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Lens design of the optical system of 3-D head-mounted display

Student : Min-Ying Tsai Adpvisors : Dr. Yang-Hua Chang
Dr. Chien-Yue Chen

Institute of Optoelectronics
National Yunlin University of Science & Technology

ABSTRACT

This research focuses on designing an optical system of 3-D Head-Mounted
Display (HMD). We use Liquid Crystal on Silicon (LCOS) and eyepiece to design a 3-D
HMD. We thicken and optimize thin lens by using doublet, triplet or multiple lens as
eyepiece. Then we optimize and simulate the optical system by using ZEMAX and
discuss this optical system.

Firstly, the optimized optical system is studied against the human eye tolerance
level and the result is compared against the image simulated by ZIMAX. It is found that
doublet and triplet lenses, though are applicable to human eyes, have some aberrations
and chromatic aberration which affect the display quality. On the other hand, the
multiple lens optical system has greatly improved the aberration and chromatic
aberration issues to achieve high-resolution optical system.

In this research we set up the two cameras of 3D-HMD system, adjust the angles
and deliver the images to the eyes. It can be applied to entertainment and educational
training by cooperating HMD and virtual reality. Virtual reality can simulate the

educational training of precaution and it decreases the damage caused by practical drills.

Key words : head-mounted display ~ 3D ~ optical design
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LR [ E ﬂéar%%ﬁg@i%&%\»ﬁﬁéﬁé - A S wF

SRR BF A E B GL BT E AT ek R ¥ PR R

—L‘._-H}é’f‘jé—';f%o
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AR E BB G AR LR ARG A DT LRGEH O RP SRR
2rfg XPFFHEEAMTFDE » p P U E RGOS T o FF R

Foaw PR S kg ARt o

5.0 kB ks sE

AR 7

E?

It

i ALl 0 SHEZEMAX Bt end g BAR S HALE
RS A E R ST AACAST 5253 BS.14 B 5 2 & Slayout®] > §

Sl@ial s P Hd S&ETF 2wtk 2558 03588 45 A RDIEE -

Surface Radius Thickness Semi-Diameter

(mm) (mm) (mm)

Standard Infinity 13.803710 33

Evenasph 11.653862 2.01545 M - BACD5SN 2.381433

Standard -6.160987 0.2000178 SF2 2.227992

Standard -27.003782 1.8 2.002657

Standard Infinity -256.837945 0.928434

Standard Infinity 5 56.633675

Type Radius Thickness Diameter

(mm) (mm) (mm)
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(mm)

Thickness

(mm)

Semi-Diameter

(mm)

Standard

Infinity

9.442278

33

Standard

11.261745

0.896770

2.525555

Standard

-16.836824

1.059627

2.466196

Standard

-4.259279

2.147325

2.258866

Standard

8.839275

0.163854

2.419010

Standard

27.717872

2.121575

2.399483

Standard

-4.658268

2.566062

Standard

Infinity

-254.509331

1.397769

Standard

Infinity

49

55.086704




(mm)

Thickness

(mm)

Semi-Diameter

(mm)

Standard

Infinity

13.620893

33

Standard

-12.084342

0.672562

PBH11IW

2.382395

Standard

13.436513

0.219753

2.441298

Standard

19.656936

2.259069

S - LAH66

2.480546

Standard

-11.261793

0.072059

2.626897

Standard

5.710609

0.684486

S - LAH66

2.585325

Standard

12.299569

0.070827

2.507805

Standard

3.248581

0.908974

2.304424

Standard

2.534030

1.872174

Standard

Infinity

-256.328392

0.975241

Standard

Infinity

50

56.525008




LAYTOUT

LENS HAS WO TITLE.
MON TUN B 2ER3
TOTAL LEMGTH. 2546 B3I73Y MH

U\ RPED MO Radi & IiIHIIlHI
CONFIGIEATION | OF 1

(a)

LAYOUT

LENS HAS NO TITLE,
FRL JUL 31 2b09
TOTAL LENGTH. 254 5@933 MM

C'\NZEMAX\SAMPLES\MRCNIFIER\S  \7.ZMX
CONFIGURATION 1 dF 1

(b)
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LAYOUT

LENS HAS NO TITLE.
FRL TUL 31 2p09
TOTAL LENCGTH, 221 32953 MM

L' \ZEMAX\SAMPLES \MACNLFIER\ \Y_22.INX
CONFIGURATION 1 dF 1

(©)

B5.1 & it 23548 e ehlayout®l(a)= 5 (b)= ¥ (c)z *

52 AR iRt R

Flh ok 1 & LA MTE & 28638 8 2 55 £37 5 4545 [25]0 F £ L £ HMTF
Sl R A e c MTFE D % Bl & * IS B D sz L %1 2 sl r
Lefrh A TS B EDEGN S c FACEH T2FRES  TREE > 2
FpAlmm SEAY > BALEERF BRI AEDLLGERGE B F Ao
Fodg - A AR ) e RALEF AV R EFERNAERL A F TR

#E K e & ﬁ%(%éﬂﬁii\ﬁf YR A &;ﬁfﬁﬁﬁ/y » B E X ME D ML L

SOAFERONE G ER K AT SESIRGA 4 ¢ PR 4oB529 7 [28] o
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IIIII&%% IIIII&&@J

(& AELIAAE 14 ) (R TERIBARE S B £ )

BI5.2 #aE [zl 4 v fE

B R MTF chffd il o £H4F 4 B AR B 247 & > F < f2[29,30]7 7 12 9 7
AP LA & SR A PR Boc] 1247 40 4 (Minimum Angle of Resolution) > 4] 5.3 #7771 &
¢ I MATIENA o d B 5.3 AToF A BT 250 mm PP ARBESE 0 Bk b b chfEdal 4 5
124> @Ak HMD chL iR 4 5 12 0 HmE 53 2244 95 4
Ak oo JeBl 5497 0 1 A A F RS Bhask A BRI 0 BB A B R PEATDS
B & 0000 AL PO S Ph Ll |49 A [30] -

1o
60
1A & 953 f249 8] RE33] ) 4o 54 #r7 endo d 2838 H @ 4% 0.0727 mm >

PUgL kA 250 mm B o B BT AR 5 — o J]F 2 N(5)E A

AR A 12°PF > HiR4T R S 44 & o STi {0 T S 0.2909 mm o 3+ 5 AP b
AR R L RS B ALY 2N (SR E R A R e B S 0 8 Aen ]

A8 4R b ehd BAE A UG 6.88 2 172 (Ip/mm) [34, 35] -

d:inx250 (5.1)
60 180
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?l

o
T

1

T RPHR 5= (Ip/ mm)

COXEREEA PR R

25hnm

B5.4 A pfads i 4
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(5.2)




AT AU A PEENEE ko B HF - 5 &G R G UL o AP E
FHRHE G S B H- L2 R ¥7¥—®%%faﬂw%ﬁm
P RFE oh AR EAG Sl BB L FAL AR NG AREER
ZIEAFE AP XL IR ARG 67 T FH I R S
Yo BTG SN oG T c BP zAEGRE T BHG L ER
Lkt hd-E R cc APl Foakio W g BB w0 B
ko Gl 25458 PEESA BT R BT AL

2
cr i
z= +a,r +a,rt + o +ar (5.3)

1+ 41— (1+k)c?r?

Order Term
2nd 0.000994
4th -0.000543
6th 0.000197
8th -0.000027
10th 8.666871E-007
FAprd BlS5.5() (b))t I g bk BB S AMTEF > £ 5 A s d 5

ALk G (8 F R F gL 1 B HOTF PR - AP s
St G BEATHE R BT C 6 BEMSLIR G ikt B R % SLaMTF > BS.5(b)
A S5 Bt — 5 Ed G 2bak 5 chvt o d BIS5T @ FH 4 — 5 225k 5 9 H OTF

FREFORA
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MM
1S 0.0000 MM 1S B.9900 MM 1S 1.9800 MM 1S 2.9700 MM
‘ TS 0.3300 MM TS 1.3200 MM 1§ 2.3100 MM TS 3.3000 MM
1 1

S DIFF. LIMIT TS 0.6600 TS 1.6500 MM TS 2.6400 MM

MODULUS OF THE OTF
/

1
0.00 3. 44 6.88
SPATIAL FREQUENCY IN CYCLES PER MILLIMETER

POLYCHRGOMATIC DIFFRACTION MTF

LENS HAS NO TITLE.
FRI TUN 19 2009
DATA FOR B@.4861 TO B.6563 MICRONS.

C\ZEMAX\SAMPLES\MAGNIFIER\F=15. 625\NEW!3, ZMX
CONFIGURATION 1 OF 1

(a)

TS DIFF. LIMIT TS 0.6600 MM TS 1.6500 MM 1S 2.6400 MM
TS 0.0000 MM TS 8,990 MM TS 1.9800 MM TS 2.9700 MM
‘ TS 0.3300 MM “ TS 1.3200 M1 1S 2.3100 MM TS 3.3000 MM
1 I
T T

o |
.9 \
.8

7

MODULUS OF THE OTF

Il
0.00 3.4 6. 88
SPATIAL FREQUENCY IN CYCLES PER MILLIMETER

POLYCHRGOMATIC DIFFRACTION MTF

LENS HAS NO TITLE.
FRI JUN 19 2009
DATA FOR @.4861 TO B.6563 MICRONS.

U \TEARNASRAPLES\HRENTFIERAENTFIERN 19,605\ § £ \EVEN ASPHERED. ZHK
CONFIGURATION 1 OF 1

(b)
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TS DIFF. LIMIT
TS 0.0000 MM
HHTS@33@@MM H

TS 0.6600 MM
TS 0.9900 MM
1S 1.32a0 MM

TS 1.6500 MM
TS 1.9800 MM
TS 2.3100 MM

TS 2.6400 MM
TS 2.5700 MM

Lo TS 3.3000 MM

MODULUS OF THE OTF

1
3. 44 6.
SPATIAL FREQUENCY IN CYCLES PER MILLIMETER

POLYCHROMATIC DIFFRACTION MTF

LENS HAS NO TITLE.
MON JTUN 22 2009
DATA FOR B .4861 TO B.6563 MICRONS.

DZEMRISHHPLES\RCNTFIERWAGITFIER. 625\ +0Y 160 .ZHK
CONFIGURATION 1 OF 1

(c)

B5.5 2.3k 5 1 MTF(a)3k 6 (b)— & 223 & (0)F & 223k

ORISR AP o R LA R R NG 0.22648 5 $30 - BRI R

OTF & & <3 03 11} » 8 P S 42iske it > 20 hkph) it > 8 3

PEGSOTF 382 03 1 o & 55~57 3 Bk 3 B4 54 OTF » 2 (7

PIA PSR bt 2AThG (s > kbt OTF § MATSHRZ > @ A 234
A bR RILG (A e L R e
%55 @ W54 s A5 4k OTF
P 245 A& % R OTF & HedtE L
1A~ & 0° 6.88  Ip/mm 0.22648 0.23005
24 & 50 3.44 Ip/mm 0.57997 0.59310
344 g ° 229 Ip/mm 0.67903 0.72201
45 % 12° 172 Ip/mm 0.58761 0.79424
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%56 3 PG e G 2takae 7 B S E OTF
S ER & 5 B S OTF i& Yeit i
1 A4 0° 6.88 Ip/mm 0.31173 0.31680
24 & 5° 3.44 lp/mm 0.45946 0.64629
344 g ° 229 Ip/mm 0.65482 0.75938
454 12° 1.72  Ip/mm 0.71138 0.82198
%57 8 HEBEA G AT 2 B $E OTF
P27 B i & 5 S OTF & S5 181
1A 4 0° 6.88 Ip/mm 0.31088 0.32012
244 5° 3.44  Ip/mm 0.44336 0.64813
344 8 ° 229 Ip/mm 0.65080 0.76046
45 % 12° 1.72  Ip/mm 0.70662 0.82291

#H MTF (& > AP g A 48 > &7 FARSY i 2 %2 MIF &

i B i} 10 %2 % o Bl 5.6(a) MTF vs. field ** # ()5} & (b)— & -3¢ & (c)&

2tk G o d B 5.6 ¥ o E DRI G Bt Y kA FE 5 MTF > ke A

kg ki Hig e By e aMTF B4 £/ > 285k e 3> @ S 5 ik a

l\‘t}

#

BATHE {5 P BEOR 40 o SFr 1% b3k G kR 2 MTF 0 5 0 4 £ b o

58




MODULUS OF THE OTF

I
i
-0

40

FIELD IN MILLIMETERS

MTF VS. FIELD

LENS HAS NO TITLE.
MON AUG 3 28@9
DATA FOR @.4861
SPAT. FREQ 1:

TO @.6563 MICRONS.
@.500@ CY/MM.

SPAT. FREQ 3! 2.000@ CY/MM

L \ZEMRINSAIPLES\NAGNTFTER\AONIFTER\F=15, 625\NEK 13, ZHK

CONFIGURATION 1 OF 1

(a)

59

1.
w
=
o
w
T
=
L ~ s
55 ~J_
AN N
3
3 ,b |
8 .3
p
oL |
LT 7
2.00 : 3.30
FIELD IN MILLIMETERS
MTF VS. FIELD
LENS HAS NO TITLE.
MON TUN 22 2809
OATA FOR @.4861 TO B.6563 MICRONS.
SPAT. FREQ 1% ®.5880 CY/MM.
C (5625 3.
AT . FREQ CONFTIGURATION 1 OF 1
1.0 , , , , , , , , ,
””” T T T T T T T T = === = st
9 F =T
=) o 8
w ~ ~
5 7r T T s
W ———_ -~ s3
I .6 7
z
55T 1
8w 7
3
3 ,b |
S .3
p
21 7
1 T
0.00 1. 3.30
FIELD IN MILLIMETERS
MTF VS, FIELD
LENS HAS NO TITLE.
MON TUN 22 2809
DATA FOR @.4B61 TO B.6563 MICRONS.
SPAT. FREQ 1: ©.5000 CY/MM.
S 2 4 L BANSHPLESWHDNFERMIRDATFIER\ 5,625\ § K \EVEN FSPHEREL 2O
SPAT. FREQ 3: 2. @@ CY/MM. CONFICURATION OF 1
5.6 MTF vs. field:* .8 : (@)% & (b)— & 223k & (0)F o 2
. VS. 11€ 2 - (a)XRkm mZ=2Rkm (C)rr m Z—

IR &



A lF A RS AP ATE e G T 2 B e RS EK
Bk g ks HIRit B BT AL 528 53 %57 > MTF 4] 5.7 #7771 © &
BHzZF e PEEOMIF @4 M 0 4ok 5.8 2 59 & BAlS- OTF 40P &
B AR Ak OTF 5 { P&l o d B 5.8 9757 > 1* = P 2w B4

A EE 0 2 3 g sk - R B S BRE DA AL 0 B 5.7(b) ~ (o)t

w2227 5 b2, MTF 7 § F % chi {ﬂ'w:%* SH AT AR )

% 58 = HE & ey B S ¥k OTF

P47 & ARk 7 AR OTF i& Hebt iR '

1~ & 0° 6.88  Ip/mm 0.42012 0.45466

24k 5° 3.44 Ip/mm 0.70368 0.72342

344 8° 2.29 Ip/mm 0.77951 0.81265

4 4 & 12° 1.72  lp/mm 0.67017 0.86135
%59 v PS4 S $HE OTF

PR 4T R AR & 7 AR OTF & HitiE

1~ 4 0° 6.88 Ip/mm 0.35967 0.37517

2 Ak 5° 3.44 lp/mm 0.66058 0.66105

344 8° 229 lp/mm 0.74711 0.76772

4 2 & 12 ° 1.72  Ip/mm 0.73806 0.82794
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TS 1.6500 MM

TS 1.9800 MM
“ 1S 2.3100 MM

1S 2.6400 MM
TS 2.9700 MM
TS 3.3000 MM

MODULUS OF THE OTF

I
3.4

6. 88

SPATIAL FREQUENCY IN CYCLES PER MILLIMETER

POLYCHRGOMATIC DIFFRACTION MTF

LENS HAS NO TITLE.

THU AUG 6 2089
DATA FOR ©.4861

TO 0.6563 MICRONS.

C\ZEMRX\SAMPLES\MAGNIFIER\3  \7.ZMX
CONFIGURATION 1 OF 1

(a)

TS DIFF, LIMIT TS 0.6600 MM 1S 1,6500 MM 1S 2,6400 M1
TS 0.0000 MM 18 @ 99@@ MM TS 11,9600 MM TS 2,9700 MM
Lo “ “ TS 0.3300 MM “ 1,3200 M “ 1S 2,3100 MM TS 3.3000 MM
T T

.9 L - 4

.8 L
[
= .7
5 L
w6
T L
=
T
@]
%] ‘H—
2
o) ‘3, =
a
2 2| ]

1

.0 |

0. 00 3. 44 6.88
SPATIAL FREQUENCY IN CYCLES PER MILLIMETER
POLYCHROMATIC DIFFRACTION MTFE
LENS HAS NO TITLE.
THU AUG 6 2009
DATA FOR @ 4861 TO ©B.6563 MICRONS.
C:\ZEMAX\SAMPLES\MAGNIFIER\ \Y_22.2MX

CONFIGURATION 1 OF 1

(b)

B15.7 B sMTF(@)= 2 (b)z ¥ 15

61
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MODULUS OF THE OTF

FIELD IN MILLIMETERS

MTF VS. FIELD

LENS HAS NO TITLE.
MON AUG 3 2089
OATA FOR @.4861 TO @.6563 MICRONS.

@.500@ CY/MM.

SPAT. FREQ 1:

SPAT. FREQ 3! 2.000@ CY/MM

C:\ZEMRXNSFHPLES\HRCNTF IER\MAENTF TER\F =15, GZS\NEWLD. 24X
CONFIGURATION 1 OF 1

(a)

MODULUS OF THE OTF

—=== 51

SRl

ST

1,65
FIELD IN MILLIMETERS

MTF VS, FIELO
LENS_HAS NGO TITLE.
WED JE\E 22 2P09

DATA R @.4B&1 TO B.6563 MICRONS
SPAT . FREQ 1: @.500@ CY/MM.,
C\ZEMAX\SAMPLES\NACNIFLER\3 \3.ZMX
SPAT. FREQ 3! 20 CY /MM | CONFTGURATION 1 QF 1
1.0
— s
777777 =¥}
o F 4
8 = —
&
o 7|
w
T er B
z
& s 7
ERCR B
|
2
D 3Ir 1
5
g
2F B
b |
.
.00 1.65 3.50
FIELD IN WILLIMETERS
MTF US. FIELD
LENS_HAS NO_TITLE,
FRL UL 31 2099
DATA FOR @.4B&1 TO B .6563 MICRONS
SPAT. FREQ 1! ©. 5008 CTY/MM.
Lt \ZEMAX\SAMPLES\MAC NI FTER\ \Y 22,
SPAT. FREQ 3:  2.@D@@ CY/MM. CONFIGURATION 1 QF 1

(c)

B]5.8 MTF vs. field'* #B] : (a)" * 3w

62
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53 %5 kAR IR
f1% ZEMAX 3808 > $o7

3D - HMD % ket

o
|

FEREFEGRSTHR > % A %

o

Ip i 3 B ?éféﬁ,?ﬁxg\r%?fpkl} 17 B 5.9 5 RA-B) - &
) ‘{‘ﬁé?])‘ﬁ”’?%."?; , E@ﬁfgﬁﬁgﬁm is > HE X 4oB 5.10()7 P Ha(b)= #
FaHCC)r FPEEP RBEE S -

TMAGE STMULATION: S0URCE BHITMAP

TMAGE STHULATION: GEDMETEIC ABEREATIONS
LEMS HAS WD TITLE.
TLE JUN_ % 28@3

LEHE HFE_WD TITLE.
MW ALE 3

EITMAP I 7&2 PINELE HICH, LB2Y PINELE WIODE. EEETPEE%NFSQ?E'S%‘H"“MI"HERS'

BITMAP FILE IS L.TFG. CENTER! CHIEF RAT

F=LE.BE&_1 % % ,ZMX

e IMAGE SIZE IS 7H.GB20 W X B4, lB23 H (NILLINETERS)
CONMFICURATION 1 DF 1

(2) (b)

MEW LS, TMX
CONMFICURATION 1 OF 1

IMACE STMULATIDM: GEDMETREIC AHERRATIOME

LENSHH:G NO_TTTLE.

THAEE SIMOLATION: GEOHMETRIL AHERFATIONS
Aok AL T 20d LENE HAS WD TITLE.
Be=F T WErtet 'Is 3,2 1oL THeTERS A s
; ' [ETECT HELEHT TS 3,308 HILLIHETERS.
FIELD POSLTIING ©.8R00 FIELD FOSITION: @,B860 HH
LEWTER: CHIE F g, MK CENTER! CHIEF RAT.
DMAGE SIZE IS 74.7H2 W X 54.BUPY H (NILLINETERS) COMFIEURATION 1 oF 1] | o

GE SIIE IS &7.77YT W X B@.B31@ H (NILLINETERS)

Y_22 ., IMx
CONFICURATION 1 OF 1

(©) (d)

®5.9 ﬁtﬁ%f;j&l @)k 4-Bl(b)= F(c)= F(d)m FFEHS

135
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d IR G T @I 8 FEZ P& R LE 0 d R
511(@)3 # ()= #O)r FEHEF» ¢ £ o Ked LH° 4Pz BEMRSE b
ST R PR EAE D RRIBEFE LR E D KA BLOEEA o B] 5.1 ¢ b o
Hmpey 8 2oz P E B eadb e d 2495 41.991 pm £2 52,702 um > @
e PEERAFEed LG 18192 um > Arrd B S kR Y o FRe FEE
BRI R Bl B R B RIT R4S o

Bl 5.12 283y Swa i L > NPFEDZ BE DL A G L R
dode 510 P10 0 AEs PR ED e FPES TR ek B ki Hif
Agolwa P EZPEE TUAPERLSRY e PEERF TN 3D-HMD £ F

% 2
PRI

%510 gtk

% ¢ Z(um) S (mm) ' % (%)
B4 41.991 -48.7373 1.141
. 52.702 -26.229 -2.018
w5 18.192 -15.728 0.961
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MAXIMUM FIELD:

3.30080 MILLIMETERS

RIRY AIRY
T T T T T T T T T 1
-200 -160 -120 -80 -4o 2} L} 80 120 160 200
U
LATERAL COLOR
LENS HAS NO TITLE.
MON RUG 3 2009
SHORT WRAVELENGTH: @.4861 um
LONG WAVELENGTH @ @ ,6563 um
REAL RAYS USED. NEW13 . ZMX
CONFIGURATION 1 OF
(a)
MAXIMUM FIELD: 3.3000 MILLIMETERS
RAIRY ATIRY
T T T T T 1
-loa -80 60 L) 20 100
LATERAL COLOR
LENS HAS NO TITLE.
MON AUG 3 2009
SHORT WAVELENGTH:@ @.4861 um
LONG WAVELENGTH : ©@,6563 pm
REAL RAYS USED. 8. ZMX
CONFIGURATION 1 OF

(b)
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MAXIMUM FIELD:

3.30080 MILLIMETERS

AIRY ATIRY
T T T T T T T T T 1
-100 -80 -60 -4p -20 4] 20 4o 60 80 100
Hm
LATERAL COLOR
LENS HAS NO TITLE.
MON AUG 3 2009
SHORT WAUVELENGTH: ©.4861 um
LONG WAVELENGTH : B.6563 um
REAL RAYS USED. 4 _22.ZMX
CONFIGURATION 1 OF
()
4 ¥ - 1 E
F15.10 #+ ¢ £(a)d H(b)= ¥ (o)r ¥ i54e
FIELD CURVATURE
SS v =T
T T T T T T T T T T T T T T T T T T T T 1 T T T T T T T T T T T T T T T T T T T 1
-100.00 .00 100.00 -2 4} 2
MILLIMETERS PERCENT
FIELD CURVATURE / F-TANCTHETA) DISTORTION
LENS HAS NO TITLE.
MON AUG 3 2889
MAXIMUM FIELD IS 3.300 MILLIMETERS
WAVELENGTHS: @ .486 0 .656
NEW13 . ZMX
CONFIGURATION 1 OF

(2)

66




FIELD CURVATURE
S T

+YT

DISTORTION

+Y

T
0.00

MILLIMETERS PERCENT
FIELD CURVATURE / F-TANCTHETAR) DISTORTION
LENS HAS NO TITLE.
MON RUG 3 2009
MAXIMUM FIELD IS 3.300 MILLIMETERS
WAVELENGTHS: @, 486 0. 656
8. ZMX
CONFIGURATION 1 OF 1
FIELD CURVATURE DISTORTION
r T +§ S by

|

0.00

MILLIMETERS PERCENT
FIELD CURVATURE / F-TAN(THETA) DISTORTION
LENS HAS NO TITLE.
MON RUG 3 2009
MAXIMUM FIELD IS 3.300 MILLIMETERS
WAVELENGTHS: B .486 0. 656
H_22.ZMX
CONFIGURATION 1 OF 1
(c)
Y g p> 2 (. P R e - . vE AE 4
BIS. 11 23803 2w L (a)s F(b)= ¥ (o) FH 4
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d 5.9 R

B0 ) 2F @
,{g;lg\»’v F;F#I‘.‘

RNiEY RGB = ¢ ehiiif» kek#e ¥

0 o i 3
Bk g kx4

TMAGE STHULATION:

SOURCE BITHAF

IMAGE STMULATIDH: GEOMETEIC ABEREATIONS

LENS HFS WD_TITLE.

TLE AUG 11 _Z4A%

ELTHAF IS5 2] PLxELS HIGH, zAL PIIELS MIDE.
EITHRF FILE 13 GRIO_OF_BAES.BHF

Y_232, ZHK
COMFICURATION 1 OF

1

LENS_HAS WO TITLE.
A 5

DEJECT HEIGHT IS 3.2WR HD.LIHEI'ERS
FIELD FOSITION: @,BD83 H

CENTER! CH. RAYT

IMAGE SIZE IS BE.&1bb W X B5.6Ll&4 H (NILLINETERS)

MNEWLZ, ZMX
CONMFICURATION 1 OF 1

(2)

TN

(b)

I

IMAGE STMULATION: GEOMETEIC AHERRATIONS

|

LENS HFS WD TITLE,
TLE AUG 11 24AS
DEJECT HEIGHT IS 3,300R HILLIHETERS.
FIELD FOSITION: @.BPB@ HH
CENTER! CH; FT
IMAGE SIIE IS Be.@27Y W X B56.B2PY H (NILLINETERS)

IMAGE STMULATION: GEDMETREIC ABEREATIONS

3. ZMx
CONMFICURATION 1 OF 1

LEWS HA3 NWD_TITLE.
TLE RUC 1L @89
DEJECT HEIGHT IS 3,300 HII.LIHEI'ERS
FIELD FOSITION: B BEP@ H
CENTER! CHIEF R
IMAGE SIIE IS EB 3310 W X 53.621@ H (NILLINETERS)

4_22 . ZMH
CONFICURATION 1 OF 1

(c)

R15.12 e fm&Li% B 2 () R 4 Rl(b) A & &

¢ 2

41* RGB =

e PE BRI

B fAc B 5.13(a) 7 0 B B s = RS A e AT

B 5.13 eng % -

BHR T P EBEF e LRA Y

68

(d)
&(c)=



IMACE SIMULATIOM! SOURCE HITMAF

LENS HAS MO TITLE,
THI ALC & 2069
ELTHAF 15

86 FDELS HIGH, 06 FIVELS WIDE,
ETTHRF FILE 13 Fo8_CIRCLES.BNP

NEWL3, ZMH
COMFIGURATION 1 OF 1

(2)

TMACE STHULATIDN:

CEDMETETIC ABEREATIONS

LENE HAS HD TITLE.
THI AL

DETECT HEIGHT IS 3,3MW@ HILLIHETERS.
FIELD FOSITION: @,BBEQ HH

CENTER! CH

THAGE

STZE T3 BA.G274 U X 55, BEPY H (NILLINETERS)
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