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CHAPTER 1

INTRODUCTION AND SCOPE OF THE WORK

1.1 Di g i t a l  Image Pr o c e s s i n g  and its Scope

D i g i t a l  image p r o c e s s i n g  £ 1 — 18 J has made a great im pa ct  • 

in the field of sc i e n c e  and e n g i n e e r i n g  s p e c i a l l y  in a r t if ic ia l 

i n t e l l i g e n c e  [2j. W,ith the t re m e n d o u s  a d v a n c e m e n t  of the t e c h ­

no l og y a s s o c i a t e d  with the recent digital com puters, there has 

been a c o n s i d e r a b l e  gr ow th  of in ter es t in the c h a l l e n g i n g  task 

of b u i l d i n g  m a c h i n e s  for visual p er c e p t i o n  and r e c o g ni ti o n that 

can per ce i ve , learn, think and take decisions. To a c co mp li sh  

such u n s u r m o u n t a b l e  task, one must u nd e r s t a n d  the logistics 

i n v o l v e d  in the p r o c e s s  of human visual p e r c e p t i o n  and r e c o g n i ­

tion £ 1 9 , 2 0 j. One needs to ca re f u l l y  analyse and im ple me nt  v a r i ­

ous s te ps  i n v o l v e d  in the p ro ces s of human v is i o n  and i n t e l l i g e n t  

p a t t e r n  re co gn i t i o n .  Perhaps, the discrete st ru c t u r e  of the 

vi s u a l  r e c e p t o r s  in the re tin a (rods and pones) of the eye w her e 

the h um an  vi sio n be gin s gave an imp etu s in the e m e r g e n c e  of this  

new field, b e ca us e the human vis ion  itself is a p ro ce ss  i n v o l v i n g  

di g i t a l  image p r o c e s s i n g .  When the visual i n f o r m a t i o n  is r e c e i v e d  

by h u m an  vis ual  system, the p r oc es s is re fe r re d as sight, p e r c e p t ­

ion or u n d e r s t a n d i n g .  When a co mp ut er  re c ei ve s  and processes such, 

v is u a l  in fo rm a t i o n ,  the p ro ce ss  is ref er re d to as c o m p u t e r  or d i ­

g i ta l image p r o c e s s i n g  and r e c o gn i ti on .
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A great i m p o r t a n c e  has been imposed in this field, because 

7 5 % (approx) of the i n f o r m a t i o n  rec ei ve d by the human being is 

v i s u a l [ 3 ,20 ]. The field of digital image p r o c e s s i n g  had e x p e r i ­

e n ced  a major im p e t u s  when the fast F ou rie r t ra n s f o r m  (FFT) a l g o ­

rithm £23- 31]  had come into ex is t e n c e  in h a n d l i n g  such two d i m e n ­

si on al data a n a l y s i s  and when the cost of the s e m i c o n d u c t o r  

i n t e g r a t e d  c ir cui t (IC) had gone down. The low cost I C 1s for 

r e fr es h mem or y had he lpe d in ac hi e vi ng  newer image display systems. 

The p r o c e s s i n g  and sto rag e of the large data wo uld be co ns tr ai ned , 

if the t e c h n o l o g y  for doing so were still tied to the t e c h n o l o g y  

of 1965.

There has been in c r e a s i n g  a cc ept an ce of the notion that 

the human vi sua l s ys t e m  p e r f o r m s  a variety of pa ral le l o p e r a t i o n  

on i npu t scene. This gives the impetus for the d e v e l o p m e n t  of 

p a r a l l e l  p r o c e s s o r s  [3 2] and real time digi ta l image p r o c e s s i n g  

s y st e m  £33J b as ed  on the e x p e r i e n c e  gai ned  by the human vi su al 

s y s t e m  and on the p h e n o m e n a  re l a t e d  to nat u ra l proce sse s.  All 

th es e r e q u i r e m e n t s  demand a s i mp le r al go r i t h m  [ 1 3 8 - 1 3 9 J that 

r e q u i r e s  .less c o m p u t a t i o n  time and memory so that the real time 

i m p l e m e n t a t i o n  is p o s s ib le  to s up p l e m e n t  the human view ing  

a b i l i t y  by i n t e l l i g e n t  machin e. By this process, the i n i t i a l  c o n ­

cept of f r e q u e n c y  dom ain  a p p r o a c h  is be co mi ng  o u t d a t e d  day by day 

and the co nc ep t of sp a tia l dom ai n ap pr oac h is b e c o m i n g  more and 

more  e f f ic i en t,  p o p u l a r  and c o m p a t i b l e  to n a t u r a l  pr o c e s s e s .
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In a broad sense, an image is nothing more than a two- 

d i m e n s i o n a l  fu n ct io n [3 4] whose v a ri at io n  in gray scalc describe 

p i c t o r i a l  in fo rm a t i o n .  The field of digital image pr oc es si ng  

deals with the m a n i p u l a t i o n  of such data ma inl y for two p r in ci pl e 

a p p l i c a t i o n  areas, namely, the i m p r o ve me nt  of pi ct o r i a l  i n f o r m a t ­

ion for human i n t e r p r e t a t i o n ,  and inc re as in g the p r o b a b i l i t y  of 

co r rec t d e t e c t i o n  and r e c o g n i t i o n  through a u t o n o m o u s  systems. 

There are v a ri ou s a p p l i c a t i o n  areas, where real time image p r o c e ­

ssing s ys tem s [33] are be co mi ng  essential. In i n t e r a ct iv e 

a p p l i c a t i o n s ,  such as bi om e di ca l image 'analysis [37-41 ] and 

i n d u s t r i a l  a u t o m a t i o n  [42] , real time t e c h n i q u e s  are i mp or t a n t  

not only in te rms of i n c r e a s i n g  p r o d u c t i v i t y  but also for i m p r o ­

ving q ua li ty  by r e d u c i n g  o p e r a t o r ' s  error a s s o c i a t e d  with vis ual  

fee d ba ck  delays. Such in du s t r i a l  ap pl ic a t i o n s  include p r o d u c t  

a s s e m b l y  and t e s t i n g  by au to m a t e d  ins pe ct i on  of pic tu re s g e n e ­

r a ted  by i n f r a r e d  rad iation, visi bl e r a d i a t i o n , X-rays and
■ *!

u l t r a s o n i c s .  In a p p l i c a t i o n s  like robotics and mil it ar y systems,

real time image p r o c e s s i n g  t e c h n i q u e s  are often re qui re d in a

p r e p r o c e s s i n g  stage in order to i ncr eas e the p r o b a b i l i t y  of

cor r ec t pa t t e r n  d e t e c t i o n  and rec og ni t io n.  The a p p l i c a t i o n s  are
i

g e n e r a l l y  c h a r a c t e r i s e d  by large data t h r o u g h p u t  r e q u i r e m e n t  

which can only be met by h a r d w a r e  capable of o p e r a t i n g  in real 

time .

B i o m e d i c a l  a p p l i c a t i o n s  of image p r o c e s s i n g  i n vo lv e c o r r ­

ect i n t e r p r e t a t i o n  of r a d i og ra ph s,  cell im ag es  and ti ssu e m i c r o ­

gra ph s. In m e t a l l u r g i c a l  and g e o l o g i c a l  sc ie n c e s ,  di g i t a l  image 

p r o c e s s i n g  finds a p p l i c a t i o n s  in the a n a l y s e s  of f r a c t o g r a p h i c
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p i c t u r e s  and e l e c t r o n  m i c r o s c o p i c  images. In computer and. 

i n f o r m a t i o n  s c i e n c e s  it de als with au to m a t i c  reading and r e c o g ­

ni t io n of a l p h a n u m e r i c  ch ara ct ers , drawings, g e om et ri ca l c o n f i ­

g u r a t i o n s  and p i c t u r e s  etc. In natural r e s o u rc e estima tio n,  it 

de als with a l g o r i t h m s  for a ut om at ic  i n t e r p r e t a t i o n  of sa tel li te  

and a e r o p h o t o s . G ar dn er  has pr es e n t e d  a num ber  of such a p p l i ­

ca t i o n s  in his ed i t e d  book [55],

The above m e n t i o n e d  a p p l i c a t i o n s  need t ec h n i q u e s  for 

e n h a n c i n g  p i c t o r i a l  i n f o r m a t i o n  for human i n t e r p r e t a t i o n  and 

ana ly sis . Image e n h a n c e m e n t  t e c hn iq ue s have been used to p r o ­

cess de gr a de d ima ge s d ep ic t in g u n r e c o v e r a b l e  objects. Th ere 

have been i n s t a n c e s  in archeo log y,  where b l u r r e d  images w h i ch  

were the only a r t i f a c t s  lost or damaged after being p h o t og ra ph ed , 

have been s u c c e s s f u l l y  d e b l u r r e d  e nh a nc in g the p i c to ri al  i n f o r ­

m a t i o n s  for vi su a l  in t e r p r e t a t i o n .  In p h y s i c s  and r e la te d 

fields, im age s of I' e x p e r i m e n t s  in high ene rg y plas mas  or e l e c t r o n  

m i c r o s c o p y  [57] are ro ut in el y e nh an c e d  by c o m p u t e r  t e ch ni qu es . 

Image e n h a n c e m e n t  te ch ni qu e has also been use d s u c c e s s f u l l y  in 

m i l i t a r y  r e c o g n i z a n c e , a s t r o n o m y  [64], and n uc lea r s ci en ce  [ 65] . 

Q u a l i t y  i m p r o v e m e n t  of p i c t o r i a l  i n f o r m a t i o n  by e n h a n c e m e n t  

t e c h n i q u e  s t a r t e d  since 1920 when the d i g i t i s e d  n e w s p a p e r  

p i c t u r e s  [66-68 ] were t r a n s r e c e i v e d  b et wee n L on d o n  and New  York. 

It r e c e i v e d  more i m p o r t a n c e  when the Jet P r o p u l s i o n  L a b o r a t o r y  

was a s s i g n e d  the task of p r o v i d i n g  t e l e v i s i o n  c o v e r a g e  of ma n' s 

l a n d i n g  on mo on  in the year 1964. Since then, many p a p e r s  have 

be e n p u b l i s h e d  gi vi ng  v ar io us  t ec h n i q u e s  to i m p r o v e  the p i c t o r i a l  

i n f o r m a t i o n .  But the u lt im a t e  goal is yet to be reached.
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1.2 Scope of the p r es en t work

The e n h a n c e m e n t  p ro ce ss  has long been c o n si de re d i r r e ­

v e r si bl e in n at u r e  where the obj ec ti ve  has been sp ec ifi ed  as 

a t e c h n i q u e  to pr o c e s s  a given image so that the res ult in g 

image is more s u i t a b l e  than the origi nal  for sp eci fi c a p p l i ­

cation. The term !i "specif i c " is thus pr o b l e m  oriented. Here 

the main aim is to ex tr a ct  p ic to ri al  i n f o r m a t i o n  either for. 

human i n t e r p r e t a t i o n  or for i mp ro vi ng  the p o s s i b i l i t y  of 

c o rr ec t d e t e c t i o n  and r e c o g n i t i o n  using a u t o n o m o u s  system.

When one is i n t e r e s t e d  with the first aim, h um an  being b ec om es  

the part of the p r o c e s s i n g  sy st em  and hence the p s y c h o p i c t o r i a l  

p h e n o m e n o n  i n v o l v e d  sh ould be con sidered. The p r a c t i c a b i l i t y  

and c o m p a t i b i l i t y  with human p e r c ep tu al  p r o c e s s i n g  through 

vi si on  and with the natural p r o c e s s e s  of d e g r a d a t i o n  sho ul d be 

gi ven  i m p o r t a n c e  by i n t e r f a c i n g  with a m a t c h e d  e n h a n ce me nt  

a l g o r i t h m  in all such cases.

Any type of qual ity  i m p r o v e m e n t  is being c o n s id er ed  as 

e n h a n c e m e n t .  This is to be qu est io ne d.  Whenever, one has to 

p r o c e s s  a g ive n image, one must look for the type of o ve ra ll  

d e g r a d a t i o n .  The d e g r a d a t i o n  may be due to the low con tra st , 

wh er e almost all the gray lev el s are clos el y cl u s t e r e d  g i v i n g  

i l l u s i o n  of u n i f o r m  gray tone. In such cases, the ratio of 

high  to low f r e q u e n c y  F o u r i e r  co mp o n e n t s  are low en ou gh  p r o ­

d uc i n g  poor v i s i b il it y.  The d e g r a d a t i o n  may also be due to 

e x t r a - h i g h  c o n t r a s t  having low image detai ls.  Such o v e r ­

e n h a n c e m e n t  p r o v i d e  only few edge i n f o r m a t i o n s ,  but most of 

the local d e t a i l s  are lost in the wide u n i f o r m  ba c k g r o u n d .
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To ext rac t the det a il s from such in fer io r quality image, the 

i n ve rs e pr o c e s s  has to be applied. The e x p e r i m e n t a l  image 

sample c o n s i d e r e d  by St ock ham  [45] is a ty pi ca l inferio r q u a ­

lity image h av i n g  d et ail s o b s c ur ed  by the glare of the e x c e ­

ssive light. A doubt re ma ins  to be so lve d is whether such an 

e x p e r i m e n t a l  image sh ould be impro ved  using forward e n h a n c e ­

ment p ro c e s s  or the reverse process. The author felt a need 

for reve rse  p r o c e s s  for such images and he likes to call it 

d e e n h a n c e m e n t  [l3 9] . With this d e e n h a n c e m e n t  process, the 

hi g hl y e n h a n c e d  image ha vin g extra high con t ra st  and ha v in g 

low image d e t a i l s  can be b ro ugh t back nea rer  to the best p o s s i ­

ble image of any natural scene as viewed by any human being.

With the i n t r o d u c t i o n  of this new c on ce pt  [l39], the 

i m p o r t a n c e  of e n h a n c e m e n t  p ro ces s has i n c r e a s e d  manifold. By 

this r e v e r s i b l e  e n h a n c e m e n t  d e e n h a n c e m e n t  (RED) process, the 

g e n e r a l i s a t i o n  of the e n h a n c e m e n t  te ch n i q u e  is further s t r e n g ­

t h e n e d  by e n c o m p a s s i n g  the p r o b l e m  w hic h is dif fi c ul t to be 

sol v ed  by the i r r e v e r s i b l e  e n h a n c e m e n t  proces s. The p r o p o s e d  

t e c h n i q u e  is e x p e c t e d  to e n c o m p a s s  almost all the me t h o d s  

p r o p o s e d  by the v a ri ou s r e s e a r c h e r s  for image c o n tr as t  e n h a n c e -  ■’ 

ment for v i e w i n g  i n t e r p r e t a t i o n .  As there is no s t a n d a r d  

m a t h e m a t i c a l  s p e c i f i c a t i o n  to evalu ate  the q u a l i t y  of the 

d e s i r e d  e n h a n c e d  image, one has to depend on the s u b j e c t i v e  

e v a l u a t i o n  of the i n d i v i d u a l  viewers. Thi s e v a l u a t i o n  c r i t e r i o n  

n e ed s a simple, p o w e rf ul  and fast e n h a n c e m e n t  a l g or it hm .

Cop
yri

gh
t 

IIT
 K

ha
rag

pu
r



7

The o b j e c t i v e  of this thesis is to p re sen t the gradual 

d e v e l o p m e n t s  ca r r i e d  out by the author in his recent works 

[1 37 -15 0 J out of which some Qf the initial re su lt s have already 

been p u b l is he d.  The thesis c on tai ns  the t h e o r e t i c a l  and e x p e r i ­

m e n t a l  i n v e s t i g a t i o n s  c ar ri ed out d e m o n s t r a t i n g  the e f f e c t i v e ­

ness of the i de as  m e n t i o n e d  above. An e x h a u s t i v e  e x p e r i m e n t a t ­

ion of the p r o p o s e d  a l g o r i t h m  has been c a r r i e d  out on a small 

s t a n d a r d  e x p e r i m e n t a l  image. The author had to work with 

m i n i m u m  c o n f i g u r a t i o n  of the c om pu ter  i n s t a l l a t i o n  (IRIS-80 

C o m p u t e r  at V a r i a b l e  Energy C y c l o t r o n  Centre, Bhabha At om ic  

R e s e a r c h  Centre, C al cu tt a)  ha vin g line p r i n t e r  output with 

over p r i n t i n g  fa ci l i t y  as the only disp lay  device. However, 

thi s had p r o v i d e d  great impet us  to develop a most e f fe c t i v e  

a l g o r i t h m  to i m pr ov e the v ie win g ability by using RED process. 

This had also prdivided g u a r a n t e e  of av oi di ng  c on fu si on  with 

the b u i l t - i n  co nt r a s t  of the T.V. monitors, as the d is pl ay  is 

t a ke n with line p ri n t e r  output rather than on T.V. screen. 

F o r m u l a t i o n  of t r a n s f o r m a t i o n  fu nct io n and th eir i m p l e m e n t a t i o n  

show the i n g e n u i t y  which p r o v i d e s  a simple but po we rf ul  t e c h n i ­

que gi vi n g e n o u g h  e n c o u r a g i n g  results.,

In C h a p t e r  2, an e x t e n s i v e  li te ra tu re  su rv ey  has b e e n  

c a r r i e d  out to o ut li ne  those t ec h n i q u e s  w h i ch  are c l a s s i c  (i.e. 

have been of r e s e a r c h  and a p p l i c a t i o n  i n t e r e s t  for last 10 -15 

years) or have made  a great impact in a s ho rt p e r i o d  of time 

by vi r t u e  of t h e i r  i m p o r t a n c e  [43-49]. There are v a r i o u s  ways 

of c l a s s i f y i n g  the e x i s t i n g  t e c h n i q u e s  [16-18]. T r a n s f o r m  

do m a i n  (Fourier or Had ama rd ) [33] and s p a t i a l  dom ai n are the two
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main c a t e g o r i e s  [l-5J . The s u p e r i o r i t y  of the direct contr ast  

t r a n s f o r m a t i o n  t e c h n i q u e s  [ 3 ] and the e n h a n c e m e n t  using fuzzy 

set [48-34] has been focussed. This has been further str es se d 

by i n t r o d u c i n g  the conc ept  of n on li ne ar  d e g r a d a t i o n  that occur 

in most of the i n f er io r qu a lit y image. Due to the lack of 

m a t h e m a t i c a l  e v a l u a t i o n  cr it e r i o n  for image quality, i m po r t a n c e  

of human s u b j e c t i v i t y  can not be ignored, rather it he lps to 

d e ve lo p an i m p r o v e d  algorithm.

The e s s e n c e  of the basic concept on w h ic h autho r's  work 

has been c ar ri ed  out is e l a b o r a t e d  in Ch a p t e r  3. Some of the 

b a si c c on ce pt  u n d e r l y i n g  the natural p r oc es s of d e g r a d a t i o n  has 

bee n focussed. C e r t a i n  ge ne r al  p r o p er ti es  of p s y c h o v i s u a l  

i n t e r p r e t a t i o n  of p i c t o r i a l  i n f o r m a t i o n  has been e l a b o r a t e d  to 

s p e c i f y  c e r t a i n  g u i d e l i n e s  for smooth d e v e l o p m e n t  of the p r o p o s e d  

al go ri th m.  E m p ha si s is given to the pr oc e ss  of no nl i n e a r  d e ­

g r a d a t i o n  and it has been shown that such d e g r a d a t i o n  cau ses  

f r e q u e n c y  d i s t o rt io n , v a r i a t i o n s  of s t a t i s t i c a l  pa ram e te rs , 

v a r i a t i o n s  of h i s t o g r a m s  and e n tr op y etc., lea din g to the c o n f u ­

sion  and e m e r g e n c e  of v ar i ou s pr.oblem fariented [1-3, 16-18] 

p a r t i a l  s ol uti ons . Cause and ef fec t r el a t i o n s  has been c l e a r l y  

e l a b o r a t e d .  It has been shown that all c o n t r a s t  d e g r a d a t i o n s  

may be a c h i e v e d  by the c o nc ep t  of no n l i n e a r  d e g r a d a t i o n  and the 

s o l u t i o n s  t h r o u g h  RED p r o c e s s  using S-type v is u a l  r e s p o n s e  

c h a r a c t e r i s t i c  (VRC) as t r a n s f o r m a t i o n  f u n c t i o n s .  This leads 

to the c on ce p t of forced e n h a n c e m e n t  [143], Seve ral  r e s e a r c h e r s  

h a v e  used the p h e n o m e n o n  of l o g a r i t h m i c  r e s p o n s e  of eye. But
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they did not c o n s i d e r  the lower s at u r a t i o n  effect along with 

u pp er l o g a r i t h m i c  s a t u r a t i o n  to make it more realistic. I n ­

c o r p o r a t i o n  of such c h a r a c t e r i s t i c  should be flexible enough 

such that v a r i o u s  p s y c h o p i c t o r i a l  r e q u i r e m e n t s  are sa t is f i e d  

easily. So, va r i o u s  p s y c h o p i c t o r i a l  p h e n o m e n a  have been c a r e ­

fully s tu di ed  be fo re  i mp le m e n t a t i o n .  To m at ch  these p s y c h o -  

p i c t o r i a l  p h e n om en a,  any a lg or i t h m  p r o p os ed  to aid the h uma n 

vi s ua l pe r c e p t i o n ,  sho ul d be simple, flexible, power ful  and 

fast. E n h a n c e m e n t  is g e n e r a l l y  carried out to aid the 

featu re  e x t r a c t i o n  process. A flexible S - f u n c t i o n  has been 

sh ow n as a p o w e r f u l  tool to both enhance and extract s u b j e c t ­

ive f e a t u r e s .

I m p l e m e n t a t i o n  of the novel concept of r ev ers ib le e n h a n c e ­

ment d e e n h a n c e m e n t  of dig ita l images has been pr es en te d in 

C h a p t e r  4. S - f u n c t i o n  has been g e n e r a t e d  by using s in u s o i d a l  

f u n c t i o n  [138] from -90° to +90°. The c o nc ep t  of t h r e s h o l d  [137 ] 

has been  i n t r o d u c e d  to m a n i p u l a t e  various f ea tu res  and th eir 

c o n t ra st s.  To do this the en tir e gray scale has been d i v i d e d  

into two c l a s s e s . o r  regio ns  from black level to t h r e s h o l d  as 

r e g i o n  1 (-90° to 0°) and from th re s h o l d  to white level as . 

r e g i o n  2 (0° to 90°). This leads to a fast co m pu ta bl e,  e a s i l y  

i m p l e m e n t a b l e , si mp le and p o w e r f u l  t r a n s f o r m a t i o n  [138 ]. All 

p o s s i b l e  m a n o e u v e r i n g  of t r a n s f o r m a t i o n  f u n c t i o n  from l i n e a r  to 

e x t r e m e  no n li ne ar , s h i f t i n g  up and down, left and right, 

s y m m e t r i c a l  and u h s y m m e t r i c a l  are taken care of by sim pl e choice 

of few p a r a m e t e r s .  By the above choi ce s a d r a s t i c  ch a ng e is
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p o s s i b l e  in the e n h a n c e d  image from low level to high level 

of e n h an ce me nt . Va ri ou s fe atu re s may be s e l e c t e d  and made 

p r o m i n e n t  by the va ri ous  cho i ce s of the th res ho ld s.

The c o n c e p t  of d e e n h a n c e m e n t  [ l 3 9 j  has been i m p l e m e n t e d

by the in ve rs e t r a n s f o r m a t i o n  q = T -1 (q ) to obtain the
o 3 e

o r i g i n a l  or d e e n h a n c e d  gray levels g Q from the e n h a nc ed  gray 

le v el s -g . As there is no st an d ar d m a t h e m a t i c a l  c r i t e r i o n  to 

e v a l u a t e  the q u a l i t y  of the p r o c e s s e d  images and as one has to 

d e p e n d  on s u b j e c t i v e  ev alu at ion , various lev el s of c o n tr as t 

have been p r o d u c e d  by forward and inverse t r a n s f o r m a t i o n s .

A fu rt her  u n d e r s t a n d i n g  of human visual p er c e p t i o n  has 

p r o d u c e d  the c o nc ep t of forced e n h a n c e m e n t  [l45j. The i m p l e ­

m e n t a t i o n  of the above co nc e pt  has been p r e s e n t e d  in C h a p t e r  5. 

When one fo ll ow s l o g a r i t h m i c  r esp on se c h a r a c t e r i s t i c  as t r a n s ­

f o r m a t i o n  f u n c t i o n  (T.F.) and tries to match this T.F. with 

that of human vis ual  re sp o ns e c h a r a c t e r i s t i c  (VRC), it p r o d u c e s  

best s u b j e c t i v e l y  p l e a s in g results. This for ced  mat c hi ng  of 

c o m p u t e r  a l g o r i t h m  sa ti s f i e s  the s u b je ct i ve  r e q u i r e m e n t  ma x im um . 

The co nc ep t of fo rce d e n h a n c e m e n t  has been i m p l e m e n t e d  by using 

two p i e c e w i s e  l o g a r i t h m i c  f un ct io ns  The lower s a t u r a t i o n  

(whose law of r e s p o n s e  is un kn own ) is a p p r o x i m a t e d  by an 

i n v e r t e d  log fun cti on . All the pos si bl e  m a n o e u v e r i n g  of the 

t r a n s f o r m a t i o n  f u n c t i o n  become easy by si mpl e cho ice  of few 

p a r a m e t e r s .  This helps in the r ed u ct io n of the nu m be r of 

p a r a m e t e r s .  The co nc ept  of d e e n h a n c e m e n t  has also been i m p l e m e n t e d  

in this c a s e .
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The con ce pt o-jf. fuzzy set [ 69-81] d e s c r i b e s  the sit uat io n 

in wh ic h the imprecis^Tion is due to fuz zin es s or va gu en es s rather 

than r an do mne ss.  In hu m a n i s t i c  p ro ble m like vis ua l percept io n, 

s p e c i a l l y  when the human s u b j e c t i v i t y  is of p ri me  im portance, the 

t he o r y  of fuzzy set plays an i mp or ta nt  role. The p r ob le m under 

c o n s i d e r a t i o n  has the imprecision in p ic t o r i a l  i n f o r m a t i o n  due 

to the a mb ig u i t y  of the m u l t i v a l u e d  levels of b r i g h t n e s s  ra t he r 

than r a n d o m n e s s  of those levels. In Ch ap te r 6, a new set of 

f uz zif ie rs,  c o n t r a s t  i n t e n s i f i c a t i o n  ope ra to r "INT" and d e e n h a n c e ­

ment o pe ra t o r  "DEN" have been p r o p o s e d  and i m p l e m e n t e d  [l41-143j. 

The o p e r a t o r s  "INT" and "DEN" were i m p l e m e n t e d  by using both 

s i n u s o i d a l  and l o g a r i t h m i c  t r a n s f o r m a t i o n  functions’prop os ed  in 

C h a p t e r  4 and 5. Pal and King's [^8-54j me t h o d  is s t r e n g t h e n e d  

by this concept. This new c on cep t using fuzzy set may be c o n ­

s i d e r e d  to be mor e r e a l i s t i c  and comp ati bl e’ to the natural proce ss.

S i g n i f i c a n t  fe at ur es  of RED process have been e l a b o r a t e d  

in C h a p t e r  7 by s p e c i f y i n g  some of the a p p l i c a t i o n  areas. The 

RED p r o c e s s  not only im pr ov e s the contra st  but also has a p p l i ­

cations , as e n v i s a g e d  now, in the area of p i c t u r e  t r a n s mi ss io n,  

coding, i n t e r p o l a t i o n  and edge c ri sp eni ng.  S i m u l a t i o n  of p i c t u r e  

t r a n s m i s s i o n  [144] has been c ar ri e d out by RED p r oc es s us ing  small 

e x p e r i m e n t a l  image. I n t e r p o l a t i o n  p r ob le m has been tried ou t using 

RED p ro ce ss.  P r o b l e m  of edge c r i s p e n i n g  [1 40] has p r o d u c e d  

v a r i o u s  edge a c c e n t u a t e d  r es ul ts  wh ich are more s u b j e c t i v e l y  

p l e a s i n g  and c o n t a i n s  en ou gh  d et ai ls  at the b a c k g r o u n d .

C o n c l u s i o n  and future scope of the work  has been p r e s e n t e d  

in C h a p t e r  8. R e s u l t s  have been p r o d u c e d  with small e x p e r i m e n t a l
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image. It can be applied on vari ous  types of digital images. 

I m p l e m e n t a t i o n  of the RED pr oc e ss  is simple, fast and p o w e r ­

ful. By this r e v e r s i b l e  process, the g e n e r a l i s a t i o n  of the 

e n h a n c e m e n t  t e c h n i q u e  has been further s t r e n g t h e n e d  by 

e n c o m p a s s i n g  the pr o b l e m  which is di ff i c u l t  to be solved by 

i r r e v e r s i b l e  e n h a n c e m e n t  process. The ef f o r t  is simple, but 

the r es ult s are en co ura gi ng.
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