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Abstract To improve the accuracy of gun image stabilization calibration, a fitting calibration model was designed to
improve the calibration property of a gun’s collimator, which is expected to increase the shell’s hitting probability.
A threshold segmentation model fused via frequency-domain filtering was constructed to eliminate the influence of
uneven imaging gray levels. A long line-fitting model and calibration-positioning axis model were constructed to
calibrate the target center and realize accurate detection of the image’s stabilization calibration, respectively. The
results demonstrate that the proposed method exhibits good segmentation and denoising effect and can effectively
eliminate the uneven phenomenon of imaging gray levels. The fitting correlation coefficient of the horizontal and
vertical demarcated long lines is 0.995646 and 0.993913, respectively, and the calibration error of horizontal and
vertical coordinates is less than or equal to 0.15% and 0.005%, respectively. Overall, the experimental results
demonstrate that the designed calibration method can accurately achieve calibration detection of gun sight.
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Table 1 Related parameters of calibration device
Device Parameter Content
Resolution 4X10° dpi/8X10° pixel
Horizontal viewing angle /(%) 63
Camera Pixel size /pm 1.4
Pixel 3264 X2448
Focal length /mm 3.6
Cross line width /pm 22
Reticle Diameter /mm 14
Thickness /mm 2.38
Divider in the sight. a lattice is a mil and a mil is 1/6000 degrees
Magnification /times 3.7
Gun sight Field of view 10°25'
Exit pupil diameter /mm 4
Exit pupil distance /mm 20
Camera and gun sight height /cm 15
Calibration parameter Reticle height /cm 15
Calibration distance /cm 20
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Fig. 2 Flow chart of the proposed algorithm
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Table 2 Time consuming test of threshold segmentation

unit: s

Serial No. OTSU IST Wallner Bradley Proposed method
1 0.624 0.652 0. 609 0.812 1. 802
2 0. 643 0. 640 0. 657 0. 824 1. 887
3 0. 647 0. 630 0. 668 0. 808 1. 854

3.2 KEZHESERNK

& 6 3T Hough &l (Y LSM K FLZ 34
R K 7 T AE AR R h & G L TT
DIBH B E Y, P B3t 09 3 T RE R RS LSM RE %
K MEH G 1 B2, R J5 Sibr e 4 Lt
3.3 TR

K7 R A it i 3 T HLA K B4 LSD J&
S 2 b S A IR 7 A 38 7R R G AR
BB R IS 0 28 AL AR 28k AR B 20 1 i 1k
AR TR it 05 22 A bR BEAS ER
3.4 EEHRER

IDINER T Eg RN P T BL

WA B AR e A A3

R=ER (Tt ) )

i=1

g, 0, 430K o WP EMbREZE  p, 0, 5
SRy BSEEE AR E 2. MO RECR B EY
[—1,1].29 R=0 B, /R EHE M X REC 0CR A
K) M R=+1 W, Fm 5 A, et (o s y) 15
MAGHEAERI A L b, R BHEIT 1,0 (r . y)
SEEAU A LR BOHE A G P B i, ¢ BR A AL G Bl F
LA AR B g s R B30 0, B A5 (e s y) 3
L2 HICEE AR L 50 A O T AN
FEIA BE S b B AL R 6 K IR AT
R INKHL G & &5, 65K A [ FE A 1 48 5

1510001-6



srcimage

ROI mask

F 415 F15H/2021 £8 B/ ¥R

Hough+LSM

K6 KELMasf

Fig. 6 Long line fitting results

ROI Cmask

srcimage

LSD+clustering

mean calibration

Pl 7 LSD J& ¥ i £ A e E i 45

Fig. 7 LSD local short line calibration and positioning results

B B (Ry ARy ) 43 R 0. 995646 Al
0.993913, Ny F1 Ny 43 5 3R 7R & 1a) F0\ ) b H T
HEMXERAHEW AR, 5 1 0WEHETHNHR
0. 004354 F1 0. 006087 , & B JIr 2 11 A T4k 401 A5 A A2
RE M JC 158 M L5 K ELER L 0B B9 B RO B
WEFRANBL 1.0%.

#£3 KAHAKMGERD

Table 2 Quantitative analysis of long line fitting

D N. Ry Ny Ry
1 30 0.985814 16 —0.987986
2 26 0. 999770 14 —0.999841
3 26 —0.998681 14 0.998974
4 16 —0.998672 22 0.998774
5 16 0.997956 10 —0.997369
6 32 0.992983 30 —0.980534
Mean value 0.995646 0.993913
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Fig. 8 Local short line calibration and positioning model
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Table 4 Quantitative analysis of calibration error

D 1 2 3 4 5 6
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Quantitative analysis of calibration coefficient
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Table 6 Quantitative analysis of calibration

. Test 1
Rotation

Test 2 Test 3

X position Calibration

angle /mil

X position

Calibration X position Calibration

in image angle /mil in image angle /mil in image angle /mil

4 1509. 49 4. 00970 1509. 54 3.99015 1509. 08 4.00417
3 1560. 08 3.01078 1561.43 2.96556 1560. 19 2.99498
2 1610. 42 2.01679 1611.78 1.97138 1610. 36 2.00435
1 1663. 04 0.97779 1662. 02 0.97937 1664. 48 0. 93583
0 1712. 56 0 1711.62 0 1711. 87 0
—1 1765. 17 1. 03880 1762. 45 1. 00366 1765. 56 1. 06013
—2 1814. 67 2.01620 1815. 19 2.04503 1814. 74 2.03121
—3 1867.01 3.04967 1868. 47 3.09706 1867. 90 3. 08087
—4 1919. 32 4. 08256 1918. 03 4.07565 1920. 15 4.11257
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