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ImageMastercUniversal Line

The preferred choice of R&D ldlbs
dround the word

ImageMaster® Universal hus been desi-
ghed to meusure u wide range of opticul
parameters reluted to almost dll typicdl
opticul components und lens systems.

Virtudlly any existing lens systems ranging
from high performunce photoyraphic len-
ses to military sighting devices cun be dc-
curately meusured.

ImageMaster® Universal is modular and
upyradeuble to dllow for custom configu-
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ration us test regyuirements change. The in-
strument cun be configured for testing op-
ficul systems with:

e Oobject ut infinity
e Object und imuye ut finite conjuyutes
e ufocul systems

ImageMaster® Universal is desighed to
work in different spectral ranges from UV
to far IR. High gudlity optics include speci-
dlly desighed high definition lens collimu-
tors und mirror collimutors with surfuce
yuulity up to A/15.
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ImageMaster® Universal Finite Conjugutes Set Up (Motorized Swinging Arm with Lens Collimator

switched off)



MTF Solutions for Laboratory and Research

Measuring Head
Relay Opitics free of residudl uberrations

The lonhy co operution of Trioptics with
world known compunies us Zeiss und Lei-
cu resulted in specidlly selected, high per-
formunce objectives munufactured by
these compunies und used in Triopftics in-
stfruments us relay optics.

ImageMaster® Universal incorporates only
relay optics with insignhificant residudl
uberrutions und with large numericul
uperture. The selection of the reluy optics

ImageMaster® Universal Afocul Set Up

TRIOPTICS

TRIOPTICS GMBH - OPTISCHE INSTRUMENTE

is contfinuously improved, however, some
exumples often used relay opfics:

Zeiss 50XNAQ.7, Zeiss 50XNAO.8, Zeiss Apo
50XNAQ.95, Leicu PL Apo 50XNAQ.9.

Selection und churucterisution of the
CCD-Cumeru

The CCD-Cumeru used in Trioptics MTF
equipment are selected und meusured in
order to determine the own MTF curve of
the cumerau. Criteriu for selection dare the
owh cumeru MTF, Progressive Scun CCD,
optimal resolution und low nhoise. Exam-
ples of cumera used in ImugeMuster® se-
ries: Progressive Scun 8 bit 647X493 pixels,
Proyressive Scun 10 bit 1300x1084 pixels or
for speciul applications Digital Camera 12
bit 1280x1024 pixels.



& TRIOPTICS

TRIOPTICS GMBH - OPTISCHE INSTRUMENTE

SET UP

ImageMaster® Universal Infinity Setup

Perfectly dligned opticul heuds

An important error source in MTF-Medsure-
ment is related to the adjustment and dli-
gnhment of the meusuring heud. To avoid
any conceivuble misdalignment or focus
error, Trioptics developed U proprietary
procedure to perfectly locute the CCD-
Chip in the focul plune of the tube lens. In
a second step the centration of the relay
and the tube lens is optimized so that the
residudl errors of the relay optics are neyli-

gible. This highly accurate dalignment of
the opfticul head is un essential and distin-
ctive fedture of the ImuygeMuster® Series,
ensuring excellent accuracy und repedtu-
bility.

Optical Bench and Stages

The geometry of the opfticul bench system
and the yudlity (straightness, flathess, lony
term stability, etc.) are essential for a high
level of uccuracy in MTF meudsurement.



SET UP

The ImugeMuster® Series include only yui-
de wuays, lineur und rotary stuges maude of
high stiffness, corrosion resistaunt mauterials
and feuturing exceptional straightness
und runhinyg tolerunces.

The stepper motor stuges have typically a
positioning uccuracy of 0.2um aund superi-
or straightness tolerances due to high pre-
cision guides with roller cross beurings.

The swinging arm relies on ultra precision
beuring und Heidenhuin encoders with an
ungulur resolution of 0.36 urcsec.

The sumple holder is given special uttenti-
oh in desiyn und munufucturing. The stiffn-
ess und stability is essentidl for u repeutu-
ble locution of the lens under test. The ro-
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Colllimators

Trioptics is offering worldwide the largest
runyge of collimutors, uutocollimutors und
uccessories. A cureful selection of the
best collimutors und un uccurute focus
dlignment deliver uberration free collimu-
tors with a heuarly zero depuarture from col-
limution. A certificate of cdlibration of infi-
nity position cun be supplied with the colli-
mutor.

Depending on the spectrul range reyui-
red for the MTF-Meusurement, the Imuye-
Muster® Series ure equipped with refrac-
tive or mirror collimators.

The Triopftics refractive collimators are mo-
unted in g hard chrome plated tube in or-
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tation of the sumple in order to uchieve un
uzimuth chunging is ensured by precision
bedrings und precise dlignment so that no
focus chunge occurs during the rotation.

High Quality Mirror Collimator EFL 2000mm, Aperture 200
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mm, Surfu

o

¢

ce yudlity: A/15

der to ensure lony term mechaunicul und
thermal stability. The mirror collimators feu-
ture highest surface yudlity, typically A/10
to A/15, ure mude of Zerodur und mMoun-
ted in u rugyed, lightweight Aluminium
structure. All collimators provide diffrac-
tion-limited performance on-uxis.
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Principle of measurement

MTF-Modulation Transfer Function

The Modulution Trunsfer Function (MTF) is
an important did tfo objective evaluation
of the imuyge-forminy cupubility of opticdl
systems. Not only that the MTF provides u
meuns of expressing the imayging yuaulity
of opticul systems objectively, but it cun
be cdlculuted from the lens design dutu,
In this way it dllows opticul und systems
desighers to predict reliubly the perfor-
maunce of the opticul systems. The munu-
facturers cun compure the imuage gudlity
of the munufactured lenses with the de-
sigh expectutions.

The Modulation Transfer Function (MTF),
describing the resolution and performan-
ce of un opticul system is the rutio of relu-
tive image contrust divided by reldtive
object contrust

MTF = Relative Image Contrast/Relative
Object Contrast (v)

Whehn an object (illuminated target or re-
ficle) is observed with aun optical system,
the resulting imuge will be somewhut dey-
raded due to uberrations aund diffraction
phenomenu. In uddition, u redl lens will
not fully conform with the design dutu,
Manufacturing errors, assembly and dlign-
ment errors in the optics will deteriorate
the imaging performance of the system.
As u result, in the image, bright highlights
will not appedr us bright as they do in the
object, und dark or shudowed dreus will
not be us black us those observed in the
originul putterns.

In generdlly un illuminuted target is defi-
ned by its spatial frequency (number of
bright and durk areus per milimetre) und
the contrast (the uppurent difference in
brighthess between bright und durk dreus
of the imuge). By convention, the modu-
lation transfer function is hormulised to uni-
ty at zero sputidl frequency.

PRINCIPLE OF MEASUREMENT

Imaging System (Sample)

Image of T

Object (Target) . _

Modulation of Object Modulation in Image Field
(LT M0 WAV

For low sputidl frequencies, the mModulati-
oh transfer function is close to 1 (or 100%).
The MTF curve generdlly fulls us sputial fre-
guency increuses. The contrast values dare
lower for higher sputidl frequencies us sho-
wn ubove.

As sputidl frequency increuses, the MTF
curve fdlls until it reaches zero. This is the li-
mit of resolution for U given opfticul system
or the so culled cutt off frequency (figure
below).

After the contrust value reaches zero, the
imuge becomes u uniform shade of grey,

Contrast (Modulation Transfer Function)
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and remuins us such for dll higher spdutidl
frequencies.

The moduldtion transfer function varies hot
only reluted to the sputidl frequency but
dlso with the position in the field of view.
The MTF medusurement dlonyg the axis of
symmetry of the opfticul system is known
us on-axis measurement.

To completely characterize the imayging
performunce of un opticul system, the



PRINCIPLE OF MEASUREMENT

MTF must be meusured ut dif- ray from object at infinity

ferent positions within the F
field of view.

The MTF meusurement within
the field of view is known us
off-uxis meusurement. In or- .
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der to uchieve un off-axis
measurement, the turyget is

moved in the field of view ut

the desired position und the

detector ut the corresponding imuge po-
sition.

The MTF meusurement cun be uccomplis-
hed dt u single wavelenygth or in U spec-
fral range covering u finite bund of wave-
lengths. The resulting meusurement datu
dre knowh us monochromatic respectively
polychromatic MTF vdlues.

Usudlly the modulation transfer function is
used in its one-dimensionul form, culculu-
ted for one uzimuthal section through the
imuge plune. The uzimuth (section plune)
of the object puttern when the prolongu-
tion of the slit or of the edye object pusses
through the reference uxis is culled sagit-
tal azimuth. When the prolongdation of the
slit or of the edye of the object puttern is
perpendiculur to the reference uxis, the
uzimuth is culled tangential azimuth.

EFL

The Effective Focal Length (EFL) or eyuivu-
lent focul lenyth (denoted f in the figure
below) is the distunce from the focul
points of the lens (F und F’ in the drawing)
to the respective principal plane (H or H').
The EFL determines mugygnification and
hence the imuge size. Becuuse the princi-
pul plunes ure usudlly inside the lens, the
direct meusurement of the EFL is difficult.

However, the EFL cun be meusured yuick-
ly and with sufficient accuracy using the
method of mugyhificution of u double bur,
Certified muster lenses from NPL (Nationadl
Physicul Luboratory of UK) und PTB (Nutio-
nul Germun Stundurd Institute) avdiluble

H H
EFL Measurement

at TRIOPTICS ure used for cdlibration. The
Mmeusurement duta are directly tfraceuble
to infernutional standards.

EFL and DISTORTION

Distortion: Distortion is the percent chanyge
in mMugnification between the center of
the field of view and the right and left off-
uxis positions ut the edye of the redl field
of view. In order to determine the distorti-
oh u different method of meusuring the
EFL is used:

® A MTF meusurement on uxis (ut u selec-
ted frequency) is curried out. The puru-
xidl focul plune is determined using the
MTF meusurement at a frequency of in-
terest. To achieve d high accuracy mo-
nochromuatic light und MTF curve fitting
dre used while the aperture of the lens is
reduced by d diuphragm.

e An unyulur field range und u number of
Meusurement points is selected (depen-
ding onh sumple). The setfting dutu dre
displayed in u tuble. The object yeneru-
tor will be automdticudlly rotated to the
field ungles increments resulted us rutio
of the selected rungye/number of meu-
surement points or ut specificdlly selec-
ted field positions.

e At euch position in field the imuge
height is meusured. A fuble with vulue
pdirs imuage height/field angles is provi-
ded.

e The EFL is culculuted with u formulu
h/tun dlifu (ulfu=field unyle) und infro-
duced ih u curve with parameters
EFL/field ungle . A polynomidl fitting dllo-
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ws for uccurate determining of the pu-
raxial focul length.
® The distortion is culculuted us u rutio
between puraxial und field focul length
® A yruph with puruameters distortion/field
ungle is displuyed

The procedure requires u reldtively large
numMmber of medusurement points determi-
ned by rotution of the object yenerator ut
very precise unygles und of the field stuge
at accurute field positions. Normally the
ImaugeMuster® Series feuturing distortion
Medusurement dre equipped with angular
encoder for object yenerator with u reso-
lution of 0.36 urcsec und lineur encoder
for field stages (typical accuracy 0.2um).
Moreover it is recommenduble to motori-
ze the object yenerutor und the field stu-
ye.

DEPTH OF FOCUS

The depth of focus, is the extent of the re-
yion uround the imugye plune in which the
imuye will appedar to be sharp.

The depth of focus cun be determined
using the "Through focus scun" und settiny
uppropriaute tolerunces for the MTF. The
depth of focus between the set tolerun-
ces will be meusured und displayed.

A more complex meusurement cun be
done simulating the ranye of object di-
stunces covered by the lens und meusu-
ring the MTF at the correspondiny image
distunces.

FIELD CURVATURE

Field curvature is u form of optical uberru-
tion in which the focus chunyges from the
center to the edye of the field of view.
The curvuture of the field is u lens uberrati-
on that cuuses u flut object surfuce to be
imuyed onto u curve surfuce ruther than
u plune. Field curvature varies with the

ImageMaster® HR

syuure of field ungle or the syuure of imu-
ge height.

In presence of ustigmutism, this problem
compounds becuuse there ure two sepu-
rate astigmuatic focul surfaces.

To determine the field curvuture a set of
through focus meusurements ut different
positions in the field is fuken. The best MTF
and the corresponding position in field are
determined. The vulues ure collected by
an Excel routine and display in graphical
and tuble form ds position alony optical
uxis vs. field unygle or other custom graphs.

VIGNETTING

Vighetting in un opticdl system is the ygru-
duul reduction of the imuye us the off-uxis
ungle increuses. This phenomenon is resul-
fing from limitation in the cleur aperture of
the elements within the system.

Vighetting is defined us the ratio of the
centrdl transmission with the transmission
ut the edye of the uppurent field of view.
Large vdlues of vignetting dare particularly
objectionuble with video-endoscopes
und in severe cuses leud to "white-out"
where the central imuge areu is suturated
whenhn the light source is udjusted for ude-
yuute edye illuminution.,

The vighetting is meusured us u rutio of
fransmission in the position on dxis and at
the field edye. ImugeMuster®-Software
Meusures continuously the light intensity of
the puttern in order to avoid suturation. In
this way the hecessury dautu are avdiluble
for determining the vighetting.

ImageMaster®Compact Line

Fully automated, ultra-accurate,
multifunctional MTF-Test Stution

ImaugeMuster® HR is the top instrument of
our Compuct Line series. It is a modulur,
upyrudeuble instrument line uble to meu-
sure u wide runye of opfticul puruameters



ImageMaster® HR

ImageMaster® HR Clussicul opticul set up

reluted to dlmost dll typicul opticul com-
ponents und lens systems. Almost unlimi-
ted applications und use in luborutory,
production or yuadlity control are the outs-
tanding feutures of ImuygeMuster® HR.

In order to ensure the most convenient
und dccurdate positioning of the lens Mo-
unts, the ImugeMuster® HR is set up verti-
cully. Moreover, the focusing und field stu-
ges ure mounted in the bottom side of the
instrument. The reference mechunicul sur-
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IrzegeMaster” HR

face of the sumple holder is horizontdl, the
lenses to be Mmeusured cun be simply Mo-
unted on the holder in u stuble position
due to the own weight.

Since the large mujority of the lenses have
the mechunicul reference surfuce on the
bottom side, the ImuygeMuster® HR offers
the ideul conditions for eusy, stuble und
uccurute positioning of the lenses to be
tested.
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Detuil ImageMaster® HR

ImageMaster® HR Finite Conjugutes Set Up

ImageMaster® HR

The motorized rotuteuble urm is eyuipped
with bucklush free transmission gyeur und
an ultra-accurate rotary encoder. The ro-
tateuble urm dllows for meusurement of
lenses ut lurge off uxis unyles: +/-90° und if
hecessury up to 120°,

The state of the art soffwuare features ud-
vanced cupubilities for detdiled undalysis.
A motorized und softwure controlled re-
ticle changer selects automaticully the
suituble target for the medusurement infen-
ded. The high resolution (0.01MTF) aund uc-
curacy (0.02MTF) are directly traceuble to
PTB stundurds.

Features and set ups

e \erticul set up

e Automuted unyle setting for off uxis
meusurements(Collimutor-Swinging urm
with stepper motor)

® Autofocus (Stepper motor stuge)

e Automuted field stage (Stepper motor
stage)

e Meusurement in visible spectral range

e Optionul meusurement in NIR range

In order to fulfil the meusurement require-
Ments of uny conceivuble optical system,
ImugeMuster® HR is desighed in different
Mechunical und opticul set ups.

Classical Set Up

In this tfest configuration the rotuteuble
collimutor projects u turget towurd the
sumple. The sumple is imuging the target
in the focul plune. This imuye is “picked
up” by the reluay lens of u telescope und
then projected on the CCD-Sensor.

The instrument cun be configured for
testing opticul systems with:

e object ut infinity
e object und imuye ut finite conjuyutes
e ufocul systems



SOFTWARE

Reverse Imaging Set Up

In this configuration the illuminated target
is pluced in the imuye plune of the lens.
The purudllel beum emerying from the
sumple is collected by u precision telesco-
e und focussed on the CCD.

The udvuntuye of this configuration is yi-
ven by the possibility to design the illumi-
huted turget uccording with the meusure-
ment plan i.e. placing suituble puttern in
dll off-axis positions infended to be meusu-
red. In this way the function of the field
stauge is fransferred to the illuminated tar-
get. It results u fust and conveniently pri-
ced instrument.

Other udvuntuye is reluted to distortion
meusurement. Since the taryet cun be
munufactured with hanometer accuracy
this will lead to a significant increuse in the
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Mmedusurement uccuracy of the distortion.
The udvunced softwure is designed fo
work under Windows XP® operating sy-
stems, includes u multitude of tools for
R&D und luborutory work and offers a
high level of speed und auccuracy. Imuge-
Master® Software provides u design und
resedurch environment dllowing the operu-
tor to curry out experiments, o complete-
ly characterize opticul systems and finally
to launch superior products fuster.

Bused on the lony tradition und experien-
ce of TRIOPTICS in developiny world cluss
opfticul instfruments the new software
puckayge provides Auto Focus, Through
Focus Scun, Set up files, user und supervi-
sor uccess to set up files, Pass or Fuil feu-
fures, storuye of lens und butch dutu, du-
ta andalysis over Excel etfc.

=101 ]
Log SaveResult Configuration File Settings GoTo Help
Measurement range: Stage: | Object Angle hd -0.003 —
[1:1..15  MIF Cross EFLcol-100mm Zeiss 50:08  Retd  v] Nj~ I [sg.080 ¢ | N | ]iMeasure[l Coarse | Siop (ESC)
Results: )
Company=TRIOPTICS GmbH: B
Operator=TRIOPTICS GmbH:
SamplelD=:

Temperature=22 °C:

Comments=:

DateTime=Wed Jun 14 17:41:24 2006:
System=finitesinfinite

System=finitesinfinite

Results=Distortion; Type=ImgvsObj: EFL=3.86[mm]: Def
Img: +2.2709 +2.1304 +1.9942 +1.8640 +1.7410
0Obj: -30.0135 -28.5150 -27.0153 -25.5104 —24-009?;1:

4 l L3
setsystem(f, i)

set_range(1l)

efl_default(3.86)

optimise(100)

a_fine(-0.02, 0.02, 20, s)

/mtf (0.0, s. 5. 250)

/MIFvsField (0. s, 10, 200, 10, 30, obj)
#/FieldReport(-0.05., +0.15, 20, s, 0.4, 10, 30. obj)
Distortion(20. 30. obj)

Autofocus Graph MTF Graph LSF Graph
100 100 — 935 256 X
H\H\'«-.._
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— S h"““w.__ -H“'“-Hq.hqq__nh
E 50 | E 50 = Z128
; 2
25 285 £ ;
et A
o ! 0 . 0
0 50 100 150 200 -74 0 75
29.003 Position sl Frequency Pos{um)
distart| |3 9 9 & ) Premier | 3 my Computer | [] RIOPTICS GmbH - Meas. . |[ ) MTFProduction B« &V 1852

Simultaneous medusurement of MTF in sagyital and tangentidl plane
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Newest feuture includes script tool for cu-
stom proyramming of test segyuences.
Meusurement certificate, storage of meu-
surement datu, statistical evaluation are
since lony standuard features of our soft-
wuare,

ImageMauster®-Software provides unigue
feutures in order to optimize the medusure-
Mment process:

e Simultuneous meusurement of the EFL
and MTF using specidl target puttern
und specific software culculdation

e Alternutive MTF meusurement using u
slit or u pinhole us u target. While the slit
bused MTF meusurement is accurate, it
shows the opfticul performance in ohe
azimuth only. The pinhole bused MTF

(i

Log SaveResult Configuration File Settings GoTo - Help

[ Stage:  [ObiectAnge = 1~0.003

[41..15  EFLEFLcol=100mm Zeiss 5040.8 Ret 1 = n E’ 89.080 ‘“l ﬂ| Measure| Coarse | Stop (ESC)

Operator=TRIOPTICS GmbH: A
SamplelID=:
Temperature=22 °C:
Comments=;

Img:
Obj :

Commands:

DateTime=Wed Jun 14 17:41:24 2006:
System=finitesinfinite

System=finitesinfinite

Results=Distortion; Type=ImgvsObj:; EFL=3.86[mm]: Def

-30.0135 -28.5150 -27.0153
4 | »

setsystem(f, i)
set_range (1)
efl_default(3.86)
optimise(100)
a_fine(-0.02, 0.02, 20, s)
/mtf (0.0, s, 5. 250)
+MTIFvsField(0., s, 10, 200,
/FieldReport(-0.05, +0.15,
Distortion(20, 30, obj)

SOFTWARE

Mmeusurement provides information
over the full lens uperture und is ideudl
for redl time dlignment during ussemb-
ly of objective lenses.

® Automuted selection und positioning
of the suituble reticle (turget) for the
current upplicution

® Set up files with the optimized process
purameters with pussword protected
uccess for operutor und supervisor

® Script tools for custom programming
and aunalysis —idedl for R&D luboratories

e Trunsfer of the Muin functions to u de-
dicuted keybourd, so that even unskil-
led operutors cun provide reliuble
Medusurement results in production en-
vironment

e Extensive dutu processing with
MS EXCEL

+2.2709 +2.1304 +1.9942 +1.8640

-25.5104

+1.7410
-24.0097 -

10. 30, obj)
20, s. 0.4, 10. 30. obj)

Autofocus Graph MTF Graph LSF Graph
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a Startl @ 4 3E ) Premier | 3ty Computer | éimloP‘iICSGrﬂi-f‘\eas...]lé}mFProMon E « ft\,gf 18:54

Meusurement of EFL with ImageMaster® Softwure



SOFTWARE

The ImugeMuster® cun be configured to
Mmeusure the MTF in sugittal and tangential
direction or to perform tests over the full
lens aperture (using pinhole target). The
sputial frequencies of interest cun be sel-
ected prior to meusurement. The redl time
meusurement results cun be compured
with the culculuted theoreticul MTF vulues
or with opticul design files.

GRAPHICAL REPRESENTATION OF DIFFERENT
MEASUREMENT DATA

The soffware puckuge of ImageMuster®
Series includes un automuted communi-
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cution with Excel which standardly provi-
des yruphs for:

MTF vs. Sputidul Frequency vs. Image
Height

MTF vs. Sputial Frequency

MTF vs. Sputidl Frequency vs. Wavelength
MTF vs. Defocus

EFL vs. Image Height

Further yraphs or dutu tubles cun be eusi-
ly programmed uccording to customer re-
yuirements.

|

[o% powerpoint

‘5 Start EwOEGEEE [ roeem, |

MTF versus Fregquency (Field)

Y ] [ ) ] [ [ 7 ] [ ][ ) ] [ I [l i [ (O e ] R 5=

1 Comparty. Trioptics

2 | Operator: P. Erichsen

3 Sample ID: test lens 24

4 Date/Time: Mon Oct 17 13:32:16 2005

5 | Data Source:  File >> MTF_vs_Field01 res

6 Comments: EFL=54mm
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34 | X -12 -10 -8 -6 -4 2 e 2 4 5.99 7.99 9.99 11.99 EFL Def. X'
35 Tan. 1 1 1 1 1 1 1 1 1 1 1 1 1 1] 54 0—
36 Tan. 2 0972 0.971 0972 0.8 0.985 0.987 0.988 0.988 0.985 0.985 0.984 0.981 0974 ] 54 Q-
37 | Tan. 3 0.892 0.887 0.891 0.923 0.942 095 0.952 0.952 0.947 0.943 0.938 0928 0,899 || 54 0
38 Tan. 4 0771 0.763 077 0,83 0.875 0893 0,899 0.899 0885 0,879 0.866 0845 0.786 [ 54 0—
39 Tan. 5 0.625 0615 0625 0727 0.792 0823 0.835 0.634 0817 0.801 0.778 074 0.65 ] 54 Qi
40 | Tan. B 0.472 0.466 0.474 0,608 0.7 0.748 0.768 0.767 0.742 0.716 0.681 0627 0.507 ] 54 0
41 Tan. 7 0.328 0.332 0335 0.489 0.607 D674 0.703 0.703 067 0633 0.583 0511 0372 ] 54 0—
42 Tan. 8 0.208 0.224 0217 0378 0517 0.604 0.645 0.645 0.605 0.555 0.489 0.401 0.255 (] 54 0\~
43 | Tan. 9 0.121 0.149 0.128 0.281 0.435 0.541 0.595 0.597 0.549 0.485 0.404 0.303 0.163 [] 54 0
44 Tan. 10 0.072 0.101 0.067 0.201 0.361 0.485 0553 0.557 0.501 0.423 0.328 0.22 0.097 [ 54 0—
AL Tam 44 nneT Lanin) Ll LEL -] 0N LT nEesc neYs nac M 2N Lol o) L] Ansan £ Ll N
Woe u\MTFFiaH,(DIag’ammlS:MIFFiBH.FrEq/ |« |

"% Measire...

DE Q L # 15:34

B TRicPTIC.., | 201 man .,
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TRIOPTICS GMBH - OPTISCHE INSTRUMENTE

SOFTWARE

ATTE [T € [ B [T e [ F 6 [ W [ 7 eeSeeeel e [ . ] W [N ] O
| 1| Company. Trioptics
| 2 | Operator: N. N.
3| SamplelD:  L102 —
| 4 | DatefTime: Wed Jun 14 14:39:07 2006
| 5 | Data Source:  File >> sample1 MTFvsField tan 000deg.res
| 6 | Comments:
g
8 "
B MTF vs Field
10
11 10
12
3 09 Tan. 10, Freq= 45
LAk .11; Freq.= 50
| 14 08 .12 Freq =55
15 -Tan. 13 Freq.= 60
il a7 an, 14; Freq.=65
16 |15, Freq= 70
17 =05 Inig ::eq_:%
LE g REib e
19 = -Tan. 20; Freq=95
|- |5 -Tan. 21; Freq.= 100
120 3 --Tan. 22 Freq.= 105
21 ---Tan. 23 Freq=110
B 4 s ns
2 : - Ten 2% Frog. 125
23 sad Tan. 27: Freq= 130
sy = -Tan. 28, Freq=135
A e -Tan. 29, Freq.= 140
25 i -+ Tan. 30, Freq.= 145
E3 i I Rmns
iz Ton: 3% Frea= 180
| 27 | Tan. 34 Freq=165
28 --Tan. Freg.=170
S Object Field Angle [deg] BRI Rl ]
1 29| je 9 9 -7 Jan. 37 Freq= 180
30 T peazis
31| Ton A0 Fren 105
W 4 » W\ MTF Freq. \MTF Field { MTF Field.Freq / [+l |
Ready UM

S

dstat| |3 4 I B | Premier | 3 tycomputer  |[[] TRIOPTICS Gmb.. {3 MTFProduction | 1 Fieldcurvatwre. L. | | BB |« & 98 77 18:59
MTF versus Field
NN (B e | G | o | | e e e | M R e {2 (S S A ]
1 1Company. TRIOPTICS GmbH
2 | Operator: P. Erichsen
131 Sample ID: WA 01
4 | Date/Time: Sun Nov 06 15:36:10 2005
5 Data Source: File >> fieldreport res
6 Comments: Phot. Eye TAN AF at SOlp/mm
7
8
9] Field Curvature
10
1 %320 ~+= -Fo.Pos 1; Tan
12 oo >
%3 36.300 e T s -
15 i i
6 = %20 —
17 £ PRI S | e e SR T Ten
18 g »m0 T e e e
o § e s e : z
20 4 ss200 -
21 E P
_% £ w20 s . Lo - —ectea-Up, The.4: Ton
2% 36,200
26|
27 | 38180
B # b b . " A T | - - mr=nowe 2
|29 Field Angle [deg]
3t
32|
133 Table: _Field Curvature — — —_ — — — — e
34 w_: =25 22507  -20.003 <17.5  -14.997  -12.494 -0.99 -1.487 4.983 -2.481 0.0 2.528 5.035 7.54 10.045  12.549
35 | Fo. Pos 1 32X/ WS 35.255 %.255 36.255 3%2XE6 WX FKXE 5.6 *».277 36.277 36.2}/E6  IEWE  BXE %.2%66 36.255
36| Lo. Thr. 1 36216 36216 3216 P27 36219 302 B2 IHX7 BB BIW 629 BT BIH H25 H22  BI6
Edl Up.Thr1 36297 36296 35297 36209 36302 36304 35308 3631 36311 36311 3831 36309 3\  B305 B2 36299
38
39
40 |
41
£
43|
44
—= -
W 4+ \Feld Curvature { Vignetting  Depth of Focus |/ |« 4|
Berait NF
Field curvuture



SPECIFICATIONS

TRIOPTICS

TRIOPTICS GMBH - OPTISCHE INSTRUMENTE

MTF versus Field und Focus

Specifications

PARAMETER TO BE MEASURED:

MTF in following configurations:

Infinity conjugute

Finite conjugutes

Afocdl systems

MTF on-axis, MTF off-axis, off-axis anygle
+/90°

Further optical parameters:

EFL(Effective Focual Length)
FFL (Flunge Focul Length)
PTF(Phuse Transfer Function)
Distortion

Astfigmatism

Field curvature

Chromutic uberrations
Relative Transmission
Vighetting

FOW (Field of view)

Chef Ruy Angle

R\l- B | c | D ] E: | °F G H [ 9 T v [ C | W [N | © P | @ =

1 Icompany: Trioptics i
| 2 | Operator; N. N,

(3 | Sample 1D: L101
EN Date/Time: Thu Mar 23 17:39:59 2006

151 Data Source: File >> L101 090ip tan.res
& | Comments:

7

o MTF /90 [lp#nm]
8 |
110 | 0084

11

12 00809
113

14
s g 0708
116 |

17 § 00607
18 | -

19 & 00506
|20 | E
21 00405

22
23
26 80304

=
126 | 00203
27

28 80102
|28 |
130 0001

3
32
|33 | Table: MTFvs _ _ _ _ _ _

34 X'_Det, -0.1 -0.09 -0.08 -0 -0.06 -0.05 004 -0.02 -0.01 0 0.01 0.02 0.03 [T -
35 0.791 0195 0223 0263 0.308 0.338 0.387 0.385 0435 0466 0474 0467 0461 0439 0417
3 067 0ms 0118 0155 0197 0.245 0282 0.343 0428 0455 048 0496 0502 0.492 0471
{37 | 0434 0043 0067 0084 012 0.165 026 0285 0.401 0453 05 0516 053 0523 0505
S I E——— 1 AnsE ___padn Aans AATE fnase A e nee nene faTa " bt |

1

Spectrdl runye:

VIS (Visible range)

NIR (Neur infrured)

SWIR (1-3um)

IR (Infrared) 3-5um and 8-12um

SYSTEM SPECIFICATIONS

e Accuraucy MTF: +/-0.02 MTF (directly
tfraceuble to intfernutionul stundurds)
Repeutdbility MTF: +/-0.01 MTF
Azimuth medusurements over 360°

Lens focul length range: 0.5-1200mm
Max. cledr aperture: up to 460mm
Medusuring process: munual or fully
automuted

Sputidl fregquency: 0-1500 lom, 0-60c/mm

15
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TRIOPTICS GMBH - OPTISCHE INSTRUMENTE

ImageMaster®PRO4

High Speed Universal Production
MTF-Tester

Leadership in testing mobile phone and
digital camera lenses

ImageMuster® PRO 4 is the leudiny instru-
mMent for testing mobile phone und diyitdl

ImaogeMaster

& ioprics

ImageMaster®PRO

cumeru lenses. It is recoghized us the in-
dustry standurd providing highest accu-
racy und relidbility. The cdlibration of the
instrument is directly tfracedble to internu-
fionul stfaundaurds.

Pleuse contuct the TRIOPTICS representuti-
ves for more detuiled information.

TRIOPTICS

TRIOPTICS GmbH - Optische Instrumente
Hafenstr. 35-39 - D-22880 Wedel / Germuny
Phone: ++49-4103 - 18006 - O - Fux: ++49-4103 - 18006 - 20
E-mudiil: info@trioptics.com
http://www.trioptics.com



