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LICENSE AGREEMENT

The purchaser of TracePro is granted a license to use this product subject to the following restric-
tions and limitations.

1. The license is to the original purchaser only, and is not transferable without written permission
of Lambda Research Corporation.

2. With a single-user license, only one copy of the software may be used on a single computer at
a time. The software may be transferred for use on another computer, but the software may
not be used simultaneously on more than one computer unless additional licenses are pur-
chased for each multiple simultaneous use.

3. Anetwork license may be used by one or more users, up to the number purchased for the net-
work license, on any computer connected to the license server via the network. The license
may be transferred to a different server computer by moving the license key and installing the
license server software on the new server computer.

4. The original purchaser may make backup copies of the original software for his own use only,
subject to the use limitations of this license agreement.

5. The original purchaser may not engage in, or permit third parties to engage in, any of the fol-
lowing:

a. Providing the use of the software in a computer service business, network, or time-sharing
use to users who are not individually licensed by Lambda Research Corporation.

b. Making alterations or copies of any kind in the software except as specifically permitted
above.

c. Attempting to disassemble, decompile, or reverse engineer the software in any way.
d. Attempting to defeat the hardware key or license manager software.

6. You may not use or otherwise export or re-export the licensed product except as authorized by
United States law and the laws of the jurisdiction in which the licensed product was obtained.
In particular, but without limitation, the licensed product may not be exported or re-exported (a)
into any U.S. embargoed countries or (b) to anyone on the U.S. Treasury Department's list of
Specially Designated Nationals or the U.S. Department of Commerce Denied Person’s List or
Entity List. By using the licensed product, you represent and warrant that you are not located
in any such country or on any such list. You also agree that you will not use these products for
any purposes prohibited by United States law, including, without limitation, the development,
design, manufacture or production of missiles, or of nuclear, chemical, or biological weapons.

WARRANTY

Although Lambda Research Corporation has made every effort to ensure that TracePro is techni-
cally accurate, Lambda Research makes no representations or warranties of any kind whatsoever,
directly or indirectly, with respect to the contents hereof or the software described herein. Lambda
Research shall not be liable for errors contained herein or with the software described herein for
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any incidental or consequential damages caused by, or in connection with, the furnishing, perfor-
mance, use of, or any inability to use this product.

With respect to the physical CD-ROM, hardware key, and documentation enclosed herein,
Lambda Research warrants the same to be free of defects in materials and workmanship for a
period of thirty days from the date of purchase. Lambda Research will replace the defective CD-
ROM, key, or documentation within this warranty period upon receipt of the defective product.
Lambda Research reserves the right to make changes to the TracePro software or documentation
without obligation to notify any person of such revision or change.
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DOCUMENT CONVENTIONS

The following conventions are used throughout the TracePro manual.

Menu items and menu sequences are shown as bDefine|Edit Property
Data|Material Properties. The sequence will be to select the Define Menu,
then the Edit Property Data Menu and finally the Material Properties Menu.

Functions available to a certain Edition of TracePro are indicated by the following
Edition Icons.

TracePro Expert

Stand ard TracePro Standard

E TracePro LC

Text shown in this format is to be typed or viewed in a text
editor.
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What is TracePro?

CHAPTER 1 Introduction

What is TracePro?

TracePro is a ray tracing program for optical analysis of solid models. TracePro
traces rays using “Generalized Ray Tracing”. This technique allows you to launch
rays into a model without making any assumptions as to the order in which objects
and surfaces will be intersected. At each intersection, individual rays can be
subject to absorption, reflection, refraction, diffraction and scatter.

As the rays propagate along different paths throughout the solid model, TracePro
keeps track of the optical flux associated with each ray. TracePro fully accounts
for the absorption, specular reflection and refraction, diffraction, and the scattering
of light.

The best way to use TracePro is to follow the outline below for starting a new
TracePro project. These steps will be discussed in greater depth in the following
sections.

1. Chapter 2, 'Creating a Solid Model' - The first step is to build or import a
geometrical model representing the system you wish to analyze. If you are
building a model from scratch, the geometry usually starts simply and
eventually grows to a very accurate and detailed representation of your system
over the life of the project.

2. Chapter 3, 'Defining Properties' - Material and surface properties representing
desired attributes such as reflection, refraction, absorption and scatter are
defined for your geometrical model. If appropriate, you can use properties
already defined in the TracePro property databases, or you can tailor
properties to satisfy your specific needs.

3. Chapter 4, 'Applying Properties' - Once properties are defined, you can apply
the properties onto the appropriate objects and surfaces in your model.

4. Chapter 5, 'Ray Tracing and Optimization' - Rays are traced through the model
by defining ray starting points as either grid sources, surface sources or
imported sources. How the rays are launched into the model, and which
raytrace parameters are invoked is usually closely tied to the analyses you
wish to do on the system after the fact.

5. Chapter 6, 'Analysis' - A variety of analysis options are available to determine
the location, extent and distribution of the resultant flux from the raytrace.
Analysis options are extensive and include irradiance, illuminance, candela
and volume flux maps as well as detailed ray history information that can be
saved to data files for post-processing.

If you are new to TracePro, you will find that the user interface is easy to learn and
you should be able to master each of these steps in very short order.

Why Solid Modeling?

Solid modeling is a technique for constructing computer models of geometrical
systems using “solid” pieces of virtual material, just as you build real hardware out
of real material. By using solid modeling you can be confident that you are
modeling something that is physically buildable and you obtain a consistency of
modeling that avoids many modeling errors. Solid modeling is gaining wide

TracePro 2024 User’s Manual 1.1



Introduction

acceptance among mechanical designers. It is used in many finite element
analysis (FEA) programs and mechanical computer aided design (CAD)
programs.

Using solid modeling makes sense for an optical analysis program for several
reasons:

1. It uses established technology for modeling physical systems, including Non-
Uniform Rational B-Spline (NURBS) surfaces.
2. It shares or exchanges data with other design and analysis programs.

3. It connects associated material properties, such as index of refraction, to solid
objects in the model.

4. It prevents some of the most common modeling errors, such as making a solid
cube with only five sides.

How Does TracePro Implement Solid Modeling?

TracePro is based on a solid modeling engine. Using this modeler, TracePro can
exchange data with most other based CAD and analysis programs via IGES,
STEP and other CAD formats using built-in translators. TracePro can also import
lens design files from popular lens design programs.

Any entities that you create in TracePro are referred to collectively as a “model.”
Contained in this model are the individual pieces of solid geometry that are called
“objects.” By using a solid modeling approach, TracePro requires that all solid
objects must be bounded by surfaces. Objects can be defined within TracePro, or
they can be defined elsewhere (as in a CAD program) and imported into
TracePro. Objects within the TracePro solid model can be manipulated in a
number of different ways including the action of combining two or more objects
into a single object so that the only surfaces the object now has, are the
“bounding” or “outer” surfaces of the object.

Why Monte Carlo Ray Tracing?

1.2

In TracePro modeling, the Monte Carlo method is used to simulate the scattering
and diffraction of light, and to sample of the distributions of rays emanating from
light sources. In the absence of scattering and diffraction processes, light travels
in discrete directions which are exactly modeled by ray tracing. However, when
light scatters from a surface, it produces a continuous distribution of light. One
could in principle calculate the propagation of light exactly by propagating this
distribution to the next surface, then cascade this distribution with the distribution
produced by the next surface, and so on, until the irradiance in the light field is so
low that it can be neglected. To model light propagation in this way can require an
enormously complicated computer program.

The Monte Carlo method is a technique for computing the outcome of random
processes. It is used for modeling quantum-mechanical processes that can only
be described by their statistics. Monte Carlo as applied to the propagation of light
can also be described as a technique for numerical integration. As such it is used
when conventional numerical integration techniques cannot be used because the
problem to be solved is not amenable to those techniques.

In Monte Carlo ray tracing, scattering and diffraction are treated as random
processes. Instead of propagating a distribution of light, discrete samples of the
distribution, or rays, are propagated. The samples are randomly chosen, using the
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The TracePro Graphical User Interface

scattering distribution as a probability density. This allows the well-developed
techniques of ray tracing to be used to model scattering.

In “brute force” Monte Carlo ray tracing, the directions of rays are chosen
randomly, and a reliable answer is obtained by tracing a very large number of
rays. TracePro makes use of variance reduction techniques to reduce the number
of rays required to get a reliable result.

The TracePro Graphical User Interface

TracePro is designed to provide an easy-to-use graphical interface for viewing the
model; adding solid objects to it; and applying material properties, surface
properties, and source properties. There are many toolbar buttons for quick
access to commands, and a pop-up menu is available with frequently-used
commands. The pop-up menu opens by clicking the right-hand mouse button.

TracePro Desktop Pop-up menu

Menu Bar E TracePro 2022 Expert - [m] X
\ Filg Edit View Geometry Define Raytrace orts  Tools  Ma ndo el
ENE 3 BANE 8w &
® QPG ar | b7t LY S SRSk NP RT = a & 5/
od

ey . o=
omecn
P/ Object 2
 Object 4
+ Object 5
Object &
Object 7
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 Object &
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Object 12 =
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System/ Object 15 ] =
Copy
Tree i

H Paste
Delete

Move...
Z 4 . 13

Rotate...

Scale...

Orientation

H [ ~ | Display Object
e Display Object WCS

Properties...

Save As...

Intersect

Subtract

Unite
Named Views...
z -

Model [ Source [Radiance|
FW / X:0.000000 Y:-45.388394 7:112.303051 mm 1X:0.000000 Y:31.107789 Z:210.151489 mm
Status Bar Model Window

FIGURE 1.1 - TracePro desktop and window features.

Toolbars

The toolbar buttons allow for quick access to many of the features in TracePro.
The toolbars are dockable and can be moved to different locations if desired. The
toolbar settings can be controlled at View|Toolbars.
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1.4

B Toolbars
ToolBars

[V File
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[+ Geometry

[v Define
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[+ Window
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ToolTips
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™ Hide

Cancel

FIGURE 1.2 - Toolbar settings

Model Window

The window in which geometry is displayed is the Model Window. When you open
a TracePro file (referred to as a model) a Model Window opens with the geometry
displayed as a silhouette in the side view. This is the y-z view, with the y axis
pointing up and the z axis pointing to the right, a common convention in optics.

The view|Profile commands (YX, ZY, ZX, XY, XZ and YZ) let you choose the

right orthogonal view.

You can zoom in and out using the mouse wheel, and you can also Pan, Zoom
and Orbit using the mouse and Ctrl or Shift Keys.

The functions and key combinations are:

View|Pan

View|Rotate|Orbit

View|Zoom|Cursor

View|zoom|window

is performed by pressing Ctrl key and the
Right mouse button

is performed by pressing the Shift key and the
Right mouse button

is performed by pressing the Ctrl key and
pressing the Middle mouse button (or pressing
the mouse wheel)

is performed by pressing the Shift key and
pressing the Middle mouse button (or pressing
the mouse wheel)

Note: Press the Key first, then the Mouse button. You will see the appropriate

toolbar item activate.
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Multiple Models in Multiple Views

TracePro has a multiple document/multiple view interface. This means that you
can have many models or files open at one time, and you can also have many
views of each model open at one time.

To open multiple views of the same model, simply select the desired model
window by clicking on it with the mouse, then select the window|New Wwindow
menu item multiple times. You can also do this quickly by pressing the New
Window toolbar button multiple times.

mf N =] )

A B CD

FIGURE 1.3 - Window control Toolbar buttons: A) New Window, B) Cascade
Windows, C) Tile Windows Horizontally, D) Tile Windows Vertically

Once multiple model windows have been created, you can view your model
independently in each of the views. Windows can be cascaded, tiled, and
minimized using the usual Windows controls, available either on the window menu
or the toolbar shown in Figure 1.3.

If you would like different models open at the same time, simply open them from
the File|Open. .. menu item or use the open toolbar button. The desired model
will be opened in a new window. Once the desired model windows are open, you
can manipulate the models and model windows independently, as in Figure 1.4.

It is important to remember that any action you take (i.e. tracing rays, applying
properties,...etc.) will be applied to the currently active model from the selected
window. When working with multiple windows in TracePro, you must remember to
select the desired model window before choosing the action that is to be
performed.
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1.6
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FIGURE 1.4 - A single model viewed in different orientations in multiple
model windows. The image also includes a Rendered view (upper
right), and Wireframe view (lower right).

System Tree Window

The System Tree Window at the side of the Model Window allows you to view and
manage various system items in hierarchical tree formats. There are three tabs at
the bottom of the System Tree Window describing the items that can be
displayed:

¢ The Model tab reveals the Model Tree and allows you to manage the objects
and surfaces of the model

e The Source tab reveals the Source Tree and allows you to manage the
sources in the model (see page 5.3)

e The Luminance/Radiance tab reveals the Luminance/Radiance Tree and
allows you to manage the setup of Luminance/Radiance calculations (see
page 6.18). Note that the wording of the Luminance/Radiance tab in the Sys-
tem Tree window is automatically set to either Luminance or Radiance by
TracePro depending on the analysis units of the model.

If the System Tree Window is not already visible, you can reveal it by clicking and
pulling on the splitter bar on the side of the Model Window with the mouse. The
default position for the splitter window is on the left side of the model window, but
this can be changed on the View page in the view|0ptions dialog box.

The splitter bar is illustrated in Figure 1.5 in its default location. You can also
display the Splitter Cursor by selecting the window|Sp11it menu.
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fi.Model:[DBLGAUSS]

Splitter Bar

FIGURE 1.5 - The System Tree Splitter Bar at the default location

After you open the System Tree split window, as in Figure 1.6, you can look for a
“+” character to indicate that you can “expand” an object to display its surfaces.
Further, you can use the System Tree to select surfaces with a + character to

expand.

f{.Model:[DBLGAUSS] [_ 10Ol
- Ohject 1

-/ Object 2

(-~ Object 3 v

-/ Object 5

-/ Object &

(.~ Objeck 7

Maodel I Soure

FIGURE 1.6 - The System Tree made visible by moving the splitter bar

If you select an object or surface in the System Tree, that object or surface
changes color to black to indicate the selection. Similarly, if you select an object or
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surface in the Model Window, you can see the selection as highlighted in the
System Tree.

- Surface 0
[+ Surface 1
[+ Surface 2
[+ Surface 3

Lens Data From OSLO
- .~ Object 5

- .~ Object & -
Model Source Radiance

FIGURE 1.7 - The System Tree window after expanding Object 4

After Object 4 is expanded, you can see:
¢ Individual Surfaces

¢ Material property Catalog

e Material property Name

Selecting a surface in the System Tree highlights it in the Model Window. If you
select and expand a surface on the system tree, you can also see the:

e Surface property
e Optional source property.

It is recommended that you leave the system tree view open. An open system tree
view helps you:

e Visualize your work
¢ Select surfaces and objects

System Tree Selection

The System Tree includes additional surface type information for spline surfaces.

In addition, property information can be accessed directly by double clicking on
the data items. Figure 1.8 shows a typical object with expanded tree items.
Double clicking on either of the Material items will open the Apply|Properties
dialog and display the Material page. Double clicking on one of the Surface items
will result in the Surface page being displayed. Clicking on a non-property items,
like the Entity number, will be ignored.

Each object is preceded by a Green Check or Red X. Clicking on this flag will
enable or disable the “Raytrace Flag” for the raytrace. If the item has the Red X,
the Raytrace Flag is off and the object will be removed from the raytrace.

1.8 TracePro 2024 User’s Manual



The TracePro Graphical User Interface
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FIGURE 1.8 - System Tree

Re-arranging the System Tree

You can re-arrange the system tree by changing the order of objects or by making
groups of objects. To make a new group, right-click on the tree in location where
you would like the group, and select New Object Group from the pop-up menu.

To move a selection of objects and/or groups, either to a new group or to a new
location in the System Tree, first right-click and select Enable Drag/Drop. Then
select the objects/groups you wish to move, and drag the selection to the new
location in the tree. When you are done re-arranging the tree, you should unselect
Enable Drag/Drop in order to avoid accidentally re-arranging the tree while doing
other operations.

Context Sensitive Menus

TracePro provides context sensitive menus based on the active window. The
Model Window is the most common window displayed and has its own main menu
(File, Edit, View, etc.). The main menu will change when Property Editors or
Analysis windows are opened and activated. These windows will be described
later in the manual but it is important to note that the active window controls the
menubar. To return to a specific menu, click in the desired window or select from
the list under the window menu.

Model Window Popup Menus

In addition to the main menu, each window may have one or more Popup menus.
These menus are displayed by right-clicking with the mouse.

Figure 1.9 shows the three Model window menus which vary based on the state of
the current selection. See “Selecting Objects and Surfaces” on page 1.11.
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FIGURE 1.9 - Model window popup menus for No Selection, Object
Selection, Surface Selection.

System Tree Popup Menus

Figure 1.10 shows the two System tree menus which vary based on the item

clicked.
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FIGURE 1.10 - System tree menus for Object and Surface Selection.

1.10

TracePro 2024 User’s Manual



The TracePro Graphical User Interface

User Defaults

User Defaults store the initial dialog entries into a file named fpdefs.ini. Raytrace
and Analysis dialogs contain the Set Defaults button used to store the dialog data.
Pressing Set Defaults is equivalent to pressing the Apply button. Once the
defaults are updated, TracePro will use the new values the next time the program
is started. To return to the factory defaults, select view|Options|Reset
Defaults, and reset any or all default values, as desired.

Objects and Surfaces

Changing the Names

In order to better organize your model, you should apply names to objects and
surfaces to replace the default names like “Object 1” and “Surface 1.” As with
renaming most items in the Microsoft Windows environment, simply select the
default name in the system tree with one click and click it again (or press F2 on
your keyboard) to enable name editing.

To change the default name “Object 1” to “First Lens,” for example, select Object 1
in the System Tree and click it again. As you click the words “Object 1” a second
time, the name is highlighted and you enter name editing mode. Type in the new
name to replace the default one. The name is not a unique identifier—be careful!
Any number of objects or surfaces can be given the same name.

When an object is created from a TracePro dialog box, an entry is provided to set
the name of the object. A default name is provided based on the type of object
created and the number of objects of the given type plus one. For example the
first block entered would be named “Block 1”. You can enter any name you wish
and names do not have to be unique.

Selecting Objects and Surfaces

Via the System Tree

To select an object via the System Tree, simply click on the name of the object. To
choose a particular surface in your model, first make sure that the appropriate
object is expanded (see the section “System Tree Window” on page 1.6), and
then click on the desired surface name. Remember that the names in the System
Tree can be changed and that when you choose a surface or object in the System
Tree, the corresponding item is highlighted in the Model Window. An edge cannot
be selected from the System Tree.

You can select several objects by extending the selection with the Shift or Ctrl
keys. To use the Shift key, select the first item and then select the second item
while holding down the Shift key (this is known as a Shift Select). All of the objects
between the first and second selections will be added to the current selection set.
If you use the Ctrl key with the second selection, only the first and second items
will be added. You can use the Ctrl Select method to add several items to the
selection set.

Note: The Shift Select method will work only when selecting the same type of
item. If the first selection is an Object and the Shift selection is a surface, only the
surface item will be selected.
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Via the Model Window
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To select an object, first press the Select Object toolbar button or select the
Edit|Select Object menu item, then click on the object in the Model Window.
You can also use the selection tool in rubberband mode. Click the mouse button
down on one corner of a regio