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ABSTRACT

Due to the variety of answers and levels of Sudoku. We have studied and developed a
software which provides online answers for the player. The user just goes online and uploads the
picture of Sudoku puzzle to the server running the software. The server will process the image by
adjusting the resolution, detecting object, comparing the image with template for matching the
numbers, solving the puzzle and provide the answer back fo the user. The software is compatible
wilh Android mobiles, and PC with Microsoft Windows operating system. Furthermore, we can
develop softwares for other platforms using the same principle by creating a program for a client

to send picture to our server, receive results back, and display the answers.
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1. Matlab R2011B
2, Microsoft Visual C# studio 2010
3. FileZilla
4. Notepad++
neslenifuuiaunsuszuulfiAnaueuasesd
ATSRAIUNLDUAS DUAUDWHAIATY (Android Application) susnnsovi ldummie
ﬂauﬁomaifﬁﬁﬁé’ﬁzwﬂﬁﬁﬁmsﬁaﬁ
- Windows XP (32 bit), Windows Vista (32 #39 64 bit), Windows 7 (32 130 64 bit)
- Mac 08 X 10.5.8 Y1l
- Linux ‘ﬁﬁ GNU C Library (glibc) 2.7 %‘u‘lﬂ
- Ubuntu Linux 1817035 8.04 30l
sdasiaraTlsunsusana i
1. Eclipse IDE for Java Developer
2. JDK (Java Development Kit)
3. Android SDK (Android Software Development Kit)

4. ADT (Android Development Toolkit)
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Source Code 04 1151N3Y

Read In a4 Mile
I cam =
imread('C:\CS_MATLAB SERVER\CS MATLAB SERVER\CS MATLAB SERVER\bin\Deb
ug\shot .bmp '} ;
imshow{I cam) :;
load NEWTEMPLATE
output = imread{'error.bmp');
imwrite (output, 'testimage.png');
I = I cam;
imshow(I) ;

1
7] =4 ]

o] 1 ¢ A1 P =9 k4 3/ Z . =
nJumimu"l.ﬂammaagmmmwmmm'h mauummﬂszm’nﬂa VIOUUMNTIUN

3 1y e 3
Template U1 LA WTAINTHNONATIN

Lo Converl. to Black and White
I = rgbZgray(1}:
imshow (T} ;

B = medfilt2 (I, [35 35]};
imshow (B) ; :

I =B - 1I;

level = graythresh(I};
imshow (1) ;

BW = imZ2bw(I,level};

I = BW;

imshow (I} ;

o o o
dumantlasnnamwmaldidiunimen-d

Remove Nolse
figure
se = strel('rectangle',[1 1]);
closeBW = imclose(I,se);
1 = bwareaopen{closeBW,50};
imshow (1) ;

| o o 2 o] A 5 Ao ¥
Hlumamsaaasuniuang Mlvuwaniimvualisen
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Find the biggest blob
hold on;
R = regionprops(I, 'Area', 'BoundingBox', 'PizellList"'};
NR = numel (R} ;

maxArea = 0;
for kK = 1:NR
A(k}) = prod(R(k).BoundingBox{3:4});
if (R{k).Area > maxArea }&& {(R(k).Area/A(k))<0.2)
maxArea = R(k).Area;
kmax = k;
end
end

boundingboxmax = R{kmax}.BoundingBox;
Diagonall = sum(R({kmax).PixelList,2);
Diagecnal? = diff(R{kmax}.Pirellist, [],2}:

[m, upperleft] = min(Diagonall):;
[m,downright] = max(Diagonall);
fm, downleft] = min{Diagonal?);

[m,upperright] = max{Diagonal2};

pts = R{kmax).PixelList ([upperleft downleft downright upperright
upperleft],:};
h pts = plot(pts(:,l),pts(:,Z),'b','linewidth',B);

#
o

d - T ¥ e A ¥
L‘]J‘Llﬂ"lﬁ'ﬁ"lﬂ’lﬁNﬂslHiUu‘l"lf;fﬂluﬂ'IW llﬁ’)ﬁ’IiﬁJﬂQﬁ‘UENﬂ'Ii'lﬁlﬂﬂ')'lﬂlﬁuiﬂﬂg1J

Find obhjeck in blob
A Objectmin = 80;

A Objectmax = {(boundingboxmax (3)/9)"2;
digitbox minarea = 20;
digitbox maxarea = tboundingboxmax(3}/9)"2;

h digitcircles = zeros(l,NR};
Poriginal = zeros(NR,2);
for k = 1:NR
if R{k).Area < A Objectmax && A{k) > digitbox minarea &é&
Af(k) <digitbox maxarea
&& R{k).BoundingBox{3) < 40 &&
R(k).BoundingBox (4) < 40
&& R(k).BoundingBox{3) > 1 && R(k).BoundingBox(4)
> 1
Poriginal(k,:) =
(R{k).BoundingBox (1) +R(k}.BoundingBox (3} /2
R(k) .BoundingBox (2} +R (k) . BoundingBox (4) /2] ;
if
inpolygon(Poriqinal(k,l),Poriginal(k,Z),pts(:,1),pts(:,2))
h digitcircles(k} =
plot(Poriginal(k,l),Poriginal(k,2),'yo','markersize‘,24);
end
end
end
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Draw grid on blob

T = cp2tform({pts(1:4,:},0.5 + [0 0; 9 0; 9 9; 0 9}, 'projective');

for n = 0.

[x,y]
end

for n = 0.

[x,¥]
end

5

+ 0:9
tforminv(T, [n n),[0.5 9.5})}; plot{x,v,'g'}:

+ 0:9
tforminv{T, [0.5 9.5}, [n nl}); plot{x,y,'g");

=1 1 ¥ 3 ]
dhumnsmsetesnanaiazuuiney luaissing

koop elements in blob

Pnew = (tformfwd(T,Poriginal))
Pnew = round(2*Pnew)/2;
del = find{(sum{Pnew - floor{Pnew) > 0 | Pnew < 1 | Pnew > 9,2))

Poriginal (del, :) = [];

Pnew(del, :

)

= []:

delete (nonzeros{h digitcircles(del})};

] ] 1 as § o o
dhimsinumuesinglumsie o llnSouieudy Template
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function [Pnew,del] = identifynumbers_fun(Pnew,Poriqinal,NT,IBW)

% The
try

Al

idontification algorilthm

Pnew(end, 3} = 0;
for k = l:size(Poriginal,l)

10

for s = [0 -1 1 -2 2 -3 3 -4 4 -5 5]
N = bwselect (TBW,Poriginal{k,1) + s ,Poriginal (k,2))};
if any{N(:})

break
end

end

if\5==s
Pnew = nan;
return

end

[i,]) = find(N);

N = N{min{(i):max{i),min{j) :max(j));

4 Reslze bo be 20x20
N = imresize(N, [20 201):

" gonvert image to double and background to -1
NO = double (N};

{r,c] = find(N0==0);

for i=1:length(r}

NO{r({i}),c(i)} = -1;
End
Lfor each digit, S{v) represents the degree of e behringg
for v = 1:9

for w=1:5

S{v,w) = sum(sum(NO,*NT{v,w})};

end
end
SR = max (S, [],2}:
[C,TI] = max({SR};

Pnew(k,3) = 1;
if (Pnew{k,3) == 5 || Pnew{k,3) == 6) && abs(SR(5) - S5R(6)) <

El = regionprops (N, 'EulerNumber'):
if ~E1(1).EulerNumber
Pnew{k, 3} = 6;
else
Pnew{k,3) = 5;
end



10

end
catch
end

end

if (Pnew(k,3) == 3 || Pnew(k,3) == B} && abs(SR(3)

end

E2 = regionprops (N, 'EuzlerNumber'};
if ~E2(2).EulerNumber
Pnew(k,3) = 8;
else
Pnew(k, 3} = 3;
end

68
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function D = sudoku solver(D}

onefound = 1;
N = 0;
poss = 1:9;
while onefound
splits = {};
onefound = 0;
for m = 1:9
rowdata = nonzeros(D(m,:)"');
for n = 1:9
E = D{m,n);
if E ~= 0, continue, end
coldata = nonzeros(D(:,n)};
blk = [ceil{m/3} ceil{n/3)]1-1:
blkdata = nonzeros (D(blk(1)*3+[1:3],blk{(2)*3+[1:31});
EE = zeros(l1,9);
RCB = [rowdata; coldata; blkdata(:)]:
EE(RCB) = 1;
Enew = find(~EE);
if isempty(Enew)
D = []; return;

elseif length({Enew) == 1;
onefound = 1;
D(m,n) = Enew;
rowdata = nonzeroes(D(m, :}");
else
splits{end+l} = [m n Enew];
end
end
end
end
if isempty(splits)
return
end

splitlength = cellfun{@length,splits};
splits = splits{find(splitlength == min(splitlength),1}};
m = splits(l); n = splits{2};
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for

end
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test = 3:length{splits)
D{m,n) = splits{test);
DO = sudoku solver(D):;
if ~isempty (DO}

D = DO;

return
end
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