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Step by Step Identification of D-H Kinematics Parameter for Industry Robot

WEN Ke, ZHANG Jiabo, ZHAO Changxi, ZHOU Yinghao, YUE Yi, YANG Jizhi
(Beijing Satellite Manufacturing Co. Ltd, Beijing, 100094, China)

Abstract; Aiming at the problem that the angle error is easy to be submerged in position error with large
magnitude in the kinematics parameter identification process for industrial robot, a fast and effective
step-by-step identification method is proposed. Firstly, the robot Denavit-Hartenberg (D-H) model is
constructed. Secondly, the two-step error model is given for the parameter identification. Finally, the
experiments of kinematics parameter identification are carried out. Three experiments through external
measurements by laser tracker are compared. The experimental results verify the correctness and validi-
ty of the kinematics parameter identification method for industrial robot based on two-step error model,
and the identification accuracy has some advantages. Then, the original parameters of the robot are re-
placed by the identified parameters, and the carbon fiber sheet drilling is performed. The position degree
of the processing hole is increased from 3 mm to less than 1mm.

Key words: D-H parameter; two-step error model; parameter identification; industry robot

PABL 2 AR RE S T ) A 480 1 BUAR il i
TR AR A AE 2 BRIV ] A R A TV, e A
TR oo S 2B A i el b R SR O ) . SR ER
LA RG] T —E Pl AR BE R S8 T 58
73T AR I A B LR ] T AET . WL R
W T — B 4R RO I B R R R B R
B GNRE PR ML AEOAR Y A S HI LR S, K
W BE 4R o T RLAR A Y AL R B X R A Bk
WIS R diliE . R EER A 0h ] T — & KU-

BE4TE:HAHE S AR (2017YFB1301800) ¥ B3 H .

I #5 B EE:2018-03-23;1&1T H #1:2018-05-30

BEEE . B M4 E-mail: rongyu wen@163. com,

KA TolbHlds N2 5 a4 IR E MRS 2
LSRG RES . T L N R A B v IR T
SO T b3 AR G 8 TR RACR

LIPN 3PN R X DN NN PN
SRR A Ao TR T A N TS ARV R
BRSO A e AR T KR T 3 O —
BOrE 2 S RORERE - A SRR EEAR AR R A B
i N BB M 5 AR 48 0 b0 7 it o 3 O s 4 A
TR R . T L ALY 7E i

SR SR SR B K E L TS AN D-H 2 8% S50 5 HER 5 ik L] B st il 8 i K R4 % 4. 2018, 50
(S2):69-73. WEN Ke, ZHANG Jiabo, ZHAO Changxi, et al. Step by step identification of D-H kinematics parameter
for industry robot[J]. Journal of Nanjing University of Aeronautics & Astronautics,2018,50(S2):69-73.



70 i

2O o= At

PNEIPNIE 5% 50 %

L2 2% ok B P AR TR /N DR 22, Gk R IR HILAL 7 R
Ko B2 R K R iy o7 48 1 25 i 38 1 38 B
SRR BET 52 BT A PR BLAG Jin T F0 28 2% 15 2 19 # b
T R SORSES A T IR BORUE S L g AR
B ZEAY R HIBOGBR ER AL 58 T X —Fh 5 A
H1 BE AL 32 3l 2 2 B R S U T 4 Y S
RWOR . KR 0 75 AR BIE 5T 1] BAXS HIL & A AS 408
JEE R 5 T3 AN B BIF 5 1 30O B B A 3 9 R
BT 5 il o e A 0L A I il R O kT VR Ty
P fie /N 3 ik O v SR RS VR A O iR AT RS
JEAUAL  SEEE T ML N iz 3 2= S 8BRS T
TRR . APT 23 w) R JH HOG B B2 AL 45 & De-
navit-Hartenberg (D-H) 535 32 8% {4 52 #L AL 25 A\ bR
SV PR AL ES A RS B R TR — A5 R
M R T7 k7 im s SRR AL S A R R
FEARAE 2[RI HE R T 35 SO TR IR 4% 22
B R/ IMELRS T K BE 5 e AR Y A R R 22
R RS RGeS E N IETATR S =L L GRS S €
PR B2 A

ST HET L ALgs Nz 3% S 800HR ik h
XA R R 25 5 AL R 25 R AT IX ) 4 B . 18 3
NI AR A BE 0 O g Tl AL B 3y o7 4
BB 2P 58 25 BB AT 0B B 2 S RO IR T
JEEENL & AN D-H 2 %0, #F 1 58 8Bk 2F 4 3 B
Bifl.

1 TA#as NiEshFREE

Ph Kuka KR500 #L#&5 AAE 4 BF 58 % 4, @ 57
D-H B, & 1 frR i D-H SRR ZE . X F
6 FH H BRI N B 5 EAT BN AR R
OXY.Z; O;s HIRFR O; X T O WAL
AR AR CnE 1 BrR) . HLWE R IR R
(1) X, s X, i Je /i b R 5 0. 58 Z,
BOIE WA IE s (2) X B X Rl B S Ok oG R
B Zo BEm O IE s (3) Zo Rl B Z R i
BIREMKE a0 W X B IE O IE s (4) Zo )l
B Z Wi Je A R EFFLAA a0 58 X0 RhIE 19 2 0E 5

Base <:|

4 Joint i~1

Joint i £

\ Rod i-1 n

K1 D-H A
Fig. 1 D-H model

G) X, WiaEHT Z 8. X, B EH T Z 8
AL .

AAAR FR Oy S LUTT A A5 72 i 5 3] AR AR AR
O 58 Z i sh 0507 Z i sh 41 X0 s
dya; s 58 X, W a; . PG D-H #3809 55 K A2 4
MR T . i=1~6,
T, = Rot(z,6,)Trans(0,0,d;) Trans(q; ,0,0)Rot(x,a;) =

cosf; — sind;cosb), sind; sina; a;cosl;
sing; cosf;cosa;  — cosl;sina; a;sing;
0 sina; coSa; d;
0 0 0 1

(D

A B R D-H BRI 2 508 3, #2 B Kuka

KR500 AL#8 ABEA A S 803k 1 frm) , g

SCARR D-H SR, AN & 2 s, AR IE 1042 3l 2

SR ARAT BN A Ui 1 22 £ AL bR R BIHL A AN SE A bR R 1Y
MBRAE R T, =T, T,” T, T, ' T, T, ,

# 1 KR500-R2830 ZU#138 AIEit D-H S #

Tab.1 Theoretical D-H parameters for KR500 robot
i d;/mm a;/mm a; /(D) 0./
1 1045 500 —90 0
2 0 1 300 0 —90
3 0 55 90 180
4 1025 0 —90 0
5 0 0 90 0
6 290 0 0 0
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Fig. 2 Kuka KR500 robot D-H model
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Tab.2 Comparison of position error in different situations
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Table 3  Comparison of precision optimization ( Before and
after) mm
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Lz L L2 L
1 5.99 2. 86 6. 00 0.95
2 5.99 2.79 5.99 0.88
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4 5.99 2.90 6.01 0.93
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