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Research of multi-missile classification algorithm based on sparse
auto-encoder visual feature fusion
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Abstract: Accurate classification of missile by the missile image (or in flight state) taken through the
satellite equipment, which achieve the timely and effective defense, is one of the hot spot in the military
field at home and abroad. Because the missile in the war state has masked color, and the missile shape
differences are not significant, it is difficult to classify the missile type based on the low level features.
Aiming at these problems, a new algorithm was presented based on Sparse Auto -Encoder (SAE)
combining the high level visual feature and low level feature extraction. In order to improve classification
accuracy, transfer learning was introduced, with the help of the STL-10 sample database local features,
the global features of small sample missile target image can be extracted through the local features by the
convolution neural network (CNN) of pooling layer, and then transmitted into the Softmax regression
model to realize classification of missiles. Experiments show that compared with the traditional low level
vision features and SAE high level vision feature classification algorithm, the SAE fusion feature
classification algorithm has higher accuracy and robustness. In addition, in order to avoid classification
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performance reduce even failure under the lack of training for new type missile target object, the new

algorithm induces transfer learning to extract local feature, experimental result proves the feasibility and

accuracy of the algorithm.
Key words: classification of missiles;

0 5] &

BARER S, A sk B A DL S AT
A4 7 A X A fOBU DT B ) e A A 3 T A O R
PIVERT . 25 B AR AE B & i S i B A0 28 8 o R i
XoF Ty A S, el A R A S T B R
A7 v S e B R R s A X S B
B SRR S] TR M EER . B2, H
T RGP R R | i 55 2 A
2RI AR ME LG St i AL SR A AT S
HERA ) AR I, XA — B BE b 5 ) 7 1) 5 s
A TR, xS B AR EUR ST A R TR
SR G328 | R 5 5L 977 A0 B ik s 9 2 A AT 55 A
S it F DGR

FET A EGAR &R = H bR G 4k 58
FENA M (BT R, ZBARF N E G
T a2 e SME SERZ RED S8 o — Ty
BB IE E rh e AT LB, A3 2SO R B AR A
W% H AR BRI  53 2 O B 2 AR TE T 0
EIG R i B A5t R T RAE M HERR SR E . B AT, #
(R AE SR IR R DL GE T2 R AR 4R IO 32 40« 56 T i
WAy JR 3 — oA X (Local Binary Patterns, LBP) 3T
451 58 %) 38 T 98 2R B (Generalized Search Trees, GIST) .
R L AR G 5 N A o VA R R B I T v SR
XS REAE B By 0 5 2 A T A A% YRR R ASE A ke £ B
EIMG &t S0 2R 56 IS 2 LS FRAE |, U e % 3R
K EBR R R R ZE B R R R R AR A4 1 R
IKEMGERATE R, EERAE LR 2R E
PRI 3 F AL MET AN R

£ FUpp 22 [ 2% (Convolutional Neural Networks,
CNN)UE—Fl g Wi 2% 2] 4589 ,CNN 7E %4745 £
AU T Tz B AR (H R i T A
E—E W RBRM:, YRR AN 2 B g T B
i, FHAERE MR S5 A FRiC I 2R AR 50 B i BUE AT
WEHAER KRR, AR, W KB B 0 B R 2

sparse automatic-encoder;

visual features; feature fusion

BB R N A 2 A ST R A RUR T
FEE 2 vk e R R R A B — AR JB
(7 15, W R NS A A5 B R A7 2% ) | 38 2o X4k
A PR FEAR UL R I B 24 IR AR e, AR A
Ji 2 [ RFAE 7S W St BT RRAE 25 ] B, DA 5 2R [
B R IE ), B TE B ARA 4 ER Ty iR
S RN Ay SRS BE . BR R H B 4m S £ (Sparse Auto -
Encoder , SAE)PWE by —F JC Wi B YR IE 2= ) ik 38
X TChR IO RE AR 1 B IR I 2R, SREREER D
H A5 AT G REAE 19 7 1 4 A A5 ) 2 B AR X R A
B A PR 5 B 6 Fh U, SAE R G T 55 e L
FRAEM o % 5 B2 S s B Re % B 2 2= > K
B H AR XS G0 B2 B0, DI AR A5 25040 P9 0 e A%
J B

L, SCH R G —Fl 3% T SAE = J2 R A 12 et
B IR R G R AR SR R 1 7 v, S L]
15 JR B4 AE BB, 4R )5 8 i CNNE2ZR B 3 H A %
GNFEAR G B 4 SR R AE, £ Bl Softmax 15 —1k 4>
FAIRINT T AP AT IS TSR R 2
B2 04 3 s O 0 5 3 I R B AR R A, S
P B s A A 2 2] 5 Tk S8 R B AR AR BRI, S
55 B IE T SC B SR AR S R AT oy R B R
W S LRI IR T RS 2 N AR R R 2 S HE /N
Ao H AR G i R R R 2E

1 HEixRE

R IR 4 DB, JR)E R AE B
HU SAE 42 Jry R IR R IE 4 B CNIN i 28 ) 28 42 Jmy R A1
RICLL R o3 2R BB A 15, FILH] SAE 27 2] i
H ARG/ MEAR BRI B & RRAE, 5B 155K 2
PUBE FFAE (B €8 B 7 18] (LBP \GIST 45 )% KR #E17 Ry
TR IESR I ; SR B FFRRAE 326 A CNIN 3 5 3% 4%
PR LA SEEUXT H BRS04 R R AE £ R ; B
Ji B2 R ERIE % A Softmax 432 28 5 v E 5 b &
ARG 2 BRI IHHEE A& 1 R

0826004 -2


http://www.irla.cn

bk AR

www.irla.cn

% 47 %

Source domain large
sample image data

Missile small sample
image data

Transfer learning

Higher layer feature extraction based on SAE ‘

Local feature learning

Low layer
1 .
;| feature extraction

Feature fusion

—»‘ Softmax normalization model

| Classification of missile object image |

I EERE S g HES]
Fig.1 Algorithm design frame
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Tab.1 Missile classification performance comparison
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under different feature extracting algorithms

Feature extracted algorithm Accuracy

SAE feature under transfer learning 92.67%
SAE feature under un-transfer learning 91.67%
Feature of color histogram 85.67%
Feature of GIST 69.67%

Feature of LBP 70.33%

Combining tradition low layer feature 85.33%
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X P AT A7 48 B R Ok SRR AR % 4 I8 b i 12 1Y
MLERFAIE , 38 3 o > Ry A A Ak ) i, X A CNN R
Softmax 43S 4s X Tk AT 4028, S5 v, Softmax 43
KPS R B A=1x107°, SLIR 45 R LT SAE
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LBP RFAEf& MUY 73 S i M RE S R 1

SCrp R R 2 RRIE S SAE R 2 AL R A il
B 0T R o 2RV RE L AR E RSSO T
S/ PERE Accuracy WNEE 2 FIfs .

R 2 AEFFERNEZ T SE A XIRANERE LR
Tab.2 Missile classification performance comparison
under different feature extracting algorithm

Feature extracting algorithm Accuracy
Pure high layer feature extracted by 0
SAE 91.67%
Comprehensive feature combinin
P : g 91.33%
SAE and color histogram feature
Un-
Comprehensive feature combining
fi 679
trans_er SAE and GIST feature 93.67%
learning
Comprehensive feature combining 0
SAE and LBP feature 91.33%
Comprehensive feature combining
1.67%
SAE and all lower layer feature 91.67%
Pure higher layer feature extracted 0
by SAE 92.67%
Comprehensive feature combinin
P ) 9 91.33%
SAE and color histogram feature
Transfer Comprehensive feature combinin
. P 9 93.33%
learning SAE and GIST feature
Comprehensive feature combining
67%
SAE and LBP feature 89.67%
Comprehensive feature combining 92%

SAE and all lower layer feature

H 2 2 i LA K3 T SAE $REUH 1 S5 H
s G e R R R S A G0 K B AR S &, 02k
U PE BB 5 T B — IS )2 R AIE 5 5 J2 06 REAE $2
TR SRR HIET SAE fillA GIST F#1iE1%
F /) 4325 Accuracy ANl IR 2 FRAE A SAE 4RI
PEWUT B R R RE A BT B = o Hh DL U B T
AN EHLES BB R AR AE AT RS, AT ASE BEAG
B AN, A AR RE S 2 EURE R, a2k
BUNRE SR AR T, 276 LR |, SAE (5 )= L5 4y
fERL A GIST R T W5k FS U R AR i AL, TC iR
EBFI R EATBEI T Bkt R, Biks
JF GIST @B, HILT SAE M2 FRE T 14
FMERE, 7 Ah, B ST BB IS AT SR /> T3 H B
XTI, NIRRT LIED, REGER 2~
>R Ay 28R RE I R W T R A R0k Sl
it b AR AR BARE N T, s 2SR BIPERE T
Rif L 28 2R A0 ] R

4 % it

SCHVER X Z i NEEAR HBR X R EIR, B —Fh
JLF SAE = 2 M0k R AE Al A A% 40 I 2 FRAE 1 42 Hi
Bk I FH CNN H Softmax 4328 28 52 B T X £
P EARXT G AT 2R, SEER I UE T SR B R B
SR A SO N AE R A
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