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A AEE 59 FA s FeotA Fdstst= Aol 7t flug camera, ORBscan 50| AFR-E 1L Qitt AFAEZ 1 7}
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EAo] o3t A™el Fvlo] wE Wz it A M
Dubbelman 5o] ©]3l w-ote] mj7jii4: Wste] #at At
A9} David A. Atchison'2] Zx|oto] th3t 454 mFo]
i3k A7 ARES HlEo R Sigith 919 24 ArEW
7120 14E o AN SHYES o dto]
ok Aol l st 40tholl A T0th7AA| Q] SfRAYAIEHE 1
A i1z 4 Je AHdE FA =orS

22, AUMXtE MEH

Aol w2 Zhubuwa} o] ZENELS Atchison 5

of oJ3hd, Scheimpflug APA&GH oz =43 A}, 57
How {oRt ke 7 4 ek B B Zuhad =
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S7teb ol oJmjofA Ztuke Wl HAS Zhxith Zhbd
2 3xAo A= 22} = (c0n1001 ) FHE, 22 YoAE ¥
Fconic)F o2 ATt 27 HEe A ()3} o] 2HT
Utk
X+ +(1+0)Z"—2ZR=0 (1)

o714 Z= AJA(line of sight)o] R|Upi= Zo|w, X+ ¥
2 AW HE, RS TE AN, 0 7] Bzl
ok MRS 0<-1S BHY, 0=-12 ZEY, -1<0<0
& ZE5(gE)0l F85 EAE, 0> 00d X— YHo|A]
TRES T ©F EREARe 0=00]d S o]
S a9 12 wlgRE Q gholl e 23} Twe] A4S
Lebdl Zlefck
Zepd el vl dgo] Sl wet & &
2 gk 7, i) v ss qRie] A9 S
2 ghg 7MY A”o] SISl whet wholu A ghe) wiake.
2 wgeh? 4 (2), 3)e Z2 Ago] Fotol W zhak 4
“‘U Bl Jstol] gt 3] 4o, Aol A-8H
()T 2k

zhab A v E = -0.0036 + 0.0038 x age 2)
R*=0.030, t=2.03, n=97, p=0.045)

Zhal & H]PHE =1.06—0.016 x age 3)
(R*=0.022, t=-5.55, p<0.001)
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% pt felsrgoldt
‘ﬂﬂr Schelmpﬂug =4 A}
Oloﬂ Z}Ole "}EHHU% H Joﬂ“ Scheimpflug®] ZH
Aotk dAgel e & Wsl= glow, Ho Zhat
7S 0.540£0.035 mmE a%o}du} st zhako] Aw
= ggidog AL o] 9t Atchison S0
H Zhat AH o) T A Pt TEVES 2
7.80 mm, 7.70 mmo] il q{%a}% Zrut Zuje] Zgul7
FA¥AS 658 mm, 6.24 mmo|, AH2| EFYA

v 2 AL & 4= ok 71—UP_,] =3
5 13365 A&t Ay $Ho) gt GAFS 7

FLHJJ&FIOJEE-EJB
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Z} +0.80+4.10 Dx8.8°9} -0.33+0.12x3.9°0]t}. 18} HHT}
SOl HA7) s E AL ZHako] AA JAIERE oF +0.50
D olstg2 A9 F7tol wE Fot MIES 2 4= ¢l
o A mEte] Zhute] B A-85HA] dh Hziol
(anterior chamber depth)= ZMME=71S 23FsE 7oy, &
Hzlol= AAgo] 27}l whet 0.011 mm/year?] H]&= 7t
2x3teh. Scheimpflugol] 93t &787k2] 39412 oh5a) 2t

A Zlo] = 3.909—0.0105 x age @
(adjusted R*=0219, 1=-5.433, n=97, »<0.001)

Atchison SP& 2Ax0] ZEuAo t)ste] 472 WS
7HA]E e o]-83k Purkinje ﬂrMRI S-S vl
3=t Purkinje 4] 749 AHe] S7ket A =GA A
WO FET0] 0.0438 mmvyear 2 F-0J5HA] Fhaskglom,
Tl A= Fgt zfol7t glrkar ahelck 4709 HoR

FAE mFokof| thgt Purkinje Aol Tl 4= 47‘1] A 5
Ol B2 A(5), (6)1} ZaL THO| Ft gk -6.86+0.85
mmo|th A AHI SHo| gk L7—|—4 H| A=

Dubbelman 5"o] A3t 2] 914]2l 2] (7), (8)& o]83l%rk

A A HEYHE = 12.283—0.0438 x age ®)
(adjusted R*=0.192, t=4.05, n=66, p<0.001)

A TH FENA = -7.1857 +0.0076 x age (6)
(adjusted R*=0.0012, t=1.04, p=0.30)
FAA AH HFLHE = -6.4+0.03 x age @)

(n=90, R*=0.006, p=0.44)
FAA| FH H|FHE = -6 +0.07 x age ®)
(n=41, R*=0.04, p=021)

5% FARE Tl 285 Z47 MRIS o] g3lof
slmateie] Aol Fle] mE xouh AUGS At
gom AN 4 92 2k

2R FAE S = 3.1267 +0.02351 x age )

(adjusted R*=0.63, t=12.91, n=102, p<0.001)

Jones 5 4R o] ZATFo| BN 13710] 43
B FAS 14182 chopste dnlo] wet A thA ek
31 3hik. Liou & Brennan'7}h AX|sh chg Al 2o 2
BB P ZE WP AgGL

n(r) =co+ e’ (10)

A7IA r A FHORTE 01111—‘7’—77}1194 g
ZZI0]AL, oot a1 Aot e FAAl Tl =
HE(LAI8)O]AL o+ oz A olA[F-9] =HdE(1.371)
ot} FAlFAe flste] o] WA A (1DT ol Mz, y,
z) Al ghE 5 qlom, Al N A (12), (13), (14)9F



N, p, 2)=No(2) + M@ +37) + Na@) (¥ +37) + - (11)

NO(Z) = N0,0 + N()!]Z + N0’222 + .. (12)
Ni(z) =Nio +N1,12+N1’222+ (13)
No(z) = Nop + Nojiz + Nz,zzz Fonn (14)

X5 wE3Kparabolic model)ol] oA, $=AAS] AHE

(front half of lens)2] N;; A5 4] (15)-(18)T} o] Fof

]Uﬂ TAA FHEY A A (19)-21)T Zo] F=oiA]
i, HE Be ASES 00] "k

Nop=co+ci, (15)
No =-2ci/dp, (16)
Noz = cildp, 17)
Nio=ci/b’. (18)
Noo = co, 19)
Noz = cildp, (20)
Nio=ci/b’. @n
A7A b= A0 W olH, dp i} die 242 A A

2

Aol SHRY FAE YepHtH (1Y 2). Z2F AL G
A TEE A% 2E WA Age & 29 Zrh
Atchison o] 23} Purkinje AY7} Y] 7HQ] WS 7HA] =

P o] &3 Aol ug +A 57 22 Y dFol
S7Feell ek st S A2 vk BTHEE D).
A 57t 248 = 2535-0.033 x age (22)

(adjusted R*=0.029, t=-2.19, n=66, p<0.001)

N

Equator

a7 2. AEH(equator)o A AgE F 719 HHel(half ellipses)
O 2x RY3tE A A Q) saggital THHLE.
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FAAe) 1S dRe] 27iek T ALK <0.02). 19-

2815} 61-6919] % MH B 717} 9.11£34 mm o}
9.41£27 mmo|th A Z ol o] ZHE2e] Hat 4Hel 9.26+
31 mmE Hg3tglon, 2AH AL J**d%’i%ﬂ o8&
1%] 99kth MTE AARS 913, uKalpha)zhS z:— 28
B HZ(nodal) O 2 5°9] Zlo| 4] QUARES] FAHOR e
PH4S AFgatol Healolr. o] vEnEe 0;94 r
o2 Aojsta] v o —isoln S3E
A AAE Eols 4Aa wol AT B2 AL
=+0.5 mmE %83 }OE‘E}“] 3lH 30 97]= Winn & 7]01]
O3t AAl(photopic vision)?] F &= A1 B 4400
cd/m’e} A 0 o) PaA] 2712 9 cd/m’of|A]] &
S37]o] gt 3AAE o A

ZETAA: Yoeam = 8.046— 0.043x (¥ =0.557) (23)
Viaooeamd) = 4.070—0.015x (+* =0.214) (24)

ZAA| Zol(vitreous length)y= AT 2] F7lo] WE F2oI3H
Aol P BHZES 15.9240.70 mmo|,P o] Zhe A =
ot A83t3tt A-scane o] 83t S AH O] FUt
of wel F2l5tA 0.0113 mmiyear 7|2 F715t0, 3|74
o theat 2o

OF=A) = 22.984 +0.0113 x age (25)
(adjusted R*=0.04, t=2.32, n=102, p=0.02)

Atchison 5712 whuto] FAre gduA o] e J“ﬂoi
mm—a}z e %% HEgol ek SHAS AR
= 782] Frofgt Bzt digt XPE
= Lg_ 2s 9lo], K _tn‘_g_oﬂ/q% o]& Z-83}%] ¢kal, Navarro
Fol¥lo] 288 -12.00 mme] YHIE WAL 0] 85}
201, 1ko] Hl9LH == Kooijman©| -14.1 mm o254
of s 0.3469] gh= AASIALH, & d7ofA= Atchison
Slo] wrmdt whuh vl =] FAHel 0268 o83
ok mhate] AElel A3 @ ¥ (Stiles-Crawford) S-S
Ast7] ol solA 7H-L el FEl= LS Ao
ek retasgRwE G391 S 4] (26)7F 2ok

L(r) = exp(-Br) (26)

A7IA r2 o gt omRE S5 YolA AeolH,
HAZrA 19 e 7= Aoz 573} "k g A
dA-F2RE AL2A T4 71 AxE Yy, o]
Fio] st we ATLES B3 FdF 5 ALY S 0.12
okl DeLint 5'o] ol AAkel oAl g AfE o
o] Z7lo] W G A whx| oF=ria gtk 2 o
Folle - A" mEotel gt g AL e 0.12

mm’g FUsHA| Hgstct W<(aqueous humor)Qt %2}
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F 1 AGHE FA =gk B AEE v

Parameters Age group
40-49 50-59 60-69 70-79
Anterior radius (mm) 7.79+£0.24 7.79+0.24 7.79+£0.24 7.79+0.24
Anterior asphericity -0.1674 -0.2054 -0.2434 -0.2814
Cornea Thickness (mm) 0.54+0.035 0.54+0.035 0.54+0.035 0.54+0.035
Posterior radius (mm) 6.50+£0.25 6.50+0.25 6.50+0.25 6.50+0.25
posterior asphericity +0.34 +0.18 +0.02 -0.14
Anterior chamber depth (including cornea thickness) (mm) 3.4365 3.3315 3.2265 3.1215
Gaussian apodization factor (mm’z) 0.12 0.12 0.12 0.12
Decenteration (mm) +0.5(nasal) +0.5 +0.5 +0.5
Pupil Size 9 cd/m’ 6.111 5.681 5.251 4.821
(mm) 4400 cd/m’ 3.395 3.245 3.095 2.945
« angle Decenteration (°) +5(nasal) +5 +5 +5
Anterior radius (mm) 10.312 9.874 9.436 8.998
Anterior asphericity -5.05 -4.75 -4.45 -4.15
Thickness (mm) 4.18465 4.41975 4.65485 4.88995
Posterior radius (mm) -6.86+0.85 -6.86+0.85 -6.86+0.85 -6.86+0.85
Crystalline Posterior asphericity -2.85 -2.15 -1.45 -0.75
Lens Anterior section index L1(45) L1(55) L1(65) L1(75)
Posterior section index L2(45) L2(55) L2(65) L2(75)
Thickness of dy; (mm) 1.67386 1.7679 1.86194 1.95598
Thickness of dj> (mm) 2.51079 2.65185 2.79291 2.93397
Vitreous length (mm) 15.9240.70 15.92+0.70 15.92+0.70 15.92+0.70
Radius (mm) -12.00 -12.00 -12.00 -12.00
Retina
Asphericity 0.26 0.26 0.26 0.26
A|(vitreous humor)®] ZFHEL Navarro[g] m&orel 7k n,= }
13363 ARE3ITh o] MpAEe ASe] s, o
WA B e BAEAS L Ao AgEt L 7% Als
09 38 HAE V)Eos A% AY kot w %(ﬁmte
2.3, FMFEX Y (X3 presbyopic schematic eye)?] HHE=E YEeERH O]E]-

_\?_l‘

HE 33513 AL ZEMAX-EE(ZEMAX Corporation, San
Diego, version June 24 2008) &~ZE Qo] & 0]8-310] X8)3}
Sk, 40-700he] 7k A TS sl 45, 55, 65, 7542 4
74 megere] A7 zhomE 2u AFele] T
W, Aol 2] o), S, Wt v THE 5
AAPOR SIATHE 1). A A F7kE A%
o) 27| 7 A fEmsle] thate] oAl
7] @ % 3 @400 cdm))oH ] B 2715 7t
Agstc) T2 470, 510, 555, 610 ¥ 650 nme] ¥
A sl akol Al 2ol wkeh FATFYL 555 nm
2 33, 7—17] TFE 0.091, 0.503, 1, 0.053, 0.1079] 7|5

(weights) = #-g3lo] 243} sigich.

£ 555 nm 7]|Eupgo] oigt

Hejel 47h4) =
2 A%

3.2. EtAHZE _Jl\_il-

o
a9 2% 7]

Zlo|th 4mmoi’—3_7

TG

AP ERE
1.903 um9] 2 B, v
0.260 pum, 0.286 um, 0.361 pmo]Uct. 18 4= A= 45

X

=

Al wokmto] Kolgl tholol 13e

ar

Ao ol waokEe) G
ekl Sl
Belol tste] PaAlg
79| ZolZ viekdl Folck.

395 7t

2171 u}t

NEoR T 57t

Aol thsto] AA

Liou & Brennan Efﬂoh_]— Hlwsle] vrebd
104 4sAlo1A] 75K] RSk 27}l
O Wiy = 4.741 pm, 5.524 um, 6.125 um, 5.767 um
2 W3 =0.829 um, 1.162 um, 1.517 um,
REFS ZVZY Wy = 0.245um,

Uehd Rolgt.
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CFRONT SIDE VIEWI

TERED PUPIL
@.smMH

ANG

ALPHA
50

L. NDRDAL SIOE
a9 3 By g,
& 2. AAE 2¥el GRIN =42 A= Fk
Coefficients of Parabolic Model
GRIN
No,i Nop Nio
L1(45) 0.089423 -0.113366 -1.686689x10°
L2(45) 0 -5.851649x10° -1.686689x10°
L1(55) 0.076164 -0.124975 -1.332793x10°
L2(55) 0 -3.307007x10° -1.332793x10°
L1(65) 0.068921 0.141784 -1.039961x10™
L2(65) 0 -1.628178x10° -1.039961x10™
L1(75) 0.089244 -0.153892 -1.329959x10°
L2(75) 0 -5.913814x10° -1.329959x10™
Li: AA AR F4E, Ly +4A THEY 24E
¥ 3. Aol kY] Gaussian E4
Age group
Paramters
40-49 50-59 60-69 70-79
Equivalent Power (D) 61.55 61.21 60.74 59.55
Effective Focal Length (mm) 16.2463 163385 16.4628 16.7934
Axial length (mm) 23.5412 23.6713 23.8013 23.9314
4 3.3. ALK}
S 35| | *Lou&Brennan SAg Eatet g St S8E TYFAHLCA) =
g 5 Presoyiodellss) Qe o] BAMEA ] ofgteh. FA4A e Aol A
g 3r —&— PresbyModel(55) "N = o] alare oFo PR = npoy
S 25 |—e—PresbyModel(ss) Aol AL G FA B, FUPAHTCA)= W
£8 o| |~=—PresbyModel(75) o v g EALRA dutzto] Q= A B HAE Tl
23 12]
5515 HgEE 49 o A Z7hE e ok 5 470-650
§ | nm Ao]o] YA IO R HAE 454 et Hte] F
'§> 05 A= OWa = 1.648 um=E =2 GRIN =g AJo] 2Jsf LUAyst
- Sk M= O =0.058 ume] GEE EHTHIH 5).
0 05 1 15 2 25 3 35 4
Ray height at corneal vertex (mm) -
34. MIF 2! 3|& A EA
719 4. =QF gt} Liou & Brennan ko] Fp<=} v I MTF+= 3sHA7E 3maes o 2 S3kAA A4
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Cornea . Lens Vitreous
Pupil
Front Back Front Back humor
2 3 ST0 5 6 7 SUM

I
I I

Plot Scale : 0,004

FIELD CURVATURE  DISTORTION [RXTRINCOEDRY LATERAL COLDR
SEIDEL DIAGRAM

R H45M))S] Seidel Tho]o] Z#M(unit: mm).

19 5. 9t

on WYSEAE Yehhe ghey B0 Ware) 4
o] MxE0) Hl=A FAFKA (27). A Fele2 4
KA1 7126 6 me] Aol A oF 127} o]n], LogMAR 0.0
Al 9] Snellen ‘E’AJ2|stol tigh Wahte] F7]= oF 0.025
mm ©|1L 100 cyclesmmE 7}Ath A|ZHA5-L o|=3517] 9

) AFzissquare-wave) MTFE ARgahon, Aztst 1
2AYTRE 4 8)3F 2ol FalEch

E

Image Modulation

MTF= Object Modulation (cycles/mm) @7
o] 71 A Modulation=%, L= 91 HFFOlA RE

AbE A7) (watt/em®) O] L [in 7 BFHollA] WEALE A7) E

Upepie,

SMIF(E) = purr) - MIEGE)  MIAGE) _ MIFGE) ..

(28)

A71A, &= XIS, MTF= ARITH(sine wave) A
o SMIF= Azt Wz gsioleh. ate] A (retinal
image quality)& NFIE A4, F39 277 ARSE
T1ear ke gpo] woldE AstEh 19 62 SMTF
9} Snellen 424=2] 1.0 AJA|ZEE ©]-8-5}0] Liou & Brennan

LR} 454 eQh Qe et Aol AE vlalsto] e}

TS DIFF, LIMIT
HTS 5.0800, D, 20BD DEG
1o el .
RS
1. 2000
08 = 2.5000
Lok ©.8000
=
W oo 8.7000
>
T 8.6000
N
n ©.5000
oo
5 8. 4000
n Er ©.3000
ez - B ©.2000
o L 4 . 1000
5.0 1 I I 1 I I I I I ©.00o0
° " @ e s w B @ e 126 e DIFFRACTION IMAGE ANALYSIS
SPATIAL FREOUENCY IN CYCLES PER MM
(a) Liou & Brennan & QH45A4))
TS DIFF., LIMIT
| ‘TS 5.0000, D 0BRD DEG
‘o [
1.0000
0.5008
w 0.8000
=
= 0.7008
=
g 0.6008
2 .5000
i
T 0. 4008
]
3 a3 - n 0.3000
02 |- B 0.2000
0.l . 2. 1008
".0 1 Il L L L 1 1 1 L ©.0000

[} il 28 z [ 78 BY %8
SPATIAL FREQUENCY IN CYCLES PER MM

112

126 148

DIFFRACTION IMAGE ANALYSIS

(b) =t HFHESA)

ROk} Liou & Brennan 2 &<¢F2] SMTFe} 314 oju|x] EA] H]iL,
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) Qe 9% Y mFt A — H)
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R Zloltk 5% 217 4 mm¥ uj|, TangentialZ} Sagittal®] &
o+ SMTF= 5 ®2golo)|A Zz+zF 0383} 0.559] S Holal
ATk 4 /\ﬂ Lol g O\_POHH 100 cycles/mmo]| T3l 55% ©]
R olck

l‘

0O

=F
=

Iv.

Kl

ARe] STt FA ¢kte] RE A oA WSk} whAYst
o, FohA miA WeEel vl 2AA, 5 S 2 W
upe] Wishe wmoiRkRte] EHAHE WSkl A Het ﬂﬂé
F7tell w2 Zkat FA|o) Wste] diaf chekgt A7t ey
Aot Zhape] FA| Wste] tigt F3iE S gl ﬁﬁi
Bolw, AN A Hep AN FEo] F v AR
A, Zrepdme] e dso] Fkgtel whel 7has)
oM g 2el Zubde) v aEEs ofzk Helol

7HAA Bk -0.20£0.2001H, o] = # 9| WskA] ¢

ENEE ARl Skt whet 7&*0}”4 HFHE =
ofolu A gHe 7px)A "ok Oshika 512 Ztapo)
LASHE SAHES Aol 2l wet w Zkeke of
£ Aol olgh ARche Fojeaiet T o ol
Aolgta 3ttt AA AN 17 304 B viel o] Zhak
fo] smptapo] the WEAA Het by Erhs A2
Qlth ol QlojA 71 Zzlo]l o= wE FshA H
SR WS, SR B, 27 R A

T AASHA Wk A9} —’Fzéiﬂ”-‘ﬂ o] Ast
2 Qs 2aeo] AR Ge) Fahee Sl Aol
A o] Fge ols gamoh AL o
Aol A e} Aol F71stn] Thi 49A) WA &
& Tl 71908t AAZ A A S FAE
Z7)atek. Koretz /'S AA7F 13 ume] Zo|& &4 F7A7}
F7hsHe Al wAstE, AgZols AAEe Wzl %
& FAZY SV vlET Ao e HlERA At
staich Az Al SHA W TEWAL (asi

53] AR Hagpe] o A, 382 24d(optically
active) 1] FE ZAGoR B A Avn FHo
Bt HFEEE 247 59} 4 wlS e ghe Urhyn
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Optical Models of the Finite Schematic Eyes for Presbyopia
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There is a need for a finite schematic presbyopic eye that models vision and image quality under various conditions such as
cataract or refractive surgery, as well as near vision corrections with an ophthalmic lens or contact lens. Using recently measured
biometric data of presbyopic eyes, new model eyes were designed that are optically and anatomically close to real eyes. The
parameters changing significantly with age were incorporated into models for four different age groups. The new model eyes have
alpha angle, decentered pupil, aspheric GRIN lens and aspheric retinal surface. It is likely that the new finite presbyopic model
eyes will be useful for designing visual instruments such as low vision aids, PALs, IOL and contact lenses, and for the clinical
prediction of the retinal image quality of a presbyopic patient.

OCIS codes: (330.4460) Ophthalmic optics; (110.3000) Image quality assessment; (080.2740) Geometrical optics, optical design;
(110.2760) Gradient-index lenses.
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