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Chest Ring Target Distortion Correction Algorithm
Based on Convolutional Neural Network
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Abstract: Live firing is a basic military training item of the army. The bullet hole identi fication and posi-
tioning system based on computer vision in the existing target detection system is widely used in this project
because it is fast, accurate, safeand it has a low personnel cost. However, the image processed by the com-
puter vision system is usually af fected by the lens processing technology. Inaddition, the axis of the camera
is not perpendicular to the plane where the measured object is located s so the image distortion of the meas-
ured object is resulted in, and the accurate positioning error of the coordinate position of the bullet hole is
generated. In order to improve the accuracy of automatic target reporting system based on computer vision ,

a distortion correction algorithm based on convolutional neural network s which can simulate a large number
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of training data sets with only one template image of the chest circle target surface is proposed in this pa-

per. When the training is completed , the distortion parameters of the image can be obtained by inputting a

distorted image s and the image distortion correction can be completed by using the parameters. Compared

with the traditional correction algorithm, the results show that the algorithm has a good correction ef fect

and is conducive to improving the accuracy of the automatic target detection system based on computer vision.

Key words: machine vision system; image distortion; correction algorithm ; convolutional neural network

03 %

SH AT R AR R 5 H L
MBIl — R B TR A
SR T T 5 R A R LA %2
B EEHHAE % RS, fEA
ARRAA Y SR RS h  HETFALILE
HOAR ML LI S B R S SR A
TP R R (R, T
BUBLSE A 152 5 4 PR A B 5%
T 4 2 IR BELAR . 5 DB R S5 B
{9038 BT T T2 L BB 5 e
A 1 1 76 T LRI BUR GE K
RSN (1 BT 4% LS S S
SRR, B LG R P 14
AR AL R S ISR G, AL
REHER PE 72 T R ORI . DAY 1 S
SR WL 2 T A ORI ) P A7
BAES . RAESM IR th TR
—HRE PSP ERKBRE, 5 Frk
SR A LA 0 A TR A 1 BB T
R 0 5% WA K, FLREE T 3 — i
A6 AR BEAT UG 11 €2 E o ML
BRI E T . U, A% S X L
(S G T — 0 4 B 22 4 10 B
TESE . SRS L. B TE AR A
o AR TR TR
1A R SRR

FHEEBLLIE TR S0 L M AR 15 B P 1 7
Ao b, Sl M R GOF T L A
B m e,y ) FR ML R R R T
MO SRR A AR m, (o s 3 F% M AERR
A R B AR 5 0 A SR

http: //journal.sitp.ac.cn/hw

G AR LR P B AR OB R, Rt T PR AR T S PR
B RGN A L. B AR R I
AT AR R Z KA

TSR bR 2B R R G R SR A bR
. Bz AR B AR N IEAE, XE T XA A A
P W ARG AR T B S B IR . A ds
HH Xy Y Zy) Fon . AHPLAAR RIDJR S O
O ALE, BUNLBG L. XA Y 4
VAT TR ARAR R B X B Y . Z B FAT T
AR, HARARE A (Xe, Yo, Zo) Fow., B
BA bR R AT, Hr s A BRI O
X iR Y 015 5 TR P A5 L AT, HAR AR
B (x, ER, RIRREP Y EL AN mm,
G FE AL bR R 5 G A bR R AL 7 [F]— P b,
JE O, A7 T EUR B 22 A, H A A Cucs
VIR THRHIILGE 3R G0 R 2 1 R 2 2T 1K
ek, BIEEBRNBREMEAAME MXN A
gzt

TR Z AR R, Tok I WR 2 7E R AL
EHRYELRSY ., B, 7E RRE G e A 5
BRIt (2, ) RN EMGBRER S B A bR, W
ROEWSEAE ERAAR R L. B 2 Rk
TN BIRRZE R,

B2% . EMGAARRZ BRI .

Mzé—’—uo
@)
v = %‘FUO
FHFF R AR B 2 (1) e B [ X

1

A R

v|= 1 2)
0 — v

L dy "Ly
0 1

INFRARED (MONTHLY)/VOL.44, N0.12, DEC 2023



34 AR ) 2023 4 12 A
L1 S BRAG LA R IR 3R 4 (R
SR (R AT T T AT o s o) 2 IR A L IXe
BRAR B ARBR . e Ty 551 PR A B - X (3)
R 2 7 P A B 1 4 B R yzgg
AL, BB RZFGHIORIT e o
Xc
[ N .
1 0 0 1 o)
1
LA b 2 ST AR R A C R T
Xe Xw
Ye R t)\|Yw
2 [OT 1] Zw )
1 1

K2 2R KBAeRRZBR R RK

L 0 u
u dx “I(f 0 0 o0
R
Z‘”o;voofO()(o'r
y 0 0 1 0
0o o0 1
Xy Xy
Y Y
—KM,| " |l=M " |=
Zw Zw
1 1

INFRARED (MONTHLY)/VOL.44, N0.12, DEC 2023

A, ROFHEFERE, =Rl 33 ik
ARG E] ;s « N =GR ety s )
KD ~KGEEGERELR N

XW XW

- a, vy, O
Lw ) 0f 1) Zw
0 0 1 0
1 1
Xw
myy My Nz My YW
My Ny Maz Ny ZW (6)
mz Mgz Mzz Mgy 1

http://journal.sitp.ac.cn/hw



544 %, 12 W

a4 35

Ky a, fla, 302 BB AR R X J5 1a Fl Y
T ERRERNT; KWSEPET a. a.
wo~ v FFAANLNERSEL, B ARRR A N 25 I 5
M, L E e R AR ) i 0. M, BEFR
HINSHIE, R Mt B M RBSEHE .

Z O, HHEAL G R SR BUR R A R
AVER . BRI A A 22 ) BRAEDIR S . B2 4
SN T T A FARBLAL & 2 5 UL A% 008 AR
ARG NAR TR PO 2 AR O TR R B Y Al
i R R AR, R s A R AR 2P Y e AR
REAY 4 PR AU T AR AR AL A A 2R A 4 3]
BB AL bR 2 I B2 TR as e A2, B E AR R
FUARR (o, oy, ) WS TIN W 722 5 2 4 R SEE PR AR 2R A
AEBR (s yi) o AILAF LG 2R 58 1Y (BTG I 2 1 e
AR T] R

x; = x, +o,
(7
{y, =y, to,
K, o, Mo, BEMGAELIER LR, GER
] ) [ PR A2
A ) W 722 1 0 B R ] 3R
o, = x, (ki + kyrt + kyr®)
{ay = v, (b Hkor' + Ryr®)
X, kL ke
Jal
YIJ ) g A2 19 B B R ] 7R O
o, = p2 3zl + yI) +2pi2,y,
{oy = p (22 +3y5) 4+ 2p,2,y,
Kby poy po AU S SHL

Vg A2 1o W 7L T ] B AR AR AL £ R
e 3 P A i A28 25 5 VR T T S B R Y R 2tk
WRj 725 AL Y

x; = x,+a, (kyr? + kort 4+ kor®)
+ 0. Bxl + ¥ +2pix,y,
vi = v, + v, kit + kyrt + byr®)
+ pr (2l 43y + 2poa,y,

K ks ks ks pos po WIS
RN AR HIE D= (ki s kos kys prs po)s
(, s y,) 2 FAE Y T i A2 15 00 N AR R s Ak
Wos (s v 52 (o s v, B AR I 1 B R ZR S

(8)

ks 3278 A% ) W AL SR r =

(9

(10

http: //journal.sitp.ac.cn/hw

AR
2 B AR EH R

ARSI T EIMGAE L PR BRI K 1 A LA
P 22 5 W A0 R B AN TR) i RS . i b semT 0
Jf 2 P AR R b B AR SRR Ry ko ks
D Pos T UABCHEBE ) A il A B R 0 AR R
LR VAR Y rp (% W AR 2 AIOR B AL AR B e A8 AR B AN
R RS . BRI, T35 8002 W 4% 9 [a] 15 1)
HE, £ 48 By i A EIRE To s 43 2 Ab B, 5K
¥, ASCHH MATLAB L K LABEL R %%
T 57 Wy A5 RGBT 6 0L 1) W A8 S U B D, FEAL
ar ot RGN SEPR TR, RHE 44, H
AR HE J& 4~ 300 mm 78 Bl N F £ &9
A A o) A B D PRI AE R B X 5 S Ry
ko kyy po po WIRAE, FEH FH A5 BE Y A ek
ARAERE i AR AR Y R TR T B AR
PR AR 20T T U0 2 i e A8 AR . FH ok A= ey
75 S B A 4 G B A R T R R R an /3
FT7R

P 3 oA 7™ A e A B J 2 4 1 ] £

8 X Wi A2 P PGB AP A S A AN T b X
SRR . FFAEHL AL 5 R LY fR
Bl PN AN W3 AR PRGOS AR i o X
5 AR S HORAE S, BEHEAT PR IAE . A 2R
HRAE e KAV B N AT IR (R, IR A R B &
FRHEE L R IOEM . R S AWk
B A T P 23 0] g A8 2 B A AL
. EREB T HEE R, BRI .

INFRARED (MONTHLY)/VOL.44, N0.12, DEC 2023



36 a4

2023 4 12 A

S R LR N

kyskyskssprsp€E—01%[—1,1] U E—02

#*[—1, 1] UUE—03%[— 1,1+

UE—09%[—1,1] an

AR SCHE T IR AR L A Wiy 2R A R AR ALL 2R il 1
12000 7K MFAZ 15 . R0ds 4 HUII 254 ) 358 70 Wy
A GBI A 4 Frs .
3 P 4 A A R Ut RO
3.1 #ElgIT

R 22 R 28— B A Z | BEOR0Z F
RS, Ho . ROz h B RUZ . ik
JER AR R A AL . 2 PR 2 I 45 A5 0 1 1P
S0 R 32 R T R 2 A v 44 SR AR K L
LA RSB EIRECE . SRR ML, HIE
2N UL 5 BB O MR, B R Y OB B 4 R
e AR SO A AR 25 000 245 %) W 7S [
AT, 5 X P A5 I 4 e W 2 A Y 3 A7 SR e
SRR T S

AR SCBET B T 1 G i AR A T B B A AR
MMM AZ. ZRERE. =R
2. MR ERERE U g A ., A
INGRA p BRUZ R /B R, dd &l 2
JRERZ . MRHE EE ] 22ad B 2 A 2 ek
SHCER, $E T NI Bl A RE T,

INFRARED (MONTHLY)/VOL.44, N0.12, DEC 2023

AT TERIMERE . AN, SR/INE B T LA
WG SE, TR, X T M2
TR BRRZ, ASCERA T relu JE M
B, HEHENA T RS, 7EX— R
BRI MiJE— 22 0 a5 R kAT
Ji AL AL B IR A A 422 . BE B
SERAY N AR S, 6 B N 4% 11 3%
R ZE R IR 5 s
3.2 BTRIE

TE£E = 5 I A 114 i A T TR LI 6D
e Hom A B C 2GR i AL b A5 2] 9 4
RN ki ko piy po by 555 ADEURAELME
AR B TR B AR SR, MBS R R AR S
B XX =AU R S 1 KR R 2 1 e AR
RV AT SR A . A5 LR T i A S8 &y
=—1.223522 X 107%, k, = 3.572984 X 10%,
p1=—6.985934X10"°, p,=09.065283X10*,
ky=—2.906040X 1075 £, =3.982671X 10",
k, = — 5.925159 X 107*, p, = — 1.168219 X
107", p,=—1.075688 X 107", k, = —6.867518
X107°; k) =—7.136880 X 10", k, =1.187411
X107", p=—9.908408 X 10~°, p,=5. 333640
X107, ky =6.974185X 10 °, DL I S %43 9
h K = AL L GE R G I W AR S

http://journal.sitp.ac.cn/hw



544, 12 W PARNEE |

37

5 5 B 22 I 2% 1) R (AR L 254 ]

Pl 6 LA I A2 PR

IRJE AR IR EAS S A, 3R R ST
Wiy 728 R 28 5% JH 3000 T AP iy e A PR AT A OE
ARICHE MATLAB 83t 17 T FR A IE 1Y 2
Feo B 7 iz AR A .

FEIETFAR I, o 50l g A W A2 9 TR R
Foks PG 25 AR 2R B0 K B U 3% A B B
B, SRJAFE T EORAT Y JRIR IR 28 AT AR R
ICREAME R SR SEBR AL bR A5 (s ) BIERS I Y
2R PR A AR i (s 30 o WERTH B Y (s
VO RN ERER, ] R M A A TR
SR BEAR T ARAR 5 (e ) B K RE S 35
FERIEJE B L/ (s v e B S5 R A7 18
EJG AR IR A RY BRI SR, 4 B AL
BRI TAF R . BB IE A A i X 28R an
8 Fizi

R GE VY 535 5 75 15 MR IERCR U 8] 9
P, kXt a8 59 AT LUA . A SCEP
X ) L THT PR 54 ) W 8 T Bk ROR A
i AT T A ShR AR R SR I RS L

http: //journal.sitp.ac.cn/hw

IV Y W

INFRARED (MONTHLY)/VOL.44, N0.12, DEC 2023



38 a4

2023 4 12 A

Kl 8 ARSI IEf B R ER

4 % FKE

ARG 5 X5 8 1 B4R 80 R B T 5T 4
BT+ P50 0 75 522 I 5 6 8 1 ) 0, 422 11
TP T M 22 2 I W A e TR . R
S P50 25 A 80 () W 8 S B £ 7 5 SR A 1 7
W, ST X RGEUR AL TE . L5 Mk A
SRIBWAESBZ N, TE BRI £
G F A 2 B M IR BE . 1R 2 R~
Ty, T LT Lk & S R W
A BRI SR A R R B, 4 R WS A IF
M A SO T i W AL A A [

INFRARED (MONTHLY)/VOL.44, N0.12, DEC 2023

BORRER ) MR AR MR AL Y i A2 S 4. FRAT]
A MATLAB U K AL 298 3 4 i 22
REPEAN RGBSR . I AT D Hodls B X 1t 28 )
AT IR NGRS . A — Tk A
EIN R G ENALSR el R O L R
56 WO R I AR AL TE . BT S Y 5 RE
ATTRHE RGN K . A SO A TR
(1% e B8 1 A PR I RA R AT T R,
TG T L A X FE S R T, AR SCHRE AL
IEFEACR AL A M TR R T AL
9 A B3 2R 40 O AR JEE

http://journal.sitp.ac.cn/hw



544, 12 a s 39

&9 A% 58 Y i3 5 07 v I RS TEBCR
929-947.

L4 BRI A:, XA, 4. LS aE RF A
MRS h 2R ES (1], RKEBEIKREZ
., 2004, 48(3): 332-334.

(5] Z=& . 35T 008 K I i) i AR50 17 Bl i 40 R 46
5% [D]. BH . PLFA Tl K24, 2018.

(6] A5, MR e, k. 3T I ) 58 R HOE W

2% Lk

L1 BN, BRGERD, WK, 5. —Fh e Tt 5L
PLE ) I BR A S AL A 7 vk ()], ESREET
ZW, 2021, 421D 157-162.

[2] Shao Y F, Zhang L, Wu G W. The visual detec-
tion of bullet holes in a target [CJ]. Beijing: 5th

International Conference on Signal Processing.,

2000,

[3] Sun Q, LiC, Zheng J. Effects of camera lens dis-

tortion on particle size and shape characterizations

LJ]. Geotechnical Testing Journal , 2021, 44(4) .

http: //journal.sitp.ac.cn/hw

i ¥ R 40 K e 8 77 7. CN113983871B [P.
2023—04—25.

(71 XIScHs. skae. oAy, 5. R TRIGLHMN A

SR T e K R %5 . CN115690408A [P]. 2023—
02-03.

INFRARED (MONTHLY)/VOL.44, N0.12, DEC 2023



40

AN

2023 4 12 A

[8] KR4, AREM, WA, . MR E X £ K

AR S5 R m [J], BRVLSER
ANXBESGMA, 2019, 19(4) . 26—29.

L9] RARW . BLosA . §1d . ARR BRI )RR

HLAFRE [J]. HEHFR, 2002, 25(3): 276—
283.

[10] B, HeT CNN RYHL &L 22 58 P 15 i 728 A% I

FAEBETE [D]. KA B, 2022.

[11] Li Z, Zhao X. BP artificial neural network based

wave front correction for sensor-less free space op-
tics communication [ J]. Optics Communications ,

2017, 385: 219-228.

[12] Lecun Y, Bengio Y, Hinton G. Deep learning

[J]. Nature, 2015, 521(7553) : 436—444.

INFRARED (MONTHLY)/VOL.44, N0.12, DEC 2023

[13]

[14]

[15]

Samudre P, Shende P, Jaiswal V. Optimizing per-
formance of convolutional neural network using
computing technique [ C]. Pune: 2019 IEEE 5th
International Conference for Convergence in Tech-
nology » 2019.

Cresson R. A Framework for Remote Sensing Im-
ages Processing Using Deep Learning Techniques
[J]. IEEE Geoscience and Remote Sensing Let-
ters, 2019, 16(1): 25-29.

Pei Y, Huang Y, Zou Q, et al. Effects of image
degradation and degradation removal to CNN-
based image classification [ J]. IEEE Transactions
on Pattern Analysis and Machine Intelligence,
2019, 43(4) . 1239-1253.

http://journal.sitp.ac.cn/hw



