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Image restoration is a wéll. khown- ﬁroblem'fof image.
prqceséiﬁg, several works have been develﬁped'in-this éirectian
By several researchers [1] [2] [3] [4];' But ﬁne:drawback of all
these works is that_they have not considered the .nonhegativity
¢onstraint of the restﬁredigfay level value. 'Thé negaﬁiva valﬁea
in the gray 'lévél_ va1u& implies an absurdity of ﬁegative

intensities of radiant . energy iﬁ the -~ original object

distribution.
Another drawback of some of the said'works, where
cértain _Gptimal' conditiQnﬁ are tested, is that there is nb

explicit test for sufficiency of optimality of the restoration.
‘In addition to this sometimes the necessary extreme point of

restoration, 1is shifted heuristically to »achieve nonnegative

value'cf'the,gray levels of the restored image.

~ Considering all these drawbacks of the existing image
restoration methodal ; in this dissertatian , W& represent an
approach for unconstrained and constrained image restoration

methods using 'Quadratic Programming'.TechniQue. Along with

"the suitable 'constraint'equations , needed for improving the
quality of the restored image, We b@nsider. the nonnegativity

constraints  of the restored gray 1evel-image* We also consider
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the Tnecessary and__suffiCient conditions of optimality of the

" objective function. | | -

The.image_;f', represented'by a vector of order (n x 1)
is degradad-dﬁe to defocusing and addiﬁivé.noiﬁe. - The ébtained
image 'gf; represented by a vectbrlof ordeyr (m x 1) is formed by
the relatiﬁﬁ, . o

g = Hf + ¥

whére H is the degraded matrix of order (m x n). H is formed by
the conceptxaf point 5pread function 2] [4] and *1 Gf_order
(m x 1) 1is undorrelated:randam ﬁoise; In the absence of any
knmwledgé about‘l our object is

to minimize_Z(f) :‘(g - Hf) (g - hf) ..... (1)

subject. to the'candition f > .

To furﬁher improve the quality of image we ' add the
| folloﬁihg constraint equatiohs,
Vf < P

where. P is the vector formed by the Secand dérivative - of the

given image "g° and "V- 15 the smoothing matrix [17].

We also propose a method to estimate the degradation
matrix H on the ba5is of 5amp1e1valueﬁ of original image “f- aﬁd

degraded image ‘g°.
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2. Etatamsnt 6f the P?@Elém

_ Minimize  Z(f) (g - Hf) (g - Hf)

subject to f > g

and V£ < P

1 B )

wher £f=(f£ ,£ ,....f ) and P=(b ,b s oo D)
| 1 2 n 1 2  m |
1.e. We can rewrite the objective fTunction  Z(f) as

. o CZ(f) = g'g - 2g'Hf + f'H'Hf

8- Cf + £'Df

where & i5 scalar and C = 2¢'H , D = H'H

Therefore we can rewrite the problem as follaws,

Minimize Z(f) = g- Cf + £°Df

subject to the condition, f > @&

and Vf < P

The function f°'Df defines a quadratic form where D is
symmetric. If the matrix D is positive definite , Z(f) 1is
strictly convex in “f- for minimizatibn. The constralints are

linear in this case. It guarantees a convex solution space.

y

The solution +to this problem is secured 'by applying
‘Kuhn-Tucker necessary condition (Page - 559 , [5] ). Since the

v
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solution space is a convex set (as the constraint equations are
linear), the sufficient conditions for a global minimum is

obtained if Z(f) is strictly convex. Noﬁ the entire problem may

- be written as,

Minimize, Z(f) = g- Cf + £'Df

- subject to, vV \ . P | |
- G(f) = I ‘) < G
| | \ ~1I o @ -

" Let N = (Auh2, - - - Am)°  and U = (HAs, pra,o -+ Ay
be the Lagrangean multipliers corresponding to the two set of

cgnstraints VE “.P < @' and -~f < @ |, respectively

. Application of the Kuhn-Tucker conditions yield

A > @
U > 2
Y OZ(f) + (N U) Y G(f) = @ '
. | n
?\I(bf‘,f ‘%Ci‘j £: ) = J , 1:1,2, 0
ﬂi%a - @ ¥ d = 112': Il
Vf <« P
-f < @
Now -~ Z(f) = - C. + 2 D

' - A
and G(f) = ( )
- - T
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Let S = P - Vf be the slack_variables then we thain;

2 £°'D +

» o U,

-

o -

— U".
1 :7&5ﬁ = G i = 1,2,'..7. m
I M= @, j=1,2, .... n
VE + 8 = P
£fr, S > @

Taking the transpose ; the first set of equation may be

rewritten as,

2 Df‘ + ¥V

Hence the necessary conditions may be expressed as

/2D v
NV B

I

- U

%
I

)

= C° ( D is symmetric)

}

f C-

) .

U P

o)

miSE.tr g i = 1,2..m
H?%; = @ j=1,2..n

In case if we do not consider the quality constraint

VL

<

P .

the necessary Qondition'will

( 2D

_Ij

(

;)

U

Ny Sy
£

be reduced to
= -
d , 4=1,2 ... n

i
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Except for the conditions ru;.s; = E‘J = ?\'{ St the
remalning equations %re linear in f.,:75-, J and &. Therfore we
‘require to solve a set Qf.linear-equaticn while satisfying the'
additional conditions /M;Q;*:Cjtﬂh;gf. .Since the solution space
is'Canex, the faasiblé-SOlutiQn'satisfyiﬁg all these cﬁnditians

mast give the optimum solution, provided Z(f) is ﬁtrictly convex .

The solution of the above system is obtained by using
Phase I of the two phase methad of simplex algorithm for linear
programming. The only restriction is that the condition My 45 =0=0S

should be maintained always. This means if-h; 1z in the basic

"solution at a positive level, B3 cannot become basic at positive
level. Similarly M3 and 43 cannot  become positive
simultaneously. The systematic procedure _Of"simplex; - for

,checking the feaéibility'af the solution space , is_tﬂ introduce
appropriate number of artificial variables to the set Qf
con#traiﬁt equations. ThE'Phase I of Simpleﬁ-iteratign will end
in the usual manner with the sﬁm_ef artificial variables eéual to

4Cro.
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'3. Identification of matrix H

tﬁ-——H__——H——“-_—_“———ﬁ——qq———-—q

‘Let us consider the_follawing lihear degradation

process represented by Fig. 1.

Fig. 17
Given "f- (the tfaining image sample) and g (the
measured” image signal) ~We are to 'identify the degfadatian
process H. Depending'upon the quality of the random noise at
different time inferval we will get ﬁifferenﬁ ‘8" for  the same
_given  "£°. For eﬁmputatimnal simplicity initially we lgnore the
r;ndém  noise term from the generalised' represeﬁtati@n of the

degradation process.
l.e. we consider,

g = Hf
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Now at any particular time instant k if we have

at“the'time instant k can
1 |

g ;_ then , the degradation process H
| S | , | .
be represzsented as,

where f is the Penrose Inverse of the given
training sample f. Now the crude estimate of H which will be
ultimately modulatad at thg output channel by the random noise  7
is , ‘
| | K
H=2H /k

\=1 _
In  this connection of H identification some
adaptive scheme i3 proposed as follﬁws,

Hh_—m——m_——."—'_““—ﬁ__—_“—_“"_-—-H_q&

f | =4
e — - -—— H ———=>—= X mm——— 1>
real degradation process
R !
S B
/ | comparator
/ ) | [+ _
| o/
e SRR TR
Hszg&/ o
| S R
T > , R D (IS
, computed. H |
——————— I{u------l-r—-—n--h-l———--|---|-——||-.l.-|.l.

Further upgradation of H

Fig. 2,
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41 .Results_and Diacussions

To :implement 'the algorithmﬁ (i) 1image restoration
considering quality constraint and (1i) image restoration without
CQHSidering quality c&nstraint the degradation matrix H ( )

is taken as follows .

as
i

........... e ... 257 5 95 g

 The ANSI-77 FORTRAN Program listing along with their
outputs in terms Of gray level values are given in Appendlx A and
Appandlx B respectlvely

| / .
~In both cases +to show the effectiveness of the

algorithm the gray level values of (i) an original image - (ii)
degrading it due to the effect af degradatlﬁn plus a random nolse

and then (111) restﬂrlng the 1mage from the degraded 1mage uqlng
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" the algorithms have been shown.

In Appendix*C a program listing aﬁd iﬁs output have
been included |, Where instead ﬁf.aaaumiqg matrii H it has been
estimated on some sample_;alues of ’ff and *g'_ and the image.
_resteratimn has been implemented considering that estimated value

of H.

In all the three cases the results wehobtain are gquite
satisfactory but one disadvantage of this algorithm is that it
requires a very large computation due to the large image matrix

dimension which further requires a huge computer memory .
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IMAGE RESTORATION CONSIDERING QUALITY GONSTRAINT K K XK
Input : AR - Original Image Matrix in character form

IP _ Image Matrix converted to gray level value
F - Image converted to vector form
H - Degraded matrix -
V - Smoothness matrix
Output G - Degraded Image in vector form
F - Restored Image in vector form
characterxl ar(64 64 )
dimension 1p(64 64) f(4296),h(256, 258),p(4696)
dimension c(256), d(256 256),?(256 258)),g(40886)
SET UP % '
~open(unit=5,file="templ.dat").
open(unit=6,file="prn: ")
read(5 X)iml,nl
-da 5 iz l;ml
read(o5, ¥) (ar(l J),J 1 ,nl)

call canvrt(ml nl,ar,ip)

do 6 i=1,ml

write(6,1) (1p(1,3) J =1 nl)
format(lx 16i3)

call image(ml,nl,ip) |
CONVERT THE MATRIX IN VECTOR FORM %ok
- 1=1
do 1@ i=1,m1

do 14 j=1,nl
f{l)= lP(l J)

n=mlXnl
FORMATION OF DEGRADATION MATRIX *xxx
do 20 i=1,n

- do 28 j=1.,n
h(i, j)=0@.
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do 25 i=2,n
h(i, i)=
h{i,i- 1)
25 h(l i+l)=. 25

'read(B,*) me; ne
m=m2%n2

do 3@ i=1,m
g(1)=@. .
do 38 j=1,n

30 g(i)=g(i)+h(i,§)*£f(J)

i=1
do 35 i=1,m?
do 35 j=1,n?2
o ip(i, J) g(l)+ O
35 1=1+1
do 4@ i=1,m2 |
48 write(6,1) (ip(i,J),Jd=1,n2)

call image(m2,n2,ip)

- 1=1
do 57 i=1,m2
do b7 j=1,n2

ig(l)= lp(l,J)
o7 1=1+1

_*** GOMPUTATION OF MATRIX D AND VECTOR C Xkx

do 6@ i=1,n
c(i)=9. |
do 6@ j=1,m -
60 c(i)=c(i)+2. *1g(J)*h(J 1)

do 65 i=1,n
do 65 j=i,n
d(i,j)=@.
do 65 k=1,m
d(i,j)=d(1i, J)+h(k l)*h(k:J)
- 1f (1 .eg. J) go to 65
d(j,i)=d(1i, j) |
65 continue |

do 75 i=z1l,n
do 75 j=1,n
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continue

do 78 iz=1,m
p(i)=0.
- do 78 k=1,m
pl(i)=p(i}+v(i,k)*ig(k)

CALL qu(m,n,d,v,c,pﬁf)

FORM THE IMAGE MATRIX IP %%

FROM THE VECTOR F *xxx%

1=1

do 8d i=1,ml

do 84 j=1,nl -

if (£(1) .gt. 31.) £(1)=31.
ip(i,Jj)=f(1)+.5

1=1+1
do 99 i=1,ml
write(6,1) (ip(i,J),Jj=1,n1)

CALL THE IMAGE SUBROUTINE
TO PRINT THE IMAGE

CALL image(ml,nl. ip)

stép
end

Eage

13
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Ke. KKK SUBHOUTINE TO FORM THE QUADRATIC MODEL okx
SUBROUTINE qfm(m,n, d V,C, P, f)
C KXKX FORMATION FOR SIMPLEX xx

dlmen51ﬂn v(256 206),d(256, 258) c(256) a(old, 104@)
dim&n51mn ib(2586), iav(lo4ﬁ) P(256) f(236) |

do 1@ 151,n
do 18 j=i,n
a(l,j)=2. *d(l,J)
if (1 .eq. J) go to 1@

a(j,i)= a(l,J)
1 contlnue

nlzn+m
n2=2Xn+m

do 28 i=1,n
do 20 j=1,m
k:ﬁ-i-j
a(i,k)=v(j,1i)
20 a(k,i)=v(j,1i)

do 25 i=1,m
do 25 j=1,m
il=n+i
Jl=nt+j
25 a(il, j1)=@.

do 390 i=1,nl
do 38 j=1.,n
Ji=nl+j
J2=n2+j -
if (i .eq. j) go to 286
a(i,jl):ﬁ. | |
a(i,j2)=
go to 3@
26 a(l Jjil)=-1.
| a(i, j2)=1.
30 cdntinue

nZ=3Xn+m

do 44 i=1,n

do 48 j=1,m

Jl=nZ+j
440 a(i, jl)=9.
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do 45 i=1,m
do 45 j=1,m
il=n+i
Jl=né+j -
- 1if (1 .eq. 3) then
- a(il, j1)=1.
else |
a(il, jl1)=@0.
endif o
continue

'TO FORM THE RHS VECTOR %Xk

n3=-3%kn+2%xm+1

do 54 i=1,n
a{i,n3d3)=c(i)

do 55 i=1,m
il=n+i
a(il,n3d)=p(1)

TO FORM THE COST VECTOR *xx

nZ=n+m+1l
do 6@ j=1,n3
a(nz, j)=g.

ni=2*n+m+1
nj=3%kn+m
nk=3%Xn+2%m

do 7@ j=ni,nj
a(n2,j)=-1.

do 83 j=1,n3
"do 80 i=1,n =
a{nz, J)=a(n2, j)+ali, j)

TO FORM THE BASIS %%k

do 1P@ i=1,nk

Asv(i)=0

do 11¢ i=1,nl

ib(i)=ni |

1sv{ni)=1
nizni+l

Page 15
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TO CHECK IF ANY ELEMENT OF %%
RHS VECTOR IS NEGATIVE %
IF SO , MODIFY THE SIMPLEX X
MATRIX AND BASIS = KK

k=0 |

do 149 i=1,nl )
1f(a(i,n3)
n3lz=n3+1
leave=i
k=k+1

do 15@ il=1,n2
a(il,n31)=a(il,n3)
a(il,n3)=0.

do 168 3j=1,n31
a(leave, j)=-a(leave, j)

a(leave,n3)=1.
a(nz,n3)=-1.

do 174 j=1,n31
a(ng,j)=a(n2, j)+ta(leave, j)

ileave=-ib(leave)
ib(leave)=n3
isv(ileave)=@
isvin3)=1
ni=n3+1

continue
- nl=nk+k
CALL qsm(k,m;n,ib,iSv,a)

TO FORM THE RESTORED VECTOR kkx
FROM THE BASIS | - KkOk

do 120 i=1,n

f(i)=0.
do 139 i=1,nl | -
it (ib(i) .gt. n) go to 130¢
1=ib(i) - |
f(l)=a(i,n3)

continue -
return
end

ge. ©Y.) go to 14@.

Page_
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Cc ¥*x*% WITH ADDITIONAL RESTRICTION FOR XX
C KKK QUADRATIL PROFRAMMING | KKK

C

-

C

e

0 a

000

19

20

30

KKK
XK K

Kok

44

1%

SUBROUTINE qsm(k,m,n,ib,isv,a)
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dimension ib(256),isv(1540),a(515,1540),b(1540)

nl=n+m
nZ=n+m+l1

n3=3Xn+2*m+k+1

ni=2%n+m+1
nj=3*n+m |
nk=3%n+2%m
nl=nk+k

iter=g@
i1ter=iter+l

do 19 J=1,nl

b(§)=a(n2, §)

iev=(@ |
cevz | 01

do 39 j=1,nl
1£(b(J) .le.
iev=j |
cev=b(j)
continue

if (cev .le.

cev) gD t0 3@~

.22001) go to 15@

CHECK WHETHER CORRESPONDING X%k
LAGRANGE S MULTIPLIER IS -

IN THE BASIS

1f (lev .1t
1f (iev .1t.
if (iev .1t.

1f ((iev .gt.

= to‘lﬁ@

iziev+2%n+m
if (isv(i) .eq.
go to 100

i=iev¥2*n—m
if (iav(i) .eq,

KKK

. n+1) go'to 80

neg) go to 49
ni) go to 7@

nj) .and. (iev .le.

l) go to 8@

1) go to 8@

nk)) go to Bg
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- go to_i@ﬂ

iziev+nl

if (isv(i) .eq. 1) go to 80
g0 to 140

i=iev-nl

if (isv(i) .eq. 1) go to 8¢
go to 10¢ o |

b(ieﬁ):@.

go to 20

CHECK FOR UNBOUNDED SOLUTION %

spr=19.el1@

do 110 ixl,nl.

if (a(i,iev)

00281 ) go tﬁ 114

pY= a(i,n%)/a(l iev)

if (pr.
Spr=pr
leave=

i

.ge. spr) go to 11d

continue

if (spr
write(x,1) |
_unbounded'salu;ian’)

format(-
stop

lsv(iev)

=1

le. 18.e10) go to 120

izib(leave)
isv(i)=0
ib(leave)=iev

NEW BASIS AND SOLUTION VECTOR %kxx
pivotza(leave,iev)

do 125 j=1,n3
a(leave,j):a(leave,j)/pivot

do 130 i=1,n2 |
.eq. leave) go to 139
h@ld:a(i,ievj -

do 148 j=1,n3
a(i,j)=a(i,j)-hold*a(leave, J)

1f (i

continue

format(1x,8(1x,f8.5))

g0 to

D

Page

18



APPENDIX-A Page 19

150 if (a(n2,n3) .gt. .90001) o to 160
return | o

160 write(6,2) _
2 format(” no feasible solution”)

sStop
end
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_SUBROUTINE'canvrt(m,ﬁ,ar,ia)

%% SUBROUTINE TO CONVERT THE GRAY LEVEL ¥
+kx CHARACTER DATA TO INTEGER DATA KK

characterxl ar(64,64)
dimensign ia(od,64)

do 192 1i=1,m

do 19 j=1l,n ' | -

if ((ar(i,;Jj) .ge. @) .and. (ar(i,j) .le.

ia(i, j)=ichar{ar(i, j)l-ichar( 4" )
alse o | .
ia(i, j)=ichar{(ar(i,j))~ichar( A" )+10

endif | - | |
19 continue

return
end

20

’9})) then
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SUBROUTINE image(ng,ny,ibj
*%% SUBROUTINE TO PRINT THE IMAGE *%x%

dimension ib(64,64),iblank(5)
- characterxi line(lZB,S),gray(32,5)

*¥*% SPECIFY GRAY-~LEVEL CHARACTERS *xxx*x

- > . - - L o - -~ L

]

LT,TW, M N°,"0",°8", "=~ I, Tk
-

2 * 3

+ H

3 3
] 2 3
X 3 ':#+’J4-*Fhi:5*‘ ’: )
Bk ’,'—3,3*' ,:4*,.#.-,.4—.@,,,.0,’._[_, -
24%7 7,707,°87,707,20%° ¢ 4

SELELEN ~ N I o B

ix=nx.
ly=2%ny
do 21@ i=1,ix
do 19¢@ Jj=1,5
19¢ iblank(j)=@ |
- do 200 k=2,iy, 2
J=k/2 '
ng=32-ib(i, j)
do 20@ 1=1,5
line(k—l,l):gray(ng,l)
line(k,l):gray(ng,l)
if (ng .ne. 32) iblank(1)=1
290 continue
| write(6,2) -
do 219 1=1,5 o |
if (iblank(1) €9, J) go to 21¢

Write(6,3) (line(m,1),m=1,1iy)
219 continue -

2 format(- ) |
3 format('+f,3x,128al)
return
end

data gray /6% M BXH* ‘X' -H- ‘x-

Page
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*xx%  IMAGE RESTORATION WITHOUT CONSIDERING QUALITY CONSTRAINT
KKK Input : AR - Original Image Matrix in character form

¥ kK ~ IP - Image Matrix converted to gray level value
kXK F - Image converted to vector form

% %k H - Degraded matrix

***IIOutput G -~ Degraded Image in vector form

kKK F' - Restored Image in vector form

character*l ar(64,64)

dimension ip(64,64),f(4096),h(256,258)
dimension <¢(256),d(256,258)
dimension 1g(4@96) 3(4696) p(4@96)

X XK SET Up ***

Qpen(unlt >, flla— templ dat”)
open{unit=6, file="prn: ")
read(5 XIml,nl

do 5 izl,ml - |
5 read(5,%) (ar(i,J),j=1,nl)

call convrt(ml,nl,ar,ip)

do 6 i=1,ml

write(6,1) (lp(l J)Y,i= 1 ,nl)
format(lx 1613)

pet

| éall-image(mlJnl,ip) |
k% CONVERT THE MATRIX IN VECTOR EORM *xx
S 1=1

do 18 i=1, ml
do 14 j=1, nl

f(1)=4ip(i, J)
19 1=1+1
. n=mlknl
k% FORMATION OF DEGRADATION MATRIX X%
do 20 i=1,n
- do 20 j=1,n
20 h(i,j)=@.-

- h(1,1)
h(1,2)

H I!
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do 25 i=2,n
h(i,i)=.5

S h(i,i-1)=.25
h(i,i+1)=.25

read(S,#) me,ne
m=mZ2*n2

do 30 i=1,m

g(1)=0.

do 30 j=1.,n -
(1) g(l)+h(1,a)*f(3)

l=1
do 35 iz=1,m?Z
do 35 j=1,n?

ip(i, j)= g(l)+ 5
1=1+1

do 49 i=1,m2
write(6,1) (ip(i,Jj),Jj=1,n2)

- call image(mZ,n2,ip)

1=1 | |
do 57 i:1,m2
do 57 j=1,n2.

1g(1)"1p(1,J)
1=1+1

COMPUTATION OF MATRIX D AND VECTOR C skx

do 69 i:1,n

c(i)=0.

do 6¢ j=1,m |
c(i)=c(i)+2, *1g(JJ*h(J 1)

doe 65 i=1,n
do 65 j=i,n
d(i,j)=9. |
do 65 k=1,m

d(i,j)=d(i, J)+h(k i)kh(k, )
if (i .eq. J) go to 65
d(j,i)= d(lsj)

continue

CALL gqfmi(n,d,c,p,f)

Page
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FORM THE IMAGE MATRIX IP sxkx

. FROM THE VECTOR F *%x

1=1

do 8¢ i=1,m1

do 88 j=1,nl

if (£(1) .gt. 31. ) f(l) 31.
ip(i,3)=f(1)+.5

do 99 i=1,m1
write(6,1) (1p(1 J) j=1,n1)

CALL THE IMAGE SUBROUTINE
TO PRINT THE IMAGE

CALL image(ml,nl,ip)

stop
end .

Page
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¢ *xx SUBROUTINE TO FORM THE QUADRATIC MODEL %k
«  SUBROUTINE qfml(n,d,c,p,f)
¢ kkk FORMATION FOR SIMPLEX *%x

diménsion v(256,256),d(256,256),c(256),a(515,154@)
dimension ib(256),1sv(154@),p(256),£(256)

do 14 i=1l,n
do 1@ j=i,n
a(i,j)y=2.%d(4i,J) -
~1f (i .eq. J) go to 10
a(j,i)=a(i,j)
13 continue

nlz=n
nZ2-z2Xn .

0l

do 3@ i=1,nl
do 3¢ j=1,n
Jl=nl+j
Jj2=n2+Jj
if (i .eq. J) go to 26
a(i,jl)=9. |
a(i,j2)=9g.
- go to 30
26 a{(i,ji)=-1.
. a(i, j2)=1.
- 30 continue

%%% TO FORM THE RHS VECTOR %k

0

nd=3%xn+1

»

do bd i=1,n
bYW a(i,n3d)=c(i)

0O 0 Q-

k% TO FORM THE COST VECTOR k%X

ﬁ2:n+1

-(',).

. do &y j:1,n3'.
60 a(n2, j)=0. | S o

niz2%n+1
. nj=3%n
nk=3%n

do 7€ j=ni,n]j
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a(nz,3j)=-1.

do 8@ j=1,n3
“do 88 i=1,n |
a(nz, j)=a(nz, j)+a(i, j)

do 1Y@ i=1,nk
ilsv{i)=0

do 1149 i=1,nl1

ib(i)=ni

isv(ni)=1
ni=ni+il

CALL qsml(n,ib,isv,a) -
TO FORM THE RESTORED VECTOR sk
FROM THE BASIS - X XK

do 120 i=1.n
£f{(i)=@a.

do 13@ i=1,n1 |
if (ib(i) .gt. n) go to 13¢
1=ib(i)
f(l)=a(i,n83)
continue

return
end

- Page
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¢ ¥xx SUBROUTINE FOR SIMPLEX PHASE 1 x

¢ **%x WITH ADDITIONAL RESTRICTION FOR %k
c Kk QUADRATIC PRGPRAMMING | XKk

C

C

C

Q)

O000G0G

Ke

19

20

51%

KKK
KKK
XK XK

60

7

80

SUBROUTINE qsml(m n,ib,isv, a)

Page
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dimension ib(256),isv(1540),a(515,154@),b(154@)

'nl=n
nz=n+1
n3=3%xn+1
ni=Zxn+]

nj=3%n

. hkE3%n
nl=nk

lLter=¢

lilterziter+1

do 19 j=1,nk
b(j)=a(n2, j)

lev=fd
cevs. 9@@@1

do 3@ j=1.,nk
S 1f(b(j) .le.
- lev=]
cev=b(j)

continue

it (cev .lét

C

ev) g0 to 3@

.@@@Gl) g0 to 15@

CHECK WHETHER CORRESPONDING x*x
LAGRANGE " S MULTIPLIER IS  Xxx%x

IN THE BASIS

if (1ev-.lt.
if (iev .1t.
go to 10@

i=ziev+nl
1f (isv(i)
Bo to 19
iziev-nl |
if (isv(i)
go to 10@

b{iev)=@.

Il
n

.eq.

. eq.

XN

+l)_go_ta 60
1) go to 70

1) go to 80

1)'ge tG 8®
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go to 20
*x¥ CHECK FOR UNBOUNDED SOLUTION *xx
100 spr=10.el@ |

do 118 i=1,n1 ' =
if (a(i,iev) .1t. .Q@0@F01) go to 118
pr=za(i,n3d)/a{i,iev) | | -
if (pr .ge. spr) go to 11@
SPr=pr - |
leave=i

110 continue

if (spr .le. 1@3.e19) go to 120
| write(x,1)
1 format(”™ unbounded solution”)
atop

12@ isv(iev)=1

. izib(leave)
isv(i)=0
ib(leave)ziev

*%% NEW BASIS AND SOLUTION VECTOR ¥%x
| pivot:a(léave,iev) .

. do 125 j=1,n3
125 a(leave, j)=a(leave, j)/pivot

do 138 i=1,ngZ -
if (i .eq. leave) go to 139 .
hold=a(i,iev) '
- do 140 j=1,n3
149 a(i, j)=a(i,j)-hold*a(leave, j}
1380 continue ~ |
3 format(1lx,8(1x,£f8.5))

go to 5
150 if (a(n2,n3) .gt. .@9001) go to 160
-return | )

16@ write(6,2)
2 format(’ no feasible solution”)

'stmp
end
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IMAGE RESTORATION CONSIDERING QUALITY CONSTRAINT %
WITH AN ESTIMATED DEGRADATION MATRIX | KKK

Input : ar -
ip -
f —_
v -

Qutput g -
f -

Original Image Matrix in character form .
Image Matrix converted to gray level value
Image converted to vector form

Smoothness Matrix

Degraded Image in vector form
Restored Image in vector form

Lchafacter*l ar(c4d4,64)

- dimension ip(64,64),finv(4®96),ig(4®96),g(4@95) |
dimension f(l@),c(lﬁ),d(lﬁ;lﬁ),v(lﬁ}lﬁj,p(lﬁ),h(16,16)
dimension ib(35),i5v(l@®),3(35,1@@);b(l@@)

SET UP kX

~open(unit=5,file="temp.dat")
open(unit=6,file="prn: ")
read(E) ; *)ml-,nl

do % i=1,ml

read(5,%) (ar(i,Jj),Jj=1l,nl}

call convrt(ml,nl,ar,ip)

do 6 i=1,ml |
write(6,1) (ip(i,J),J=1,nl)
format(1lx,16i3) ' |

call image(ml,nl,ip)

CONVERT THE MATRIX IN VECTOR FORM X

1:1

do 10 i=1,ml

do 19 j=1,nl

I=1+1

n=mlxnl -

£(1)=ip(1,J)

COMPUTATION OF THE PENROSE INVERSE XX
OF THE VECTOR F. i.e. FINV=F/(F F) %k

isum=&

do 20 i:1;n
isumfisum+f(i)*f(i)"
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ISUM IS ACTUALLY F'F %

do 3@ i=1,n -
Finv(i)=f(i)/isum

write(6,2) (finv(i),i=1,n)

format(" penrose inverse follows /1x,16(1x,£7.4))

read(5H,X) mZ,n2
\

do 35 i=1,mZ -
read(ﬁ,*) (ar(i,j),jll;HZ)_—

call convrt(mZ,nZ,ar,ip)
call image(m2,n2,ip)

1=1 !
do 45 i=1,m2
do 45 j=1,n2
g(l)=ip(1,J)
1=1+1

m=maXne. |
COMPUTATION OF DEGRADATION %

do b8 i=1,m

do b9 j=1,n
h(i,j)=finv(j)*g(i).

write(6,16) | -
format(  degradation process follows’™)

do bbb i=1,m |

write(6,17) (h(iij),jzl,n)

format(lx,16(1x,£7.4))

do 56 i=1,mZ |
read(o,*) (ar(i,j),j=1,n2)

call convrt(mZ?hZ,ar}ip)
call image(m2,n2,ip)

1=1

do 57 1i=1,m2

do 57 Jj=1,n2
ig(l)=ip(1,J)

1=zl+]
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COMPUTATION QF MATRIX D AND VECTOR C *%x

do 60 i=1,n

e(i)=0.

do 6¢ j=1,m
c(i)=c(i)+2. *1g(J)*h(J,l)

do 65 irl;n
do 65 j=i,n
d(i, j)=4d.
do 85 kz=l,m
d(i,j)=d(1i, J)+h(k i)*h(k, j)
" if (i .eq. 3) go to 865
d(Jj,i)=d(i,Jj) |
continue

'erte(ﬁ 7) (G(l) i=1,n)
format({” vectar 'S /lx 18(lx fT 4 )

write(6,8)
format(™ matrix d°)

do 7@ i:1,na

write (6,9) (d(i,3j),s=1,n)

format(lxglﬁ(lx;f7}4))_
CALL qu(m,nyd,v,ﬁ,p,f)

FORM THE IMAGE MATRIX IP %%
FROM THE VECTOR F ¥

l 1

do 8@ i=1,ml

do 84 j=1,n1 -

if (£(1) .gt. 31.) f(1)=31.
1p(i,J)=£(1)+.5

1=1+1
do 990 i=1,m1
write(6,%) (ip(i,j),J=1,n1)

CALL THE IMAGE SUBROUTINE
TO PRINT THE IMAGE

CALL image{ml,nl,ip)

stop
end

- Page
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3 o | @ 4
e 3 - 21
20 24 20 22
7 15 24 20

Gray Level Value of Original Image

? 1 r 2
T 1 I Y
21 2z 22 18
13 15 21 16

Gray Level 'Value_ of Degraded _Imagé

0 @ @ 4 @ @ 4 21 20 24 20 22 7 15 24 2@

. Gray Level Value of Originai'Value in Vector form : f

@21 x (B @ @11 @ @ 11 59 56 67 56 61 20 42 67 56 )

Penrose inverse of the vector f
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