FA4 K F oM o IR K F F IR (AT 2019 4 9 A
Vol. 44 No. 9 Journal of Southwest China Normal University (Natural Science Edition) Sep. 2019

DOI:10. 13718/j. cnki. xsxb. 2019. 09. 015

Ay ¥4 \‘ X
E T NI ET N 2& Fn & TR 22 W 48 1Y
A H= 15 S =] — ®
FLEEAAGE
W IE, W E W
1. BB W HBHE S0, R B 4760005 2. B 226 TFEAL TR 2B, MR 7 E 476000
FE: I Zm iy o d iy, 3A R BRI R R SRR AP W Ik a8 B0, BT
I DL i 37 O 8% R 4 FE PR 28 I 4% (CCININD) g 8 [ 4 5300 32 foe o ot ) 8. 7 90 fofF D v 07 0 38 00 g 0 A 3 g A B T
P30 S0 1 R SR 5 K % S AR ZE X 43 S PR 43 43 S R DL BT ) 6% R A AR R 2 I 46 Sk B U ) 2B T

FRR . T AT A DR T BN . L DL S0 0 45 B U A SR O e . R 2 R T CNIN RSB 55 2R, SEEG 25 SR 3001 .
WS VE TR F B AT 5 2 1 5 AR v A TR 2 2 i 58 S B IR SRS T R IR IOU s B R

X 8 O\ NG BRMS MY i R
h &5 ERS: TP393 XHERIRERL: A XEHE: 1000 -5471(2019)09 — 0096 — 07

— MO - S R B0k BOR A i R A G B MLV S B B DA R v B TR 2 I )RS R R
P PUNALEE 2 AR . 2 m o3 2 R4 2 ).

NG5 T U5 A A2 SCHR L 1-3 Jrp R Hh 1 BRA . B25R P o 25 28 58 )l AT 5 i 2zl SRk D4 1R
SR X (T ERS SR I ) O SRS FESCHRES b, WA BEOR P AR I 58 — IR AT S e A
AR L. SCRRE6 e iF BAT th 2D R4 20X QX G 3 5 . (HR RSB X g At = 2 im. 3L
KL 7 IR IS 18] B R o 2SR PP A 22 i SCAF 5 Ja AT DA A9 4= . SCRIRT S TR 4 Bk ) DI A 5 Can o
JORAT M. KEFIEAM BRG] TR MAEKR LT HARZHA S A W e 207 A BE
S i R AT DR SRR A A 22

M G5 DG TC O v R e TR SR R S T R R A R A DCE D ko a4 T 4 R
(¥ B AR P 0 B G ] 0 22 [ £ 25 o) 7 %8 06 2 5 % 3 SCAF5 I AR 33 A 0k D e X AR BL 0% 1 SCAF 5 LA
DX o AHHAT TR 855 . A o W2 . TG Ul SRk K w18 rh BT A 3 AT S AR D e — AR O
TR Z YRR IR ) B XL ST IRE S0 . (HAHRL A9 2» SCRE AR 5. AT, AT AE 22 o 2 1 0 A v g
X ZE A VU T 0 A DL 3 Oy v O e A A A 2 PR 0 e R bR U T i 2 S A

TERL AR > G . TRIE 7 ) S — AN B BT DT T 7 1) A — A 3% 2 RO A Al 2k g 288 B 80 v
A 2o Xt R i A 0 I R A 0 O AR AR AT 0 2 AR R U AT ML BE S, CNN RIS T 5 i
FORCRT L BeAh, WA W T A AR AL B AT AR TR RO 2 R R

O Wk HB . 2018-06-01
HEWH . WMEARHETHH (182102210511).
TEH T ZRISEC1984 ), L, YRUT, E2MFE A T A8 K EQ A FRAT ST



% 9 AR, . AT Nt W&o b ARAb 2 M%) F 25 ERA F 97

B S H AR E A A . CNN AT DL B3 ab B — e %, S 2 A shgafnt' . 24 =4k R bl 5 ek
— AN BB 10 2 8] 25 AL R AR R R

KTk ES R R A, R RS TR R E RS, ARG T — R 3T DL
25 F0 CNN BI5GB k.

1 BixEa
1.1 Fu4b B Fn & E 5 £
B RT Ji AT 285 1) SR A e R 8 N R P o S T 2 I ) SR AT AL B o A0 R U A X T
BIHEAT IR B . DT R A5 1) T2
T %IWTU%%%ZIKB’JWH%E%% P n AR B, 4331 R 0 2R AT LA 53y R B2 48 i 5030 A g
fIE i 2 A AP BR. ARAT 2B B AR X R 3 ZHARRAEAE A O 1) o SR B 2 . AN —ZE A0 40 N AR 3B N
/|\¢l§';l§l/‘JJ:$/]_\‘FH(Ir:7 ¥u) R s WSRAE I B T 0] ) 0 A d, R
= (Arctan2((y,1 — vy, 1) (p1 —x,1)) —Arctan2((y,1; — yo1)» (1 —2,1)) » 180/ (1)
K (D EP [ 9 IE U] R EL Arctan2(a, y) AT MR BRFFIRIG &0 2 = 0. I3 ¢, 2 RME il 57 oI BE (14 77 1] g 22
FE AR RAE il 305 B Ry
2 e —do |
Dn—Fk, n+k)
Ko, Dn—k, ntk) FEn—rk i Fn+k s Z F R 5ZAZ M. SRAE RS 33 B R B — MR HIE BE Speed
HEAT A

(2)

N

di (po int;, po int;)
(T, - T,fl)

Hrbr, diCpoint; s point; ) J& 5 po int; B po int, WITLIEE ., T Jyi fp9 K E).

O3 T2 BRI R R R IR R R Y SR 35 B D) R LA B I A A 2 AR g3 il il AR A T
R R A L o R AT ot AR R e RT UARS I R PR B REAE A O M 4 R Sy A o G
AL RTRES"XAEREIEAT S, e ED) fUb AR W s, aT DA sh 6 0k 5 X 2645 11
i A< I SR T8 OE U S A Y R R AR R, R A TRUR T SR R I A R A A R o) Y R B
(5] 51 25 KL A JLAAT 18] e
1.2 DUR S ) 454 B

R e P TE AN U0 o 72 b i I A o SR
Cry Gy woey G Ron. BUIBTE U5 ] LB AR H 5]
IR S B EA TR, B C = (o, 204 0y
rorys vy ) GUSUTEDE , ARKTE—E S A2
W R, Hi o € Une, arc), r; € (parallel,
interest , adjacent , wertical , lengthEqual, closed) &
2R A ARG R . AR SOR A DL v 3 9 2% 235 44
WE 1R, EE 1, S, Sy S, REBINE
W, Sy DU 37 R 28 S B AR (HE AT DU R 2% (g —ER 4. i T R — 3 SO A AR 2 R AN TR B 2 1)
T2, JFA SRS LA A R AR SCAY DU 30 190 48 715 s O B2 15 T 00 28 1m0 L, T B AR R
W XS EC, Fh o M BIARC R TR R, BUE X R 5 AR TTR o, Ml Z 8 B
BRZ, SRR 1 hat 2 B 2 3 1 B I, U 22 18] 2 AR L ST 6.

W28 5 j 1 Ci (BN (rue s false). x; Flory BB S350 2 0 SCRF5 R A 35 Y B 0 38 0 45 ) G A A it

Speed; = (3)

B 1 Rt arm&et



98 79 i T e K FF IR RHAF R http://xbbjb. swu. edu. cn % 44 K

iff o 1 28 1 A 3l ok DU it B U 2R AR5 0 . R A R EE AR B ER OT R R DU I 2% 35 8 AEFEAE
) & 5 B A R A S e KAE W 8 4EFREm R o B B —28 G, Ho, JFIRMERAR N
P(axys 115 Tos 1o s 2,5 1 | CHP(C))

P(xis ris Tos Ton 0 2yn 1)
FEPCrys ris aps mos o0 s 1) NAEMSMET  J5 5 MR 0 B R AE
C = argmaxP(x,, r1s Ty 125 s 205 1 | CHP(C)) (5)
AR AN 28 UL 307 1 B2 15 Ik 45 ABE S 43 AT (L 1 AR A A T M AR 0 A Y SRR AR L DR R A AR A ) 2
PTG, FFATERER 255 oy Cow oo C IRICHEC Y C 2558 XN
C" = argmaxP(C) [[P(x, | CO[[ PG | CD (6)

F T PR AR P . DRI B A B 1 AT o T DL 07 2 2 i S AR (L. i W, AR SOR A
B E B 0. 85, WIS T 4TS M ME BE(E . AR I 15 B2 (E A9 B 7 R 4R A IR AT 5. ez W2kt
T A B (A £ BE (A R4S A e o S S AR R 0 E T 4.
1.3 HRWEMLEK

1 TR AR AR B R — LU R AL . AL CNIN X G ) B A 2 i By i B a2 R B, B %8 . CNIN U]
B R TRRFAE . AR5 TR S B R R 255 X SR AR R AR, X AR T . AT LR AT BB B 42 R R AE S AR
FNE A, R 2 R AR PR AN, R B B 22 A8 X 4 L A% | (BUR EOH B 2R I B R R R Y
AN

CNN A 2 MR R O2 DA TTR Z MR E . WA RSk, WL, %45 2 A BER
BIRZ RN BRI R A, MAREEMETRRE AN 2EE. OB WAESHAER—Z b
K2 AR ROR IR T IR M 2 B Bk . BRI R A S 2% B PRI 2R i, Bl CNIN 7E 4k B
TG RE LA ONN B ERAMFREERZE . )2 BOG R 8. g E M. mE 2
JIr 7R,

4

P(C; | x1s 71s &2y 7os =0 25 7,) =

O—r

°
W~ — E e - — e .

HWAES ERE] k= ERE2 ML E2 SERE  RBUE

B2 EABRAEREEH
1.3.1 A&RE
A PP 28 N 28 T A% O 2 R A3 2 B A2 H R S T AR 4 U A 19 Jmy AR AE O o A AR 0 [ 2D
K3, ik R A TR B e — T P2 T I Y A T — R AE 1 Y R X
B IRE 7 A R L — A R A EUE R TS R R 2 T R i 8 BOTE RO AT . A A BURRAE [ A A R
b, AR A R AR . AT DL RR D SR R, BB R BUE R IR R
IO N TS DS <)
YV m

Hor, a, e, S A/0)2 FUZ AR BRI &, A b — R B9 5E m ASFEAE BB S 5 R B2 n A 4EE P Y
B, f(o) = 1/[1+exp(—x) | RMATTHIWIE NAE. 0, ZPZETTHIMA . 27 A 3] 9 8 TR AT LA
AR BARAE o TR 2 5 b — J2 R AR e S A AR B4 W) .
1.3.2 itk

A Ao A R AR P A R AR DX pR R L AR T LR AT A R R N AR R AE . R D RE R



% 9 AR, . AT Nt W&o b ARAb 2 M%) F 25 ERA F 99

A A B ) R I 1 O 3 AR AT 1 8 B ) i o R AT A 32 8 £ B 11 R M0, e B 2 AR RE ). A
IR R, Gl R . BT R A R AR BT A AR R e SR A

AL T A T B A R O . bR R LLTE G A SRR R A A B 00 R I s D RELE RE . bR N ALY
i AT LA ROR A

al = fORL X LSVt 4t (8
S sXs

s s X s SRR R AN AR ko B HALEL
1.3.3 A%BE

H T A B G ] 2 BB AR, TR e 2 R KA AR L T B A S B A AR
DA R AR RS T 0028 A 2 0 I SR B2 I 2R B m — )= T RS 2 AR AE B R R 1)
ANTRVARFAE. 2 R 22 0 245 1) 56 DR RRE 42 BCRE T oK IR T 22 8 R B AR 1) & FRLis 3 FA%?P&&%%&&
T A AR AR K 5, DR HRE X e P 5 0 M — 2 — DR E i B 22 Py s
JUARE B b — 2 4 R B B M 20, A RIH I AR @ T RLROR

ay = fO] Can ™ x ki) b (9
Vom

K, ap N B2, R, BB IBUE, o RS R, SCEERERER 4SS T R E A
Bk, SR E ks A B softmax 73 25an . B AU Kl Sigmoid, Tanh il Relu(Rectifiedunit).

W 2 fros, ALt T4 6 B, B MR BEMESRZEZE.
1.4 #HXRNZ

TR DL 307 0 238 R A7 40 A o AR b, AR BT A A 5 18— SR i B AR A g AT AR A I R A5 3
P(x | H). Hi, x FRIEARITE TR, 3G EHZE . BN, P74, h 8 4 RRAE 1n) 2 41 W 1 1A A 26
S H ORI S G E. e VI ZRAE A R i i 250 B 455 P(ae = n [ CO A PG = m [ C s FIH
57 RN W
C(Ciy xps 1)

o o C(Cm T s M)
P(r,=m| C) = iy (11D)

Hrr, CCiy a2y ) HEEARPIENFFES C Fegtx, BB In B8GE; CCiy res m) HEEERFIE LFF5S C
FHAR KR r BH A m B8R CCH AT B C B R R I ZRRE A 10 R R AE ] 12 R SR A4 i
T A AT PR, IR T SRR AR A3 S B 1) SR AR AR

expfﬁ‘u—)z 12
/2no 26"

YN AL A P BEREAS A BN 75 (CNIND A7 2R, 0 8 B 22 4% A i F B9 BB T (ws 6) FN
JCw, & A LA VLT A4S 3.

P(X|C) =

_ 13 . _ 1L =y, |2
J(w,b)—m;]](w, bs I,-,y;)—7n2<2 (A E ) (13)

i=1

Hop, BT 5 HICZ M BEHE S w. b NF . m HINGREARRR. ho . () BB E W 24 iJ5
— 200 R s 2 D UNGRREAR BT X B RR 4. TS AW S8 0 b, SR BB T (w. 0) BB
AME . TE B R 2801 268 H AR, b 78 1 RS 8 o Mo BRI N

Wi = wi —a i,] (ws D) (14)
I,

O

b= b — 7,/J<w, b) (15)



100 B HFERFEFIROARAF RO http://xbbjb. swu. edu. cn % 44 H%

Horpr, o S22 S AU, A8 S s b, SR R A, AT DL R A AR 8 M 2K B R — R 1Y)
i ho, b(x).

1.5 AXHE%

PR AR QA 3 B, ORI e 30 00 8 I 4 100 Ak 3 A B I ) SRAEAE . AR AR AR N B B, @i
a0 A T )RR AR AN, HE T B Ay A T EEAR KT, IR B T Z M A A R A OC R AR 45 0 Y 2E T
FEAS, BRI 2B B3 o o 28 R 25 B 25 (R A SRR 2 2 8. O ) 1AL 310 B e AR 41 28 1) SR 4 110 5 i a0k 47 DT
e, MRS T AE B0 AN 5 A, THSEAH R 9 5 S AR R AT A B AR/ R — e, DU R A R
it 25 X 25 Y0 ) 45 R R ARAS A L 1 1 AR, R U, 2 28 T ) nT A B K T B E A R DL R
a2 WAE T CNIN 3R 25

| AR | R

CNNFEAI 25

HEAILR
FHERER |- | DURTSROLES | o,
W | EEREEER | =
- c S| """""" DEER
- FEE maE e | y
i CNNiRZ|
ZBRAES IR HELR

B3 Hxisl

2 XBWERELHH

P OB B A5 MR BRI R SE e Bs. A 15 AS 5 TR SE . B0 ABESRm 10 HE K. &4
AL B 4 R IR AT S, SRR AR 150 AR 750 ANAFS . FFEUE 20 DTSR IINZRREAR. i
DL IS4y 0 25 oo AT {5 B2 B {EL B R 0. 85.

MR 5 s 9 F T2l i i . e R A e UM R A0SR 1 IR, YA 2 75 00 mE . U R
(2406 S 81. 2706 U WL o FHY P A A % e 1) 0 T T LA B P P 2 o AT A R T DL e 407 0 4% 4
AT LIAL PR SE R RO K. P TR A AR B AT TS . BTk IR TR A S5 A L BT S 2
WU AGE ] 92. 1600, Hrh YU AEL R 0 A5 5 . B 95. 804+ U AR BT Y A AR A 4 45 B B0
PR Fefith 88.9%.

F1 SHEEPHIRGE %
HL AT 224 75 %0 i R I R 2 1 58 B R ) 5
HL 2% 75.5 89.9
ZWE 80. 8 92. 4
=W 88.2 95. 8
CERLEl 82.0 94. 3
GRS 79. 85 88. 4

FEHE 81. 27 92.16




% 9 MR, . AT Nt MAFe bR 2 WA FAIERNF 101

4k B

HA ZIRE

K - i

=hE FRE IR

M4 wHREFT

3 £ it

AR SO A HE T DU R 45 R CNIN A 2 2 e PRI 5800k . A 1 ik P A 2 il i 7 v S A el s
() I AT B T 3k — 20 i v T2 B PR A TRUM . B T e [ 8 4 DT I S8 ) 4 ) RS MR R B 1 0 S A
B HEAT B A A 20 PR DL 47 R 2 R0 CNIN X 43 B0 A 28 1 A7 43 2. Gl i B AT 5 . R i
BEEAE LN U T R R UGS B rh AR AR W T 4S5 LB E AR AN H A
AL 3 S AR SCH AT S0 0 R L] B, A (e Al E— 20 R i B v A A [ 4 b T 2 R IR A2 Ak
WUIRE J7 + 58 W7 e 1) B 52 2% [T T 1) 031 R 1 A R 9 ME 2 10U

S 2K

(1] A, wWf. 8 . 3T RGB-D BER FHR Ik [T TR 5%, 2018, 39(2): 511-515.

[2] FANG G, HE L., KONG F. Research on Technologies of Computer Aided Sketching Design [J]. Computer Engineer-
ing, 2006, 32(18): 1-2, 5.

(3] RBER. 5KITEE. fRIRUR. BT Faster RONN #FHBIH L [ i AU BT 5 B 222240 2018, 30(3) : 468-
476.

[4] ANDERSON D, BAILEY C, SKUBIC M. Hidden Markov Model Symbol Recognition for Sketch-Based Interfaces [C]//
AAAI Fall Symposium Series Making Pen-Based Interaction Intelligent and Natural. Palo Alto. AAAI Press, 2013.

[5] KURTOGLU T, STAHOVICH T F. Interpreting Schematic Sketches Using Physical Reasoning [ C]//Proceedings of
AAAIT Spring Symposium on Sketch Understanding. Palo Alto: AAAI Press, 2002.

[6] SEZGIN T M, DAVIS R. HMM-Based Efficient Sketch Recognition [ C]. San Diego: Proceedings of the 10th Interna-
tional Conference on Intelligent User Interfaces, 2005.

[7] FONSECA M, PIMENTEL C, JORGE J. CALI: An Online Scribble Recognizer for Calligraphic Interfaces [C]//Pro-
ceedings of AAAI Spring Symposium on Sketch Understanding. Palo Alto: AAAI Press, 2002.

[8] LESLIE M G, LEVENT B K, THOMAS F S, et al. Combining Geometry and Domain Knowledge to Interpret Hand-
drawn Diagrams [J]. Computers and Graphics, 2005, 29(4) . 547-562.

[9] SUN Z X, FENG G, ZHOU R. Techniques for Sketch-Based User Interface: Review and Research [J]. Journal of Com-
puter-Aided Design & Computer Graphics, 2005, 17(9): 1889-1899.

[10] SUN X Z. Sketch-Based Graphic Input Tool for Conceptual Design [J]. Journal of Computer Aided Design & Computer
Graphics, 2003, 15(9): 1145-1152.

[11] RERfE, o, TUEG 5. B ARG ZEI0 [T iH50UET B BT 5 B %% 4. 2004, 16(6): 753-758.

[12] SHAO Y X, WANG C H, XIAO B H, et al. Self-Generation Voting Based for Handwritten Chinese Character Recogni-



102 B HFERFEFIROARAF RO http://xbbjb. swu. edu. cn % 44 H%

tion [ J]. Acta Automatica Sinica, 2013, 39(4) . 450-454.

[13] RAZAVIAN A S, AZIZPOUR H, SULLIVAN J, et al. CNN Features off-the-shelf: an Astounding Baseline for Recog-
nition [C]//2014 TEEE Conference on ComputerVision and Pattern Recognition Workshops (CVPRW). Columbus:
IEEE, 2014.

[14] GOLDBERG Y. Neural Network Methods for Natural Language Processing [ J]. Synthesis Lectures on Human Language
Technologies, 2017, 10(1); 1-309.

[15] JOHN V, MITA S, LIU Z, et al. Pedestrian Detection in Thermal Images Using Adaptive Fuzzy C-means Clustering and
Convolutional Neural Networks [ C]//Proceedings of the 14th IAPR International Conference on Machine Vision Applica-
tions. Tokyo: IEEE, 2015.

[16] CAIJ, CAIJ Y. LIAO X D, et al. Preliminary Study on Hand Gesture Recognition Based on Convolutional Neural Net-
work [J]. Computer Systems & Applications, 2015, 24(4), 113-117.

Sketch Recognition with Bayesian Network and

Convolution Neural Network

LI Hong-yan', SU Ting-bo*

1. Shangqiu university applied science and technology college , Shangqgiu Henan 476000 , China ;
2. School of Computer Engineering, Shangqiu University . Shangqiu Henan 476000, China

Abstract: Most of the existing sketch recognition algorithms have been used to restrict the user’s drawing
habits to achieve the stroke grouping and recognition. In this paper, a sketch recognition method based on
Bayesian network and convolutional neural network (CNN) is proposed to solve this problem. First, the
input sketch is processed by gaussian low—pass lter and a smoother stroke can be obtained. The stroke of
continuous input is divided, then the bayesian network and CNN are performed on stroke recognition re-
spectively. The recognition result of bayesian network is adopted when the reliability of stroke is larger
than the threshold, otherwise recognition result of CNN will be adopted. The experiment result shows
that the proposed algorithm is effective in circuit symbol recognition. The recognition rate was achieved
81.27% in the drawing process, and the final recognition rate was achieved 92. 16 %.

Key words: Bayesian network; convolution neural network; stroke grouping; sketch recognition
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