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Application of Deep Learning in Driver’s Safety Belt Detection
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Abstract Seat belts are one of the most effective measures to protect safety of drivers which the law stipulates that
drivers must wear seat belts when driving the vehicle. At present,the identification of seat belt during driving is mainly
based on manual screening. However, the traditional detection methods can not meet the needs of traffic management as
the rapid increase of the number of vehicles. And the automatic processing of seat belt detection has become one of the
urgent problems in the current traffic system. In this paper.a recognition system for seat belts of drivers is designed.
First, the vehicle window is roughly positioned by the geometric relationship between the license plate and the window.
Second, Hough transform is used to detect the upper and lower edges of the window and the integral projection trans-
formation is used to detect the left and right borders of the window. The detected pictures will be cut into half to get the
driver rough position. Finally, the seat belt identification analysis based on deep convolutional neural network is conduc-
ted which adds spatial transform layer. Experiments are carried out on different bayonet and different time periods for
10000 pictures. The experimental results show that the proposed method can effectively identify whether the driver
wears the seat belt according to the regulations,and the comprehensive recognition rate is significantly improved com-

pared with the existing method.

Vol. 46 No. 6A

Keywords Deeping learning,Seat belt detection,Spatial transform networks,Car window edge detection
T R 0 32 457 B R 28 RE 2 A B R A AR T B SR O 1 B . H R R
=

BT LA UL BE A 22 38 3 B TR T S O 47 o [ 9 A1 REAS 3
SR T ) — TR B R M i 1 3 T R RE S R B R
JEAISEE . BEA ARG BRI RO R R B S H
B ORI AR, 2 B BUR R AR SE TR 7500, 1M
R A A 9500 TR 2 SR S AR P 2 5 AR 2 Al Y

B G HIHRC S T iR, Guo PR
4 2 T PSR B 22 Al A 0 D7 9 R T 4 i 5 4 v =2 1D A L
i 5 22 00 25 B 5 AR 4 A2 A2, AR e AG I A 2k A 7 R
B a7 1 R RE A8 Bl B AR AR 0 R R AR B 4R
$E A LA A6 AR R B A P L T L 222 4 ARG I R o %o [ R B
BERAR i A B S8 S AR AL TC 5 [ o e BRI AN 2K L 7R

AR K A AR R 4 IR H (61872407,61572167) , %2 U8 BHECIR TR0 H (1604d0802018) » A M Tl K4 2017 45 B R 9K % 4 A1
Y53 R 35 H (201710359067) , BH% 3 F Br & VE 5 H (2015DFA11450) )7 AR 4 4 R R 35 H (2016 B010108002) ¥ Bl
E B9, &, W+, Bl #H#, CCF &0, EEIF 5 T ML 2 2 L KB B AL B, E-mail : huoxing @ hfut. edu. en GEFE#) ; B &S
(1995—), 5 mi - A, F B AU TR B 22 ) B SR A BE X UE (1964 — ), B B, B, g TR O, 3 B A AN A eSS R 4L
BB EE(1967—), 5 Wi WIS, CCF %4 B, £ BHF 5 40080 TF 0 I 46 8 855 °F 09 5 AT PP AG AR A8 3 ok TR AR 3



5 6A

OB REE TR Y 5 R

Eoig Rl el P! 183

SE R AT N . AR T AR SR TR 1 B R X B B K]
Dﬁ%a&f?%ﬁ RG] Hough 28445 I B 4857 ) 072X
i 2 A afy ™, %07 VSR I S 2 E AR, TR R
A5 SR g R B8 R DA 2 B O3 A R TR T Y L £
AHRRRER ICANRERL R, A BT E 2 E—F
PR G B A H AR L Haar 574 AR 3R 5] B2 KR . Hough 7% & %2
WM ERT RN RE . ZREAGNERES, B L —1
R JT 4 S (0 R A R 23 s e R — 20 AR, TRE 2004
Sy . RSB 0 TR B 8 Hough 728 46 46
B ORI % HE L H Hough 28 53 35 1 52 PR 52 i
BRI RMREAR, Gt AL I MAE R, Ada-
boost th B iz FH 1) ¢ 42 K 0 3R 46, I HE 89 4500 10T Sl Uil 23R
ST AR 055 A K L SRS IR 55 73 S AP R 43
ANk 58 BUIR R X B BUR R R L AW AR . A TS
B Hough HARM % 7 i 7E 2R A —E i3 &, H 2K
B E AT SR A ARG, o PG T o B R AR & L AR METE SE bR T )

T TR AR I R G R R D R L AR SR
TR T B SCUR A TR 2 T M 4% VR R B B Al
NI, aE 1 BRI R AR AR A 5 — 4 e Ak
2 g B X R BN L O S Al E A B E B 5
BB 43 U — A TR B B 22 T N 4%, 1% I 45 3 i ) % B A5 FR P 42
TC I £ A 23 ] 2 4 23 ok 2 Bt 5% S A3 AT T I0ORS B ) 2
B 55 I A —A 43 2 0 24 X i A5 45 kAT a0 2. BLIRY
MU 3 A

DR EE R WIS . R H KA. & ik OB S
FEAE R0 R I8 B v, SR R R AT @Fﬁiﬁ%ﬁ’ﬂl:
B XA EMR P SR R AL SVM #E AT 402 i e
JE A

2)TEMG LAY b A A U 5 R 5 4 1 9 R B & 7
IR R ARk I 7 0 NV R R e B
T A2 A 5 ) LA G R o 25 0k A IR 20 8

30 2 B X 1A Rk A R A X SRR I 4% b i AT
B BSR4 AT 43 28 A5 BIORS  BE e R A 45
Fe SRR TR BRI

Rl

[£meutw] [iaxzazg] |[#zrgsxs]
\ \ \| EEA
AQ N A@ 1
R
FOEARA  RLESEEES  ARIERKK

L 22 4 R 0 0 O
2 BREMEEM
2.1 BETHEHNEEEM

2,11 AT BB B4 AR 0 F R R A2 Sk

A SR T I T AR OB B AR AR () S 6 s . AESEL 2
il o o BEXT AR RN P T HEAT BUAR 3 A 5 (D AT RO
Bk

Ly =0. 299X I +0. 587 X I, +0. 114 X1, (DO

B AR (O AT 28

Licnoise = f6 * Lyray @

Horv, fo R gl

PG T Ak 2 o R 0 T 5% 0 R AR AT T B3R 5 A DU T 4%
W % RS 1 R R 3D #EAT E LA S

Tage =G % Licnoise (3)
Hh .G B HIT 19 1Y sobel 5F .

X 3R BOA 245 B 5 0 R AT B SE N B S 80 AT — {E
1k, 3 ZAH AR L ,,L R S, A (O HEAT
P138 51 . 4 4 R DX 0 32

IMnrph_(Ihmary® b ©b (4)
Her,p ﬁ%ﬁﬁﬁ“f’]fn
XT IM o AT 2 30 M R B €0 ) (AR S 3 B £ R B ()

wie ﬁlj%Jﬁ%hﬁlﬁ%uﬁﬂ&%%&%ﬁ%JEHEEH?E
{’:j'ﬁtl:%uﬁlﬁwt-f? X 2% A [ B TR AT A AR BE B A s e 28 AL
G, M MR R AR A 2 s, 5k 0 S ok AR dn
3 i,

| #enme | By |

! ! —
| T | I | Pl e
[ %Eﬁfﬂ% | ﬁz@iiwuz |
|2E7rmusgrn [xmsmasnaen

2 A piE Rk Y T

iR-34535

Pl 3 e ANy 1 Y S AR
2.1.2 ATEMBEOAERFH L%

ARSCR Y T RS 0B T A AR A [ 3 A T
FEA L . B FE I O T R AR R ) T A R AR
A ) 42 Y 42 W 5 42 6 22 T 8 38 TR L AT LL 491, 1 L
o £ 55 AE 4 e 3R B 8 AL A 0T Y B Ry, R ML AR IE
Gl s Va2 Tk s Yk ) s Fo T (o s yia ) ML TS 1 B (g s
YrO R ERAE LA ERRTERE N w’ M r s R4
BEBIRIC N (X sy s s yi) s E B R SEbr & N w© FA©,
ZEHT AL B B LA 5 3 LA 1) 5 Copy g5 s 5 a5 s > 6 ) B AE U
R A LA ) A .




184 AN I A

2019 4F

1 0 0
(zty syt s 1) = 0 1 0 | Cxty s 38 )

ayw’ aht 1 (5)
w =as;w’ yh* =a,w"
T =afa T w’ s vk = yia Th
HAr,ar =9 —ni92705 saz =75 sas =192 a0 =75 » H 9, ¥R IE
1 3 ML Bl A R A AR T AR E I X L
B AT R I HT A SCAR H LATE Lo ) 18] 1 00 B
TN EAEDLT
(Q1am2 95 s9a a5 ams) =(4.0,1.0,0.6,0.5,0.5,4.0)
TEREEHOT
(1529955745795 9m) = (4.8,1.5,0.5,0.5,0.5,7.0)
[ 4 JRR TREAT I AR NPT DU B R A A0
T 3k A A I T A T AL L

P4 B O Y S o R

2.2 Mi#H) Hough EL&THKENER L TG

TE FH 242 R v 45 30 Y 00 40 2 1 PR b ik — 25 404k 2 v
FoY o I X AR B A R AE AT A0 M 0T LR BLML B R R Y
TR AL T KT B B B AT R T B0EE 19 Hough 48 # 55
RN ER LT HE MK EZ. Hough 28 ¥ 1Y Ji B2 4 2
V] HP (1 L 288 FH A A8 A e s I A Al A P S S s T g B
Gk ——X R, FRIBATA LUK —(E B 1% 7 4 2] Hough
SRS ] BT AR S M Z M 3E R LRI S 802 o) v 5 B
B (1 0 L SF A6y I 4 JR s R ) AT, #E ] Hough A8 46 i
HEZE 0 AR RGP — e KN EE XL P
THEGR BRI TR,

S oA W S A L 2 5 B 2 Y R B L S 0 B 2R B Y
AL AT LA e — o B . IR IR0 2R B s Rl BB VDR T Y

G R ULT S
1 n
Ymean :Tzlyi
_tl‘z?{:l'-}ﬁ , if y,->ymean
Yi T o .
{Tﬂ?ﬁ,‘ﬁ v i 3 Ymemn

Z23d Hough A& A ) A9 BCR AN AT 5 BT R .

B 5 BB B AT I B RICR

2.3 EEROBREEMLER

TR B 5 J2 AR 48 R 8 /K 7 I B 5 1) b 1 4 52 4 A7
FE R AT A3 A K AR B T (o s ) TR 4 (s ) MR R AE L T 72 [
GRS 8 ] (g =20 FINEE 9 B (= ) IR O3 3832 R 4
H @O MK (D RIR

KFHI £ ()= X 1) (6)
TR £, (= 2 [y %,

Hordv, £ GO A f, () 43 5 3R 78 K F 7 1] F0 2 E 77 ) A %
FAH .

W 2D UR 2 v BRI 4 6 K OF AR 43 4 RO R L T Ok
W E R W AG M AL E . X EGHET I B RK
¥ GROR )R R BRI E 6 TR .

x10* FHRY

25

20

15

10

0 5.0 1(;0 15.0 ZE)O 25.0 3(.)() 3‘50 400
K6 TmEMRDBEEE
AT 8 5 B T B 8 4 0 1 24 P 3 3 2
FUGRHES PEG o 9 7 1 W (AR T 4045 1) 4 1 12
T 3L 3o T R R AR MR 2 2 A O o7
AT L OSSR B2 04 2 T 4 1 AR L W 7 R

\

V

7 g

2.4 AXEHESRRHERGCE

i 3 23 BT BT A BB TT LU B 25 B DY AL s £ e T R
BIATHS o R R P R/ 1/2. FERNE YA T L 8 ge it
RIS ORER L SAN Y NIDPR VA RAE S 3 I SRS}
0.6 4k, o T T I A A 25 B 51 EE 0 i) SE B R SO
2 50 ) XK R 60 0638 43, B 8 BITAR

I S

3 ETREFINERRLZEHKRN

ASCBTE T — A G 2 BRI 22 50 00 251 ofe 58 i 25 Bl 5
3 B 57 LA B 22 Al A L 19 2% S5 A A AT 9 T



% 6A ORI

LaRrgentig Al DI VS 185

ReLU7

2

S R
S (R R
S R

(=)
~

0

I U EES MR o )

% I 48 A, B T AS B 43, 43 0 O 4 ) A8 H i 25 ) 4% A —
e CE PN I liSTNjB%'{ﬂ‘%QEJ\EhﬁM(L
2 R R I N N o A2 T (A o [ S
i
3.1 ZETHMWEME

T FE AR 1) T 45 A5 180 o fin A 7 ] A i ot 20 0 26 00 BE 45 fi
LT o) A A R A — A SR B LA AR . A SCi 2 STN 2
HE 514 25 T 5% 30 43 A0 ) A v e O A 1 25 i DL 9 40 T B
0B B R R SR R A SR . TR T A i
PR GG 0 BT LU e M S8R B T 2 2] X R AN

TR A A B B

23 1] 748 e A 5 T 24 = B oy o o7 I 4% L 0 A AR R s R T AL

MG RAE 3 34 H 1, NIl 10 Frs o

/~ Localisation net Grid '\‘
/

i -y generator :
I bo—i> 7i(0) i
i \. '
i K i
A .
i

Samplel ,-'

Spatial Transformer
P10 73 (] R 4 o 28 000 45 1) 45 4

S I 45 46 A B R — A R4 (R 8RR A g
TR T M) A s T AR R S 8 0, 0 B R T
VIZHE IR E S8 2D (5 4 A8 e B4 0 e — 4 2 X3 1Y
[E

WA A B A 5 AR e S 0 M — A S EUR R AR
WA 5 L B R AE I Vb i A AR S PR S AR I U
TE I AL BR AL

) FH AT Bk 4 Tl 15 SR A bR 500 I 45 12 G 7 0 SRR A8 s 0
F7 AR AR, I B R Z ED AR .

H W
Vi=22U,, max(0,1— | z{ —m[)max(0,1— | yi —nl|)
B 11 Jeon T HAINZRiy P 20 M 45 55 — 202 STN 5%,

| |

/11  STN &k H &l

Forb Ze s A A TR o v )R e A B B R 2 R R
El_Eé 23 [A) A2 46 /5 1) o TR R
3.2 AlexNet

TEAS 3] 23 X KA .z —

LRI B R BEAT 20 26 LUHIIT 18] H A 25

JCAF RN E
%’EmEEﬁ?ﬁTﬁ

A, A ORI Alexnet! ™) I B i 28 5 4% 455 81 0k 58 Jl 33X
155 . MHETFESK LeNet Z 257 CNN M 4%, Alexnet E;ﬁ
TR B ROCR  IF B — e BB Lk T 14 ),

Alexnet B A7 8 JRE5H . 645 5 M ERZM 3 D if &
)2, layout]l — layouts N ¥ L2, B F 893 7l 4 iE %
JZ N9 BR 9 STN KM 5 Y B 26 45 14 38 4

FEHEBUZE 1 RBBUZ 2 Z 5 /& m 13— 462, B H
AR B BRSO — b . BB T — DR, 11— )2
B A R BRI B LUE TR0 H . S
Bt e E R — B I A MM &t . mRKi ik
$E (Maxpooling) 7E M N R H — L B MERZE 5 2 /5.
A JZ 2 38 1o 8 AP R AR IE 104 46 B2 ke ol 2 190 8% v 1 S 4RI
i, EENERZMEEEZZ)E . TR ReLU #14E,
AR T Simoid Z 28 /Y B8 £, RelLU 2 — F 3F 11 R 59 3T o6
B BN T A e LA PR BN B AT ) B, ReLLU BREL
.

RelLU(x) =max(x,0)

Alexnet H{# ] T Dropout. T J& i 76 8 B Il 2 i B B 18
FREFY v ) B L R TR B R K B (R B U,
Dropout JZ 7] DL B — & 43 B L% B0 19 2, B B 1E &
i O 6 R AE AR AR AE T A AR T 2 T 5 A
HE .

4 MALERSHH

4.1 XWiEE

AL . CPU K Intel i7-7700k,8 GB W17, FE N
GTX1080Ti, % M Cuda8+CuDNNG6. 0 Jil 5%
4.2 BRRXEHEN

STH AT A SR A Ok B 10 AR DA HLIT AR A9 BB AL il
BT 10000 5K & A 2 BROR VR el . I RE AR R 4R 1
PN/ e N 1E10E 4 N RN TR SR B /N g B N e )
RS 2R, g 45 R DL sme i b 1 2 5 6 3 2 3 B A AR
i, MEREE R NE 1 g,

1 B DR A

EH/K ORAER/K O BRHE/%
EENEE 5000 4807 96. 15
3 5000 4769 95. 38

M T PET LU 2, B B BY D oM R o7 AE 48 AY A A
ROR R4 IF Bl TR 32 426 | 0 55 1) S ) 82 i, A T
T S L T (22 0 E A A AR A A kU L Rl R R
Hough ZE 4 1 J7 $07 78 35 2 1 45 S R % 1 44 2t 1 R 1
T BA



186

it AL B 2

2019 4F

4.3 RETFTHRMBREE

3 g R AL B AT B 0 AL A B 5L R AR AR
9576 g AR AL IR 2200 TR AE R YN SRBEA IR AT U 5 L H o
KEREAW 1100 5K, B RE4H 1100 7% FHHFRH 7376
i BE A HEA TR

AR SCATE ARSI (CIR) | % 4 (WIR) Fl s i R (MIR) 1
g A R R G A P S AR TS T A (8) FI R (D)
Jis

N. N,

o N, _ _
CIR_N, ,WIR—Nr ’MIR_N,

N,=N,+N,+N,, 9)
Hod, N, PR B I A AR Y R B, N, SR S R R e
BERKE N R B R AN, 238 R %40 MR K

8

R F A W 8GN, R AR R B
AICHEA C W E R EXT T Guo 555 4 i i 1 T3
A A Hough A8 475 25 A SE B 45 5%, I X L T R IMA STN

JEAr M W SEIOR X g R gk 2 gl B 12 JBoR T
AR RN o B RE P ERNNC RELHWN
iR AN R KRR LRSS
E AN 3 R SAl R DS
BT %)
CIR WIR MIR
3t F 34 % 4 l F Hough % # 67 18 15
CNNs 89 7 4
STN-CNNs 92 6 2

~pal Wal-| | |

driver_2851.jpg driver— 2852.jpg driver_2861.jpg driver_2866.jpg

driver_2873jpg  driver_2876jpg  driver_2877pg driver_2878.pg

driver_2564jpg  driver_257Lipg  driver_2573jpg  driver_2577.jpg

W¥
wbN

driver_2593jpg  driver_2598,pg

driver_2587.jpg driver_2604.jpg

driver_2889.jpg

driver_2884.jpg

driver_2885.jpg driver_2897.jpg

driver_290Ljpg ~ driver_2902jpg driver_2903jpg  driver_2904.jpg

driver_2612.jpg

oo 1

driver_2638.jpg

driver_2615jpg  driver_2622jpg driver_2626.jpg

driver_2642.pg  driver_2643.jpg

driver_2639.jpg

Bl 12 ASCHk Iy IS,

A% 2 B85 BT LU 3k T A% Gt B AR AL 33 25 5 51 &2 4
R CR e 22 . TR G R A 38 5 W LA 5 7 TR
et LB B B R R AL AR IR B €5 45 PR 3R R e, xR AR LA
B0 A A A AR o 1 SR 0 v I TR 4 R ALY IR AR R
B 1 HR R RS SR, IR 2SR A o R R TR R B R K
AR H R R AU NR & & A 8 220 R 2
5 BTy AR A KU BE S R, X E T
TG AR AL 3R 7 I i B e 25 fE A R 0 IR 4 BRI
WERESHEHFRE AT HAMN RO R EE, R ER,
B G T MR R R 67 %, iR R A A R LA .

FE I b S TR A S AR BL AR B0 2 B B R A
& R ke, % 58 /) CNNs H T35 B2 K o 2008 3470 25 76 2R
AR T) ) VIR AR 1) R T, R BB AR G i e 28 3 B3 2% 3%
b R R B WA, 1 45 SCHT A A9 STN-CNN s 1R 47 b fige o T
2 1 5y 57 1) B, 7 D03 rh e R e A

AL A% 50 (1 22 4 PRI HE 3L, BT 91— FF 4R 3 75 25 ff o8
— AR B 1A B B DX R Y B G S 4 R R 1 S
Wi, A B HE R 25 0 A X BB IE 5 S R A S M S T Gl
L R T REARGEARR , I FLUIZR it 0 75 %040 B de  de 2R 000 25
B TERITE,

BRI ASCHR T R B UR B A T 0 B R el
il 2R 5t F G5 RE WG iff b 1R 28 3 R B AR A T 2 A, R
e R, S04 3R B L e Al R Y O A R T LGk E)

9206 /e A0 Bim T A A B9 TARROR OF 2 A i i B
4 P 5 0 23 2R 3 ) AR G T A L B A8 A RE ST P
2 R 22

2 % X #f

[1] oA ERTV 0. W2 S R BB 3 L%
i R AR AR . 2017, 28(3) £ 326-333.
[2] GUO H W.,LIN H,ZHANG S J. Image-based seat belt detec-

iz oallImER

tion[ C]// Proceedings of IEEE International Conference on Ve-
hicular Electronics and Safety (ICVES). Beijing: IEEE, 2011
161-164.

[3] DUDA R O,HART P E. Use of the Hough Transformation to
detect lines and curves in pictures[J]. Communications of the
ACM(CACM),1972,15:11-15.

L4 ZE07 B, RF . 6 TR0 3R A9 4 Al I B 0 7 ik 0.
$%,2015,42(1) . 22-27.

[5] AW, 285 AR WEAL, 55, 5 T iy LA I 20 EMR 19 22 A2 A )
PUNFELT ] H LS BACML . 2014, 5. 118-121.

[6] Fefh. ZET RGO AR R % 4 A S I Jr ik wr 5 [D]. ik
BH - 2k BH 3 T K 4%, 2016.

(7] R, BB A0, B T RG R 2 30 5 22 25 A shig il Z4e )]
N R A% R CH AP MD £ 2016,22(2)  T1-74.

[8] Ml E. Byl AR R %A PN R W5 (D], 3F /i« AR Rk
K2:,2016.

S B



5 6A

B LA R I TR S B Rk

Eoig Rl el P! 187

(9] BRMER.ZERE. 3£ T Adaboost )% 24 MM A S]], A7 I &
AR .2015,38(4):123-127.

Rk EURAE T S PR 2 S R R B R
[DJ. BUH - #i VLR 2, 2013.

N RS o R R ol T = RGN e R 0 A M A
BL3E (5 .2017(2) :87-88,90.

JEL R HE , G RIS , 2 2 A5 B 22 ) 4 F 5 £ R
2017,40(6) :1229-1251.

[13] JADERBERG M, SIMONYAN K, ZISSERMAN A, et al. Spe-

L10] Fe A I AR R R
[11]

[12] W LR

cial transformer networks[ C]// Proceedings of the 28th Interna-

tional Conference on Neural Information Processing Systems

[14]

[15]

[16]

[17]

(NIPS). Montréal : NIPS, 2015.

R BT, PR . T ) A8 8 45 B 28 I 46 1Y TR 43 265 [T . 3K
HSF,2017,16(6) :198-201.

KRIZHEVSKY A,SUTSKEVER I,HINTON G E.Imagenet
classification with deep convolutional neural networks[ C] // Pro-
ceedings of the 25th International Conference on Neural Infor-
mation Processing Systems (NIPS). Nevada: NIPS, 2012 1097-
1105.

EEH G BT ORI E R
IO 5 4K, 2004, 21(1) . 78-79,117.
P BBURR . 22 B R ORI FE [ D], A st b st 3 K4, 201 2.

FENAELT] T E ML

(k4% 160 )
VX T 45 A BE , B3 o 22 800N  F B B0 0 0 e Tk A
K-means 5% 04 97 Uf 28 7 w0 J2 W HILB 22 09 . 5 90 4R 3R
L 5 B bR AR AR 22 KK AR A AT B8 7E R 3k 3 w4 B {8 B
TR IR B T S T 1 e R 3 AR RO 45 1k AR, B R SR R
PO ESS DR B AL AN B AR BIA IR S R . A IR
RS HARER LB E ) K-means 572504 7] g
it LA D i 3 AR B A5 B AR 19 25 R
Ff b i =R A, A SCIRR B R E MR TER
S0 0 32 A B 0 0 Al SR A P, Ry H/JKmeam;é&M
TR AT ] b SR AR RO, B AR SR I AR
B TAES Y K-means 8%, 1 OTSU %;?z%ﬁb?'rﬂ?ﬁﬂ
LR N B 15 Iy = 8 O i B SN B N S el B N
BeAkF A — 400 b AR B BT A BRECR R, OTSU 5 1y i
TTROREBAR

X 2 K-means

# 3 3ME L EIL R TR E
OTSU K-means A X4 %
AERMELFHE 63.6 16.7 63.1
A EFMELAFEE 52.0 382.1 46.6
AEEME 2 FHME 119.7 75.3 86. 4
SE R 2 fREE S 4401 390. 4 26. 4
AEFE3TFHME  194.6 176.5 193. 4
S EEE 3 AREZ 118 1481.8 10.1
GERITE ARSI B A k0 e i S R ) i Ak 2R

e v, I LB 4 5 2 T bR B0 X A% B2 1Y K-means &
PR PR, SCHR R BB ATIAE T B 04 M A ()R 28 AR i
P BIACSCHR Hh B9 305 RE AT AR AME B2 Komeans 35 O R 2
AR RRE M IEBR R 2 BN A4 BEAR B A R . H AR
PR B ES

2 % X #

[1] KIECHLE M,STORATH M,WEINMANN A,et al. Model-
based learning of local image features for unsupervised texture

segmentation [ ] |. IEEE Transactions on Image Processing.

2]

(3]

[4]

(6]

7]

(8]

9]

[10]

[11]

[12]

[13]

2018,PP(99) :1-1.

BAKHSHIPOUR A,JAFARI A,NASSIRI S M,et al. Weed
segmentation using texture features extracted from wavelet sub-
images[ J]. Biosystems Engineering,2017,157:1-12.

DANIELIS A,GIORGI D,LARSSON M,et al. Lip segmenta-
tion based on Lambertian shadings and morphological operators
for hyper-spectral images[]]. Pattern Recognition, 2017, 63
355-370.

LI X,WANG L,WANG J.et al. A New Method for Multi-focus
Image Fusion Based on Multilevel Morphological Component
Analysis and Support Vector Machine[ J]. Iet Image Processing,
2017,11(10):919-926.

ZHANGX,ZHAO H, LI X, et al. A multi-scale 3D Otsu threshol-
ding algorithm for medical image segmentation[ J|. Digital Signal
Processing,2016,60:186-199.

KITTLER J,ILLINGWORTH J. Minimum error thresholding
[J]. Pattern Recognition,1986,19(1) :41-47,

KAPUR J N,SAHOO P K, WONG A K C. A new method for
gray-level picture thresholding using the entropy of the histo-
gram[ ] ]. Computer Vision Graphics & Image Processing,1985,
29(3):273-285.

OSMAN Z E M, HUSSIN F A, ALI N B Z. Hardware imple-
mentation of an optimized processor architecture for SOBEL
image edge detection operator[ C]// International Conference on
Intelligent and Advanced Systems. IEEE,2010.1-4,

DING L,GOSHTASBY A. On the Canny edge detector[]]. Pat-
tern Recognition,2001,34(3):721-725.

RV RS, 5y R 8, S T kbl SRR B0 B ZAH 7
(). AHEHLR S 5485, 2015, 9(2) . 234-241.

PNEK, RE T R B B TRR 2 E B Ak sk ) .

FEHLN 5 %, 2008,25(10) :225-226.
BOBK. T 1) 2% R R AE 42 O R SE [ D R R AR ALK
MK 22,2015.

B R, KRS XM . 36T 3R S v U] oK R Y 2l i K-means 8%
AL TR SR, 2011,47(11) :123-127,





