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2R EEHFE:
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A Faster Phase-Only Correlation-Based Method for
Estimations of Translations, Rotation and Scaling in
Images
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Abstract

This paper presents a faster phase-only correlation (POC)-based method for
estimations of translations, rotation, and scaling in images. Conventional POC-
based methods for translations, rotation, and scaling estimations are computa-
tionally expensive since these methods need the two-dimensional (2-D) discrete
Fourier transform (DFTs) seven times. To reduce the computational cost, we
propose a new method that decomposes the 2-D POC of images into two one-
dimensional (1-D) POCs of image projections to estimate the translations be-
tween two images. Combined with a log-polar transform, the proposed method
is extended to scaling and rotation estimations. Compared with conventional
POC-based methods with complexity of O(N?log,N), the proposed method
performs in a lower complexity of O(Nlog,N). Experimental results demon-
strate that the proposed method is capable of estimating large translations,
rotation and scaling in images, and its accuracy is comparable to that of the
conventional 2-D POC-based methods. The experimental results also show that
the computational cost of the proposed method is much lower than that of the
conventional 2-D POC-based methods.

Keywords: image registration, translations, rotation, scaling, phase-only
correlation, log-polar transform
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A Faster Phase-Only Correlation (POC)-Based
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and Scaling in Images
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Background 1

m Image registration: align images of the same scene

m Critical task is to estimate translations, rotation, and
scaling in images.

m Phase-Only Correlation (POC)-based method

S
Registration of aerial images

Contents 2

B~ e vres ~
®m Background

m Previous Work
@ Phase-only correlation (POC)
® Translations, rotation and scaling estimations using 2-D POC

m Proposed Method
® 1-D POCs of image projection for translations estimation
@ Extension of 1-D POCs for rotation and scaling estimations

m Experimental Results
m Conclusions

Phase-Only Correlation (POC)

m Fourier shift theorem
Spatial domain: I;(ny, n2) = Ia(ny — 71,12 — T2)
Frequency domain: Fy(ki, k2) = Fg(kl,kg)e_jzw(kﬁl+ﬁi?)
m Translations estimation using 2-D POC

Fi(ki,ka) F3(ky,k2) }
|Ev(yy ka2)| |1F5 (K, k)|

= IDFT [e"”’(’%?*'*?)]

_J
10

Translations (1, 72) can be estimated
by locating the peak of the 2-D POC
of two images.

g(ny,ng) = IDFT [

(n1,n2) = (=711, —72)
otherwise

Sub-pixel Translations Estimation 4

® Extension of POC to sub-pixel translations estimation’
g(n1,n2) = IDFT [J”’(%?#—};ﬂ]

~ sinc(ny + 71)sinc(ng + 72)

Sub-pixel translations can
be estimated by locating the
peak of a continuous sinc
function fitting to the discrete
POC.

(m,72) = (04,0.4)

+H. Foroosh, et al, *

of phase ion to sub-pixel " IEEE Trans. on Image Process, 2002.

Translations, Rotation and Scaling in Images 5

B Spatial domain:

Iy(ny,na) = I3(Snycosfy — Snasinby — 71,
Snysinfly + Snacosfly — 72)

$ :scaling factor g : rotation angle

(71,72) : translations

® Frequency domain:

[Fy (B k)| = L F; ﬁcmﬂ - Esinf? ﬂ m'
1N R2) = 32 2 S 0 S 0y
Esmﬁq+ S(‘Mﬂ)‘

|F1] is a rotated and scaled replica of |F2| with rotation angle f; and
scaling factor l/S , and both spectra share the same center of rotation
regardless the translations are present in images.
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Convert Rotation and Scaling into Translations 6 Estimations of Translations, Rotation and Scaling 7
m Log-polar transform m Computational procedure
I I
|y (k)] = o= F-,(k—'mw ke 1
e s\ S 0T gHe 1Fi(p, 0)] = 52 |Ealp ﬂ‘gﬂ])l | 2-D Hann window | | 2-D Hann window | h‘?‘i B Hann windows are
%»inﬂu + 22 oty Can be solved by POC. @ = used to truncate the
£ L ol | 2oFrm || 2DFFT | images for preventing the
£ “FEI [75] edge effect in the DFT.
1 | Log-polar transform | | Log-polar transform | & The 2-D DFTs are
lfl'!Lm lA[LP‘l performed by the 2-D fast
s | Estimate (5.60) using 2-D POC e Fourier transform (FFT)
} o) oot
| Compensate rotation and scaling in [2 | é ] Computations of 2-1 ;
l i | POCs involves the 2-D |
. — = = —— { FFTs five times.
p=log ( fiz+ A;) Convert the rolation and scaling into translations by B Estimate (1.%) usig 20POC |
representing the spectra|F)| and |F2] in log-polar L l
@ = arctan (ka/ky) grids (i) (5.60)
Decomposition of 2-D POC into 1-D POCs 8 Decomposition of 2-D POC into 1-D POCs 9

m 2-D POC of images
Fy(kyks) Fi(kika) ] _ {1, (m1,m2) = (=71, =72)

1,ma) = IDFT | 20301 72) Zalk, %) |
9(rmz) [‘Fl(klvkE)lle.(klgk‘z)l 0, otherwise

@ Case1: k1 =0

Fi(0,k2) F5(0,ks) ] 1, ng=-n
= IDFT | ===t i g
gv(na) [F1(0, %2)] 1F3(0, ko)l 0, otherwise
Na=1 [Ny=1 o - M
Fi(0,k2) = Z [Z L(m,ng)| 28" £°
nz=0 Lm=0 ) n i
Na=1 [Ni=1 kg, y é‘
Fy(0,k2) = Z Z y(ni,n) | 2R 25 |
n2=0 Lnj=0 | 00 L

gv(n2) is the 1-D POC of the image projections along the vertical direction.

m 2-D POC of images
= Fi(ky k) Fi(knke) ] _ |1, (na,n2) = (—m,—m)
glmi,ma) = IDFT I:‘Fl(klw ka)| | F5 (K1, ka)| - {0, otherwise
®Case2: k2 =0

Fi(k1,0) Fi(kuﬂ)] L, m=-n
=IDFT et ]
gn(m) [IF:(kl,U)lle'(klvon 0, otherwise

Ny-1
Fi(k,0)= 3
ny=0
Ny=1
Bk 0)= Y

ny=0

Na=

1
Z Ii(ny,n2)

ng=0
N1

z Ix(ny,nz)

na=0

gn(n1) is the 1-D POC of the image projections along the horizontal direction|

Estimations of Translations Using 1-D POCs 10

m Computational procedure

I(ny,n2) Ly, ma)
Image projeclions Image projections .
J \ ] ‘ B Hann windows are used to
] D B o \ ] 10 Fioh s ‘ truncate the images for preventing

fn(m)] ] [Tt JTatny e edge effect in the DFT.

[+0FFT| [1oFFT] [10FFT] [1-0FFT]
Pl Folk) Fualka) | Fralka)

W The 1-D DFTs are performed by
the 1-D fast Fourier transform
(FFT) algorithm.

Nermalized cross ‘ | Normalized cross.

power spectrum power spectrum
Guth § Gtk | B Computations of 1-D POCs
[ o [ romr | involves the 1-D FFTs six times.
gu(n1) ‘ srv(":)l
N Translation l ] Transiation }
estimation estimation
Y i
T 2

Estimations of Translations, Rotation, and Scaling 11

I] 12
| 2-D Hann window | | 2-D Hann window |
[ zorrr [ 2oFFT |

Al V1B
| Log-polar transform | | Log-polar transform |

@ ] Mip; | Mipe
§ £ Estimate (S,#6,) using 1-D POCs of
é IE image projections
= 1(5.60)
O L
B3 | Compensate rotation and scaling in I |
% =
w = 7
15

Estimate translation in 7; and I
using 1-D POCs of image projections

(1,72) (8.60)
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Analysis of Computational Cost 12 Analysis of Computational Cost (2) 13
Table 1: Theoretical numbers of arithmetic operations (additions, multiplica-
tions, divisions and square roots) involved in POC computation.
2-D POC-based Proposed Table 1: Computational cost when N = 512.
methods method 2-D POC-based | Proposed
Projection | Add 0 Gx(N-1) methods T method
Hann Window | Mul 3x N? 6x N
. a ot sl 23,592, 960 19,146
P— Mul | 3 x N?log,N 6 x FlogoN Add 100% 0.21% .
‘ Add | 3 x 2N%log,) 6 x Nlog, N ( (j) 021%) E
Mul 2x N2 IxN Mul 13,107,200 28,160 ;:
NCPS Div 2x N? AxN (100%) (0.20%) 5
Sqrt 2x N? 4xN Div 524,288 2,048 i
IFFT: Mul | 2x N3log,N 4 x Ylog,N (100%) (0.39%)
s
Add | 2 x 2N%log, N 4 x Nlog, N Sart 524,288 2,048
Mul: Multiplication, Add: Addition, Div: Division, Sqrt: Square root. il (][)()%) (0,39%)
NCPS: Normalized Cross Power Spectrum. The nurmibers 6F midtiplicabiohe ss funchore 6N
1 K. Takita, et. al, High-accuracy subpixel image registration based on phase-only correlation, IEICE Transactions , 2008. F K. Takita, et. al, High-accuracy subpixel image registration based on phase-only carrelation, |EICE Transastions , 2003,
Experimental Data 14 Experimental Results 15

Lena
(512 x512)

Pentagon
(1024 X1024)

Head CT
(1024 X1024)

Original image

Rotated, scaled, and translated images

B Lena (512 x512)

Table 1: Experimental results on the image Lena.

Actual 2-D POC-based Proposed
parameters method method
5=0.875 5=0878 §=0872

y = 120°
(11, 72) = (0,0)

b = 119.82°
(71, 72) = (—0.51,0.05)

By = 119.74°
(#1,72) = (—0.18,-0.45)

S =0.500
0 = 60°
(r1,72) = (10,20)

S =0.498
fo = 60.13°
(1, 72) = (9.78,20.48)

S = 0.5000
o = 60.16°
(F1,72) = (9.69,19.59)

S =0.350
o = 30°
(11,72) = (3,9)

5=0.346
o = 29.91°
(1, 72) = (2.72,8.16)

5§ =0.350
o = 20.90°
(#1,72) = (2.78,8.19)

+ K. Takita, et. al, High-accuracy subpixel image registration based on phass-only correlation, /E/GE Transactions , 2003.

Experimental Results

16

m F16 (512 x512)

Table 1: Experimental results on the image FI16.
Actual 2-D POC-based Proposed
parameters method t method
S =0.900 §=0.905 S =0.808
0 = 95° Gy = 94.67° fo = 94.68°
(71,72) = (0,0) (f1,72) = (—0.43,0.31) | (7, %2) = (—1.22,0.45)
S =0.700 §=0.697 §=0.697
6y = 25° 8y = 25.02° Oy = 25.03°
(11,72) = (3,15) | (71,72) = (3.10,15.65) | (71,72) = (2.58,15.37)
S =0.500 §=0.498 5 =0.499
0 =10° o = 10.09° b =10.13°

(r1,72) = (20,5)

(#1,72) = (19.68,4.80)

(71, 72) = (19.69,4.80)

T K. Takita. et. al, High v subjpixel i

based on p

nly correlation, IEIGE Transactions , 2003.

Experimental Results

17

m Pentagon (1024 x1024)

Table 1: Experimental results on the image Pentagon.

Actual 2-D POC-based Proposed
parameters method i method

5 =0.800 §=0.797 §=0.802
o = 80° fo = 80.24° fo = 80.22°

(11, 72) = (0,0)

(#1,72) = (0.23,-0.50)

(71,72) = (0.16,—1.01)

S = 0.600 § =0.599 § = 0.600

By = 45° 0o = 45.11° o = 45.12°

(m1,72) = (7,25) | (F1,72) = (6.73,25.76) | (F1,72) = (6.81,25.15)
S =0.300 S =0.299 §=0.299

0y = 5° 0o = 4.77° o = 4.77°

(11, 72) = (18,6)

(1, 72) = (17.72,5.54)

(71,72) = (17.14,5.78)

+ K. Takita, et. al, Higl y subpixel image

based on pi

ly correlation, IEIGE Transactions , 2003.
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Experimental Results 18
® Head CT (1024 x 1024)
Table 1: Experimental results on the image Head CT.
Actual 2-D POC-based Proposed
parameters method T method
§=0875 S§=0877 S =0871
B = 110° B = 109.86° o = 109.81°

(r1,72) = (0,0)

(1, 72) = (—0.62,0.23)

(71,72) = (0.16,1.14)

S =0.700
6o = 50°
(11,72) = (8,22)

5 =0.699
Bl = 50.06°
(11, 72) = (7.93,22.11)

S =0.698

dy = 50.07°
(#1,72) = (7.50,22.57)

S =0.400
By = 20°
(m1,m2) = (20,5)

S = 0.400
6o = 19.87°
(1, 72) = (20.10,4.92)

S = 0.400
6o = 19.83°
(71, 72) = (19.53,4.30)

1 K. Takita, et. al, High-accuracy subpixel image registration based on phase-only correlation, IEICE Transactions , 2008.

Checkerboard Alignment 19

Computational Time

Cost

20

® Computational Tim

e Cost

® MATLAB 2012b with Window 7 Pro
m Intel(R) Corei7 @ 3.30GHz

Table 1: Average computational time [sec./image pair] in rotation, scaling, and

translations estimation.

Image resolution 2-D POC-based method] Proposed method
(Lena, F16) 0.22 0.10
512 x 512 (100%) (45.5%)
(Head CT, Pentagon) 0.44 0.19
1024 x 1024 (100%) (43.2%)
T K. Takita, et. al, subpixel image on ph; nly cotrelation, IEICE Transactions , 2003,

Conclusion 21

m A faster POC-based method for image registration

® Decomposition of 2-D POC of images into 1-D POCs of image
projection for translations estimation

@ Extension of translations estimation to rotation and scaling
estimations

@ Reduction of computational cost from O(N?log, N) to O(N logy V)
m Experimental results demonstrated the effectiveness of
proposed method in terms of accuracy and computational
cost
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