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Optical design of imaging keratometer
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Abstract; An imaging keratometer by the aid of modern optoelectronic technology is proposed to improve the
accuracy of measurement. The optical system consists of an annular object, a first imaging subsystem, a sec-
ond imaging subsystem, and a CCD detector. First, the first imaging subsystem and second imaging subsystem
are designed and optimized by ZEMAX, and two subsystems are connected by a semitransparent mirror. Then
we perform optimization of the whole optical system of imaging keratometer. Finally, the simulation of the illu-
mination of the annular image is accomplished by TracePro. The result shows that the measurement range of
this imaging keratometer is about 30D to 60D (5.5 mm to 11 mm in radius of curvature) , and the accuracy is
about 0. 072D in the case of the radius of curvature of 7. 8 mm.

Key words: keratometer;imaging system;high accuracy

I #5 HHE:2014-09-16 ;11T H #A.2014-11-15
BEE£WE . HE A RBFEL B H (No. 11104149)



% 6 3]

ST | 45 G AR BB il AT DI B 957

1 31 =

20 28 oK, Bl & R % 1R 25 59 B B i
AR AT 1R 25 R FE IR A B TR
FEBYRIE BN, PR 22 BRG] 5 00 RO
TR M A AR B iR 22 K R R AT % WL
ek B iR 7 Thibos % A F 78 25
SRR AT BR AL I RS AT LUK E] 0. 125D
BONAE A N 53 IE 5 1 i 2 1 R R PN A Bk
TAMATIR 2 M TTHRS 5 BV S5 N 1 A
T G 2 A0 A TR T T - A R AR R 1Y
BT B I A5 25 T e R it vy,
MR AL 0Tl ) JHE B 0 s R R 45 A ST DI B 1Y
DGR 4 th 7 S R a SR A IS MR f
BN JE A BT, 2 AR SV DGR 23 HERR
AR R GRS, X485 A 42 ik 45 14 il 3
RIS T HTR 22 BOR 5 519 A BB D TR | A
P fib e 0 MR AR BT B R L

TG it -2 f B ith e it 2R T BUS B &R
G, 18 PR S ) Sl 1) B Bl (AR LR B XU (8]
SR 3 40, O A B — A 2 025D
Bausch & Lomb 8 832 — 3R A& ] A% (1) —
AL A R AT R B, % 3R A ) 4
JERIAE 0. 12D, Fh#fEATT RS A T 3
LR 22 | PR AE 2 1 AR R B 4R ) T 3 1Y
K, Orbscan ffi LI AR — 3036 T 24
BR A G A RS A7 2 O A
JIES 53R %) 00 K R 0.25D"7 Pentacam & H
il 5 Ay S 1 8 0 BT 2 ) MRBI A SA , AX
el A B9 Scheimpflug $EAR ML FEISE A I b0 mUE
AT e e — JR AT LAAS- 3 25 000 A i BE R
Hia, 30 ek T EEATLNT 3K 2 g B R A TR AL T A
FHEVRE A AR AT AR 0 A A 5 =R A
£ 0.2D,

AR T — AR A T S m, R
CCD 55 (1405 Y AR A RS RO 2 R &8, B
WG — DR RS SRS R AR5,
WARAE CCD HUi i b, S Rgeimat s8££ 07
SO A [A] T 82 A2 1Y A T3 AT A%, A ) il 32
A2 11 8 JIRE T 87 A [+ 145 T A7 " AN ] /N ) T A

B, BUSRR R/ IR A B A it oA S B T3
OG- AR BTN R A BB A 58 B AR A
il A HAT IR Y LRI R e AR A

2 kiR

FAIEEA T R FE T BRIE | R B P4 L
fapRpt , RUAR BT S O HUO B 2R AR 1 ~2 mm A IX
Sl A R AR AR/ X 1 DX ) £ S 3 A
TR A SR T O R | SRR SR A R R R
ARSCAE BT R B T A AR B R 5
A —R 0 Z 5 AR, SR 5 XL E R G AT AR R
it

P 1 oA A5 A B 3R T 2 2R B A5
Bz geh 3 JI L, 20508 — RO R R 4L
PR R AR R G, i 0 o I B
K IEY G — UOR AR FR GEAE AR R 5 T A — {2
SR it SR AR B B R R R 4
W ZUOR R GEAE CCD HE WO b s — 18 37 14 52
B TR A RFIE SRS A R R A2 AL
it

azy TatRTHL LT
. "
., b r!; 1
L TER
El
SN
Aikke

BT AR R G R A
Fig.1 Schematic diagram of the keratometer’s optical

system
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Tab.1 Specific parameters of design of

imaging keratometer
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Fig.2 Layout of imaging keratometer’s optical system I"I-_
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Fig.3 MTF curves of imaging system corresponding to

different radii of curvature of corneal surfaces
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Tab.2 Radius of annular image(R) calculated by
centroid algorithm for different radius of

curvature(r) of corneal surface

r/mm 5.5 6 6.5 7 7.5 8
R/mm 0.773 0.852 0.928 1.009 1.089 1.136
r/mm 8.3 9 9.5 10 10.5 11
R/mm 1.218 1.334 1.418 1.505 1.591 1.678
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Fig.4 Relevance between the radius of curvature of the
corneal surface and the radius of the annular im-

age
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Tab.3 Measurement accuracy(A) of optical system

for corneas with different radii of curvature (r)

r/mm 5.5 6 7 7.8
A/D 0.156 0.122 0.096 0.072
R/mm 9 10 11

A/D 0.054 0.044 0.036
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Tab.4 Tolerance value
sry MEFRCzam) Tl FE
AR /RO (2mm) ( £mm)
1 0.5 3 1.8 1~2 0.2
2 0.25 3 0.2 2~3 —
3 3 0.08 0.3 3~4 3
4 0.05 3 0.15 4-~5 —
5 3 0.15 0.1 5~6 0.2
6 3 0.2 2.5
7 2.5 0.1 0.05 7~8 0.2
8 0.04 0.4 0.1 8~9 —
9 0.4 0.02 0.1 9~10 0.05
10 0.02 0.4 0.05 10~11 —
11 0.4 0.03 0.05 11~12 0.1
12 0.2 0.1 0.04 12~13 0.04
13 0.5 0.15 0.04
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