H50% 4o moR E T Ok R Rk Vol. 50 No.9
2018494 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Sep. 2018

DOI;10.11918/].1ssn.0367-6234.201704118
I 3 Mk 46 i By B R IR R K B & IS B AR # T A
KT, & M
(AR Tl o TR AR 150001)

W OE AETINENEN T LA aTZALE T HELTNRB LR Y, BENWEGEE 2T £E M, B
MM E. HEHR TR Py EEEs M RETETR-LE SENN R FTE L BB T & TETEENENS
BIAT AL R AR AR R e ERA M BEX T A FARMEGR T ;A ERTRE M R-L 3|
SRE T A FREHEM AW IRE RN, G E A G A TG ZEM NG, W T EMZ ST e
;5 TPKE fn HQ thi , R H M F R A E F NS R A MR REL. AN A REE AR T EH
E g FEah M LR, LR RN 2B ERT M ENZRAETEELN T Z T EE T LA F k. =
WAERKY . RE T EN Rugn 7 Ry T XT3, ZEVHIRA OB BHREF T A &0 W Bt B F R R+l £
B E N, ENRTH I AR RS &R ARREN 031 R XK.

KB, HRER DM T BRE, T AN HhEAE

FESES . TP29 MERERERD: A XEHE: 0367-6234(2018)09-0123-07

Fast moving line motion de-blurring for image detection of industrial inspection

ZHU Feijia, JIN Peng

(School of Electrical Engineering and Automation, Harbin Institute of Technology, Harbin 150001, China)

Abstract: In machine vision-based industrial inspections, due to changes in conveyor speed or underexposure, the
resulting image may produce motion blur, affecting the detection effect. In order to remove the motion blur, a fast
linear motion blur method based on RL guided filter was proposed to evaluate the blur parameters of the image first,
and the image blurring direction was evaluated using the spectral map integral of the image. Using auto-correlation
method to obtain the blur kernel size; then through the proposed RL-guided filtering method to quickly remove the
motion blur and suppress the ringing effect, to get a clear image, proved the accuracy of fuzzy kernel estimation
Compared with TPKE and HQ, the proposed deblurring method is better for noise robustness and ringing
suppression. Through the experiments of real-shot images under different speeds and different workpieces, the
objective difference between the objective and the deblurred dimension measurements and the speed of operation
were used to prove the superiority of this method in industrial inspection. The results show that the R, and Rgpyy
is superior to the contrast method, which suppresses ringing while maintaining the sharpness of the edges. At the
same time, the proposed method has a smaller influence on the measurement of the size and has an advantage over
a small-sized workpiece. The maximum error is 0.31 pixels.
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Wi A S E ) i K, pLas s B AR T2 1]
T A AT AR I ARSI SR, T 32
P AT R AL UGN R AR A5 2 Y 14
A BE S A SRR R AR ORI 0
5 IR AR BTR % B R 5 BOR B (PSF) 2 A
C, A 05 % m o o AR SRR E &
R PSF CL, AR SR T R S
i EAG T PSE KA I IR A IR R T AT

K BHA: 2017-04-24
E£mAB . ERHHEAVFREZRITR(2015AA042401)
VEEE N KRIEF (1984—) , B 1HE-HF54:

& Ms(1972—) 9z A S
BEEE. & I5,P.Jin@ hit.edu.cn

PSF i & 0K , Bk Iz SO Y B8 7 iR A2
T BT A L I A P A A By T R
BT EIR 220z SRR, B PN A K B 1 AH DG BF
8. MNZEL AN IE P, el T R /Ny 250K
WA G 5 Richardson-Lucy Jz 35 FRL JRE
H AR A 15 3R IR AR 0 A1, 3 s AROR . 3¢
HR[ 8 ] FH—Fh e T w73 J7 # PDE BT AWK A R
&, 38 5 45 5 PR R A R P ST ) 20 3R
Pl T IREEBONE. SCHR [ 9 ] AR — AR 145 i
WIBR AR HE AT B Bk, Al 3t PSF IR AT R &, SR
[10]RH] A SR EUR B S B iAo 29, 78 i 45 7
bR D N TR RN, SCHR[ 5 ] 234 1 g
FE XRS5 ), S Ny T MR P T 7 g e



. 124 - MoK O T

5 50 %

R FEAN TR 22 1) 3%, 75 20 B I BRI A% |, fi
Je B S BT e S 1 o BR 5, A5 3 R 1 52 R A
. SCHERL 11100k PSF Al iAW R T i 2%
T4 S — b i A 2 R R ok % &, 0 i w0 A A
PSF 4%, SR J5 101 FH 3k 25 [ 56 56 0 3k AR S R 4G
(1SD) By 5 Ak PSF, e Ja i 1 TV -1 Jiz 45 B A
il 58 TR T AR R, TS
7 R S SR A% I A 1R 25 R 7S | T LA PSF )
i 2 T G R AR e TR 5 AR e 7 8 2 7 A 1
WAPRES RN AE TR I v 2 5] KR A [l
RZHCR R AR T B 2 kAR, BE AT
B P AT S FoBOR AR AR R M. AT X B
PRI, A SCHRE H — b b 25 bk 20 ol 1 2k 32 sl
(075 1% 1% % AT DARGH PP Ak O A% 1 17 R &R
JE. FEMR AR TSI Hh S0 0 38 B T IR i 5% s B
SR PR 7 T2 B AT, I EAN T B A 1 .
1 A#H %350 i E AT
1.1 SR E LI R

AP CHT 32 SR g ) 2 7E CCD LA
Hise 32 sh Ay ] A B P8 T BRI 2% (PSF) 1K
AN ARAEZENE R GG, R BRI

I=L®P +n. (1)

Hodr, 1 ABO A R AERE , L A DR MG [ n Rl
PEME RS | P O ZR MR ASAE S0 BUeR B PSF. X473
HLIBEBM P (x) BIFERN

i,osst—h
P(x)=1N (2)
0, Hith.
Hop N AR RN
1.2 T
1.2.1 s mfhit

12 SR A Ak AT U i o B P AR A A
PR A AR TR WY x B B Y S B 2K
12 SRR AR A

H(u,v) = f:‘exp[ - 2w, (t) ]dt =

T
f exp| — j2wuat/T]dt =
0

Tsin(mua)exp( = jmua)/(wua). (3)

T H(u,v) 7F u = n/a 8 RHE  FrLlHAE 2

PR R R 2R 80, HAE 6 J7 I B 7 A — &R

G R AR AL, S S0 T ] e 45 [ A 32 3l 5 ]
k1 .

i 3t 5 FH Y Radon ZE 4 i) UG INIZ Jy . 1%

ARAEA AR AR P HEAT , 5 ES 0° ~ 180° 4% A [n] ik

17 Radon ZZ46e. PR TV 4G I v i) #3142 3y J 1) 38

TR B TGRS A B S ] AR T T
AN ¥ P BT S HORS At £ B2 491 4 2 A% 6 L
YAz g 75 16 29 90° , WIAR GG A2 B2 22 1 4 il 5E 4
TSR, 2 900+ 1° RIVAT , 5CKE 25 47 A I ik 7).

KRS AE/10t

il
muJ'JJ\|«i”w”L,Jm,m

90 180 270 360 430
X1z
(a) &% (b) Sk
1 EHERe IR R EE R
Fig.1 Spectrum of blurrd image and its projection
1.2.2 BRI Rl
BB J5 18] I, K T BB i BB 7 1] 5 X
BSPAT SR G IO AR DG i A T BT A% R
SPAGTE R Tl 2 i 2 s, Ko/ IME 2 18]
R — 2 B0 SO A A B2 X T B s A0, 1
/NI IR R 30 23R, UAH N 9 PSF 44K 15, 5
9 0.047 6 [ — 4l i

207

15

190 205 220

RJEI10?
W
=

[V . NSRS S N N

0 100 200 300 400
XMg#

2 PSF REfitHz

Fig.2 PSF scale estimation curve

2 % T Richardson-Lucy 3| % J& ¥ By
FEM T &
2.1 Richardson-Lucy jgi&
Richardson-Lucy 2B S AR A3
IGi) = X P(il )OG) . (4)
Lo 1 BRI EIE, 0 WIREUR, P(Gil j) Ryl
PREL. WETTEL D (i) FIHEETHEL 1(0) MBEE R
GrAR R
P(D/0)=P(D/I=P x0) = ]‘[expg -(Px0)} -
[(Px0)]"
D! '
AL B A 5K

(5)



59 1

ARAERY, A T T AGHI Y PR B bR 2 B2k G2 SO U5 vk - 125 -

Zmuwm
0,.()=0()) ZP(”JV( % (6)
R-L HRH %ﬁfu?dwiﬁﬁﬁﬁ,&ﬁﬁrﬁ
BEPRL AR g e T P e 7 A T I ARG Aff PR I
R EMR S B B RS . TE IR Ak = A 1)
FR5E S RE i RUSE B0t 4R I R 7 158 DA A 2 ik
Bé , AT 7 A A
22 S5|BEK
S FUEW IS AT A I —Fp [ i 25 o () 25 57
FIZERE 22 SRR BRI 51 5 FEUG  45 4 4
fE Xt A G AT g . DR S M EMR AR T
BB EARRHIE M R, CRIE T 51 R E&
AR (AR
51 R DR i A MG 5 | 5 MG A Ja s 3
WAETELR PR R, W A UGN p, s th EUR N ¢, 5
B LR ko B8 1w, A
g, =al +b,,VYiew, (7)
S E R, AT AR e Ak n)
E(a,,b,) = 2((%1 +b, - P)? +ed’). (8)

Hrpp, jﬁ%&lﬁ%ﬁ’]lﬁl%‘i 28 e B TP a, TR
AT AR I P [l 55K e, B

1 _
mz iewklipi ~ M Dy
ak = ’ (9>

2
o, te

b, :];k T Ay (10)
K p, B PTER T w, W, 0,2 N TTER 1 w,
W2 HTRESWZ A% A8 S, KITE &
JE XA ATRER) a, A1 b, BUA(H.

X2 (7) PRNEORE E o] LA 3 Vg, = a, VI, BEL
ARG RGN E ¢ A SRS
XA | T U8 e T R R B S S PR e
PE. BB o E T AR, Y o BRI, Hi
BHEREE i ERUR N %MSE@&ZJ_Q%E‘*"% M q BN
B AR R BE (A AR /N WA 9 300 Gk A AR 75 T T3
2.3 ET R-L 5| SR EERH

R-L Jik 2000 5 2377 AR R EY X R — P e
WL R O ASAEAE B A6 B2 AR Ak, Rt AT DU 515
BRRR BE R D RR AT . SRS S5 G R R B
G B U T S 0 T R PR, A B3 SR A, IR RN
US55 1) AR (5] ORI EG h 1, W o R-L JE %,
G R51 RN WK KR L R

L=7W{) + (1 -7)G(I,W{) ). (11)

i B R 1 VR 51 2 B, « hiEshd b

KN X B 5] S 08 ¥ H MATLAB 42 fit 9

Bit®E, RPN EESH
neighborhoodsize I degreeofsmoothing , 73 | & 7~ 5| 7
IR 1 R/NRIF- 9 7 . SRR R W, 2 1R/
B PSF RYRE -1 J7 B 0.16 i, BB A6
PR MR 25 2 (6] AT B U 1) P A 7 D51 5
TE LB R PRI, fT 3R N

T=sgn(l VIl +§). (12)
Horb v RGBS 7 10 BIRRJEE 5 € S —/NEK,
ﬁfﬁ‘%u%ﬂlfﬁf B S SVARSUE IR TN i1
EH{EEP R—L ZSROM] B A FE K 5 I A 558 0 ~F- 3 1) £

B, BUN TS | B E AAER. X B
55 PRI A SZ: e 39T K Sigmoid 330 T 1 R AR S5 A
SN T ORFFIA A .

RS IESRE 7 VR A AT AR — R < R A%
SR TR, 38 it MATLAB {5 ELA5 5132 3h B
ARSI 11 B D7 A RO A 3 AR I
~F IR IR R A0 3 B, 3 (a) A
3(d) N BN TT 1 R 90°  BERIAZ K /N33 5 AR R
FI10 BB A, 18 3(b) F1 3 (e) HR-LUE DL 2
AL 3Ce) M3 (0 AR H IR B AR,
AL R-L B W AR AR G N A= A T 9 RO fh
5, AR SCHE B 7 36 L BeA D 7 . g il
BRI S I g 2, P T LA R T
PRIV TE, 45 R LR 1. T WL, 2 1 A0 7 SR 0 O 4K
ST % RGN AR B,
x1 KENEER
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Fig.5 Simulation of blurred images and restoration results
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