
CHAPTER 8 

Conclusion and Future Work 

In this chapter, the conclusion made out of present work and limitations associated with the 

same, are presented in order to gain better understanding of the use and implementation 

of a GPR system for the land mine classifications based on neural network. 

In addition future work to be carried out to overcome above limitations and to improve 

the operational aspects of G P R are also presented [17]. 

8.1 Conclusion 

The appropriate frequency window for the GPR operation, extends from 2 MHz to 1 GHz, 

for the land mine identification was established using a generalized theoretical model. These 

results are also in agreement with the practical observations. 

Estimating important system parameters of GPR are evaluated and the required peak 

voltage of the PMC signal for a detecting a land mine at a distance of 30 cm, is around 25 

V. A technique for evaluating the buried distance of the object is presented. 

By using an analytical approach it was shown that appropriate modulation technique 

for land mine detection is the PMC. 

A G P R model which is capable of estimating received signal levels for a given soil 

attenuation, operating frequency, buried distance and dielectric properties of the buried 

object, was developed. By using this model, da ta for network training and simulation for 

the range of soil condition, were generated. 

It has been shown by simulation that BPN can be used to classify Metal and Plastic 

land mines, subsequent to following proper training practices. 
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8.2 Future Work 

T h e s a t i s f a c t o r y o p e r a t i o n o f t h e G P R b a s e d o n EM s y s t e m , u s e d f o r t h e t a r g e t c l a s s i 

fications, d e p e n d s m a i n l y o n t h e p r e s e n c e o f d i e l e c t r i c d i s c o n t i n u i t y b e t w e e n s u r r o u n d i n g 

s o i l a n d t h e o b j e c t . T h e s y s t e m w i l l f a i l t o r e c e i v e t h e t a r g e t r e f l e c t e d s i g n a l w h e n t h i s 

d i s c o n t i n u i t y i s a b s e n t . 

I n g e n e r a t i n g t h e d a t a f o r n e t w o r k t r a i n i n g a n d s i m u l a t i o n , p o s s i b l e e r r o r v a r i a t i o n s 

w e r e n o t t r e a t e d . B y c a r r y i n g o u t n e t w o r k t r a i n i n g a n d s i m u l a t i o n s w i t h i n t r o d u c i n g e r r o r 

v a r i a t i o n s , m o r e a c c u r a t e r e s u l t s c a n b e a c h i e v e d . 

I n d e v e l o p i n g t h e G P R m o d e l , i t w a s a s s u m e d t h a t s o i l h a s u n i f o r m e l e c t r i c a l a n d 

m a g n e t i c p r o p e r t i e s . I n p r a c t i c e , s o i l p r o p e r t i e s v a r i e s w i t h d e p t h . T o p r e d i c t t h e r e c e i v e d 

s i g n a l a c c u r a t e l y i n t h i s s i t u a t i o n , F D T D m o d e l i s p r o p o s e d . 

T h e d a t a g e n e r a t e d b y u s i n g a b o v e m o d e l i s f r e e f r o m n o i s e a r i s i n g a s r e s u l t o f d i s c o n t i 

n u i t i e s o f t h e s o i l p r o p e r t i e s a n d t h e c l u t t e r e f f e c t . T h e r e f o r e , t o o b t a i n t h e r e a l i s t i c r e s u l t s 

d a t a g e n e r a t e d b y t h e F D T D m o d e l s h o u l d b e u s e d f o r t h e B P N . 
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APPENDIX A 

Back Propagation Network 

Figure A . l : T h r e e layered B P N arch i tec tu re 

F i g u r e A . l s h o w s a t h r e e l a y e r b a c k p r o p a g a t i o n n e t w o r k ( B P N ) a r c h i t e c t u r e . I t i s 

a l a y e r e d f e e d f o r w a r d n e t w o r k t h a t i s f u l l y i n t e r c o n n e c t e d b y l a y e r s . T h u s t h e r e i s n o 

f e e d b a c k c o n n e c t i o n a n d n o c o n n e c t i o n t h a t b y p a s s o n e l a y e r t o g o t o a l a t t e r l a y e r [ 1 2 ] . 

T h e m a i n d e s i r a b l e f e a t u r e o f t h i s B P N i s t h a t t h e n e t w o r k c a n b e t r a i n e d f o r t h e 

p r e d e t e r m i n e d s e t o f i n p u t - o u t p u t p a i r s b y u s i n g a t w o p h a s e p r o p a g a t e a d a p t c y c l e . W h e n 

i n p u t p a t t e r n i s a p p l i e d t o i n p u t l a y e r o f t h e i n p u t u n i t s , i t p r o p a g a t e s t h r o u g h e a c h u p p e r 

l a y e r u n t i l o u t p u t i s g e n e r a t e d . T h i s o u t p u t p a t t e r n i s t h e n c o m p a r e d t o t h e d e s i r e d o u t p u t 

a n d a n e r r o r s i g n a l i s c o m p u t e d f o r e a c h o u t p u t u n i t s . T h e s e c o m p u t e d e r r o r s i g n a l a r e 

p r o p a g a t e d b a c k w a r d a n d w e i g h t s i n e a c h i n t e r m e d i a t e l a y e r s a r e a d j u s t e d s u c h t h a t e r r o r 

g e n e r a t e d b y e a c h n o d e o f i n t e r m e d i a t e l a y e r s i s m i n i m u m . 

D u r i n g t h e t r a i n i n g p r o c e s s , t h e n o d e s i n t h e i n t e r m e d i a t e l a y e r s o r g a n i z e t h e m s e l v e s 

s u c h t h a t d i f f e r e n t n o d e s l e a r n t o r e c o g n i z e d i f f e r e n t f e a t u r e s o f t h e t o t a l i n p u t d a t a p a t t e r n s . 

T h i s t r a i n e d B P N g i v e s d e s i r a b l e o u t p u t w h e n n e w d a t a w h i c h a r e n o t i n t r a i n i n g d a t a 

s p a c e , p r e s e n t e d t o t h e n e t w o r k i n p u t . 
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APPENDIX B 

Intrinsic Impedance and Skin Depth 

B.l Instrinsic Impedance r\ 

For a lossy dielectric medium, the intrinsic impedance (77) is given by the equation (B.l) 

[8]: 

^ ' ~ (B.l) /Mo 
= \ — eo 

\ 
Mr 

(cje 0e r)_ 

The term ^J~^ is known as the impedance of the free space and is equivalent to 377 O,. 

Assuming soil is free from magnetic properties then ur can be taken as 1. 

Then above equation(B.l) can be simplified as: 

77 = 377 
1 Jp 

(B.2) 

27r/e 0e r 

For a given frequency and known electrical and dielectric properties of the soil, equation 

(B.2) can be used to calculate the intrinsic impedance of the soil. 

B.2 Skin Depth D s 

The propagation of EM signal in a lossy dielectric medium is characterized by the equa-

tion(B.3) [8]. 

E = Eoe-azej^z-^ (B.3) 

Where: 

E Instantaneous signal strength (V/m) 

£ 0 Incident signal strength (V/m) 

B Phase shift coefficient ( rad/m) 

z Distance travelled by the wave (m) 
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4 9 

T h e s k i n d e p t h Ds a s d e f i n e d i n S e c t i o n ( 2 . 2 . 2 ) , i s g i v e n b y t h e e q u a t i o n ( B . 4 ) . 

a 

a c a n b e e x p r e s s e d b y t h e e x p r e s s i o n [8 ] ( B . 4 ) . 

a = 2 T T / 

^ 
2 

1 + 

W h e r e , e = & a n d e " = * 

S u b s t i t u t i n g f o r a , t h e e q u a t i o n ( B . 4 ) y i e l d s : 

D„ 
1 

2 T T / 

M r M 0 € r 
' 1 + 

2 7 r / e 0 e r -
- 1 

( B . 4 ) 

( B . 5 ) 

( B . 6 ) 

T h e e q u a t i o n ( B . 6 ) c a n b e u s e d t o find t h e s k i n d e p t h f o r a g i v e n f r e q u e n c y a n d e l e c t r i c a l 

a n d d i e l e c t r i c p r o p e r t i e s o f t h e s o i l . 



APPENDIX C 

Mathematical Analysis of GPR 

X 
T r a n s c e i v e r 

ER 
A i r 

Vo 

G r o u n d 
K 

d 

Kt 

m B u r i e d o b j e c t 

Figure C . l : P r o p a g a t i o n o f signal in G P R a t a presence o f a bur ied ob jec t 

F i g u r e ( C . l ) d e p i c t s p r o p a g a t i o n o f R F s i g n a l i n s o i l a t t h e p r e s e n c e o f a b u r i e d o b j e c t . 

T h e t r a n s c e i v e r t r a n s m i t s a R F s i g n a l h a v i n g a i n t e n s i t y o f Eo t o w a r d s t h e g r o u n d . 

T h e p r o p a g a t i o n o f t h e R F s i g n a l t h r o u g h t h e d i e l e c t r i c m e d i u m [8 ] ( p p . 3 2 6 ) i s c h a r a c 

t e r i z e d b y t h e e q u a t i o n ( C . l ) . 

W h e r e , 

E 

E0 

z 

E = E0e~az 

I n s t a n t a n e o u s s i g n a l s t r e n g t h ( V ) 

T r a n s m i t t e d s i g n a l s t r e n g t h ( V ) 

D i s t a n c e t r a v e l l e d b y t h e E M w a v e ( m ) 

( C I ) 

T h e s i g n a l a t t e n u a t i o n t h r o u g h t h e a i r i s n e g l i g i b l e . T h e n i n c i d e n t s i g n a l l e v e l Ei o n t h e 

g r o u n d c a n b e a p p r o x i m a t e d a s Eo-

A t t h e a i r - g r o u n d i n t e r f a c e t h e s i g n a l i s s u b j e c t e d t o b o t h t r a n s m i s s i o n a s w e l l a s r e 

flections. T h e s i g n a l s t r e n g t h o f t h e t r a n s m i t t e d s i g n a l Ei t o w a r d s t h e g r o u n d , i s g i v e n b y 
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t h e e x p r e s s i o n ( C . 2 ) . 

5 1 

( C . 2 ) 

W h e r e r i s t r a n s m i s s i o n c o e f f i c i e n t f r o m a i r t o g r o u n d i n t e r f a c e . T h e r i s c h a r a c t e r i z e d b y 

t h e e q u a t i o n ( C . 3 ) . 
2r?i 

r = ( C . 3 ) 
vo + m 

T h i s s i g n a l p r o p a g a t e s t o w a r d s t h e b u r i e d o b j e c t . U s i n g t h e e q u a t i o n s ( C . l ) , ( C . 2 ) a n d 

( C . 3 ) , t h e i n c i d e n t s i g n a l o n t h e b u r i e d o b j e c t E'[ c a n b e e x p r e s s e d b y t h e e q u a t i o n ( C . 4 ) . 

E': = E0e°d f-?2L_l ( C . 4 ) 

T h i s s i g n a l i s a g a i n s u b j e c t e d t o t h e r e f l e c t i o n a t t h e s u r f a c e o f t h e b u r i e d o b j e c t . T h e 

r e f l e c t i o n c o e f f i c i e n t p f o r g r o u n d - s u r f a c e o f t h e o b j e c t i s g i v e n b y t h e e q u a t i o n ( C . 5 ) . 

P = — T — 

m + m 
T h e n t h e r e f l e c t e d s i g n a l b y t h e o b j e c t E* c a n b e e x p r e s s e d a s : 

Er = E0e —ad 

( C . 5 ) 

( C . 6 ) 
_m + vi. 

T h i s s i g n a l p r o p a g a t e s t o w a r d s t h e a i r - g r o u n d i n t e r f a c e w i t h t r a v e l l i n g t h e d i s t a n c e x . T h e 

i n c i d e n t s i g n a l s t r e n g t h o n t h e g r o u n d - a i r i n t e r f a c e E?r i s g i v e n b y t h e e q u a t i o n ( C . 7 ) . 

E'r' = pE"r 

S u b s t i t u t i n g f r o m e q u a t i o n s ( C . 5 ) a n d ( C . 6 ) , e q u a t i o n ( C . 7 ) b e c o m e s a s : 

Er = Ec 
-2ad V2 - Vl 2m 

Vo + Vi 

( C . 7 ) 

( C . 8 ) 
.V2 + V1. 

A t t h e g r o u n d - a i r i n t e r f a c e , s i g n a l i s a g a i n s u b j e c t t o t r a n s m i s s i o n a s w e l l a s r e f l e c t i o n s . 

T h e t r a n s m i s s i o n c o e f f i c i e n t f o r g r o u n d - a i r i n t e r f a c e p1 i s g i v e n b y t h e e q u a t i o n ( C . 9 ) . 

2770 
P = 

7?0 + 7 ? l 

T h e t r a n s m i t t e d s i g n a l t o w a r d s t h e g r o u n d En i s g i v e n b y t h e e q u a t i o n ( C . 1 0 ) . 

ER = pK 

S u b s t i t u t i n g f o r p a n d E!'r e q u a t i o n ( C . 1 0 ) y i e l d s 

( C . 9 ) 

ER = E0e -2ad 2 7 7 1 

7 / 1 + 7 7 2 

772 - m 
T/2 + 7 / 1 

2 7 / 

7/0 + 7 / 1 

T h e e q u a t i o n ( C . l l ) h e l p s t o f i n d t h e s i g n a l s t r e n g t h o f t h e t a r g e t r e f l e c t e d s i g n a l 


