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Estimation of Displacement for Out-of-Focus
Blurred Image Using Phase-Only Correlation

SUN Hui

(Changchun Institute of Optics ,Fine Mechanics and Physics ,
Chinese Academy of Sciences ,Changchun 130033,China, E-mail : sunh@ciomp. ac. cn)

Abstract: For solving the problem of displacement estimation for out-of-focus blurred ima-
ges, the method of image registration based on phase-only correlation is introduced. The
method is based on the translation characteristics of Fourier transform to search translation
between images, the inverse Fourier transform of the normalized cross power spectrum of
pairs images is a two dimension impulse function, and the translation displacement between
images can be finely retrieved from the location of the correlation peak. The method of image
registration of phase-only correlation combined with degradation model of spatially variant
blur, the mathematical expression of PSF and OTF for out-of-focus blur is described, and
the effect of blur on registration is discussed. The relation between variance of normalized
cross power spectrum and degradation of blurred images is demonstrated, which is only de-
pendent on the displacement between images and not on the blur in image. The experimental
result shows that this method can detect sub-pixel-level shift parameters accurately and effi-
ciently,the maximum error of registration is only 0. 339-pixel. It is efficient and satisfies the
system requirements.

Key words: phase-only correlation; out-of-focus blurred image; normalized cross power spec-

trum; image registration; point spread function

i BH: 2011-09-23; #&iTHH: 2011-12-21

ELIE: 973 [# 5K & & 56 AF 55 % BT %) (No. 2009CB72400607) 5 [E B #i HF 3 4> (No. 402070301) 5 [H 5 “863” 31 4 (No.
2008AA121803)

PEE B : PIHEC1963—) , B, T MM N L BIF 5T 51 DA 55 550 FEUIR AL 3 B3 S HL O B 5T



224 i Hil 5 & =x o027
1 gl N (Phase only correlation, POC) & =¥ B vl 5 2 5
=1

A AR AR G R AR R AR R P E 2
2R ARG AR d TR AR A HLIA B
MU P 5 22 77 He O 8OCR: - ¢ BUOR B R R BRI
BER Y B FGRER NI S0, R
fi S S DR e 115 B AR BRI — Bl il T &
bl R B AU ER e SIER (A e Sa 1 E
MR IR AR 1R P 3R BOA g B A5 B 25
TR SR TS 2 —

P e ) 1 82 Sl A T2 T R LA o S —
AT EWFIETT 1 R VE 2R RELIAR 8 (U H B
AT 2 3 W 47 45 ) 1) R ik R A R 43, B
(020 T AR IR SR IR X8 H b iz 3 £
B FEBIE SR I 1 R 5 H Al — 26 P R 4k B
i UNSEE S AN CEE S FE NGRS RL NG e
LG g RO OG . — ORI R
iz Sy R IR g — B B Ak BT B O R Bk — 2P
Wb 355 53 AT 3 36 0 A 2 R DN s Bl A 45 R =
KRHEE . EARE NI Sl B R A B R 22 1]
iz B fr 6 - 32 5 22 R AL BEAO RS B . H T EE
BE A RO B A5 B EY L H AR RRAE DT i
EREN G T5 i P R S (B R R
ol TRGE B RIRE R 24 R RS
SIGE MG BRI L. 3R IR T H bR
AIEA7 B ARG I IR 2 52 31— R B

FETH S WAL B BIF 52 U, A7 56 UAR 3 40 5 45
e I PR 5B AR 7 T A B 5 A A R A PR R K
S Y R B TS T B S AR
RGBT A O T Uiy I AR A 141 15 b 3R A
BB SR RIE . A S EET B A
A5 1032 3 2 BOAb T IR IS PR >R Hh A AR
P2 VAR 23 () IR AR RS L 25 5 FAT T 32 2R Y
AL A DG Pl 5 TC o B ARl 3o B3 43 BT RS
56 56 U AIF 5 AN I8 B AR A AR f P 15 % AR 02 AH
o E 25 SR 19 82 0 M) P AR 67 A 5% IE B AR 9
5 BE TG R R R — R0 5 B AR R [ 1z
BRI AT S B AR A PR IR AR

2 LA K O R

AHAEAR SR AR 3 — Bl AR e 1 L T L i )
A B OC B AL GE I A A7 AR OG5 i BT
(LSRR g A e o TR DR R VA PS

FIAR Z R o %y Tk B T B A 4 1 R
P 0 PR R 22 1) P35 e B RO S A A B
FRTRC NG JE2 , [] Py L2 JBC T Wi P21 1 . 2 30 3% o 1) A
PR EL 98D 1 X R N 2 B AR, DR ik B AT 0 1Y)
PUTIRBE T o A SO G LA 46 1) - A% e 1 L o
ok EIG iz SRR f] 30 B AR A DG C HE SR
BB RS MXN. fi CGesy) DB HEE
Folaa ) fi (o) (o s yo) o BIRE RS M
—HEWEM Nz
folx.y) = filx— x5,y — 30)
2D A B 8 4, 153 K (2)
fo(usv) = Fi(usv)expl— j2n(ux, + vy,) ]
(2)
X 2) P, F Cuy,v) il Fy Cusv) 43 B FTow
Silasy) R fy Caos ) YR HL I 2R 48 IR I 74
PR Z 8] 1 — A Y B ) 3R R IR R

F,(u,v)Fy (u,v)
| Fy (us ) F (uso) |

(@Y)

= exp[— j2nx(ux, + vy, |

(3)
K 20 C3) 4 I A A B v 390 A8 48 L ] 45 K0 5 A
KRB IA AT
POC(x,y) = F ' {exp[— j2n(ux, +vy,) ]} =
0(x— 20,y — ¥o) )
KD 0 —z0 y—yo) BP LAY Dirac
PR B 2 PRBCTE TP 0 a5 (e s o ) AN S & A H
o7 AR
R ARALAS B (2o s vo) s SCHRLO R T —Fh
HI Sinc pREGE IFR 78 Dirac sREUH % .
sint(Mzx — x,) sin(x(Ny — y,))

Clz, ) = ar(Mzx — x,) w(Ny — v,)
(5)
1 28 (5) A i A5 07 B8 & (o o o)
Ar =0 — C(1,0)
M C{,00 £C0,0
Ay = 2 — C,D ©

N  C(0,1) £ C0,0)

3 BMEEMER

SHEAT T EEMER
FELAEAAS S MR AR R, f (s y) KR W)
b be AR g (o y) 320K 52 B 15 31 1 3R b (5]
1§, h(x,y) FR S 85 pR L (point spread func-
tion, PSF) , NGB fL A AU AT 7R A

3.1



42 PO R OG5 A 52 B AR AR 121 1508 S A 3 225

oo oo
glx,y) = J,, j, »f(x-a;y-,@)h(a,,@)dadﬂ

D)

2 C7) 4 i 6 A7 4] L A8 48, A
GQu,v) = Flu,v)H(u,v) (8
AP Flusv) GCuyv) Hu,s0) 53 B Fow
flxyy) g aoy) h(x, y) B B f A8 3, Hoop
H Cuso) 15 AR AL PHF Pl 8 FR 2 0 55 7 of Bk

1 14 R K

M ZAT L s 75 LM AS A2 23 )R Al s 7Y
oL S B EE H o) B 50 50 0T DL E 5 1A
G E SRR AR F Cuso) s J0 R FH 46 B 396 30805
Wiener 55 J5 ¥ » 45 547 8 BL 0 52 728 46, g w]
DAFS B JE AR AR S Ces )t 8RS AR B 52 B 75
PR G AR — 2P Ab 3, X R T R AR AR
B AR S S R o A AT sl 25 7 AR R 2 X

S B2 R AL BT AR 3 i — 2 52

AR SN ZR AN AR 2 ] IR AR AR B Y K 25 5
V7 A 2 T o B 12 o 0F — A5 F 5 3B Ak TG X A 7 A
S T VA B 1) R ) AR R 3 A 4R AN AR 43 )
B AL EME 132 Sk I i

Bog (o y) Al gy (s ) 23 5] 2275 20 (1) o
Srs )T fy G ) R AL R WARSE R (D LA

oo (oo
g (x,y) = J,,‘J, ‘fl (x —asy— Pha,B)dadp
(€))
Foo (oo
gz(lfvy) = J,HJ, fz(x—aay—ﬁﬂz(a,ﬂ)dadﬁ
(10)
H A DOARAZ 0D, g 7 B 1B 5 5 56 5]
BWE s RN
oo oo
g, (x,y) = J,,‘J,Hﬁ (x—xg —asy—y— B *
hia,sB) dadf (1D
XF (L1 B AT B AR o I 4 L A

Feo (oo
Gy (u,v) = J J ng(x,y)exp[*jZW(ur + vy) Jdxdy

oo (oo (oo oo
:J , j J j / Silx—x0 —ary— yo — Phla,Pexpl— j2n(ur 4+ vy) Jdadpdxdy (12)

= Gy (u,v)expl— j2nux, + vy,) ]

A2 H, Gy (usv) Gy Cusv) 2y W FniB AL
BIR g1 (e y) g (o y) B4 HLI AR 480

by it — 2 05 AR Al X R 6 AH OG IE T &5
FA) 5 ) o A SRR 48 A A8 A DG FiE o )t 2 L 3 5 R Ak ]
18 g1 (s ) FI g0 (e ) Z AN — A0 1 B 5 R 4%

FRAE (12D 0 — AL i) B D R ] R R

G, (uyv)GY (usv)
|Gy (us0) G (uso) |

= exp[— j2n(ux, + vy, |

(13)
o O RN (13 W] U H - 784 AN A8 %3 [H]
IR ALY rp R AL R 2 1) — b ) BSR4 5
JRin R e e — 8 HE R R S5 EGZ %
A HEMRR R T e, AR 1k ER W
X 0T DL AR 4 R Ak G S A 8
1 Z 18] U — Ak 1 BT i AR R B 15 B
3.2 EEEM
BEEAENRRB L, 2GR RGN
LR S 580 Z 18] E B LA SRk K A
SPAF . A SCRA R 5 AR T Z ) A BE R AR AR A 1Y
B AR IAR R GE R ) T B A ASOR 1) ASOR AL B, F

FE B AR ZR LI AT IR B O A5 3 R
— LRI R AR RGN 1 .

Focus plane Lens(focus length f)  Imaging sensor

Defocus plane Focus image
\U/(milsfocus)

e Ll

\ dy l d;
Bl 1 B R g R

Fig. 1 Diagram of out-of focused imaging system

VO RGAEI Ny 487 255 51 2 8] 1Y
PR d, AR R B S 2 BB R d,, B4R
VSR RN d.(d. >0, 5B Z
PN d,—d.. MTREEE, BETm - A
VR G S AN TEAR A8 - 18 b AN W Bk 5 1% s
SRR R 6. (0, >) . 5B Z B W EE B R
di+o.. RIEFHHRE AKX .d,—d. Fd;+o. i
fERB TR

+ = — 14



226 i A 5 LA VN 2T &
MAKXAOUSHBGE R G EER . .
B 4 I HER
5. = M —d, (15
df—d.—f 4.1 BEPEIB-E—LEIHRE—HIERIT

G R G HOR B A T R R G UR
R SRAL R S R eR O — A K e . 7R B AR
B R G B AR EUR AT LA Ry S s H R £ s []
SIATRERT . B AR SRR AR A (s ) T
LU
hix,y) =

J#’ (x.y) € {(x,y). 2"+ 3y < R*}

10»ﬁ1ﬁ

(16)
A R FREELE. A, y)E XA LA
B AR BO 0 R Bk EE — A R ik e
AL (8 B2 BRI R Gk
1% 3% PR $ (Optical Transfer Function, OTF) 0] &

NN

OTF(u,v) =

—oo

T o
J J h(x,y)dxdy

oJ —oo

Lexp(— uz—l—v2p> a7

nR* R?
B RS R G e i R BN 2 B

Bl 2 B RGOG AL R
Fig. 2 Plot of OTF for out-of-focus

AR 1 52 D B % 2R G B R
s AL 1 ok O BT L B AR RO AT S A R
Z3 (AR AL BT 2SR . D G AR SCORF AR 37 AH 56 iE v
T7 15 T A e s SR O R 09 a2 B Al I e R
e K I I O I N e I e i = R e
A

AR S AR HERE A BB Bridge #F 17 07 % &
G E T RE— B, JRLE R R o 512 X
5128 bit, W 3(a), 1 56X ik EAR 18 K F
A 7 0] 43 9 °F-#8 — 10 A 10 MG T A B
R EIZ WL 3(b) 88 I A 4l =X (3D 11530 4 g (&1 5%
Z A — A i B I 245, WA 3(0) .,

(c)
B3 JRAEER KA R, (0 )5 G B % (b) iR B4
(o) T ) R4 E 4%

Original image and displacement image for simula-

Fig. 3
tion. (a) Original image, (b) Motion image with
displacements along both axes, (c¢) Normalized

cross power spectrum between (a) and (b).

R AN #% MG 22 8] H — Ak i B D 3R A 20t
BRI NS I — B0 AR ST TN L S B A
A O A0 351X & 3 7R i S5 id R AL
R VEIR b A7 5 A M0 Ak B, o B A0 PR 5032 5 2 5
(16) F7R BBk i R B B AR B4 R=5 80T, &
WIS TR 4 (] 4(b) . SRJE R IE A3 E H
MR AROR MG 22 U — b i B 33, LA 4(0)

e W 77

- —

b

(@)
B4 B KA R R, G B AR B 5 s () i B 1145 5
(o) I RE E R

Out-of-focus blurred image and displacement

(b)

Fig. 4
image. (a)Out-of-focus blurred image with R=
5 pixels, (b) Motion image with displacements
along both axes, (¢) Normalized cross power

spectrum between (a) and (b).

FLAR B 3Co) FIIET 4 (o) nl i1, B 15 5 Ji ]
B RS 18 2 18] ) — Ak 14 L 0 3 4% BAT AR A 1Y



42 PO R OG5 A 52 B AR AR 121 1508 S A 3 227

— k.
4.2 HBEHHTIH-ERMERLBERN
RIS UEA ST s FE LB W AT T AR O
FUR I8 SR SE 0 . S 06 248 B AL 45 6 2= R &
4t R BT CMOS ML, — 6% 6 Mt 5
LA, Haob REERE /=150 mm, BFHIHL
AR B ICRAT 7 pm X7 pm, WS 25 /s, EIR
AYHER 2 350 X1 720X 10 bit, K B4 & Gt i 2 10

fkE R 17,
H briz zh & 5 g 5% % A0 BBl S R I h -
d — /X La;(wT) (18)

Abed HABE. BAE0T. f WP RS
IR B NG R BT R 0 W B MR T H

A K b UE 22 (Standard Deviation) 2 WL
WhrzshaitmiRE R AT

SV
SDJNZ;(Ti d) (19)

Kb T AL RS - 0 AR 9 B 45 A1 RE fifk 55
WA R BAH.i=1.2.- N,

SR B A AR T 20 a8 2 TR LA A
W B ST L B 0 S G S AR A BRI R
Fbr B AL 8% AR . A BOE % R AR B R
R 1 SR A B AR B 15 B A SO 1k kAT
H b B R BCHE . Al pa i R Z R R o 3G

i i |

¥ t t
] ] -

: T % ‘v I3 T
iy | s | (21 |

(a) b) (0)
B5 FAIER. 5 LWL (bH 2 W, ()5 3 b
Fig. 5 Sequence of image. (a)1* frame, (b)2"™ frame and

(¢)3™ frame.

£ F X #:

0.3 -
RMS=0.19 pixel

0.2

"L i /\
& [ \AJ | 1 1 ) |
1 2 \3/4 5 /6 7\ 8/9 10

-0.11

-0.21

Error of registration/pixel
=)

-0.3r

-0.4

Frame

P06 ML EDR 72 2R

Fig. 6 Curves of error

TR AR 10 WG, SR 4R 19 ) 0 R DL 15, Al
R LA 6,

LS5 0] LUR SR A SO ik e K
METR 2% 0. 339, bR 2 0. 19, L MEXS LT 1/5
BT,

5 &  #

HRE AR K R L HEEOR B AT 40 F it — 2 &k
JEANSEE B B B 28 G0 0 Hr 7 ik A3 o L Y
F R AL AR 56 T A AE VL BF 52 05 T A
TN SR T AR S I o A R R S AR
BRI A R R AR R 3 A G T v SR L 25 A A
A s (AR AR L 18 T R AR AR 1k TR O TR S
HELE SRR R W] T 7 B8 R 22 1) 5 — L i H
DA B AT B RO A A8 1 S AR 5 A 56 530 12 B
FHF B SRR P 5 12 3h 2 B T B A T B K
B o [F) I — 2 3 JR T AR S A 0% TE E R 1938
VG L R oe~2 s % R 4 B R iz 3 2
ol s gt 1op BB A R PR AR . Big
e R S 38 45 2 2 W A AR S SRk T T A T e A
B 15028 s 2806 B . AR ST IR 4R
IR AG B 1O R N A O B
B I LR RE ) R PR Rk B 1/5 Bon g
PiC HEAG Z - BEA AR = H ARaz 2l i ks IR 2

[ 1] Castleman K R. $07 B R AL FIMI. bt i 7 Dolk i Btk . 2004,

[ 2] 23, 25 ARIEF. 454 SURF SR r ik LWz g Hbr R iReg [J]. a5 2

544-550

=,2011,26(4):

(30 X0, b BT ey st By ig s HAr kK BER [J]. & & 5 2 5.2011,26(6) :831-835.
[ 4 ] Ko Sung-Jea, Lee Sung-Hee, Jeon Seung-Won, et al. Fast digital image stabilization based on gray-coded bit-plane



228 i Hil 5 hi N %27 %

matching [J]. IEEE Transactions on Consumer Electronics 1999, 45(3) :598-603.

05 1 Wb o me s » bhogk 552 45, fFDRL T 0B B A SC B TR 1R [T, b5 4% T42,2009,17(5):1005-1110.

[ 6 ] Argyriou V,Vlachos T. Estimation of sub-pixel motion using gradient cross-correlation [J]. Elec. Lett. , 2003,39
(13):980-982.

[ 7] Lam E Y. Digital restoration of defocused images in the wavelet domain [J]. Applied Optics, 2002, 41(23) :4806-
4811.

[ 8] Wen CY, Lee C H. Point spread functions and their applications to forensic image restoration [ J]. Forensic Science
Journal, 2002,(1) :15-26.

[ 9 ] Foroosh H,Zerubia J, Berthod M. Extension of phase correlation to sub-pixel registration [J]. IEEE Trans. Image
Processing, 2002,11(3) :188-200

[10] B2 22 R I fukite. WAR RGP GRICER LN L] + BB £ 8% FR,2008,13(11):2071-2075.

CI1] ZE bk, sk fl PHE. Mi2s Z B R A IRAZ L)), k5 # % T42,2009,17(5):1162-1169.

[12] Goodman J W. 4§ 2 »+3% % §& (F Z O LM, dbat. B F Tollk Rk, 2006.

P3IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIDD

SI BBy fEH Ao

ST fsegte 152y SI k5 ST R AFE A5 Fe ST FhEAE MR, B AL ER— MR FH
FAEA F 0.1~1 000 2 4,

« SI33 3k & A T M RAZ R EAL 09 BB A A R R aRfE A,

c BKFT AR E N AT T AR — AR, e 3 B R — A A (TR R
HEAE) FAAFEGRER, H42:10 hm®>=10X (100 m)*=10"m’;1 em® = (10 *m)* =10 ‘m’,

c Bk RAEE BALD LB R AAR A  JUAN I Sk SE B AR B LA k. Bl de s RAE D mus(ZHA)
FERE A ns(AF))

« WKL CF @ A AR A5 (s RSP R kg FORAFAE A I Sk 69 4E SR AL, B de: “mh” (Z B,
“hkeg“ (& AF)A R,

HESCSERNRTE

L BAARBERAERT~7,

2. BBE SRR AN G @O LK HMEELE B, Hl4e10 %~20 % REES R 10~20 %7,

3. BERMTRAATOMMER  BANKM PG 7T RARF L%, Bl 2 T~5 % , REEF R 2~
57 .

4, BEEAMRARRAGBAMAER  FARAEFHRABREELSE., #ld"3X10°~5X10""F #
BRU3~5X10"7 2T L F“(3~5) X 10°7,

5. FAE AN BEEE, T —ABEG L TAER, REESE—ABMEES R, #l4.“5 mm~
8 mm” & B 4E“5~8 mm”,

6. FARTAMANTHEER, HAFMG LR 23 F H, 4.2 h~2 h30 min({2 ZHF & A
“2~2.5h"),



