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Calibration Method with Separation Pattern of a Single-Camera
Based on Difference Coordinates

Li Weimin Yu Qiaoyun Liu Chao
(Department of Precision Machinery and Precision Instrumentation , University of Science
and Technology of China , Hefei 230027)

Abstract: The difference calibration and separation patterns are used to calibrate a single-camera with high
precision. Several separation calibration patterns with small size are put on the object plane of the camera. Each
pattern has some spot array with high precision. Gaussian curved-surface fitting method is used to get the position of
spot on the CCD image plane, and the stability (RMS) of measurement result of the spot position is 1 ym (about
0.0053 CCD pixel). The object plane difference coordinates of the reference points on the same calibration pattern
are used to calibrate the camera. The mapping relationship between the object plane and the image plane is
established with the biquadratic curved-surface fitting method. There is not need for the distance between the
patterns. The integer pattern with large dimension is replaced by the several small difference patterns. The difficulty
to manufacture the large pattern is avoided. When the error of the relative angle between the patterns is less than
60”. The experiment results show that the calibrated mean value of residual error is 4. 8 um (about 0.028 CCD

pixels) .
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Fig.1 Schematic of the spot array on the integer

calibration pattern
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Fig. 2 Configuration of the spot array on the
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Fig. 3 Schematic of the gray distribution
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Table 1 Stability (RMS) of measurement results of the spot

position with Gaussian curved-surface fitting method

RMS /pixel Maximum error /pixel
0. 0039 0.0237
y 0. 0053 0.0286
RARGH B EEN CCOBRERTHY TYE
£ 174.9 pm,
2.3 BREFE

HREILEBIARE R 28X 28 -6 A1 I 45 TH AL A
Ja s FIFHIX 784 A o AR T AL AR » B8 ST ) T AL A
F uov HREALIRR zoy WBLHT SRR, RA MK
LA T2 BB zoy AAREEH B uov AFRIN A
TSR, XUESEPELAE T HEL LA R
5BB A% RGEAEEFIRENZW,

X F 4 8 FE b AR R AL W0 T AR AR C(us o) BT L
PG AR (x, )RR, MK XPR.

u=a, taxz+ay+asz®+ay* +asxzy +
asx® +a;y° taszly +asxy® + aox* +
any' tapxy® tas®y+tauxy’,

v=by +bix+ by + by x* + b, y* + bsxy +
bex® + b,y + s’y + byxy® + brox* +
buy* +bxy® + b2y + by, (3

XHFBRGAE 784 A mL, T LA 784 X AR J7
BB R F KRB 30 S & @h,al, -,
a' s 50’500 R BE IR 2 PR  F FIaX
30 B E KR EMR L 784 4Nk A AR T A AR (s
¥ RA@) K3 X, AT LR 784 4~ RATEYI T
MELA A A7 (o', R TS L5 3B il 1w 4 A R
(' 50" MR EFR AR (uy0) ZIAIRYIRZE (A = u—
W Av=v—1),

et P EFRZE R Ar = VAU + AV,

(2)
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Table 2 Parameters of calibration equation with integer pattern and difference pattern

Integer pattern

Difference and separation pattern

~.

' b a’; b
0 —3.11171927559155 —2.96353738518535 —3.10791574764910 —2.95480979170476
1 0.00436419185621 0. 35650995116671 0.00363709684412 0. 35621264510791
2 0.35231101661054 0.00182151675455 0.35242400717181 0.00126780577052
3 —0.00005010780431 —0.00014042990152 —0.00001420520237 —0.00010868014112
4 —0.00005197196349 —0.00002866912120 —0.00004106211881 0. 00000766637509
5 —0.00009475615290 —0.00001790772577 —0.00012174481682 —0.00005714299753
6 0.00000024676340 0. 00000077495550 —0.00000025928072 0. 00000019886180
7 0.00000055944374 —0.00000004951007 0. 00000030239025 —0.00000067905823
8 0.00000061478032 —0.00000007781012 0. 00000080817771 0. 00000023975157
9 —0. 00000003070256 0.00000056787891 0. 00000032064633 0. 00000105773750
10 —0.00000000125142 —0. 00000000070010 0. 00000000109551 0. 00000000216654
11 0. 00000000059775 0. 00000000004282 0. 00000000190504 0. 00000000320278
12 —0.00000000013584 0.00000000100687 —0. 00000000049780 0. 00000000052769
13 0.00000000013010 0. 00000000091640 0. 00000000023604 0. 00000000167426
14 0. 00000000043894 —0.00000000065112 —0.00000000209091 —0. 00000000513262

AR LI RN EREVLHENR
2.6008 gm,ft‘%ﬁ 1. 6687 um, WER.784 &
MR A BRI SRR 3.3 4 PR,

£ 3 ARRETAT R ERERIHFR
Table 3 Statistics of the residual error with different

calibration methods

Number of Integer Separation Difference
points /pm pattern pattern pattern
<5 727 661 545
5~10 55 118 221
10~15 1 3 16
15~20 1 2 1
20~30 0 0 1

£4 AEAMEFR TR EREWHE. FEMBEKRME
Table 4 Mean value, standard deviation and maximum value

of the residual error with different calibration

methods
Residual Integer Separation Difference
error /pm pattern  pattern pattern
Mean value 2.6008  3.2479 3.8627
Standard deviation  1.6687  1.9942 2.1697
Maximum value  18.17788 15.60095  25.03860
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Fig. 4 Schematic of the spot array on separation

calibration pattern
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Fig. 5 Distribution of residual error in the difference

and separation pattern
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