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ABSTRACT

A camera type optical bench  system cquipped
with a lens collimator and an image anmalyzer is
fabricated to measure the equivalent focal length
and distortion of lenses. This  system is
automatized by the computer which controls stepping
motors. A nodal slide optical bench system equipped
with an off axis reflective collimator is fahricated
and improved by using rotating arms and air bearing
system, Distortion measurement on a wide angle lens
using the camera method and the nodal slide method
is reported. Defocusing error in the distortion
measurement with the nodal slide optical bench is
analyzed and improved by iteration method to search
the correct image point.

I. 4 &

sixo] A Yol(equivalent focal length)iz IRl
otz Zrt® Aol ZAEF ipebdch MFH4b7r A&
A% Aol FrlE Alope] ti: Bitolal  cimA
viebetct, 428 g0] wimA  FyH  AAP=2E
P AN Eog AHEPH Mot upE ¥ 279
Wole BAY 4 93 EHYolzh A7 FP
Apggict, Tejv AR ggol AR g12o) B
ol g A 2719l Ay ofF Fasivl Xyzol tii
@A XA Bo)(calibrated focal length)[11EH A&
Rk RFBHZGOlE Aok WyIReM 4719
HWalE A A" £ Uololsn 2wzl
Ax1&gke)l  HHo) apzlo] A8Ha o] &5y grolth
olgl gt HFFEYPUCIE ALToRM  HF4tel o
2218 5% HAH| FYsAH FA A QAF
29 4 glov =2 £y AZRE BYAs Sl
2370 FHYHE Ed 'BYPo s viniel ¥y

nodat slide® o) &% W& & 4 glon FHYo)
axAEe FUAY AT ZFF2AN [ HE

"Hel, £ zRoidE stulzl $¥st nodal  slide
WS ol &% 7ol U RIS AP ANH
T yPy o v &AH wide angle lensel 35 2ol
sl Z1Estal 531 nodal slided 8% S
WY 4 AE HF4H FFeAR a9y FHHA
230 @ A7

1. 230), A2 P 4 530
1. 233l 39

-82_

) el = X
of tho

measuremant system

°l & -5,

2y 523 =) =) = B
focal laeangth and

o1l Rl
Berl -2

Eoezol BAIWE OlFE THs Y
ﬁ§3€3§?§é§%%aw oo wigolzl Aol
Faoln h'ol Qg Nxel £Hol Fi-

hl
£ - lim n
w—o tan w
) Mgt
*ié&?%&ﬁ Aoz B ARE AW
o] MEzAcl 71E HYY wHoR ARLNE
Ewjelr] fish 2A® ryAololtt.  wBXHACIE
Aretl Betol oleiZimokA T, AN & AL
et
Ah' = h'- f tan w
A71M £E AT4AE AR AW AW(trial)

gygdololnl, Awol yWolvhd  Zzyololth.
a7d 200l @AY 57wy, vy oM A77 2R
Rzl i)l AF4AE REH ek aglolerd
THEAE ol fslo} TR UOIE AN % 9lTh

f' = £ +Af (2)

i

Ahy' + Ay’
of = S — (3)
tan wpn + tan wy

7| A S Ahp & AW RHYoll nwn A%
Satolu] £'0] AFE 2ol Bz FHAClolCh
2. AF42 P W

AFF2te BAAL
ol MUEE NH

534
NERel Pagel

G E

guto 4
Wb el

Wejojn] Ml shFSabe oMl YPEDN |UH
A areiel  wabgge  Aeie  Fojzin Yk
fFgate Fd AHSANE oJQHY  HHoid

HyEg vepdch (2] FeAEl Bag A 2d
WE zAANM A a'e FHAL f wx W
o T2} Voot Atk AT} V2



A 53 b5 P dAleld & dE E (90, 2. 10)

a' = f = lim (4)
w—o tan w
Va=h"-a"tanw m
b - a'" tanw
Ve= 1) —m———— ("

a’ tanw

o]31, o714 W' & Agoloinl wiz HAHAH ZHnbject
field angle)olt}, F37ie]l A2t 4971 AolA
G2 HHYH L Fiolel Wy nodal stide By]ol
ek, Fig, 18 slolet ghel ot R A
HYE ot} FuiEl PHAME AEVIE W}
A&7 8 A8 FYHoE FUAE YR oA
MY 4 Aolop o] HABE Wi i AR
ofglnel AENE wWdshe $HE ki3 3AE S

L tllumination system

BZ reference plane of optical
0S object slfit

system to be tested
w object field angle P optical system to be tested
X collimator B tmage plane
EP entrance pupil D detection device
h' image hefght

Fig. 1. Camera sctup.
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Fig. 2. Setup for nodal slide lens hench meihod.
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Table 3, Evaluation of the distortion for 24 m vide asgle Tens by using the camra wethod,
N1 valwes are given in wicrometers.
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Fig. 5. Graphs illustrating  the values of

distortion for a wide angle lens.

i F4-218 Al
faksll o stepping motor 7t
um o FUEE AEolE HAFNYCH
simiel WP os SHY 24 m =9

Table 304 D& 5 wioiwye 2
eixol fIFAE FAW  gloln

Fojzlch

AHES W& 6009 PR
K2rsEl translator® )

Tahle 3&
o} 4= 210] 0},
zheol gt
th&a gol

V,L*V,R
D, — (9)

2

o171 M Vo, Va,m Fol7 ztEolA Bwol %

SEZo| ViEhe siFeaolrh. Dyt EAAOl
i gtolol  Dewr  mBEF 00N e
AT patol i E AR P & Urh
D. =D, -t tanw (10)
o714
Dy, + D
Aa' = __w.l_w—z_ (1m
tan w, + Lan w,
ol A3 wTHw, oM AW AFLARE I

alzol 2HZoli= 24,190 mn o
pa' & -427 o k. FHZolr L 3 olste} AR
ol A AxolE  FAstol  Fsigonl  §Uolslol
Ao ME 2ot A9 YAsE HAE HEYch
Table 3 S8%E g4t 7lol wiyF9 zwoly
;e AHT vebdg ¥ 5 9rh Fig. 5%
217019 RFEH AN iyt AT 42H vepATE
Nodal slide® 2pgsio] AT45:0EF HF8Y 23§
ForAlel M2AHo|l nudal slide?) A HN Y2BER

¥ 571 Pryolct,

sfop B0} YAskE HEol wmet eFs2 5%
AYE) Y AT Frh. VA A ARHY

‘nodal slide®) MNHZo 2 Rel oy goyni #Fe|F ol
lui o] ¥el® ol FHYY PYE Y 53] #gs)
HEE 2apes Fojop vtk AFEsY @Hol
BeAe) F1EU3L $2lo] obd AL HHE AR
Zol #e wihyoez ehin] Wzg olfy 7
Y Eol Mo QY L2)F Aol AT K42



A 53 b5 Y ol i (90, 2. 10)

ES

Teble 4. Cvaluation of the distortion for 24 m vide amele lews by wsing the wodal shide
optical besch nethod. A1 valwes are given in wicrometers,
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Table 5. Cowparison of the weasared distortion valves. The values ohlained ith the
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Fig. 4. Nodal slide

Table 1. Specifications of each component of the distortion wasoreennt syclee.

h. T Secification
1] Ontical Table
2| Transtator QX (Zol {a, 24)
1 | Tramslator Bf-axis 434 A8 (245 10 on, 385 110 0l
§ | Rotator Kicro Control B0 10080 {235 1000
5 | Ohject Gemerater | B2 e J2 4
§ | %odal Slide Rotator, 1-¥ translator, Lab fark
T | lens fomt Aoz} B2 wmt & centring bolder 73 418
§ [ Scameer SHit or its efe
9 | Migeest Sster | Samer 332 A% W
0|3z M tebe (Rasatse 19, S-20 type, Preamplifier
WY scket 418
11| defocusing Transtator | Kices Controle 15 U5 (285 ¢ wn, 35
t] oo, 01342 125 m)
12| 1 tramshator o o|§4
13| Trasshator off-aris &30 48 {35 41 ow, B85 01 )
14| Traeslator Meforwsing aligmeal (¥45 ¢10 un, 345 11em
15 | Transhator Buol 244 (P45 ] on, 39T )

optical
tesling optical system.
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Table 2. Specification of each coponent of Lhe noda) slide optical benck ysten.

k. e Serification

I Sliding romd bar o] 10w, 847 M m

2§ Sliting romd bar Lol m, FEH2 610 m

31 Sliding romd bar 2 10 m, 543 N m

4| Object generator visible, IR, piohale, shit, test targel
5 | Ko AT A A=R8 on, 37 0 m
§ | OFF-anis paratolic wimer | BRSO/, A-KR w0, T Mw
T | Tested Tons holding systew | rotater, K-9-1 tramslator, lens bolder

ol mial slide

§ | ety Ho g 4y

§ | Bolating are 0] 720 m, 1{0m

10| Transhater Lol [ m
1| Translator LERUT ]




