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Attention-based capsule network with shared parameters

SONG Yan®, QIN Yu-zhang, ZENG Ru

(Department of Control Science and Engineering, University of Shanghai for Science and Technology, Shanghai 200093,
China)

Abstract: Aiming to handle the problem of propagation redundancy and deconstruction inefficiency of features in
traditional capsule networks, this paper proposes an attention-based capsule network with shared parameters. The merits
of such a network lie mainly in the following two issues: 1) A dynamic routing method based on an attention
mechanism is proposed. This method calculates the correlation between low-level capsules to maintain the space
information of features and pay more attention to the feature information with a high correlation, thus fulfilling the
forward propagation; 2) A shared transformation matrix is developed in the dynamic routing layer. The high-level
capsules are activated based on the voting consistency of the low-level capsules. Then, the transformation matrix with
shared parameters is used to reduce the parameters of the model and obtain the robustness of the capsule network.
Experimental results of comparison classification on five public datasets show that the proposed capsule network
achieves the best classification results of 5.17 %, 3.67 % and 9.35 % on the Fashion-MNIST, SVHN and CIFAR 10
datasets, respectively. Moreover, it has significant robustness against the white-box anti-attack. In addition, the
transformation experimental results on smallNORB and affNISH public datasets show that the proposed capsule
network has obvious robustness to the transformation. Finally, the experimental results of computational efficiency
show that the proposed capsule network with shared parameters reduces the parameters of traditional capsule networks
by 4.9 % without adding floating-point operations and has an overwhelming advantage in computation.

Keywords: image classification; capsule network; attention; shared parameters; robustness; adversarial attacks
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LY /N 75 () TG, T 5 N P e e o £ 75 5
A1 e 0 A i e A ) K, A 4 7
S 47 5 o BT, 20> % 47 5 o R AR 1 4, 4T B Y
o 5 BT MR B .
24 BEi&EWN
o2 T I 24 7F 4y KRB G B B T — AR RD
161 F DL AE 4 28 5 B8 J2 v (1038007 R 3, 3 i 7
PG50 5 R PR IR 0 280 7 22 B 4 SR B 2 5 5
MHEAT AT 2. B AR 5 S
Lp=|[I = HxW|[3. 1)

Horp: TR B8 % N BHR, H AW 23 51 9 N B
(10 1 TR b A, i 3 ) 2% v g B N T 2k 45 K R AL
(margin loss) FH AN ZRIFE X 26, FL IR B 41 F

Ly = T.max (0,m™ — ||v.||)? =

A1 = T,)max (0, |Jvc|| = m™).  (22)

Hi:A=0.5;mT=0.9;m™ =0.1; T, /R ZENEH
A, AAFENT, =1, R 2T, =0. [y 7 ALH
PR RAE Y Zrid B P 5 32 S 7, 8 2 R 458 O 44 L fgil
457N 7 0.000 5, B B35 Sk B ECH

Ly = Ly +0.0005L . (23)

3 SEWiRE

FEBLUE I AR SOKE A2 A 2 LA T4 HH A Y
IPERE. B S B A O SE AN S SRS 43 v
BT R oy SV RE | 1 S A 4 PR B R 1 L X BT L
AR DR R SRR R
3.1 HEENDB

AR VLT 5 A T HHs S 0 A A1) 3 S
fit 3k 47 PEAt, B MNIST. Fashion-MNIST. CIFAR 10.
SVHN F1smalINORB.

MNIST: MNIST & — ML 2K 5128 0 ~ 9 [ K &
FHHF BB L, BRI R K/ R 28%28, 4
60 000 7K Il 2k EE A1 10 000 550138 15

Fashion-MNIST: Fashion-MNIST /& — 4> i & &
10712570 71 70 000 /™ B 1 72 ity FR 2K P52 PRI 2L e )
PR, MBI RS R/ 28 % 28.

CIFAR 10: CIFAR 10 & — > & 10 /> 25 51 1)
60 000 5K X~} K7y 32 %32 RGB B 552 P45 41 ik 1 3¢
A, 525 5 000 5K U1 2k B AT 1000 5K 4.

SVHN: SVHN & — > LA & 7 73 2 g k1 (1 £ 4
£, B8 T 600 000 7k R~ K /NA32x32 RGBT HlY
(0~ 9) SR,

smalINORB: smalINORB & — /M & 5 A~ 2 5 1)
3D Hr H FE, B R AE 18 N (0 ~ 340) F19 A
KPS A TR R, RS RN 96 % 96.

3.2 1EBIZEH

T 2 B WX 245 TR ) 3 PR, A SCIE % ResNet 1811311
AR RAE e B X 4% (1 457 AiE 32 B2, IRl 9 ResNet /&
CNN [¥ 2% rf 4 B 10 80 (%) HE 42, B2 68 A7 28 Hb 48 Y
8 I 2 e A DL ) e 3 DX 28 M e R 2 . 2 T
ResNet 18 155 1 25 14, K 5 i 1~ 350t A0 J2 A0 4 T 432
E0r BB o E IR E A R IR R A )E
Hh IR AN HOR I FE4E 2 53 0 Ve BN 128 71 8; 78 773 2
P 25 v S T AN BRI T 248 P52 7y 31 15 O oy 2031
A 16. 1M CNN B [F R R B i J5 W12, 530
N )AL B A A& R ) E —— AvgPool; 2) B E
4= EH /= — Conv.

I ZRAH 5 AR SCSL G BE B PC R G EAF 4 2
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3¢ NVIDIA GeForce GTX 1080 & ; Windows 10 #
1E %4, Intel(R) Xeon(R) Gold 5 120 CPU @ 2.20 GHz
2.19 GHz. %2 1E 5 A Python, 2& T~ Pytorch & & 2% ]
HEZEFE AR B s B2 X 70 9 I R AR L ok S Al ik
£, P I6 IR 4R BRI 2R 4 0 HH 20 % B EHE R A
B S HR BT UITZRIE X (Bacth size) K/ A 64,
X H 3l & (momentum) 4 0.9 [ SGD It 1k 25, ¥ 4f 2~
SIRWE 0.1, 5% > Z U B 50K N B Epoch F#AIK
0.1, S ILIEACTRECA 3004 Epoch, F48 FH e it () 56 AIE
I3 RGP AR B AT X
33 BEEIEER

AL R T BB AR B A A R B s 4R B K
18 53 2 1 e, I 150 BV i S 56 DLIG IE A5 B 1 R,
1 DRCaps 1 ARCaps 73 Il 4 LA ResNet 5 itli 25 4 1)
iR s P 20 ) 4% RIS ASE P 9 3 0 J 3 1 e T Y 5% Utk
Ab, RS2 T RER T VAR R SRR N AE T A, R
DRCaps 5 ARCaps 5 AH 1L 1) 2 £ &, {H /& ARCaps ]
43 M BE S A A R, 1 7E SVHN AT smallNROB £ %
£E I, ARWCaps B 1§ Ttk DRCaps ¥ 41 1) 53 25 14 RE,
B 2 B 4R R 23 1) N 3.67 % A1 2.99 %, T £ MNIST
A1 Fashion-MNIST %4 4 48 L, 5 %8 ARW Caps 4#i#f T
— e S H & (H & 3RS T 5 DRCaps AH L) 73 2K 14
fe. H BT 5 0 e 22 X 4% 4% 8 /£ MNIST.  Fashion-
MNIST. SVHN. CIFAR 10 1 smlINORB #¥j i £ I th
AT T BN o v Re, o BRI
0.30%- 5.17 %~ 3.67 %+ 9.58 % H12.95 %, SL 56 45 I}
T T P oSO SR S

ERAE CIFAR 10 H) 40 45 b, M 2 W 245 (1) 43 25
P BE b AN I 58 R B B Y CONIN AR 2R, {HL R T it A 7
RE8E A7 R B2 TH s T X 2% 6 B2 2% 1 AR TS Se il 4R
()3 Sk RE, IR BE PR 1 B T S R s A LA
SO g b FLRRALE, T BSOS T I 28 3 S M i 1) 182 FH A A
¥R, i 7F smalINORB %45 8 F1 MNIST £ 45 4 I, B
SR R ik 21 B i R 11 2 Pk B (U B AR LR
fig i HLE i i s ZE 285 1) 70 DS M e 4 il pir
P&t T T ) 24 A5 7Y R0 A Ak B o LA A R s 4R
o e RR, HE R Jk A 4> 2 AR I R Gk B
T 2 R s R ) 4% 1) 43 A 1 R P 25 R
3.4 ARz

TEAE SCHR [7] 1 5256 2% A, 9 1 Ban e A5 AR 6 R A
7 4G 1R B W e, AR SC AR S LE AR R K v BE 2R AR T, W
GRBRILEALE 6 N AN[F 5 A7 471 (0, 20, 40, 300, 320, 340)
) smalINORB # 4%, il Ay [A] #1L #1, I 7E £ & 60 ~ 280

T3 A B AR AR b 2R A7 BRI, 10 R LA X
TV v B AR A AR i, R E AE 3 AN BN K P
FE B EAT IR, FEAE 6 AN BRI 7K P 15 BE b gk 47
. 7E UIZRBA ], 28 SCAE -5 1 28 A8 R R A A sk
BHE AT B, 0 R0 A ik B 28 TR o i 7Y
HEAT AR (A, 15 380 7 [RIPL A AR AR A L 1 3K
B, Hodh ik 2202 tH FA A b e i 20 ik 25
HOL A L I R 1R R A5 3 1), A S 2 X 2 AR
PEAR B2 AL T RE TR B, 75 SLH6 1, BT 5 H I T ) 246 A6
R4 2R 2K T IR G IR R 2% (1) 1 e 22 BT
At JRRFE I 25, 22 ) P 42 LR S T DX 28 AR e 8 A R 1
(A0 A A 4 1) A
3.5 ST TREGNEENE

N T SRR BT 3 R A B A e 1 R 1, AR
SCAEMNIST 2045 4 I 25 Fr A 28, 2R i X A 2
E afINISTIO K4 45 F 11 e I A I SR 2 S 4
R/ A28 %28 [y MNIST F4 H 6 MR RN
40 x40, 98 J5 75 40 x40 [ ST R/ 5% 4 Bl AL E
K. TR 4 A2 K R 4R MINIST & 4% 35 78 S 40 x 40
(1) MG, R AT T 5 A8 e, RIE 20° P e | 45°
PIBT ) AN 0.8 ~ 1.2 [AIHEAT 7KF 77 [ 114 2 B 448 7S DA 2
BEANT5 7] 8 MBI BE HLF 7%, 15 21 affNIST 2 4
£ RN A T A ECER, AR SCR & £ 7E MNIST 24 45
B AR ORG P TA $1) 99.2 % [ B AL & N affNIST %045
S AT M. P th R e Y £ A AU SE L T 96.73 %
(1) affNIST 43 2 A FE. SEe 45 R I, A ST s Bl
TAEMR aftNIST #4E 4E FBONJeit iz fu v e, 25
HH MINIST 43 284 B (04 BR ], JU B 412 Hh 455 20 4 54 2]
97.4 % 117 G .
3.6 HAEBHFEGHMEEE

i 5 D) 4% e % Je 3k ) PRLB U1 L 2 T B 1,
A 3 AF B MultiMNISTI®! %5 4 £ I 25 # AL
MultiMNIST %4 #i5 45 /2 i i % — M= & e 5 —
AN BA R GRS ). B AR Hb, K MNIST B
GE AT LB &% 4% &, i A Ak
KN 36 %36 [ B G, I Ik B A [F 2855
A TR B0 (I 20 4 50 i 4R 16 55 — iR K. i T
MultiMNIST 8, & 1 K & 1) £ 4, B 60 M )il 25 5 Al
10 M IURAR, B T 050 FH 9 5258 W &% v S e A PR HL
AR FERT, A BE AL B T R B T3 2 — LS UE
BEAY I H 10 WX BEATLI R P S5 A N SE i &5 R
BEULA R R, RE AR SR IEHL T8  HdE, Bt T
R 6 B4 VR R B 3 M, AR SCIZ T PAE S TG
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xR ¥38%

{140 777 32 20 ) DA IS ATL AP ol B ) A AR SR ) &5 SR At 12 2
BAHR LR FTUES LS, B PME. & PE/DT B
FENEKCT o, BEBT R BEHLIE BT 73 2 — Hds T4
BRI A] LAz 5z, BPFE 4 (rejected). v 2, P KT &
IR o AT IACZ T VR AR A A 2, 2
%% (accepted). A S0 W R /K F o = 0.05, 4>
FSIGEE T 5 W, e R R S T e ek i o
e, I8 3 T 96.20 %. PAE G TR 50 SR i 45 AR B, A
SCRE AL BT 53 2 — R BOHE SR A 9 B ik 45
e
37 MEBFEGHNEEM

e B WX 285 1) 5 — MR AR R A e i &
P Pk, Be 05 4 e % ) 1 Bl e k. O T BRIE %
PERE, A OB BT A AR E MINIST 304 _E I 25 2 41 [
W8 MNIST 73 28 65 B, 2R I Ak 8 72 —30° ~ 30°
Vi) BB ATLJE e, N T S A Y 1) T i 5 A . S0 45 R
F B, Horh ARCaps HUIS T 8 0 1 e i - S P g
97.74 %, 1 ARW Caps HUTF 1 97.58 % 7 2KV HE, FH 4L
T DRCaps A FT & 7, D5 St e 412 th A5 2 e 4 th 12
TEANCRAF AL (1 e 5 A k.
3.8 XM AKERIEEM

N T B AIE BT 4R AR R S o ) e e, AR
AT A H 5 (target) F1JG H #5 (untarget) [ 1 & 50T
FGSM J7 42 Ot L BE AR, 16 2R F T BIML J5 925
WA HSzi6 W B 5 FGSM 7ML 8 T AT
B, A SCAN B A/ R B T IE A 1 B, BB
e=0.1. STIG &5 3 B, pr th AR 2R 7E B 1 0t 4t
Yk s, oty i oh 2B ONIN A (R 4% Bk 75 %2, H 5]
AN T LR AR R J5 , R R P AR BT Bt 1 B L)
R, [FII N T WS BN 5 e IRREMA, AR SR & n i
) P AE DADE AR B 2 (0 0 fr el B i . SR g5 R
O, B PLah & 138G K, Bk D 2% 8 BT E 2
JIT & HHABEZRY (R 0 0 0 i B e PR L CNIN P2 Y 2 B0
B2, UH RGN T I 40 B 1) I FE N 2%, e e
FEARIL BN 12 e PRI I, A 45 ABE 20 S0 1 3 B s R ) 26
TR

[FIT, Dy 7 AEA0L B S AR O P B, AR SCR
F BB Bt OPA 7 A AL ¥ & . For, s
559 B 1E CIFAR10 245 4€ b, [RI 0 431 LA 3R 20 5
1% R VPR, 5286 A K 100 A 2k AR, R K
LI, T S A M b A B (R R s B o 4%
) ARFAIE £ B2 A58 FH Sk [6] 1 & &L, B 2 B AR ST
NOMBREAR, Ph () Fon. SLIG 45 R W, b & Wt

18R 1A 8 R, A5 32 T ol D M 23 0 088 K, T I 18
Fe o HARik A Hbpw prleed, iri th b eoR 1
BB U

2 L TR AR SR i T IR 2% 4R H AR R e g A
G2 % D) 8% I %o o 470 B8 ek 4D ikt K P 8 A 28
PRI (0 A, D R LB (1) e D 3 DL R B
EN=R R S
3.9 BRITEMERAX

N Y B A TH VT A P 4 R B I R e, AR ST
T RNETE R AR ] LSRG 6 T T I B ) 4 A
TR, 3 ) B N AR ) RUST K /0N R e 3 25 PR DA K
WA 1) 2 # & (params). 1% &8 5 & (floating points
of operations, Flops). 3¢ illiz % & (multiply and add
operations, Madd) PA % & & A 47 5 ] & (memory read
and write, MemR+W) PEAl T H 2L F 1) Re. i sk
Ber 25 AT, BT AR RO A BT R AR I EE N 4%, 42 2
A B RA R, BRI S H SR
S5 H R A SCE O T IR 2 T BRI S
P, BT LAV 5803 07 T AR B0t

4 & ®

AR ST PR AIE 135 S5 A 3 U AR VR R M A 2
N R, 42 M R T JSC T ) 4% 1 B0V R B A T
I 2% KSR 0y 43 i, 3 R 5036 47 e A M PR
e e A 0 0 P R . 7 B A5 B el e S
VE B IR, T R R B 4 I v 7 R, g
A SURAE 1 e v LU/ o e 75 A3 B B 30, TR
TEAR SRR LR 2 5 o 2 v S5 A P L s 90 o
SR TER/D> R 1 [N 8 A 280 A A2
177 56 A8 e R T R k. S 4 SRR B, T AR
BT B S B 7E 4y 25 M R4S B B AU AR AR
T, SR T 75 5 25035 AP0 T 077 55 A 4 0 4 Kk A e
Pl I Raf vk, Rk B AR T i TR A S AR R AL
RV (K HR AL, 75 21 5 LA 97 JR T A MR T 10 %
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