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2) I kA4 anchor (1947 E AN
KN, BN AAR B T

X HRHUY anchor FRARTEIE T scales §7 K T/
I KT REAE RN R 1Y H AR RS, (AR
P8 A A B —— AR 25 58— R MR B, & — 1> F
2 )Ry B R AR A R . — T 6 TR HERAR
R G, AR T LT B DX B R R 24 IR
PR REARES , AN ARAK TH AT DLAEAR R B N 1R 1)
BURIINGS . o5 — T, N2 H AR TG o R b A
PR 25 [E) Al — Az 3, i AR DL I 7 4
YR N e o B N g o e B N S S R AN ST B e
K, A8 B4 SRy D TA RN TR B b DR B — Rl
Mgl

TEAE G G AL PR s rh | IR & 35 i ]
JE AT LI EMR A TR SR /D o TTFEAG B 28 X 2%
S FIEM AR EAS G H— L EERER S
FRARFAIE P JE v B ) e £ U2 i o P SRR R R T
FEHR 172 Lo 4 /s /B T R AR A I A A . X T



- 1156 - [ | /A S 2 N S S 4 538 4
B —ZHFAE & TR AT IEAT RPN o th 7 A K, =C - K (6)
FEBICHR i AFFTERTEIR R . Bk A RET 2o, ¢ B K, A3 K, s Iy e e Fr- 448
RPN (1% 000 i 3 801 ] (] ) SRRk 32 A e, BRI pl R A AR R AT, — RECER:E . PTLLK, - K, TF
£ (coarse) 77 FERAG ) F7 A Sy 32 2 il BIRG TE AL bR 22 N AR Y Tt K 753
(fine) J3HRR G AURRNE S 1 | B LA AL T 4 735 M K =M, -C. -K, (7)
261 (feature pyramid networks ) , 78431 F JE ] 43 9% . M, jﬂﬂﬁmﬁi£ﬁ§\ﬂ5@ PR ARBR 2R (1) A

FRNRIPRESR R, 2 FTERRE R AL 23 P A AR
R B AR R R ) R

Mask RCNN'™ 32 BEAF X G 18 SC 53 1 ) 48 00
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A bR R 2% I BE B P BERY LeakyRelU AEZR
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Block1_1( Conv2D+LeakyReLU+BN)
Block1_2( Conv2D+LeakyReLU+BN)
max_pooling2d_ 1 ( MaxPooling2D)
Block2_1( Conv2D+LeakyReLU+BN)
Block2_2( Conv2D+LeakyReLU+BN)
max_pooling2d_2( MaxPooling2D)
Block3_1( Conv2D+LeakyReLU+BN)
Block3_2( Conv2D+LeakyReLU+BN)
max_pooling2d_3( MaxPooling2D)
Block4_1( Conv2D+LeakyReLU+BN)
Block4_2( Conv2D+LeakyReLU+BN)
max_pooling2d _4( MaxPooling2D)
Block5_1( Conv2D+LeakyReLU+BN)
Block5_2( Conv2D+LeakyReLU+BN)
max_pooling2d_5( MaxPooling2D)
Block6_1( Conv2D+LeakyReLU+BN)
Block6_2( Conv2D+LeakyReLU+BN)
Flatten_1( Flatten)
Dense_1( Dense)

Dropout_ 1( Dropout )
Dense_2( Dense)

(None, 128,160,32)
(None, 128,160,32)
(None,64,80,32)
(None,64,80,64)
(None,64,80,64)
(None 32,40 ,64)
(None,32,40,96)
(None,32,40,96)
(None,16,20,96)
(None,16,20,128)
(None,16,20,128)
(None,8,10,128)
(None,8,10,256)
(None,8,10,256)
(None,4,5,256)
(None,4,5,512)
(None,4,5,512)
(None, 10240)
(None,512)
(None,512)
(None, 8)
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b) &5
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Viar = —* Veor 13
ST A R VT4 45 B 3 D e =L (13)
(speed) FEHFE (accuracy) ,E-#:VE (robust) 3 /4~ J5 1 23 (FEHSWH

PEAT AL
XFTELAAS v F AR 2T AL RS BE PP SR

2.3.1 W25

R REanIE 10 Frzs  FEYIZRAT IR F /Mt i

; I x<D,. LIRS RS (eI,
D= s C12) g KA D o/ (batch size) TR i 6 )
3 N N - 8 " IR T
Kol D, FREERE B, W kR R HORE
KR TR AR
train loss train loss train loss
| — val loss — val loss 35— valloss
150
K K *
= 1000 { «t o =
o Wy T
oL N»\»,/.M" 'U' ‘l | , , ‘ , |
0 100 200 0 200 400 600 800 0 400 800 1200
PIRBL PR BL R e:
train mae train mae train mae
10 val mae val mae val mae
| o 3.0 \\W
B | B B
B p ™ B 30 B
' e O 7 ® 20
kY T ———— ® ®
2.0
2 1.0 1.0
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a) 200K I%R; HKF/NAS

b) 800 kil%k; HEUKK/ANALE

o) 1400%kI%:; HikK/NA32

Bl 10 PRI Sl 72

Y25 72 FP AR E (1 loss #1 HI 2R 734 4 %f
122 (mean absolute error, mae ) 22 4 {1 £k | Y 25 A0
RS B (accuracy ,ace ) ZBILHZETT LIE H . 1 F Ik
A data augmentation , T DA 25 EYI ZRdE T AN
PERE LS AR BE TR b5 22 , B 01T e IR R 40L&
HPRAL , (HSZFR I R J2 4 data augmentation , train
mae {KIHA 2.5, M REHELE mae 82 1, FEE ace 5
% 0.95, 7] DLREEAUL G ROR RAF IR RAU& G H
Al 70 THI 7
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XoF YNt R ASE AR A 700, A o1 o000 45 2R 4 [
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233 EMEFEZBRLER
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4) W B EIR, A B P RIS

K13 ST MR 2050 h H AR
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£, MR 45 R | TR 5 1 190 2
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3. 14 138, o r AR EESE o AT SRR
B r+a NEREHIRLE

=
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ma
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Bl 14 A s R R St

A LIS 3 . AN 255 0 4R P i U3
WERIEA — B 7R B — JE T4 v 1 U ARE 5h, T B
25 BRI R B I LA YR A A 2R
P2 R BN 25 M 25 ), [R)RE DI R80T 1 E AR U3
HERRIL R 2 15% , BEE L 5] 75% 2 A7 BRI 3R
HE— 1%k 1000 U, P45 R BT 3] 80% , 1E
L 32 SR YIZRIG , SR E AR B 45 Hh iR B v
KIFEL 0.5% , 16 AHAY FRBARE T % -
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IEEAE+ T SE BRI BRI, A AR R & T 10%,
RN GREEA H 81, 7625 A I 4R Hh A I 30K 1
&3 WEGAR RS

IR 5 TR
LT 24 FR
Stk i Zh 4k 7 5a
weights_mse_8_1000 0.699 8 0.586 6 0.643 2 0.700 3 0.573 7 0.637 0
weights_bimse_8_1000 0.590 3 0.684 1 0.637 2 0.590 7 0.688 7 0.639 7
weights_bimse_8_2000 0.668 1 0.625 3 0.646 7 0.667 1 0.611 1 0.639 1
weights_cse_8_1000 0.784 2 0.748 6 0.766 4 0.771 1 0.726 5 0.748 8
weights_cse_16_1000 0.850 9 0.754 7 0.802 8 0.846 5 0.743 1 0.794 8
RIE ST T IE LTSN A RGBT A
3 7 @B W7 I ROHIEI L Sh5 b bR & B L )

EHESS fea AR L0 Ahas v H AR 3 A PR3 B

KL e 2 s St v A stz R PP AT PRAE R 45 PR RE A h B (E, SCR 2

B R SR 0T 5. ST Wb R ARV RIIASOTR IR ISR A T 209 b 22
S LOSMEHE SN BN RCR SE  pt le kp PEPABN, BSRRALBU SOP R ERI N T S AR

ik, BRI G B ROAM B R g A R o A TOCHEAURRIN R A 0 8 S UNSR A S

SERIVE, BRI T A AR E ARSI e R BRI BRI LR PO TERE
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Identification Algorithm Based on Key-Point Detection Network for
Vital Parts of Infrared Aerial Target

ZHANG Kai, LIU Hao, YANG Xi, LI Shaoyi, WANG Xiaotian

(School of Astronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The precision sirike capability of an infrared-guided air-to-air missile to target the vital parts of a fighter
is key to precision-guidance weapons. The traditional image processing algorithms select features and designs classi-
fiers according to human prior knowledge, but this has some limitations. Therefore we propose an algorithm for iden-
tifying the vital parts of an infrared aerial target based on key-point detection networks. The algorithm uses the end-
to-end deep learning network architecture and combines illumination with texture. The data set is augmented and
enhanced in terms of lighting, texture and deformation. The entire image information is preprocessed simply as in-
put, and a loss function with constraints is constructed and iterated with an optimization algorithm. Compared with
the conventional algorithms with the same training, the average recognition rate of the trained network model increa-
ses by 10%. The vital parts of the infrared aerial target are identified at the speed of <10 ms/frame. The accuracy

of recognition of the 4 vital parts proposed by us is more than 80%.

Keywords : terminal guidance; vital parts of target; key-point detection; convolution neural network ( CNN)
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