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Abstract: In order to realize the diversity of the unknown environment target capture of underwater
manipulator, the adaptive impedance control method is proposed to ensure grasping, holding and
minimizing the damage of the target. A force tracking control system based on position impedance model is
established, and the target impedance parameter is identified by recursive least square method, and the
expected value of grasping force is adjusted online according to the impedance parameter and the
manipulator motion characteristic with fuzzy inference. According to the expectation force and grasping
force error, the adaptive PID controller adjusts the desired position, realizes the tracking of different
expected force signals while tracking the target position, and realizes the simulation verification on the
MATLAB/Simulink platform. The results show that the adaptive impedance control has good force and
displacement tracking performance in free space and constrained space. The realtime expectation force
adjustment satisfies the diversity of grasping target, and the adaptive adjustment of the desired position

realizes the tracking of the desired force.

W7 B #1:2017-08-03

ESTH EHRARPEIES(61473224) , B Z E ST LRI (2016 YFC0301700) , 85 45 2 4 22 BB 37 314 31 K1 (B1804 1) ¥ By 35 H
YEB B A K A4 (1983-) . 55, T g 4 A 10 i N Bl A S B NERKR AL T4 ) B 3 P F 5

BEEE N DE. B #8240, B3 (Tel. ) :029-88492193; E-mail: liuwd@nwpu. edu. cn.



342 E EHE X @&

X F F

553

Key words: underwater manipulator; impedance model; adaptive; fuzzy inference; recursive least square

method

TEK AU TR K FAEA R fE b 2 i B
AR XS G R 0 LA BB AN 2 T 5 RS Y H AR 450 8 5
JREBCAS 242 9 1) L T 5 A 7 47 ) A9 232 P 9TCHR 7 3k
AE 5 ik DR AL A% T 250 A 1 AN 9 Ay [ 0 L% i A% 0
FIp s T O B A R I o R A i skl
P Oy vk A 45 B TS ) S A S R - -1
G (PID) F il o, Ok 22 5k BT #5461 05 3. FLHT
i ) S 26 2o 9 B B9 B BB R B AL
N iR B RME H 609 AR 22 2 3% 1) T BE 47 42 11
T7 M AR K BR800 A B BEAT TIPS R
FIF RIS BB S A R M AT L
FLREBC A LA AAT 55 7 . 4] 40 : Hogan™ 42 Hh 1
IEL 70 47 i) 14y A 8L AEL R 90 B AL A% N A g WY JE L A
J7 R B3 5L b BHAR A B 255G & 5 Seul 2 9B
PP 77 1 RE 8 S B A e s () 09 07 B BR R OTRF 0 0
5 T A — R Y LAY LT TR DR IE 7 F R A s
2R BEL T4 D T R AT, S BT AL AR
T4 sy 140 399 R PIUIB 00 R B S (HLJE V6l 2 I A TR
(¥ 2 FE 4 s Dong 1 #5717 B T B BT ] AR B S
I 28 R R ) AR T U A [ B PR 5

N T B EE TR LR A 42 1) OF ik 4 H b
P05 ASCHR T — R A B s S T
BT 7 E A BT 4 i AR X TR H B i B S R
BEAT 7L B F BB T 2K i 1) 328 20 e i 5 W1
P4 RSB 9 TR T o 301 BT O AR 40 30 EE U
5 SEPR IO i 0 22 B A A PID #2461 4% . LSS
FF 3] 55 300 B 67 L DT S B AL AR T 7 R R H AR
F [ s o S BT i R B

1 HEEE

1.1 KTHWFHIEHER
KTFHMT ELEH TR BAnr k4. %83
KRB ARSI 1 RE 2 AN F45
HATOEGE . 2 DR R TR AT LU 1 A &
TR ML N SHLEF A0 3l 1 2 AR [ L KR HLAK
T-13h J1 R Al R
M(@q+Clq,q+g(q) +14 =
r—J (QF. (D
X M) .C(q,q) g (@ T J (q) 53 5 R WL F 1)
WPE R B0 5 AR B E 3L K Jacobian
W st N RG TPE ¢ ¥ il A it B AL

BT OGN B Sh SR 3l 7 5 F.o S /KR B T 19 AIUHRL
J15q.qq 53 31ROk R ALAE T A A7 L R A
JEARK R G0 T AE R, 4
g(q) = g(q) + 14
H(q.¢) = C(q.¢)q+ g(q)
DAL AR, T 45 4 25 TR 5 0 775 25 18] (%) o7 2 8 B3 R R
JE A 55y

x = Q(q) L
x=J(@q . (2)
¥ = j<q>q+J<q>qJ

P x AL FE L AR AR B T B R AL
W W AETC A B x 5 q BOAERCHI 0 () = 22

aq"
3F 75 57
KX OMRAK D IR AE® R LA IR R T AL
W R B e R N
M (px+C.(qg.x+g.(¢) =17,—F. (3)
Ao AR x FoREAEZ L KO MRARL D IR
HR )X LAl 15
M. () =J "M(pJ"'
C.(q.9) = J "(Clq.9) —M(J DI 1 ™
g =J gl
. =J "t [
1.2 IMEERE
WP AR e o 3 3 74 R L AR bR R
T BEs R
F 7Jke(xfxe), X = X.
c 10, x < Xx.
A cx HINHCH BRI AL s ke S H AR WIEE R824
x<<x. B KU T 1z s b T 3 i 2 R 24
x=x, I, KR AL 5 R B A T 42 R 25

2 BRI R B

2.1 MEmEHRE

FE AL T R i AT A 5 PIUBCH A 09 4 5 AR
T A S 57 B O 22 T JRE i 22 R 3 L Al 22 22 [ ST
—A> 2 B R GE A 4 ) AR R L BV o BT 4 R i H B

€))

Md(kd *x) +Bd(-*d 7x) +
Kd(xd_x):Fd_FC (6)



%3

KEE . RHEFE TR TAMRTH RN B E R [LIRIEH 343

A My Ba F1 K,y O H AR BT S BOE B . 23 51 R
BIUBR T 301 B2 A 158 4 o | BELJE R NI L K 5% i g B B
AR A TR 22 - Ba 52 R 2R 48 B4 ) oy S 8 I 80 5 o
X Xq o3 R S B A0 L RN s Fy Ol R
JRETg.
2.2 ETFMAEMMEIES

LT ) BELAC 47 i Ay B 47 o) A0 3R 45 07
P IR ARG 5 R G AN A 1 PR o
YECT) Fo 54N Fo i 22 B A D3R B B4 ) 4%
A5 B AL E B IE = Ax. 1 Ax B IEWI RN E

:‘;d A X C
=
-_— ‘ 1&,‘:‘
,\.'d
Xy

177345 ) 437 4 e PR x, AR SR WUBE T 14 52 s B
A DT SR B T 45 1 45 1R R (0 0 B R DA
K AU T 0 3 T2 Re k. B 1 s S h g i
AR A AR Ee S 3 ER AT T 5 S bR R Ty 1 22
Bl E;=F,—F.. & 1 o] 0L, BP0 6 & 400 2 3%
TR RZENHPER TR GRG6), I H M =
J™J ' H =] "H—M'JJ 'x.K, K, ¥J K
B HG -4 (PD) 80 AR =X () 38 34 1 L
WTFsh I F R85l AfEikle U.

oww—F. =M (U +C,(qg.x+ g, (q) (D

KT
BT

[Mys? + Bys + Ky

F,
W e

L EET B MBI R RS 4

Fig. 1 The impedance control system structure diagram based on position
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Fig. 2 The simulation model of two degrees of

freedom manipulator
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Fig. 4 The position tracking curves with adaptive control



346 E EHE X @&

X F ¥ R 55 53 %

R F A B 0 SR DT S BT ML AR T B BT B
H AT A5 5 i 4 ).

KI8 2 I ATEZH L PUE H AR B BT, 8 5
N7 8 0 R A BTCHR T o 52 BEL AR T U 5 45
M BRER. K51 o 7 RS, % 24 =0. 10 m, #
AR A 5 Nox, =0.05 m.k, =1 kN/m, {Jj
FE R AN 5~7 fiR. & 5~7 Al WL, r it
fR 3 07 BHLE 45 T 28 4 Al % AR G 1 9 H AR LT

1.2

=08
z

=

=04

—k,
1 1 1 1 J
0 4 8 12 16 20

t's

BS5 E G i E AR BE BT A R RE TR £k
Fig. 5 The object impedance identification curves

with adaptive control

12
8
=
4
e,
1 1 1 1 ]
0 4 8 12 16 20

/s

PG A I R A i ICCTD B R o 2

Fig. 6 The force tracking curves with adaptive control

tl's

P7 I A T A Y BR R 2k

Fig. 7 The position tracking curves with adaptive control

AR BELA70 2 ORR) i B 75 2 HTURCAY B B4 307 B4
Wy, 9 HRE % 52 B4 B2 0 o7 B 9 R L DRIE 1 7 R
B 53O HLBR TR DN B i 43 () 21 24 525 ) 145 8 5
R O PIUBCS 42 ) B SR T AR B+ B AR 7 4 o oL
BT — /N BE Sl RN 52 e X 52 PR A A R
5 DT A2 1 A (ELRE % A T L B8 8 42 i JTCHR
i DI fE.

5 H£iE

e AL 58 BT 15 ) 7 125 B Sl L B2 00 T A 3
BELHC 7 1 77 35 AR 0 S0 3 37 45 il o B0 20 A%
O 3 90 R ST BTy 5 SO B A5 R D A e /)
TARIEAE L BRI [ b 5 B BT S E AR B R
Fbs BEOTARAE 55 32 3l 4 G a4 42 o £ 208
WIERHTHC Ty R A 35 N PID 42 i 25§ 52 i 3 7 1 22
7 LS BLZEATL A T IR B 20 B 6 114 [m) B o 2 2R
PRy 0 R B AT 96 J X A A9 9T W92 97 1k
05 3 br B & GEIURZ BE. [F) I, 3@ 3 78 MATLAB/
Simulink #{FF & L 2E AT 05 B S5 5ok 1 B $2 A
T IS BH T4 ) 05 3 A Rk S5 R R BT A A O
RELA7C 42 ) 77 v A ol s [) 0 249 T2 () 2 BT R4 Y
J1 AL 1 BR R RE.

SE WK

[1] MEHDI H. BOUBAKER O. Robust impedance con-
trol-based Lyapunov-Hamiltonian approach for con-
strained robots[ ] |. International Journal of Advanced
Robotic Systems, 2015(12) . 190-202.

2] Wifh, PR, 2RI, 5. RECRM LG AR 50

FTAas i AR S HI (1], Rk T, 2014,
30(9): 19-26.
JI Wei, LUO Dawei, LI Junle, et al. Compliance
grasp force control for end-effector of fruit-vegetable
picking robot[ J]. Transactions of the Chinese Society
of Agricultural Engineering, 2014, 30(9). 19-26.

(3] 3Cif, #ma, opkss, 55, JE TRy ®l o P17k

FINGHH AR B SN LT]. Bl A, 2011, 33
(2): 142-149.
WEN Zhong, QIAN Jinwu, SHEN Linyong, et al.
Trajectory adaptation for impedance control based
walking rehabilitation training robot [ J]. Robot,
2011, 33(2): 142-149.

[4] ROVEDA L, IANNACCI N, VICENTINI F, et al.
Optimal impedance force-tracking control design with
impact formulation for interaction tasks[]]. IEEE
Robotics and Automation Letters, 2016, 1(1). 130-
136.



55 3 1) KREE. S . R ETRTHRTF RN B E F LR IEH 347
[ 5] HOGAN N. Impedance control: An approach to ma- Hles AR FZ I HIL)]. 3l KFEFER(TER/M .,

[7]

[8]

L9]

[10]

nipulation[ C] // American Control Conference. San
Diego, USA: IEEE, 1984. 304-313.

JUNG S, HSIA T C, BONITZ R G. Force tracking
impedance control for robot manipulators with an un-
known environment; Theory, simulation, and experi-
ment[ J]. The International Journal of Robotics Re-
search, 2001, 20(9): 765-774.

EpR, Bk, BRGE, F. Pl AFEMIMBUR R
AT SRR E R )] R TESE
|, 2015, 31(1): 58-63.

WANG Xuelin, XIAO Yongfei, Bl Shuhui, et al.
Design of test platform for robot flexible grasping and
grasping force tracking impedance control[J]. Trans-
actions of the Chinese Society of Agricultural Engineer-
ing, 2015, 31(1): 58-63.

DONG J H, SANG O S, LEE ], et al. High speed
trot-running: Implementation of a hierarchical con-
troller using proprioceptive impedance control on the
MIT cheetah [ ] ].
Research, 2014, 33(11). 1417-1445.

AL BIR, WO, & TR A A &N )
BRERTIELT]. BLBR AL 1999, 21(1): 23-29.

LI Jie, WEI Qing, CHANG Wensen, ez al. Adaptive

International Journal of Robotics

force tracking in impedance control[ J]. Robeot, 1999,
21(1) . 23-29.
RAEOL, &, M. T A E RNBOR G S 2

[11]

[12]

[13]

2014, 48(8): 1419-1426.

ZHU Yaguang, JIN Bo, LI Wei. Leg compliance
control of hexapod robot based on adaptive-fuzzy con-
trol[J]. Journal of Zhejiang University ( Engineering
Science) , 2014, 48(8) . 1419-1426.

KAE, A, BEE, F A SEHRTIRRN =0
A R RO AL TN A R 7 k)] BRIEE
|, 2018, 13(4): 1-10.
ZHANG Yongchang, CAIl Qian, PENG Yubin,
et al. An efficient model predictive control for three-
level converters with the function of parameter identi-
fication[ J ]. Journal of Electrical Engineering, 2018,
13(4) . 1-10.

HEB, REE, 2%, TN L ER
MLas N AE MRS RILT]. R XFFRBAR
2R, 2009, 39(1): 156-160.
XU Guozheng, SONG Aiguo, LI Huijun. Fuzzy-
based adaptive impedance control for upper-limb reha-
bilitation robot[ ]J]. Journal of Southeast University
(Natural Science Edition), 2009, 39(1). 156-160.
SERAJI H. Adaptive admittance control; An ap-
proach to explicit force control in compliant motion
[C]// IEEE International Conference on Robotics and
Automation. San Diego, USA. IEEE, 2002. 2705-
2712.

(R LR 8 AT E)



