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Introduce of Radial Imaging Capsule Endoscope
(RICE) System

R B REW - SR ZRE
Wei-De Jeng, Mang Ou-Yang, Hsien-Ming Wu, Ping-Kuo Weng, Ker-Jer Huang
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In this study, a radial imaging capsule endoscope (RICE) system is designed, the RICE uses a cone mirror, a radial
window shell, and a focus optical module that comprise the radial imaging system. This concept was demonstrated
in a packaged optical simulator. The RICE optical model also has been established and verified by many simulations
and experiments. In minimizing the sagittal and tangential aberrations, the optical module of the RICE has achieved
an F-number of 4.2, a viewing angle of 65.08°, and an RMS radius of the 4th to 6th fields of less than 17 ym. The
modulation transfer function (MTF) is remarkably improved from 7% to 36% at 100 Ip/mm on the 5th field of the
sagittal plane.
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Near DOF (NDOF) 0.15
Far DOF (FDOF) —-0.16
Object distance, L —7.48

Entrance pupil position 1.08

Exit pupil position -0.56

Object principal planes, & 0.67
Image principal planes, &' -0.90
Image distance 2.86
Aperture stop position 1.00

26 BHEITAE=TI05E R 102.4

HUZRPE AT Fei FDOEERSG TR AGET TR R
aeat ~ BALEDAT - e AREEERINE BIR
T FIFBRE SR RO S 85 - E
ERRGG BB BAMRSRM - bR 1SR
DENEERUER AR - 2 A E ISR EER
B By SRR R o =R -
BuE -~ AETERR L HAR - DURTHE 2 i s
REE IR E(E -

= BRI RET RS

SRR R B A B s S SR ST - AR Bt
SEREA SRR AL (B HBRE A - %
EITHIIE E L R IRIRE - Y Bh 3 ) A S
R AGE 45° SEROCE RS SRS SEIRBE SRS
S LRk G, - SEUETRES (IR AR I o T
BRSO A RIS - g RE B B
FITANTE] o i S 2 B A 65 O A i 7 ‘5 B 5% O 1T £ B
(front focal point) Z R} » TRESER & (SR - H
BB —TREES o ZIRAKERRE - REBEAHR
i EAFHERTRERE - BENK r HEFR
BEOTHIEERE - EFR—H280% error = 1.1 mm ([ 2
R RGE R B R R RO E Z HEEE 0.4 mm + YRR
& x = 0.7 mm) ° %aTFLEERERY H B2 SR AR
BRRESTE IS - RO I O RS Y
Wt Z YNGR G R G - 5340 - dlE 2 1]
B SRS BIERYIEE - A SRS
FENER - Bk FICE 24 - ERYYIEEEL RICE ¥
PR AR - R B R 2 B -

A2 ETEE R FIFIA FICE Z /=8
DEAH LR ET AR RICE A AT A 2 sREEsd© - 2
| B/ FICE A#f Fr = SRBERH A paaHA% - FIF



*
-

RICH real object

18 LEHURE SR E 28 RICE SAM 8 FrH 2 A& rT pE i -
BEOCEANINERH A AR R AR R e 2
7 RICE 2 3% {n[ELAE 3 FR » HA La (F3FmH
FYefM 2 BERE) By 1.00 — 5 = 0.33 mm » [ff PE (A
et 21 - ST BEEE) F5 1.08 — 6 = 0.41 mm - [fiAR{E
YigeE - TR ROy 0.383 » HSEINEER
5 85 R b AR A Rt R 7 B AT BA AR = (1)
Hr H B 5.29 mm - AJEHHEIRSEZ 18 3.35

LT
LT
s

2.
RICE # FICE &
Bl EZ 25 -

1829 4 H. Coddingtony TEffiZtt2H : wTLUE
A AR TR T Il BLIUR T [A) AR AL B Y
FFERD o B F AR T TR EEEI R R EE R
7] > BE B BER AR - BIRZ ITE AT LIHEE
i T HE 25 (Coddington’s equations) » F A" {5 F
Kingslake 1978 FHg HIHY /7 AGEE R T i 72
® o DUF o B T e G 2 RERE AL - AR
HEESEAR RS L B 72 - H R Ry RF18

mm ° &R HE A HEE Y PR R LB - 5% n BYIHIT SR ' BB ITITH R - L, FBILRY)
B B Zemax YEERFEAY o PE L) RN RBREE - L, R YIEE - L) R T T8
PE - K, B K, Byl R AT M B EERE ST - #8H
R ___H M X (2) £ (4) FIDAHEEH « SERREEE A EZ A ST A
0.417+|-1.232|+R  0.417+|L| & o FISEREE ERER - WG R E A E =
Object
L P P"  Enp. L2
AA
R
- e A
R
H A.S. C/2
- - NS g
- <——> A RICE # %2 %A
L = PE ﬁ%‘iﬁ °

FHEITAME =1 UESE A 1024 27



4.
KT EZ R T EE -

HERH R o

1 —cosf' —cosf _

- 1
- = K 2
Ly L R 2)
2 2 ’
—cos“ 9 cos@ —cos@ —cosl
L[' Lt R
2 .2
ALzLS,_L,:B 1-cos”§ =§Ln 0=§tan0sin9
2 cosé 2 cosf@
4)

By 7 REALRE - I EBERREGRERS - I
VT R E AR B AR O B AT BRI - I EDERR R

P
x + NDOF
LS
h 4
F 3
D
;
0
h P A
Y
Lz

AT AB S - IRBETEAGR - RS R
3.35 mm » YHESCEIRYEERE D = r + x + NDOF (G
) = 6.253 mm © JLRPEEE A R EY IR EARY)
PE L,=D — R=2903 mm * B EOFTERESE 5T
R ABTAEREAER 45 B RARERA
4 Fi o WIERRE R BORs NR AR - HIZC (2) /T
AT (5) » ATLUSK HH 25 e e IR S 22 S
B2 IR G ERE » A= (6) A » SELERE RN Ry
9 Fr SRR EG - 206 5 Fs o SEARRER
S5 S TP FE By —7.485 mm * PJTEIF 1E i HEAE
Z =-6.819 mm * HERG AR IEREE Z =37
mm ; {HEI AR ER R —0.566 mm — —5.472

T 4
3.35 —
i \\ ] \\ ——- Y ,
12
i Nl BN ;
N IS
! |1.7 \ 2 £
\\ @tj
Q By
1 ™~ >
! 0.85 K 1
i .
= N\
= 1
5 . NT |,
KEx\TFHEE>HERE (Bt 7 -6 -5 4 -3 -2 1 0
%) e Z EEFE (mm)

28 BHEITAE=TI05E R 102.4



_____;-r—l 0.00 |

—_— ]

4

p— 7
U 1-1.28
- srum [;
|

/ -0.33 L_ 05

-15 -10 -5 0 5 10

Z FEFE (mm)

mm - AFHLAIRE A - ATLMSEE 6 JIRE
BLOMGZES - fE Y = ~0.18 mm HHTER&EEE&
HERRAHIIFE A > 2 FH A LR Y0 (2 iR BT FR B 7 B A

;l B 1 _ —2cos0
Ly [(r+x+NDOF)-NR] 2NR
_ NR[(r+x+ NDOF)— NR]

Ly 6
* ¥+ x + NDOF ©

)

FH_ESEmT R > ASEHRAEAS SR CER S A 5
RHARINE L% - EREETFERRAEIRER o
BRESTERER - BRSO RO e B 22
BERETINARE - EA T GERS - EREE
NSRS RPN C1EE Y SRS RS B Ul i ISV EE Y ERENTIPS
SEAR AN A Ry IR P BB AT - T R SR I R Y
®77 - MRS RGEGE L RARR T 4%
i o BEEIIOLRRES TR (sagittal field
curvature) | FEEREYTTE R/ NCkE - B EIHER
TR E - BEPLREE « BGEHERIIR S
RS -

= IR EREER

AREGRAH Zemax SEERERBEAE T ISR
ABEANTRTRERREL - HEGHHEERE

0
€
E
Bk
£
-1 >
-1.5
15 6.
WA TFFGEETHERE (St
ER

IS B RE R 5 =X B 2 N R 5% (5 FH S AR OB S 851
AT IEEGETY » DMERRER T R E(LH 8
SEFARG Z B o BEAROEERRZET 8% (cone mirror) #1E
R SRS o BER BRSSO R Gt 85
& 2EIREMEGER - AILUEE] 45° BT
T _ERUSERFREMEE (sag) R 0 £ Zemax
TR A 1 7 B 8 5% T8 Ry miirror - PR A% Z dili )
T e BB — 2K [ B R AR S T B AR BB S B 855 -

R 5 FF 3K T th 2 5 A2 =X AT DUAS: 0B 20 I e
LT HER A - i A Zemax 1 FEAEE —(EH/)N
IS HRR PR (FERLBEAR 107 mm) - BIAJ {528
ROEB R S . RSB EANTR AT
AL A ERE] - T2 RTT o Bt DALAZE (5 FH e R 4
#2 (cooridinate break) [ @ FFHEARNCER S ETE7
PRUE M BB ISR X e 90° - DUZERGREG AR
BN SRR G AR R RS - I —1RiYE » 18
Zemax FHIRIBRADEERFIRER - K@ BUE K
B 5% 1F 7% 10 I B T SR~ (R A8

N EHBIREE Z #hEim (BRTESRM)
AR - AERTE X-Y SPHEBERR - FTAETF 1
B T A E I R A I SR RN A - B T
EISTEEB A ERGNB A © /£ Zemax 1
R FIER U IA (toroidal) 2% T ERIRBIHE S5
HIfEh - anlE 7 Frs o BARNEHEREEE R 0.7
mm : AR 5.0 mm  YMEFs 5.7 mm - FrLAZRME 2
e ERH 1 BIIEEER - B R A S B R IR

FHEITAME =1 UESE A 1024 29



7.
By A5 WAL

XK@ 2
R F s E A ﬁf\:' -

3D #A -

5.0 mm 2 5.7 mm ° [l Ry i BHER SR EG B A\ BE e -
Fit AR & £% 38 3% US Pharmacopoeia XXII Class VI
W& FEEYHEAER A BEEZEHBIE PU
(polyurethane) #E » HATH3% 1.59136 * Abbe
FREUEy 1534699 » I K#HIE Sy 365—1014 nm * 58
R iERE R - BRI BRAAME T TR -

8(a) By Fr = ERAHTE IE H S B T B EG
» Airy disk EfE5 5.5 um > /)N RMS FE4FH
—i 0 By 3.672 um ; Fx A RMS “EREIEE N
50 By 27.044 um ° (b) B R SRR
RIBEEANR S (BGOSR ER S 8 B % I B S )
JeBEE - Airy disk EEE 6.304 um » /)N RMS 2
CAFFE IR > By 11.715 um 5 F K RMS E&HF
H—R5 > 5 291.488 ym -

TE AT AR RS A& S T AT % BE A - B 5 i
S5 RMS SEEEANE(LIBTE - B B AIEEL 55
WTEAER B ARIALE - [B 8(c) K (d) Fyid Fr =l
KRB RN RS A B RMS LB R
£ AIDAFEBRAE SR S S G B B2 T
BTG L F R B i (R R RS - HRE i RIS 2
5 AT DABESZ RS SR o R T B AFHFI ISR ST 1A Ko
T ABOEEHGEUETY - FMTE— ST IIR
Fa kT AE P EER 2L - & (o) B ()
HRw BT OE SRR GEGE SRS
B SYIEEIEZ X 7R (R TTIA) FEAR N
Y i) (FAF ) EE RN B RMS K -
HIEG I LETY - g TR EEE
WA (BEEMER) - BAMARFREHEES (BERY

30 FHEITME=TEE0H 102.4

R) o EewlE 8(e) Bl (f) FILAEH « £ Y JiIA] (74
Jita) bR T SRR a5 R S AN AR B R — R
TR EL - Bt T ORI R R LR
WKEAEFIAR &I L - MHA LLEE 8(g) B2 (h) > #
BUIN_ESETR BRI R ESRARAE X TiIA) (IR TTIA)) 2%
i 35 B EER AL BN - BB 2 B 5t B
HEANERTY CMOS 53 5.6 um » {¢[& 8(h) 1]
DIALESS —if SRR R - B 8(f) BdlE 6 fh¥
A DA B — il 35 0 A (B RGBS AR R FI AT 5.0 mm
DLERIAIE » 58 iS50 A R R B TR A 5.0
mm FEAAHIALE LR AR 5 RIS i s R AL
B o AR BRI BSAEER G 1Y -

A OEE R B e B W B 55 i T2
FEE LR (contrast) HIEHTE (resolution) » T-Z2HY
RIAEE R MTF (B R R Bl ER BB R R
/NEELEITE S ST ALK E MTF (modulation
transfer function) FI| FH ¥ [ 212 B 2K BF A4 87
SR G RES) - BE DL T B EIT R R (Nyquist
frequency) ; RJEFix K2R » BAI R line-
pairs/mm * FAFREAR S E H 5 R 532 R R B
REJIRYE - MG HAIBE AR S TER K CMOS H
WiGFRRy o B—BFE AN 5.6 um 0 STEHESE
WA 89 Ip/mm ©

Pl 9 Bl 10 AIDASH] » JRe Fr =it &
fifl = MTF@100 Ip/mm = 37.5% - {HEFEGAE
AR B R - w2 R AR SO 2R
[ST &) MTF BHEE N2 - AR5 RN
10% » RAERETEL » DUSBIRERFER -



(@)

(b)

OBJ: 0.0000 MM

200.00
L

IMA: 0.000 MM

OBJ: 3.1774 MM

OBJ: 1.0591 MM

IMA: -0.404 MM

OBJ: 4.2365 MM

i

OBJ: 2.1183 MM

IMA: -0.801 MM

OBJ: 5.2956 MM

0.6500
0.6200
0.5800

0.5000
0.4600
0.4200

0.3850

IMA: -1.187 MM IMA: -1.551 MM IMA: -1.870 MM
SURFACE: IMA
SPOT DIAGRAM

LENS HAS NO TITLE.

TUE JUN 30 2009 UNITS ARE um.

FIELD : 1 2 3 4 5 6

RMS RADIUS : 3.672 4.280 5.977 13.701 21.916 27.044

GED RADIUS : 7.405 10.920  14.532 28.821 43.261 54.462 | DONE JP OBJECT +2-3A-3(090312 W 521), ZMX
AIRY DIAM 5.5 REFERENCE : CHIEF RAY CONFIGURATION 1 OF 1

OBJ: 0.0000, 0.0000 MM OBJ: 0.0000, -1.0591 MM

_ gy

200.00

IMA: 0.000, 00001 MM IMA: 0.000, 0.418 MM

OBJ: 0.0000, -3.1774 MM  OBJ: 0.0000, —4.2365 MM

IMA: 0.000, 1.229 MM IMA: 0.000, 1.605 MM

+ 0.6500
« 0.6200
OBJ: 0.0000, -2.1183 MM = 0.5800
« 0.5000
0.4600
0.4200

= 0.3850

IMA: 0.000, 0.829 MM

OBJ: 0.0000, -5.2956 MM

IMA: 0.000, 1.928 MM

SURFACE: IMA
SPOT DIAGRAM

LENS HAS NO TITLE.

TUE JUN 30 2009 UNITS ARE zm.

FIELD : 1 2 3 4 5 6

RMS RADIUS: 291.488 195.657 115.172 51.697 1.715 22120

GED RADIUS: 557.494 383.509 227.496 102.036  27.865  48.051 |DONE JPOBJECT +2-3A-3(090415 W 521), ZMX
AIRY DIAM 6.304 REFERENCE : CHIEF RAY CONFIGURATION 1 OF 1
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8.00E + 002 [~
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RMS SPOT RADIUS IN um

3.00E + 002
2.00E + 002

1.00E + 002

0.00E + 000
-5.00

0.00
FOCUS IN MILLIMETERS

5.00

RMS SPOT RADIUS VS FOCUS

LENS HAS NO TITLE.
MON JUN 22 2009
FIELDS: 1 2 3

REFERENCE: CENTROID
WAVELENGTH : POLYCHROMATIC

DONE JP OBJECT +2-3A-3(090312 W 521), ZMX
CONFIGURATION 1 OF 1

1.00E + 003 -
9.00E + 002 |-
8.00E + 002 |-
7.00E + 002 |-
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4.00E + 002

RMS SPOT RADIUS IN um

3.00E + 002 F
2.00E + 002

1.00E + 002

0.00E + 000

0.00
FOCUS IN MILLIMETERS

RMS SPOT RADIUS VS FOCUS

CONTACT CAPSULE ENDOSCOPE
SUN MAY 31 2009
FIELDS: 1 2 3

REFERENCE: CENTROID
WAVELENGTH : POLYCHROMATIC

DONE JP OBJECT +2-3 A-3(090415 W 521), ZMX
CONFIGURATION 1 OF 1
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RMS SPOT Y IN um

150.00

100.00

50.00

0.00

-5.00

0.00
FOCUS IN MILLIMETERS

5.00

RMS SPOT Y VS FOCUS

LENS HAS NO TITLE.
MON JUN 22 2009
FIELDS: 1 2 3

REFERENCE: CENTROID
WAVELENGTH : POLYCHROMATIC

DONE JP OBJECT +2-3A-3(090312 W 521), ZMX
CONFIGURATION 1 OF 1
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250.00 [
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50.00 -

0.00 L L

200.00 Nl__\

0.00
FOCUS IN MILLIMETERS

5.00

RMS SPOT Y VS FOCUS

CONTACT CAPSULE ENDOSCOPE
SUN MAY 31 2009
FIELDS: 1 2 3

REFERENCE: CENTROID
WAVELENGTH : POLYCHROMATIC

DONE JP OBJECT £ 2-3A-3(090415 W 521A@ A), ZMX
CONFIGURATION 1 OF 1
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400.00 - -

350.00

300.00

250.00

200.00

RMS SPOT X IN um

150.00

100.00

50.00

0.00

FOCUS IN MILLIMETERS
RMS SPOT X VS FOCUS

LENS HAS NO TITLE.
MON JUN 22 2009
FIELDS : 1 2 3 4 5 6
REFERENCE: CENTROID DONE JP OBJECT +2-3 A-3(090312 W 521), ZMX
(9) | WAVELENGTH : POLYCHROMATIC CONFIGURATION 1 OF 1
T T T T T T T T
500.00 - ]
450.00 [~ N
400.00 |- |
E -
S 350.00
Zz
>’ 300.00 o
5
hod 250.00 7 -
(D o
2 200.00 -
= .
150.00 7
100.00 7
50.00 -
0.00 1 L | I e | 1 L |
-5.00 0.00 5.00
FOCUS IN MILLIMETERS
RMS SPOT X VS FOCUS
CONTACT CAPSULE ENDOSCOPE
SUN MAY 31 2009
FIELDS : 1 2 3 4 5 6
REFERENCE: CENTROID DONE JP OBJECT +2-3A-3(090415 W 521A@ A), ZMX
(h) WAVELENGTH : POLYCHROMATIC CONFIGURATION 1 OF 1

8.(a) M 4 XABMAIEE - (b) A XAEABEAKSAIE () M A XEAEEEF Mk E/E %/
s (d) B KA B RS @ B IR A L 0 (o) M A AL ®Ae B IR T /8
SLE (D) M A XA RS B BIUEIE T é EE S LE 0 (g) M A ReEag ®/e Bl
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TS 2.11B3 MM TS 5.2956 MM
TS 0.0000 MM TS 3.1774 MM

10 | [TS 1.0591 MM TS 4.2365 MM

T m= T T T T T T
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0.00 50.00 100.00

SPATIAL FREQUENCY IN CYCLES PER MILLIMETER

POLYCHROMATIC DIFFRACTION MTF

LENS HAS NO TITLE.

MON JUN 22 2009

DATA FOR 0.3850 TO 0.6500 um.
SURFACE : IMAGE

DONE JP CBJECT £ 2-3 A-3(090312 W 521), ZMX
CONFIGURATION 1 OF 1

B 9. WA X424l MTF B -

TS 0.0000, 0.0000 MM
TS 0.0000, -1.0591 MM

TS 0.0000, -2.11B3 MM

TS 0.0000, -3.1774 MM
TS 0.0000, —4.2365 MM

TS 0.0000, -5.2956 MM

S

MODULUS OF THE OTF

NG TOO LOW, DATA INACCURATE!

SPATIAL FREQUENCY IN CYCLES PER MILLIMETER

POLYCHROMATIC DIFFRACTION MTF

CONTACT CAPSULE ENDOSCOPE
SAT MAY 30 2009

DATA FOR 0.3850 TO 0.6500 um.
SURFACE : IMAGE

DONE JP OBJECT +2-3A-3(090415 W 521A@ A), ZMX
CONFIGURATION 1 OF 1

10. ¥ K KRB EL 4K 5 MTF g -
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FYIERENE -
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M~ BMkaes

BT VEERR - Al MR O BT (B
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B 13.
CRE S e R R A

10 12

Bl 11.2 » ZHRHEIETEE - AREINERE
e/ NFLES LR - AT AR 3R 13 A AR 80N
f o AT DVE RS RS AN - R B S -
B T AREB AR TN B E LR
il > R Z R 5.6 ZRIFRE(LGY - B
2] DAFE EH SR B2 S B 85 R T B F LA R~
SRR TE BB 58 fOB I R B s I E »
HIET S e RS AL E RS A P 22 i r IR
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IRIZRTSCAT IR ATAG SR » 8L 2 S/ HU AT
FEERATE - DU IR ) BE 7 TS HiT £ G B A 45 8L
B o WIFE R bR v DUS AT SiAH YT FE R (back
focal length) » MEEFHER FFR 2 Fr - BELYIH
BRI S AP IERE = 7.1 mm (WIHZEREE) -
0.7 mm (3%¢/%) — 5.0 mm (N7%) — 1.186 mm (BFL) =

Surf Type Radius Thickness | Glass | Diameter Conic % 2.
Obj | Standard Infinity 6.8194212 10.59127 0 W H Rtk ibig g (R
1 Evenasph 1.257767 0.690352 | APEL| 1.442136 —1.225675 4% : mm) °
2 Evenasph 2.242647 0.312047 0.81874 5.513546
Sto Standard Infinity 0.05 0.282594 0
4 Evenasph 3.421843 0.687559 | APEL| 0.392986 | —61.362248
5 Evenasph | —2.371380 1.96 1.025174 3.522382
Ima Standard Infinity 4.054833 0
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(@)

(b)

3D LAYOUT

CONTACT CAPSULE ENDOSCOPE
WED JUL 1 2009

DONE JP OBJECT +2-3A-3(090630 W 7 521A@ A BFL), ZMX
CONFIGURATION 1 OF 1

OBJ: 0.0000, 0.0000 MM

Bl

1000.00

IMA: 0.000, 0.001 MM

OBJ: 0.0000, -1.0591 M

IMA: 0.000, 0.401 MM

+ 0.6500
0.6200

M OBJ: 0.0000, -2.1183 MM = 0.5800

« 0.5000
0.4600
— = 0.4200

= 0.3850

IMA: 0.000, 0.801 MM

OBJ: 0.0000, -3.1774 MM  OBJ: 0.0000, -4.2365 MM  OBJ: 0.0000, -5.2956 MM

IMA: 0.000, 1.196 MM

IMA: 0.000, 1.570 MM

IMA: 0.000, 1.903 MM

SURFACE: IMA
SPOT DIAGRAM
CONTACT CAPSULE ENDOSCOPE
THU JUL 2 2009 UNITS ARE um.
FIELD : 1 2 3 4 5 6

RMS RADIUS: 130.958 74.730
GED RADIUS: 225.740 149.487
AIRY DIAM 12.13

41.897 16.963 6.65
85.050 34.995 15.65

1 12.381

6 26.908 |DONE JP OBJECT +2-3A-3(090630 W 7 521A@ A BFL), ZMX

REFERENCE : CHIEF RAY CONFIGURATION 1 OF 1

FUBFANE =105 5 A 1024




200.00

180.00

160.00

140.00

120.00

100.00

80.00

RMS SPOT X IN um

60.00

40.00

20.00

0.00

0.00

FOCUS IN MILLIMETERS

3.00

RMS SPOT X VS FOCUS

CONTACT CAPSULE ENDOSCOPE

THU JUL 2 2009
FIELDS: 1 2 3 4 5 6
REFERENCE: CENTROID DONE JP OBJECT + 2-3A-3(090630 W 7 521A@ A BFL), ZMX
(c) | WAVELENGTH : POLYCHROMATIC CONFIGURATION 1 OF 1
TS 0.0000, -2.11B3 MM TS 0.0000, -5.2956 MM
TS 0.0000, 0.0000 MM TS 0.0000, -3.1774 MM
10 TS 0.0000, -1.0591 MM TS 0.0000, -4.2365 MM

’ T T T T T T T T

9 uNg TFOO LOW, DATA INACCURATE! -

[ . N n e - I
=7 AN T |
o N T~
I:'—: 6 O T . -x""“—h.____ .

I-OL 5 SN ™ -x"_“ﬂ.\____“_ |
2 —
2 4 Th T -
O J \\ __\_H_\__—h_
o 3 ) Sy i
= . .
2 S ~— Ll A
- S
A - T T
-". “‘-'-______‘_ - — - _H:“_" - —
.0 M Sy e I = 1 L I ]
50.00 100.00
SPATIAL FREQUENCY IN CYCLES PER MILLIMETER
POLYCHROMATIC DIFFRACTION MTF
CONTACT CAPSULE ENDOSCOPE
THU JUL 2 2009
DATA FOR 0.3850 TO 0.6500 um.
SURFACE : IMAGE
DONE JP OBJECT +2-3A-3(090630 W 7 521A@ A BFL), ZMX
(d) CONFIGURATION 1 OF 1

14. (a) 4% E# BFL X layout [8  (b) 4t E# BFL Z X2 [E © (c) & @1 F # LI & 7 b F 18 54k

' (d) 4% E#> BFL = MTF B -
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0.2142 mm - f¢_E—&iRY Airy disk BE{EA] DGR
ERAYEE B (ST B OB - RIHAET RAYE
BZT  BRAEER 4.2 (ERELGRM -

H%%Bﬂ%%%ﬂﬁft%%é@ layout Z[1[& 14(a)
& (b) FEEY - EENTRIGHEE R R RN
dﬁ“ﬂym;ﬂMw&ﬁEﬁﬁ%MBym°E@)
A LUE H A5 i 35 e B~ R s EA A 5 /)N [ (d)
TEZ2fEHAZR 100 Ip/mm FZHY MTF 2G5S} - $1#
FEBEEAR AN ERIEE DY ~ BB BN AR
A SBUUTRES T4 510 MTF B 6% » S UYiR 5
KJ51E MTF Fy 0.6% : B ARS T 5 1A MTF f
6% * BAMIGINVK ST MTF EZE] T 36% ; &
ARG T 710 MTF B 4% » SRS
MTF 5 1% °

£ %nnﬂﬂgﬂn nH’H

PRAH R AT AG R - AT AEEE R 2 mm BYHE
A wﬁ—*%@!%%%&%%ﬁM% 5
B RIEBR AR T » 3 F1 FH 3 pR EOH (5 R A
1AL - BRI S AT S - & s fE B
Ry 4.2 I > 0] DUEUS =BG H B EGFEA/INME 17
um DUT - 880077 Br 85 = 0UB 2E i 5% 7] A1 FH A iR 25
HiE - RGBT RS AMAE 22 FSE 100
Ip/mm YK MTF » B4 67 e =X s i iy
7% FETFEIH RN 36% © 54N o oKW R R A
W Fr 2SR ~7.762% AR Ry —5.0595% » KA
DT 2% o B ARG E UG E Ry 512 X 512 ¢
B F AN 5.6 um ) CMOS 515 BRI 28 5 £ Yk
e o [BREREFIN BB REEE R 5.158
mm * NEERBER KR o &R R EE -
HEARL BT 8~y 4.769 mm » FFEBRAK
5.0 mm FYPR] - SEAH AThmEL S e U EE Ry 1.186
mm (JNRETER) - 8 B MRt vl DR R 24
LED i B R AR AT A -
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