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A Method to Visualize Deep Convolutional Networks
Based on Model Reconstruction

LIU Jiaming XING Mengdao FU Jixiang XU Dan
(National Laboratory of Radar Signal Processing, Xidian University, Xi'an 710071, China)

Abstract: A method for visualizing the weights of a reconstructed model is proposed to analyze a deep
convolutional network works. Firstly, a specific input is used in the original neural network during the forward
propagation to get the prior information for model reconstruction. Then some of the structure of the original
network is changed for further parameter calculation. After that, the parameters of the reconstructed model are
calculated with a group of orthogonal vectors. Finally, the parameters are put into a special order to make
them visualized. Experimental results show that the model reconstructed with the proposed method is totally
equivalent to the original model during the forward propagation in the classification process. The feature of the

weights of the reconstructed model can be observed clearly and the principle of the neural network can be
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analyzed with the feature.

Key words: Deep convolutional networks; Visualization; Model reconstruction

1 5l

fE20124EILSVRC(Imagenet Large Scale
Visual Recognition Challenge) Lt 389, DL R
28 [ 4% (Convolutional Neural Networks, CNN)J
B Alexnet!, ] T-MRAREA, 40385 &
AIREIBAN R EE I, MR AA 2 A A —
RIMEAR HAG15.3%, Wil 28244 126.2%, 1
THIEGEE . WILUE, WREEE I BFFTIsR 7 3
—/NE . 8JEH VGGNet?, Googlenet?, ResNet!!

WeRa H ) 2018-09-21; B(HIH ). 2019-02-19; P& HIR: 2019-03-21
SSRGS XFEH liujiaming@stu.xidian.edu.cn

FERTH . PR T A R4 (2017-JCIQ-2Q-061)
Foundation Item: The National Defense Science and Technology
Excellent Youth Talent Foundation of China (2017-JCJQ-ZQ-061)

ML SR AR TR H

— MR BB A — AN S ) SE BRI i
Rt FIRFEZE S HE— MBI . SR 2E ST SRR
ARG, AR, BRI A LA T,
RH 20 I 4% 1) e 2 gl 2 B — AN SRR, AR AR
GRS PR NG 2. B H AT A 1k, CNN R
WHF AT 18R PR T R CNN P AN 2 Rk A 11
B, BRRAE AT Ak o BAT AR MR MR IE rT A 5 v
FE AT Zeiler 5 A TR 0 s 4 B H AR DL A
Zhou s N H (2 Bm w77k S8 FRUE R
AL SR L AE Alexnet 1 ELEEATALAL T 551461
FEAERE, BT BRI &11x11, Freld
REE H— 2 MgE R, (FEX T4 & E
R2g 5% 5, 3x3H A ZIxREZY, BT R~F
TEAN, BT S IR R e o R A A I 2 55 10 4 4 A2


http://radars.ie.ac.cn/CN/10.11999/JEIT180916

91

GRS He TR FSE A IR A B A 2t AU ] AL T i 2195

a4, WEREWARR “FmiEE” . “BEHLE”
MIREME, LT RIS T SH500; T
R G HI I B, BIN T dropout4h M, X4k
W 25 S ) TR 2L H 028 T BRI R, e st
A, EGn S 20 AT 1 Tn] AN 2 o 48 I 5% 1) )1 0t
R, 1T A2 DX 8% TR U1 St SR B0 ) 8% S T3 S Tl 174 Ji
B, WA AN GRS R BT e . PRk
ATCHE Pk JEUAC A 2% 11 I 5% 1) oA 8 ot A i
B BRI B B B TR A DX 8% i I A s
P 5 SR R 58 A 5530, A B gl )5 (A 2
AT N 2 SETLEHE 0 SR IR, Dy AR R Y
WS ZHAAL AL B FE il . AT I I R
AL 2 F5 ) FH N 5 1 1) X 28 R TR 347 3 SR
AR RS, ATE B i a7 o

2  ERHENERERISEE
CNN& — 2 Ba gl 2= 16 I 2% 45 4L, 32 204
BRI WiLE. RIEEEMEE, BRI,
A WO R DL S E WA SR S5 1 . I8 Sh MR A
Yy = fa(x) (1)
o, RORGRRE RN, KR AN
AR FZE y R, AR k2%
(I3 AL fa() TR PHEE Y 28 0 MR A (1) A 3k,
E 0 228 009 288 1 i e RO ASCAE R R A 3 ] e
B (1), ASCIR W IR B A4 4
BEAT A ) AL R R b, G SR 5 A AT A 45
(WA Ak s eR ) IR T DU K (2)
oo, W (1) Fo I BEAS W9 245 (1) 50 2 25 g ] DA SR
s (3) B 2
h(x0) = w; xo+by
Yy= fm(m) = wzm"i_bz
K (2) T h(xo) s hriE bR E, RoRPg L h At —a5
Rt 2o RS IZE RN R w2 P
0L, BE AT DR AR B R, A n] DU I
FHIARFEASAE Ay 194 28 iy N SREUHT 7] A& R 16 S 3045 6
i, RIS ok e RABUE MRS =, 5
SVEAITNIR borehri, Ronim .
B2 (3) R A R 28 I 2% R AR AT, Horp
W BB S AR, by e B R, X240
% i S 7 FH DR A R N e PRV SRR i N (R A
HLRIPE o
REGRM NS L, FNEREIEAE
EMBLIERE . AUEIL IS, 2 BUN FRUE %
Bt oy sk, an R BB I 2% A AU IR EEROR
AT B SRS AR IR A, DRI A S tH —
A IEAS ) A v A S H0 T

2.1 IEXEIEERE RGN
X =AM R S, e Homa g cn = (4)
fioR

Yy = w'z+b (4)
Hr, w, ¥ HEHRE. X4 RARTEA Y
Y1 wir W2 ot Wi
Yo _ W1 W22 Wy
y.n w‘nl w'n2 o " w:rzm
I bl
T
’ :2 + bz (5)
Tm b

Xt 1 3(5) Brroas 1) i o7 p& &5, ] L% FE R T IE
AN SR AR RGN, o TEAT 0] B AL A 1T

1 0 ... 0
0o 1 ... 0

m

0 0 1

m

1 IEAZ 4l

AR KB A m IR0 EAE N RGN, TF
HORIANMI N b o 2 5 PR E L A 181 ) A R
N AN (5)H, I Ry R TS T S
b, WHws=yi—bi(i=1,2- n)KFw 1%
MM SRR TR s 251 ) A i, mTLsK
Hw H25ME: M, W BRI Em X,
A LR A w ) 4B AE -

TR RN, BTG 48 AN S ] B 2k
PEZRGE, VSO AR N Eb A PRI A (2 1 Dk 45
I NFAN IO NI N ), 1 HLAS SC 32 B 0 A
S BESAT T A, S Ew b, TR
7 I TR PR T gt (1 PR 20 BT S5 SE 3 TR AN R b 52
W, JITA IO R E 0L EE .

2.2 MLELEHDFEE

T 3K (3) T w, 2 B A #2002 B B N % 1
e AS, T AAS B8 B I A ) s 41 AT SR il
HOEAE M EE P25 10— IRAT A R T S0, S T2 i
—HEN], w AT, KRy LI S DL —
[i] 5 i A R SE IR A A RIS LT, 3 U A I 465 1Y)
WEBEE R, A 15w, A8 0 B e, 2 fafEnr LA
IEAZ ) A SR AR AT N wgy

P w e BB E 2C(2) T RN E R ) wg
SE R b2 (2) B A2 2 AN W9 4 1 A 0 75 fig HH X (3) kR
ISP TE S 02 X 8% A R R A &5 R 1 38 i 1) 45



2196 M7 5 F

SO 4 84145

Ko XMFREMARSLGH, KE)EAEARKA
A
2.2.1 ERE. POt EMEERERIEE
BTSSP M e E AL AN S i I
oL P AR MBS, XN (2) 1w (X A
W2 IR R 105 199258 T 1) A4 (10 00 3
AT, P, A 4 I 3% 4 #
ATEEEN Khs b, AU B3RS, fi
28 W 5 v i AT e s 545 R (i dropout M) #ERT L
ELER
2.2.2 BRAMUEAEE
R RN NI PN E | 32 e S
DA ZEEAT R . i KA S B B 28T

6 [ 7|8 |9 |10

11 |12 | 13 | 14 | 15 13 15
_

16 [ 17 |18 | 19 | 20 23 | 25

21 |22 | 23 | 24 | 25

K 2 kit

B RE s KT S R i N R e ) e KA HE B
1R, AT H RN RSN

T
1[zl:max($1,:v2,---,fn)] T
y= 1 [,'I:Q:ma)((il;l,fl:g,---,flfn)] 1i2 (6)
T

]' [I,L=max(z1 ‘1'27"'7Zn)]

Hop, 1 RIBEE S, U RN
MR A AL, R0, AR, 5 (2)H i wo nT
LR A
1 [z1=max(z1,T2,,Ty)]
1 zo=max(zy,T2, -, Ty
e | M) -

1[fvn=maX(z1,zz«,~~,xn)]

AR AR A% 328 2 e At AL 2 AR PR AN SRS AIE
Bla, vhHwMIME, HHZwo R i Kbl )2 4
R (2) B, IXREAE 5 S AT IEAZ 1 A o
RS H LR, 5X(2) A wo K 22 b [ 5E 18
S Ak N Y T

CLESURBR T, SEbr b KAl 2 AR
WREEA TR E KA R AE A ) A& 56
W 2390 S 12 2 (K A A N SR P R R A
B, SRR R ie TR S R R AR T R
Pk, AEMIEAC T AT HAR RS HOIN, S5 i
i DURF AL B B S 2 i Gt = I, R SE

RLEAF R, EHER AR AT B ERE A P 1 i
1]
2.2.3 BURERAYIEEE

71 H I BOE B 0P AU Re LU Y bR £ (10 45
LReLU, PReLULL X RReLU)fEM 5 piak (2) T
3, RV TN T A ST A 0 i gt 5V ) i o . H
ST AN BR ], H R R ) 2 38 T 2 R
ReL UAE N BOE s ECR G2 f# B BN 1207 (1 1)
B, I LUAST T SV AE AR e LU AR b 0 oR £
0 8% S B A BT P AT A R

ReLU R 11 %15 50k
y = max(0, z) (8)
B0 1k (2) X
y = max(0, )=1jnax(0,2)>0/7 9)

Xﬂ’@iﬁ(2) ':F' E]/‘] w():l[max(()?zbo] ( EEI ﬂ:{%i{ﬁ IZ[ %{ E‘J iﬁ]
AN JbrtE, BTl AE i wo Wbstr), FEHIEAL ) &
Yt HEREBE SRS, FHERGEEITHE
wo IME, H520(8) Bt il (2) ITE .
B — e, X T ReLU & %142 JE (W1 LReLU
&), Rkl
y = max(ax, z) (10)
Hrf, 0<a<1, S5 kA(2)MEX
y = max(az, z)=q' o> g (11)
X 1 38 (2) o4 B wpmatieonr 47 R 1
ReLUAH[H].
11 W &% B 25 1) 43 28 4 vhal 8 23 K F softmax i
W RRABOH L 2RAE, W T 2R BN R s, 2
AR ) EARRIE T

y= ) (12)

k
> exp(@n)
m=1

A1) AW W R0 s E
y=max(yy, Yo, -, yp) » M A AH XK N B A
ri=max (1, Ta, -+, ) o HHULT UL, HZ15rIE4h
RAS W softmaxiBih AN, softmax P £ &8
TN FE T KB UR T, BT AN O
SN UF IR AT 408, BT DL E B softmax 7y
2P NAE N R R 48 53 R i i o
2.2.4 IEM{LEEH A%

B 2 B ZE AT AR N, B T LAy 2E
ARGER AN, A e 28 ) 28 3 B i — Ll B I 2 1) 45
¥y, EEH BRI I GOEE  FRARRS e
PLE it “idPIE " . XSGR RR O 1E A 45
F, R HAAREEREHE T (Batch



59

GRS B TR IR A B W 2 A mT AL T i 2197

Normalization, BN), BN JEA SCABTELN A
4, FEIHA

/mZ%E:m (13)
i=1

0%==%;§:(xr—u3f (14)
i=1

E[z] =Ep[us] (15)

Var[z] = m”zl Eplod] (16)

—~

I R (P S | )
= V/Var[z]+¢ - (ﬂ Var[x]+€) 17)

BNZ5E M4 H & Sergey 4 H BNAE 128 Y 45 43

1 0 0 0 1 0 0 0

0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0
(a) AL (b) HIA2

(c) HIN3

ST R T ) ARl R ot MBI 5, T AAE AL
G R S AN R T, BN AT E B

N N Y . E
B, AR B R (17) - P

Var[z]+e

R ED, ESHOHE D REEO.
2.3 REAATILHES

AT THA 28 7 IEAC ) B 2 SRR S 5000 O ik
(S ok 2 AR EE S HIE DN B AP B [ = ]
Je2YE 3R . K3 (a), 3(b), 3(c), 3(d)44L
A3 Sl N 2R RE 5 0 W g A A e, RT LAy S A5 2
AT EE, BRI ) R R 38 46 T ) 4% Hi H T
FENEL, BT IR ANy 2K (RDAS 7] 41 1) 8 ) A
AL B TC ) K yar Wby Yo, yadNME R EATHZIE
R IR (a3 (e) B, BN “17 A7 E 5
RS I Yy BT AE AL ) FIE A

0 0 0 0 %o W 0
0 1 0 0 Y. Ya 0
0 0 0 0 0 0 0

(d) N4 (e) FNFEZ RN

K 3 BUE I AL HES

4 B 1 R REAN B 1) = E T HE S A R ALIEI3 ()
AL, ol N B0 S A R S, Y
BT A i oy v SRR S, 4% IR RIS [ 4 Sl
ITHEZ, WA B n AN 5 N 58 4 S 4R 5l
n PR BT 0 28 TR At 2 o e 284 91 B 1R 3
AT b SRR P 2 N 48 B — AN 2 S IR HH ARG T
BN (T 3RI 56 A5 B MR FEAS) g v, SEBL
TAUER AT AL .

FE TR TR (AU P AR 7 V2D R R

(1) 2 BT Aot 28 D9 268 A0 204 (1) Ay S50 445 A 2 75 9 A
3 (2) PR TR 4

(2) T rl AL EE N 4%, R IR A
BEATHT ARG, IREUEEAE R

(3) MRPE AT B, LA F 5T w,
I L 2wy iR S K (2) T

(4) ) IEAE i o 4 T R ASE TR 9 3 5 1 3 H oy

(5) i vh & 5 R S R R 31y AT HEA,
56 R 2 S TR A T AL
3 SWERS5SH
3.1 HARMEMEINGFEE TR

WIZR DA R DA A i v -42F022-26 K AL (1514)
(1) 7 35 [R5 B R FH R 1) B 25 - 2235 ) (R-D) 1%
LA UM TS AR B ML KX P 28 KL 2D

2RMG . EIREAN5.5 GHz, 55400 MHz, 4
HE%0.375 mo YIAEEPE L 3tat327k, 3
R E-42 KHLAE1615K, %2-26 KAL1665K . LR
28 M 2% K FH 23 LRN A K dropout, i H 255 k235
I Alexnet #5784, H H 4 Hsoftmax 7> 2S48 (F i A\
YER 2 BT o FEASI RS 4227x 227 x 1, 4k
LR R G AT 2 B(E AR B, DI ZRid FE BR324 K
KRHAT—REAR, 25218 40.01, IR FEr) 2>
& w5
3.2 JRIGRE SEIBER 5 B H L

PLTOAN AN [] (R IR A% 2R FH 4000 B AR S B S
RUIRUE 73 AT F S5, PO AR JRUe 20 5 e A
RSt 5 0

RUPFTSH & 2-26 LG g5, )&
SAIEME ri-42 KHLEHE M i &5 . nTLUEH, 18

(a) HETE-42 _

Kl 4 INZRpeA




2198 m T 5 fF

SO 4 84145

ZESTES

0 1000 2000 3000 4000
EARIKEL
Kl 5 27 >) ik

TREE 2R /N ER I OL S, PR 2R i S i 1) i
SEAAIEl. bR b, SRR B AR N, R 6S R
i 410.6519, ~10.8071, 10.6517, ~10.8070, HE 5
() A% AR TR 5 B AR AR By tH AT A /NP 22 S o R ERIE T
BRI 25 5 MR A H T GPU IS, F5 i
H T cudaZe #4 1Y /2 i # cublasSgemm, % AL TN
RESETVHEEFEREAN I, BN PR AR . 5K
e WKW, EAFEIFEIREMEN T, T4
—AMEAS, ARSI AR Sy I R T ) AR R D S R
BT T S8 A5 U

3.3 HIBRBNPERTRIL

F16-5 [ 72 FH 4000 UK IEAR I 25 1) OB 2R A AP 10E
TR TS R . 6 (a) MR FEA 22-26 1)
ISARKEG, KI6(b) A2 4 28 ) by HE v -425%5 M. AL
ERTARALZE IR, FEI6(c) A2 Hin H 2R Dk 2226 % I (R
(TR GG SR . AT DA H AN 43 23 H e b T
DIRRFE AR DS s S g5 8, Hhige
FeoRAME], RO RGBT MR AR A v -
A2 B TGS R

I8 5 K19 72 FI 4000 U IEAR I 25 1) JE B AR R FH J
BARSLEM TALEE . E8(a), EIS(D), E8(c),
KI8(d), KI8(e) Kk b Alexnet iR o AN 2 TFI4,
LL22-26 0 PR FEA 1R 5 BRI 1) S R 4
B SR HE T-42 R B 45 5

PAFE R FH A6 R I RUAE ] Ak 732 L BE 43 T il
NI TN R IRAE (RS54 Tt
ANEIUEE,  ASCHRE AR 73R B A AN ] 43 2K
(1)t ot A N G A 5, 5 L2 ) B A 5 56
NEG S, WaFE RN B el N E
BE(R S, DALE AR T R L 3 OV f m) ALy vk fe

® 1 FAMMRES S LR

LIRSS %26 KHLENSR M vi-42 WHLKEI 13
~13.45 -9.22 -8.14 -6.75 -5.63 10.65 11.01 5.93 9.12 7.31
JEAR R
13.42 9.30 8.23 6.83 5.69 ~10.81 ~11.15 -6.01 -9.22 ~7.38
” ~13.45 -9.22 -8.14 -6.75 -5.63 10.65 11.01 5.93 9.12 7.31
G
13.42 9.30 8.23 6.83 5.69 ~10.81 ~11.15 -6.01 -9.22 -7.38

(a) %-26FF4

(b) % i 5 9 HE TE-4 208 W7 FRI AU

(c) i S0y 22-26 % B AUE

K 6 2-261F W HEA A IR T AL

Pl A

(a) METI-42F¢ 4

(b) it ST A E-420 B )AL

(c) HiH S50 2226508 B AL AE

P 7 A vi-A2AF S REA S BOAUE FTRLAL



%5919 GRS B TR IR A B W 2 A mT AL T i 2199

(a) BRUZL EHR2

HRZ3 (d) BHZ4

(e) BRIZS

K 8 2-26 W FEAI R AS TS

(a) BRZ1 b) HBAUZ2

(c) BRUZ3

(d) BHZ4 e) BRUZES

P 9 M T-A2 0 FEAS K S TR A R

SUBERE VEI 23 A7 it B ik L8 8 0 ity A SR
“E@F%ﬂﬁ HARREARL, w] DUE v 5
P s SRR L, 3ot MR W SR B ek 5
L.

BEAE,  ASCHT R B A AN AT LA A MY
£ B LGS LR N AR K M, i) BA S A AT
X0 F 1 5% PAY S SR 5 I R PR e B o BAR TR A 4
J5 R 284 3 AT IR BERR)Z T S5 R A R R, RE 1%
FeR 2 AR AIE R D R 2 IR E A N, AR
R REHERPTHICRAR R, R KA 22
MIIEAZ [ A TSR SR, SCBURHE ERE e =

b)2007 %A

a)10070%EAR

¢)3004K %A

TE B Ffy g S AT A0 Mo FIE R WL, AR ST EVE R
HE ARG

K10(a), K10(b), K10(c), K10(d), KE10(e)
A3 JEIN AR R 1248100, 200, 300, 400, 5007 )
B E g B NEI10(a) tn] LU HZE I 2R NI
LA ] A R A A RSB A7 WS IR AE, B I
SRIIEARIREANTIE 2, EH10b)MBEC & f T
BRI ARk, S 2] g rhal DUG S
K B300R AN, s RBUR O &R AN R
B, E10(c)f:Fres i AU E i . K11
& U ZRA AH AR 100 V% AR I BEAT B 28 o 48 s AU(EL

(d)400UEAR

(e) oUO(Al%_ﬂ‘

10 1711 B 100 TR IEAR PRy FE A A 200 PR LA PT R

1.0

0.8

0.6

LIPS

04

0.2

100 200 300 400 500
ESAN/ € /3
(a) L-26BUEMR R %L

1.0

0.8

06

TR RE

04

0.2

100 200 300 400 500
ARREL
(b) T TE- 424 AR K R B

P 11 AIAB1002IEAC A E TR AT R R 5



2200 I I =

41 %

ARG R 300UCGEA S, BUE AR R Bl
T1, BB A

4 LERE

LR S (R BR AN, AN SO SR ) £
FE A, et TPl RO (B R T
o HEGHALEMAIE, BT HER S
ZRUAT R F A, AN 0 2% R R A AR DY R R
Wi o 3 3 R S A T B BEA T AT A, 45 2K
2% AT TR NI, 0 N 2R s R AN T
DRI L5 A, A R 2 i e S B T IR
1Py RITIRE . IF HASCHr P52 n] LUE it o5
MBREA BT SIS, B — i EE 1%
SRR R TV, O DU OB M S H e
SR Al

& E x|

[I] FARAHBAKHSH E, KOZEGAR E, and SORYANI M.
Improving Persian digit recognition by combining data
augmentation and AlexNet[C]. Iranian Conference on
Machine Vision and Image Processing, Isfahan, Iran, 2017:
265-270.

[2]  HOU Saihui, LIU Xu, and WANG Zilei. DualNet: Learn
complementary features for image recognition[C]. 2017
IEEE International Conference on Computer Vision, Venice,
Italy, 2017: 502-510.

[3] SZEGEDY C, LIU Wei, JIA Yangqing, et al.. Going deeper
with convolutions[C]. 2015 IEEE Conference on Computer
Vision and Pattern Recognition, Boston, USA, 2015: 1-9.

[4]  HE Kaiming, ZHANG Xiangyu, REN Shaoqing, et al.. Deep
residual learning for image recognition[C]. 2016 IEEE
Conference on Computer Vision and Pattern Recognition,
Las Vegas, USA, 2016: 770-778.

(5] Ef, I, I, S R S E IS A ). Hik
4R, 2018, 7(4): 395-411. doi: 10.12000/JR18040.

WANG Jun, ZHENG Tong, LEI Peng, et al. Study on deep
learning in radar[J]. Journal of Radars, 2018, 7(4): 395-411.
doi: 10.12000/JR18040.

[6] PUNJABI A and KATSAGGELOS A K. Visualization of
feature evolution during convolutional neural network
training[C]. The 25th European Signal Processing
Conference, Kos, Greece, 2017: 311-315.

[71 ZEILER M D and FERGUS R. Visualizing and

understanding convolutional networks[C]. The 13th

[10]

[11]

[12]

[13]

[14]

[15]

European Conference on Computer Vision, Zurich,
Switzerland, 2014: 818-833.

ZHOU Bolei, KHOSLA A, LAPEDRIZA A, et al.. Learning
deep features for discriminative localization[C]. 2016 IEEE
Conference on Computer Vision and Pattern Recognition,
Las Vegas, USA, 2016: 2921-2929.

SUZUKI S and SHOUNO H. A study on visual
interpretation of network in network[C]. 2017 International
Joint Conference on Neural Networks, Anchorage, USA,
2017: 903-910.

GAL Y and GHAHRAMANTI Z. Dropout as a Bayesian
approximation: Representing model uncertainty in deep
learning[C]. The 33rd International Conference on Machine
Learning, New York, USA, 2016: 1050-1059.

NAIR V and HINTON G E. Rectified linear units improve
restricted Boltzmann machines[C]. The 27th International
Conference on International Conference on Machine
Learning, Haifa, Israel, 2010: 807-814.

PEHLEVAN C and CHKLOVSKII D B. A normative
theory of adaptive dimensionality reduction in neural
networks[C]. The 28th International Conference on Neural
Information Processing Systems, Montreal, Canada, 2015:
2269-2277.

IOFFE S and SZEGEDY C. Batch normalization:
Accelerating deep network training by reducing internal
covariate shift[C]. The 32nd International Conference on
International Conference on Machine Learning, Lille,
France, 2015: 448-456.

EF, g, IME, 5 IR TR BN LS 1w JEESAR K
BORHUE BRI T7 2], Bk 2R, 2017, 6(2): 195-203. doi:
10.12000/JR17009.

WANG Siyu, GAO Xin, SUN Hao, et al. An aircraft
detection method based on convolutional neural networks in
high-resolution SAR images[J]. Journal of Radars, 2017,
6(2): 195-203. doi: 10.12000/JR17009.

NOH H, HONG S, and HAN B. Learning deconvolution
network for semantic segmentation[C]. 2015 IEEE
International Conference on Computer Vision, Santiago,

Chile, 2015: 1520-1528.

X5EG: U5, 1994454, 1L, BT IR HARTE.
MiE: 5, 197544, #d%, W57 M ASAR/ISARMUE . s H

bl 4.

FFsfE: 5, 199244, i+, W7 NISARBE.

Fre A, 199264, W, WFFTS 1R R AE S IR


http://dx.doi.org/10.12000/JR18040
http://dx.doi.org/10.12000/JR18040
http://dx.doi.org/10.12000/JR18040
http://dx.doi.org/10.12000/JR17009
http://dx.doi.org/10.12000/JR17009
http://dx.doi.org/10.12000/JR17009
http://dx.doi.org/10.12000/JR18040
http://dx.doi.org/10.12000/JR18040
http://dx.doi.org/10.12000/JR18040
http://dx.doi.org/10.12000/JR17009
http://dx.doi.org/10.12000/JR17009
http://dx.doi.org/10.12000/JR17009
http://dx.doi.org/10.12000/JR18040
http://dx.doi.org/10.12000/JR18040
http://dx.doi.org/10.12000/JR18040
http://dx.doi.org/10.12000/JR17009
http://dx.doi.org/10.12000/JR17009
http://dx.doi.org/10.12000/JR17009

