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7=M(q9)q +V(q,9)q + G(q) +7, (1)
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O IBHR I S S0, 7, 7R TR 15

HI T EESE I 7, AL R B LA G B A R
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e, SCHRL 15 ] v it G S B 450 2R ) - 468 8 322
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, HUAEE 3l g 2 A

F(1 g, 1) . . _

(|5| )q gl <l g, |

F(q) = (f +(f =f)e” " )sgn(q) | gl >1 ¢, |
(2)

T ARAG P PRSI 0 A - R Bl 2 e

frektkte .

T =H(q, ¢, 9)p +7, (3)
b H O ACS WU 515 (5 SR S 9 Bl A 36 1, p
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JEE AR B AL AR ] ) ISR AT Ak 2 e T 30 B2 4
JiRE, ASEIAREEREER BB RS s R H
P PRI

3v/4 1
v/2
PR

o -v/4
-v/2

“3v/4 gt

=V.

0 20 40 60 80
i) /s

B2 XFIER xS R i B - i)

100 120 140

J=_Zl||7f—%f||2 (6)
Horp o RBEEIRALL, 7,7, 53 9 F7R 2 R BE 5 )
SRR JEE 482 0 AR, R B T SRR A T LA A )
FERRI S B p, (1., f., v.}) o
2.2 HERIUEMRL

PUBE At 5 2% A S O T ERHA I S
B, T RO R, SR AL AR
FIE , 3 F I £ M 75 X RO B2 1) 52 e AT AR AR
H Hi e H T B Osh B0 2 Bk E S RS TE T
Sl S Bl LA R of Wi P AN R A L {5 GRS
W,

q.(t) = qo + Z ( sm(w/lt) b, cos(wflt))
' f

q,(t) = Z (a, cos(wlt) + b, sin(w,lt) )

g, (t) = W/Z (= a, Isin(wdt) + b, lcos(w,lt) )
o1

(7)
Hop, w, BRI, AR SCE O 0.1, I T =
b, , JEARFRIZHL, 7 8 HL -8 f)
1B n A BRI, A SCEHE 0 = 5, T LU
AR 11 ASHL A SR Franka AUE 7
AT — A 77 ADSH R LA P gL
FEFERY 25 E 5L cond (H) BEATEALAS 33X 28 2 5L,
XAMRAR IR AT $ 34
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g, (1) 1S G,
1 q:(1) | S ¢
g (1) | S g, (8)
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q:(ty) =q:(t;) =0
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B IR TN/ TS i | L AVE3 - I NS S EE VARG SN
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B, I X 45 4 S0 R SR I AT A AT, Bk
T — S A R B
2.3 BRNZTEPHASAESH

WU i B 55 A1 380 030 35 2y, SR A L A
BIFIENE TS BN B e e g
IS S T R BE R AR R (5) T A5

=H,p, =7, -7 (9)

Horp 7 FORFII 2.1 5 HER A AR 3 A5 1 T
WA 0 KR R BN Al gt
-H,p, |’ (10)
AT RS — L .

p, = (H,H,)"H,'7, (11)
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Pr
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Horr, p! Fp; A3 MRS j AN BES B B R A -
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(2) Bt I pR R

T A S T /NI 3 5 S R O
2T AL, Bt AT S R pR L J
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o, w7, SRR A ST ) R R
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FORFAT j AR B,

(3) B I 132 3

2 0 I R A B, R
D P B 7 A RS I 2% , 1R K 7
BET LA ISR (15) %

Vi = Lo+ a (P,

sy (plh, -~ ) X (15)

Holv, b, S BB b+ 1 A I
Do, TR b B AR WAL SR (n 41550
i), p AR kB | BRI, p R
BRI IRNE, a, a, 53 HRFESHL 2R
SN 15 A B ST AL e, T ¢, R TE( O,
1] S FBI P — B B, o S 0k L i 4
T 40T 18 B AT . 0, ay 47 10F 52
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_PD X ¢

a, =a,, +(a, —a,) X () (16)
a, =a,, +(a,, —a,) X o ()2 (17)
- 2 (18)
12 -7 = /77 —4r|

b, bk 5003 m Maik ROP BN R E P4,
Ao A TRFRS I R A7 TE BT AR SRR, 5 4
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T H4.125,
FEBE YRR B Y AL B LS 3 4

R, HE IS S A7 gty A R | B DAY
IS RS AN AR s BT 8 RE v, 3 I3 AR



TRHEAAE S T HEFIEN-L A th BN 3 122 5000

B, HHH R SR .
it @po+p’ca+pt b

pi + v /f

. rand > mv
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rand < mv
(19)
Hordv, piy FOR% b+ 1 25 i IBHIOME, - 2R
FOIEHAT, a b e 0.1 AU d 48 —JTIn &, p, A&
H1(23) & LB &, f RN SEE PR,
rand F7R[0,1 1 NEI2) A AIBEPLEL, mo Fom 42
ZRCEF YRR AOCR R E AR P g

a =sgn(p, -p") >0 (20)

b = sgn(p, -p") <0 (21)

po =@ (a,b) (22)
fmax _fmin

f=tun Y (23)

Hrr, @RFHLALF BGEHAT; a b WSR2
[i] P AT MR AR E B B R PR R 25 ) Y B 208 A
FITTA o Froin ~ Fowe TN S ECH 0 S/ N R R IR
Foin B fo 3 EHED 0.07 F10.75,

1

(k/2-k)/ay )
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- (a, +e (24)

BHL o T o, SRR S B B R R R R 11
B R IE R mo B RIEZE IR T 2 MR, mo
M/IMEAE BE T8 &R s | g R, I, mo
(B AT DASE I S 808 BT 48 2R 50, I T AT 280 2 17
Ieflfit . P, 202500 PR A mo R BE 35 19 R o
Ma {H, X8, o o, 330T%H 6.25 1100,

(4) WAL Bz sh

TR S H08 24 1 B A S BOE B AT
N RE AR AL

Phet = Dawy + 71 Dysgn(r, =0.5) 1y <8,

(25)

sgn(ry, —0.5) % TR M, A oy A
TL0,1 ]FEF N BEHLEL, D, 224705 i B35S
CL B SR R BB, S, SRR BRBEE
RSB SR AR TR

D, =1 rand x (py.,, —pi) | (26)

S =11 —e ¥ (27)
Ho ) a, SR HE, F T4 2 808 50 1 TR A

WERITH, a, WEIEFER 0.005, [FIHF, X (28) H]
TR E R AT N, SEIS R R,
_ P;; + ﬁﬁm

2 X rand
Hrr, gy, A2 py (o> 1) M (25) 75 2 1 R {E
AP HER B E AR, AT RIS EEE .

p;‘c+] (28)

4 LIl

WA 3 s, A IR S5 A% FH AL 2 — 2k
L ABEYLE A, N T 3G iR a sy
H: D-H %03, Hop#k D-H 280((MDH) 403 1 it
TN

Franka#% 82 01 (FCD Re¥FiiE. B
et 5 HURE R0 3R AT R )%
B CREVBARLIPRE, FEd
DL P BE O A T AR 3 PCSE B 5 )
3B A I FFIR C++ 42 O libfranka, A PL
5 FISAN RS [F R4 1 DA LKHZ (R 4005 K 3%
SEE A -

1. R EAME AT KA 4
2. KT BEEEHS.

3. B RRERTEE MRS

3  Franka flE

%1 Franka {#E MDH S#%&

i a/m d/m a [%
1 0 d, =0.333 0 0,
2 0 0 -7/2 0,
3 0 d, =0.316 /2 0,
4 a, =0.0825 0 /2 0,
5 as; = —-0.0825 d; =0.384 —7/2 05
6 0 0 /2 05
7 a, =0.088 0 /2 0,
8 0 d_f=0.107 0 0
4.1 EZESHIHA

ARYR S 5 W B 43 09 i A 0,001, 0. 005,
0.01,0.012,0.014,0.016,0.018,0. 02,0. 03,0. 04,
0.05,0.06,0.07,0.08,0.09,0.1,0.12,0.14,0. 16,
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0.18,0.2,0.23,0.26,0.29,0.32,0.36,0.4,0.45,

%2 Franka §XTEESHE

0.5,0.56,0.62,0.7,0.8,1.0,1.2,1.5,1.8(rad/s), St S /. v,
13
B 2.1 WBRIBOR IRl F 0 B 0 4, AT 6 K (N - m/deg - 570) (N - e - 71) (N - w/deg - 577)
4% 6 LSRR , SR I T2 4000 15 AT 1 A1 : 0.2153 0.383 4 ~0.0729
IJ%% 5 F)f J’_*;EEFLW - E’]ﬁﬁ 2 0.169 1 0.2567 0.060 3
F IRV GRIRZE N Z 3 0.2195 0.376 0 0.047 4
FR AR 8 B A Y | o0 B8 42 ) 5 S B R A 4 0.1056 0.079 0 0.089 2
FEE Z R SC R INE 4 B, HE 4 7T LRI 5 0.6047 0.3062 6.0463 x 10~
1.2 3.7 ) Stribeck 2057 HeBSW] 5. % FIRRIE (2) 6 0.299 6 0.3823 ~0.0510
TN NN 7 0.188 3 0.3854 0.093 8
X3l 12 SRR R P BRI A T AME R R B B
0.4
= 02 fmﬁ;um%j O E Eg'f @g’;@g Ea;n
Z 0.1 g0
< 0 \ ¢ 0
R b 1 gy | B0 | =
-0.2 % B jE = o -0.2 joint2 B 8 gy Jjoint4
03 ! = “
-2 -1 0 1 ) —201510 050 051.0 1.5 -1 0 1 2
L/ (rad/s) JHJE /(rad/s) TH ¥ /(rad/s) [ (rad/s)
0.5 0.4
0.3 ?
) g 02 S 14
- z 0.1 |
= 0 < 0 |
_ & ®o01f, \ _
joint5 R . 5 W\ R ~02 g d 2 5 b joint7
-03 j
1 0 1 e 2 YA 2
T/ (rad/s) /E/(rad/s) JHJE /(rad/s)
B4 FAEER S 4E—LEREEE ST R E
4.2 BRNENIT R B HE AL IR AT DL o 9 s ol e B AR A s B A B T AR A

FIFH Matlab H fmincon () BRSO I0H #0320 B9 £
IR B TR A, BE AR 5 R 7k H S5 D0 B h B3
mE's i,

25
20}
L5}
10|
05}
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05|\
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-25
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i IA] /s

B 5 BUphEiEE kTS A E— E

TEHLES A MR B s 3, LA 100 Hz A8 R
REPLARAR T E B, Hrp e /A B A e
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SR I 22 43 5 A B A R A B A2 R R R A
K, I UAE T HER AT AT 08 B, % T 2657 40
FOCT AR R TR AR 0.5 E’Jﬂih_(ﬁﬂj‘i%ﬁ
SR RLOESS -1 S8 30 X6 51 A sk B 0 i it
U, span (HIX E N 0.02,

4.3 SEIHA

L A AL N3 A B RIR A T A
SCAE B SYMORO + %1 2F " 3R B Franka HUWE ()50
TR KSR . B4 Franka HUBUE ) MDH
SRS H J1 2 S H) HOE LTS R IB A SY-
MORO + BRI 1384055 3 FiR iS55



REBEAS A ST RS- A AU 3 1 2 SRR

%3 Franka JIHEESHR

K1 XKF2 KP3 KP4 XP5 X6 X7
/ Lo L e L, Lisr L,
/ L L Lo L Ly Ly
/ 1, 14 1. s L 14
/ I, I, I, I I I,
L, Lo, L, L, L, L I,
/ ma2r mx3 mx4r  maS mx6 mx7

/ my2r my3r my4r  my5Sr mybr my7
/ / 1A, 1A, 1A, 1A, 14,

Horpaly ' WO EASH, S S RARERIE AN
I

zzlr

+ Izzl
= —(Dix (My + M, + Mg + My + M,)) +1,
-1, +1,

mx2r = Dy x (M, + M, + My + My + M) + mx2

I

xx2r

my2r = my2 — mz3
1

xy2r

=D, x mzy + [X),2

L, = 1A, + Dy x (My + M, + My + Mg + M,) +1

+ 1222

I, =D:x (M, +M, +M,) +2 xmz4 x RL, +

xx3r

(M, + My + Mg +M;) xRL; + 15 -1, +1,

I, =D>x (M, +M, +M,) +2 x mz#4 x RL, +
(M, + My + Mg + M) xRLy + 1, +1
my3r = my3 —mz4 - (M, + My + Mg + M;) x RL,

I, =—-(D:x(M;+M, +M,)) +2 x mz5 x RLs
+ (Mg + Mg + M) xRLe +1, =1, +1
L, = —(Dsxmz5) = Dy x (Mg + Mg + M,)

X RLs + 1,

I, =2xms5xRL + (M, + M, + M) x (D: + RL2)

+ Iny + [zz4
mxdr = Dy x (My + Mg + M,) + mx4
mydr = my4 + mz5 + (My + Mg + M,) x RL,

IJ(xSr = [xx5 - Iny + 1)36
Izer = ¥y6 + IZZS

mySr = my5 — mz6
I

xx6r

lg =2xmZl XRL, + My x RL; + 1, + 1 ¢
mybr = my6 — mz7 x RL,
1

wlr = ]xx7 - Iyﬂ

:IAI +D§X(M3 +M4 +M5 +M6+M7) +I}:v2

=2xmfl X RL, + My xRLy + 1o -1 ¢ +1

TR IS B D& (5 8, AT AR (9) Wi
Wl H, DK T, SRIGHRIER (1) B TR
HSRIHIES R p,, MR p, ATHIE S A R
N x5 x| p, |, ARSCK MR T REE D (PSO)
T sty 1) ( genetic algorithm, GA) I T 5 H &
SR (WSO) X 1, 3l 5 2 I L B i o8 3 Fh R Y
ORI R, 23 B PSO fie Kk AR A $ 5 B h
800, GA vk fi Kk AP Rk & o 460, WSO Hi vk
BRI AR AL B0 H3 0005 4K 5 6 5] — B b 2R 5L
(X (14)) AL, RUF R B LS, B 6 &

3 AR A,
1107 ‘ ‘
100k — WSO
3525 Hi
90f
3520 Hi
& 80|
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=70
35.10 H+ % 2050
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IEAIREL
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AR 3 FPETERAL T 2 T I T i iR
7 (root mean square error, RMSE) DA & 7 K507
MR Z AN, INZR 4 iR,

F4 IMEERBSHA RMSE £/ (N - m)

ESE WSO PSO GA
1 0.779 3 0.7113 0.9679
2 1.0383 1.1050 1.5985
3 0.9437 1.2134 1.6917
4 1.3948 1.3306 1.4398
5 0.7915 0.8796 0.8835
6 0.5328 0.593 0 0.597 4
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Dynamic parameters identification of 7-DOF manipulator

based on white shark algorithm

NI Hongjie, ZHANG Linfeng, JIN Zhehao, ZHU Huazhong, LIU Andong
(College of Information Engineering,Zhejiang University of Technology, Hangzhou 310023)
Abstract

A dynamic parameter identification of joint robots based on white shark optimizer (WSO) is proposed. Firstly,
the dynamic model of the 7-DOF manipulator is established by using SYMORO + and converted to an identifiable
model. Secondly, the friction torque is extracted by the nature of the joint robot and used for identification of fric-
tion-model. Then, the excitation trajectory is designed for the robot to track, and the friction term in the joint mo-
ment signal is calculated and compensated by using the identified friction model. Furthermore, a least squares
(LS) estimator is used to determine the search space of the white shark algorithm, and the optimal dynamic param-
eters are obtained iteratively by the white shark algorithm. Finally, the experimental results on Franka show that the
proposed method performs better than the traditional algorithm in avoiding the local optimal solution, and the pa-
rameters obtained are more accurate.

Key words: dynamic model, friction model, excitation trajectory, identification of parameters, white shark

optimizer ( WSO)
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