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A Compliance Control and Safety Design
of a Robotic Manipulator

Student: Chieh-Hsun Hsu Advisor: Dr. Kai-Tai Song
Dr. Pei-Chen Lo

Department of Electrical and Control Engineering

National Chiao Tung University

ABSTRACT

When the manipulator executes a taskyit:may cause some hardware damage or
injury if the manipulator does not know the environment all condition. To avoid the
above situation, we must adopt the'.compliance motion control. We must design the
manipulator with the ability of compliance to ensure safety of the manipulator. This
thesis presents a strategy for safe behavior of the robot. Taking into account the
manipulator in a home environment, we can classify the manipulator's behaviors in
two modes. The first mode is standby mode. The second mode is motion mode.
Standby mode uses a compliance motion control design for the manipulators. Motion
mode uses the same control architecture with safety motion strategy of this thesis.
Finally, we use a 4-DOF manipulator developed in our laboratory to test and verify

the proposed Algorithm.
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&l 1.1 Whole-Sensitive Anthropomorphic Robot Arm[1]
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i8] 1.3 joint impedance control model[2]
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Reaction strategy: Gstart
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Trajectory
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Reaction
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Robot arm
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Roller 1 Connecting link
Force trans. [\ Roller2

F/T sensor -

Wall\

10:“‘ SIMAI

.~ Robot link 1 Robot link 2
.4%. "Motor & speed reducer

Bl 1.12 4+ SIM st «hprototype [8] ] 1.13 * SIM B4 "% % X5 2)[8]

v k5B E(Variable Stiffnes Actuators,VSA)[9-11]141 * 7 ¥ %/ & Tﬁ@?}
BHRCRFPESHEOHE R > LV FRYFHORE BRAFE G E
SEE R4 A B4R LID) M E A B e > VUFIR o (Fph o ke
AR o bl R & B AL TR AR BB TR F AR
IR RARRPES R I pd R R EE oD P PR S

LRt S E SR

CAP

Ultrasonic motor % Strain gauge
for C.A.P position contral i

260mm SOmm,

10mm
Compliance Adjuster Mechanism

B 1.15 VSA ip:c % # R P b 17§ [10]

8



P B EAE ST ¥ A R e A R L ARk
SRR et R S RATBER o R 7 AR TR BT G
Prid ek o LA g b AOREE BT @ miEAE g P AG G
PE ek g it A LG 5 B E B A

4 FRNLIFR s |A B ENPFTE R

132 A # 5% g it i@ b 34

AR P B RRANE 3 R R 0 et 2
oz FAR s Nl 2 B L B iR iEie 4 B ow B AT B A 4F ehfr 4ok
R B - B 5 pd RS E A k Behd i 2N amE 5 Sk
R R T TR R R ROTREFD R R R R R

R AT o B PR AR T R RS B T E kG F K

)
‘“3“\

B4l 2 87 13F 57 xRV & 5 R 588 /4 £ £4](Hybrid motion

control) 2 % fe fdy 4] (Impedance control)ie = & > /2
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A =Rot(Z,0)+Tran(Z,d)sTran(X,a)*Rot(X, @) (3.1)

[cosd —cose,sin@  sing;sing,  a cosé, |
sing, cose,cosd, —sing;cosé @, siné

A= 0 sing, Cos ¢, d, (3.2)
0 0 0 1 ]
e 2
Zx'—l ZI- (L)

\ X, b | % it |i| %
;-1 ¥ |
b I
a; -1 /M ;-1 T

{ -
‘)‘i_l k,l /L,/'/\\\ {i-1 l
// \

/ ¥iviwz

/ {i+ 1}

/ ‘ Zinn
Yoy %i—l#\{b}f'z{i—l} /

\

B 3.1 4% Sodicx ARk 3

B 3.2 B & fobf &2 B eng iR 4
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2 S SR S BEE R LS SR USRS Y SR
RS NS FR T LA U TR S S R

FRL VA E e E R NN A M SR SR AR S Tl e
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A E R R E RS A TR A AR OB ER

f1* D-Hmodel k&> F&FEHA] - 228 A S d F 3N+ Bt
4oB) 3.3 7 0 & 3.1 G AT T A 2 L A" D-Hmodel (h%-dcd > 2P 5 4
B D-H %8 (0 a~a d) 7 Az =B L Ead & EEiked 4o (3.2)
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% 31 LS EEFS fhin D-H 84

0 o a d
Jointl 0, -90° 0 0
Joint2 8,—90° 90" 0 0
Joint3 85;+90° -90° 0 L
Joint4 0, 90° 0 0
Joint5s 0 -90° 0 L,
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cosg 0 -—sing, O
sing, 0 cosg, O
0
1

) 34
0 -1 0 (3.4)
0 0 0
cos(6,~90) 0 -sin(6,-90) 0
_|sin(6,-90) 0 cos(@,-90) O s
cos(6,+90) O -—sin(6,+90) O
| sin(@;+90) 0O cos(¢,+90) O a5
0 -1 0 L, .
0 0 0 1
cosg, 0 sing, 0
singd, 0 —cosg, O
7o 4 (3.7)
1-:0 00
|00 1 -0 58
Ao gL, .
07070 1
Ts = A Ao Age A A (3.9)
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Step1: 0,
é’—é Sl Nﬁg&'gﬁ—{; ;\: }j‘—‘f (pwx pwy pwz) Ea _'erSt i}? - %57 EIJ A TFB)‘L? ."1

flr = AR Ak f0, 0 40310 5% -

r
0, ::180°——cos’1(” I+ H o ) (3.10)
2|1, [«
B8 Lef AL P T R e
sl =\ (Pw)? + (P ) +(P,)? (3.11)

~ 7&%1&/% 3+ e BEEEAR o
Step2 : &L e ¥
step2.1 |R,| :
e gkl LR PR g WU I Rl R T B o Y

FrERLLAR 2L R|R] A

R,

AT 0 AT AR A AT O S R RF AT, o B 2 £ A

A, = 55D E -

) (3.12)

Foiel 5+ D
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s m FN e FREINTF Foop oS

(3.13)
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Step2.2 1w &

BI3.6% AF= & 3540 & o

P o=t o, (3.14)
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(3.15)
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Step2.3 aw &

0] (3.16)

factor factor !

G =[2(22).C
P

WX
BRELRLEP, 2T A kTahaged @ RADTEL > JAd W LTR
WoRT G e T ZAE - XEF R R YA ELCp AP R W

%L ¢—L’h¥“-’r’#ﬂ'-§§' com Y fhit T A A S é('ﬁ‘-"m @ 3.7 HT—T) AT C:factor )




%’a ;;”_1” , ("}It’%{'

=

I

wrist

L HBEC Ly TAET) AR PR p R E LT

Flat et KhawgahxsE o 403165 -
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w3847 A e R RELEE N a s BT, v Y g B
B Cyig ® BRI FRT LRI pr B

ﬁ = &errist (317)
Step2.5 (Peys Peyr Pey)
y=A-d+B-f
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Bl T L RAE L2 DR (D, Py Po) =KeF
Step3 : %.0,,0,,0,
BT RS DEE (Poos Poyr Per) 17 6,65, 0307 11EFH DK

d A F R R B RTS8 e e

cos¢, sing;sing, sing cosd, —sing, cosd,Ll

0 cos 6 —siné, sing,L1
R, (6)R.(6,)T,(-L)=| 2 2 2 (3.21)
—sing, cosg;sind, cosd cosd, —cosd cosd,Ll
0 0 0 1
cosg, sing;sinf, sing cosd, —sing, coso,Ll T O N
A 0 cos G, —sin g, sing,L1 _|n o a p, (3.22)
—sing, cosd,sinf, cosd cosd, —cosé cosb,ll N o
0 0 0 1 0 0 0 1

Fpb AN LR DT A B 2 3 4850

—sin g, cos@;L1=p .- (D)
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# 4.1 E AR R4 4

X-axis Y-axis Z-axis
Original gesture -40.3452 | 62.3608 -65.9742
After rotation 8.1882 -0.2547 -99.0056
Direct measurement -1.2845 -6.6655 -102.4796
Error 9.4727 6.1084 3.4739
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