

Fig. 6.6 Distance between camera and object
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1=
3 =

OpenGLS O| &%t Visual .net 7|EH2] 3D A|E&|0|E]

3 C ofed

// OpenGLView.h : interface of the COpenGLView class

LITTTTTTELEE L i i rri i rrriiiil i rrrriiilllrgiisl
11111117

#if Idefined(AFX_OPENGLVIEW_H__04E132DE_F520_449C_84A9_909EEF44749D
INCLUDED._)

#define

AFX_OPENGLV |EW_H__04E132DE_F520_449C_84A9_909EEF44749D__ INCLUDED_

#if _MSC_VER > 1000
#pragma once
#endif // _MSC_VER > 1000

#include "ValueDlg.h"
#include "OpenGLDoc.h"
#include "model.h"
#include "FootDIlg.h"

class COpenGLView : public CView

{

protected: // create from serialization only
COpenGLView();
DECLARE_DYNCREATE(COpenGLView)

// Attributes

public:
COpenGLDoc* GetDocument();
CvalueDlg m_pValueDlg;
CFootDlg m_pFootDIg;

Model* m_test[39];
HGLRC m_hRC; //Rendering Context
CDC* m_pDC; //Device Context

BOOL InitializeOpenGL();
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BOOL SetupPixelFormat();
void RenderScene();

void LeftFoot();

void RightFoot();

void LeftArm();

void RightArm();

void Body();

void Head();

void DrawGrid();

static UINT RenderProc(void* |Param);

//Position and Direction
GLfloat eye_x, eye_y, eye_z;
GLfloat center_x, center_y, center_z;

GLfloat m_xRotateAng;
GLfloat m_yRotateAng;

//Increment for keyboard control
GLfloat m_Poslincr;
GLfloat m_Anglncr ;

CPoint m_MousePoint;
BOOL m_MouseCheck;

BOOL m_Draw;
GLfloat m_xPosition, m_yPosition, m_zPosition;

BOOL m_ThreadOff;
CWinThread* hRenderThread;

int L_footA;
int R_footA;
int L_footB;
int R_footB;
int L_footGC;
int R_footC;
int L_footD;
int R_footD;
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int L_footE;
int R_footE;
int L_footF;
int R_footF;

// Operations
public:

// Overrides
// ClassWizard generated virtual function overrides
//{{AFX_VIRTUAL(COpenGLView)
public:
virtual void OnDraw(CDC* pDC); // overridden to draw this
view
virtual BOOL PreCreateWindow(CREATESTRUCT& cs);
protected:
//}}AFX_VIRTUAL
// Implementation
public:
virtual ~COpenGLView();
#ifdef _DEBUG
virtual void AssertValid() const;
virtual void Dump(CDumpContext& dc) const;
#endif
protected:

// Generated message map functions

protected:
/ /{{AFX_MSG(COpenGLV iew)
afx_msg int OnCreate(LPCREATESTRUCT IpCreateStruct);
afx_msg void OnDestroy();
afx_msg void OnSize(UINT nType, int cx, int cy);
afx_msg BOOL OnEraseBkgnd(CDC* pDC) ;
/1 } YAFX_MSG
DECLARE_MESSAGE_MAP( )

public:
afx_msg void OnLButtonDown(UINT nFlags, CPoint point);
afx_msg void OnLButtonUp(UINT nFlags, CPoint point);
afx_msg void OnRButtonDown(UINT nFlags, CPoint point);
afx_msg void OnRButtonUp(UINT nFlags, CPoint point);
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afx_msg void OnMouseMove(UINT nFlags, CPoint point);
afx_msg BOOL OnMouseWheel (UINT nFlags, short zDelta, CPoint
pt);
afx_msg void OnKeyDown(UINT nChar, UINT nRepCnt, UINT
nFlags);
afx_msg void OnMenuValue();
afx_msg void OnToolFootdlg();
b
#ifndef _DEBUG // debug version in OpenGLView.cpp
inline COpenGLDoc* COpenGLView: :GetDocument()
{ return (COpenGLDoc*)m_pDocument; }
#endif

LILTTITTELEE D r i rr i rrr i riii i iriririrl sl
11111117

//{{AFX_INSERT_LOCATION}}

// Microsoft Visual C++will insert additional declarations
immediately before the previous«lines

#endi f
// 'defined(AFX_OPENGLVIEW H O04E132DE_F520.449C 84A9 909EEF44749D_ |
NCLUDED_)

Draw &% #=

void COpenGLView: :0OnDraw(CDC* pDC)

{
COpenGLDoc* pDoc = GetDocument();
ASSERT_VAL ID(pDoc) ;
// TODO: add draw code for native data here
//Clear out the color & depth buffers
2:glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);
glPushMatrix();

RenderScene() ;

glPopMatrix();
//Tell OpenGL to flush its pipeline
2iglFinish();
//Now Swap the buffers
- :SwapBuf fers(m_pDC->GetSafeHdc()) ;
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Rendering &+ #=

void COpenGLView: :RenderScene()

{

glPushMatrix();

glTranslatef(m_xPosition, -500.0f + m_yPosition, -
4000.0f - m_zPosition-500);
glRotatef(m_xRotateAng, 1.0, 0.0, 0.0);
glRotatef(m_yRotateAng, 0.0, 1.0, 0.0);

//between A and B frame
glPushMatrix();

glTranslatef(0.0, 980.0, 10.0);

glRotatef(180, 0, 0, 1);

glTranslatef(250, -40, -120);

glColor3f(1.0, 1.0, 2.0);

glScalef(800.0, 800.0, 800.0);

//glutSol idCube(50);

m_test[24]->render () ;
glPopMatrix();
glPushMatrix();

glTranslatef(0, 230, 0);

DrawGr id();
glPopMatrix();
glPushMatrix();

glPushMatrix()

Body()
glPopMatrix();
glPushMatrix();

LeftArm();
glPopMatrix();
glPushMatrix();

RightArm();
glPopMatrix()
glPushMatr ix(

Head(
glPopMatrix();

LeftFoot();
RightFoot();
glPopMatrix();
glPopMatrix();

3
3

)
).

3
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Create &TT+=
int COpenGLView: :0nCreate(LPCREATESTRUCT IpCreateStruct)
{
if (CView::OnCreate( IpCreateStruct) == -1)
return -1;
// TODO: Add your specialized creation code here
//Initialize OpenGL Here
hRenderThread = AfxBeginThread(RenderProc, this,
THREAD_PRIORITY_LOWEST, O, CREATE_SUSPENDED) ;
hRender Thread->ResumeThread() ;
m_pValueDlg.Create( IDD_VALUE, NULL);
m_pFootDlg.Create( IDD_FOOTDLG, NULL);
InitializeOpenGL();
m_test[4] = new Model( "MS3DWHL INK_FORW. txt");

= new Mode | ( "MS3DW#Heap. txt");
= new Mode ! ( "MS3D#Under_Heap. txt");

(

m_test[5] = new Model("MS3DWHL INK_FORW. txt");
m_test[10] = new Mode|( "MS3DHHL INK_BACK. txt");
m_test[11] = new Mode | ( "MS3DWL INK_BACK.txt");
m_test[12] = new Mode | ( "MS3DHL INK_FORW. txt") ;
m_test[13] = new Mode! ( "MS3DWHL | NK_FORW. txt");
m_test[14] = new Mode ! ( "MS3DWwWSLD_BL_BOTTOM. txt");
m_test[15] = new Mode | ( "MS3D#wSLD_BL_BOTTOM. txt");
m_test[16] = new Mode | ( "MS3DW#SLD_BL_TOP. txt");
m_test[17] = new Model( "MS3DWWSLD_BL_TOP. txt");
m_test[18] = new Mode | ( "MS3DW#SLD_BL_TOP. txt");
m_test[19] = new Mode ! ( "MS3DW#SLD_BL_TOP.txt");
m_test[25] = new Model("MS3DWHWHEAD. txt");
m_test[26] = new Mode!( "MS3DWWNECK. txt");
m_test[27] = new Model( "MS3DWWBODY. txt");
m_test[28] = new Model ( "MS3D##R_Shoulder . txt");
m_test[29] = new Model ( "MS3D#L_Shoulder . txt");
m_test[30] = new Model( "MS3DWHL_Arm_1.txt");
m_test[31] = new Model( "MS3DWWR_Arm_1.txt");
m_test[32] = new Model( "MS3DWHL_Arm_2.txt");
m_test[33] = new Model( "MS3DWWR_Arm_2.txt");
m_test[34] = new Mode!( "MS3DWWELBOW. txt");
m_test[35] = new Model( "MS3DWHL_Arm_3.txt");
m_test[36] = new Model( "MS3DWWGrab_1.txt");
m_test[37] = new Model( "MS3D##Grab_2. txt");
m_test[38] = new Model( "MS3DWWR_Arm_3.txt");

[24] (

[22] (
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m_test[23] = new Model( "MS3DW#Under _Heap. txt");
m_test[21] = new Mode!( "MS3DWUpper _Thigh.txt");
m_test[20] = new Model( "MS3D##Upper_Thigh.txt");
m_test[8] = new Model("MS3DWHL_Thigh.txt");
m_test[9] = new Model("MS3DWWR_Thigh.txt");
m_test[7] = new Model("MS3DWWR_Calf.txt");
m_test[6] = new Model("MS3DWHL_Calf.txt");
m_test[2] = new Model("MS3D##Foot.txt");
m_test[0] = new Model("MS3D#HL_FootCase.txt");
m_test[3] = new Model( "MS3DW#Foot.txt");
m_test[1] = new Model("MS3DWWR_FootCase.txt");
return 0;

Destroy &++=
void COpenGLView: :0nDestroy()
{
CView: :OnDestroy();
int i;
// TODO: Add your message handler code here
//Make the RC nen-current
i f(::wglMakeCurrent(0,0) == FALSE)
{
MessageBox( "Could not make RC non-current");
}
//Delete the rendering context
if(::wglDeleteContext(m_hRC)==FALSE)

{
MessageBox("Could not delete RC");
}
//Delete the DC
i f(m_pDC)
{
delete m_pDC;
}
//Set it to NULL
m_pDC = NULL;

m_ThreadOff = TRUE;
for(i =0; i <= 25; i++)
{
if(m_test[i] != NULL)
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delete m_test[il;
m_test[i] = NULL;

}

Size &=

void COpenGLView: :0nSize(UINT nType, int cx, int cy)

{
CView::0nSize(nType, cx, cy);
// TODO: Add your message handler code here
GLdouble aspect_ratio; //width/height ratio
if( 0>=cx || 0O>=cy)
{

return;

}
//select the full client area
2iglViewport(0, 0, cx, cy);
//compute the aspect ratio
//this will keep all dimension scales equal
aspect_ratio = (GLdouble)cx/(GLdouble)cy;
//select the projection matrix and clear it
//::gIMatr i xMode(GL_PROJECTION) ;
::glLoadldentity();
//select the viewing volume
s:gluPerspective(45.0f, aspect_ratio, .01f, 10000.0f);
//switch back to the model view matrix and clear it
:glIMatr ixMode( GL_MODELVIEW) ;
//::glLoadldentity();

}

Initialize &FT+=
BOOL COpenGLView::InitializeOpenGL()
{
//Get a DC for the Client Area
m_pDC = new CClientDC(this);
//Failure to Get DC
i f(m_pDC == NULL)
{
MessageBox( "Error Obtaining DC");

72



return FALSE;
}
//Failure to set the pixel format
if(!SetupPixelFormat())
return FALSE;
//Create Rendering Context
m_hRC =::wglCreateContext(m_pDC->GetSafeHdc());
//Failure to Create Rendering Context
i f(m_hRC == 0)
{
MessageBox( "Error Creating RC");
return FALSE;
}
//Make the RC Current
i f(::wglMakeCurrent(m_pDC—>GetSafeHdc(), m_hRC)==FALSE)
{
MessageBox("Error making RC Current");
return FALSE;
}
//Specify Black as the clear color
::glClearColor(0.4f, 0.4f, 0.4f, 0.0f);
// Display
//Specify the back of the buffer as clear depth
//::glClearDepth(1.0f);
//Enable Depth Testing
//glutinitDisplayMode(GLUT_DEPTH) ;
//glEnable(GL_DEPTH_TEST) ;
glShadeMode | (GL_SMOOTH) ;
glEnable(GL_LIGHTO);
glEnable(GL_LIGHTING) ;
glEnable(GL_COLOR_MATERIAL);
//glMaterial f(GL_FRONT, GL_DIFFUSE, 1.0);
return TRUE;
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OpengGL setting &=
BOOL COpenGLView: :SetupPixelFormat()

{

static PIXELFORMATDESCRIPTOR pfd =

{
sizeof (PIXELFORMATDESCRIPTOR) ,// size of this pfd
1, // version number
PFD_DRAW_TO_WINDOW| // support window
PFD_SUPPORT_OPENGL | // support OpenGL
PFD_DOUBLEBUFFER, // double buffered
PFD_TYPE_RGBA, // RGBA type
24, // 24-bit color depth
0,0,0,0,0,0, // color bits ignored
0, // no alpha buffer
0, // shift bit ignored
0, // no accumulation buffer
0,0,0,0, // accumulation bits ignored
16, /] 16=bit z-buffer
0, // no stencil buffer
0, // no-auxiliary buffer
PFD_MAIN_PLANE, // main layer
0, // reserved
0,0,0 [/ layer masks ignored

};

int m_nPixelFormat = ::ChoosePixelFormat(m_pDC—>GetSafeHdc(),

&pfd);

if(m_nPixelFormat == 0)

{
return FALSE;

}

if(::SetPixelFormat(m_pDC->GetSafeHdc(), m_nPixelFormat,
&pfd)==FALSE)
{
return FALSE;
}
return TRUE;
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