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• John Ellis founded Optics for Hire in 2002.

• OFH help clients research, design, prototype and
commercialize imaging and illumination optical devices.

• Their team of 15 optical, mechanical and electronics
engineers provide ray tracing, custom lens designs,
complete opto-electronic/opto-mechanical systems and
applied optics research.

John Ellis
President 
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• Anatoli started his work in OFH in 2006 as optical
designer

• He is the author of all Dlls and macros described in
presentation

• Anatoli has a Ph.D. from Saint-Petersburg State University
Information Technologies, Mechanic and Optics focused
in Optics/Optical Sciences

• He has designed hundreds of illumination and imaging
optical systems

Anatoli Trafimuk
Lead optical engineer 
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Examples

• The problem statement of
Optics Cross Section

• Why require custom
macro?

• The solution of the
problem

• Examples of using macro

• Why we need User Defined 
Objects?

• What was done by OFH

• Examples and applications 
of UDO

• Why do we need User 
Defined Surfaces?

• Freeform solution with 
Bezier curves

Making a complex 
Zemax macro
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Using user defined 
objects in Zemax

User defined surface for 
imaging



Making a complex Zemax macro for an 
Optical Cross Section calculation



Optical cross section calculations
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• OCS is a value which describes the
maximum amount of optical flux
reflected back to the source.

• Optical devices such as telescopes and
cameras will return some of the optical
flux back to the source, since it has
optics that reflect some light.

• It is very useful in LIDAR and also
Radar applications.

• Zemax doesn’t provide built-in optical
cross-section calculations
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Why use a custom macro?

• The contribution to OCS from the lenses themselves is ignored in
previous formula

• A tool is need to calculate the OCS contribution from the lenses.

• Custom Zemax macro is ideal. We can control the lens data as needed,
with ZPL

• Compared to ZOS API a macro is simpler for the user.



The solution
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• The macro stores the initial optical system. Then one by one elements are
removed from the system, replaced surfaces with mirrors ( mirror reflectively
created by Zemax or by hand), made in sequence as elements added. And
calculate the OSC of each reduced element.

• Macro uses previous formula of OSC and alternative calculation based on the
method described in article “A Paraxial Approach to the Estimation of Optical
Cross Section and Optical Gain” by Howard V Kennedy.

• ZPL macro contains 612 lines of optimized code, which provides main
calculations and predictable error handling.

• The result is table of OCS values for each lens surface and list of some important
parameters from Kennedy method.



Macro run on the double Gauss lens
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Example of macro work with Double Gauss lens
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Example of macro with Compact Telephoto Lens
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Example of macro with F-Theta Lens
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User defined objects in Zemax for 
nonimaging optical systems design



Why use user defined objects?
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• Provide built-in fully integrated, simple solution for efficient design
of freeform based illumination system in nonsequential mode.

• We use simplified Bezier curves (up to 4) to create surfaces and
solid objects

• User defined objects is easy way to describe the lenses based on
Bezier curves.

• UDO behaves like built-in object, has fast raytrace and fully
integrated in optimization.



What was done by OFH
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• Created 20+ freeform UDO to describe illumination systems natively
in Zemax. All Dlls was written with Microsoft Visual Studio software

• All UDO has parameters for optimization its shape, control the
geometry, size and special features like faceting, fillets etc.

• Created set of ZPL macro which allow scale the UDO, change their
parameters, change surface properties, control the slope, control the
shape and much more.

• Also there are several macro to create direct CNC machine
command file for some types of UDO.



What is Bezier curve and why we use it
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Bezier curve is a parametric curve used in

computer graphics and related fields. The curve,

which is related to the Bernstein polynomial, is

named after Pierre Bezier, who used it in the 1960s

for designing curves for the bodywork of Renault

cars. Other uses include the design of computer

fonts and animation.

The curve is simple to use. It controlled by

control points set, which are just a set of numbers.

Point not lie on the curve except start and end

point. This is best for build freeform optical

surfaces.

3-point Bezier curve.

4-point Bezier curve.



The simplified Bezier curve parametric equation
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- Simplified Bezier curve.

The feature of that curve representation is that X control points equally

spaced along the axis. So we use only parametrization of Y part of curve.

This allow us more simple calculations while create complex objects form

that curves. The raytrace for surfaces based on that curve is 30% faster

rather than usual Bezier curves and up to 60% faster if use more general

NURB representation.

And we remain almost all flexibility of freeform and use less variables.



The simplified polar Bezier curve equation
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- Simplified polar Bezier 

curve.

- Trigonometric Bernstein 

polynomial.

The curve is same as previous, but defined in

polar coordinates



Some important surfaces created from Bezier curves
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• 3 Surface of revolution of simplified Bezier curve ( TIR)

• Surface of revolution of simplified Bezier curve along simplified polar 
Bezier curve ( Type V beam shaping)

• Surface of revolution of 4 simplified Bezier curve along simplified
polar Bezier curve. Each independent curve describe the quarter of
360-degree surface. Curves use same X parametrization while Y are
different.

• Extrude the simplified Bezier curve along another simplified Bezier
curve



Step1: Model surface equations in MapleV5
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Step2: Create C++ code for surface shape and 
raytracing and compile it into Dll
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Step3: Import Dll in Zemax as User Defined Object
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TIR lens designed with UDO in Zemax
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The TIR lens user object in wireframe view The optimized light spot shown in false color



Example of surface of revolution of Bezier curve
along the polar Bezier curve
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Bezier curve

Polar Bezier curve
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RXI lens designed with UDO in Zemax
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The RXI lens object in wireframe view The optimized true color light spot



130 degree angle uniform rectangle spot lens
designed with UDO in Zemax
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The lens in wireframe view mode The rectangular spot in true color



Type III streetlight lens designed with UDO in Zemax
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The streetlight lens The luminous intensity polar map in false color



Lightpipe designed with UDO in Zemax
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The lightpipe The lightpipe with rays



User defined surface for
an imaging purposes



Why we need user defined surfaces?

31

• Some imaging systems require unusual mathematics to correct
aberrations, especially in off-axis and tilted optical paths.

• Zemax provides the possibility to use User Defined surfaces for
sequential raytracing

• It is differs from User Defined object, sequential mode uses
surfaces not objects.



The system

32

The scanning system contains two fold
mirrors and the scan lens, display
application



The distortion problem 
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• The laser scanning system has some
slightly distorted field points in image
plane



Freeform surface in Zemax sequential mode
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• To describe freeform we can
use geometrical mean of
simplified Bezier curves along X
and Y directions.

• Surface shape can be local
changed over the aperture by
parameters

• This surface just created with
User Defined Surface in Zemax
sequential mode

The surface sample



The solution
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• Using freeform plate between lens and
mirrors we can correct that distortion

• With using 7x7 control point grid of
Bezier surface we obtain well
corrected distortion



“Using User Defined Object, Macros and 
User Defined surface greatly expand Zemax 

capabilities. And with use User defined 
sources, scatter functions, and coatings 

Zemax is most powerful and flexible optical 
design software in the world”



Download the slides at
www.opticsforhire.com/envision

questions: john@opticsforhire.com

http://www.opticsforhire.com/envision
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