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Position Reaction Force Control of Teleoperation Construction
Robot for Grasping Soft Objects

Huang Lingtao Ni Tao Huang Haidong
(School of Mechanical and Engineering, Jilin University, Changchun 130022, China)

Abstract: In teleoperation, it is very important to ensure that task objects are not severely grasped in
grasping and conveying processes. A master-slave system for a teleoperation construction robot employed
an excavator with four degrees of freedom (swing, boom, arm and fork glove) as slave and two joysticks
with force feedback as master was established. Since the fork glove was regarded as the hand of the robot,
the control for the fork glove was the focus. A position velocity control system was previously proposed,
and it was found that soft objects were severely crushed in grasping and conveying processes at slow
speed. To solve this problem, a position reaction force control method, in which reaction force to the
joystick was used as feedback instead of piston velocity, was proposed to improve the controllability. The
position velocity control was adopted when the construction robot moving in free space and the position
reaction force was introduced when reaction force generated in the grasping process. Grasping experiments
were conducted using a tin and urethane foam blocks as task objects by human and control PC at slow
velocity, and the experimental results confirmed the validity of the position reaction force control method
during slowly grasping of a fragile or soft object. In addition, conveying experiments, which simulated
transformation task in practical use by using a tire, a piece of urethane foam and a piece of sponge foam
as task objects, were conducted by the position velocity and position reaction force control methods.
Experimental and statistical analysis results proof that position reaction force control method is valid to
safely transfer soft objects in teleoperation work and it can improve the controllability of the construction
robot.

Key words; Construction robot  Position reaction force control  Force feedback  Teleoperation

Master-slave control

Yo fe H 3. 2015 -01-09 &8 H . 2015 - 02 - 02

# [E 58 13 AR B £ 2R 4 WX B T H (51305153 ) Fl 5 bk 4 s nd BHH O OG B8 B 0 H (20130206034 GX)
EERB N WU, PRI, N IE AR ) S R LA A HIBF ST, E-mail . hIt@ jlu. edu. cn
WIRAEE : (005, 802, EZNGREHAE R MR LA A RBESE , E-mail : nitao@ jlu. edu. cn



358 & A Bl B ¥ i

2015 4

5l

BB ML RS BT 5T B 52 B4 A AR bR
AR UL LRSS J B R, 76 R B A A R
B R i 58 4 B R R RE VL B8 O B BT R M DL S
B BEFEMES AR PR R DL A% B T A
AR K8, G B R Rl e AR AR AE
e I AN R TN B B SR B T B AT VR, PR i
% 2 X I B AR HL AR AR 7 T R IR R A
ERRAE P LA A L R S B R E R
Or LI A, AR B 5 i HLBE e AR
FIHLEE NI B, SCHR[3 -4 1 R W1, B3 15
AN, 10 B R 4 50 B A Y I S R, B 0
PRI TAEROR.

T3 R AR A8 XL AL B4 1 e
b, X HL AN SR ] 14 A AR AT R
Sy vk A A /IR A RS B
P o Wi R L E S ) I A B S B R
5 TRV 5 )5 a4 7 S B HL AR A
5 ERBE )V 10 ) B o o 3 A T g o Oy i
TEM G AT MR HE RIS T AL N FE A
IR T

— B T g i /IR A R O 06 R &
TAEPLAE A, B LA A A (k22 ) 59
A i g W 1 o o S SR B PR R A
3,43 LR k3l 0 1) A, PR 7 42 ) — B B g
Hi 77811 Yamada S5 T Mok AR 4 25 64 £
AR IR v %07 v R BRI O ik
AT AR R AR KR B AR T RS AE . A
P TARHLES A BV M L Kim 25 2 ) I 22 45 A
PR TR B 3 A5 I SR 4 I - 42 3, T 52
BRI B . TR IR R R R
X FRI B P 07 o AR BN v R E A S
B S5 B . Yamada S5 3k — 25 B BE AR BR A
A g B 0 R R O v TS T
TARHLEE AL 7 A AR A O o R B A B
PR EF AR T B R i
Pt g %0y e R A M R A LS R B
I 40 s B B 0 B2 4kt 0, L s b 0 o1 4 1
g BERET . fH TR HL RS LE IS W M AR R 4R
76 23 Pl ™ T 5 T 455 i) B, G v 3 i 38 3o
T A 22 A

R SRR 7 5/ 7 TR A T e A R — i
B I 7L RS S PR AR R s 0 A
R U 4 5 R D o S s o R R
SRR 3 % ) 4 5

il

1 ENBRIERS

FAGERMERG ™ WE TR X ENRGE
T ERG (BAEAT) ARG (RN ) LAY
Ab BB (o i S R TR AR A B R AL) .
TR ALEE i TCP/IP P 80 R, 1% 33 00 % 19 T A
F B o PR AR HE AU A P A A 1R R B H
VEFF I B A5t Ty, 42 ) AR BLA N AT AL

1 #ERGARER
Fig.1 Schematic diagram of operation system

POT- B o TREBLA B0 7, il 32 XN F
(P T HEAT BESE o SCH BT 2 31 ) 2 JORR 2 5 9T 48
KB . AN BRI 3 J15h , FESH TN
PRUEAC S B bR B AR, RUEE o0 [ -1, 1]
2 EMNEHFE
2.1 (rE®EEES

B2 O EAE R . o, BT RO
(B r, i RIE AN

7, =Tk, (Y, =V) +hk,f] +sen(T)7, (1)

Rof TR
b, — % F U B0 3 N om

Y, — T B AT 5%

Y, —— % JE TR 3l i
h,—— ik g

ke, —— T LB U 45, V

J, 5 ZEAT IR 8 ) kN
T, JEMAME TR, 0. 097 Nem

BRI B R i ) ik KA
T,=T[k, (Y, -Y) +hk,f]/7, (2)

K 7, PRUES A5 )4, 0.57 N-m
2.2 @R

el 3 7 ) AL o B2 O 0k G i TIOR3 TR
BE - M IR ER T UK 1 SE IR R o O T DR A A
Wz o B T AR B R B B R
I H Bl 45 AE FF [l 2] ob (0] 608 (T ALLE) o
B Bl B AE AT 0 B0 A7 B B AFAE P AN ), 55 1 A )




£ 10 3]

BV A T SR R TURRY E  E TARR ALAR AL B 359

B2 32 A il
Fig.2 Master-slave control
U B AR 25 I AN B W A 55 T DR A2 flh BT 7™ A 1)
. FEVRE S i AR b, B T s RO T A ek

WL BRVEE S A W R BB T 2R 2 R AR BT
e IR (Y, =0) ﬁEfEFﬁa [ 5 5
w=k, (Y, -Y) (3)
Xk, —— T LB 25, V
T IEFT R ks B, ARG S N, W

SR W LA TR N Ttk O, B 5l ) R A5 0 3% {%ﬂﬁ /J\,
A BT N

0%}

J,/kN

(=}

-1 3

0 20 40 60 80 100

3 i R 7 VR RROK ¢ B J2 2R S R i K
Fig.3 Conveying concrete and urethane foam block

by position velocity control method
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Fig.5 Grasping a piece of urethane foam and a tin

by position-force control method
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