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Abstract: A measuring error separation method was proposed on the basis of self-calibration algorithm
for an imaging instrument. A self-calibration model was established and verified by the imaging
instrument. A regular grid plate was used to replace the standard, and the grid plate was put on the
image instrument stage in three different positions to get three sets of measurement data. The data
were put into the self-calibration model through the developed transformation model in advance.
Then, the system error contained in the measurement results was separated, and self-calibration was
implemented. As measurement data transformation model was established, the problem of
misalignment between grid plate and stage coordinate system was solves effectively during the process
of experiment and the measuring accuracy of the imaging instrument was improved. Experiments

show that the error of the measurement point is or millimeter scale without the self-calibration
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algorithm, but the maximum and minimum errors of the measurement point after self-calibration are

0.49 pm and 0. 00 pm respectively. The results mean that it is feasible to apply the self-calibration

algorithm to error separation of measurement results for the image measuring instrument.

Key words: imaging instrument; self-calibration; grid plate; system error; error separation
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(a) System error variables of measuring points in stage
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Fig.1 Sketch of variables for system errors
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(b) System error variables of measuring points in grid plate
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Fig. 2 Transformation of coordination systems
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Fig. 4 Coordinate conversion for measurement data

=
>

P
- =

00) ki & X

i

Tﬂfﬁ'ﬁéﬁ??\ X1 01 Y1 ﬂt‘ui”z‘}ﬁﬁéﬁ?% X2 02 Y2

i TR A s ST AT 5 A i A A 3R R A 6 Ak bR R B Il
" K BN 0. —HFE TS oMo, TH., 76T
} % PG BRI o AUABAR N (0,00, 0 A8 AR
7 HCab) . HTAEGRIRRTIER — 8 D WA
© Y ;|_ %(Ilv}’l)amuﬁ:
j; {ylb rsin B (14)
3 x; —a=rcos f3
2 =rsin(f—
1 E 6 1 8 9 10 {y i B . . (15)
2 3 4P a=rcos(f— )
LAES IO A% A A AR Al 2 b — 8 E, RO HAE
3 *ﬂﬂ*ﬁ*}i'ﬁTVF‘“ﬁﬁlE{jE?ﬁW X101 N El“éléﬁ?‘ﬂ(c,d),ﬂﬂﬁ X2 02 Y2 EF%$TY§9(C
2L —] . (=) ) N B R
Fig. 3 Position of grid plate and stage —ad=b. A
Mnazfjﬁ. (16)
. = Zs T2y A Tl B o . . B
PR RA LA A TR AN A, B 1 3 (14) ~ (16) A 75 2 Ak 5 Caes ) AT Cay s
3 ™ pi=! — v TN . N N TR= N N =9 —
TACTRAARAR TS = MO AR PBOCR I g 2 B0 5028 B RO 0 B 1524
SRR 2R
yz(yl—b) C’_a ,_(I]_d) d_b -
(d—D*+ (c—a)? (d—D*+ (c—a)*
. B . an
x=(x — S +(y—b n—b
(d—b)*+ (c—a)? (d—b)*+ (c—a)?

AT LA S AR A B A s A B I A B 7 T A 15 28 58 AR A R e A&l 5 B R .
M, Cma ) 1 M, G ) o BICE S8 I Bt 2 R i A7 B AT 42 19 DC f7 ik B 3k 3K 31

b, Gl A Je BALF A Pr B 2OF B S . AR
R E=(1.8+6L/1 000) pum, i L A&k
3 LISISIE B (mm),
3.2 XBTRE
3.1 XLiEH XoF B F M AR A b 6 < 6 £ 5 I HE S AE 3 AN

PR AR 1 B0 8 AR K 6 e HEAT R AR 1 B MESE 0. BRI 6 s



202 b=

1% TR 503 %

E5 SiEmTrf
Fig. 5 Experiment platform

K6 scni i

Fig. 6 Flowchart of experiment
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(a) Grid picture of imaging instrument

W Z4e V-5 & FERE & BE 4. B T2 1R AL
MTAEG L &g P amiEk et %,
Pl 6 P B 224 R DUBESE & °F 1l o 5
HE S it Ry JE ST AR bR R . A AR R
BT e 6 b AR AR Sk A R AR AR O
5 Z RN A br R SR B E S WA S
A bRl 7 1) R 5 AR A R AR R Y
BRI K A 7 FR . KX
2T T HRAE A 4 A B8 I B8 S AR Ry A
— R S I E 7 (b B R . R RS AR P
A bR IC a5 I A TT LA B LR 7 I 4R
W) o PR G U B E B 90° , $4 Y I+ iy A
Pric sl (BEFE 907 & B ) . B 30 i 1 1] Jig
B 90°, oA A B [m] 3 5L A5 A7 B BT e AL MR 22,
BEREF-H# &y Bl )7 ] (9 7 A R e M A% A 1) A
R — A B RS AR B BT A i A de A
— B BRI CF- A7 8 D 5 54D
3.3 ETWER

Fie BR 1R 20 TR 3] 5L 0 B L AR AR 28
B e B R R 3 RS HE SRS B AR D AL x
Ay WM RSIRZE G, MG, K 1 PR,

(b) Z e A b e U AR A

(b) Sketch picture of scale mark coordinate

7 A Bl DU AR AR A HE 51
Fig. 7 Grid array on grid plate



H1m FERAK T AR 1% 22 73 25 1 A M HEROR 203
£1 BRUAKEER
Tab.1 Calibration results of imaging instrument (pm)
Fe G, G, K5 G, G, Ak G. G, Ak G, G,
1 —0.2773 —0.4112 10 0.262 0.155 6 19 0.253 6 0.154 1 28 0.196 1 0.277 0
2 0.3136 —0.1288 11 —0.3406 0.100 8 20 0.2622 —0.307 3 29 —0.2159 0.369 9
3 0.2315 —0.2742 12 0.4007 —0.4589 21 0.2034 —0.246 5 30 —0.1827 —0.2696
4 0.2630 —0.2450 13 0.0316 —0.1735 22 0.046 4 0.012 7 31 —0.3799 —0.0318
5 0.418 1 0.064 1 14 —0.3358 —0.1609 23 —0.3337 0.497 1 32 —0.152 1 0.344 6
6 —0.173 6 0.1299 15 —0.008 1 0.165 8 24 0.079 8 —0.049 2 33 0.3991 —0.187 4
7 —0.2831 0.1023 16 —0.125 3 0.160 1 25 —0.0797 0.095 0 34 0.175 3 0.328 0
8§ —0.2551 0.4309 17 —0.104 9 0.3957 26 —0.2874 —0.2237 35 0.172 3 0.388 2
9 —0.4813 —0.1046 18 —0.2059 —0.3077 27 0.2201 —0.1540 36 —0.0067 —0.2373
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Fig.9 Calculated results of calibration algorithm
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