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High-Precision Camera Calibration Method Based on Sub-Pixel Edge
Detection
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Abstract In many practical application scenarios, the camera calibration is not highly accurate due to unclear calibration
images and low target detection accuracy, which limits the improvement of measurement accuracy. To solve this problem,
a binocular camera calibration method based on sub-pixel edge detection is proposed. The initial integer-pixel edge values
of the target identification points are obtained by an adaptive double-threshold Canny operator. In addition, the initial
integer-pixel edge values are taken as the center to estimate the second-order edge parameters of a discontinuous edge
model based on the partial area effects, and ellipse fitting on the set of sub-pixel edge points is performed to obtain the
accurate position of the target identification points. Finally, the set of the identification points used to solve the calibration
parameters is obtained by correcting the sorting position of these points, which thus achieves the high precision calibration
of cameras under complex environments. The test experiments on typical calibration scenarios show that, compared with
the existing methods, the proposed method can improve the calibration accuracy by 23% in a conventional environment
and 68% in a high-temperature oven environment with low contrast and relative resolution, respectively.
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Fig. 1 Schematic diagram of ideal pinhole camera model

Mgl R 28 0. 01 mm) o py S BRI 3Z ] F A 5]
EORIURE N AN ] T SAERZ e =1/ N I LY TN OAER TN SRS
B2 1 A AT sk bt BRRE X S B R AR AR B AR R AR AR
QAN 15 BT 45 (0] L, 3 B R 25 1 24 oy i ARG B o A
W, SN AILAR A 0 TR 1R 25 $E T p SR R
WEREXELR,

3 HETWARE GG B b o Jr

A B A AR TSI AR G IO JEE A AR B L kL R T —
o 35 1 3P AR 3R i G A I 9 X H A LA 72 D70 L AT A K
& 5 po i WK DR JEE o B AN B 5 3 A 20 O R B AT Y

-

BARF DGR AR Z D GRS AR 507 B HE P
B E = AR Ay BIAE 3. 1~3. 3 Wil AT T AN 44 .
HRm, 3 AT AT T AL .
3.1 BIRRAKNBBRIBLSEERE

AR IS B b PR s A B AR K 2% 10 E G 2 PR )
P A2 AL R AR R A 30 Gk e BT (R, A
T 8 7 G 2R o R AR B G A T o A A IR 2 P
I o AR AR BR T Gk ARG DA JEE S ARG B R AR
Jesk H Canny 572K UL & 17 5t SR IR R IR G 1 &%
P8, PR 3 [5 E2 $E B 8 JLART A, X ¥R 5 10 Gk it A B
Ve HEBR , e & B T XL AR AR IR R B R R L &%
ARHL

K2 R bR IR AT AR AR AR o () JRUA AR E LR 5 (D) IRA 4% 5 (o) HUARPR IR AT 1 4

Fig. 2 Integer pixel detection process of target marking points. (a) Original calibration picture; (b) mixed edges; (c) edges of target

marking points
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Fig. 3 Sub-pixel edge estimation method for circular features
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Fig. 4 Solution process of edge line
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Fig. 5 Coordinate position correction of marking points
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Fig. 6 Summary of proposed calibration method
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Fig. 7 Size drawings of two different specifications of calibration board. (a) Calibration board 1; (b) calibration board 2
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Fig. 8 Calibration pictures in normal environment
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Fig. 9

Calibration results of four methods in normal environment. (a) Global threshold centroid detection method; (b) centroid

detection method based on watershed image segmentation; (c) traditional ellipse fitting detection method; (d) proposed method
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Fig. 10 Comparison of calibration results of four different

detection methods in conventional environment
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