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Vision-Based Design for Adaptive Grasping of a
Humanoid Robot Arm

Student: Shih-Cheng Tsai Advisor: Dr. Kai-Tai Song

Institute of Electrical and Control Engineering

National Chiao Tung University

Abstract

The objective of this thesis is to design a control of a humanoid robot arm for safe
grasping. The robot uses Kinect to recognize and find the target object in the
environment and grasp it in real-time. First, we use gradient direction in a depth
image to segment environment to several planes. Then, speed up robust feature(SURF)
is used to match features between those planes and locate the target object. This
approach effectively speeds up the matching operation by decreasing the area to
match. Moreover, this study proposes a design for safe operation of the robot arm. We
design two safe indices, one defines the degree of influence of obstacles to the
manipulator. Another index classifies the workspace in three regions , namely safe,
uncertainty and danger region. The robot employs these indices to move to safe
regions. Finally, we integrate these indices to repulsive and attractive force in a
Potential field for motion planning. The robot arm cam effectively avoid obstacles and

complete the grasping task.
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2.2 TBFERE B H PR £

Sub-modules Average time(ms)

SURF feature calculation 108
Object recognition 149
Environment segmentation 99
total 356
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B 3.3 - <k D-H A&
#.3.1 L L L fhaD-H 584

0 a a d
Joint1 8 -90 0 0
Joint2 8, —90 90 0 0
Joint3 6, + 90 -90 0 285
Joint4 , 90 0 0
Joint5 0, 90 0 237
Joint6 6, +90 -90 167 0
cosd 0 -—sing, 0
sind 0 cosg O
) ~————y |
0 0 0 1

cos(6,-90) 0 -sin(6,-90) O
cos (6,-90)

sin(6,-90) 0

- 0 1

0 0

cos(6,+90) O

sin(6,+90) 0O
0 -1

0 0

0
0

—sin (6,+90)
cos (6,+90)
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cosd, 0 -—sing,

0

_|sing, 0 cosd, O (3.4)
0 :
1

cosgd, 0 -—sing, O

_|sing; 0 cosg; O (35)
Al o a1 o0 o '

0 0 0 1

cos(6,+90) 0 —sin(6,+90) 167cos(g, +90)

sin(6,+90) 0 cos(6,+90) 167sin(6,+90)

0 0 0 1

312 £RFh e ph2 e T F
K3 a3 E s owih(6~0,)duig B R F g > A hd o pRR T d £ sy
EHEHE e gheni= ¥ (Acf] 34) 2w B HF 0 f T w pheIis o F
Ao AP hL RNE LA BEAE LI XY e > ¥ R X B d RN &
0 # A RFFEF LR LR FIRIERY DB IRES R G
SErL s NP E R AR P LA 2 P R RRE AT A LR

AR TIRP P R 0 T R 22 & L E R T o AP T A

EHERENER O A d 2 F@NREN Btk £ ¢ B P foP, 4

AN E W, W‘fr’W Zom Ay o L R EENDER o BEI]E B

SR 0 BT AP R B E (23] Y i e I E R B F L sl e

fhiri FH G o
cos¢cosé
W, 1 0 0P, IL'W ¢
_ - i (3.7)
W, =0 1 0||P |+ |P|Iwcos¢sm9
W, 0 0 1||P y
L, *sing
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shoulder

B 3.4 £ F R & RpE T 2R
Step1: &8,
e e gt SRR (W, W, W) 80 B §27 1R 31 2 e )

Pz h Mk FN0, 0 403850

a2 _ 2 _ 2
I r = (| s
R i 58
2| |7
Ao for RELRFPRT Feoed o @
sl = () + (Py)? + (Po)? (3.9)

- ﬁ*w‘b*ﬁ 3] E BBl DR o
Step2 : RE 3§

¥4 £ mé:—f# j\;:vb o e ¥ i ¥ g “J,g g%;q_-f_ el AR e, T 3 o A1

F_&

F AR ARER » B DERR AR [Fes B L js & RR » 4oFI3.5

-

SRR LITEE BE R R R AN A Y

wrist

o chz &350 5 A,

A =[5+ i) =8 - 5= (3.10)
ﬁgﬂs:mMM+T%Ww)’aﬂWQLmWN?;
R |= 2 (3.11)
”rwrist ||
Foo g
Fm = trm : f-\;vrist (3.12)
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354 5 B4 chz &7

1

wrist

& A e _.”{-H <% N - R 5 2, 2 y PO A - Y N
?&-'E%ﬁﬁ Ruleﬁﬂrﬁ-Pf 4 rmra~g_—%i’ rwristm“ IR BT r,™eis > #

PRT E RS B 1A GRS AR MRENSE M G hi 2 gk p (A 3.6) -

H
— 12 — 12 — 2
G- ) ot
2 '”rwrist”
aw &
_ Py
o= [_(_) ’ Cfactor ! Cfactor ! 0] (314)

pWX

25



B 3% mg& e iy i

BF LR P, 2 Tk 5 o £(40R 38) ¢ Rk Y

3
et
Wi

4Ld g T IR G Ljf‘Jra»‘E‘_ s Er Z/W\’E'_" CEEN S 'i X yA’ ——E— » Cfactor

e

d 33 p

‘**}#mig.%- @ Y ghil e i E s A i) = B (40 B 3.8 7T )

@«

02 Crr T 5 710 (i F A2 T C L, TAE ) AP Eav &

£3 T, TR R Beax AR Ao 314§ -
—lirg]39“r'r’d"\ﬂrﬁ’ P\':'F%i‘ = ra'g’—'?rwrlstré'—g—’ﬁﬁ_'l‘zﬁljwaré'—g‘
B # BRI FRT LRE B £
ﬂ:axrwrist (3.15)

( pex 1 pey 1 pez)
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Step3 : £6,6,,6,

DERHENL O S e R R Ell SN 91,02,03%*&? WEFE Ik o d KA ER

-t

LIRS SRS T LT o
cosé, sing;sing, sing cosd, -—sing cosd,Ll
0 cosd, —siné, sing,L1

R, (8)-R,(6,) T,(-L) = 3.16
(6 R(6) T.(7L) —sing, cos@ sind, cosd,cosd, —cosd, cos,Ll (3.16)
0 0 0 1
&
cos@, sing;sing, sing cosd, -—sing cosd,Ll R o
0 cosd, -sing, sing,L1 |n o a p, (317)
—sing, cosd,sing, c0s@,cosd; =cosHcosOll| | i i op, |
0 0 0 1 000 1

PEN UCEVE LRI R bR

—sing, cosd,LL= p,, (3.18)
sing,L1=p,, (3.19)
—cos g, cosd,L1=p, (3.20)

#-3(3.18)5% %% 14(3.20) ¢ ¥ &

tan 01 = Sin 91 = —Pex (321)
cosd, -p,
F1* atan2 S ;¥ fF
6, =atan 2(_—p9X) (3.22)
#-(3.19)5% %% 14 (3.20) 5 7
i cosé,
tang, = % _ P OO (3.23)
cosd,  -p,
1% atan2 S ;¢ ¥ & F
cos b,
0, =atan 2(%) (3.24)

£d AR EAEDE AR EHF
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n
R,(6)-R,(€,)-R,(6,)-T,(-L)-R,(6,)-T,(-L,) =| . 0 (3.25)
0 00 1
B b g
Pux
-1 -1 n o a pwy
R, (6:)-T,(-L)-R,(6,) T,(-L,) =R, 7(6,)-R,7(6)-| . . 0 (3.26)
0 00 1
BRE BT A EE S fg st
—COS 93 sin 94|_2 = Cosglpwx _SinglpwZ .............................. (3.27)
—sing,sing,L, =sin g,sin @ p,, +cosé,p,, +sind,cosd p,, ---(3.28)
—cosd,L, —L, =cos@,singp,, —sind,p,, +cosd,cosé,p,, ---(3.29)
#- 327 54- 3.28 534 7 F
' sinég, siné,p,,,+c€os b, p,, +sin @, cos o
tane, = sin &, b- 2 1 Pu Zp-wy 2 1 Pz (3.30)
(7 cosé,p,, —sinégp,,
F# atan2 o ;8 F R E
siné, siné, p,,, +cosé, p,, +sin g, cosé,
93 :atan 2( 2 lpWX pry 2 lpWZ) (3.31)

cosé.p,, —siné,p,,

3.1.2 £ RIMA o FH T

To o S L T A e S 1 APl R o g

B Bk a B b BRAAEZ AN TR > Tt e EpAFROZEE

fmf

F‘:rlX\Tl ol AKX T LR P AEP L e d R ST A P F 0, (3.32) 0 i
FIRERFLCEZehT (7 0,3 Eit e p P ERTF oy AP R
B 5ike £(Z=(0,0))h% & T @I L s g, 0 O, F 5D 241 &

BpEyFa XY TamdbgLrpLdmPae v kil o
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a (shoulder)

d (end-effector -¢—— Target object

b (elbow)

W 3.10 {5 B 0, % 7 LW

. nZz
95 =|SIn 1W (332)
oo 6
-

32 e irrixg R

A ? TR P HRT S R FREDE BT AN SR L e L4
Feo L LB L BINGE R G F - AR kR g B (5o
RO i g2k 2t o A T Ao B A & IR e R 3 B TR 20 (S sk £ en
z %ﬁégﬁijgmﬁﬂ<’m%;§%%ﬁﬂﬂ9%%@’ﬂW$“ﬁ
R o AR D AT AAR o B AR D £ s S AR T

FPHEEE

321 R nE

A E L LR K R BE RO HE B A v R o] 311 45T o B A M
FRRBE LY L Z i > AP FRENEREE ¢ EERET
WEER A AR L 0 F AR AR TR E L PRk

BEEINAE AINA > B B EAFEME S A B A d B0 g BT L
WA IR RE MG LFSFM G B - B AR
a ALK F SR 0 4B 312 471 o (3.34) ¢ NIEF AR L T B A g 2N
ARk AR Y T LEBPSTEEIRRE T ALY PR EE PTG
B AL Jf T G PR E henE R 37mm B4 o b eh > 89mm S RS T
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Kinect

89mm¢%cam era
0. 0. 0)

(O ¢ 9]
Right Left
arm ' ' : arm
SETS
X
198 .
I I I . yr

89mm \ o
242mm \ Cs\\ Target object

B 312 45 % 4 3 (5 00 L R4 B )

SRS g SRS T o) YOk W AR M TR -

camera —head :
head _ x 0 C, 0 (3.34)
head _y |= sina@ cosa C, [+|89cosa
head _z —cosa —sina ||C,+37| |89sina
Mm(335)F N A EAFFMIBEA RE DB EEH > dopt - k> T RIFR

AR 0 R ERAT R S BE AR
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head — robot :

robot _ x 0 0 1| head x 0
robot_y|=l1 0 Ojlhead _y|+| O (3.35)
01

robot _z 0|l head z 242

porbs R R SRR A R RS EE GRITIF B EAT oL
Y-Bpd R BHPABNHF IR FRRESS I P ARS  4oR 3130 F
WE A DR T 135 F R R BRI hehn o ART
v (3.35) KRR B A E A IRk 0 BRI LR g i
20 5d i P RS S E A T a5 o

# (336)7 Wi E A BB A X S o e 4 e P PR E < 1
# = hpEd (4o 343 ¢ #0d,) o A (3BT F BT P Bde By ® A 1 F S b

e

LR (4o B 3.13 ® dnd,)) AT 1 4R TR PIEEAE € 15 B A i (7 4B e (E

X =C,cos f—-C, sinp (3.36)
Y =C,sin +C, cos (3.37)
Target
object X
= —_—
\ Y J
\ Robot
. coordinate
dl Y:Z 92
d\z. 7
| AR N R
'\/ : Camera
C/

Bl 3.13 15 B < 572 2 4 i A 4 B 4 )



B 3.14 fai {FBE4 s B 4 670mm PR S B 19 8

322 BEERT

Y =

0 RE AP e A e s U R E 42 4Bmm*45mm S 45 > 4o
B 3.14 #4557 o diF RS F RO E A Lo 8T 8 S {213 45mm e
Fritier 4 F 2 d AR L gkiAge s 0 B S BB S R (TR Rt R
S ity DR GAREL 25 B L BB A ERRI S R S R R Ay
£ 5 F 1 AR T s TR L B R A

S R (R e R kR H R LR RS K 2

&

BBl fho S 0P R AR A% B L A5 AE ofe e B g e e g

W

A LFé&E’f‘J&E’,@/ﬂ‘,o ‘}\‘-ffﬂ;j:;';’# —o ﬁ_?_;\‘ jifé-if—; Jl'L/bfé\f%ﬁl’ ij&_é%%“ )‘ll'b—%{i;\“

o XY ZZ B mafl 4250 A 5 5 (3.38) ~ (3.39) ~ (340) > H ¥ x- y-

z #.d Kinect B~# chk 4% » @ X~ Yo~ Ze B B4 D 18 ek % o

X (X) =0.9458x +30.372 (3.38)
Y. (y) =0.9834y +1.3503 (3.39)
Z .(z) =1.0192z —2.3659 (3.40)

K Fo%H? NP XY ~Z 3w BT734 BBL XA 35 > ANPGRS FER
= A 470mm F] 670mm s Sd Rl 2 f8 0 e Bl T 0 BT e A S5 2mm
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FRtRER I E L o R R B R AR 2 R R E R T ] DR R

o ST 6L MR R BB AR S MR SR T
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Xr~Yr~Zro 4ot > 3382 B B rr 1 E pBoanp fL 8k o

X, (X) =1.0637x +27.513 (3.41)
Y.(y) =1.0515y +2.0126 (3.42)
Z (2)=0.9922z —0.2881 (3.43)

B 318 Z BT p £ 2l GREBE LT ERBR AL L > Xr
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SRR e % 0 BR80T A & Imm e
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r =[RT(r) fo, RT(r) ey, RT(N) i, ] (4.11)
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