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ABSTRACT

The objective of this project is to improve the quality of underwater images by using an
image processing technique. Some regions of the underwater images taken at different time and
from different angles could have incomplete details. The purposed algorithm consists of 7 steps as
follows: (1) color-into-graylevel images conversion, (2) image subdivision, (3) image registration
by using phase correlation, (4) sub-image overlap, (5) brightness adjustment by using adaptive
histogram technique, (6) image improvement by using high-pass filter, and (7) comparison
between the improved image and its original image.
By using the image processing technique developed in this project, the results show that
the synthesized images are similar to their original images, where the error of the overlapped
- region between the four sub-images equals 0.28%. Moreover, this approach can also improve real-  —

underwater images taken at different time and from different angles.
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2.2 mmﬂmmaynmﬂu 2 §1R) (Two Dimensional Geometric Transformation)
. =1 3 P 4:? =) @ a1 3
Transformation Lﬂummﬂawmgamwmﬂuuwmsﬂa11ﬂ0a1ﬂﬁu1uﬁﬂauﬂlﬂ1uu
S g o : o !
mmﬂmmwﬁjuminLi"Jumﬂﬁmm Digital Image Processing wioaninidlunszurumsiee
o 1 =Y o . .
m“lﬂqms ANTIZHAN (Digital Image Analysis)
2.2.1 matitlasdeyammmuunugiu
A y @ -
m'iuﬂm“ﬁ’mgamwwujm (Basic Transformation) 92iliznoimisdoyanarurila
L ar dldy o =
awnulunilestingus 2 viafe
- ASIADUNN (Translation)
- NTHYUNIN (Rotation)
2.2.2 MIDBUNN (Translation)

WA UAUNHUBINTWALTZILNITUTANIHIUNY x (Tx) HASATNLUMNY y

4 5 S oo oy o i . d A
(Ty) Wodmualdfita@udo (x, y)uazdinalvdfo (x,y ) weldaumsvesnmsdounin
iy

1 2
JUAD
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y'=y+T,

e ...
Geamnsad@ou ldeglustiuivosuaing 14 ianvuzasino P'= P+ T 10

x' X T1r
P'=[ ] P=[ ] nag Tz[ ] 2.2
' y T,



B ' 2.2.3 MIHYUNMN (Rotation)
o o ' . .
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Pivot Point

31/ 2.2 94 Pivot Point
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x= rc?s(;ﬁ) (2.3)
y =rsin(g)
uas
x'=rcos(p+0)=r(cospcosf —singpsin ) (2.4)

y'=rsin(p+8)=r(sinpcos@ +cos@sinf)
3 A k4 . . [ dydi
INTIERSUUINTUNTTN (2.3) Laz (2.4) *az"lﬂﬁunwwmm'swnqumuqﬂ Pivot Point ANUAD

x'r= xcos(@) — ysin(8) (2.5)

— —yi' =xsin(f) +ycos(@) - - - -

A T =y ar & H 4
Feannsodoulfoglugiuuuvosuning |4 dnuazdaiine pr= r.p ile

cosf —sin 9}
(2.6)
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2.2.4 Homogeneous Coordinate
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gﬂﬁ 2.3 (n) Cartesian Coordinate gﬂﬁ 2.3 (v) Homogeneous Coordinate
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y'|={sinf cos@ 0}y (2.8)
z! 0 0 L]l 1



A donswsmnnilinesmsifeunazmswyuudrannsoainziflounw'tddaouns
2.7 ung (2.8)

o @uMEmE@EeY .

He DM e

ﬂ'llﬂ'liﬂ'lﬁ"ﬁ

x‘"l_ cosd —sinf|[x

_y'J_|_sin9 cos® || v]

v

2.3 anaunusie (Phase correlation)
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i;(k,l)= e—i(wkn+w,m)h (n,m) (211)
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a d or o' o o . &

AU Aedw1esalaasy Tﬂﬂﬂ'liu’]ﬂ'l%mﬂﬂl‘iﬂ‘%ﬂu (Complex conjugate) YOINITADY
a g v o ey A o

magwNNsLasy T idudunugaauidgaiinmssnlunla@i 18 dnanm

AueENTEA a3 (2.14)

VINAUNS R(u,v) =% (2.14)
a-'b

=1
Weouunu Iag

R(u v) G(u, ) *(uv)

|G ()1 ¥ (u, v)i T

PINTUNT

-1 m-1

I(u V) ZZ (n m)e F(w,n+w,m)

n=0 m=0

n-=1 m-1

G(u V) Zzg(n m)e (w niw, m

n=0 m=0
-1 mi-1
G * (u’ v) - Z Z g (n, m) ej(w,,n+wvm)

n=0 m=0
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y G(u,v) =i(n+up,m+3,)

n—l m-1

)= L2 st n)e

n—Om—O
n=l4xg m—1+y,
: = w(h— Wl -
Gu)="3e 3 ifhy)e )
h=xg h=x

B o A B

A, G_(H V) ( ity Wg +—ejyow ) --Z-_-—Z__’ (_l“l--)--_l(wuﬁ'l'ﬂ’vf;) B
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- J— =L a1+ y—
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.‘J
v ssae g pon ) | 2

fariu Guv)I*(uy) _ (£ +et )1 (u,v) (2.18)
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Tavfi I*uy) 2.19)
|G(u,v).I*(u,v)| §{n+x,,m+y,)
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. r(n,m) =§(n+x0,m+y0) (2.21)
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function [Bxy] = translatedimage(Axy, tx,ty);

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

e e 2% Notes:o o el

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

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

%  Date: January 9, 2009

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

Axy = double(Axy);

[Ny, Nx] = size(Axy);

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

T =[10t01ty;00 t]*[X(); Y(2)'; ones(size(Y(:))];

XTI = reshape(T(1,:), size(X));

YT = reshape(T(2,:), size(Y));

Bxy = interp2(X,Y,Axy, XL, Y1, *nearest'); % spline/linear/nearest/cubic
mask = (XI>max(X(:))) | (XI<min(X(:D)) | (YT>max(Y () | (YI<min(Y()));

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

if abs(Bxy(:)) == 0; error('Translation is out of range!"); end;

Bxy = uint8(Bxy);




y 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

T T T % Tyeaxis'id the verticle litie originating from {op to bottom

%~ —Date—Jamuary=6,2009.

[Ny, Nx] = size(Axy);

cenx = round(Nx/2);

ceny = round(Ny/2);

[X,Y] = meshgrid([1:1:Nx]-cenx,[1:1:Nyl-ceny);

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

T = R*¥[X(:); Y(2)'; ones(size(Y(C)D];

XI = reshape(T(1,:), size(X));

YI = 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(?))) | (YI<min(Y(:)));
Bxy(mask) = 0; % any pixels outside warp, pad with black

L Bxy = uintB(Bxy);




function [tx,ty,indx,indy] = imtranslationpar(Axy,Bxy);
% [TX, TY] = IMTRANALATIONPAR(AXY,BXY) creates the translation parameters

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

51

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

% Notes:

R e

% ——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.
[uv = fit2(double{Axy),Ny,Nx);
I2uv = fft2(double(Bxy),Ny,Nx};
CPS = exp(i*(angle(T1uv)-angle(I2uv)));
cps =real(iffi2(CPS));
[indy,indx] = find(cps == max(max(cps)));

tx = (indx-1);

ty = (indy-1);




function [theta] = imrotationpar(Axy,Bxy);
% [THETA] = IMROTATIONPAR(AXY,BXY) creats the rotation angle "THETA"

—  —— — — %_indegree between the image "AXY" and image "BXY" in a clockwise. . -

52

% direction.

% Notes:

"% T¥-akis i§ the horizontal line originating from lefttoright =

% Date: January 6, 2009

% Only pay attention to 0 to 180 degrees of FFT

thetas = linspace(0, 180, 130);

% Polar transform the images and get the magnitude information,

% which should only be different by a translation

[FR1,XP1] = radon(Axy, thetas); F1 = abs(fft{(FR1));

[FR2,XP2] = radon(Bxy, thetas); F2 = abs(flt(FR2));

% Correlate the magnitude components by doing the FFT2 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.

Iluv = fft2(F1);

12uv = ffi2(F2);

_ CPS= exp(i*(angle(Iluv)-angle(l2uv)));

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

theta = thetas(indx(1));

~ "
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function [CEImage] = runCLAHE(Image,XRes,YRes,Min,Max,NiX,NrY NrBins,Cliplimit)

%
%

%

% _'These functions implement Contrast Limited Adaptive Histogram Equalization.

"Contrast Limited Adaptive Histogram Equalization"

by Karel Zuiderveld, karel@cv.ruu.nl

(Ported to Matlab by Leslie Smith)

' The main rou_tme(C_LAHE) expects an input image that is stored contignously in

- — —— — — —% -memory;—the CEAHEoutput image-overwrites-the-originalHinputimageamd-hasthe

%
%
%
%
%
%
%o
%
%
%
%
%
%
%

—* - ———————% asmall value (eg. 128) speeds up processing and still produce an output image of

%
- %o

same minimum and maximum values (which must be provided by the user).

This implementation assumes that the X- and Y image resolutions are an integer
multiple of the X- and Y sizes of the contextual regions. A check on various other
error conditions is performed.

Image - The input/foutput image

XRes - Image resolution in the X direction

YRes - Image resolution in the Y direction

Min - Minimum greyvalue of input image (also becomes minimum of output image)
Max - Maximum greyvalue of input image (also becomes maximum of output image)
NiX - Number of contextial regions in the X direction (min 2, max uiMAX_REG X)
NrY - Number of contextial regions in the Y direction (min 2, max uiMAX_REG Y}
NrBins - Number of greybins for histogram ("dynamic range™)

Cliplimit - Normalized cliplimit (higher values give more contrast)

The number of "effective” greylevels in the output image is sct by uiNrBins; selecting

good quality. The output image will have the same minimum and maximum value as the input

image. A clip limit smaller than 1 results in standard (non-contrast limited) AHE.

%
%

[XRes,YRes]=size(Image);

CEimage = Image;

CEImage = zeros(XRes, YRes);

if Cliplimit ==

return

end



NrBins=max(NrBins,128);
XSize = round(XRes/NrX);

—  NrPixels=XSizeE¥Sive
XSize2 = round(XSize/2);

¥Size2 = round(VSize/2);

if Cliplimit > 0

——— — —— — —€lipkimit=maxCliplimt*XSize*¥Size/NrBins); —

else
ClipLimit = 1Eg;
end
g LUT=makeLUT(Min,Max,NrBins);
% avgBin = NrPixels/NiBins;
Bin=1+LUT(round(Tmage));
Hist = makeHistogram(Bin,XSize,YSize NtX,NrY ,NrBins);
if Cliplimit > 0
Hist = clipHistogram(Hist,NrBins,ClipLimit,Nr3{ NrY);
end
Map=ma1:;Histogram(Hist,Min,Max,NrBins,NrPixels,NrX,NrY);
% Interpolate
xI=1;

fori= 1:NrX+1

e ifi—1

subX = XS8ize/2;

xB=1;
elseif 1 == NrX-+1

subX = XSize/2;

xU=NrX;
xB = NrX;
else

subX = XSize;
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xU=i-1,
xB =i;

end

7_1
yI—1,

for j = 1:NrY+1

ifj ==

"subY =YSize/2;

yE=1;

yYR=1,
elseif j == NrY+1
subY = YSize/2;
yL = NrY;
yR =NrY;
clse
subY = YSize;
yL=j-1
yR=];
end
UL = Map(xU,yL,:);
UR = Map(xU,yR,);
BL = Map(xB,yL,:);
BR = Map(xB,yR,:);

sublmage= Bin(xL:x[+subX-1,yLyl+subY-1);
sublmage = interpolate(subImage,UL,UR,BL,BR subX subY);

CEImage(xI:xI+subX-1,yL:yl+subY-1) = sublmage;

yl =yl + subY;
end

X[ = xI + subX;

end
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