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Study on Robot Calibration
Using Multi-measurement Coordinate System

Saeng-Ki Lim, Jung-Tae Kim”, Jin-Hwan Borm Jae-Sung Choi™™

ABSTRACT

Robot calibration needs accurate measurements of robot end-effector position at a number of different robot
configurations. One of the efficient ways of the measurement is "Touching on Jig" method suggested in [7], which utilizes
a touch sensor and a fixture consisting of various sizes of blocks. By moving the end-effector to touch the surface of a
block whose position relative to the other is known, the end-effector position relative to the fixture coordinate system can
be obtained at the instant of touching. However, the global size of fixture is too small to cover the various configurations
of the robot. Because of the manufacturing difficulties, the fixture cannot be manufactured large enough for well
distributed position measurement. It results in the improvement of robot accuracy only in the limited space near to the
fixture rather than over the whole space of the robot working volume.

The paper proposes a method to resolve the above problem by measuring the end-effector positions with respect to
several different coordinate system using the same measurement devices. It is found that the proposed method leads
the improvements of robot position accuracy over the large space of working volume. The experimental studies are

performed to show the validity of the method and their results are discussed.
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° ROty( WPitch) * ROtx( WYaw) (l)

~ Tool Transformation ( Tz )

STe= Trans(T,, T, T.) * Rot.( Tgo)
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Table 1. Nominal parameters of robot system

A71dEf Fig. 67 7o] Z+ Test pointoll Al Hdj
A=A Aol Hytghd T8 1 A7|E Hwsdch

42 B 9x 2% 54

421 2 Ax| 22l EF ¢ AFE 4y
Aglpgolxdd 2 dneE 2y AEE
usjo] gl

1=

2o
#7118t WA Al(Inverse  kinematics)

of g3, A 2R EEE A TS 4719
M) ¢ &(Test points)ol HAXAZ g, Height
gauge, Digital caliper, 2259 &4 7|78 AM&s}
of B& & dd 94 eAE FAsh

=

Jl

i

Nominal values of parameters ARE 33 SviEE ALfe Ao vy =
(&4 : Degree, mm ) 4 HA Nade olgsed Anaody s
2 | @ | 4 al MEHE AERE B 2D b 5F REA A
1 0 | "9 | 400 60 0 ~9g olgdtel Anaol¥y HauHE ALS
2 10 L0 10 | 35 |0 A2 Aol A 94 948 vaso.
3 0o | 90| o 80 0
4 0 9 | 39 0 0 s
T : 5 422 "o 9Ix X 53 A
6 0 0 0 0 0 "able 3. Measured error using nominal parameters
Px Py Pz a 8 7 am 249 : mm RMS | &5
"Te' | 445 | 1000 | 0 0 0 | -9 "l P1 P2 P3 P4 |Error| #zt
YTt L 1000 | 445 0 0 0 180 X | 694 | -1.38] 000 | 679
T, | 185 | 025 | 4510 | 0 | 30| 0 Y | 1625|1061 |-11.85]-17.06 | 57O r2£§n9
Z | 168 | -235 | -198 | -227

Table 4. Measured error using calibrated parameters
of single coordinate system jig

@9 mm RMS | &
Pl | P2 | P3 | P4 |Error| Azt
X | 000| -050| 157/ 1.03
Y | 050 050 1.76] 157

Z | -053] -1.85] 0.02| 065

1.08 | 0.77
mm | mm

wEtd FAH g E Y 54 x5 2gF 4
Table 2. Results of calibrations
Estimated values of parameters ( ©$| : Degree, mm )

A1 #ZFA FF dold AL | N1 2 AFA 53 dlole AMS | O F #HEA &4 dolH AL

A46; a; d; a; B; 46; a; d; a; Bi 40, a; d; a; B;
1 0 -90 | 400 53.10 0 0 -90 | 400 55.63 0 0 -90 | 400 55.28 0
2 -0.81 0 0 348.10 0 0.44 0 349.81 0 [-024 0 0 348.27 0
3 062 | -90 0 79.80 0 025 | -90 81.00 0 048 | -90 0 81.05 0
4 0.11 9 3938 0 0.26 90 3927 0 0.21 90 13928 0
5 -0.171 -90 0 [-010| -90 0 0 [-013| -90 0
6 0 0 0 0 0 0 0 0 0 0 0 0 0

Px Pz a A y Px Py Pz a B 7 Px Py Pz a B 7
"Te'| 439.7|981.2| 0.06 |004]036|-89| - - - - - - 143949822 | -05 {-0.0]-0.0|-89
YTt - - - - - - (9805|4468 | -14 |0.16|-05]|180{981.1 | 4464 | -1.5 |0.04{-0.1{180
S7. 1328610203 14350| 0 |-30| 0 {3023]-021{4520| 0 |-30| 0| 326011 |451.0f O |-30| O

mn
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Table 5. Measured error using calibrated parameters

Table 8 Comperison between sinple coardinate systern

of single coordinate system jig 2 and multi-coordinate systermn
o @9 ¢ mm RMS | & 22 93 2% 94
“I"P1 [ P2 | P3 | pa |Error| W3 Satel W | oo BEWA
X 0.83} 1.16] 0.20;f 050 O dd &3
: 1.370mm 0.955mm
Yy | 103] 239 385 172 166 | L1 HEA "“3’ Al
- mm | mm 2 9%
z | 232] 017] -015] o84 de 54 | 1ossmm | 0s90mm
Table 6. Measured Error wr.t jig 1 using calibrated z 2% 317
parameters of multi-coordinate system b= ek 30% oF 60%
ALEA] N T o A AR A
e 99l : mm RMS | £3 w /@
"l Pt | p2 | P3| pa |Eror| WA
X | 063] -1.00] -142] 093 52XH 25 5 ds 8 2N
Y | 054] 000 -017| o76] %73 | 062 Table 9~10.9) A% A} o], =R AA
Z | 04| 078| o052 oz | TF A= oA AvulE g AHgd Aeng A
Beolde It E AMESH: Aol Lavl dA

Table 7. Measured error w.r.t jig 2 using calibrated
parameters of multi-coordinate systemn

2w 2l mm RMS | 22
“I'p1 | P2 | P3 [ pa |Error| WA
X | 075 128] 05| 1.00
v | 133] 204] 269 om| 198 | 06

mm mm

Z | 017] 091 038 029

5. 8M 25 M5 =4

5.1 XM 25 23 M5 A @y
BYES ARSI Q= e Al FH g

B olgdlel 4wy $EL WL W 2R £2

Wako 2 (10/800~15/800mm HEe] 2
o] a7} WAEEI, FAl} o] 22l A MyH] FIHY-
o/ +(2~5mm A= W7 LAlslsE Aow
BuEy gtk e, E Agrgeld Ans Hg
DL W AN SHal AT Aol N IR
243 98 vhest 2o 4¥e s
D Move-L €% : 271d7 34L& A
A A wkske] A H7F &%
® I-'Move €% : 27182 mA&Sn 8y vk
olF 7eEE A7 ts 3 2
4718 F 7R 2R Has
A EEshke A%E F1sla, Move L
2 @Deviation) B FMove &5 Zol

7 A& Table 9~10.0 LA

ke

5

x

3] goloes AS G F gl?\iq £, FAS e
Biolde mshiEE ARgsihets AHdolA

HolBlE $HF ¥2d ARASE eAst Fo

s AL e,

Table 9. Measured error using nominal link parameters
ZR7E X=1000mmel A Y AHeF 24t
I-Move 800mm AL = 120mm

4X = -47mm
Move-L
4Y = 2.0mm

Table 10. Measured error using calibrated pararreters of
rmulti-coordinate system

2E71F X=300mm Y=35mmelH XE 2xe% o)

I-Move 400mm AL = 2,5mm

4X = 0.0mm
Move-L

4Y = 0.3mm
2R7E X=1000mmoiA Yia A5 22
I-Move 800mm AL = 0.0mm

4X = 0.0mm
Move-L

4Y = 0.0mm

FH7IE X=1000mm Y=-35mmell A 27488k 285 o4

I-Move 400mm 4L = 0.8mm

4X = 0.lmm
Move-L

4Y = 0.0mm
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