WAV 1Bl )3 o )b uluol (S5 33 0 A8l alze
WAVWA 3y G2,U WWAY olo 1239 )9 Jgl 4iad/YYY o plosbs/ 05 9 (ow Jlw

9 I Ol gk (yi g PO 9 (o JUamad 3 gl (5 il i i v gy S
SRl 190> 30 (Il 335 315 S gup S ¢ g ¥ P19 b (4T (samslio
YU 4 o0 (o> (S

. . Y . o
"y a8 5 9106 o Ld s JiSa ) spsanne ages

g3 Jlo
oS

L HOA) Vi sy (ody (Sl ool il ispe Jiomd 5518 pild L awe Jold cor (b (ol 1o

Loy gl pol ol ansl plaiels iloSinl b g B )8 598 4 Mo )ylows )3 yguad o 55 wie Jolos 51 S (Higher order aberrations

oy 53 5 3uligd ol BB b Sz oo 53589 cla sl 5 ulos 1) St sile (St slallas oy pguye clocl, b el

(Pre-compensations ;o s il edlisel Vb (sadye (slagnlynl gl caa oad golae dii gy Sy iidlygo asn b g s

S oslil B (hmgly ol 3 A S0 Vb gaye (il o Lol 0S50 ysa 405 & el b 3l o Wby Siiled (555 0 g

129 oodlgilSen p e (g, b ol (sdulie 9 (ojlw 25 e cae (Total variation deconvolution s cl s sgdglsos w3l

g 0,8 ol 55,18 8l e (Wiener deconvolution

3 (OS5 ) Syl oS b YU (g4 ye (Sl sl alpal 5 45 o3l MATLAB l58la s 5l (gjlodud sl i yg,
L Root mean squay@gzye (ke i slas BBl (ol cul 035 (558 Jeke ¥ Koo jlab 5 W08 (Giluand Yo B F (gadye
bl o yiog,Suer /YD I YL L;o.\éio.)ycﬂ sl > (RMS

ObeIpled s8Il (el loj yed )3 g g ey 4 Sodp IS Gl (gile S i by, > (Strehl ratig J el cous saidly
D52 oy (PP 10 )eS3l e o3 Ve dgds 15 IS i

2o SilotS Gl Coa DI 5 @y B9y S ol Sl (Bl bl il S G 4 0l LS lagilodnd 16 S Ao
Gilwdings Kl (S o o 561 5l odlaiw] (S50 Coje S Ab Salgs 308 (Al (5o p 0SS ol CursS daup Cel g Ml oo

el gy 5o a5 et by o

1S (93135 ey bl ( IS st pglSon YU gadie ade ol (gile i i s g0l 51,

PP o e JUud pglad (gilw b i gy SO e by dople emds e e sppdeme 1L
G4 yo ol (Sl S Al jpin j3 (b 3,5, 39m0 Caa g (PP b ol Samalio g (IS Ol i
YO-YY (VYY) YV OYAY lodol (S 01Kl aloe YU

Ol olghiol ¢S eole alSiils s WANCOW (sa)laid @y sibyl (w5 $8)9s SBOLL Jiols AlEs o) *

Ol Olil Olghuol (K pole oliils ( pmiols lighos SataS 5 Kby (50K (Kb 3y o dige 5 K3 09,5 ] aulidh )15 (gl -

Ol Olghiol lghiol (K3 pole oliils (K 5y G0aKils (K jy (okin 5 Kb 09,5 il -

Email: mehri@med.mui.ac.ir S5236 o Lo e 5570 : JaGamn (g0t 99

Yo VWAY 5355, Jol axda /YYY o5lais /¥ Jle— Olgiol :')'g:o"":d?m

WWW.Mmui.ac.ir



Olsad g 5 gasans Jageu

Sl Ll s 51553 gl s, 5l (S5
Y8 W JL@,‘_&.& L}'ll'“'?-" C)’Lo\ LS‘J" L;)U “ S S
=525 (Pre-compensations e s iy ool
oaly ulad psad gy ol g syl rb’ oo
L§r¢§°)‘“\—‘| L}_A‘Jzﬂ u”L“"fJ;}.?:”LS S A ol
L}_’.’:e) 45)_9_.2:@ e.)‘bjmé.? Lg\m_; MJL«.:;J\ PR e
ds el a4y jels Al L B Gl
O 1y 0F 3,5 e (gl ot Jiw pguad)
ored 03 Sl Ol e SR ol bl
e)'jj_n\ .Jj_qj a)l_.ir| QT LS‘J—>| ij_.r d‘))‘) Qbﬁ
)W&L:;r_gwjj‘fj_s‘JJch}f‘ eKI.wJ
ol e Ol 5 M 2 e (St
Ol Syl o LaS 53 el sla ol
sk U el s (s A el
Point spread functionu b .l &b 4y pudies
S ole s LALlL S 4 S gl 22
3o Dlew PSF 5 il o B 5550 500 5 a5 506
P e S A aar S L e
Ladga gladb wole Jom LB Jlioss sla 5l
o blas ol bas ¢l Je Ol G s
S5 o A ol S iy K
.:.sjfdc sl 5
Cgr o S ks 5leslanal L Alonso

5 5a3 o3zl (Wiener deconvolution . o 515

S Slous ol S s e Jliass 5 gl (g 3leu BA B B9

400
4SS SIS 6l Ll b LS cgr eSSl
sla 558 Al dlaaas 815 Llay 1 s
Lo LS e am QUG 5 o 5 i

Sos2 5 p3Y il ke (6508 Ll o 5 S5
Yood Jlw s ler codlig Olojla il
i S ) 0 gekes VOV 4S5 505 551
= e liimeeal (LSl e s e 4
et A Sl 5 G s i A e
S sl Al (S e s JTel
4o sl all Ll i 53 353 e sl
3 pmetloSaal 5 o ss (Soap il Gl
b g ol BSHS sl kS S el Jle
Sl Edol o e sla sy LS L e 53
S A5 sla ol s el S L
S o3 Lal el e 3ol LB oSS e
352y Sl 5 s B8 b slagsles ol
Sl gl ol ol Lais il sl el S sl
(HOA L, Higher order aberration&iL ¢4 ,
ol 6 S b b al il ) .(0) 555 s
obatl uled 33 Gl 4 FSlal 5 il e
AV i Sl el L s sl g pa el
23 7 S s ol seslinad Al o Olles
Al e g e a3 558 1 Ohlany ) e
0315 QLS 505 3, 558 sl -l 5550 5> Dlands
L RMS) s~ 5o Sols Ll glas Ol oS ol
YU a0 sla ol ol ;3 (ROOt mean square
das e OLS 4 S s, e YL ol Sl e
03 S 1y il YU sad e Sl sla ol ol

AY) el

WAY 3595 Jgl azdn /YYY o 5les/ Y Jlo— Olghuol S 3 0dSiils aloes Ys

WWW.Mmui.ac.ir



Olsad g 5 gasans Jageu

Dl e il Cel o IS s aile
3ol 53 (S i iy () IS sl
3390 S e el Slsl e gla e
ol gl A el il gllas mlS sl
O¥=V7) 355 0 26 2525 3 (RiNging artifack
oo PP Sleslial jo e b lags cal o
=S el 53 IS ol 5 (Deconvolution

.m:,i\z ol Lg)l.m&:&-uw

b9,

el s VL s e sl ol (s3land g
e a5 L 50 5 YT a0 S5
B7 oled S5 il o ShnS il SO sl
Ao S Sy e e s elal Y
L Sl gt o 5 g dolats glabor
Slader Lz Ol 4 5 oL 0 Gl pls 4505
IS Sl slagalnl Cio 55 g sl
S Slader dia Ol pts Sl Lo s 0
Syl cymazml G, b 5l el oyt o1zl L
(OSA L, Optical Society' of AmericaLs. .l
by 3t Jo o plas (V) (03 g o3lin
Apledl MATLAB 53l 5

S e el SISG 2 @ bs o RMS Ol
ol an i by ad ad § k55 sy S 0 /YO
B et 5,5 ne e ¥ 4SSz e a8
Ceul S5 p”ﬁ Sy a5l = ge Sager AL
OV (Silwand 53 ol osliinl 55 =50 J5b oS
ik 53555 sl e S Al e el
S Al G3lsl 5l e el blise g S
0 JS8) 13 405 8l Oles L s PSF oz 5o

S Slous ol S s e Jliass 5 gl (g 3leu BA B B9

) 5 S oo sl il 28 JalS wile ds&w“s

Sl 28 alS 005 o S S by Dlallle s
AU a8 s sslinl 6 S 2 s a5 ibids S
et (0-F) Sl ol 1S I3 s, Sl
slacSas,l 5l 3l oas ol Sl el Cg
B3 Ol VS5 o st S Sl 3
(Frequency adaptive regularization —..is 5
s Sne s S T 31 ey (0 5 a5 i
Gladsl go3ldsl OF j87as aa sleis s i -S|
Sl (S o3l Sy e il
LS K055 n Sl AU slaesias,l s
e Gl g as e sl Ol
el slis sy ol bl Caaal Sy
Loy e o e b e L6l 5 51 sl oledbl
V=AY Gl 2 S el 25 (S

2l L3 i 10 (55 aallae S
A bl gl e e s LG (g4 e (Sl
fom olols am a5 Ll 10 slias Lol (4)
ezl 5l ey e 52 (V) 550 G5 B 53
ol 350 PSFSG 51 a8 i sleliy Sldlas
bl Il 5 () sy eslil s old s
60.)\_..:3C)A_~a| s s, i 0lL,K%s 5 Alonso
Lo Sl 2ol (ol 5l 5 fus oo
s Slaa Sl 035 ad g Aledd S e
e S il Ecel 5 el (gl et i
S oo JSS slen 4SS Gl g
VY) s dal e

S S i ) S Sl eslind (bl e
g bl S L o L sl B Ay

S s sl eslinal Al e Of (3lwang

Yv \Y"“’ JJ))J.SJ)‘W/YYY‘ o)u/\‘\ J\.w—d | ;)'g:o"":‘\lgu

WWW.Mmui.ac.ir



Olsad g 5 gasans Jageu

b aSed s ol sl gyl laa il
(Y JSE8) o508 55l

Do 3 2 2 L 280 3 i g

3 Ao m g3 &S () gdslae) Ad eslinad J

S Slous ol S s e Jliass 5 gl (g 3leu BA B B9

)‘ P8 W szl_w;l&ulﬁ__{ R J_:J}S VL

oS B Seism 53 e sSes phd Olse 4 gl b
J_..L)fv_ﬂ u—":'_}jflg:’.b J..r)) w\«.sds.l.&cb\.ﬁm‘

dij) u,ul_w\J_:b eM&)u&&ﬂﬁ}@' |J.2.,\

e

e Bl S0 5 S Ay s el S N S RUT X

JfM\FEkaﬁ\ﬁ‘L)fdic%‘é}i‘ QJ_}_M)_>=A)|U,_:)J\_~ZJ\_:.S)5L}_XSCJ‘J_:.:&?

D)

|

[.!_l.l}

5410 plp (Root mean square) RMS & il slaS’ 2l ml slp 790 st (Al il o2 N JSC3
5OV mge dgb g fo Ja ¥ Ko o i

sl ALl e 4 b s (POINt.SPread function) PSF :o , sas

-2 [

NI I e [I11]]]
ssaaaaad

A T

(=)

{n
(!

it s e REER el

d
1

sagagaad

|
I

ssaaadaad

3 R0 AS sl podd 5l 2 S 2 ea5 () 2 (ol i snas (godis 0L () e Y S
0hd S gl o 5 4 () 5 (0) (3) sl 5 IS Sk p (e o dd (Sl EE Gy 25 (7)) 25
Al s dgl sy pabal Gl S0 A A )

WAY 3595 Jgl azdn /YYY o 5les/ Y Jlo— Olghuol S 3 0dSiils aloes YA

WWW.Mmui.ac.ir



Olsad g 5 gasans Jageu

@ld g s ik 5 JS Ol 50
o 53 IS Sl 801 48 e e DL
S 2 520 s sl ) Sl
ol Sy S LBl e a8 S p oSS
o e S i Sl i e ) S
Ol 035m Fm doy3 Vo sl s oS0

WO}

Sl s ﬁwﬁ‘ S s e Olabl (iluand s
S e o2, S Ul w4 Ol e 5 s IS
s L peamen 0 LS @ gl i
5 i 4 S5l 5 S et ) S 2 s
Samsd 3 gy Sl OF (SSlotine S bl S
Ol 4 Ll o oty S ol odd (g3l o i
G aS I sy e (930LS o, S
Vi 00 e 6l s IS 2 e

ol il el
as Sledbl 5l eslaul (a5 (sdy rt_f
S o Ol 5 i Ohleg ) sdalcens

AL e laedls gl gl s

S Slous ol S s e Jliass 5 gl (g 3leu BA B B9

(1) dsles

‘;Q]J:J] LS‘J“) v_:..,,,:,.,, BE MTF R =

il Sl =
J‘)M)}MWJJ MTF j.uv:r;-

eb s ) sl S Do ) gabolas

L. Modulation transfer functionJLas! & s s e
T 5 el bl Gl i 55 (MTF
O3 s 53 MTF 3 2 5 oo 51 )Le
s s e 505 L MTE L e ol
Ly eSS )b 4 Cod Cal 280,05 5 ool PSF

.(\/\) J.AJL;e olis

il
WJ“&‘ﬁJ‘d‘)‘JW“- Ls‘f‘-jj:""'|w )
s G PG p e el (g5l B
Laol 3l 500 S A Al JS Ol s
cJ_LJAgA..:j_(T Olans .ol ol ab))T\ J)Jp.-).:
L;b\;wl_{wlb): J il s jasiio
o i S 5l Slias oS Lol o sl

D g 4l >4

Sl = Gl By s Goleand B

Jsa|ﬂ:$5}ﬁ} d.:_,)_,;&i; w\.w‘ﬁe.’uz djb&ﬁw}@‘ﬁ‘ 6‘)‘.5 dl""(":*“':“'g'ﬁid;*“‘c“:‘”‘.ks““‘.’.&‘ A J}b

o Sl 9y Al (kb by (B Sl

s o o

Jbpyd S3g08 £9d

/YA VY VA /0% “/0F At b e J sl
/AF /AY /A +/94 /A0 A3 5 s e d el S
VNS A VINF AV AY S D g ol
a/:Y Vo/o® Vo8 Vo /A VoA (436) 75 o258 (sl Ole
/¥y v/a4 4/AY 7% AYY (436) S Sl i o) S sl Ol

L VAY/s gess MATLAB Nl s Jamen 53 5 ¥ o gy (o il L. Compaq presarioC7006 d sy, » wmssS sl 0les e Gl s, 53

¥4 VWAY 5355, Jol axda /YYY o5lais /¥ Jle— Olgiol *J;.;o“\:d;u

WWW.Mmui.ac.ir



Olsad g 5 gasans Jageu

i Dl G g 2550 ek
pmled 8 ol Rl Olgiol a0 Ol jles

References

1. Gumus K, Erkilic K, Topaktas D, Colin J.
Effect of pterygia on refractive indices, corneal
topography, and ocular aberrations. Cornea
2011; 30(1): 24-9.

2. Ryan A, O'Keefe M. Wavefront-guided and
aspheric ablation for myopia -- one-year results
of the zyoptix personalized treatment advanced
algorithm. Am J Ophthalmol 2012; 153(6):
1169-77.

3. Alonso Jr.M, Barreto A, Cremades G. Image
pre-compensation to facilitate computer access
for users with refractive errors. Proceedings of
the @' International ACM SIGACCESS
Conference on Computers and Accessibility;
2004 Oct 180; Atlanta, GA. New York, NY:
ACM; 2004. p. 126-32.

4. Alonso Jr.M. An improved method of pre-
deblurring digital images towards the pre-
compensation of refractive errors. WSEAS
Transactions on Computers 2004; 3(2): 487-92.

5. Alonso Jr.M, Barreto A, Jacko JA, Adjouadi M,
Choudhury M. Improving computer interaction
for users with visual acuity deficiencies through
inverse point spread function processing.
Proceedings of the IEEE SoutheastCon; 2005
Apr 8-10; Lauderdale, Florida. IEEE; 2005. p.
421-7.

6. Alonso Jr.M, Barreto A, Jacko JA, Adjouadi M.
Verification ~ of computer _display pre-
compensation for visual aberrations in an artificia
eye. Proceedings of the" nternational ACM
SIGACCESS . Conference on Computers and
Accessibility; 2005 Oct 9-12; Baltimore, MD.
New York, NY: ACM; 2005. p. 210-1.

7. Alonso Jr.M, Barreto A, Jacko JA, Adjouadi M.
A multi-domain approach for enhancing text
display for users with visual aberrations.
Proceedings of the "8 International ACM
SIGACCESS Conference on Computers and
Accessibility; 2006 Oct 23-25; Portland,
Oregon. New YorkNY: ACM; 2006. p. 34-9.

8. Alonso Jr.M, Barreto A, Adjouadi M, Jacko J.
Howard: high-order wavefront aberration
regularized deconvolution for enhancing
graphic displays for visually impaired computer
users. In: Computers helping people with
special needs. Miesenberger K, Klaus J, Zagler
W, Karshmer A, editors: Berlin, Germany:
Springer; 2006. p. 1163-70.

S oS ol s s e Jlass 5 gl (g3l BA B (B

@'b)u@jﬁ

P s e Wb a1 alws

9. Alonso Jr.M, Armando B, A. JJ, Malek A.
Evaluation of onscreen precompensation
algorithms for computer users with visual
aberrations. Proceedings of th8 Biternational
ACM SIGACCESS Conference on Computers
and Accessibility 2007 Oct 15-17; Tempe,
Arizona. New York, NY: ACM; 2007. p. 219-20.

10.Jonas JB, Nangia -V, Matin A, Kulkarni M,
Bhojwani K. Prevalence and associations of
keratoconus in rural maharashtra in central
India: the central India eye and medical study.
Am J Ophthalmol 2009; 148(5): 760-5.

11. Alonso’ Jr.M, Barreto A, Adjouadi M. Digital
image " inverse filtering for improving visual
acuity for computer users with visual
aberrations. Inverse Problems in Science and
Engineering 2008; 16(8): 957-66.

12.Mohammadpour S, Mehridehnavi A, Rabbani
H, Lakshminarayanan V, editors. A pre-
compensation algorithm for different optical
aberrations using an enhanced wiener filter and
edge tapering.Proceedings of"hternational
Conference on Information Science, Signal
Processing and their Applications (ISSPA);
2012 July 25; Montreal, QC. 1IEEE; 2012. p.
935-9.

13.Chan TF, Mulet P. lterative methods for total
variation image restoration. Los Angeles, CA:
Department of Mathematics, University of
California; 1996.

14.Chen DQ, Zhang H, Cheng LZ. A fast fixed
point algorithm for total variation deblurring
and segmentation. Journal of Mathematical
Imaging and Vision 2012; 43(3): 167-79.

15. Oliveira JP, Bioucas-Dias JM, Figueiredo MAT.
Adaptive total variation image deblurring: A
majorizationGCominimization approach. Signal
Processing 2009; 89(9): 1683-93.

16.Chan TF, Wong CK. Total variation blind
deconvolution. IEEE Transactions on. Image
Processing 1998; 7(3): 370-5.

17.Thibos LN, Applegate RA, Schwiegerling JT,
Webb R. Standards for reporting the optical
aberrations of eyes. J Refract Surg 2002; 18(5):
S652-60.

18.Krueger RR, MacRae S, Applegate RA.
Wavefront customized visual corrections: the
quest for super vision I1:"2 ed. Thorofare, NJ:
Slack Incorporate; 2003.

WAY 3595 Jgl azdn /YYY o 5les/ Y Jlo— Olghuol S 3 0dSiils aloes v

WWW.Mmui.ac.ir



Journal of |sfahan Medical School Received: 20.11.201
Vol. 31, No. 223, 1 Week, April 2013 Accepted: 06.02.201

A Method for Pre-Compensation of Digital Images Based on Total
Variation Deconvolution, and Comparing it with Wiener Deconvolution,
to Enhance Visual Efficiency In The Presence Of Higher Order Ocular
Optical Aberrations

Soheil MohammadpolyrAlireza Mehri Dehnavi Phf) Hossein Rabbani PKD

Original Article
Abstract

Background: Normal vision is essential to interact with widessgut digital technologies. Higher order
aberrations (HOA) are one of the important caudeisnage degradation in patients suffering from
keratoconus, pterygium, or irregular astigmatismnese aberrations cannot be corrected by common
ways of refractive errors correction like spectaclBesides, other methods of HOA correction (e.qg.
customized contact lenses) are not easily accessibinany regions and photo-refractive surgeries
like laser-assisted in situ keratomileusis (LASH{e expensive. A novel method to correct HOA is
pre-compensation of images displayed on computeitors to provide unaberrated images. We used
total variation (TV) deconvolution to pre-compersahages and compared the results with previous
methods based on Wiener deconvolution.

Methods: MATLAB was used for simulations. Each HOA was restouncted using single-index scheme
for Zernike coefficients. Pupil diameter was asstineebe four millimeters. Root-mean-square error of
simulated aberrations was greater than 0.35 midemePoint spread functions corresponding to each
HOA were created and TV deconvolution was useddecpmpensate the images.

Findings: Strehl ratio of TV pre-compensation is very closé¢hte results of Wiener pre-compensation
method. Besides, execution time for TV Pre-compiémsalgorithm is about 20% faster than Wiener.

Conclusion: Simulations ascertain that TV based pre-compensatethod is a fast and efficient way to
pre-compensate the images, and it could improvedtient’'s perceived retinal image quality. One enor
advantage of using TV algorithm is that we couldate the results just by altering one parameter.

Keywords: Pre-compensation, Higher order ocular aberrafl@tal variation deconvolution, Wiener
deconvolution, Image processing
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