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Abstract This paper presents a new method for objective measurement of out-of-focus blurred images of one authentic
image. The essential idea is to derive the point spread function(PSF) of an out-of-focus blur image from the line spread
function( LSF). In this method, it is assumed that at least one sharp edge could be detected. The LSF is thercafter
constructed from the edge(s). This approach has fast speed as it works in spatial domain with neither complex Fourier
transform nor iterative computation. Moreover, a generic criterion for out-of-focus blur measurement is proposed and it can
be applied to all images being independent of image contents. The experimental results validate the accuracy and efficiency
of the proposed method.

Keywords out-of-focus, point spread function, lines spread function, blur measurement, edge detection

SRR R, SRR ~3 ] R BULF

BIRAERTEA, BRI E, T XI5 EK

BT EGHE, MR A5 —, Hit Ry
RERBBAENERMNE, RARWNKEH EOHLATAER, MEHBEE - BRGKERER

BEREHA AN AERE, AXNETEANAZ &AW,

AERRXHABEARR, M TEEXBERERE AR, — S RARITRT #XF — 8K (X%

', LmERSEHAS BN ERRER NTSHER SE)WEEEHBENRIAR. XR4] 55

1 5]

It

BEWMA IHEEHETHERETE (RBBF(2006]232 ) ; LA H R EIHT R BARE AL R ZIFHES (JXHC-2005-004)

WA B 19 :2005-08-23 ; ¥ [6] H #7 :2006-02-27

E—EEMNEER0972~ ), B, BB, FLAESI, 2002 3K EF k% ¥ E 54,2004 WL REW LGN, £2
MRESAEEFEMES SHESH BELESBRNS, RRLE SO ZROB)  KEBRLH 4 W, TRAEFHTH 20 K%, E-mail;

wangzhengyou@ jxufe. edu. cn



Fol

B AR R R K 5 &, B e R R R A
THE SRR, R 5 F R/ R E R E R
ARFNZE B B BB 18 R U7 WL R RS R R AR AR
TEHGHI SCER[S ] b B XM M7 iy T 9k K,
MTRIT RS RIERERE, SR ER K,
Kundur %} R BER 5 5 IR 89 05 ¥ (23 8805 308, B
FHRESESB)HTTHA , XLk,
B SR E A 0 2 i Cannon $2 i M MBT 35", %07
R RAESCHR(8,9 ) PR B LIEN R EAE
BEtE, AR T XH % . — 24552 PSF(point
spread function) ) 1 &R W B R A MR KT F A, X
BPE T PSF WK RIMFE . 8 50E A (350
WA, BB AR BRI
BIRIR R BRI E— B R AR, HRER X
BB T R A B BB R E AR E W) . WX
BRI E B (0 ARMA 804633 ) W &4
TEEMBHE LB L B

AN — R R T — TR R R
EMEME K T L. AMISAERD e
P T S oAb B f PREE U7 1, T EL AT LA ScR [ 12 B iR
AT EBRNAET . KB L I 5 R AR
P BB k75 PSF, MEAh, A SCR R T —
AR P 450 A 7 1 AR — MBS B A o

2 EfEERMERR

R BRI BN — R R H AR
g = [ [ dzy,aB)f(a,B)dads (D)
IR G A AR, R (1) 5 %
g(xp) = [ [ d0x - ay - B)f(a,B)dadB (2)
KB B 3R 6K A — A R A2
A R ST A TS I
g(i ) = d(i, ) <SG, ) +0(i ) (3)
EBOHITER ¢(i, ) % FBURER (i, ) AELMR

iy PSF d(i, j) BB EMAE n(i, j) . EH,A
A R A R A,

J:J: d(x,y)dxdy =1 4)

AR EZR T HYLGRE 8 T B —
MRATEB—TRER, EZRELT, mEEL
BRESE R AR UAEEN R 5 H
ROk EH

EIERS : — F s A 00 R 2 AR I 10 35 7 3 1009
0 V5 +y >R

d(x,y) ={ ¢ (5)
1/(wR?) /% +y'<R

X R — AN B LB TR B RORR M,
FYRRARTHREREMEMEE, X#k[13]%
B, — MR 22 AR R R B R AR
HARXA U R RA I BEE,

PSF HEH AL HACR_THEE. &
Bf L FHZR T % R 3 (line spread function, LSF) 3k 3%
MERLBERY, J AT PSF,LSF 2§+ 1 — &M
WHL, ARREL, 7 TLEE LSF F47F X #,
B4R, PSF #1 LSF g9k R Fomn T

d(y) = [ d(x,y)ds (6)

X d,(y)FwR LSF(d T A 1 K line) . B THE
WG IT 1A B BEE AR R, Bk LSF AT LLOUA 1 4
FRo

3 BERoW

3.1 LSF #9iEH
Fl— A 00 B B S (5) % OB 1R,
4,(y) (F i e R % edge) HFATT X H1i0 B0 BY G
WA
d.() = [_[a:3)8(r - )&y (7)
i’ﬁﬁli@yiﬂﬁ%

3. (y) ([, s~y D P
a —f_wfd(x,y) ;yS(y—y)dxdy

=f_:fd<fc,&)a<y - 7)didy

=de(x,y)dx = d,(y) (8)

XES(y-y) Rob¥mEE. X (8) XM LN B
BR8-S B B bR R AR P AR B I LSF,

A (5)RP, B HEBRI PSF 2R E X RN, 5L
B b, AT LAHE S, % T8 B BRI G A S5 0 )
3.2 M LSF {&it PSF 8%

WK (6),LSF MR PSF 7 HLk Hm B
o, B T e 80, %8 F1T T v $hiy LSF,
AL TRARR:

® e 1
d,(x) =I}Jr]l(x,y)dy = f 2 “dey

L/

2 7
=m R2 —x2 (9)




1010 FEREREL YR B12%
RO RER,LSF BB K, Hik, Ro]E, LSF 002 002
A3 A BB BE AT DL SR VE MBI B dn e, AL, A3
3241 L) LS #9722 438 LSF (B JE . oot 1 oo
ot= f (x - %)%d,(x)dx (10) , - i - J
Pixel position Pixel position

Hrz B¥E,EXNTF:
%= f_:xd,(x)dx/j_:d,(x)dx (11)
ER ) FRXADRAR(10) ,TTLUEF
o = R (12)
XFEHEZ R WAL ITH LSF S Wb 215
], X EE 2 M LSF #3 PSF 64 B4,
3.3 ENBSEBUEENTRE
ZEECREIILHIERTILUNALEZE
LSF, Wt R KD G W R L, mRA
MHGFHEBRER, SETIERERB NG, T
EREGEN EREDIEZNERMLERAS
i
B 1(a) BR TR RBEZAERB(RTH
100 x200) g 18], 1(b) AR WEHR T EEHR
32pixels [J PSF (BRI I . BUAE 43 BT 40 4] A BE R
AR (B 1(b) PHRABEER.

(a) HATHERA L% E B (b) 4 RE #9 BOHI AR
B 1 BB BRI R RO E &

Fig.1 Image of unit step edge and its corresponding blur image
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Fig.5 Synthesized blurred image and its restored image
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