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Measurement system of flexible electronic checking fixture on robot
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Abstract: A new measuring system of flexible electronic checking fixture on an industrial robot was
proposed to overcome the shortcomings of the real special checking fixtures commonly used in indus-
trial production with high costs, poor flexibility and low automation. A vision sensor was fixed on the
terminal tool of the industrial robot taken as the flexible automation platform. By teaching the robot to
run the programmed measuring path,the every local sensor system was unified to the global system by
global calibration technology. As the repetitive position error of the robot in this process is an impor-
tant influencing factor on the overall system accuracy, an optical precise measuring method was pres-
ented to compensate the whole measuring results in real-time via measuring the repetitive position er-
ror by taking another camera as a control camera and combining with global control points fixed on the
supporting assembly. Finally,the obtained results were campared with CAD digital module in a com-
puter to realize the virtual flexible checking fixture function. Experimental result indicates that the o-
verall three-dimensional root mean square (RMS) error of fourteen space points is 0. 101 mm, which

shows that the principle of method is reasonable. It overcomes the limitation of real checking fixture
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in high cost, heavy waste and accuracy affected by personal errors.

Key words: precision industrial measurement; flexible electronic checking fixture; industrial robot;
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Fig. 1 Flexible electronic checking fixture on robot
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Fig. 2 Structured light vision measurement
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Fig. 3 Global calibration
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Fig. 4 Compensation of location error

GIREPNE S Ry 8= B W el DAL= L g
Bl 4 iR, 0,-X,Y . Z, HeJR8eihs%;A.B,C,D
R R0 -X . Y. Z e g m B0 8 A
WFRO XY Z' A R S bR AL B AR R
A AL B R 2E s dy Fon P ) A B A R B

P WAL R £ 2 Jmy 45 ) s B8l T
TR B AR R SR AR AL A bR R 5 A R A bR R 1Y
PICR R AT, .

Xfc') X](g)
Yg ;) :Ri ng)
(€ (g)
J J

Xi9' 2, —C,.+Ax,

+T,

Zj(cy) f y
Yi' 3, —C. Ay,
Z(/v’) f

(X% = X)) D24 (Y& =Y )2+
(2 =720 =d% (j ok =12, 03] Fk)
(5
A (X5, Y0, Zi) FoR Rl LR
MR AR R I =R AR bR L (XG50 YIS Z50) Rl
SACE N AL AR R T A = 4E
ARFR R, R T, 678 4 Ry Ak b 2R B0 8 0 B 0 B 8
il AL A B ZR 9 5 4 R RN RS R R, (s )

Fn L R EARWE . (C,. C,) R AL
ERALE (Az; s Ay,) FR PR L 71 B B AL
VN LIRS 8- SR P o DR E ol
R[] 1) 23 TE) B e 2278 2 g o) B8R

R =GR B (XGF, YR, ZF ) TG
FIHHE T B 8l 0 58 11 2 1) = 4 K5 25 o o Jy 0
KBRS AL A S BT e s o AR o 2R A TR 15 4k
i Cary o vy ) 300 2o 00 AR 48 AR A ] 45 W A2 oy
(s yOMAMPLANZ ARG, RS HIRD

i AR R AT,

HY T2 1 AR ML AR B 2 5 45 HA DG AL A AL s &
[ AR X 56 2R ] 5 A A2 L A% T A AR AR R SR Hr B
£ i 22 15 4 AL AL AR AR B i 25 S5 . 7R P AR
NI 00 1 R AL A s 2R 5 4 g AR A AR Y A i
KA R RT3 s 22 500t i 5 i ) it
P AHPLAR bR R 5 4 J A bR R H0 C R R A
T, . LB U A HE 00 i 22 - B AT A5 21 45 44 06 A% Sl 4
M bR R D 25 o SRS S IR AL R 2 AL AR AR B
SR MR AR N BGPTSR A BERS E

4 R B

K ABB2400 BIHLEF AAE N iz sh°F 65
W S A AL IR AR LA AE ML d AR o T A B R
Point Grey /A & FL2G-50S5M/C #H HL1E R #5 1hil
AABL [ 5E T 250 6 A% IS B R F BDE € 1) /ot
Fr it (Retro-Reflective Target, RRT) % & 4 /%
il o M TR R R g 14 A S B Y S )
YA AR DN A RS A AR AL ORS . £ 5
per) S5 SR O NS 1 s, Hop AD g2 AX,
AY, AZ 5 IR RN

HIZE 1 Al RGEI & 14 A S8 i i 23 [a] =
2 A B SR Y 5 AR5 22 (RMS) 2 0,101 mm,

HAEB G RRST A2 — &y 0.5 mm, %
G Ao FL 7 vk i 4 R R B R R AT L
FITE KGR — AR 0. 1 mm, B0 & — e I 4L
SRERERCT B R AT D BLES AN R T
R H RGN 0. 1 mm. fE8 i £
S o b7 P T A 0 A R Y R LB R A Y 14X
L RD OB s A B2 1, $ s 7 A Sl ik
R R R



558 1 REAK 5 55 L T LA AR R i A H N R R A 1791
F1 MELREX
Tab.1 Comparison of experiment results (mm)
Pl N 7 H H R 50 = AR AR I A B X b 4
X Y Z X Y V4 AX AY AZ AD
138. 811 562. 665 659. 412 138.719 562.726 659. 390 0.092 —0.061 0.022 0.113
207.317 805. 187 512. 336 207. 386 805.132 512. 296 —0.069 0.055 0. 040 0.097
391. 269 590. 562 768.901 391.199 590. 636 768.996 0.070 —0.074 —0.095 0.139
416. 761 597. 294 746.906 416. 774 597. 259 746.827 —0.013 0.035 0.079 0. 086
497.071 825. 542 351. 909 497. 048 825.528 351. 817 0.023 0.014 0.092 0.095
577.229 529.120 258.930 577.207 529.024 258.998 0.022 0.096 —0.069 0.120
1046. 844  589.011 1111.467 1046. 929  589.013 1111.412 —0.085 —0.002 0. 055 0.101
1047.369 —587.190 1111.303 1047.29 —587.236 1111.294 0.079 0.046 0.009 0.092
577.164 —528.902 258.180 577.137 —528.966 258.168 0.029 0. 064 0.012 0.070
496.512 —825.032 351.942 496.591 —825.108 351.912 —0.079 0.076 0.030 0.113
416,133 —597.825 745.922 416.073 —597.837 745.933 0. 060 0.012 —0.011 0.062
390.196 —590.590 767.416 390.110 —590.515 767.349 0.086 —0.075 0.067 0.132
206.833 —806.277 512.060 206.905 —806.117 512.035 —0.072 —0.016 0.025 0.078
138.745 —560.448 658. 884 138.705 —560.500 658,931 0. 040 0.052 —0.047 0. 081
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