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Application status and development trend of machine vision in military field
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( Unit 93160 of the People's Liberation Army, Beijing 100076, China )

Abstract: With the advantages of non-contact measurement, good real-time and sustainable work, machine vision technology
has broad application prospects in the military field. Based on the overview of key technologies, such as machine vision optical
lighting system, imaging system and visual information processing system, the application status of machine vision technology in
typical scenes, such as typical target recognition, personnel identification, equipment defect detection, and typical military
equipment in military field were analyzed in this paper. On this basis, the problems that still exist in the application of machine
vision in the military field, such as the visual sensor hardware system is difficult to adapt to the extreme environment, the
adaptability of complex military targets is insufficient, the real-time performance of target recognition is difficult to ensure, and the
ability of multi-sensor fusion to obtain military target information is insufficient, all those were pointed out in detail. Then the
future development trend of machine vision technology in military field was prospected. The results of this study can be used as a
reference for the further practical application of machine vision in the military field.

Key words: Machine vision; Military equipment; Target recognition; Anomaly detection

DOI: 10.12347/j.ycyk.20211115001

Citation: CHEN lJing, GONG Liming. Application status and development trend of machine vision in military field[J].
Journal of Telemetry, Tracking and Command, 2022, 43(6): 124-135.

51 85

PLESLIE S AR S E BEE TR B —T 1278, E2R TR DR S B 5 A
R KR FELER REA T, LI UG SIS R T AL BRI I A BRAR , AT e S8ORS HE HB5E 1
2RI S IR HIDCAT 551 MLESSEI DR . IUSEAE AL . A TARE . b — b
HIOGHARR, BATRSembE . e O REALAORRS, (e ARG A 2 ) I NIRRT, ek, L
PSR . G A8 o i8UN AL UG RN, TR,

Wk BB 2021-11-15 W& eehs H . 2022-06-28



2022 4F 11 H E N OE - 125 -

ChE TR 2035 A JEHmS ) rPOTHRTE 1 5 65 RE AR BRI AR AL 2% S LK B30 ) 4%
M EEED), SR HICH AR SRS A B 5 TSR A LR A o R PR 223015 AL
ARk, (PR ARSI E R 25T At 2 & SR AR+ DU TAF AL 2035 AR5t AR EE ) Bl a2
o CUREFLIHUMA S SER  FEAC E R OrTE, HESHHUMRALLS AR ARG R, TR
PER REAUERE P A g B AR A LBRAL A = K 5 B A, 5T B AN A A BRARAL SR BT R itt,
RSt i TR N TSR R, RIRTIHA K, W THRIMERGE N RAEZE L Hh,
PLESLSEEANE N5 BB EE AR T Bz —, XTI A i T B | A S a4
S AR RE 1 AT i T

M 20 122 70 AERIFLG, FEAVEHIFA SUEFFIATRZRAA ) 15 PG b R E 24l 1o F
B L0 1 R AR R R ST AT ST S SC SRR AN WA 2, AL BORTE R SR a8 S 3 p s v
AR HRCRAWN 2, BHRERIAWE K FE M AR M B T 4R GUR ML LS AH SSE AR BT
I, MRS I BRI BN GRS | s BRI AN A5 07 TS T — RANBFFTE R, 4271 1T A E
i RN SRR RE S . FRAEITARR, BEETHANIRRY: . fEhIRl: | SRR 2R R
ZAPIE G IARBHR A, HLEF LSS B R VAR, FRA MO AR B DU SR Tt

ASCHIGEL AR A BN 1 LA S AE G R I A, XS HIOCHI SR BEAT 14538, FFR
TR G AU I R T AA AR R & R TR FELCIERS b, XA A RS T 0. b
JER AT Ry AL GRS ) ZE 2R 2 Y R e AR R R I — 2 2%

1 2R AR A

PLE LS HA S I L 7B NI DI RE , MIREE Y R S U BT A T AL B, PILEs v
AREEALRE BRGSO . SR =, I BRI R G PMETE L. —
MR, DL RGHDCF IR RS . BURRSE . W3 (s BACFE R G %541 "
11 EFRIARS

2 IR R G R DGR LA E 7 IR B A, LATERRUG I 58 H 3 B bR i e AR e 4
EERHE . IERRIZ A IR R GRS T ar ks HAR 55 500088, LARRIRIEUR A AT o d5ci DLy
T 3k HOGIRT, Biltn, K&EHT R BRI TRt TR A B ER B R4,
R GER IR T SO CREHATCIR J6 SR SE RO, IR TARR B, DI A L T
VIS RYREREE . SR, HOGHRBH RGNS RS HOGA R 5, Wi T 2 s B BRI . 3
G OGS LED SRR, TR SE . 5 HOGMI, LED HAFERED . IKBUN, ks
P, AAADBRAFE BRI AR G, ik, B RS T — R T 2 DAL A 78 e S IR
ARG RARGE M RO TR B E SRS, TR, SRR /K&
BirEhil LED SR, 1M f5 8 R A 5 se i N
Fek ity syt . A GRS ’ " )
BT Z [a] Sy RE SR DG A, et 1 A H
GRS, SE TP IR A5 oA,
Bl 1 s fEAERaUH, ¥ LED ATHEAOGIR
B REdE A, i, VP R R T
MLTAME IR R G AT T 9. ks
TH T s 45 4 DMD ( Digtial Micromirror
Devices ) XFZLAMECHITRITIRAE, HRIEAT S B SARENRGOEELTTER
A AR BT R 86 5 GsR 445 , A Fig. 1 Schematic diagram of lens design to achieve
Mt AR IR RS, JHMH 740, m& uniform illumination

EARF- 1




SIS

- 126 - Mr 5%, ST EESSEBNNBANREL RBiEH 543 55 6 1)

S

RERS5E LS DMD #Y TAE B B AT WOGHER RILLAMNE B, SEx HARAY AR . BEX LRI S5 B 75
HRIAEER, PN I H Dammann SEAI S RS 5T BRI BTARSS A i SR T IR RS, 20k
PRI RG] SEIN 8 m~60 m FEESN B HARIEATIR, JHE BRI IR . IAh, VF27 8 X GIR
BT THESE, BIINTESCRRI15]H, 2R AT COCREE B Hr T AL i 5 a5, T /R2e
(9 3CFIRS. VRIESENGA 451G o A8 G IR A B (R4 8 PR O G L BE , AP 2 BTz . ARty A
RGECAEA TVFZUIE, SRMIEA B N IR R B 270, A DL = IR R gel A 2E ,
TR 1 57 . EARSEE RN FI R IR ITRREE | e | B 2255 LA R HARFIE S de o BIRCR .
M, HESRHEIRIIITEC, I RAT R A
1.2 mi&&RS Light Dump

G R G S B LT AR
0 R <911 ST 1575 S
AR BUEERAE R ARG

B S A 24 T BRI o 010 R FlatSite ST
H B E AR 1 N Engrgy o
A, HAE = B hrn e ERIL onsie " <l

TR b ISR 10 Degrees)
RSl PN
S KHRBEE s AT

. . , . , ( Light Source
Je P RISk | MR On St »
Jo. IR, kg, (10 Deereey) P/3=18.8 Degrees -

I, ISR TR A2 HERRAERES BRI E
AR ISR R 22 BEBA T B AR IS Fig. 2 Changing the light source color to improve the image contrast
REAE A S S i HARYIR I IR BT Fr o [T, e Sk iy i 2% P B Sk S imn M 42232 OO L IR
K, PMRIESE R XL BA TR A& M

TlARHLR— A AR, BRI R A CHR S A A A HUAE 5 o D g a1
JCHLEAR . SIS . R T SRy R BRARDLN AL IR AR TR, AEBLAT 23 T S e e
2. MHFFFPLAE— PSS HARFITS SRR, B IES™, 2% T BArrymmR AR
SEEE, RN RLRIESIR ARG, RERK, EREMEAIVMER, RES s R s o
PORWCNATRE . TMAENL RSN T Tl . BRyrasendn, S5 um i i AR A E Se BB . PRI,
FEEBE T A ML 275 TR FR e HAE DR L R g o S5 IR 3R

FIECRAE R REIEHE R AL I e A 85 B T4, J8a S ARBILEIMYE S 5 il UG BSdiE 1Y) e i
KRG ERBEFAEST, AL, BRI R At A A
13 MREEAERSE

WA DAL B R G IE RGN SCHERR 7. 15 HAREIR)S , sl X R TAR B il
WU, AT SE B4 B PR AHERE . P AR AL B R 50 T Ao A G A BN RSAE S0 A B B 4

FIE AL FE ARG R . I 0d . B0 BoHetsd i, R0 THRERIRE, ET/R%HE
BALHE . TR T, BELPBI ISR E S A S 0T AR SRR, A e RREO AR, Hik
TS PR Mok b MR T I o 5 I 257 vk —BEPT 43y 235 TR 4 o Mk 15 2 ol 2 gk 1)

FURARFIESI M e EURIEA 74380, SRJE 3B A MR PR BURAR 45 G ERRAE ™ 2, S 5 ) AR
UL | PR ) Pk S F AR 42 SR . G4 B EAES . KR E R ARG IR 4
ZAHARAER XL, T80 H RO B LI G XA RN, 1 I R 38107 1AL B E
FHEP L KA EI Y T E R TR S T o ETIROE . RSy
FE, X ESRIA TR SR, W IR RS EAT . JEARAFAE . SCHRHIE . BUESFESE . fERISERAHIE



2022 4F 11 H E N OE - 127 -

SIAGEFL, P 3 R 1SR Lo A0k, il Ve e | TR 2 ) 5 R XA A T4
AT 58 MR A 25 U5

A5 TR HE 2 2 S350 31 ﬂ:mwwm
PR Kb 3R e LA KGR 51
55U HE R RO BB BEUE S
AR N, RIERH B
28 i A POVER T R o 4 14 R
BN, SE TR Bk
ST Z RS RLE BRI T
o ZITEFET Inception V3 e X B
IR 28454 (AN 4 foR )
H T RS BES . 20t B3 ATIHasamits ik
S R A Fig. 3 Visual classification algorithm based on support vector machine
BERTEI T 97%. AUIHITAFI IR AL M S T YR U R v T &
K TR BRI, ZS ST S PO, WMo AR AR I8 L AEAE R S
SRS FIOES . ARR IR TRABER | SRR A AR BERT X =R TR AT . LA T AR
AREME. IR A R BRI R AEYE, B D T SR AT ek

Sk 4 BER:
FRAETRER L ELRL

wAO—0 |[ oHO J—Dﬁt OHO Bt
(el LH g 50U [] [ ]
W Br Bz B g o 5
:
ity 00 u E
= Lo TN
LYES et Wtk -
Inception
F 4 Inception V3 M4 H#) B S RTEREFTERAZRNELEH
Fig. 4 Structure diagram of Fig. 5 Convolutional neural network
inception V3 network structure based on deep learning

2 SRR AZEEGRAIN R IR
2.1 HENEHREN AR
2,11 #BA B AR A RA]

=l Ginidg L E%%f%

‘ytzzlm%, AN
FE5 SRE

HLAS IR REAE RIS AR mey

TCALHEIE SR E A B AR, X PR A
FUUTRR S5 T A2 A A B R

BB B T AL IS B AR S TV T
AR B/ G602 AR GRS HARA T B 6 AT 3 RUEALGE 2P B AT B AR 5 ik
FRESE TR, BREEAUAT IR I35 BUIi4T(Z  Fig. 6 Ship target detection based on multi-scale visual
B IR R, WOCHR R L saliency map
G, FET L, BGOGFE B EUS R E AL B PR 2 215 . =% . RGEE I T, i
SEOGI I, 41X IS, [ B R R X T 2 PP T Lo R R S e M R T — o T 2
T LA B ARRI v, REREIGNE 6 s . BEEE R BAR R 2 A8 R m)8t, P& By 5508 H

K-means| | R
{645

[*ﬁfﬂ“%%]“ Gl T

)

)




- 128 - R 8%, IIENREEFUENEARRE L RES 55 43 5 6 1Y)

PRAITS SRR 0, AR T 2405 5o RAR A s2 ), 280080, Rl sl ik 2] 93%.

TCHLHE e AR AL A E AR Y F2 0 TR, St X A5 S MU AR R, TT LU B KL
ISR RATAESS o fn, o R EE RE S 55 R AL PR 5 S & b e 20 A Bl s
R 7 vk A 2% MELAEA TSR A Tl 5, 42 T — 3 AL e H R 5 R (AR E 3 2
A O B SER RN T o 12 IR AR B s AL B A A R, IR SR T EIGCR 5,
TR AE B B UG S T HED, DA 50 R DX AN o A R ANl 7 B, %k BORS E
5 SERYREL, BT IR AN S RERS 1T 87. 7% MBS IR] . 7E RHLERLRT, Sl B TR A LR
ok R R SECEREJM, BERTIIRIE, R 2EREEE RS Senpheng S5 HY— Pl T LI A4 1]
EERTNML(VAV) HEY [T e Wi |
ERATII RS, Z RG4S

E o R o0 B | B2 i i i

SRATHOBR I, R 5 :
ST T R AN, | [porsarafe Rowi |1 H | T | |
PUE R SE B 2 b AL B 3 ' i
A5 4RI LE O Fror” Ji 1P|
— G AR VN i

ﬂqgligﬁ%ﬁmﬁ]‘iﬁ*: TR | e I
ML HE RIS, w%® | | [FERLBPREAE] |
%07 B RE R A L A ! ey N — JLRLBP —— - i
B TS e [ SRME || e |y [0SV
DAL AR %) | — | g
{8, XHETHRANL T | —Th |
SECISE Sk S L
o WA, EETRAY | e
Wang GG HLAR UL B7 i
AR T2 Hoimim AT 5% Fig. 7 Runway detection process

o, BRI T RN BRI B, MR T PSR LI AP | o S o
[R)ER, SLIZTIERENEHER . XL TR A & 3D e, ek, A LA R N
T b AFsCT | shZs BRsCIRR], FEBEE T —RE SR o
2,12 AR #9iRA)

FIFIALES LSS 1 TR I ZE S X A B AR R, MBS AT . SEIT b SEHR A DG IX SN 51 (9 7%
SIENL, EREBIE D ERIES T RS S 5E, MEZX LS, WELEAMELAERER L,

P AR K2E Trhebhude 25 4R I T — R THLESGE AURTREZE | 1 ZEMIZ 5N B H SR A2
ARG R FRGE el SR AU [RS8 B B ARE A T SR E A R G,
SR AR AR B2 | W22 - TR 2 RGBS IER X IR By, v T hnag 4
FIHH B4 4 . A B IEIRBHE K F Patoliya 251 OE— RN LA A B3I T W RS, BERS ST
XoF ik DX B A b DX NS TR A, (R RS AE ZE 8 iR AR I Z T T A XS B 0, AR TE A
PRy 4. SRM K2 Sathishkumar I ERERFR] T — @A A I DIREAYRIEHLER L, ZHLER A REASL
B LR AR P IR AR ARG B, RIECAAZIAMNEI, GefefE st S REEAVIEO0 T T ige, X
TS P ER e AEEE L, WA, P2 L5228 AR TOU T B SR 7 ik e I
THESE, BUS T—ERRFTE R, 25 BT, HLESIAE XA [R5 AT e [ B 22 4 1 FH v 2 42 1
ZCHEMEN.
2.1.3 RKAEHTEEAEM

T SRR AR IR A A TERBA RN, REAS IR B2 RAR N TAG I ) F PR 25 5, B



2022 4F 11 H E N OE - 129 -

17 NN TN S VIR a0 SN T I S P ety 2 i I =1 2 ity i 1 AN T e Sy € M B
SRR, R RERE R T N TS MELLSE A I 55 Y50, XTI s e e MERE A A B B

TERPARHR . 52425 EAS R A EA TR I, A TSI B8 07 s UFF A AR RER | R RCRAR . EWE2E 5+
KRAERNE, TR FANLELSEHA AT AR A A RS A . o, KPS iR A T2 58 X
BT ML GAGINTT XA RN BRER FUR BE TR, HAHGoE fiErf . s RAILA, AH T
RIS TR FE, ZESEBRR PR T RAFSCR . 1 s 5 IS U A B s, 15
T —FEET X SR TCHYE AR IR SE, Hid SSIE 1R AR . B2 T AR B
LRI TR S BP M2 M A MBI AR R G . RS AL NP 8 TR
ARG A SR HINIIA TSR . 3], RSN SRR A T U0 5 0328, Sl SE e E
BINRIE 91.7%, RIMELFREFTERE BRIE. ook, HAb F I T LA LSRR AN [ i 24 1)
R FEIF T 50, dn P 9 B BB IR A — RS AR R BT RARR A, AL
LB AR LIS T T S 100 5y T 07 e s I S b fitn, b9 AU AR 2 B AR
M AER R T — R THLAR LS 00 BRAC G DA 12k, 12O B LA SE 5 A S CHLE A A 1Y
A, BEXCHLEE A BRGS0 | T RO K | IR TEIFL O . SR TS Qe A B RIRCR
fpth TARG N T AT R IR A B R 8 A 2 | DLEREE | A 8 TR . pLEE AR )
KPR A

TR s 5 i
Sk SRS
T L (D"Ji = é;"E
-+ iz
S i ww | |
Hzh R UK RESES
A8 T BPAVZ W& 69 iR s M R 22 B A9 A THGRA ke i bn R B
Fig. 8 Schematic diagram of shell appearance Fig. 9 Schematic diagram of core detection
detection based on BP neural network based on defect identification algorithm

22 MBREERNR RS
221 KG9 A

R, LA T A N AT DL B
ORRIE, BN 1 SO L R (LR, IR ELAT BRI R . 0 R Li 5L
SO BRI BT, X RAARIGE i, AR TAL RS E R IR . 1
SHUT, EEATE GRS 5 TUR( S LTI S A
S, W5 T R S N U
HORBIAE] CALSH, S0 T B SHE T
LS T AL T AEMBHE R . SPATIL AR
T 10 B, HORILHCE T S ARG 5
A SRR TR R I BRI, T TR0
PREEAEE . [T, DA B TR AT | FFA S
55T TR, G605 B E T AR AT KA 90 BN
P, 0 AR, SEIBTERL T HLE AR (6L %
AR AT GO0, B KR 2 F RN 47 e s
BB R A R SR, B pas 10 Mot o o oo
ERBTEITRIFE T K T BCA R BB G SR I TE NS B 225, front camera




SIS

- 130 - R 8%, IIENREEFUENEARRE L RES 55 43 &5 6 W]

\

HARSAE IR BT I T 5 B AOAH, AT 25 0 A28 B A SR B L i B )
222 BPEEFHEA

fERshaegs, PLas ot 2N FFE RIT0 A . TN R & 78 ©AT B kAT, T diL = By
158 J7) Stephen 25 HL AL BEHL AR S AT B ISk A g Aok, BRI B T /AT B PLEF, R H AR bR
AT AR RENSRIED AT O S ST 45, ITTHRIEZS rP VR LS, S ARVERE 25040, Deng 25570
HLESILBE S A B CHLEEA T, 78 CHLEIA L AR i St e o B B IR, (IR TIERERMERTE, Bk
& T RHLERARRCE SRt . XTI AT, MLERLE AR A N H BB AR K s A R E R,
BERASERUR X MEAT S5 . B I8B] RITAEE BRI, T iz X TE G B T ReZ 2SN R I SiE
FHIT P EE) AT R 5 G Bl MR )R, 35025 05 M LS LT F AR R FHBIE N ’ATRE b, (HAERS
RN G AR T4 Kt g R, L, PLEsaBoRaEEHET: ©AT D B CATReAs VR AR g
X TR AN A BB X
223 KRTFEREFHEA

B AN FH TR T 285, HRAK PR TEE K T K EHERR . A8 BRI AFA T 55 1 Y
HFRET), REMETE N AR OLT = B b S i R A AT 55

TEK TR, Plastlat EL W A K THERALES A . K TR & FUK T T At BT
ZAKHREVLEE . BRI B, TAE N SOMELLS KR FPSSE, Il as 2 A e A K LA A
AT ik, PERRER LA E SRS B 2 SO e R AR N EK FHEFR AL AR, i
RERS = SRR Hb RN K F7 R 2, NS BCHERR TAE . FEK N IC AMESERR T, @t 5] AR iR 5
HAR, fehs m &R K AR B E DR R & 2R 5 T e O g 1Y Ak AR & 5, Al
AR R AACEE N TARBIA 7 A TR T A S, Rty s kUG B s R B, RIIE{E B
SEEHPECSS i, Kakani ZC N8 BALASISE S | AJK PR, SCEURHEIE IR SEnHBRES , 52k
XPHRFE AR E

3 I ERFERYE)E

JUENIEASEAHSCE AR BR E R, (HH AT 2 e zcE . ol . Tk SR, T
TR LR IR R A 27, WA A ) S R A g, LA AAILSE7E 222 SR ) RIS T
TR B AN, HLALSE R AT SRAFAE AT ) A8
3.1 MRERREG RGN RHRIMEEN T EFES

BILEARTE 1) 7 FH AL i B A T I AL AR R R B . B MU AL A P B 2, (IR il
RUGIESS , AR EESOEREI 0 Tolk . ARV G, HATRAREE) . G HMRAERE S, SR, X T4
Yamie, BN & SR A . SR R RIAEE | AR FE IR S A, SR
TRIRAS RS AE IR IR T AT IE AR . AT (5 A X LA SR IR PR PAEE T AL 2k . foiltn, Hadfs
JE&#% (FUWEI, FV-SJ2016PM-12S-WBN) TAEREE N 0~50 °C, MBJEH 20%~95%RH, A4 HAE™FE5
BT A VD EEAEE T IMELAIE H 0 o A, SRTIE & RENSIE N m AT (O AL ik, (1B
T N K

AN, EFXIANFEIRIRE HAR, R A ASRIZEAL A R Gdas . Bilin, 7R T,
X AL AL AN RS BT 1 B R, (BT T2 TR TSk . BT RRE A R AR AER LT,
X F A B URAT B (Y BER T LR T L GARECK, XIS A& IR (1 Bk S ARl
AT A AR AT B R Z R EA FUS R SR K PR3 T, = SR ZE U R 516
32 BERIKBIEE ST LUE N E M E S BFrIFE

BRI A R 242278, O TSR B A ERR MR B T S S LR . — T, TR,
PG BRI K 22 Rl I A7 e AR R B i s—Xd 42, L AT RBAF7E PP 300 A0 227 B g [
M AT B I 52 FRAE ), SRR AL I RSB s 55—, RN T e 2 A



2022 4F 11 H E N OE - 131 -

AT RS SEOL T, AR (R N ER TR H AR i SRR I R TR TR R S A, SRRl
1538 1t MLAR LD SRR B TR B AR RE AR

BEERHE R JE, HIR GloogLeNet TREEMZS 45 . ResNet 5822 M4 . DenseNet Hij {5t X 45 B A58
RS TN H THLEFLE S, RN BTE = 2 245 T AL O R, (R B R Re U A
AR H R AR, BT AR BRI A, AR SO B R AR T2 ], A
RERE AT R BIRCR . R, ZE85 HARPREEMREARTEAAR D, HOREA@HIME . Bt anfal A4
HEAR D ARG T2 ), A B iz A Re gy fnfsdaett, 762 2875 HFRIARE T 82
A EFRITEG], AT REAR R )

AN, PLERIE TR ERER RS . NG RGIRIENGMEE . 2RI, B AT EHE LA fE B
T, AT ZEE X HARM N IR XS BRI 7 B TR . X T4 RN 5, At B E
BRI VE TS, Bl TEHTRAME TR ERARE, sl THEZRICES & s iai], Xk
FEAFHLAA I T RAE M EURRCR RATHr N, okt BUL S B T 2IWr . n—J7TH, B4 Ao
AT AL AR 2 A A — RME R . TERSUIEOL T, MR —A T, Al BB
AR BT, Al AEAS TR A o ) S22 MR A ER PRI S I R T 2 B Il flln, BeefFid T,
o 2 K O] Bl b A s A T U S 0, (RS AR A Z) S BT R R 8. ik, R ZERAE DGR
TR
3.3 EBRAEREMLUGEEES EXRMEK

WA E BRI A, RGP eS| ST, 2 EEE S BAE R, P ER AR B 52
BFPESR S TARS 2R . — 7D, R T EEXT SRR m A M B HERf I, 7 DRk i Rl X R
EUGFIAISTHA T A RN, MEHRICA UGS, SCRT bR A3 BB G, ISR A H
AR RS, SNSSERGE R EN, MRS ERSER . — T, Pl
Al A N B RS BT THERE T, RITESA IS N A E TIE S GO, WEBSORIE Pt
FUGHEA THERRAL B, (EAS G AL B 25 SR AR B, FRRBas SRR E R S

AN, X THEETHLALE Y AR R 2 T I N 6, SRR TSI R T PR R Y
SR, B T A s Bue MR B L R B AT R XE LA 2 Tolk A A 724 I Sk f voxd 1
P R RN FR K, JE T AL AL 0 JCR A I ik BRI AR AT R A T T o o
34 ZEREMERNEZBINMEERNITHRZ

TERGE LG T, BR— AL RS AR ] 5 S B Te i N 5 4 2 8 W st . SR i
AT HERR YRR ZS SR, e Bl Bl G 20 A5 B AR R A DR R — A b SR R AR S 45 SR A2 R T R
LRSS L, ARG RN | BREE AR B AR T T RS EE = R AT AR, R BRI RTE
B, B E AR RS R . SR, 2 DRSS IR G SR & R A SR R TURTGR
2 | FIEZS ()RR = A R, B A A B IR . SR, BT 2 AL AR 1A B Rl & kAT R
AR 4R, SRR 250 T 25 B AL PR H RS A TIN5 o

WA, BT 2R IEas 75 B R AR A 71, iR T BB BRI AUEIRER IR G Filan, XF
THERHEEROLER A, HBR T A2 BAR A, PTREIA LB WO | 0 8 B A2 s S AN R 28 1 1)
RS, MLER AT TSR R T 23 T 2R R B (AL Bm A T2 & W . SR, A X 2145
B G S ISR EAR AR T L%, SRS AMELUTER 205 T A FH TR EIOE

4 REKRREE
41 MEAEAMER. HTEE WERNAEERSESRS

BRI R A A AT, R B RAT B PR TE BRI AR R . HA AR PR A
Fyiit, BAT e AR U NS A RS 2 I T ARG BOR B L AEA s 25 1F T AR RE S AR 8
b AR IR A A AR B AR SZ A T 3 B E A AR DR Ak RIS, XA A TRl A R G



SIS

- 132 - R 8%, IIENREEFUENEARRE L RES 55 43 &5 6 W]

\

PR N ONEE R T B RTRENE | o5 | AR e S REEA T A, e L ARG A W g 5
Wi R GELREPERE . AR, X =R Uk AL e A2 e A A R U N AE VR RE AT TR, BR T X T
il TR AR M R EOR AR SEAS RIP R B 22 AR RGeS, AR DIRETT T UL R A AN TR Y
AR B0, X TERANE S E IR R R, AL AR R RGN T R R PR R HHARE )
SRAGT XS TSP AT EEPEEOR . il ERiETT, mZIE ARSI b

Besh, Hlastlse Rk /N AL mARRENE . SR AR AL RGTT AR . BEE A
AL PEES D RERS 3 L S At as S S, /N - SR i R L I BOR R R R B 27 [m] , ik
AL ASE R T DA A ST AT, SRS 5 Bl M s it R ZE S B Bl R ASKR G 5L
LSS, BERE TEBHLATILIE R GEIRARN TR TR FR ], 2E— P4 LA L SE AT E 42 S0 T
42 ZrEL BIESRALAS EME T SEIAL R E G S SR I RIS SR L

FET 1 1) ZEHGURA AR R AL AR B R G, bR ISEAL BRRE BE T 9T , FIRIBLES
o) NTRRESFE, R 5B 2405 T RS T S 3RI Shas i D bs LOLEA R R
APRFIE T A GRS HLASILIE REAETERT SN APPSR T S BN RS R B S P00, WAL as
BB AAERIEA RIS T XA S 115 SR

BEAh, LA e A ZE 2R E [ 36 SRR T ) AR . —HERLER L IE 3R G0RE B AR A SL AR LS
ARz EAE 2= —gizs ], HARREA D) 2 BIRAE0E . HFRWREN R T, Joiki 23RS HhnE 8
TR o H BRI AR RSB AR 58 G 0] J2 AR b TRUUIINZROUR, B AR BORFNE B B
R, ML =R . AFRSs AR = 4EE A RIS AR SURATED, =R R /Y
FAUAEAT T R BRI ZS ], SEAR BRSO B A0 PR =2, JERIEE iz .

[l , HLEFRLSEEOR IR [0 5 R R R A B T 1) A J o ZE SR U B R R T E R R X AL e B A
HHRIESR, M TARRAUE, HIMEE R HR R RSl R SRR S
K, B AR i A B | ST, T A LA R, A A Ak B R R A A
FATET K
43 BERAMETEZERRESSUMESHERK

TERHIED, W B I PO EOR R s il . il L 08 Zlc) . 2T WgE
FRMEEI S Ay BN SmIAEE N BT TAR, DY Bt — P R AR S B, THER 2R
AR TR, TIARAFENAERS . AN RERYSS SR . [RIIE, B AFEIRERE A . AR AR B 215
SEE SIRRITIE, MRPCREEAS B ARG . B LU A5 B2 IR S i BR A S RTRE  Aks E
SV, NI S ER AR I BRPIR T AL BARTEA AR I3 0 NS 5 B

HeAh, FEFA T B VLA AR PR RS . EH S A AR S AR RN, F1xt2=H]
P xt ety SRMESERREDR, R AWK | ok 5% e R GL R R AE, [ RES e
AT FIWT,  LAPRIEAE: 55 BRI 52 1o

5 HRiE

BEERHCHY A, PLarE bR O A e EF AT 7 Z N, FEJIRRIABIIGE . Al BEA B
PO A ST & PR M I S R B T RPN FASCR o I BORBE AW P TH il s oA
AE S SR BEMKT, RN NGB | R AR fEARK, PLETL R BAR e — 20 1) 3 BAT i
ril . HUTIE | TSR AR R GUR T, (2Rl ShAS MO IR T S B e R i 5
YRR AR, JFa136 RS R T AR S Rl & S MER IR T 1 A J% , 7E3RTH 4= AT
T3 Y E G2 475 b 3 A B R A1

S & Wk
(1] skF—, B5Ebs, Az, VIETSE Bk R B3] IR T2 Be2=H, 2008, 19(1): 9-12, 15.



2022 4E 11 H E N E ¢

H}

+ 133 -

(]

(10]
[11]
[12]
[13]

ZHANG Wuyi, ZHAO Qiangsong, WANG Dongyun. Current situation and development trend of machine vision[J]. Journal
of Zhongyuan Institute of Technology, 2008, 19(1): 9-12, 15.

KRB, ZH. AR S R RLHARI]. & fHrEH R, 2019, (6): 213-216.

SONG Chunhua, PENG Xuanzhi. Review of machine vision research and development[J]. Equipment Manufacturing
Technology, 2019, (6): 213-216.

TR, AR, XU%, 45 HLastlos BoRTEBU Qi P A I ZRR D). e, 2018, 437(8): 11-22.

YIN Shibin, REN Yongjie, LIU Tao, et al. Overview of the application of machine vision technology in modern automobile
manufacturing [J]. Journal of Optics, 2018, 437(8): 11-22.

Kz, WREN, TKEER. YIRS AR IR KRER(]. B2, 2020, 41(6): 871-890.

ZHU Yun, LING Zhigang, ZHANG Yugqiang. Research progress and Prospect of machine vision technology[J]. Journal of
Graphics, 2020, 41(6): 871-890.

“rP [ TRERH 2035 RIRMMEDIF I H A, thE TRRHYE 2035 RRMAIRM]. JEat: Bladipit, 2019.

ZRAL, TREU, AR, HLASLSER A A e OB I, RHEHLSR, 2016,(25): 153-154.

QIN Yahang, SU Jianhuan, YU Rongchuan. Development and application of machine vision technology[J]. Science and
Technology Horizon, 2016,(25): 153—154.

wE SRR, SR LSRR N I SCIRESR D). ST A ik, 2019, 38(2): 16-21.

HUANG Shaoluo, ZHANG Jianxin, BU Zhaofeng. Literature review of military application of machine vision technology[J].
Ordnance automation, 2019, 38(2): 16-21.

FU K, ROSENFELD A. Pattern-recognition and image-processing[J]. IEEE Transactions on Computers, 1976, 25(12):
1336-1346.

STEGER C, ULRICH M, WIEDEMANN C. ML 5 HGE 2 BOMM]. dbat: EHR2E M, 2019.

B JETRGABOONEN HOEIM RSE[D]. K& KEH TR, 2021.

BN, TDGIRES S B R GE i 5 IBATFE[D]. HU: B B TR R, 2021,

JER S RIN# LED MBI RGE — 0Ot HisE[D]. TN: AEREE TR, 2012.

TREER. LTANRUE B ST BADOE R R A NISE[D]. K& P EBREBEH I b (KRB FAE B S W B 5T ),
2013.

ML AR AR BOC T IR IR SIS B PEREDTIE (D], MA/REE: MR Tl K%, 2009.

R, HLEILE IR DC IR OGRS D], Kt RHEEH TR, 2007.

VRIESENGA M, HEALEY G, PELEG K, et al. Controlling illumination color to enhance objectdiscriminability[C]// IEEE
Conference on Computer Vision and Pattern Recognition, 1992.

K, REE, BHER, . B THESE R FAEIGRE SR MBI I]. BT TARIM, 2006, 32(4): 29-31, 65.
ZHANG Yun, WU Xiaojun, MA Tingwu, et al. Research on part image acquisition and recognition based on machine vision
[J]. Electronic Engineer, 2006, 32 (4): 29-31, 65.

RAJNI, ANUTAM. Image denoising techniques-An overview[J]. International Journal of Computer Applications, 2014,
86(16): 13-17.

ANNABY M H, FOUDA Y M, RUSHDI M A. Improved normalized cross-correlation for defect detection in printed-circuit
boards[J]. IEEE Transactions on Semiconductor Manufacturing, 2019, 32(2): 199-211.

FEA, EUUR, k@A, % ETHLEIER R BAEZARR I BEEORIITE ). MHH AR, 2019, 33(3): 233-237.
GUO Zhijie, WANG Mingquan, ZHANG Junsheng, et al. Research on on-line recognition and classification technology of
wheel hub based on machine vision[J]. Journal of Testing Technology, 2019, 33(3): 233-237.

ZHOU X, WANG Y, XIAO C, et al. Automatedvisual inspection of glass bottle bottom with saliencydetection and template
matching[J]. IEEE Transactions on Instrumentation and Measurement, 2019, 68(11): 4253-4267.

DING R, DAI L, LI G, et al. TDD-Net: A tiny defect detection network for printed circuit boards[J]. CAAI Transactions on
Intelligence Technology, 2019, 4(2): 110-116.

YUAN X, WU L, PENG Q J. An improved otsu method using the weighted object variance for defect detection[J]. Applied
Surface Science, 2015, 349: 472-484.

ZHU L J, GAO Y, YEZZI A, et al. Automatic segmentation of the left atrium from MR images via variational region
growing with a moments-based shape prior[J]. IEEE Transactions on Image Processing, 2013, 22(12): 5111-5122.
FERRARI V, FEVRIER L, JURIE F, et al. Groups of adjacent contour segments for object detection[J]. IEEE Transactions



- 134 - R 8%, IIENREEFUENEARRE L RES 55 43 5 6 1Y)

[26]

[27]

(28]

[29]
[30]

on Pattern Analysis and Machine Intelligence, 2008, 30(1): 36-51.
GIRSHICK R, DONAHUE J, DARRELL T, et al. Region-based convolutional networks for accurate object detection and
segmentation[J]. IEEE Transactions on Pattern Analysis and Machine Intelligence, 2016, 38(1): 142—158.
ZHOU X, WANG Y, XIAO C, et al. Automatedvisual inspection of glass bottle bottom with saliencydetection and template
matching[J]. IEEE Transactions on Instrumentation and Measurement, 2019, 68(11):4253-4267.
i, R, B, 4 ST T SR A ERIRIBRIE]. (58 HR, 2022(4) 29-34,
QIN Fang, ZENG Weijia, LUO Jiawei, et al. Research on multi-modal fusion image recognition based on deep learning[J].
Information Technology, 2022(4): 29-34.

TR, TR 2 T I K UL 3 UGBS BB [D]. 220 22 I 22, 2021,
LIU Jian, GAO Wei. Maritime target detection and tracking[C]//2019 IEEE 2nd International Conference on Automation,
Electronics and Electrical Engineering (AUTEEE), 2019.
ZHANG M, CHOI J, DANIILIDIS K, et al. VAIS: A dataset for recognizing maritime imagery in the visible and infrared
spectrums[C]//2015 IEEE Conference on Computer Vision and Pattern Recognition Workshops(CVPRW), 2015.
B, EF, HEH, SF A5G 2 RESE WA TR ALY FARIGIN[T]. DL RS TAE, 2020, 28(6): 1395-1403.
ZHAO Haoguang, WANG Ping, DONG Chao, et al. Ship target detection combined with multi-scale visual saliency[J].
Optical precision engineering, 2020, 28(6): 1395-1403.
BREE, J7 SR, XETF, 4F. LBP RAAEM SR AL SAR FEIEHIZSIERIN[T]. b EERETB#4R, 2021, 26(4): 9.
HAN Ping, WAN Yishuang, LIU Yafang, et al. Airport runway detection based on LBP featureclassification in PolSAR
images[J]. Journal of image and graphics, 2021, 26(4): 9.
SENPHENG M, RUCHANURUCKS M. Automatic landing assistant system based on stripe lines on runway using
computer vision[C]//2015 International Conference on Science and Technology(TICST), 2015.

XA, BTSN A AL S e A k[T].  EAARTSR, 2019, 14(5):152-158.
LIU Jiaming. Spatial positioning method of shipborne aircraft based on visual measurement[J]. China Ship Research, 2019,
14(5): 152-158.
WANG X, KONG X, ZHI J, et al. Real-time drogue recognition and 3D locating for UAV autonomous aerial refueling based
on monocular machine vision[J]. Chinese Journal of Aeronautics, 2015, 28(6): 1667-1675.
HUA X, WANG X, WANG D, et al. Military object real-time detection technology combined with visual salience and
psychology[J]. Electronics, 2018, 7(10): 216.
W, XIBR. He THLEMLE R TCANL A 3 FARERERDITE[T]. W28 2 2HR SR, 2019, (7): 47-51.
CHANG Chuan, LIU Kecheng. Research on autonomous target tracking of UAV based on airborne vision[J]. Network
Security Technology And Application, 2019, (7): 47-51.
IRHEBHUDE M, EDIRISINGHE E. Military personnel recognition system using texture, colour, and surf features[C]//
Automatic Target Recognition, 2014.
PATOLIYA J, MEHTA H, PATEL H. Arduino controlled war field spy robot using night vision wireless camera and android
application[C]//2015 5th Nirma University International Conference on Engineering(NUiCONE), 2015.
SATHISHKUMAR K, MARISELVAMA K. War field spying robot with wireless camera using brain robot interface[J].
International Journal of Engineering Development and Research, 2015, 3(1): 422-427.
MAHESHWARI T, KUMAR U, NAGPAL C, et al. Capturing the spied image-video data using a flexi-controlled
spy-robot[C]// Third International Conference on Image Information Processing, 2016.
MA M. Simulation of intelligent unmanned aerial vehicle(UAV) for military surveillance[C]// 2013 International Conference
on Advanced Computer Science and Information Systems(ICACSIS), 2013.
YLMAZER B, SOLAK S. Cloud computing based masked face recognition application[C]// 2020 Innovations in Intelligent
Systems and Applications Conference(ASYU), Istanbul, Turkey, 2020.
VOYNICHKA I, MEGHERBI D. Analysis of the effects of image transformation, template selection, and partial information
on face recognition with time-varying expressions for homeland security applications[C]//2013 IEEE International
Conference on Technologies for Homeland Security(HST), 2013.
XISERK, FE3CHE, XNRL AR P REREE R A Al Bk 7], SR 024, 2005(1): 105-107.
LIU Lixin, WANG Wensheng, LIU Guangli. Edge detection algorithm of gun bore defect image[J]. Journal of Ordnance
Engineering, 2005: 105-107.



2022 4E 11 H E N E ¢

H}

+ 135 -

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[57]

[59]

[60]

[61]
[62]

[63]
[64]

TR, skiEE, Rl X GO U T RIS B T S EEIEOR, 2006, 26(1): 14-15.

WANG Bairong, ZHANG Guohua, JIANG Yishan. Application of X-ray in shell nondestructive testing[J]. Nuclear
Electronics and Detection Technology, 2006, 26(1): 14-15.

LR, FREIE, XIZLT. T HLA L AR SR AP UL B AR I REWTFE )], A HLRS A Sh ki THOR, 2013, (4):
59-64.

SHI Jinwei, GUO Chaoyong, LIU Hongning. Research on bullet appearance defect detection system based on machine
vision[J]. Modular machine tools and automatic processing technology, 2013, (4): 59-64.

TRAEZE, FEAAR, HAEE. FETHLASILIE ROAR TN A SR R4 )], S T A Zhik, 2012, 31(7): 8-11.

ZHANG Yajun, QI Xinglin, DONG Chengji. Automatic detection system of bullet steel core based on machine vision[J].
Ordnance Automation, 2012, 31(7): 8-11.

W, XS, JETHLESRTE AR 2 ROFIN R ], Tl T34, 2016, 29(4): 60-61.

LIU Geming, LIU Peng. Multi dimension measurement of cartridge case based on machine vision[J]. Industrial Control
Computer, 2016, 29(4): 60—61.

AR, X148t B THLES LR LA IR A BORWTFE )], BRI, 2020, (35): 18-20.

SHAO Xintong, LIU Shengxian. Research on aircraft tire inspection technology based on machine vision[J]. Science and
Technology Innovation, 2020, (35): 18-20.

LI X, MING Y, HUANG 8. Design of target recognition system based on machine vision[C]//2010 International Conference
on Computational Intelligence and Software Engineering, 2010.

TR, WA, MR, PO KA INS @A RS REE E L] RELESHFHOR, 2013, 35Q2):
397-401.

KOU Kunhu, ZHANG Youan, LIU Aili. Fast correction method of INS positioning error of vision assisted cruise missile[J].
Systems Engineering and Electronic Technology, 2013, 35(2): 397-401.

WILSON J R. Machine vision[J]. Military & Aerospace Electronics, 2001, 12(8): 14.

KELLER J. Artificial intelligence and machine vision for unmanned vehicle smart cameras is aim of DARPA mind's eye
program[J]. Military & Aerospace Electronics, 2010, 21(5): 36-39.

STEPHEN D, CONNELL O, MARTIN C, et al. Eye tracking-based target designation in simulated close range air
combat[C]//Proceedings of the Human Factors and Ergonomics Society Annual Meeting, 2012.

DENG L, ZHANG Z, XIANG W, et al. Machinevision-based method and system for aircraft docking guidance and aircraft
type identification: EP20150828078[P]. 2017-07-26.

MILLER A, MILLER B. Stochastic control of light UAV at landing with the aid of bearing-only servations[C]//Eighth
International Conference on Machine Vision, 2015.

DENG C, WANG S W. Machine vision-based unmanned aerial vehicle positioned landing method and ystem:
CN105388908A[P]. 2016-03-09.

WZE, R FRE, S BERTOSERKE BRI EBIR D). 15 TR, 2012, 30(4): 154-160.

MIAO Xikui, ZHU Feng, XU Yijun, et al. Mine object recognition method research of AUV based on vision[J]. The Ocean
Engineering, 2012, 30(4): 154-160.

L R T A AT K LS N2 A € AL D] BUM: BT R, 2014,

WRoTas, ARFER, S, 5. BETRUAMIGERIK T ER REED]. HLHL TR, 2011, 28(5): 567-573.

CHEN Yuanjie, ZHU Kangwu, GE Yaozheng, et al. Binocular vision based locating system for underwater inspection[J].
Journal of Mechanical & Electrical Engineering, 2011, 28(5): 567-573.

BEW. FETHREMWERKT BARRGHRGE T EBIFE[D]. /RIS H/REE TR, 2016.

KATIJA K, ROBERTS P L D, DANIELS J, et al. Visual tracking of deepwater animals using machine learning-controlled
robotic underwater vehicles[C]// 2021 IEEE Winter Conference on Applications of Computer Vision(WACV), 2021.

[ ]

M #1988 A, KA, TEIF, T BHRFEAVMIZITEEALRL L.,
TR 1981 A, Mt, TAF, TEHRFEHITENAFEHE K,

(AL i 15 X))



