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the hologram of a 2-point object. 
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a. Prediction 
errors over 
the aperture 
for the 
hologram of 
a 1-point 
object 

b. Prediction 
errors over 
the aperture 
for the 
hologram of 
a 2-point 
object 
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Hologram: A=1, M=4, N=16 

Linear 
model 

Hologram aperture 

Fig. 4.13 : Comparison between the performance of the polynomial 
model and the linear model when expanding the holograms 
of 1-point and 2-point objects. 
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a. Prediction 
error over 
the aperture 

Hologram: 

A=l 
M-8 
N=16 
Object: 

xo1=3x 

xo2=-3a 

z -105x 

-15.5X 0 15.5A 

b. Reconstructed 
images 

Fig. 4.14 : Prediction errors and reconstructed images obtained 
when using the optimum hybrid model (p=5, q=2) to 
double the size of a 16-point hologram of a 2-point 
object. 
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a. Reconstructed 
images with 
prediction 
performed 
using the power 
series 
polynomial 
model 

b. Reconstructed 
images with 
prediction 
performed 
using the 
linear model 

Hologram: A=1, M-8, N=16 

Object: xo1=3a , xo2=-3a , z-105X 

Fig. 4.15 : Reconstructed images obtained when using the polynomial 
and linear models to expand the hologram of Fig. 4.14 
for a 2-point object. 
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a. Prediction error 
over the aperture 

Hologram: 

A=l 
M=8 
N=16 
object: 

xo1=3a 
xo2=-3a 
z =105x 

b. Reconstructed 
images 

Fig. 4.16 : Prediction errors and reconstructed images obtained 
when using a 5/2 hybrid model to double the hologram 
of two points with different radiation strengths. The 
point at the R. H. S. has 0.8 the radiation strength of 
the other point. 
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a. Reconstructed 
images obtained 
when using a 
power series 
expansion 

-31.5X 0 31.5X 

b. Reconstructed 
images obtained 
when using a 
Fourier series 
expansion of the 
optimum fundamental 
spatial frequency; 
aoptimum-0.104, 
cf. eqn. (4.44) 

-31.5A .0 
31.5X 

Hologram: o=1, M=8, N=32 

Object: xo1=1.7X, xo2=-1.7X, z=80X 

Fig. 6.17 : Comparison between the performance of the power 
series and Fourier series expansions in the 
polynomial part of a 5/2 hybrid model when used to 

expand the hologram of a 2-point object four times. 
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Fig. 4.18 : Hologram geometry for constructing and 
using the corrective model 
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Fig. 4.19 : Constructing and using the corrective 
model 
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a. Errors over the 
aperture in 
the predicted ae 
and corrected 
holograms ö 

Object: CD 
xo=0 0 

z= 100a 

C) 64 CL 

0 

b. Errors over the 
aperture in 
the predicted 
and corrected ae 
holograms 

0 
Object: N 

X =0 ö 
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z= 60X 
"ý 

0 

0 
0 

Hologram : A-1A, M=B, N=16 

Object : 1-point'on the hologram axis 

cted 

Hologram aperture 

ed 

Hologram aperture 

Fig. 4.20 : Effect of object range on the improvement in 
prediction accuracy obtained using the corrective 
model for the case of a 1-point object. 
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a. Errors over the 
aperture in the 
predicted and 
corrected 
holograms �% 

Hologram: 

n=1, M=4, N=16 

Object: 

xo1=2.5a 

xo2=-2.5x 

z= 100a 

b. Reconstructed 
images from 
the small, true, 
predicted and 
corrected 
apertures 

Pre 

Cl 

-15.5x 0 15.5X 
Predictive model : 1/2 hybrid 
Corrective model : 0/4 (linear) 

Fig. 4.23 : Improvement in resolution obtained through the use of a 
corrective model. The two points in the object can be 
resolved only after the predicted data is corrected. 
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a. Effect on ' "° 
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3a 
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Number of points on the object 

Hologram: e=1, M=8, N=16 

Fig. 4.27 : Effect of increasing the points taken to represent 
an object of a given width on the performance of the 
hybrid and linear models. The plots are for a number 
of object widths at the same range. 
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Fig. 4.28 : Effect of increasing the points taken to represent an 
object of a given width on the performance of the hybrid 
and linear models. The plots are for a given object 
width at a number of values for the range. 
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Fig. 4.29 : Spatial and angular spectra of discrete objects 
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a. Prediction 
error over 
the aperture 

Hologram: 

M=8 
N=16 

Object: 

two points; 

range = 95X 
do = 5.6X 

In 

b. Reconstructed 
images 

Fig. 4.30 : Prediction errors and reconstructed images obtained 
when using the 5/2 hybrid model to double the size 
of the hologram of two points symmetrically positioned 
about the hologram axis. 
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a. Prediction 
error over 
the aperture 

Hologram: 

A=1a 
M=8 
N=16 

Object: 

two points; 

range = 95x 
do = 5.6x 

-15.5A 0 15.5A 

b. Reconstructed 
images 

-15.5X 0 15.5A 

Fig. 4.31 : Prediction errors and reconstructed images obtained when 
using the linear model to double the size of the hologram 
of two points symmetrically positioned about the hologram 
axis. 
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a. Prediction error 
over the aperture 
Hologram: 

e_1A 
M=8 
N-16 

object: 
range = 95X 
do = 5.6a 
w =4x 
p= 25 points/A 

_15.5x 

F 

b. Reconstructed 
images 

-15.5X 

11.7 
M. E. 1=1.5°ö 

0 

0 

Fig. 4.32: Prediction errors and reconstructed images obtained 
when using the 5/2 hybrid model to double the size 
of the hologram of two quasi-continuous segments 
symmetrically positioned about the hologram axis. 
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error, % 

w 

a" 

. 5a 

15.5X 

49 



_ ýýý. 

a. Prediction error 
over the 
aperture 
Hologram: 

0=1 a 
M=8 
N=16 

object: 
range = 95) 
d=5.6x 
w° = 4x 
o 25 points/A 

5a 

In 

b. Reconstructed 
images 

Fig. 4.33 : Prediction errors and reconstructed images obtained when 
using the linear model to double the size of the 
hologram of two quasi-continuous segments symmetrically 
positioned about the hologram axis. 
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a. Prediction error 
over the aperture 
Hologram: 

e_1x 
M=8 
N=16 

Object: 
range = 95A 
d=5.6A 
wo = 4a 
o= 50points/A 

b. Reconstructed 
images 

Prediction 
error, 

F. 
w w 

do 

-15.5X 

12.2 

M. E. 1 = 1.6°b 

0 0 

Fia. 4.34 : Prediction errors and reconstructed images obtained 
when using the 5/2 hybrid model to double the size of 
the hologram of two quasi-continuous segments symmetrically 
positioned about the hologram axis. 
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a. Prediction error 
over the 
aperture 
Hologram: 

M=8 
N=16 

object: 
range = 95x 
d=5.6x 
wo = 4X 
o= 50points/a 

In 

b. Reconstructed 
images. 

Fig. 4.35 : Prediction errors and reconstructed images obtained 
when using the linear model to double the size of the 
hologram of two quasi-continuous segments symmetrically 
positioned about the hologram axis. 
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Fig. 5.1 :A model representing the effects of additive 
noise and distance errors 

Fig. 5.2 : Probability distribution of the distance error ek 
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Fig. 5.3 : Effect of the composition of the hybrid predictive model 
on the performance of the model with and without noise. 
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a. Square model: 
Effect of 
sample 
spacing 
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b. Comparison 
between the 
performance of 
the square 
and triangular 
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same sample 
spacing 
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c. Triangular 
model: 
Effect of 
sample 
spacing 
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Fig. 5.4 : Effect of the matrix-size on the error magnifying parameter 6 
for the square and triangular polynomial models for various 
values of the sample spacing A, cf. eqn. (5.62). 
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Fig. 5.5 : Effect of the matrix size on the norm product I1AI) IIA 111 

for the square and triangular polynomial models for 
various values of the sample spacing A. 
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Fig. 5.6 : Effect of matrix size on the relative norm of the 
solution error for both the square and the 
triangular polynomial predictive models. Noise 
level : 10% 
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Fig. 5.7 : Geometry for constructing and using the 
triangular predictive model 
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Fig. 5.8 : Effect of matrix size on the prediction accuracy of both 
the square and triangular polynomial predictive models for 
noise-free and noisy hologram data. 
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Fig. 5.9 : Effect of the noise level on the performance of the 
square and the triangular polynomial predictive models. 
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Fig. 5.10 : Geometry for constructing and using 
the triangular corrective model 
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a. Noiseless data 

b. Noise level: 

0. I lß 

Hologram: o=1, M=8, N=16 

Object: xo=0, z=1OOX 

Fig. 5.11 : Effect of noise of 0.1% relative amplitude in the 
hologram signal on the reconstructed images obtained 
using the square polynomial predictive model. 
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Fig. 5.12 : Prediction errors and reconstructed images obtained 
when using triangular predictive and corrective models 
to double the aperture size to image a 1-point object 
with noiseless data. 
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a. Prediction errors 
over the 
aperture 
Hologram: 

A=1 
M-8 
N=16 P 
Object: 

x =0 0 
z _100) 

b. Reconstructed 
images 

Fig. 5.13 : Effect of noise of 10% relative amplitude in the 
hologram signal on the prediction errors and 
reconstructed images obtained when the hologram of a 
1-point object is doubled in size using polynomial 
predictive and corrective models of the triangular 
type. 
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a. Reconstructed 
images, 

noise level = 20ö 

b. Reconstructed 
images, 

noise level = 30% 

-15.5X 0 15.5X 
Hologram: A=1a, M=8, N=16 

Object: xo=0, z=100a 

Fig. 5.14 : Effect of increasing the noise level on the 
reconstructed images of a 1-point object. 
Predictive and corrective models : Triangular 
polynomial type. 
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a. Reconstructed 
images, 

noise level = 20% 

Noise values: 

set 1 

b. Reconstructed 
images 

noise level = 20% 

Noise values: 

set 2 

Hologram: e-1a, M=8, N=16 

Object: xo=0 , z=100a 

Fig. 5.15 : Effect of using different random values to simulate 
noise in the hologram on the reconstructed images 
for a 1-point object. Models: triangular polynomial 
type. 
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a. Prediction error 
over the 
aperture 

Hologram: 

, &=l ,X M=8 
N=16 

Object: 

xo1=2.6X 

xo2=-2.6Jº 

z= 105x 

b. Reconstructed 
images 

Fig. 5.17 : Results obtained when the linear predictive model is 
used to double the size of a 2-point object assuming 
noiseless data. 
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a. Prediction error 
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M-8 
N-16 

object: 

xo1=2.6X 

xo2=-2.6X 

z= 105x 

b. Reconstructed 
images 

-15.5x 0 15.5X 

Fig. 5.18 Effect of 10% noise in the hologram data of Fig. 5.17 
on the prediction errors and reconstructed images 
when the linear model is used for prediction. 
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a. Reconstructed 
images with 
20% noise 

-15. Sa 0 15.5X 

b. Reconstructed 
images with 
30°% noise 

Hologram: 0=1, M=8, N=16 

Object: xo1=2.6X, xo2=-2.6X, z=105A 

Fig. 5.19 : Effect of increasing the noise level on the 
reconstructed images of the 2-point object in 
Fig. 5.17 and Fig. 5.18. Predictive model: linear. 
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a. Reconstructed 
images with 
20°% noise. 
Noise values: 
set 1 

b. Reconstructed 
images with 
20°% noise. 
Noise values: 
set 2. 

Hologram: A=l, M=8, N=16 

Object: xo1=2.6X, xo2=-2.6X, z=105A 

Fig. 5.20 : Effect of using different values for the random 
components representing noise on the performance 
of the linear predictive model for the imaging 
configuration used in Figs. 5.17-19. 
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Fig. 5.21 : Errors versus model order using the square model on the 
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Fig. 5.23 : Errors versus model orders using the triangular model on the 
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Fig. 5.27 : Results obtained when using the linear model to double 
the size of the hologram of two quasi-continuous 
segments in the presence of noise. 
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a. Prediction error 
over the 
aperture 
Hologram: 

&=1x 
M=8 
N=16 

Object: 
x01=2.6X 

x02=-2.6x 

z= 105X 

-15.5x 0 15.5x 

b. Reconstructed 
images 

Fig. 5.28 : Imaging of two points with different radiation strengths 
by doubling the size of the aperture using a linear 
model in the presence of 10% noise. Relative radiation 
strength between two points is O. B. 
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Fig. 6.2 : An overall view of the Experimental Holographic 
Imaging System 
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Fig. 6.3 Electronic circuits for the Experimental 
Holographic Imaging System 
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Fig. 6.6 : The hydrophone detector 
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Fig. 6.7 : The low-noise pre-amplifier 
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Fig. 6.8 : Experimental set-up and the mechanical 
scanning arrangement 
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Fig. 6.13 : The ECL board 
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Fig. 6.14 : Flow chart for post-reception software processinq 
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