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The optical measuring
technique necessitates
particular, towards certain
criterions working opfical
systems. Telecentric optics, that
distinguishes itself through very
low linear distortion, smallest
magnification errors and
professional mechanical
implementation.

Telecentric Oprics

Telecentricity is demanded, if...

- in the depth staggered objects
must precisely be measured
independently from the
working distance and/or high
exact positioning of the
objects should be avoided or is
not possible.

- optical setups with wide field
angles would lead to strong
edge vignhetting or even
shadings would appear, so for
example with scanning of LCD
displays and observation of
course structures with steep
roofs etc.

Request on the optical system...
...one should determine the
requests at the telecentricity
according to task designation
individually. The sketch above
shows simplified the
conventional and the
telecentric ray path.

Each axial displacement or
expansion of the object in the
depth causes an alteration in
image size at the CCD and/ora
displacement of the focus point.
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The telecentric optics

(upper sketch) only admits
parallel light to the image
generation and so reduces the
magnification error of the
image decisively.

This magnification error is
different according to object
field.

So, measuring optics do have a
good telecentricity over the
entire field with less linear
distortion and high contrast

(= MTF transfer).

Since there is no refocussing
during the measurement -
however through the
displacement or the depth of
the object a defocussing of the
image fields - it should be clear,
that the blur must be so smalll,
that the detection of the edge
can be enforced unequivocally.
Through variation of the
illumination strength and the
interconnected glare with it the
object appears to pump or 1o
vary in the size. Allegedly good
images should be put in so that
Nno gray level value over 255 is
exceeded. Further more, the
optical system must show
minimum possible light-waste
over the field in order to be able
to enforce the attitude of the
illumination correctly.

Tuning of telecentricity...

...In which depth of object do |
have less than 5 um
measurement error on the
object through the variation of
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the image size?

Opticans describe the quality of
the telecentricity by the angle
of the chief ray towards the
optical axis. This would be the
axis of the gray ray-cone in the
above sketch. One declares the

Image 2

angle in mrad. Typical values
with telecentric optics are
chief-ray angles of <1 mrad!
A conventional optics does
have values of hundreds of



mrads! As a rule of thumb one
can assume the errorin
meadsurementis Tum per mrad
angle at T mm of defocus.

As an example we show on the
basis of the graph 1 the image
size variation with an object
displacement of £ 6,4 mm with
d telecentric lens. The amount
of error here is approximately
0.6 um for the area of 0,7

Image 3

image high.

A conventional lens with focal
length 30 mm shows an image
size variation of approximately
1,2 mm. That is a factor of 2000
See image 2.

Tune with the depth of focus...
...over which depth of object
does my edge sfill remain
sufficiently sharp without
focussing?

Above, the area of the depthin
object was declaredto be + 6,4
mm - why? See the true focus
representation on image 3.
Here the contrast of a line-pair-
group of 32 Ip/mm is
represented in the image area
in different focus planes. The
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value of the MTF should not fall
below 25 % MTF (approximately
50 grey levels). Inthe
represented image area of

+ 0,4 mm - which corresponds to
the alteration of the working-
distance about + 6,4 mm - the
value is hot below this 25 % MTF
target and so allows a certain
edge-evaluation.

Tune the resolution...

...which structures should | be
adble to resolve?

One may increase the depth of
focus by setting a higher F-Stop
number. This should be done
with simple and cheap lenses,
because this reduces the
geometrical aberrations and
helps to improve the quality.
This is not necessary and even
destructive with high quality top
lenses, especially if highest
resolution is demanded. See
image 4/5.

These show the MTF with full and
half FNo setting. at which the
contrast for

50 Ip/mms falls from 60 % to
approximately 30 %! The reason
for this is that with good lenses,
the geometric aberrations are
so well corrected that there is

Image 6

no improvement while stopping
the lens down but merely
incredases the dberrations by
diffraction effects.

It’s best to keep the balance of
geometrical and diffractive
aberrations of the lens.

The image of the edge transfer -
see image 6 - is a good method
in order to give the machine
vision engineer an idea of the
quallity of the lens in use. It
shows the fransfer of an edge
with certain gray values on the
y-axis over the chip-position (x-
axis).

The graphs show a goodand a
worse lens.

With the so called subpixel-
approximation, one can redlize
a factor of 5 to 10 of the pixel-
resolution; i.e. with 6 um pixelsize
afferall 1.2 o 0,6 um resolution
at magnification -1.

These fine "optical calipers' are
useless, when the edge spreads
over 40 um as can be seen on
image 7. That means the graphs
slope is not sufficiently steep in
order 1o assign the place of the
true edge. An even much more
dramatic effect is the influence
of an asymmetrical error, so if
the edge driftsinits x and y
position, caused by coma and
also too bright illumination.

Requests towards the
illumination...

...Please see at the end of this
brochure!

Image 7
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Telecentric Oprics

Telecentric lenses

We have dlready redlized a
large number of customized
developments at telecentric

lens applications for CCD matrix

and CCD line cameras; and
adlso manufacturedthose.

For our customers we redlized a
family of standard components
of lenses, that distinguishes itself

through following qualities:

T21.6-5x-15-VIS

TZ5-2x-70-VIS

TZ10-1x-40-VIS

TZ10-1x-95-VIS

IB/E lenses and their privilege ...

- object and/or both sides
telecentric system,
telecentricity < 0,5 mrads

- highest optical resolution
and smallest distortion
values with own optics
development and
production

- robust industrial
implementation, stable and

Beware the different drawing scales!

exact mechanical
alignment H7 /{7
- tunable working distance
- modular concept,
exchange of front-heads,
as an option

Our quality management

garanties ...

- telecentricity, distortion,
MTF and Interferometric
medasurement in the house

1216-0.5-100-VIS

1220-0.39-105-VIS

1223-0.35-135-VIS

1232-0.25-150-VIS



for THE vi

possible
- reports on medsurements
avdilable
- object field diameters in the
root 2 gradation
- very short mechanics
- corrected for visible light (VIS)
- integrated filter
- variable iris available
- coaxidl illumination possible
- dxf drawings available
- data-sheets available

SpeCTRAl RANGE

Redadlized systems ... application.

Lenses for object fields reach Also, we design lenses with
from @ 0,8 - @ 254 mm (!). exact object distance setting
The number on the lenses has and non standard lens
following meaning: aftachments.

object field @ - magnification - Please see our homepage for
working distance. detailed data-sheets!

For example T232-0.25-150
To our customers we offer
special support for the easy

integration of our telecenttic 1246-0.17-210-VIS

lenses into its machine vision

T1265-0.12-250-VIS
In revision!

T2100-0.08-300-VIS
In revision!

Telecentric Oprics



Telecentric Oprics

Mini lENSES

T123-2x-32-VIS
without coaxial illumination
In revision!

T123-2x-32-VIS
with coaxial illumination
In revision!

T26-1x-50-VIS
In revision!

itTh coaxial light

T213-0.45-45-VIS
In revision!

TZ11-0.74-140-IR

T223-0.35-135-IR

Artachments aANd MounTs

Don’t forget for the robust
industrial implementation.

It's an easy task with IB/E”s
stable and exact mechanical
dlignment mounts.

This specially constructed clamp
does have a H7 bore for perfect
positioning the optical axis
towards the object.

A special thread allows turning
the camera and optics parallel
to the chip sides and fixing it in
the final position.

See detailed data sheets at
www.ib-ecketl.de

Beware the different drawing scales!



Telecentric lenses for NIR

T264-0.17-180-IR
In revision!

T2110-0.1-160-IR
In revision!




Telecentric Oprics

The table shows an overview of
the avadilable telecentric lenses.

Following datas are listed:

- maximum usable

sensor format

- resultant object field with max.
possible chip size,
1/3” to 2/3” CCD

- maghnification
- frack OO~

- effective working distance
The illustrations right shows

Image 1:

TZ3-2x-32 with integrated
coaxial illumination for 1/3”

Image 2:

TZ10-1x-40 for mag. 1:1

Image 3:

TZ3-2x-130, lens for object field @

2-3mm
Image 4:

TZ1.6-5x-15-VIS, lens for 3x - 6x
extension on maximum 2/3”

CCD
Image 5:

TZ216-0.5-100-VIS, lens for object

field @ 16 mm for 1/2” CCD

Image 6:

TZ33-0.24-138-IR, lens for object
field @ 33 mm for IR application

Image 7:

TZ32-0.25-150-VIS, lens for 1/2”
CCD, object field @ 32 mm
Image 8:

TZ46-0.17-210-VIS

Image 9:

TZ-Zoom with 5 - 15 mm

object field VIS

Image 10:

Telecentric attachment with
1232 that covers d field of 75 to
200 mm if the information in the
middle of the image is
unimportant for full resolution at
the edge.

CCD
object field object field object field
@ (mm) @ (mm) @ (mm) real mechanical
order no. of name working distance
UV = ultraviolet at 2/3° at 172 at1/3 track (mm)
VIS = visible range max. 211 28 26 meg- oo’
IR = near infrared sensor format (8.8 x6.6) (6.4x 4.8) (4.8x3.6) [} (mm) beware of
tolerance
beware of beware of beware of 2%
tolerance tolerance tolerance
2% 2% *2%
enlarging lenses for CCD matrix sensor
TZ1.6-5x-15-VIS 2/3" a .82).(21 3 16 1.2 5:1 100.8 14.7
TZ2-3x-130-VIS /2 (2.43)':)'.8) 22 2.7:1 302.7 130.1
TZ3-2x-32-MA 1/3" 40 (2.43;(0] 8 2:1 104.0 323
TZ3-2x-32-0OA 18" 40 (2.43)'(01 8 2:1 104.0 323
T25-2x-70-VIS 2/3" (4.45;(53_3) 40 30 2:1 194.0 70.0
125-2¢-70-R s o 40 30 21 1045 70.0
TZ6-1x-50-MA 18" 8.0 (4.86)-(03.6) 1:1 123.0 50.0
T26-1x-50-OA 1/3° 8.0 (4.86).(03.6) 1:1 123.0 50.0
T210-1x-40-VIS 23 806 79 59 1 1911 a0
T210-1x-40-IR 23 @8 %86 79 59 11 1011 a0
1210-1x-95-VIs o 8566 8 60 1 2008 95.0
11.0
TZ10-1x-95-IR 2/3 (8.8 X 6.6) 8 6.0 1:1 2016 95.0
lenses for big fields for CCD mairix sensor
TZ11-0.74-140-VIS 72 (8.9“:(-:.7) 8.2 1:1.4 254.3 139.0
T211-0.74-140-R vz B3y 82 82 113 2543 1390
TZ12-0.64-1508 172 (m-'|22).(57.7) 9.4 1:1.6 264.1 149.2
TZ13-0.45-45-MA 178" (10_152:7_9) 1:2.20 123.2 45.0
TZ13-0.45-45-0A 13 - (10-22;87-9) 1:2.20 1232 45.0
TZ16-0.5-100-VIS /2 (12.8 x 9.6) 122 1:2.0 205.6 100.5
TZ16-0.5-100-VIS-SB 72 (12.186)-(29.6) 12.2 1:2.0 205.6 100.5
1220-0.39-105-Vis vz o 128 147 126 232 105.0
TZ23-0.35-135-VIS /2" a &:::2'3.9) 17.1 1:2.9 254.9 135.0
TZ23-0.35-135-IR 72 (19_:15:4_3) 17.6 1:3.0 2510 134.0
1223-0.35-230-Vis vz 8a e 139) 17.3 120 3623 2270
TZ23-0.35-230-VIS-VB /2" a 852::( 1]3.9) 17.3 1:2.9 362.3 227.0
TZ23-0.35-225-IR 72 (18.82?(-:4.1) 17.2 1:2.95 356.6 225.0
TZ28-0.28-105-VIS 172" (22.42?(' ]|6.8) 210 1:3.5 2424 105.0
TZ32-0.25-150-VIS /2" (25.:;—9‘ 9.0) 239 1:4.0 300.2 148.0
TZ33-0.24-138-IR 72 (26.83?(- 120_1) 249 1:4.2 253.1 138.0
TZ46-0.17-210-VIS 2 (36.:5)(-927.5) 344 1:5.7 414.1 211.0
TZ46-0.17-210-IR 172 (36.64‘;(-127.5) 34.5 1:5.7 417.1 211.0
TZ64-0.17-180-IR-VB 2/3" 51 ;ti&s) 46.7 350 1:5.9 384.3 180.0
TZ265-0.12-250-VIS /2" (52.:i'439.3) 49.0 1:8.2 500.0 250.0
TZ65-0.12-180-IR /2 (52.46?('439.3) 490 1:8.2 409.0 180.0
TZ100-0.08-300-VIS 72 (BD.:i-BéD.D) 74.8 1:12.5 618.4 300.0
12110-0.1-160-IR us (5.0 86,0 800 600 1100 4000 160.0
TZ254-0.05-650-VIS 2/3" (]9525:'?“.5) 177.6 133.2 1:22.2 1300.0 650.0
Zoom lenses
12-5-15-30-VIS 173 25- 015 126-12:1 1400 136

30 (90° Umnl.)




Image 2

Image 11:

TZ264-0.17-180-IR, high resolution
objective for 2/3” CCD

Image 12:

TZ65-0.12-250-VIS

Image 13:

Laborary set of telecentric
lenses in an alu case, with the

often used formats of 7723, 232,

TZ46 and 1265

Atftention:
All parameters do have
tolerances!

Image 5

Image 6

Image 7

Image 9

Image 10

Image 11

Image 12
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Requests towards the
illumination...

...Perfect telecentricity or
perfect parallel incoming rays
are impossible, none of the rays

illumination any high speed
application can be solved
anyhow.

In praxis one doesn’t have
the possibility for fime-
consuming algorithms, or

TZ power supply

would reach the CCD at this
extreme. A very important
parameter for the telecentric
system is the object aperture
and/or the position of the
entrance pupil and so the
illumination has to be adjusted
to this requirement. For this
reason, we have developedd
modular telecentric illumination
system for any back light
application. The well fitted
illuminationis often the crucial
criterion in the area of the
“Machine vision engineering”.
We have prescribed ourselves to
the area of the image
generation and so we want to
simplify and accelerate the
evaluation of the object with an
image that is as perfect as
possible.

Sometimes just with a perfect

TZ illumination module

cannot enforce software
corrections through
inadequate image quality!
We offer professional modular
illumination equipment for any
critical tasks.

Well corrected optics for
homogeneousillumination.

A system of the telecentric
illumination always consists of
the components drivers, lamps
and lenses with different
diameters.

TZ optics



IB/E telecentric illumination

privileges...

- object telecentric system,

- asphetrical optics

- homogeneous illumination and
little vignetting values through
own optics development and
production

- robust industrial
implementation stable and
exact mechanical alignment

- modular concept, exchange
of optical heads and
illumination moduls,

- reports on measurements
available

- very compact mechanics

- suitable filters available

- dxf drawings available

- data-sheets available

The complete set allways
consists of...

TZ supply

Electronic supply generating
constant current.

4 Types of supplies are
available:

100mA, 350mA, 700mA and
even 1000mA.

Input voltage range DC 5 - 30V,

TZ-BEL-OP44

even AC supplies with 90 - 230V
dre avdailable.

Adjustable current setup. This
are IC controlled devices with
PWM - technique. Two modes
are offered, frigger it for a flash

or use it in continous light mode.

Our devices do have clear
common potential for critical
use. A protection for high
voltage input also is included.

TZ illumination modul

Modul with an ultrabright Led
and diffuser, available with
different colors as red, blue,
green and white.

TZ specidlized optics

for different object diameters.
This aspherical lenses
generate parallel and
homogeneous light for

your measurement purpose.

Error mecasurement without
telecentric illumination

The sketch above shows the
result of a measured calibrated
stick with diameter of
exact10,000 mm with

different illumination setups, but the
same imaging lens.

As one can see the red measure
values are quite different while the
stick’s moves from the far to the
close distance towards the
camera.

This is caused by a homogeneous
illumination system. Here you
infroduce an error of + 0,05 mm or
100um at all. The green line shows
the measurements with our
telecentric illumination system. Here
the error is less than 2um at all.

Be aware of this fact!

2 examples of illumination
heads

TZ-BEL-OPS5

INATION

Telecentric Hlum



InG.-Biro Eckerl

INduSTRIESTR. 6

94116 Hurthurm

Tel.: 0870%/3222
3322

Fax:  08%0%/3400

Email ibe@ib-eckerl.de

Home www.ib-eckerl.de



