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Investigations on volume holographic multi-channel

optical correlator

Student : Sheng-Chi Liu Advisor : Dr. Shiuan-Huei Lin

Department of Electrophysics

National Chiao Tung University

ABSTRACT

In this thesis, we investigate volume holographic multi-channel
optical correlator and its applications. At first,we analyze the
properties of volume hologram optical-correlator on optical pattern
recognition through theoretical and'experimental approaches. The
results show that the signal-to-noise ratio of this optical system is
significantly higher than traditional Vander Lugt correlator. Hence we
construct multi-channel system in volume hologram optical correlator.
In the experiment of multi-channel system, we record five hundred
image in the volume hologram by using the angular multiplexing
technique, and perform optical pattern recognition. Finally, we use
volume holographic multi-channel optical correlator to construct an

optical fingerprint identification system.
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% Single-Channel Correlator
clear all
cle
tic
% LR = 3
F = imread('\Square2.bmp")'; % ‘' ¥ ®/I; (ELEE)
G = imread('.\Squarel.bmp'); % H¥=H2; (ELER)
[b,a] = size(F); % = BERA; <)L -
L =a*3.3*%10"(-3) ; % lengthx * w» LCTV e &
W =b*3.3*10"(-3) ; % wide y*w LCTV ¥ <
X0 = linspace(-L/2,L/2,a) ; % hologram % -t
yo = linspace(-W/2,W/2,b) ; % hologram = -
xm =0;
yn =0;
[Xo,Yo] = meshgrid(xo,yo); % A&t & (Xo,Yo)
dxo =1L/a;
dyo =W/b;
da = dxo*dyo;
f =16; lamda =5.32*%(10"-5)% & 532nm
theda = (45)*(pi/180); % e &
t =0.2; % & B 0.0001(micrometer),l(cm)
% T EL
Gl = zeros(3*b,3*a); % & 2= p 3B A AR
G2 = zeros(3*b,3*a); % =2 LIR3 E guE
G1(b+1:2*b,a+1:2*a)=G; % H-ikie B9, 5 3Gl
Modulation = zeros(b,a);
Uc = zeros(2*b+1,2*a+1); % ﬁ%l 4k
Y% for loop
p3 =-(X0."2 +Y0."2);
for =-bb
form=-a:a

xc =m*dxo; yc=(-n)*dyo;
x_shift = round( (xc+xm)*(a/L) );
y_shift = round(((yc+yn)*cos(theda) + (xc"2+yc"2-xm”2-yn”2)*sin(theda)/(2*f))*(b/W));
G2 = circshift(G1,[-y_shift,x_shift]);
pl= (Xo+xc+xm)."2;
p2= (Yo + (yc + yn)*cos(theda) + (((xc"2+yc 2 - xm"2 - yn*2 )*sin(theda))/(2*1)))."2;
p4d= (xc"2 +yc™2 - xm”"2 - yn2 )*cos(theda) ;
p5 =-(2*)*(yc + yn)*sin(theda) ;
Modulation = sinc( (t/(2*¥lamda*(f*2))).*(p1 + p2 + p3 + p4 + p5) );
FGM = F.*conj(G2(b+1:2*b,a+1:2*a)).*Modulation;
Uc(n+b+1,m+a+1) = sum(sum(FGM)).*da;
end
end
I=Uc.*conj(Uc);
11 = (I./max(max(I)))'; Y% (B )
toc
figure(1),imshow(I1),colormap(jet),colorbar,title('F&G Crosscorrelation I')
figure(2),surfc(I11),colormap(jet),colorbar,title('F&G Crosscorrelation I'),axis([1 2*b+1 1 2*a+1 -0.5 1]),view(225,45)
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% Multi-Channel Corrlator

clear all

cle

tic

% T S

F = imread('\al1"); % W AHET ELEE (% ¥ #)
[ba] = size(F); % = BRSPS - R

L =a*3.3*%10"(-3) ; % lengthx * % LCTV & fo = ~f
w =b*3.3*¥107(-3) ; %wide y*w LCTV Zir <
X0 = linspace(-L/2,L/2,a) ; % hologram < ~t

yo = linspace(-W/2,W/2,b) ; % hologram = ~}

[Xo0,Yo] = meshgrid(xo,yo0); % AT 5 (Xo,Yo)

dxo =1L/a;

dyo =W/b;

da = dxo*dyo;

f =16; % & BE 16cm

lamda = 5.32%(10"-5); % & 532nm

0\'

theda = (90)*(pi/180); % % & 90 &

t =1; % W5 ER lecm
xchannel=3;  ychannel =100; % #F:F 8P # y fx (@& * ¥
xc_pixelrange = 25*xchannel; % HEiE B IR 5 25%2*33micro
yc_pixelrange = 1*ychannel; % #EiE B IR 5 o 1#2*33micro
XC_range = xc_pixelrange*dxo;

yc_range = yc_pixelrange*dyo;

0,

Xm = linspace(-xc_range,xc_range,2*xc_pixelrange+1);
xinterval = round((2*xc_pixelrange+2)/(xchannel+1));

yn = linspace(yc_range,-yc_range,2*yc_pixelrange+1);
yinterval =round((2*yc_pixelrange+2)/(ychannel+1));

% et

Gl = zeros(3*b,3*a); % = - B3 R4 e
G2 = zeros(3*b,3*a); % = - B3 R4 e
Modulation = zeros(b,a);

Uc = zeros(2*yc_pixelrange+1,2*xc_pixelrange+1);

ucC = zeros(2*xc_pixelrange+1,2*yc pixelrange+1); % Z&ﬁ%] R S50 ]
% for loop

p3 =-(X0."2 +Yo0./2);

for N = 1:ychannel
for M = 1:xchannel
Xm = xm(M*xinterval);
Yn = yn(N*yinterval);
eval(['address=".\',num2str(M),num2str(N),";']);
file =[address,'bmp']; %A % F B4 ¢
G = imread(file)'; Yotkde )7, 4B L4 B
Gl(b+1:2*b,at1:2*a)=G;  Y%#-{ki= B3, % ** Gl eq¢
for n=-yc_pixelrange:yc_pixelrange
for m = -xc_pixelrange:xc_pixelrange
xc =m*dxo; yc=(-n)*dyo;
x_shift = round( (xc+Xm)*(a/L) );

y_shift = round(((yc+Yn)*cos(theda) + (xc"2+yc"2-Xm"2-Yn"2)*sin(theda)/(2*1))*(b/W));

G2 = circshift(G1,[-y_shift,x_shift]);
pl= (Xo+xc+Xm)"2;

p2= (Yo + (yc + Yn)*cos(theda) + (((xc"2+yc"2 - Xm"2 - Yn"2 )*sin(theda))/(2*1)))."2;

p4d= (xc"2+yc™2 - Xm”2 - Yn"2 )*cos(theda) ;
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p5 =-(2*)*(yc + Yn)*sin(theda) ;
Modulation = sinc( (t/(2*lamda*(£*2))).*(pl + p2 + p3 + p4 + p5) );
FGM = F.*conj(G2(b+1:2*b,a+1:2*a)).*Modulation;
Uc(n+yc_pixelrange+1,m+xc_pixelrange+1) = sum(sum(FGM)).*da;
end
end
UC =UC + Uc} Y4B LB
end
end
I =UC.*conj(UC);
I1 = I./max(max(1));
toc
figure(1),imshow(I1),colormap(gray),colorbar
figure(2),surfc(I1),colormap(jet),colorbar,axis([1 2*yc_pixelrange+1 1 2*xc_pixelrange+1 -0.5 1]),view(225,45)
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% Full Width at Half Maximum (Thickness)

clear all

cle

tic

% Tk S
%**************************************************************************

a =454 ;b =ua % X0-yo 4B size <---F] i FFTB~R &8 5 fiFz,ab &% & #k
L =2a*0.00165 ; % lengthx = v (2 ¥ x & » # F) 454%0.0033*2=1.5cm
w =b*0.00165 ; Y%wide y @ (Y y > @ F)454%0.0033*2=1.5cm
take =200; % P~EHE

theda = (90)*(pi/180); % ik R

f =16; % & §E 16cm

lamda = 5.32*%(10"-5); % &+ 532nm
%**************************************************************************

X0 = linspace(-L/2,L/2,a) ; % hologram ® ~f

yo = linspace(-W/2,W/2,b) ; % hologram = =}

dx =L/a; dy = W/b; % xc-yc fE37 B

Uc x = zeros(1,2*a+1);

Ucy = zeros(1,2*¥b+1);

x_fwhm = zeros(1,take);
y_fwhm = zeros(1,take);
t_matrix = linspace(0.0001,1,take);

% for loop
for T = 1:take
t=t matrix(T);
form=-a:a
xc = m*dx;

Uc_x(m+a+1)= sum( sinc((t/(2*lamda*(£'2))).*((xo + xc).*2 + (((xc"2)*sin(theda))/(2*1))."2 - x0.”2 +
(xc"2)*cos(theda))) ).*dx ;
end
forn=-b:b
ye = -n*dy;
Uc_y(n+b+1)= sum( sinc((t/(2*lamda*(£*2))).*(( yo + yc.*cos(theda) + (((yc"2)*sin(theda))/(2*1)))."2 - yo."2 +
(yc"2)*cos(theda) - 2*f*yc*sin(theda))) ).*dy;
end
I x =Uc x.*conj(Uc x);I y=Uc y.*conj(Uc y);

I1 x=1 x/max(I_x) ;11 y=1 y/max(1y);
x_fwhm(T) = (length(find(I1_x >=0.5))).*dx; % 4 ¥ >0 H,7F1& ﬁ;?l NE G R BREALE
y_fwhm(T) = (length(find(Il_y >=0.5))).*dy; % £#73 2d F.FA 6055 RE-HfE
end
toc

figure(1),plot(t_matrix,x_fwhm),axis([0 1 0 1.5])
figure(2),plot(t_matrix,y fwhm),axis([0 1 0 1.5])
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% Full Width at Half Maximum (Angle)

clear all

cle

tic

% Tk S
%**************************************************************************

a =454 ;b =a; % X0-yo 4E*E size <---F]5 FFT B~ R BhiE 5 KiEFFab &% & i
L =2a*0.00165 ; % length x * & (2 ¥ x 3 & §&§) 454*0.0033*2=1.5cm
w =b*0.00165 ; Y%wide y > (20 y 3 % o) 454%0.0033*2=1.5cm
t =1 % % & 0.1(mm);1(cm)

take =91; % P~ ia g

f =16; % & §E 16cm

lamda = 5.32*%(10"-5); % & 532nm
%**************************************************************************

X0 = linspace(-L/2,L/2,a) ; % hologram * ~f

yo = linspace(-W/2,W/2,b) ; % hologram = =}

dx =L/a; dy = W/b; % xc-yc fE37 B

Uc x = zeros(1,2*a+1);

Ucy = zeros(1,2*¥b+1);

x_fwhm = zeros(1,take);
y_fwhm = zeros(1,take);
theda_matrix = linspace(0,90,take);

% for loop
for T = 1:take
theda = theda_matrix(T)*(pi/180);
form=-a:a
xc = m*dx;

Uc_x(m+a+1)= sum( sinc((t/(2*lamda*(£'2))).*( (xo=+xec)#2+ (((Xc"2)*sin(theda))/(2*1))."2 - x0.”2 +
(xc™2)*cos(theda))) ).*dx ;
end
forn=-b:b
ye = -n*dy;
Uc_y(n+b+1)= sum( sinc((t/(2*lamda*(£*2))).*(( yo + yc.*cos(theda) + (((yc"2)*sin(theda))/(2*1)))."2 - yo."2 +
(yc"2)*cos(theda) - 2*f*yc*sin(theda))) ).*dy;
end
I x =Uc x.*conj(Uc x);I y=Uc y.*conj(Uc y);
I1_ x=1 x/max(I_x) ;11 y=1 y/max(1y);
x_fwhm(T) = (length(find(I1_x >=0.5))).*dx; % 43 >0 H,7F1& ﬁis?l
y_fwhm(T) = (length(find(I1_y >=0.5))).*dy; % 4 >0 ®,F1& ﬁ%}

5 G R B
N E G R BREALE
end

toc

figure(1),plot(theda_matrix,x_fwhm),axis([0 90 0 1.5])

figure(2),plot(theda_matrix,y_fwhm),axis([0 90 0 1.5])
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% Rotate & Cut Image

clear all

cle

tic

% EER S S

F = imread('.\L1(F).bmp');

[b,a]  =size(F);

Theda = linspace(-49.5,49.5,100); 0p<<<< <K<K
F3 = zeros(b,a);

% for loop

for T=1:100 0/p<<<LLLLLLL<L<

theda = Theda(T);
F1 = imrotate(F,theda);
[bl,al] = size(F1);
ifb1>=b
b2 = round((b1+1)/2); a2 = round((al+1)/2);
F2 =F1( b2-((b-1)/2):b2+((b-1)/2) , a2-((a-1)/2):a2+((a-1)/2) );
eval(['address=".\',num2str(5),num2str(T),";']); 0p<<<< <K<K
imwrite(logical(F2),['.\new\',address,".bmp'],'bmp");
else
b2 = round((b1+1)/2); a2 = round((al+1)12);
b3 = (b+1)/2; a3 = (a+1)/2;
b4 = round((b1-1)/2); a4 = round((al=1)/2);
F3( b3-b4:b3+b4,: ) = F1(:,a2-((a-1)/2):a2+((a-1)/2));
eval(['address=".\',num2str(5),num2str(T),";']); Y <<II<<<<
imwrite(logical(F3),[".\new\',address,".bmp'],'bmp");
end
end
toc

B. 74 Bl ik

Yo Shift & Cut Image

clear all

cle

tic

% Tk S
S = imread(".\L1(F).bmp'); Yp<<<<<
[b,a]  =size(S);

Interval = linspace(30,-30,31); %y * % (-102,102,69);x > w(30,-30,31) Y%<<<<<

S1 = zeros(3*b,3*a); % E - B3 B g
S1(b+1:2*b,a+1:2*a)=S;
% for loop
fors =1:31 Y%p<<<<<
Shift = Interval(s);
S2 = cireshift(S1,[0,Shift]); % [Shift_y,Shift x] Yo<<<<<
S3 = S2(b+1:2*b,at+1:2*a);
eval(['address=".\",;num2str(3),num2str(s+69),";']); %%p<<<<<

imwrite(logical(S3),[".\new\',address,'.bmp'],'bmp');
end
toc
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