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Understanding Lens and Image Quality 

 

Those involved in optical design and fabrication understand that lens elements and optical 

systems are seldom perfect. Despite the presence of the most sophisticated design and 

manufacturing techniques, lenses can still vary considerably in quality.  

 

Optikos is a leader and pioneer in lens and image testing and our products and systems are based 

on over thirty years of experience and innovations in optical engineering. The result is that our 

customers are able to use the most advanced metrology tools for performing accurate and 

efficient lens measurements that make a difference in their product quality and performance. 

 

Our flagship products includes the OpTest Lens Measurement System with a complete range of 

hardware options, as well as LensCheck,  a compact version that is portable and easy-to-use for 

smaller lenses. Both are powered by OpTest 7 - Optikos proprietary software. 

 

 

OpTest™ Lens Measurement System: There is a Difference 

 

The OpTest Lens Measurement System has been completely redesigned by Optikos engineers to 

include the latest technologies and innovations in optical and opto-mechanical engineering. Other 

products on the market compromise by manufacturing their systems around general purpose off-

the-shelf lab components, while every step of an Optikos solution is a custom one.  OpTest 

systems are comprised almost completely of custom optics, mechanics, and electronics designed 

by Optikos engineers solely for the purpose of lens testing.   

 

The result is that our customers now have access to the most advanced metrology tool for 

performing accurate and time-efficient lens measurements.  

Distributed Motion Control 

OpTest systems incorporate distributed motion control designed by Optikos engineers - 

integrating the electronics within each hardware component and eliminating the need for a large 

electronics rack. Optikos distributed motion control saves valuable lab space and greatly reduces 

the number of cables, and the system includes an intuitive handheld controller for remote 

operation. 

Innovative Cable Management 

No more cables dragging while off-axis measurements are performed. OpTest systems are the 

only lens testing systems that eliminate this drag on the system and increase accuracy for many 

lens measurements. 
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Whatever You Design, You Can Measure 

Optikos offers the most comprehensive product line for lens testing. Upgrade paths are available 

to expand your testing capabilities with OpTest to include measurements such as transmission 

and stray light. 

 

There’s More to Measurement than MTF 

The OpTest test bench performs system tests in situations similar to actual applications. Field 

angle positions, conjugate ratios, spectral regions, and image plane architecture can all be 

replicated or simulated in the testing of an optical system. The OpTest measurement system can 

also provide great testing versatility. Although MTF is a common measurement, other lens 

measurements are critical to lens performance. The OpTest system provides testing capability for 

these measurements.  

Using advanced OpTest™ 7 Software, these measurements include: 

 MTF 

 Through-Focus MTF 

 Depth of Focus 

 Blur Spot Size 

 Astigmatism  

 Effective Focal Length (EFL) 

 Distortion 

 Field Curvature 

 Chief Ray Angle (Principal Ray Angle) 

 Encircled and Ensquared Energy 

 Axial Color 

 Lateral Color 

 Line of Sight (Boresight)* 

 Transmission* 

 Stray Light* 

 

*Additional equipment is required. 
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Custom-Designed to Fit Your Needs 

 

Your optical testing system should be built from sub-assemblies and components that meet your 

immediate needs, but also provide a simple upgrade path as your needs change. The Optikos 

approach provides you with a technical as well as economical solution: one that doesn’t become 

obsolete as your application or business develops – one that is flexible enough to meet your 

requirements now and in the future. 

 

With the range of products available, selecting the components that best suit your purposes and 

give you maximum flexibility can be a challenge. In the optical testing section that follows, you will 

be introduced to a range of products that will work together to perform the tests that meet your 

unique application. Descriptions and illustrations explain how each product may used to create 

the overall system. 

 

 

 

 
 

 

 

 

 

 

 

 

 Image Analyzer Mount 

LP-1000 Off-Axis Lens Platform 

Image Analyzer 

OG-1000 

Reflective Collimator 
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A Buildable Solution 

The modular components of the OpTest system can be configured to test most types of lenses. 

Selecting and configuring modules appropriate for the optical system under test requires defining  

how the system is to be used, in particular: 

 

1. Location of object and image conjugates 

2. Spectral range 

3. Spatial resolution 

4. Image and object size and system field-of-view 

5. Pupil diameters, F/number, and numerical aperture 

6. Physical dimension and system layout 

 

1. For location of object and image conjugates, most optical systems fall into three groups:  

 

Infinite conjugate systems:  

The object plane is located at infinity. 

Examples: Camera lenses, eyepieces, infinity-correct 

microscope objectives 

 

          

 

Afocal systems: Both the object and image plane are at 

infinity.  

Examples: Telescopes, binoculars, and beam 

expanders 

 

 

 

 

 

Finite conjugate systems:  

Both the object and image planes are located at 

finite distances.  

Examples: Photographic enlarging lenses, macro 

lenses, fiber optic faceplates, image tubes, and 

photolithography lenses 

 

  



6 
 

 

2. The OpTest System supports image analyzers that can operate over spectral wavelength from 

the UV to the LWIR. 

 

 
 

3. All optical systems are limited in their ability to form images due to spatial resolution. One 

fundamental limitation stems from the wave nature of light. In a case where the wave nature of 

light limits the performance of an optical system, the system has “diffraction limited” 

resolution.  

 

The performance of an optical system can also be limited by the design of the system or by 

manufacturing imperfections. In this case the optical system is resolution-limited by 

aberrations. The residual aberrations of the optical testing system must be small compared to 

those of the system under test. The resulting image analyzer of the test system must also have 

sufficient resolution to analyze the resulting image formed by the optical system under test. 

Spatial resolution is specified in line-pairs per millimeter for infinite and finite conjugate 

systems. It is specified in cycles per milliradian for afocal systems.  

 

4. The test system must be able to cover the field-of-view (FOV) of the system under test in both 

object and image space. For infinite conjugate systems, the test system must cover the 

angular FOV in object space and linear dimension of the full field image height. For finite 

conjugate testing the translation stages must be able to cover the full object and image 

heights. For testing afocal systems, it is necessary to span the angular FOV in both object and 

image space.  

 

5. The test system must be able to fill the entrance pupil of the system under test in object space 

and collect light form the entire exit pupil. For infinite conjugate and afocal systems under test, 

the entrance pupil diameter specifies the size of the collimated beam required in object space. 

Image space requirements are specified by the exit pupil diameter of afocal systems, whereas 

the working F/number or numerical aperture is relevant when testing infinite or finite 

conjugate systems.  

 

6. The OpTest system needs an optical table to accommodate system components and a folded 

optical path. The optical system under test may be massive or may include folded optical 

paths or other unusual physical characteristics. An optical table with ¼”-20 on 1” centers or 

M6 on 25mm centers is required for OpTest™ systems. 

  



7 
 

OpTest™ 7 Software Optimized for Performance 

OpTest 7 is a complete new software package optimized not only for MTF measurements, but for 

measurements of parameters critical to characterizing lens performance. Together with the 

appropriate OpTest hardware, the software allows for complete control of the optical testing 

parameters and coordinates test set-up, data acquisition, processing, logging, and data report 

generation. OpTest 7 software integrates all computer control, image analysis, motional control, 

and signal processing into a single package. 

 

 
 

Features of OpTest™ 7 Include: 

• A newly-designed, intuitive graphical user interface 

• Multiple user modes optimized for a diverse user base: 

o Production 

o Laboratory 

o Engineering  

• Easy-to-configure test routines  

o Routines set-up by engineers and available to Laboratory and Production users 

• Faster measurement time 

• Automatic reticle sizing for more accurate measurements 

• Advanced report generation directly to Microsoft® Excel 

• The most comprehensive set of lens measurements available: 
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Designed for Video- and Scanning-Based Image Analyzers 

OpTest 7 Software works with both video-based and scanning-based image analyzers. For video-

based sensors (two-dimensional imagers), the VideoMTF® Image Analysis Module is used to 

provide real-time measurement of MTF and other optical parameters. A VideoMTF™ Image 

Analysis-based testing system is recommended for visible applications or for production testing at 

any wavelength. Video image analyzers are available in the UV, VIS, SWIR, MWIR, and LWIR.  

 

Image scanning is used where video image acquisition is impractical. For scanning-based sensors, 

the EROS™ Scanning Image Analysis Module is used with OpTest mechanical scan hardware and 

an infrared image analyzer to perform the most flexible and demanding measurements. The EROS 

scanning module enables control of the scan length, number of samples, data averaging, and data 

filtering.  

 

 

OpTest™ or LensCheck™ Hardware for Your Application –  

No Matter What Shape or Size 
 

The OpTest Lens Measurement System includes a complete range of hardware options to meet 

and surpass your testing requirements. For smaller lenses and when space is limited, the 

LensCheck™ Product, is a compact version that is portable and easy-to-use. Both are powered by 

OpTest 7 - Optikos proprietary software. 

OpTest ™ System Hardware Options 

 

OG-1000 Source – Easily Switch between Visible and Infrared 

 

The OG-1000 series of multispectral Object 

Generators - completely redesigned in 2013 - uses 

state-of-the-art light sources, optics, electronic controls 

and automation. These sources provide uniform, high 

intensity illumination from the visible to long-wave 

infrared (0.4 – 15μm). With the touch of a button, the 

unit electronically switches between Visible and 

Infrared sources, providing shorter lens set-up times 

and improved alignment and throughput efficiency. 

 

 High-speed, 16-position target wheel with precision-aligned, laser cut apertures  

eliminates the need to pause measurements to change targets 

 

 Touchscreen display provides intuitive user interface for computer and module control 
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 New AlignMode substantially speeds up lens set-up and alignment, while a single 

touchscreen button switches from your test configuration (visible or infrared) to a visible 

alignment target, and switches back to your original configuration 

 

 Redesigned optics provide substantially improved signal 

 

 Single set-up testing of visible and infrared multispectral optical systems 

 

Other features include: 

o 3000K tungsten halogen emitter (VIS to SWIR) 

o 1000° C Infrared emitter (MWIR to LWIR) 

o Drive electronics for target wheel and waveband switching 

o Integrated and automated chopper wheel 

o Integrated shutter enables automatic background corrections 

 

Image Analyzers – for Video and Scanning Applications 

Image Analyzers acquire the image formed by the optical system under test, converting the optical 

image into an electronic image that is analyzed by OpTest 7 software. Optikos uses two types of 

image acquisition methods – video and scanning. The type of system most appropriate to a 

particular application depends on the type of optical system to be tested and the testing 

environment.  

 A video image analyzer acquires the image by enlarging (magnifying) it onto an image 

sensor such as a CCD or microbolometer array. 

 A scanning system acquires the image information by measuring (how?) the variation in 

the light level as an edge or slit is translated through the image plane.  

 

VideoMTF® Image Analyzers – four models feature various spectral responses 

A focal plane array or image sensor-based system using the VideoMTF Image Analysis 

Module will perform the image scanning quickly and allow you to directly view the image. 

This speeds up and simplifies the system set-up since both the image location and the 

plane of best-focus can be determined quickly.  

 

VI-1000 Visible Image Analyzer (400-1000nm)  

o Spectral responsivity, 400-1000nm 

o Switch between electronic imaging and direct 

manual viewing of the image spot using integrated flip-

mirror assembly  

o Apochromatic tube lens 

o High-sensitivity FireWire camera, 12-bit video 

output 

 

VI-2000 SWIR Image Analyzer (0.6 – 1.7µm) 
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o Spectral responsivity 0.6 – 1.7µm 

o 640 x 512 resolution 

o Switch between electronic imaging and direct manual viewing of the image spot using 

integrated flip-mirror assembly  

o NIR apochromatic tube lens 

VI-3000 MWIR Image Analyzer (3 – 5µm) 

 

VI-4000 LWIR Image Analyzer (8 – 14µm) 

 

o Uncooled Microbolometer 

o Spectral responsivity 7.5 – 15µm 

o 320x240 resolution 

o Calibrated LWIR Objective Lens 

 7.5x magnification 

 NA 0.70 

 

 

 

 

EROS™ Image Analyzers – two models feature various spectral responses 

A knife-edge scanning system is inherently more 

flexible for testing a wider range of optical systems. 

There is a larger variety of single element detectors 

available compared with array detectors. Collection and 

relay optics do not need to provide the image quality 

that is required by video analysis. With the EROS 

Image Analyzer, relay optics collect light from the test 

optic’s image plane and project it onto the detector.  

 

SD-500 SWIR/MWIR Scanning Image Analyzer (1 – 

5µm) 

 

o Comprised of a LWIR detector, relay optics, scanning aperture set, and ultra-compact, 

motorized rotary assembly 

o Unique geometry enables measurements at image planes recessed up to 56mm with its 

<19mm diameter probe 

o Detector assembly is an LN2-cooled HgCdTe detector (8 12

preamplifier and temperature sensor built into the 8-hour hold time dewar 

o Multi-element relay lens collects light from the scanning aperture at an f-number up to 0.7 

o Scanning aperture set includes a slit and a knife-edge, both metal film on ZnS substrates. 
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SD-600 LWIR Scanning Image Analyzer (8 – 14µm) 

o Comprised of a SWIR/MWIR detector, relay optics, scanning aperture set, and ultra-compact, 

motorized rotary assembly  

o Unique geometry of the SD-500 enables measurements at image planes recessed up to 56mm 

with its <19mm diameter probe 

o Detector assembly is an LN2-

and temperature sensor built into the 8-hour hold time dewar  

 Multi-element relay lens collects light from scanning aperture at an f-number up to 0.7  

 S -edge, both metal film 

on sapphire substrates. 

 
Image Analyzer Mount – AM-600 for accurate positioning of lens under test 

 

The AM-600 positions the image analyzer at the image 

plane of the lens under test, and defines the following 

three-axis convention in the image space of the lens 

under test: 

o X adjusts the lateral image height parallel to 

the optical table 

o Y adjusts the image height perpendicular to 

the optical table 

o Z is the focus adjustment along the optical axis 

 

Features include the following translation and 

encoders: 

o X-Stage (Off-Axis Stage): Motorized with 50mm translation mounted with ≤ 0.1µm 

resolution linear encoder  

o Y-Stage (Vertical Stage): Motorized with 50mm translation mounted with ≤ 0.1µm 

resolution linear encoder 

o Z-Stage (Focus Stage): Motorized with 50mm translation mounted with ≤ 0.1µm 

resolution linear encoder 

 

Collimators – for Basic to Most Challenging Lens Testing Applications 

Collimators are used to project a source at infinity for infinite conjugate testing of optical systems. 

The projected beam from the collimator should overfill the entrance pupil of the optical system 

under test. This means that the clear aperture of the collimator should be larger than the entrance 

pupil of the system under test.  

 

Reflective collimators are the standard offered by Optikos. Each collimator is an off-axis parabolic 

mirror (OAP) with λ/8 surface accuracy guaranteed after mounting and a protected aluminum 

coating for polychromatic testing. Each OAP is potted in a high-stability mount which has 

undergone rigorous finite element analysis to optimize the design. 
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Testing Platforms – for Infinite, Finite and Afocal Testing 

 

LP-1000 Off-Axis Heavy Duty Lens Platform – for 

precise rotation testing 

 

Optikos engineers utilized finite element analysis to 

design structural castings in the LP-1000 that maintain 

flatness when mounted to an optical table, improving 

on traditional rail systems that mount directly to the 

optical table and are vulnerable to bending to the 

shape of a less-precise optical table surface. 

 

o Unique cable management system eliminates cables dragging on optical table which may 

introduce errors to centroid measurement routines (EFL, Distortion, Chief Ray Angle, Lateral 

Color, etc.) 

o Main bearing surface is shielded to minimize exposure to contamination – a unique level of 

integration 

o Most precise rotary encoder on the market, <0.1 arc second resolution for precise field angle 

control 

 Incorporates stainless steel linear guides aligned to granite master to ensure 

straightness 

 Integrated linear encoder enables long flange and back focal length measurements 

 Industry leading 300° of total rotary travel 

 

FP-1000 Automated Finite Conjugate Platform – for precise adjustments in object space 

Finite conjugate platforms are used to position object generator assemblies at finite object 

distances when testing finite conjugate optical systems. The platform allows for precise 

adjustment of source distance (Z-axis), lateral object height (X-axis), and vertical (Y-axis) 

translation in object space. The FPA-1000 provides automated motion of the object generator 

along the X-axis. The Z-Axis of the FP-1000 remains under manual control.  

 

o Enables automated off-axis testing of finite conjugate optics 

o Large format two-axis translating platform for the OG-1110 

o X-axis motion (perpendicular to the optical axis) 

 Computer controlled motorized motion 

 900mm total travel 

 2 micron resolution encoder 

o Z-axis motion (parallel to the optical axis) 

 Manual adjustment 

 1200mm total travel 
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LensCheck™ Product - Portable, Precise for Visible and Long-Wave Infrared  

Lens Measurements 

 

A cost-effective solution to your production and prototype lens qualification needs. Optikos, the 

leader in image quality test equipment, is pleased to offer this compact, efficient, easy-to-use 

quality control tool. LensCheck – with patented VideoMTF® image analysis software, features 

real-time MTF testing and analysis that allow manufacturers to qualify incoming products quickly 

and reliably, thereby minimizing the risks of sub-standard complete assemblies. 

 

    

 
Features: 
 
LensCheck products feature patented OpTest™ 7 Software and VideoMTF® technology 
 

 Patented VideoMTF technology enables real time MTF measurements 

 Flexible platform allows a wide range of measurements (e.g. MTF, EFL, distortion) 

 Industry leading measurement - accuracy and repeatability 

 Configurable automated measurement routines 

 Easily switch between wavebands (VIS/NIR, SWIR, or LWIR) 

 High-resolution USB motorized stages 

 Integrated glass scale encoders 

 50mm clear aperture reflective collimator 

 Integrated 8-position target and filter wheel 

 Self-centering lens holder 

 12-bit real-time video 
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 VIS LWIR 
Refractive Collimator 355mm EFL achromat 

50mm clear aperture 
360mm EFL 
50mm clear aperture 

Source Module Fiber-optic light source: 400-700nm 
(400-1000nm also available) 
Integrated 8-position manual target 
and filter wheels 
Target Set: 4 pinholes, USAF target, 
alignment crosshair 
Filter Set: 546nm bandpass, RGB 
set, photopic, and infrared cutoff 

Broadband Infrared 
Emitter: 7.5 – 15 
microns 
12-position high-
speed motorized 
target wheel 
Target Set: slits, 
pinholes, alignment 
target 
8 – 12 micron 
bandpass filter 

Image Analyzer Firewire camera with Sony EXview 
HAD CCD 
Spectral sensitivity 400 - 1000nm 
12-bit video output 
Calibrated 20X 0.40NA achromatic 
DIN objective 

Uncooled 
Microbolometer 
320 x 240 pixel array 
Spectral sensitivity 7.5 
– 15 microns 
Calibrated 7.5X 
0.70NA Relay Lens 

Image Analyzer Mount Motorized Z-axis 25mm travel 0.1�micron resolution 
Motorized X-axis  25mm travel with 0.05 micron resolution 
Manual Y-axis      12.5mm travel 

Motorized Lens Platform +/- 105 degree off-axis rotation 
0.0001° resolution glass scale encoder 
0.5m optical rail 
Integrated self-centering lens mount 

Measurements MTF – on/off axis 
Through-Focus MTF – on/off axis 
EFL 
Astigmatism 
Field Curvature 
Distortion 
Chief Ray Angle 
Encircled/Ensquared Energy 
Transmission* 
Relative illumination* 
Stray Light* 
Line of Sight* 
Axial Color 
Lateral Color 

MTF – on/off axis 
Through-Focus MTF – 
on/off axis 
EFL 
Astigmatism 
Field Curvature 
Distortion 
 
Encircled/Ensquared 
Energy 
 
 
 
Line of Sight* 
 

 *Requires accessory 
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Get Started with Optikos 
 
Optikos offers a full-line of standard products for testing optical, imager and camera systems that 

are appropriate for any industry and will design a custom product for your specific application. 

Take a look at our products on www.optikos.com, contact us or your international sales 

representative to help you choose the right solution for your testing needs. 

 

Optikos Corporation 

107 Audubon Road, Bldg. 3 

Wakefield, MA  01880 

Phone:   617-354-7557 

Email:   sales@optikos.com 

Web:  www.optikos.com 

http://www.optikos.com/
mailto:sales@optikos.com
http://www.optikos.com/


                                                                    

 


