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Navrh optickeé soustavy OS @ IL( B
Obecny postup
1, Specifikace zakladnich paranie®S - zadani

2, Zakladni ,ged-navrh” - glevod pozadovanych parametra
parametry paraxialni optiky

3, Navrh OS v tenkyctockach

4, Stanoveni realnych tlogkt kontrola zakladnich aberaci
5, Trasovani paprsk(obecné), vypéet a hodnoceni aberaci
6, Optimalizace - vylepSovani kvality zobrazeni

7, Hodnoceni, tolera&ni propaty
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1, Specifikace zakladnich pozadaukna OS @ K B

- vzdalenost fednetu od OS (vzdalenost obrazu od OS),

- celkova vzdalenost mezigdnmetem a obrazem,

- velikost gednetu (velikost obrazu) - rizve byt Uhlova,

- vlnovy rozsah (UV, VIS | IR),

- maximalni piimér OS, odolnost OS (mechanicka, tepelna)

- kvalita zobrazeni ( rozliSovaci schopnost - MTF ),
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2, Zakladni ,pred-navrh®
(vyjadreni pozadovanych param@tdS v parametrech
paraxialni optiky)

Ohniskova vzdalenost , zorné pole, clongislo a
numericka apertura, velikosigunetu a obrazu, ztseni ...
Znalost :

zobrazovaci rovnice, difr&ki limit, ...
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3, Navrh OS v tenkychc¢ockach @

—
_

Volba patu ¢ocek, jejich lamavosti a vzdalenosti, tvaru a
materialucocek, volba pimera cocek a clon, jejich polohy
pro optimalni korekci zakladnich aberaci navrhované OS
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3, Navrh OS v tenkychc¢ockach
Znalost :

Rovnice pro tenkodocku a kombinaci tenkyctiocek, hlavni
roviny, graficka konstrukce, teni polohy pupil a gihleds,
propaet paprsk obecr, paraxialni trasovani hlavniho a
aperturniho paprsku, graficka konstrukce chodu éprs
Lagrangdv invariant, invariant lomu, Petzvalova\ost,
geometrické a vinové aberace a jejich vzajemny vaptcky
drahovy rozdil, abetai polynom, Seidlovy koeficienty a
jejich vztah k vinovym aberacim, &gob jejich vypotu,
zavislost aberaci na velikosti apertury OS a uhlnelo pole,
zavislost zakladnich aberaci na tvaodek a poloze aperturni
clony, stigmatické zobrazeni, aplanatické plochy larsdicka
podminka, typy a vlastnosti optickych skel, moznkastekce
zakladnich aberaci.
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4, Stanoveni realnych tloustk, kontrola zakladnich aberaci

-
T
Tenké t@ky jsou nahrazeny realnymi a jsotepaiitany

zakladni aberace, polamy krivosti jsou upraveny,dkdy
je nutné vratit se o krok 2p

Znalost :
technologicke moznosti realizaéecek, limity mechanické
konstrukce, vliv zrdiny tloustk na zménu velikosti aberaci,
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5, Trasovani paprski OS (obecné), vypet
a hodnoceni aberaci

L = = e e
I
B U/ }: I

_ /gmi// |

B = §

Trasovani paprskOS a uéeni celkovych aberaci, hodnoceni
velikosti aberaci paprskovych a vinovych, komplexni
hodnoceni kvality zobrazeni pomoci optickémosove funkce,
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5, Trasovani paprski OS (obecné), vypet
a hodnoceni aberaci

Znalost :

Vektorové trasovani paprglOS, grafické vyjateni
geometrickych a vinovych aberaci, spot diagramy-fean*
diagramy, rozptylova funkce bodu (PSF), Rayleighavo
Strehlovo kriterium, deformace vinoplochy aigpb
vypoctu, opticka funkce f2nosu a zipsoby jejiho vypotu
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6, Optimalizace - vylepsSovani kvality zobrazeni

DalSi zlepSovani zobrazovacich vlastnosti navrhované
OS pomoci malych zém konstruknich parametr (tvaru
cocek, jejich vzdalenosti a tloust, materialucocek,
polohy clon ...) ,r&n¢“ nebo pomoci optimalizanino
programu. Vysledek musi splnit zadani OS (specifikaci
jinak je nutné se vratit oékolik krokia zpét (nag. pridani
cocky)

singlet nahrazen dubletem

7

=
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6, Optimalizace - vylepsSovani kvality zobrazeni

Znalost :

principy optimalizace (matematickeé algoritmy),
meritni funkce, principy spravné volby tzv.
startovaci OS pro kovergenci optimalizace ke
globalnimu minimu (nejlepsino konstirkho
reseni)
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7, Hodnoceni, tolera@ni propocty

Konetna analyza kvality zobrazeni po optimalizaci,
alecastji i b¢hem ni ( nemusi ,konvergovat®), vliv
drobnych zmin konstruknich parameftrukaze jak
jsou na & jsou citlivé zobrazovaci vlastnosti OS.
Tolerareni vypaity (decentrace - stranoveé a uhlove).

Znalost :
Technologické a materialové moznosti
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Vychozi navrh — ,starting point design“

Specifikace OS
Slelsis ol zakladni "prednavrh”
teorie
vlastni ¢
archiv —»| vychozi navrh
databaze l
trasovani paprsku
vypocet a hodnoceni
patenty aberaci 4
literatura optimalizace
v A
analyza vysledku

toleranCni vypocty

v

Konec
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Programy pro vypocet OS

PreDesigner- LINOS Photonics
- paraxialni vypoty

WinLens - LINOS Photonics
-, light* verze zdarma ( bez difrg&ki analyzy)

Sigma 2100~ Kidger Optics Ltd
koupen majitelenZemaxu (plna verze - hardwarovy Kij

OSLO-LT - Sinclair Optics ( prodejce - Lambda Research Corpmrat
- omezeni na 10 ploch

Zemax- ZEMAX Development Corporation
- pouze demo (plna verze - hardwarovyekli

CODEV - Optical Research Associates
- Zadné demo ani omezena verze

SYNOPSYS- Optical System Design Inc.
= malo rozSieny , omezeni na 12 ploch po 90 dnech

OPTALIX - Optenso
- Zzadna verze zdarma
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PreDesigner

=101 x|

1_:-LIN[I5 Photonics: System PreDesigner 1.0.22 [lens miode]

Eev Parameters | Sliders [quick. adjuztment] I &dvanced oplions !

- Conjugate options: Eield optionz; Aperture optiohz [optional]-
s : - ; : About... |
¥ Focal length: I Magnification: m' ¥ Dbject height: u [ Object angle: w V¥ Stopradius
Help...
[T Image distance: & [ Total track: ¢ [ Image height: u' [ Image angle; w* ™ F number [infinity] il
IV Object distance: a ||_!ssr defined image height ;I [T M [Wumerical aperture - ohject]
[T [Object at infirity] [ &' [Mumenical aperture - image]
| Focal length: f {50 Omm 000=
| Object distance: a  |-150.0mrm :
[ Obiject height: u |50.0mm 3
S
| Stop radius {10.0mm E
Facal length: F B0 Ornm e
Ohject distance: a 150, Orvirin i ;
Image distance: &' F0 O E 18- ; : 0
M agrification: m' (150 g8 i cubger HALG S o F F
Tatal track: t 225 Orarn
Dbject height: u A0, Ornm
Ohject anagle: w -13:435deg 0.1-
Image height: u' =28 0mm [T L L S W
Image arjgle: 1 -18.435deg o0 FnumbE;rD[inFinitg] AL
Stopradius 10.0mim @l "_"l F 126,019 [effective]
F rurmber [|nf|n|t}f] 25
F number [sffective] 375 Systems | Depth of facus l
M, [object zpace] 0. 0BES"
MA" [image zpace] 0132z
[uze with care] |Mirr|:|r made wﬁm Lﬁ Eririt Undo: End
Dviffraction limit radius [1.0025mm [34E6nm]* : :
P TF Cuat off 488y mm® [ Drawe conztruction rays ol Frecal efault symbols
[w| Show extra information ==t neca il Cuztom sumbols
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WinLens

#i LIMOS Photomics Wind
Fie Edt Wew Tables Graphs Trarsmission Engnesring Datsbase Options Window  Help

Cusctee /7 | | [ e e D O B |®
C UserUpdate  "#°° 70 || EETM T esng | D

Systam Parameter Editor . |
Man| Corugates| Aperure | Fid  Waveband | Obyfimg |
Widwavelength  [Sa7seis  [io W
ShoitWavelengh  [4851327 e W
Longwavelergh 656275 o _H
Short Wavelength- 2 [435.8343 ps _H
Long'Wevelength- 2 [BS21100 T |

Diefault Wavebands  [Visible d.CF | U Compurient Database

— — Bchiamal | =408 mm
Syslem Data Edilor Ef* 4011 Trm
[t BET Brn]
etan B3 items
] Title ==
- . (e 0BG e Bchecenat = 20010 tmen
== Paraxial values at mid wave Achecenat | = 10/6 mim 3
& . Achiomat | = T8 mm
Oibject sade: diata wel FIRST sl ﬁnhundl-ﬂ"lﬂm
Dbject distance _ Actanmat | = 80/18 men
El.  t=PF | 4D1TEER  FePF dchuomat 4/3
Franl Focus: F | -33668 Aear Focur. F' -ﬁnhmd%
P Flanel: P | DS10PFlane2 F Acheomat | = 150/31.5 mm
""" Nodal Pant N = F{ | D510 Nodal Pomt N' = F'4 Achiomat | = 400763
0.000 Ex Fupd 48 2 | | . Achiomat | = S00/EI mm
7.000 First - imag 43052 | | Auchiomat | = BDO/E3 mm
Acheomat | = 30063 mm
Acteomat |= 10018 mm
Anhp_n;d l-‘!-lﬁ.m 5 mm
Achecmat | = 100080 mm
. M‘lnmd { = 1185/80 mm =
SE0NEK? | Schol 152 S
1.2 5F2 Scholt 1.65
= o ' | i i 5 | ¢ il | i o | i i |
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Sigma 2100

Z_ 52100 - Doublet == x|
Fil= Edit Data Yiew Modify Optimise Raytrace Analyze Macro  Window  Help
~ . 3 I [
D(={E| Bl@(8| oo r[woo| s=[4]o]al+]-le] of #ldd[E]%] e
JRT=IET [ £ wavetenorhs =
1 2 WEIGHT

MOLTI-COLOR PAY TRACE AND OPTIMISE No (Config. #1)

MAGHNIFICATION 0. 000000 1 5587.60 l.00

FOCAL LENGTH TARGET [mm] 100. 00000 2 656.30 0.50

AFOCAL No 3 486.10 0.50

FRONT-to-BACE SYMMETRY Ho

STOP SURFACE # 1

NUMERICAL APERTURE (IMAGE SPACE) 0.1lo0000

DEFOCUS [mm] 0. 00000

OBEJECT SURFACE LOCEED =

OBEJECT SURFACE ANGLE ["] =

OBJECT STRFACE CURWATUIRE [1/mm =

THERMAL MAZTEE =

DELTA T [E] -

MACEO PICEITR

—loix] _loixd

EFL=103.6644 [mm]
SHAFE | SURFACE SPACE | SURFACE SPACE RADIUS SEPARATION GLASS
FLAGS FARTAELES | VARTAELES CATALOG
(] [ ] [z 0.000000 1.000000

1 o [ G66.26905 0.00000 3

2 ] C —44. 52360 3.20000 SCHOTT

3 ] C -191.01832 1.50000 SCHOTT

4 E INFINITE [ 101.27500

5

4] | i

13:55:083 Lens Drawing

13:58:23 GOTF Cowmputing

13: 139 Aberration Curves Computing
File name of macro pickup
ﬂﬁ'startl @ Q E B Total Commander 6.5... I Q Doruena posta - Thu... | %eMule v0.47a I PO (Ces-=Ang) I @Prezentacel | @sigma kidger - ¥yhleda. .. IIZ 52100 - Doublet E <« y 13:58
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OSLO-LT

=TS

EEUW 1 - Ray Intercept Curves Analy: = Elzl
= EHIL @ >z
BE|[ Field 20 deg
7 = 0.05 mm ASTIGMATISM LOMBITUDINAL CHROMATIC
. < 5w T+ [mm SPHERICAL ABER. FOCAL SHIFT [mn
Gen  |[_serup |[ wawelengths |[ wariables |[ orawon  |[ Group |[ Notes |;| o) { ()
Lens: Triplet lomm f/2.8 2o0deg Ef1 10, 000000 L
Ent beam radius ] Field angle 20.000000 Primary wawln 0.587560
SRE RADILS THICKNESS APERTURE RADIUS GLASS SPECTAL
0g1 0.000000 [ | z.o000e+15 [ | F.2793e+ls [— 0.6
4.245384 [ | o.7ooooo[_]  1.s00000 |
-31.7z9857 ]  1.19%387 [  1.&00000 =
-4.048956 ] o0.zo0o00 [ ] 1.soo0o0 [ ] Field 14.3 deg a5
z.geosss [ | 1.1ssssy ]| 1.zo0000 ] 0.05 mm
z8,248654 | o.7ooooo | 1.soooo0 [ ]
LR ) an .8 an .06 0.0
-2.451631 [5] s.sessor ] 1.s00000 == ) 5
o.o00000 [ ] o.ooo0o00 [ ] 2.75s0%0 I
ﬁy DISTCRTION (%)
1
/ 0,656
_4_4
AXIS
0.05 mm 24
LATERAL QOLOR (rmm)
R
BB Len Spe Rin Ape Wav Pxc &br Mg Chf Tra Ref Fan Spd Auf ar Ooe lie
-
*PARAXIAL SETUP OF LENS =l
APERTURE
Entrance beam radius: * 1.785710 Image ax<ial ray slope: -0.178571
Object num. aperture: §.9286e-20 F-number: 2.800007 UNITS: mm
H - : -0.001 !
Image num. aperture: 0.178571 working F-number: z.800007
FIELD
Field angle: +  20.000000 object height: —7.2793e+18 FIELD: Z0deg Triplet 10mm /2.8 20deg osL0
Gaussian image height: 2.633702 chief ray ims height: 2.743737 TMAGE MA: 0. 17% EFL: 10m 11 I¥ 06
CONJUGATES VVELGTH: +:0.568 410,486 0:0.656 am FAY TRACE AMALYSIS
Object distance: z.0000e+15 srf 1 to prin. pt. 1: 3.145231
Gaussian image dist.: 8.285526 srf & to prin. pt. -1.714474
Owerall Tens length: 4.099974 Total track length: 2.0000e2+19
Faraxial magnification: -5.0001e-13 srf & to image srf: 5.533307
OTHER DATA
Entrance pupil radius: 1.785710 srf 1 to entrance pup.: 2.535872
Exit pupil radius: 1.301597 srf & to exit pupil: —2.363441
Lagrange imvariant: —-0.649945 Petzwal radius: -30.890878
Effective focal length: 10.000000
SPOT DIAGRAMS
Aperture divisions: 17.020000 Gaussian apod. spec f
¥ 1802 entr. drrad.: 1.000000 ¥ o1/eM2 entr. dirrad.: 1.000000
=
1] H
—

|Text oukput: On |Page mode: OFF |Graphics aukaclear: On

i /start 0 (<] E B Tokal Commander 6.5. .. I ) Dorufend posta - Thu... | ﬁ eMule v0.47a I 0 oslo dematrip.len - Wy, | E PCD (Ces-=Ang) I % Prezentacel ”@ Triplet 10mm F/2.8... E

« i 11:06
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Zemax

=l

File Editors System  Analysis Tools Reports Macros Extensions Window Help

=10l x|

Lens Data Editor

Edit Solves Options  Help

Bur f: Type Comment. Radius Thickness Glass Semi-Diameter Conic Par 0{unused) Par 1{unused) ﬂl
0BT Standard Infinity| Infinity| 0.000000 0.000000
ETO0* Steandard SE.247066|V &.000000 BE7 lc. 0000000 0.00oooo0
z* Srandard -20.716087|V 3.000000 Fz 1c. 0000000 0.000000
a* Standard -78.137307 |1 97_376047 (M 15 _0a0n0o| 11 0.000aaa
IMA| Standard Infinity| - §.437363E-003 0.000000

2: Layout

Update Settings  Print  Window Text Zoom

1: Ray Fan

Update Settings Print  Window Text  Zoom

-0/ x]

e

Update Settings Frint ‘Window Text Zoom

LRTOUT
A_SIMPLE DOUBLET USIME A CROMM AMD A FLINT.

HON SEF 1 POLYCHROMATIC FET PSF
TOTAL LENGTH! 106 . 37605 MM
1 SRS EE= SHE N R 71 SINFLE DIUBLET USTHG A CRIUN FHD A FLINT.
DRUBLET . THX A _STMPLE DOUBLET USING R CROWM AND A FLINT. HIH SEP 11 70
CONFTEURATION 1 OF 1 MON _SEF 11 ZP0é @.4E58 TO B. A543 aa RT B.GEBG OEC.
MAXIMUM SCALE: 2 1@.080 ko, SI0E IS 1Bé.9E
@.486 0.559  @.656 SURFACE: THIEE DOUBLET . 7
—_— DOUBLET . ZMX REFERENCE [IORCIWATES: B, @EPJEE+ERD, B,dDPDAGE+ERD CONFIGURATION | DOF
SURFACE: IMAGE COMNFICURATION 1 OF 1

EFFL: 100 WFNC: 5.02102 EMPD: 20 TOTR: 106,376
o start [N &Y Tatal Commander 6.5 | £ Doruend podta - Thu... | 5 emule w472 I ¥ PCD (Ces-=Ang) I | (& sigma kidger - vyhleda, ., ”l_. ZEMAYX-EE - C\Prog.. [ ‘ « A 1408
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CODEV

<~ Code V - movie.len

Fie Edit Lens Display Review Analsis Optimizaion Tools Window Help Test
[beEa|:ae|a=g||trsob||ovn s [Br2eR||[ixeerans
l] e ]]] 1-9MM-36 MMF2ZoOMUS~|Z ||[El AA A A A
=l

Lens Data Manager _'E.'Didglnoslu:: Dutput lor Option HIM -mm

t Option PSF

I Command Window 5 / ; . 9 .
'~ Review Spreadshests Base #‘_{Hﬂ;a_ ¥ hadius & s |'¥ %E]%E{E{|\g/ %Q&y\@/;ﬂ
L Listings Shape ' FIELD HEIGHT :] 5
=5 Analysis Wind 1 Sphere 11z.20M i i
G ANAlIE Hrincows Rt oo A
i Diagnostic Output for | 1 {2 ‘Sphere | 46,

- Diagnostic Output 3 Sphere ; 50.

Diagnostic Output for 4 Sphere | ~110.:

| Diagnostic Output for 5 Sphere a3,
i Dptimization (3 Sphere i 47.
- Plot Windows 7 Scart Zoom Group Sphere | -133.z4M
~EnorLog : # Diagnostic Dutput for Option

= &

MNew Lens Wizard

Tilt/Focus 0.486 (]
A I B I C =sav C:\WINSS5\ TEMPY lensS38. len
cofiacdc o-bENISE. System saved in file C:\WINSS\TEMF'
z.77214Z 30.000000 ) - =
: 2.496293 20.000000 e 5 e — 4
2B3724lors  1.782399 18.000000 o o - e
287956| ax & 3_402716 ! CodeV > I
[23008F | oxe  2.792498 22.0 =
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