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A Steepest-Descent Image Restoration
with a Regularization Parameter

Sung Yong Hong*, Tae Hong Lee* Regular Members

Abstract

We proposed the iterative image restoration method based on the method of steepest-descent
with a regularization constraint for restoring the noisy motion-blurred images.

The conventional method proposed by jan Biemond et al. had drawback to amplify the additive
noise and make ringing effects in the restored images by determining the value of regularization
parameter experimentally from the degraded image to be restored without considering local infor-
mation of the restored one.

The method we proposed had a merit to suppress the noise amplification and restoration error by
using the regularization parameter which estimate the value of it adaptively from each pixels of
the image being restored in order to reduce the noise amplification and ringing effects efficiently.

Also we proposed the termination rule to stop the iteration automatically when restored results
approach into or diverse from the original solution in satisfaction.

Through the experiments, proposed method showed better result not only in a MSE of 196 and
453 but also in the suppression of the noise amplification in the flat region compared with those
proposed by Jan Biemond et al. of which MSE of 216 and 467 respectively when we used “Lean”
and “Jaguar” images as original images,

(= =] 3
i =

ol Ml sl S wetak] slel YA sk AR UE AFE Y steepest descent g Y
& A rlskaivh

R B BRI
&SR 94112
W2 AT 19949 401 200

1759



BEEASSER LE "9 -9 Vol.19 No g

Beimond -l o]af #l A] ] o} @
F7lolh Kol Higoll s wHAEki: ¢ Wik

shed o3 abo] M9lof A & ako

e
Sho iy gfre

vheld o}
o e vled el ek ko

ggro s ol FA8- ollshar bl o Eel
LR Lt Tepol s ob o taba) su) ybabal 2.9
A tﬂ 7] FQ! “Lena” o4 4} “Jaguar”™ 9 A0

e I P DI

SR Blemond Foll o) ah mln oo sl L)

S ASBO A TS Ve Wi e A T g

.7 #=®

g Abxe) gk aje] H-ebxlgho] olaf WAt ol g
Aw vk s o gk -5l sl
80l F 3] Holuh FHdro] iz, Hwkow §hd
¥l dare fddol g shak ghael Ty g
o] 7hakd e wdlahst 4 qdv) syl o
e dukal o ypAo] o)af Mol 4 Lot ok
‘A (ill-condition) o] v} %-o] H (singular point)ol #i~
Heol FEG rHfshA Hul Y el ol a9
5 A3} ke g o] 8-ahed Ml s gl

gk = oluh. 3 Jacobitd ol
Wl ro] wkdoa]y] bl s a4 ol A

olal] v Wk Ajulc)

10—1—43
Q
o
foy |
{ w .
4
w
o}
o
o
o:

F@Ake] gt

Yahiz fol i,

7 A
") v= steepest descentrd il o] v}
‘.‘“”-L{MI”H}' e
ke R Ty
ojth, M zfel nlsf by {94814
H-lo] vhig et W oofuluh whin
pei0 Azl gl AR ARE-GE steepest
off olaf of -9l thaled o F 3l Uk
steepest-descent'}'H - conjugate gradient 1 oll
Hl s Mgloll sH Qs v)el g ok S W oofujet ob
I S IR B |
iJLE] k= 2 o] gl M conjugate-gradient 'l
Woll sl gl grnv) vl vhde] o)
|

o Ml Ewker AFel Fa o] whatell Al vhrfrly] ul

conjugate-gradient & i 7to]

SR EE

BEO w2 A} L 7Yy

Wt
O] WESLEO L

e BT IS B A S 3 |
1 [ DA ST A

- td
o} %L]—_ H

descent "4

) Al ghat Al kel ALl

1760

oA &)

F et i

Tl gl el Al Q0N o]

by

AEDEEERE

ES RS e
IS IR

UT MGl Wb § e Bt o}
A FE AR Qs el g e o 1Y
B} e Eeekis G AN Foliit: vl
L el ghe pakel Ayl 9 ape) dglel A
g 2

A O NS R S S Al Shel

1
!
AR 3 T FOl R, ol M0 el 9] Al 2ol i
WAL ok

7R n]ale]

O] | Iy
glo) o b

51910 A9 A Al g e il

AUkl ok 4

232146

AT

S R R e R

weoll kvl 9k Araln)is Al of o Sglellyt g
ghaelo] ofyl 4= Qv

Pl 2R 9] steepest descent'd i - i
el vgloll ARy doiia] Fo-o] 4del B
Ao Mgle] W kel el sk IEH""-OJ
Aghakal vk ol H ’H“Ol 7] ¢14ll Biemond"?
o el ibfell g A glolia g A gglo i ¢
ol Aol s W kg Mflski: N Al A ekal
L O e B O B B U B U R S B B R A R
off Al b ARl bR e] E A s E (rmgmg

effect) st olAGH 7 18 AFg¥ 4 4 ®shdges 2
Fl2l o 71 Adstel of ako] GriLrE 400 5}.1] oF

;
WA ggho ] MRlE M ol

a’ i

IS ) °]5]" el el whal g H sl
o] (1S rlalxl o palol st 4 2 gluk

Wit steepest -descent i ol 2 6 'Z*! &} vl
Srghapoll 41 Mgled ol apsh At Alg-4 e
¢ A G5 pasl gl 8o
AR el EEh b d A ol A4
IR I L.Fn?iil'"i}-“i e Al S el e ‘2;‘.%‘;
Hi G

ANEE A Al sk vl o] - /V‘-O ”"”loﬂ
WoakshAl 4 8 ks
¢lef el afell
et el i of ¥ (termination rule)
O- ) 1) skl vk, Katsaggelos'©is-off osl 41 A &3101 2

Qoroha] AFE i A0 4mls) ) o] Hlof

TRV Tt

R itaber

NENSR
r‘” NI

e g A ) el ol F ukskabg el
oLk,

R R FR L
Ardal Al glel A A g A £ ok el

A AL F i f A 7



W/ 23 4% W58 2183 Steepest-Descent & 4} 291

o] whwi-o v ¥ ‘)f"il”}f)r HAH R HdF
L& et mugdozN g FHE s 2
Akt ALE o)) o [
£ B E 48
T ‘RlL}

B =50 (4o steepest-descent 2] YwkaQl v
ol el =alar, 1A Ha s wisxeldy g,
VAol A Hg whErduy s =t Vel
iz F R A el =k

;1

I1. Steepest-Descent 2t

o) ato] A& Al 3 AL 7Aool ola) §J| A
Hdrka 7bgEhnl ol thEat o] 239 2

g -H-f+n (1)

oluf g-f, H, ne- 2+z} ¥ J g, 9994, HE
AbgheE, THd gl

H. g% : el gt 0y gt
3 ;]_%p; # e el Wieneral 47113

r‘.

[s]
'h: A 2 ilﬂﬁah} e ﬂal*l g dar g
A el AgkabAl epeh neh B HI e
Aol 218 LT AR & o] g 4 glolc,
Tt A E k- of] 2] &

E(f)=lg—H- fi* (2)

3} 3o QAT E A4 sHz S ek Aol
U EMM o 2 e Srg v Ha] wlo

ola) H AL A9 kil RS wel iz
fk+-1:fk+1k‘1’k (3)

A ol 3 e BB S| L)
weleletolth yhof ¥ elWE} p 5 ok vk by
SHE, FHENS nol W A G 91 12717} 00l

5 3= Aol A oA HA e =) &

‘i’i([k:.x.) _

ﬂak

(5)

R HAHGE Reth old m ne FAte] A7)

A Bg oﬂAﬁ 2559 @& sheTh IE steepest-
A, HHE SRS w8 fiol of

s 23 %H‘A A2l A gvE Blde p 2

. FEfes)
Dl )= A -l (6)
3 S
G @) AR gaRA - 2 e 46)ow
R
poli, ) =H' - L gli, )—H - fili, )] (7)

WA Ak (7 E A (5)ol HglEhd e

A e e (8)

Y Y IHplU DY

o) fee)

X

oz Hejd 4t
steepest-descent™i] & ©] &3t wrH-R9mY o
113} 7}, vt &8s

fy=H'-g (9)
olal, &V EMebe: A7) 2E

b, ) =H' (gli, ) —H - foli, 1)) (10)

3} 7rol 3 g &hul,
TIEIRANE S e gz fk pe2l 3702 7197
Lwro.w delo) shpa olyn dueFol @

strbis GHg shish

Aa
s

1761



HWELEEEER L "9 -9 Vol.19 No.9

I Set initial solution ’

|

Set initial restoration vector

[
r

Estimate optimal value

of constraint
l Estimate updated restoration
vector at kth iteration
Estimate the solution
of kth iteration I

I

J12! 1. Steepest -descent i @] e ari] i

Fig 1. Algorithm for the method of steepest-descent

lll. Steepest-Descentd &0l 2|5t M %35} Ht=
Ma| g

el apo] A(1)3} 7rol mel €t shabphol o

T 0 0O 1
& #AEEUG W A 7)9P (8 R raked ¥l v
L4t mlwlelir o] gsled Mgl A9 wWrel
ZEa) RS e HOMI At A(1)e] s
8.8 &k FAl(inverse- problem = obz o)}
Eol¥d5s 1’;:‘71 ufitoll M-l H P 4 H sty oo}

~0f

=
o

R

S F)=lg—H- FIP+YIL- FI2 (11)

e FAADEE A o sk o]
.

"}‘ FRA TS oAl ahal uh Aok

m‘»é
“ﬁ

Nrzo 8w ¢lo] 4 5}"“” & steepest

descent¢+atel & ] 2 gstct A2yl eakgk

Al A1) el A A ehghei A ()‘5]'?1'3' R k‘-’i R
|5}

o glalel e u MM e pts 4 (6) 05

=
(12)

—H - (g—H f)~Ye L' L f,

ool rar 4 gleh E RS kel s

v

uf o] vH& A ool dh sk g A sl gel 187 0]]
Mol A - ‘? 4= Arh F

1762

@, ¢ (f) =0 (13)

O HE kW 9bM M S o) vhb g

| b ll”

— (14)
VI p

Jbovk A(12) oF A1) R N Helal o) vpE e

kel Al 3)ell A g-ghos A g X ahel Moelall i
ek,

el ol e A S W vel gl wet g
vk sea 9wl Biemond 5ol
u\m 57| /‘J 0. /(4 1] 9}1 & '
o M-floll Hgskduh S s
ol whel el Mo YA et ralel Bk
ol Slt, el N e e e 4
A Oﬂ Hg-qghont Al gintol Ale] whg
okl o) shial g wedt 5

ol vl

V. MSXX|5lH50 2|$F Steepest-Descentd s

Biemond ol ol &gt whyl-2- s g
shaboll Lol A A (1) Ol 88 B fi, pe, HI-H-
P BRub oot [Lep e WL oskA ¥ol el Al
Woluol AR SobskAl ok AR e
Gl g A s ok Aol obel g Gl At
opu] AL o) % sk Lk wal g3

YT (el

SHH Gy el ghol Kukar R s 21 (1) B -
VI plE > ¥l - py (15)
b shl wie] A5

{Pir P

- . (16)
Cpe HO- H - >

vpogrol whrsh 9b 4 oodvh v L 0ss W AR 2l

s

vk gl (169 71552 steepest descent'd
Joaes slelaial, Aol mish A16) e vhAl p,
QLI H - py O AR ge] g A kel —‘r—
oobu)op ol Abd o] wla A sESEae) hs o re
O ml AR AR (b ekl SERTEN
o] ¢lufel f-Abslul

Syl I\atsaggel()b ol ofa) Aok kel 49



W/ A s 4 W42 AR Steepest-Descent G4 2 ¢

Voo gavlel wel s 7.0 (hes A 0.5~ #f gro] -palslel 4= dvh A(22) o] Hxate] izt
0.0017% & 3oz st 839w, Biemond 1= A (triangular inequality) & 1%’6P°4 el shd
Toll ol At Wl A9 gl 4 g 0.05
~0.001% & Ao Pata] dde] Bl F g A EFS VA RN A (23)
stoich relns YA shi el 3o Sy G

¥ Aoy w9 ) b s R 2(22) 5
or}_c; Q}F 2= 01\;}_
e 7} }}\u}ur 4 3] §}Hq g H-fI

(AR FAE

wes 348 ur-rx*--s*-w G o o fi SEreh e e MR USRS mel s
]

Y < (24)

421 %300 Sl A5 sl =, Fa, 7)) tak A S v G, ) Ak o
. l\g H - sz ] H"
Q) =IL- fI<E (17) Vi, j) = (25)
Iz \*— FASE
S el RGO ohz tolt Kol e Hy ool ¥lch Al(25) o] BRAF | LIMe Aol
Soll olal 2 7hs e g2 sho e} W geel ool Wk BRRE (A4, )17
o sqle el ¥ ol Ao §HE WL
lg—H- fl<e (18) . ) o )
Yili, J) Asizrenl - oo o] wheE g o
Ty
T grel Hgled Aol =4 o} é’ off o]at ¢ zjol 2 22 i} ol ek # e 1) sta] W dsiio A=
af g skel o fiz dlEE A fvh oju) Eof etz 7t
AR gHge Ao Hie 46“’ heb L Vyli, ) e o (26)
& gHstel oA Sl o s ol stel gl R
AL A}, 1w 4 ,qg-} HEL L9k 0. A) o
7 %} %) 3} ¢ = < )
{11)9] ‘g . st N(m'ﬂ deds Ane o} qro] g A sh R A A dhu),
ki & sk Ao M, A(17)S W a). }/01 woteiol A A A A E B s 2 A o) A]
s MR el ¥l o)e oo} bz tioly
A =g 1L Sli=e (19) mol4l, shr@ld Sl o9 eas Hishah: 4
) (25) 0 H A5 AL Ao, 07, e
o grol & HS- A st Aol FEe A 9l 93 3} gro] g oél sbo] ¥Abzro] wHo-o] Bakzimoh £
&0
G srtadete] 49 FA s H(26) 0 ool
. 2AbabA Flnk ggo] A19) ke Adolel W6y,
lg=t - JIEH G- L - flP=ef (20) » a2} qro] g1odde] dakgre] ferel dhakgbuch
2o o) A sh g V(o) 3= 1ol TAbhE e
o gre] A 4 ok ol 2 S0 G sk wh gl & ol &3 Mgle) A
£, ¢ el FES o AE Aok E gl 4 &
g (21) stdofe] g Mol SR el ¥
hgre] wlel ubek 0~ 14kol el ghe ARm, ot
45 Ak vR g efohd AW s Lelodabel Shatitatgho] HAe delel He 2(26)
. o 2 T] 0591 8 A S A, el 4
=g EEEESANSERTET P P PR

(
(99) ohel 21 age] Aeuhgenlel 1
_lg=H- I & 2

- fi?

B
o

2k 0~ 14bel o] gt

1763



HEAESHR L "HU -9 Vol.19 No.9

V.EE 74

Katsaggelos 5o W17 vte] @y wsE dAvtsh

= 7leew

ka+1 fk”
A

o] Fraf A e gelstivh ik 9w e
wn g A AT E el F ot obxdl ol
4, A sped sl olsh welslt slgel sl
Falaha o 7lel @ Abvh Mbakshi: gk
Bg wE & glom A o] 488 49
mqlshe] @ a7h wavsha ons Atk Ak 5
a7l Aol e FAsk: Sol A aelatl

2
oh I oAl27) ol Ak 10 P Ao Agd
domnl gaeole] GG el ela i)
A Hlew A wrEae)d A kS AE
o tpA] Ao stk mkal W ol A3z L)
S g2 FEAHE AR Ak gk
%61)7} FE il pgdshd, k-1t kowk
(o]
e

PEAL FS oA}
e(fo) <e(f) (28)

2 e BAE gk Self, )% e(f)is

e fo )=l ffo I (29)
e(f) = f—Fl? (30)

ot} 21(29), 21(30)& ~1(28)ol oS} - d s kA

ef) Il

- < 1.0 (31)
8(fk,l) f— fk 1'_

olth, A1(31) 9] kel 1S wahul

CNHSH

< 1.0 (32)
NH-f—H fo,?
7F s, ¢ s ol ofel ey 4
g=H f (33)

ol g 2(32)+7

le=t-7l" (34)
lg—H-f, I
2 m el e e e aelE i W
AL A0 RS wEsloby sk, 4 gla 7
ﬂ»sMLl- ol St A4 A € g R
94 =th

wrel 5 grb el Pslel @Rl elela e

st ) 9lstel

AEAD BT goel Jus A

e HES S g

111'5’”7‘711’ .H.]:k‘jil

: < 1.0 (35)
VH-g=H"-H-fi .|

SrETE) A1) i A E A3R)

- S B0 (36)
| fo—H'H-f | 1I?
et

ef 1ol frol i soll ol ¢k Q1 ¥ 3 (artifact)
ojub vprbgbSof Zaloll ets M-9lsivl rwlsh4) o
T R

o HHf

. - < 1.0 (37}
R A A

of Eilaf Mol elel wbu ATl FAg B v
sga) /b ubabsk AL ebAuk Mgl e thglare) v

o 1o
V=1 Hef (2= fomH Hf 128 (38)

of efafl whaio] F Ak ojuf &= HF

R R e IR e ER R

G
1%
22

[0
i

X
o

veitoll A Aokt A(37) ] FaEar AL 4(27)
) o] Katsaggelos ‘ol ¢lsiA] aAloksl &5t #
dppro] Al Aoy el Aofulv]e] el ki

R R I RUSE RS R



W/ HHE 4 HEE A3 Steepest-Descent 4 29

(stability condition) @} 7Ry 0. 2 E] HQbE o g prol 4lel A 1"' Aol Aol EA7hE e ¥akk
A B ol abof atkshA A gg 4 vk ‘”ﬁ*“" A o2 stabstatv] figolvt, o gl Wabghe wbn
& ¥ ootel Helshvh Yol slol lakA @ AE g ade] 7} "H‘”}Ur 5x59 4% 3 &slof s}
ubababis A9 21(37) 9 £ Al os) "‘*f"’-ol 'S" Auk AE oA Aol Yt FH gz gHe 1g 2
# gl ooljel Mol #l v Yol e s of vepdivl iRl R MY, A TE SY9Y
AS-ebn AE8) o] FHAFHE MG mA kL o] stabgkol A2 W hhofl iz pofl SrAbEbs r/l}\'g
A AR S el 2 ok HHE gh) bR b glo] i1 {2 Oé Aol A 3= Qol] v1ALE)
qae »
T )

F¥ EEd G ‘)[33)(2569] §},’§:—§%‘ Z¥

}'. 0<L{9
L (39)

0, otherwise

9} zro EA wyElo A &-21q) zlo](motion length)

L2 9% 3w} Rl 2 v9led o] rhrre] shaolA AEE WA &
cE "}‘E*JXP L <1~H>-f~s— AHg-atel o o] i 22
7EA kel ool A 3R ) Fig 2. The variation of the regularization parameter

estimated in each pixels of the restored image

Lin)=[6{n)—Hn] (40)
v A9 ol Al Sbak gk At kel o
ol A1 7 ‘-’1—%—340—1&1’1*/ of i v wirel A A e}
A4k aLelgvtel ) el ella s b 4 vk
W gz 21039) 9] f Bhatalaeol °l<sH AL
ol 20dB2] BSNRE bz o) A} 7h-3-A19b v 21 zh

1
seudo gaussian white noise)o] &gyl @4
o 2ot} o] u) BSNRS

O
+(p

o variance of the blurrved tmage
BSNR == oS o s (41)
vdriance of the additive noise

O3 3 A gt fed oy

ol Jeldtr}, ojul, g8 elAF vEAIQE A AT Fig 3. Original image and noisy-blurred image having
<] %’A grolal af O melzl o del dhakikolnt 4 BSNR ==20dB
‘};} g V(e s AH26) o5 e ral dut ol [a]o] (a)Original “Ldena” image.
vl wkE A ol 13509 o] vie] 21 ek sl Eksk el o FT; (b) Noisy blurred image having BSNR =20dB
L Sxsiidle] B AW s g e oo ot
A T P A R R (o) brginal Jaguar mage.

) ) ) - (d) Noisy blurred image having BSNR =20dB
gell AfsbA Hirslo] o il itk

of (¢).

1765



B BH SR A5R it '94—9 Vol.19 No.9

Halol Ab8¥ g A} 1x99] 21 sk g4
] Aol os] vl Ak BB BSNR 2048
f‘f}ﬁ of Aol zuf ¢l g s iyl 3o vhrhu el

¥ogeftoll A Akt bt Biemond ol €lsl) Al

?}?l steepest-descent " iH ol o] & 4 25} kit gl

9ol LFER ALY, ofu) @ 2} e, i

nE:

=255l fi = fi il (42)

o} (ro] rakeivh whopiz Hit SPHL’l; vl 7] ol
2 AR R A e ) 1o} “1v)
10, “r@ 11 vFERR IR

B R PR IR R

NEe Y ERIA
- AE2, aR3, ik

steepest-descent*d i o] L} Biemond -0l 2]sll Algt

oy o A @ Aol vl Al Aol
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(c) Restored image by regularized iterative
method based on the method of Steepest De
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(d) Restored image by proposed method at 9

times iteration.
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__ {a) Noisy blurred image having BSNR =20dB
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(c) Restored image by regularized iterative
method based on the method of Steepest-De-

scent at 7 times iteration
(proposed by Jan Biemond et al.}
(d) Restored image by proposed method at 9

times iteration,
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Fig 7. Restoration results applying the termination rule
for “Jaguar” image.
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©d of Steepest-Descent at 4 times iteration.

(c) Restored image by regularized iterative
method based on the method of Steepest-De-
scent at 7 times iteration,

(proposed by Jan Biemond et al.)

(d) Restored image by proposed method at 9

times iteration,
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Fig 8. Comparison with error images of the restoration
results applying the termination rule for the orig
nal “Lena” image.

(a) Error image of the noisy blurred one having
BSNR == 20dB.

(b) Error image of the restored one by the con
ventional method of Steepest-Descent at 25
times iteration,

(c) Error image of the restored one by regula
rized iterative method based on the method
of Steepest-Descent at 7 times iteration.
(proposed by Jan Biemond et al.)

(d) Error image of therestored image by pro
posed method at 9 times iteration,
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Fig 9. Comparison with error images of the restiration
results applying the termination rule for the orig

e inal “Jaguar” image.

fﬂ,’} ta) Error image of the noisy blurred one having

<l BSNR = 20dB.

(h) Error image of the restored one by the con
ventional method of Steepest-Descent at 25
times 1teration,

) Error image of the restored one by regula
rzed iterative method based on the method
of Steepest Descent at 7 times iteration,
(proposed by Jan Biemond et al.)

(d) Error mmage of therestored image by pro-

posed method at g times iteration.,

A A ) it e a1
Table 1. Comparison of the Mean Square Error when
we applied termination rule in each methods

for the original “Jaguar” image.

Restored image ‘ Mean Square Error
Degraded image ‘ 838.38
C Methodl  asan
Methodzﬁmw I 16/ HiV? |
Methoég - 4 o 4\)3.h4 -

#% Method | :Conventional method of steepest-de-
seent,
Method 2 : Regulanized iterative method based on
the method of steepest-descent.
(proposed by Jan Biemond et al. )}
Method 3 : Proposed regularized iterative method
based on the method of steepest.de

scent.
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Table 2. Comparison of the Mean Square Error in each

methods after 10 iterations for restoring the
image(BSNR = 20dB) the
origina}l “Jaguar™ image,

noisy-blurred for

No. of iteration | Method 1 [ Method 2 | Method 3

g(BSNR = 20dB) T 838.38
1 624.58 642.95 625.15
S48.29 | SEL73 | 55150
3 | s0663 | 52899 | 51268
¢ | asoar | aosll | 4829
5 473.51 182 QO 17 1’847”
10 7 51372 461()’) 15()_’8‘

% Method 1 :Conventional method of steepest-de-
scent.
Method 2:Regularized iterative method based on
the method of steepest-descent,
(proposed by Jan Biemond et al.)
Method 3:Proposed regularized iterative method
based on the method of steepest-de-
scent,

HE3E87HS NS A9 sl

Table 3. Comparison of the Mean Square Error when
we applied termination rule in each methods
for the original “Lena” image.

Restored image Mean Square Error
Degraded image 385.23
T
Method 1 ‘ 235.29
Method 2 216.05
Method 3 196.65

% Method 1 : Conventional method of steepest-descent.
Method 2 :Regularized iterative method based on
the method of steepest-descent.
(proposed by Jan Biemond et al.)
Method 3:Proposed regularized iterative method
based on the method of steepest-de-
scent.,

Mt
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Table 4. Comparison of the Mean Square Error in each
methods after 10 iterations for restoring the
noisy-blurred image(BSNR = 20dB) for the
original “Lena” image.

No. of iteration | Method 1 ‘ Method 2 ‘ Method 3
g(BSNR = 20dB) 385.23
1 299.19 305.11 293.02
2 261.87 266.67 260.47
3 243.16 248.72 241.82
4 235.29 236.86 229.42
5 227.66 229.32 219.15
10 254.77 217.53 195.12

% Method 1 : Conventional method of steepest-descent.
Method 2 :Regularized iterative method based on
the method of steepest-descent,
(proposed by Jan Biemond et al.)
Method 3 :Proposed regularized iterative method
based on the method of steepest-de-

scent,
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Fig 10. Comparison of the Mean Square Error in each
methods for noisy blurred image when we
used “Jaguar” image as a original one,
A :method of Steepest-Descent
B : regulanized iterative method based on the
method of Steepest-Descent proposed by
Jan Biemond et al.
& : proposed method
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Fig 11. Comparison of the Mean Square Error in each

RRIEE

methods for noisy blurred image when we used

“Lena” image as a original one.

A :method of Steepest-Descent

M :regularized iterative method based on the
method of Steepest-Descent proposed hy
Jan Biemond et al.

@ : proposed method
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