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Abstract: To solve the problem that the existing CAD system is difficult to match the corresponding parts
accurately through the freehand sketch in the conceptual design, a recognition model (VGG-CapsNet) for
freehand sketch of part is proposed, which combining the pre-trained network (VGG) and capsule network
(CapsNet). Five designers are recruited to sketch parts, and build 23 kinds of freehand sketch of parts in-
cluding standard parts and non-standard parts. The between-group experiment and within-group experiment
are designed, and then the recognition models of VGG-CapsNet are constructed respectively. The recogni-
tion results of the VGG-CapsNet models are compared with the rV GG-13 models and the rCNN-13 models.
The experimental results show that the mean accuracy of VGG-CapsNet model is higher than the other two
models, which provides technical support for the retrieval and reuse of part design knowledge.
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WEYH VGG-CapsNet ¢ e A#lH, A[FZ4b7EF
VGG-CapsNet 1 {fi i Z{0H TS #f 4 0c,
DLk B63iF CapsNet (1975 H.

rCNN-13 B HUAE S A SCHF 58 1 SEE R 2%, L
B LEFZECS VGG-13 BRG], AfElZAab7E
F rVGG-13 [ FUZ 1 B T #E ImageNet I 1)l 2k
) VGG16 M 45 AL EE S50, 1 rCNN-13 J2& 5 HL i
CNN, FZMLIFHINLE, LIk EIEMH VGG
T 25 28 FENE S O 7 . rV GG-13/rCNN-13 [%]
KEESENR 4 PR,

X SE [ 8 A A 7 Windows10 245 F ATl

Yk, i GPU k. RGN 3.4 GHz HE /R i
5 A% AL PR Z F 8 GB RAM, NVIDIA GeForce
GTX1060 6 GB. #2541 Python3.6, fifi 13& T
Tensorflow J5 ¥ Y Keras e SZFK.

F 4 rVGG-13/rCNN-13 &5 5
BRE BBWRST BRESGE K i

input 128x128x3
convl-1 3x3 64 1  128x128x64
conv1-2 3x3 64 1  128x128x64
maxpool 3x3 2 64x64x64
conv2-1 3x3 128 1 64x64x128
conv2-2 3x3 128 1 64x64x128
maxpool 3x3 2 32x32x128
conv3-1 3x3 256 1 32x32x256
conv3-2 3x3 256 1 32x32x256
conv3-3 3x3 256 1 32x32x256
maxpool 3x3 2 16x16x256
conv4-1 3x3 512 1 16x16x512
conv4-2 3x3 512 1 16x16x512
conv4-3 3x3 512 1 16x16x512
conv5 5x5 256 2 12x12x256
conve 5x5 256 2 8x8x256
FC1 1x1 512 1 1x1
FC2 1x1 1024 1 1x1

K StratifiedKFold J5 20847 5 #7138 X KrIE,
W EREE, ATDRIEYIZR4E | RUEAE TP 45255
FEAS () L A9 5 D 0 B30 ZE AR ), ) Ao s 4 )1 225 5
Pt LA I = AR B 2. KU R B s 4R R 4y
b 54, wHCH A 4 AR RYIGE, FIR—4NE
WESE, A3 AIEAT SRS, TR HEr R e 2.

JITAT BT ERAE ) Adam D PR 53032 DA s 3] i )
KMk, IR PERS], batch-size &N 16.
X}F VGG-CapsNet #AIF1 rVGG-13 f: 5, 7E4id
32 0.001, 0.0005 F1 0.0001 )24 > F 5, EBURAL
{H 0.000 5, VGG-CapsNet F7 {1y % i AR Bk 3
W, BRI ECN 50 ¥k, it K 35 72
iR, T rCNN-13 7 2% 2] R i it fH >k 0.0001, I
H A AR 2 5] SRARIE TN 0.9 AYAT F FE g, A1
ZRUECR 100 ¥k, il K 3T S T A R .

4 ZFR57HL
41 VGG-CapsNet 2RI R

V GG-CapsNet 5 #1 % 2H 7] 35 51 K 40 R 51 1Y
2E N 5 pis.
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# 5 VGG-CapsNet HEMRANERRFE %
BoEsE fEERR e PERmE Fuff
FRAESE  96.92+0.02 97.00+0.01 97.00+0.03 97.00+0.03
JEFRfE 93.88£0.01 94.40£0.01 93.80+0.01 94.00+0.01
4% 90.31£0.00 91.80£0.01 90.40£0.00 90.40+0.00

(1) dilIsegngs

V GG-CapsNet H5 755 7 o 1F (14 PR 31 HE 1 36 A
L R 2RI T 96.929%. 1 H 537 38 LRI
HERR R 8 AL, FORIE AR R AN B 3R, Hor,
3 AR R R ER AL | G R IR %H/@Efﬁiﬁ
100.00%, AT LAMERA X 73, MR A X 2 bR
PEE AT BE i AL A IR SURRE, FEORBIH R,

1.0
0.8
0.6
-04
-0.2
5- 0.08 0 0 0

| | | | -0.0

1 2 3 4 5

HARAS

3 VGG-CapsNet [ 4 [E] - AR {4 ) TR v 6 B

VGG-CapsNet 5 X JEFR 44 1 100 1B 280k
2, FIIUERG 2Ry 93.88%. L 5 U IH B4k L A
W B, RGN 4 Bos. Hrh,
A 12 FEAERRE IR E MR B HER % 100.00%,
TLAERG X 2y S22k . Edl A . RIRM
BIIX 5 RFEME R Y 85.00%;
M FA R B ER N 62.00%, AIfigEh TS
FE AR . i SR B DUELAT AR BL Y 38 FLRRAE,
25 5 PR

(2) dNLERZ,

V GG-CapsNet F5 7 i 42 F8 % 4 ity U1 o 1 o3
9 90.31%. HEHL 5 YRR 2 S il 2 v AR
AU, IR VA 4 n & sﬁﬁfT Horfr, 11 BEMRE
PUAERI N 100.00%, AT LAAER] X 4, 184,
Ao, AR A Sk R, 4
IR A SRR A Bk 9 AR RIEUNNMERA R 2

if 85.00%; A%, THZMA T 3 RE/FHEHR
ﬂlJ/ﬁﬁzﬂﬂfﬁ A (PN HETR R 62.00%) Z) B
LU A s il f A | AL [ E RS T, AT RS
?Lnééﬁ?#ﬂ?ﬁ*ﬁua@ﬁ SRR, T0022 R0
@%Kﬁ 62.00%) i & 5 R R A R, ATREE T
X2 BEMEAMLRLRE, A GRS MER
zjy 72.00%) 15 7 8 1 U0 Rl R A, 7T B T
X2 R EA LA R FLARE. SRR,

211 [R] P O e 4 P TR 5 s SR B
¢cJM00000000000000000 10
71&]000()000()000()0000
8-0OEO0000.120000.12000000.12
9-00 0 00000000000000 0.8
10-0000XE000000000O0 00140
11—0000%‘“&00000000000
12-00000 000000000000
13-00060 0 0 0 OKL O 00060 0 0 0 0 0 0 0.6

1%ﬁm—ooooooooooooooo

£ 15-0000000020000000000

#16-0000000000Jloo0o0000 | _,,
17-00000000000fM000000
18—0000000000?9“00000
19-0000000000000fMo00o0
20-000000000000000Ko000  -02
21-00000000000000 00
2-00000000000000 0
2 RO RORORORO R ORORORORORY L 00

678 91011121314151617181920212223 '
Bl

K 4 VGG-CapsNet (14 AU A fr 4 i TR V6 56 1

100 000600000000000000 1.0
2-0F 0 00000000000000000
3-0 O 00000000000000000
4-00 0F BO000000000000000
5-0000H0000O0000000000000 0.8
6-00000J00000000000000000
7-000000JH2L000000000000000
8-000000005000002000020000 00D
9-0000O000000000000000000
s{%1o—-0000ooooom:.(i;:)loo0000000(1140 0.6
¥ 11-0000000000K000000000000
% 12-00000000000F00000000000
w 13-0000000M60000OFEO0 0060000000
14-0000000000000K000000000 _,,
15-00000000000000F00000000 :
16-000000000000000F0000000
17-0000000000000000F000000
18-00000000000000000F00000
19-000000000000000000F0000 —02
20-0000000000000000000O0FO000
21-150200000000000000000 0700
22-000000000000000400000 OJFO0
23-000000000 0060 0001060000 Off 00
1234567 891011121314151617181920212223 )

TR
K5 VGG-CapsNet (14 PN 5 A6 TR 18 JE K

42 rVGG-13iRR|&ER
rVGG-13 F7IXF 2H [] 15550 B2 26 P 0 1) 245
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6 N, e cm, BRI bR RT3
RN HERG R A 95.38%; Xt AEFR 14 4 - 24 1K 50 of
ok 86.00%. FEALNSCZRH, BN 2R
SEHPNHER N 81.24%.

#*6 rVGG-L3EHMRFERRAE %
G/ S iR Fafn A5 Fufi
FefEfE 95384010 95.80:0.06 95.00£0.13 95.20+0.11
E27NLE 86.00+0.14 87.80+0.15 86.20+0.16 86.00+0.16
LHENE 81.24+0.01 83.00+0.05 81.00+0.02 80.60+0.02

43 rCNN-13iR 7% R

rCNN-13 A5 Y XiJ 24 ] 15 51) S 41 P9 1 51 0 45
MR 7 froR. FEALiB) Scas v, AR BRAEC: 51
PR HER 2R 85.23%; X AR bR T 4415 501 o 1
Fh 62.63%. FEA NS, BEXT 2R
SN AERf R 63.82%.

#=7 rCNN-IBRBEMIRAERRFE %
B4 e R T PEJ RS Fufi
FrifEf 85.23+0.17 85.60+0.16 84.40+0.16 84.60+0.18
IR aNES 62.63+0.05 64.80+0.02 61.40+0.07 61.00£0.10
4 EM 63.82£0.04 65.80+0.09 61.60:0.05 61.20£0.03

4.4 SLIWLERTTIE

H 3 5~ 7 T LIAE ), 3 PR bR AR
BE R AR, 45t 85.00%, VGG-CapsNet
r'VGG-13 & 1.54%, rVGG-13 [, rCNN-13 &
10.15%; *f TAEpR1E, VGG-CapsNet 5 71 it U1 i
2 rVGG-13 5 7.88%, rVGG-13 [+ rCNN-13
i 23.37%; X FailEAF, VGG-CapsNet 5% [
A HETR L rVGG-13 B 9.07%, rVGG-13 [t
rCNN-13 & 17.42%.

KRB XTREA Wilcoxon £55- By, 1% 3
K2R 0.05, % 3 FjAs 764 (g £ 8] R 2 P9 1R 551 E
RPEAT IR, Gt R 6 frk.

XTI 6 i 3 EAEAE, il IR VGG
PRI R AE R B 1 V GG-CapsNet 1 rVGG-13
RECHRY F) SF- 25 R S50 v A 2R 1) B 3 v T rCNIN-13 #8241,
ESAIF 73 BR800 VGGA6 #EBIAE S HR A HE B 2%
AE T4y b B8 B IR ) AR AR, BRI T2 R
) G R ) 4025

TEE 6b FIE 6¢ H1, VGG-CapsNet 14 5 75 24 [i1]
AT A 52 50 B 2 P9 43 2 A S 56 v T M A R 3
F T rVGG-13 LAY, A ME— R R 22 A
SRR TGN ZoT, WEFT CapsNet
TE X ZINREAS T 2 A 35 i 1) 55 PR 4 2 R AR BR BT A 2

r NS * 1
10 - I 1T 1
——
i
0.8 -
~
0.6 -
0.4 L
VGG- r1VGG-13 rCNN-13
CapsNet
a. ZH bR
I * 1
1'0 [ T x 1T x 1
0.8
=~
0.6 -
0.4 :
VGG- 1VGG-13 rCNN-13
CapsNet
b. A IEFRE
1.0 *
I * * 1
I 1T 1
08 |
~
0.6 [
0.4

VGG- 1VGG-13 rCNN-13
CapsNet

c. HNEFEN
* HAEBEN; NSLREH

E 6 HCXIHREAS Wilcoxon 4475 Bk i1 3 17 &

B BIREARE, A E A AR E P,

IR, AR SCRE R AF e — 2 1Y R BR . — T
I, T HWERETRA 5 NS 5EMEMTLH
B, TR AR, PRECE S AR AR AR AR A 2y
A 1), AU AT BEXE DL 27 2] 31 58 BE YRR ACRRAE,
HAAMUIRZ, @ fL . IrB sty mEr 5 iRE, JIf
HZ 53 2 m XU 59 28 57 A8 R A 200K ml RE o A7
TE—E W, 5 LT TR HE— 2D RS AEAR,
fe A R MERG R, 3 —Tr i, ASCRAl VGG
5 CapsNet %55 BUSBUFRIRCR, b A RZ
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% 3B &

YA, 40 Inception, ResNet, Xception, Dense-
Net %5, ¥Wn] T RUGZRERRE. JReef il 2
FEE, HE— 2045 U T

5 % i&

A% AR T 1) R T 4 R TR AR A
VGG-CapsNet, JfIT e S: 40 5 B o b, 45 2R 3R
B, BEHIZR VGG16 AR SRR SR HLER I 5
CapsNet Hl%5 4, TEANIRAT B 19 B8 5 2 AT i
LA SR I AL RE AR e . SRkt — 4
P RINGRREAR, LB, 38 S BT 2R J RN
BIMERR, T CAD RGEMZEMHHIER
HEM.
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