WAY/E/vQ :C’.élg)a @_)U

uluol (S 33 0 ASuslS alze

WAY/A/YD 3y iy G, YA€ olo (53 ool 45ad/Y'7= o )losds/ pgmw 9 (w0 Jlw

3 ol b wgwigd glad g (5399 Swwd Optical Coherence Tomography yglad (4o 3 s
RANSAC g SURF (slapis ,sSI!

Tapg L jale 350 1 Sl G S0 e alls

g3 dlio

oS>

Solie (slmolKiwd b b g disd Jglite (o) pygai slagle; b balps (clyls a5 anl G 1 pguai 93 o] 10 a5 ol (gabl ) polial (3,8 jue oo
OCT (o 4w pglad (35 i) cadlliae (ul plnil I o bigdioo Beaio o8 Fojr 9 F3d> Sl & olaws (ly wlbas a5
Dy woigd polai 9 6,95 Suwd (Optical coherence tomography

Sn 4 bt Jols 9 13,5 (oy5laen ladol (ad liwles 5l TOPCON Jio 3D-OCT10006K005 3l ol b yils (sanlllae (claodls tbd pig
sk zobas 1658 0:Slho b dlojo gl 3 .85 Pl anlo widix b gl Fo g9y 5 3486 351 iy ogdigh () S 90 9 598 S OCT
Coles pd g 33,8 Bl Las b o yiee e b il 2 bls (Random sample consen$BANSAC oz 563! 1 oolil b 545 o3y cdyllas
ol Casd 4y 02 Jli 3)50 ogiigh yrgla b (25 s skaio 41 (£)9 K> OCT pygleas 5 el o (sl g ol ¢ JUa]

L& oy salols gdintin 9 V-- b ol (Speeded-Up Robust FeatUrBEIRF s, ;5 silas (sailin] (cadllas (gloodls (ly b jasls oy siao s&EL
cle a4 (opimman ol Cand 4 +[+YEA 9 +[YYY 55 4 bl (MSE L Mean square ermpiols e ko slas 45 545 V0 byl RANSAC i, 5
r‘,Ja.u I) U»L.o.o 9 ub)% ‘JLE&I )ﬁbLa.a LQ(A &S MLU:J CJL‘ )‘ olaiwl RANSAC LM dl)a 9 0”5‘)‘55 9 OCT LngbJ]J o ).ol> u-u.&>9)) L}J.—\H D99 pis
ol Causd g +[-YEAE o[+ YA sty sld o ls polie sl b (aubs i (00> ¥o (sl JS (slas Jols 0 sl i (650 gl 4 abiles oo

Bges S 5 ) pogtigd poas 9 OCT pgas CleMbl plon & (spsb & () ogbigd pglias 9 OCT (iSogy pslal (3,5 yiuws) 16 35 Ao
o3 8 b et HLasl )3 b 5 gdiewd )l See gl cleMbl wlgs o

(SURH Speeded-Up Robust Featupas sl <3Sy «5)5 Swss (OCT) Optical coherence tomographylas : saJs” 1551
(RANSAC) Random sample consensis S

r9igd p19lad 9 (559 Swwd Optical Coherence Tomography yiglas (19,5 s Lo jle )5 e by adle sias 16|
VoYS-YoYD o(FF) ¥Y OYAY ldol (Sbj 08l ale RANSAC g SURF (gl 5651 51 sdlisiw!

=iy 5 JSd ol (adlee 355 e o il 55 (Optic diso
5 La0 ST S Sy (1) ol &S gl b sl )
Jee 6555 Sigs 3, Shas iy o ol 050 (ol
(1) A dalgst sl ds 5o el 4 2eie 5055 00
5 G Semss oS o3l slagsilban 5 ool bl
e SIS g5 sl e XS o g ) o 4 S
S5 3 (OCT L Optical coherence tomography ;-

doUR0
3055 6ol ,S Glad e bols 5l Y o 5 s 48
Coles o33 VO (S5U Hls Y ol AL oo e slad she
(Optic nerve head ;L e v Llig o) e S
;,Tcu_”-u;,zwdum)ghﬂs@u,@jnw
T i Ol s s e (99508 e i il e B 4
S Sewgd Olme L Gl s a0 s 5l cannd opl 5 0

Oyl Olgsal gl (L5 rs,l: s&ils ( ggmmitils lados (saeS 9 (Kb j f°9l° BTy slas,sTop goasials (K31 A 09,5 )l guolid )7 (S gzeitils -\
0l nl leial Olginol (S5 pole o&ils (K5 pole oy Slas T b GouKtils (K jr owige 09,8 Hlusls -¥

Email: h_rabbani@med.mui.ac.ir

Sy G 5SS i g (SO $

WAF (63 ool ain M9+ o5l / YY" Jlo— Olghol (S5 0S5 Alos YoY$

WWW.mui.ac.ir



Oylsan g sugs walls

38 s obeal 5 (5555 Sws OCT (guas s s sbeal G S Shews

Seslit ol Ly a5 o o sl g3 Gl bLE 5 a5
calea] slite Jis v O 5l G ol s 4 (5108wl
slad s gl » [(Quadratio ss g4, 5 Affine (Similarity)
0355 ey Bl dm i A sl Dl 5 ek o2
o sben o=lar 6l 5 (A) 2 Ay Jde Sl b ol ol
(O w35 ol cals Jie 5l S s, Lasis e
Ol 4y OCT jlas 05,5 jwr Sl 6500 s 2
= ol e oS Saemlie 5 2l B 6l ol
SIFT w25 58 55 05 5 ) Sl 5 An 5 ealin

o=l 53 ds e, LS « (Scale-invariant feature transfoym

orlde (sLadb 03,8 S s ( S blE 8L sl b,
Sl eslial 5550 350 0 a3 S L 55 SIFT 4l 5 Gaussian
e ot Glagr ol S s s sad Sl eslitul b s .23 S
e $AP L (S5 gl p gedd a8 5 e 28T Gl b1 o
slajls ol aol gawlic U pls bli s § chw i
G5 = 0355 s oS e gaalllan 53y 5 ey (S
S 5l as ¥ sLe 5 (Optic nerve headONH 1G5, 5las
AN L plasil o5 0 4 8 sl
el o 03,8 s sl S5 sl saddllas s
ﬁjL@}d)}-’:&_\ﬁl.}ocTﬂ}\_Aﬁ QJJSJIM.:;.-)LS‘JJ ‘;}l}
rslas S 48 LS 5 el s eslizad eslip K,
5odd ol pslas LS, 5 el s 4 g, 5 Kews OCT
e e g sl psal 5 Sda el Olse 4
S5 3L Sl eslimad U ais Ol 03 5 e, 6l
03,5 js S a5 iy RANSAC o, 501 5 SURF
QQSURFV.:{)}Q\JJJ{ S ..).AI;,M;@OCTﬁjLaJ
G 5 el s o (5 a0 slasla, Il
33l plaze S5y cbaslu KaT Lo 5l of 8 asl e
ol SURF g, s Hessian . 5l 5l eslical Cle 4 pizman
sslitul Cle w Byl 3 il e LSS LB 5 il sl el
e il e alS ls Slials Ol geas LSS )
oslaul L: PLY L;ELL Sl cRANSAC Ji’)) B 6}3‘){)‘){3 C,.:L:G
A sla iy Sl il e il SSuS L hs cnl

B 95
G122 5 s 3l o3l Ly 5l alas cLmesls
b iz L5, ¥ sl (Topeonda.) 3D-OCT 1000

O G805 Jome 5 LOT LI i 5 wsdish pslas 5 (go 5

Slagilay pasis g 05 5 Olaasas ¢l ass
35 doal el L 0T (35 4 DSy S 5 et
03,5 5 cBlal ol i Oy slomoly cp S0ge 31 SO
edle Wil o s pslas 3 OCT ,slas (Registration
Ol IS o plite a 0dd S5 o 5lal 03,5 s 0l
e 2013 Slo 5 5 el OCT (5,15 51 5 s (sLaolSKi e
5 o It S el d sl 5l eslinad L OCT (gl 5 5 poa
(Interferometry (s e, ) 55 glaandl 55 o)
Soa bl whade 515 VL 50055 b ey 4w b 53 slas il e
UlS e oot sh p gl Sl eslinal b opioman diled sl oS0
WS ader Sl ot A2 a1 (S5 e g S8 S
308 sl il a8 5 VS 55 S

o303 51 (Jolie slate somms Jodid L) 3l 035 S,
Sl S Loals () Uil oo Al Sliatis (s S @
L Lagae dbadlaoy da,yain 51 oledbl u s gla o Se
6LA(..:£)J_>/J\ ol ol Sldlas b il calies oS s
ol sl g4y 93 4 OlF o 1) pedl 035
Sy Al 53 .0) 38 Sy DA plel 2 L5 (S
R sl s e b e el Ul 4yl S0 S
03,5 Sy SN BAa g e w85 55 Sl b s Dl e
e SRy A mm e sl SUa sl S L SIS
S Slaslre Go b 51 sl s s b S as
sla i, aS J= 3 s e awslis (Correlation metrics
bk LlE il g sl S Ol ciilas ( Shy n s
(P) S o g 1y Lay 58

SlacSisS 5l a5 5 (Shy ey slagn, S S1 5 0
0153 48 s 2l 03,5 ) s oLl sl
> (Corresponding control pointss 5 .« J =5 bl o, 5l
L Slgl S S pdny 53 5 S oo Sl | sl
SURF 5L KT O3 mean S35 slaslw 1T 5l oslan ol
Sy e bl S35 bl (Speeded-Up Robust Features
i iy a5 gl 5 350 Pl 5l J S blE slies oS oKs
RANSAC 1l olag ;5 S ail ity cwlie bty
s 0 S sl Ll e (Random sample consengus
Aoles sl 1 sbasl LG BE oy e (Affine 1l ol
(0 v=A)

Ny sl psal s OCT slai S (glaalllas ;s

oslaul pslad ol Ol calis GU Silwanios 51l ey

Yoy WAF (63 pler axia PP+ o5l / YT Jlo— Olgieol (SC 55 0aSC2ils Alome

WWW.mui.ac.ir



OlylSaa g s dulls

Gusbisd sl 5 (505 Seass OCT (gums 4w bl (3 S Sienn

P~ ) J..;-‘/e Y J&/\.‘;)b sl el OlES ("JfLib SJLL:&U@'A
@Lbdﬁur\ﬁgsdﬁdjlm.;ﬁfd«@)y 058
SURF i, 5l esliil L 48 &5 o 5150 s RANSAC
6u)\bﬂjgﬁi_:w&“)t#fﬁj_¢5}>)>$§5i)b@
)‘ abL«‘&_Mv\L_:LL_L J—i‘}’j—';’@" C‘}szu‘ Ll d"»\ 6\]: ;;)i}
SSD s il e sl an o S5 S,

L e 53 S oo ilas oo L (SUm of squared differences

5 ol asl Godes bLE oy 2 RANSAC o, SUI 51 eslinad
Jioe bl 5 LadT 5lasliad L 03,8 ey gla el
L gl e dla ¢l
SURF [,.gjjfl/
5 g O3ls ‘u_f}u Ll e 5l o le SURF s, J=1e
ik (e 5 (S s olans]

(e (6 ol i o Ol Gl Sy S IS b &
orlite sLab plUS ja &S el oslie o pulida 55 5 g )
e GaUSSIAN s aws 03 JLS 4 b el ol 5555 0 odsl
LSty psh e a1y eldie sL28 SURF 2y, 05,5
Sl by 0 O 04 ol 93 4 HIS1 G LS o S (Octave
5o S SURF s 15 o ool o5 ool b s 4 5
eSS e sl S| s il g b puly slaalss

1y s S5y b & a1 00w, ¢l SURF

S &)}T@#

eIl bl o S sl 4 gL sedls
Y0¥ x FF/A x VWVY LS 54055, 5 VOXEL VYA x O)Y x 50
GLls 0&iws ol 3ol I (i 53 glaesls g res s
35 VOXEINPNY x VOV (go3lusl 5 iy wsilih (S sl
T 368 5SSk Sl eslinal b (231 5 e sl 50 55 .(VY)
(e VYA 5l (5,8 580ke) (6555 S OCT (gay 4 sl
g 038 ey Ol B el s 0 OCT sluss (185
(O J82) 5,8 g 1 OCT (i 53 gl 0 el gh Sl 52
5 oS s sl gl (S sl SISl eslind L
SlaplS a0 gl Lol 5l alas o b blae (S5 os b
OF) L3l o 25 s & 4D 50 e Sl

S3L 5 S S S, Sl Gl sl B3I A )

DIt sla 5y~ Curvelet Las sl eslasal Y
Sz pslal a4 Odewy )l el

G e s HESSIAN s 5Ls (055 0l (Gaumsles =Y
Sl bl pss g4

Slpdsb s oad e Sns sens ualie s 54 -F
sl S, b e 5 b

o S s 5 s b Sedd gl il Gla S sl
230355 ez Sl Bds sl 5w e peal Olpe 4 5

s B peal 5,8 1 s 5l e s e a5 R

(<) (<)

s.'i-u}@}dj_‘gw 6‘.&3) C‘,’r&a‘ J"}‘~\ Jﬁ
ooaligh da 53 sled ol 55 5 609 Saws OCT a5 slas VU 3 i e (5,55 Sws (Optical coher ence tomogr aphy) OCT (sue 4w sled il o

ealish 5 S s, gl :th;;)

WA (3 o)l aia FF+ o5l / VY Sl — Olghol (K 0uSCils alovs

WWW.mui.ac.ir



OlylSaa g s dulls

Gda gl i e
SHS bl (5L, SAIS bl (gL,
(Keypointdetection (Keypointdetection
\ 4 Err s S polal ol e
Ll sheliSCis 5 Lli gbotiSin 5 A
(Keypointdescriptor s.uis (Keypointdescriptoy s.s
Aol e 8 5

Matching ci,Us-

Outliers rejection —ul Correct matching

J \ J

035 ey gl Sl Sk Y IS
(Random sample consensBANSAC =, Sl slas sk i cod 5 (Speeded-Up Robust FeaturBVIRF .=, Sl (slacs sl il ad

)80 ;}i)é‘dﬁi’ ‘&)}‘JE L}.v_% el 0 031 QL\:«JY‘ J“<";'

109 =X XS5 10 y) ¥ s,

(%) o glae 6‘.@}\.‘5' Bl L;Lw' Y JS.:

e Sl eV il (S ko ) (Shs gl Al sl
sl e s Al el el b,y e LU
olan s 3 Y 5 X slac g 53 (V0) Haar wavelet

530 LGbols LGaussiansas 3l eslecad b coglite sla olida
60.,\_25\_5.;\} f}f bl gj.]é.} S0 Ll C,\iLé.J)J 3].5@)14’
ol 55 (Non-maximal-suppressionsa.—iw & sl i
Gkt A Ol 53 5l SO 5o a5 il e Hessian .. ;L
lewg&“j\mq,dﬂm{é&;uﬁuﬁw
Slitia b el 30 518 51 eslenal L HessIiaN . 5b) 55 5
J—ol> 0 Ll ls s Gaussianse—s ¢53 gas o >
ey 3 el eols 0L s 5l b Hessian . 5l (55

A3b o T 5 Y ladlal, b of glaalys )

B Lxx (x, G) Lxy (x, G)
. (X' 6) - Lxy (x, 6) Lyy (x, G) bl
Lxx(x, 6) = I(X) * 8%5x2g(o) Y gabal,
Lxy(x, 6) = I(x) * 8%6xy g(c) v gaba

el JLSEI LS W) 4 O0ddse o e (6l cmonan

oahai a0l 3 &S el (5 s [(X) Els 3 258 e ealinal
Sl Ol L ats el o b JoSy (saan fs0mes D) 50
ISl s s e s a5 5e silail Slatins Sl S S
3 Solen b 1 (Sl pod ol sl ¥ (alaly 3 s

YeYq WAF (63 ool aia M9+ o5l / YF Il — Olghol (S5 0S5 alone

WWW.mui.ac.ir



OlylSaa g s dulls

Gusbisd sl 5 (505 Seass OCT (gums 4w bl (3 S Sienn

D T)=xL, I ; — T I? § alal,

Z dx
2 lax]
2. dy
2 ldy

(8) Fho 5 sbml gogou ¥ K

s Sl el Ly aas 1S3 Ll sl SURF o, 5801
Match features Detect SURF feature&xtract features
Vs b Gillas s S5 w5 (6l S Dlandas Al e Gl
Metric threshold e=Ls .0 il s ol sanlls 55 | ol
Lo S5 o5 olssl gl ) glibkal 8 cl 2o sae
slasls s sl sl i, Method axls S o jascie
Metric L ol 6 - Se3lisl lme 5 &S o jasin |y S
s3> Match threshold.s osls T2 5 ey Soamd 3 45 ol
O lagpls g obsl gl gkl 5 b e Ver B v oy
055 dboy el ¢l exls Pre-normalizeds s, o 5l
Slasls s 035 o me 4 THUE 4 Cl S35 slajls
sl obajb e se v_;,uﬁu__,False} ijj".’.j
Ll sledle g
RANSAC S
oslaul L g}llyu Lgl.aL;;_LB Bla = J.uLAJ L;:LB 3 o
Sy el G 4 ol s 5 i RANSAC s, 5
Jis la ot L s gl 6, S5 isy, S RANSAC
a (":'l))—<ﬂ u_i‘ Aoy J._..Zl.uu_.c 39 9o oleb! RE3) Jl L;\’LLJ
OA) Sl OB glaplS 50

S Spd oo dwle (gUIS gakes S LI 5 £S gt o Slo gl

ol ol T el 0T L3 S (gakes &S ol b
S Ge iy I el Gaan pgams Gl b Jool g
Loty 58 55 g 355 e 03] w—wg ekl b ol
Sl b 4 gases 5 Bl S 55 il § ez Stnlons
35,5 ooty 3 ome S ls e 4 50 o6 deslons
AL e ol g (godias GLES Lae ey rhu“ BERUVESUEEUE

Sl L m e gl g Od S e L ) e
(e D3 a4 S L 55 (6 AJS gabad Gl bl ;5 YeSx Y18
LSSl gab s pd e sl o Sl g sl 53 4Ll
2 e 33,8 o e B T XY e Al 4 F S b
,» Haar wavelet;u'c_wbc sl 0 x 0 sl glyls a5
5 B Cgr S i b Oy (35 5 Ok Bl g
2 e edai e SIS Ga bl LT S 4 Ll ($2508
e baslng e o dy 5 d, Haar wavelefstszuly
sk a s e S 1 (Shs b n 5l Gladsl (g4 semms 0l
Gllae Hu8 (mu s Ol a5 a5 5 Sl ay w ns
0 gabayly) 355 ol 55 olie

SIS i F S o sl Sl e sl ol
e @l o FX Y ol 8,8 S s L e
018) s sl (SURF-£Y) #Y uu L (g Sben 5

V= (de.zdy.2|dx|,2|dy|) 0 (g,

G Sl G g2 ;S iw g slasls y Gl gl

L (Nearest neighbor symmetyig lize Sloes o 5055
S Sl larws Il By ol 53 A eslizal SSD skl
S Sla S oo 5 51 1S ja Sl e gl Sl e S o
(s D3 o 5SS ISl el aalsl js 35 8 e gl s
55 S 5 8 silal Sl eslinal [ SSD sl (samlons L

(\V) 5}5;{‘ )2 Jf}i})\;ﬁpm@&: ‘CVJL_{ ;f“‘é;

(Speeded-Up Robust Features) SURF r:;_,_,,ill SIS Sladis N Jgue

yol> Baaxi )0 gLl slade b 9 s £

} (Bl b g el £

Voo Metric threshold

Yoon
Nearest neighbor ratio Nearest neighbor symmetric Method
SSD SSD Metric
ik A Match threshold
False True Prenormalized

SSD: Sum of squared differences

WA (3 o)l aia FF+ o5l / VY Sl — Olghol (K 0uSCils alovs Yoy

WWW.mui.ac.ir



Oylsan g sugs walls

38 s obeal 5 (5555 Sws OCT (guas s s sbeal G S Shews

LLa Jla=I P s 51,5 o 53 0l 4 S 450l slas N oS
S K Sl e e SO Jilus Szl Py s al gl
08=Y ) Wb e bl

ol slas 03,551 s 4 (sl 0SB galaly 4 a5 L
) w3l e P= v/ 0T 5 68 Wl e s w0 7 gdaly 1SS

_ log(1-P)

™ log(1—pn) 7 sl

s 3l esliwl L Matlab Ji53le 5 s RANSAC o, S

Sladas (YY) 555 3i=e EstimateGeometricTransform

B 53 el slaesls ¢l ¥ b b eslinal 5550 IS
03) emeid fil w5 g Transform type o> .4 4 §
MaxDistance...s . a5 s |, RANSAC ;i oslecad b i
sl MaxNum  Trials ; s e ol | Gilles bla Ol (sakols
Wl sls 85 gadaly s K Olan aS 1y iy 5 ST Slads
s e ol

s RANSAC 25, 5 as augr b5 U 55 51 azole 2
SO pya ok gl elde 5 4l WJUasl bl e cos
5 asls JUEl o pd gn ol s g b OT DS
S s 4S5 Bla gl 3l S (S el S 4 e
058 s 0 alg 55 5358 o Jlesl (ol ol Jool> ol 5l
OlsSion Gk s s o oslish 5 So5 Sz OCT 58
Wl s slas ol Ol b3l w

yasy

s 555~ SURF o, Ul (6 S LS w51 Lol ==
Sl s 5 S5 Sams S ol gl Al (b S
Sl e 5 Bula Ly peal Olge 4 S 4 &) U (gl
el sal O IS 53 sl Do 4 0l

slags (o 55k 4 RANSAC 3y, 51 Jol> ol
et sl s 4]yl £ L},uﬁr_:egw Sl s
Gdia slas gl RANSAC 5 eslina b 038 e, slaasly
(A JS8) s b sosls 53 5 (V ISE) L3 gesls Olea s

ol 8 65l QL;.: 4Jjo.3 Q‘j&

3 bli 5l eslital b bas b Coms )2 ips2 p8
S s bli a5l gl 3,00 blE oS 5550 3 tp s oS
el BLE (655 5l dider o mb o)liss dls 5ok 5 pead

33 833 (e

S b i b 4 Oy s o8 1SS 15l o8
e b el blo Gl

S Jol glax gl 4 e (gllaxt (lons 1oy (S
ol e Sl 5 oS 03ls 2l s blE

Sy 3 sl Ly a0 BLE S 51 s BlE Sl s
SO b a3 Al B b 0 S35
S dn Bl et 3 ahai a5 [X3Y5] 5 [X2Ya] X1Vl
#oablbe? opias S ks [X Y] 5 [X 2y ] X Y]

-béjfjéL?‘f‘\ J}é—""‘

ax +by+c=x; dxtey+f=y, Vel
et by +c=xp doteptf=y, Y el
agt+hby+c=x3 do+tep+f=y; Y gadal,

osbie YU 5 edd S5 Jsgeme vy dsles an 5l &S o S
53 0 Sl RANSAC oy, 6l owess hids GUQQ,\?A}

Ll ¥ gddaly Oy po

x1 yl 17ra x'1
[xZ y2 1][b]=[y’2] ¥ gaal,
x3 y3 1lllc x'3
;JF&JTJ@uwj,\‘c}baduua;;ug;)j@;@l{
FSIVL 3 S s 5 o33 SLapl Gb (5 LT pr ez 4
u._i‘)éjbj_,&rwJw‘ﬂfébﬁub@éj)fcudlw\&
O Ody gl 3 S e 8 eslind 5y 5e (g IS Gl - e
350 0 o3l O (galaily 51 H1LSS olads

P =1-(1- P 0 seba,

(Random sample consensus) RANSAC ("‘-”f‘” Slaadas Y Jyue

ol Gaiz y0 LRSI Hlnde b 9 o £

PR (S I b g aSls g5
Affine

\/b

(Similarity) ¢l

Transform type
10 MaxDistance

00000 MaxNum Trials

AR

WAF (63 pler axia PP+ o5l / YT Jlo— Olgieol (SC 55 0aSC2ils Alome

WWW.mui.ac.ir



Ololsan 9 sus wlle

- (G

3 aslinal b 5 K5 gusls (g1 o o allas Bl 1 o 5 48l G5 Bl e 1| cnd P S

Aleas sl (Random sample consensus) RANSAC

L Mean square errorle o - Sle glas o olde sl
s Slaly 53 Ul 5 (Ty) LBl 5 ymes gl L3> Jlas! (MSE
el e (V IS2) e i 4500 Sl (Ty) (50500
edd sl Y Jad 5o ooyl i 55l Match  thresholds
Sl Uas s o 0Lzl Jdr slaesls a5 a5 S0k .o
24 s o zeS Match thresholc: \ -
MaxDistance_i s ,;5Las gl s MSE Ol oF Jsi= s
&l (Aas o 0LS 1, RANSAC 5 blis Ol (gakols liis <)

MaxDistance= 10 ;s Ut J3li> &5 ol sl 03,51 o303 Olan

.LJ Cewd @

L Affine 5 cals Las o6 55 glax Jliie & Jsir 53 J5 JSE ool 1 0385 i 3 Jool s ¥ S

WAF (65 pler aan P90 o5loi/ YT Jlo— Olghonl (S0 5 0aSCiils Al Yory

WWW.mui.ac.ir



Olylsan g suys aalls

Olej ede e 4 5 LBl 0 05,5 s Sl oS Sl
35S Sl (436 10/+04) RANSAC 5 SURFL 03 S e
g el Kl (456 YYY/ATD) (Correlation  Seces s,
DELL (VOSTRO 1520 Jue pipes 1 eslizal L 46508 53 o)
L 03,55 S 6 gm0 alie LSS ¥ gubisl>

.\:,w-r\c.,\.ATq &Q)))}S;\Au;})jl

el o 4l k5 56 (gesls gl & slize MaxDistancess
Match threshold-, , Wl i gesls ¥ gl IS 5k 4
ol ;S5 Jslir 3b 4S) cals LS <6 s MaxDistance
Sln e Sl gldas (Mt 4 b5 5 3l s
0303 b 5 Sty 45 S8 0a el Cews 4 0/ YPAE +/0 YA

Ola) bl gaalllas 53 Kbl iy 5l eslanal C s i

AS_,.u'o,_,..aqul:‘,:d!ﬁb:;,;.._.;’-)yyb-@u/\JSJ

238 S sl Sns s a0 all i 5l ekl s 4 glas 5 lde casly ¥ s

L/ANYY \/459Y Y/AVAY

/AFF \VARRY /4 VAY

+/AYVY /2 YAA oo
—FFE/YANY —YF8/+ DOA —Yra/YFVE R a VAT
—\50/14YY —104/Y+ Y4 —\OF/VYVA —\&+/VAVA

Match threshold

/AFAY JJAVAY a4l5
/A% 0 V/+\AY oL
/XYY e MSE
—FFE/N YA —FOY/YONY Ty
—\PY/AFA: 74 Ty

MSE: Mean square error

(Random sample consensus) RANSAC s bl ibe ol O i 51 odal cows 4 las F s

MSE: Mean square error

Similarity
Ve Yo

V/aYVe V/AYAY

Similarity Transform function
0 MaxDistance
/YWY MSE

MSE: Mean square error

Yory

WAY (65 plgz ain Y9+ ojle / VY Sl — Olgins! S5 0Ll als

WWW.mui.ac.ir



Olylsan g suys aalls

(<)

(=)

035 fozmy ) Jolo s & S
St 95 L 035 e 1o cad s (Speeded-Up Robust Featur8&JRF ; (Random sample consens®RANSAC 5, L il s

cali s Affine Las oU 55 5l RANSAC S s s S
olie am (gl sdal s 4 gllast oS 53 503 exlized Ol 5 e
L 05 Jls pl L sy s Affine b o MaxDistance
&5 Sl I3 BB sk 8 5 OCT uslas gl 02555
g o oslinal Calis
03,75 oy Sl armlne Oloy ol s 4 s ol

w‘;%)jmswulj)bwuﬁ)éa.l&;:u;})b

S18y08 9 K5
elige A S, (63 geee o alb V.:l;- Sl 5l daws s

-v“ja‘ Jos 4 Slo,8 5 Sa5 daesls ‘5”1@’" S Sy

References

1. Marsh BC, Cantor LB, WuDunn D, Hoop J, Lipyanik
J, Patella VM, et al. Optic nerve head (ONH)
topographic analysis by stratus OCT in normal
subjects: correlation to disc size, age, and eitiynid
Glaucoma 2010; 19(5): 310-8.

2. Burgoyne CF. Image analysis of optic nerve disease.

Eye (Lond ) 2004; 18(11): 1207-13.

3. Kernt M, Kampik A. Imaging of the peripheral retina
Oman J Ophthalmol 2013; 6(Suppl 1): S32-S35.

4. Morishita K, Omori Sh, Yamagata Sh, Yokoyama T,
Sano K, Ogushi A. Image registration method
[Patent: US4644582 A]. 1987.

5. Goshtasby AA. Introduction. 2-D and 3-D Image
Registration. Hoboken, NJ: John Wiley and Sons;
2004.

6. Thevenaz P, Ruttimann UE, Unser M. A pyramid
approach to subpixel registration based on intgnsit
IEEE Trans Image Process 1998; 7(1): 27-41.

7. Mokhtarian F, Abbasi S. Shape similarity retrieval
under affine transforms. Pattern Recognition 2002;
35(1): 31-41.

WAF (65 pler aan P90 o5loi/ YT Jlo— Olghonl (S0 5 0aSCiils Al

&

o
03,5 gz @l Sl B, S ol el o
Cmd o glaasl bl 5 dd - e ooakig 5 OCT sl
Ol glajls 5 Sos bla gl Al )~ SURF s, codal
SURF 55 50 (S om0 sl by o G55
Al e s plde 4 S (A0 e
G5 e b5 Gl oy b b, RANSAC (yimas
i Sl S i O S sl ol L sl
S5 g G 3o S Sl Bl e 5L 555 s el

Lard Oy il el 555 oS 5 S iy 1SS Lol o
S5 S Gb e 35l JLis 4 (i G 35 0

8. Brown LG. A survey of image registration
techniques. ACM Comput Surv 1992; 24(4): 325-76.

9. Golabbakhsh M, Rabbani H. Vessel-based
registration of fundus and optical coherence
tomography projection images of retina using a
quadratic registration model. IET Image Processing
2013; 7(8): 768-76.

10. Li Y, Gregori G, Knighton RW, Lujan BJ, Rosenfeld
PJ. Registration of OCT fundus images with color
fundus photographs based on blood vessel ridgds. Op
Express 2011; 19(1): 7-16.

11. Niemeijer M, Garvin MK, Lee K, van Ginneken B,
Abramoff MD, Sonka M. Registration of 3D spectral
OCT volumes using 3D SIFT feature point matching.
Medical Imaging 2009: Image Processing 2009;
7259: 1-8.

12. Mahmudi T, Kafieh R, Rabbani H, Mehri Dehnavi A,
Akhlagi M. Comparison of macular OCTs in right
and left eyes of normal people. Medical Imaging
2014: Biomedical Applications in Molecular,
Structural, and Functional Imaging 2014; 9038: 1-6.

WWW.mui.ac.ir



Oylsan g sugs walls

13.

14.

15.

16.

17.

Doost-Hosseini A. Vessel centerlines extractiomnfro
Fundus Fluorescein Angiogram based on Hessian
analysis of directional curvelet subbands.
Proceedings of the IEEE International Conference on
Acoustics, Speech and Signal Processing (ICASSP),
2013 May 26-31; Vancouver, Canada.

Pedersen JT. Study group SURF: Feature detection
and description. Aarhus, Denmark: Department of
Computer Science, Aarhus University;2011.

Zhang M, Li Z, Zhang CN, ai H. Adaptive feature
extraction and image matching based on haar wavelet
transform and SIFT. International Journal of Digita
Content Technology and its Applications 2012; 6(7):
1-8.

Bay H, Ess A, Tuytelaars T, Van Gool L. Speeded-
Up Robust Features (SURF). Comput Vis Image
Underst 2008; 110(3): 346-59.

Pahlberg T, Hagman O, Thurley M. Recognition of
boards using wood fingerprints based on a fusion of
feature detection methods. Comput Electron Agr

A

Gogid s glal 5 5508 Sews OCT (guas s 55l 3 S Siews

18.

19.

20.

22.

2015; 111: 164-73.

Matas J, Chum O. Randomized RANSAC with
sequential probability ratio test. 2005. p. 1727-32
Fischler MA, Bolles RC. Random sample consensus:
a paradigm for model fitting with applications to

image analysis and automated cartography.
Communications of the ACM 1981; 24(6): 381-95.
Ghergherehchi, M.; Seung Yeol Kim; Afarideh, H.;
Yoon Sang Kim, "RANdom sample consensus
(RANSAC) algorithm for enhancing overlapped
etched track counting," in Image Processing, IET ,
vol.9, no.2, pp.97-106, 2 2015.

.Kang M, Gao J, Tang L. Nonlinear RANSAC

Optimization for Parameter Estimation with
Applications to Phagocyte Transmigration. Proc Int
Conf Mach Learn Appl 2011; 1: 501-4.

Rabbani H, Allingham MJ, Mettu PS, Cousins SW,
Farsiu S. Fully automatic segmentation of fluoresce
leakage in subjects with diabetic macular edema.
Invest Ophthalmol Vis Sci 2015; 56(3): 1482-92.

WAF (63 pler axia PP+ o5l / YT Jlo— Olgieol (SC 55 0aSC2ils Alome

WWW.mui.ac.ir



Journal of |sfahan Medical School Received: 20.09.201

Voal. 33, No. 360, 4" Week, January 2016 Accepted: 16.12.201

Registration of Optical Coherence Tomography (OCT) of Optic Nerve Head and
Fundus Images Using Speeded-Up Robust Features (SURF) and Random Sample
Consensus (RANSAC) Algorithms
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Original Article
Abstract

Background: Registration of images is the process of matchivgitmages of an area or a scene with different
conditions or imaging times or taken by differeatssto achieve more accurate and detailed infoomatihe
purpose of this study was registration of threeetigional optical coherence tomography (OCT) optcvé
head and fundus images.

M ethods: Data used in this study were taken via 3D-OCT (bopeodel 1000) and contained images of three-
dimensional OCT and two-dimensional colored funduss study was performed on 40 volunteers withhradr
eyes. In the first step, the projection of 3D-OC@iages was gotten; then, the projection images waeed
vessels of two-dimensional fundus were achieve@&e8ed-up robust features (SURF) algorithm was tsed
find the points and their feature vectors and tioematch the feature vectors. In the next stemipéted outliers
points were deleted using Random sample conseRANNSAC) algorithm. Finally, the scale and the arfgle
changing optic disc OCT images to be registeret fvihdus image were achieved.

Findings Combining the projections of OCT and colored funuosges were well done using SURF and RANSAC
algorithms. The best obtained parameters were ntlatebhold of 100 in SURF algorithm and maximuntetise

of 15 in RANSAC algorithm with the mean square exrof 0.0272 and 0.0268, respectively. Due to latk
conversion of projection between the data of OCd@ famdus images, for estimating the RANSAC algonith
similarity function that just adjusted the valudstransfer, rotation and scale, would lead to batsults. The
overall error for the data of 40 normal eyes salgabptimal values of parameters was 0.0038 + 026

Conclusion: Registration of projection of OCT and fundus im@gé& combining the information of OCT and
fundus images can provide valuable anatomical métion from the eyes for ophthalmologists.

Keywords: Optic disk, Optical coherence tomography (OCT)des Registration, Speeded-up robust features
(SUREF) algorithm, Random sample consensus (RANSA@)rithm
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