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ABSTRACT

This project is to study and develop an algorithm for image registration by using phase-

\ correlation method, Following translation and rotation of an image, mean square errors were
measured by using /, Norm. Performance of the developed algorithm was also evaluated after

adding Gaussian noise to the image. The outcomes of this project show that the purposed method

is robust for high-resolution image registration
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2.3.3 MIHYUNN (Rotation)
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2.6 awfr’uﬁuﬁtﬂﬂ (Phase correlation)

@ @ 3 J o ot &
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G, =F{g}.G =F{g} (2.18)

k4
Aam Aeavnaesmulna iy Taonsihmdagndidedou (Complex conjugate) Yo 4HaTTDe
=

o el ] [y e =g
HaswMslasyFiosnldswiumoguauiadazdumssanlunzdndn idnan

AUAUUAGITUNG (2.19)

G,G,

SR |11 £V 14 DA - R(uv)= W (2419 —
Wouunulay
G (u,v)I*(u,v)
Ri{u,v)=-: .
(u V) IG(Z{,V).[*(U,V)| (2.20)
VINTHATS

w—=l -

=0 m=0

n=1 m-

G(u,v)=> Zg (n,m) (o)

n=0 m=0

ilw ntw n)
L, fit e n)

s (u V) EZ . —,_’ﬁ , o (W W -

(=33 g(mm)e

n—l m—|

Glu,v)=>>"i( i(n+uy,m+y,)e Hnmeai)

n=0m=0

G(u,v)=i(n+uy,m+y,)
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n-l+xy m=lvy,

K Gluv)= 3 Y i{l,h,)e tnlimmelen)
h=rxo b=y

h=14xy m=1+y,

G—(—'H,—V—)-= (ejxon'., + el ) N Z_ (l—l ) —i(w i twdy)

n', XD n'z—yu
n- ]+x0 m=1+y,

I(u v) Z Z z(l],l )e M) (2.21)

=% b=y

‘1)3193], | - “G (u,v) = (efxuw., + eJ’Ju“ ) I(u v) (2.22)
S L LTI _
ﬁ,\aﬁ’fu G(u,v) f*(:u,v} - (ef 1+ g” ) !]_(u,v)! G
G (,v) 15 (uv)| |G (w,v).0*(u,v)]
Taoi L2 (wv) (2.24)
T |G(u v)]*(u v)l n+x0,m+y0)
918 Cross Power Spectrum — (ef'ﬂ"'" + g ) §(n+xm+ y,) (2.25)
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2.7 FYYIUTUNIY (noise)

Tyanasunaulumemsdszuananmeziiey 2 siiafedyanasunuiligaluy

A0A (Uniform noise) uazdygnasunaundyino liamed 1 (Gaussian noise)

271 Uniform noise 314 1asW9A9Un15LAL09ILY Uniform 38115 (2.27) uag

b-a  dmi a<x<b @21
f(x,a,b)- = 9 h o - ’ .

M5 r<auIO x> b (2.28)

fla wag b AeAvedlutie e fes dwmfuudnzfinaaiidumiax wzgn
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2.7.2 GyasUnIMUIM Aoy (Gaussian noise)
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P=pu+o? (2.29)

é = -~y s
gaenlugiuvvesndiua (dB) Asauns 2.30 uag 2.31

P,y = 10log, (/“ +o? ) (2.30)

i

P.aom =(1010g,q {2+ 7)) +30 @.31)

Taoh o AeAudisuuninasgmvesdygnasuniuug ¢ fesuniovesdygrasuniuay

A ¢ A = g [ o Yo ar ar =
drethadludnirafidwmiiseng o ‘thfmﬂﬂz"1ﬂﬂ1ﬁﬂjamtyiymmmuaaﬂmmgﬂﬂ 2.14
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gﬂ‘n 2.14 gﬂ i dy NI 16.98 dBm wie -13.01 dB

2.8 MidalszanSmwveamsiszanammwsifiteImsaanziiesnin
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a & aa o
AwmdBedailiomudaaunis (2.32)

2|E(mn)
: (2.32)

3|1 ) S

f I(m,n) AOMIZAVNIYDINNE9D9NA M x N Lag
2 ¥ d'| or 1 9t a v =
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\ S _(_i_|x[ ]’?_]”2 ey

L N M 2
AU ”x"2 =ZZ|E(m,n)l (2.34)
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L,Norm(E(m,n)) 235
I,Norm (](m, n)) '

MSE =
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MSEof O | MSEof 6 | MSEof 6 MSE of 6
20.00 0.01 0.01 0.01 0.01
23.01 0.01 0.01 0.01 0.01
24.77 0.01 0.01 0.00 0.01
. 26.02 0.01 0.01 0.01 0.01
‘ 26.99 0.00 0.01 0.00 0.00
I X Y T Y TR BTy 0.01 -
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. Original Referance & 8 =60° Noise = 26.9897dBm  Rotation 8= 60.3352° & MSE of Image = 0.91424
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MEE of Tx = 1.89 MSE of Tx = 2.18 8 MSE ol 9 = 0.0055866
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Original Refarence & Tx = 60 Ty =50, 06=B0° Image registralion with Tkp= 163 Typ =53, 8= 60.4459°

Translalion & Rotalion MSE of Tx = 2.06 MSE of Tx = 0.16 8 MSE of &= 0.0055865

Qriginal Relerence & Tx =560 Ty =50, 0= B0° Image regisiration with Txp = &0 Typ = 50, & = B0.4469°

Ralalion & Translation MSE of Tx = 0 MSE of Tk = 0 & MSE of 8 = 0.0055066

1N 425 JudedamsidouuesnIw T, = 50, T, = 50 LA WU 6 = 80°

100, 9= 60 Image ragistralion wilh Txp = 104 Typ =65, 6= 50.4468°

Translalion & Hatation MSE of Tx = 1.08 MSE of Tx = 0.34 & MSE of 8= 0.0055966

Original Reference & Tx = 50 Ty = 100, 8= B0° Image registeation with Txp = 50 Typ = 100, € = B0.4469°

Rolation & Translation MSE of T = 0 MSE of Tx = 0 & MSE of 6 = 0.0055366

3R 426 gdednmsidenvesnn T, = 50, T, = 100 WAz MyU 0 = 80°
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Qriginal Reference & Ty = 100 Ty = 50, 8= B0° Imags regisiralion with Tup = 162 Typ = 107 _ 9 = B0 44537

Translation & Ratation

Original Reference & Tx =100 Ty = 50, 6=80° Image regislralion wilh Tup = 100 Typ = 50, 6 = B0.4469°

Rolalion & Translation MSE of Tx = 0 MSE of Tx = 0 & MSE of 8= 0.0055856
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Reference & Tx = 100 Ty = 100, 6= B0® Image regisiralion with Tup = 7 Typ = 68, @ = 117.6536°

Translation & Rolation MSE of Tn = 0.93 MSE of Tx = 0.32 & MSE of 0= Q47067

Qriginal Reference & Tx = 100 Ty = 100, & = BU° Image regislralion with Txp =21 Typ = 109, 6 = 63.4637°

Rolation & Transtation WSE of Tx = 0.79 MSE of Tx = 0.0% & MSE of 8 = 0.043266
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Gaussian Noise
. MSEof T, { MSEof T, | MSE of 0
in dBm

- T —710:000 | T 00067 | 770,008 T 0006

13.010 0.0238 0.0229 0.0645
16.021 0.1089 0.139 0.1651
17.782 0.1649 0.2507 0.1957
19.031 0.2297 0.3456 0.3663
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Original

Refarence & Tx = 70 Ty = 70, 8= B5°

Noise =-16.0206 ¢Bm

Refeignce & Tx =70 Ty =70, 8= 85°

Criginal

7429 plavedmaiiouvesnnT, =70, T, = 70 vy 0 = 85° MndayaMIUNY
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Original Reference & Tx =200 Ty = 100, 0=60° Image registralion Txp =200 Typ= 101, 6=E60.3352°
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function [Bxy] = translatedimage(Axy,tx,ty);
% BXY =TRANSLATEDIMAGE(AXY,TX,TY) ransforms the-image "AXY" by

%  tranalation parameters "TX" and "TY" along with x-axis and y-axis

%  Notes:

%  x-axis is the horizontal line originating from left to right

% ___y-axis.ia the verticle line originating from.top-to.bottom

 mask = (XI>max(X(:) | (XI<min(X()) | (YEmax(Y() | (Y<min(Y();

%  Date: January 9, 2009

if tx <0 ty < 0; error('Translation is out of range!"); end;

Axy = double(Axy);

- [Ny;Nx] = size{Axy); SN N NI —

[X,Y] = meshgrid([1:1:Nx], [1:1:Ny]);

T =[101tx01 ty; 00 1]*[XC:); Y(:)'; ones(size(Y(:)'))];
X1 = reshape(T(1,:), size(X));

Y1 = reshape(T(2,.), size(Y));

Bxy = interp2(X, Y, Axy, XL, YL, *nearest'); % spline/linear/nearest/cubic

Bxy(mask) = 0; % any pixels outside warp, pad with black

if abs(Bxy(:}) == 0; error('Translation is out of range!"); end;
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function [Bxy] = rotatedimage(Axy,theta);

% BXY = ROTATEDIMAGE(AXY,THETA) rotates the image "AXY" by "THETA"

% degrees in a clockwise direction.

% Notes:

%  x-axis is the horizontal line originating from left to right

- e e —— — Yo y-axis.ia the verticle line originating from-top to bottom - - - e — e

%  Date: January 6, 2009

[Ny, Nx] = size(Axy);
cenx = round(Nx/2);
ceny = round(Ny/2);
- - : : -+ [X,Y] = meshgrid([1:1:Nx}-cenx,[1:1:Ny]-ceny); - =

th = (theta)*(pi/180); R = [cos(th) sin(th) 0; -sin(th) cos(th) 0; 0 0 1];

T = RH[XC); Y ones(size(YCY);
X1 = reshape(T(1,:), size(X));
YT = reshape(T(2,:), size(Y));
Bxy = interp2(X,Y,double(Axy),X1, Y1, *nearest'); %spline/linear/nearest/cubic
mask = (XI>max(X(:))) | (XI<min(X(:))) | (YI>max(Y(2))) | (YI<min(Y()));

__ Bxy(mask) = 0; % any pixels ouside warp, pad with black

Bxy = uint8(Bxy});
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function {tx,ty,indx,indy] = imtranslationpar(Axy,Bxy);

4 L/TH‘X,—"HL}:IMTMNA%IGNPﬁR(AX*EB%YRW atesthe transtationparameters

%  "TX"and "TY" along with x-axis and y-axis, respectively.

%  "AXY" is the registered image and "BXY" is the target image.

% Notes:

- == - Y% - x-axis-is the-horizontal-line originating-from left toright

%  y-axis ia the verticle line originating from top to bottom

%  Date: January 9, 2009

[Ny, Nx] = size(Bxy);
% Correlate the magnitude components by doing the FFT2 of each image by
% using the cross power spectrum index. The IFFT can then be used to find

% the maximum index, which represents the translation-invariant shift

% between the frames.
Iluv = ffi2(double(Axy),Ny,Nx);
[2uv = fft2(double(Bxy),Ny,Nx);
CPS = exp(i*(angle(Iluv)-angle(I2uv)));
cps = real(ifft2(CPS));
7777777 ~—..-lindy.indx] = find(cps == max(max(eps)));— o L e

tx = (indx-1);

ty = (indy-1);
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function [theta] = imrotationpar{Axy,Bxy);

% [THETA}=IMROTATIONPAR(AXY,BXY) creats the rotation angle "THETA"
% in degree between the image "AXY" and image "BXY" in a clockwise
% direction.

% Notes:

- % - x-axis is the horizontal-line originating from-left-to tight = === s e

%  y-axis ia the verticle line originating from top to bottom

%  Date: January 6, 2009

thetas = linspace(0, 180, 180);
% Polar transform the images and get the magnitude information,

% which should only be different by a translation

7 [FR1,XP1] = radon{Axy, thetas); F1 = abs(fﬁ(FRl));r
[FR2,XP2] = radon(Bxy, thetas); F2 = abs(fft(FR2));
% Correlate the magnitude components by doing the FFT?2 of cach image by
% using the cross power spectrum index. The IFFT can then be used to find
% the maximum index, which represents the translation-invariant angle of

_ %rotation between the frames,
Tluv = ffi2(F1);
2uv = M2(F2);

CPS = exp(i*(angle(Iluv)-angle(T2uv)));

cps = real(ifft2(CPS));
[indy,indx] = find(cps == max(max(cps)));

theta = thetas(indx(1));
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