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Image test system for gun stabilization accuracy
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Abstract: An image test system using a CCD and a standard target was established to measure the stabiliza-
tion accuracy of a gun control system. The principle and structures of the system were introduced. and its key
algorithms such as image pretreatment, template matching, the orientation of target cross center and system
calibration were investigated. In order to remove the disturbance of the reticle of graduation board on the tar-
get cross, the algorithm of the switching median filter was presented. After choosing the grayscale transfor-
mation to improve the image contrast, the algorithms for fabricating and matching the template were analyzed
and chosen. Then, the orientation algorithms of pixel and subpixel for target cross center were presented. Fi-
nally, the angle resolution of the system pixel was confirmed using a calibration method based on active vi-
sion, The result indicates that the test accuracy has been better than 0. 07 mil, which meets the practical test
requirement and implements the stabilization accuracy measurement of modern fire-control systems with stabi-
lized guns in firing ranges.

Key words: image test system; gun; stabilization accuracy; CCDj; active vision

Wi B HI:2011-07-07 ;41T H #1:2011-09-06.
HEWH:"+— 51" EH R & T3 4 % BT H (No. AL-CGJ-CG-0980)



158 e KE TR

5 20 &

e

|

OMLRR E A B S 48 3 T ke B 8 o 0 45 I
AR IS By ad B rpox B 5 AR AR RE B 2l Y g
71, LR B IR 4 FR G AT i 100 S o RS B AN
i SR B TA] L PR I L 25 T H B e A A A A
¥ 7 Go e e VE R 10 JC BT A, b )2 BB 3 75 A% B
T2Vt DR 2 0 d =i O R AR S o B = I T E W
HRKEE AR KRG LW BE RS
PEREWL AR B T KW 0 £ T, A R b X I K B R
AN R A 42 1 T R R

UE AR, [ Y BHIF BE T B2 1) A R e A
MK AT PSD - 06 7% L 8 BE 24X
2 CCD+ MK AL BRE 4 DV 32 | 35 W A b 8 A+
BOG & -+ DV % DL R AR i #E 4k + CCD + DV
P, Hop PSD O B ik R A B AR R
(PSD) G HL 83 5 32 8 5 6RE 4% F 74 18] 1Y
H AV RS B SR AH XY 3 AN i R 25 8K
K ANTE A H0 S 14 BF AR 56 IR B L UG B SR A
45 K 17 B, F A7 A P AN T o 0 A0 AR AR
{18 F ] P55 G T L 2 B 45 o 1K RN iy A6 ) £ 7
B 2 (B0 A7 6 A A R DU BE W2 TG 1 RS 0 R 1E &
W (M A R AR AR L R I i 12k G T R S K
A oK. CCD+ W% A bRl + DV 3k 55 3% W] A bR
A OLR FDV et O S S A . Ax
HEREAR + CCD+DV A28 T 34T GIB 45 7€ 1y il
R (BRI B e T | ol T o S = R ]
BT & 04 6 AL 25 b R B SR 4 Ak 3 R 5
PG T ek 52 7 1 0 R /=046 R 381D 5 i) 28 K5 U3
SRS 1 L 8 TG 8 A T e 1 7oK

TR KR AR E RS B 0 DU K B S ROR
AR CCD $ - BRI B AR N T — &
TR R B MRS RS B BRI R S TR T
R G0 PR TR H AR AR DT IS | #0 bR o O /2 6 A
TG AR

2 MIRZRAEHMRE TR

2.1 MXBEFHEHR

ZIMIR R G BB e R U | SR
G s34 il B o A 485 X O 2 A 4 R, A 1
JiR . H A R B F 2l CCD IR

G¢ . HALZR G0 MUK 22 5% Je HL 230 0 4L s, T 2,
P 3 4300 Sy HOle 2 R G FOG LSS # 75 Z 8T, CCD
ARG H R G — B T B Yy B 7
T AR B 73 Ja A e v AR e T s UL %6 23
WM SR T ESN . FEERIE R
1 B TC T T 58 SR AL S N SR AR 5 A A OF [ i
B DA A5 5 2 26 23 i 85 50 O S

LRI

{E 5 LR

B1 ARGURE R R 2 A A

Fig. 1 Composing and setting of test system
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Fig. 2 Framework of optical system of the device for

obtaining datum line
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Fig. 3 Optical and machine framework of the device

for obtaining datum line

2.2 MREZEWITIERE

TR I B JHE o 2 AR R B e T M B A AR
B TE X i 5 R AR, Ol g 0 e i 2 AR —
KO R B TE X SR AR AT B 4R Rk R R R



1

PRI 25 < KO AR RE KT G R 52 159

il 550 S5 B il SR AR T AR X CCD Al 9 # 3)
B M52 58 o R 2R G A X g it PR AR 2 A T
A 3RS B 7 FE AR G o IR ARPE AT GIB
FHOCHRLE TSR T rp 5 CCD oty 1 f 25
AT 75 1) A A e G

3 MK ALGHME4HE &

I 2 G P Ak PR BRI Y S AR A ] 4 BT

K4 RGUE R BAL B R A
Fig. 4 Flowchart of image processing using system

software
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Fig. 5 Structure of switching median filter of linear

window
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Fig. 6 Effect of switching median filter
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Fig. 7 Effect of grayscale transformation

3.3 1RiRPLEL

A D e 3t 2 7E — IR AF R R R P 5 5
L AR Al P15 EL AT AR TR RS L ) R ER 1 H A
BRIV = 2% i A — 4> AR VG E 174 R AR A 1A L B
174 SRy VT C , 54 DG RS B f5c e ) IR B DXl 2 52
B H BRI A S AL B — 0 YRR A
i 7 2 s — Ao bR 5 R P O 7 L i
BFHRR . A oIR S0 JR) B Y /N B DX 015
PR 5 53— b 30 5 Bl s 6 48 328 JBC DX 3, F0KF T 3

P8 AR AR 2R

Fig. 8 Sketch map of fabrication template
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Tab. 1 Circumrotated angle of theodolite and corre-
sponding number of pixels
e i i IRFA
TEF ML/ ) BEBUA TEME/C) BER/A
1 6 260 545 7297 637
2 6 789 592 6 388 558
3 6 425 561 6 050 528
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Tab. 2 Contrast between system test result and circum-

rotated azimuth angle of theodolite

B TREEMEE/ ) MNKER /mil  2Z{H/mil

1 5 302 24. 492 0. 054
2 4 250 19. 625 0.051
3 3 600 16. 719 0. 052
4 2 250 10. 465 0. 048
5 1700 7.823 0. 047
6 830 3. 889 0. 046
7 454 2. 146 0. 044
8 242 1.079 0. 041
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Tab. 3 Contrast between system test result and circum-

rotated pitching angle of theodolite

FE BEREAE/C) MRS R/ mil 22 {H /mil
1 5 254 24. 268 0. 056
2 1 386 20. 253 0.053
3 3536 16. 421 0.051
4 2 258 10. 408 0.046
5 1685 7.849 0. 048
6 840 3. 844 0. 045
7 450 2.126 0.043
8 235 1. 046 0.042
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