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The presentation will last approximately 45
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and answer session.

Please submit your questions anytime using
the GoToWebinar control panel

TracePw:

orporation




In this webinar we will:

» Introduce the Monte Carlo Method

» Understand and reduce statistical
noise using variance reduction
techniques

» Show methods to speed up raytracing

» Show methods to reduce memory
usage

» Show both methods of tracing rays in
TracePro, splitting and non-splitting

» Understand reverse raytracing
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Monte Carlo Ray-tracing and
Sampling used in TracePro

* A crude Monte Carlo calculation is the simplest form of a probability experiment

— Perform an experiment N times, count the number of times n that the event
occurs

— An estimate of the probability is: p,=n/N

— We can never get an exact value of p,, but we can make the uncertainty in
p. arbitrarily small by increasing N.

« The absolute uncertainty in p, is: aaba/—p(lj\_,p)

« The relative uncertainty in p, is: o — [(1-p) (where p denotes the
true probability) pN

— Hence, the accuracy of the result is inversely proportional to the square root
of the number of trials, quadrupling the number of sampled points halves
the error

« On a higher level, Monte Carlo is a technique of numerical integration for
complicated multiple integrals that cannot be done by more conventional
numerical methods

— Anintegral such as [ -Jeixsx,)dvdr,..ds, can be estimated by sampling
the variables x;, computing g for this set of samples, and repeating this
process N times, summing the terms to obtain the estimate.
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TraceP:

TracePro Variance Reduction
Methods

Variance reduction techniques are used to reduce
the variance or uncertainty in the result of a Monte
Carlo calculation after a given number of trials.
Conversely, the number of trials needed to obtain
a given uncertainty can be reduced.

Splitting is a variance reduction technique used in
Monte Carlo simulation. Ray splitting is used in
TracePro.

Importance sampling is a commonly used method
for variance reduction.
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TracePro’s Default Ray Splitting Method

TraceP:

Ray splitting is a technique in which a ray that strikes a
surface can be split into several component rays,
namely absorbed, specularly reflected, reflectively
scattered, specularly transmitted, and transmissively
scattered.

The flux of the incident ray will also be split, with a
fraction of the incident flux assigned to each
component ray according to the properties of the
surface.

The process of splitting is repeated at each surface
intercept, so that a tree-like structure of rays results.

This process tremendously improves sampling in most
cases, with a tolerable slowing of the raytrace.
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Ray Splitting to reduce sampling
issues
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Importance Sampling

» As a simple example, consider a probability experiment to determine the chance of
obtaining 3 on the roll of a pair of dice. Using crude Monte Carlo, we would roll the
dice N times and count the number of times n that we get 3. We can also
calculate the exact probability of obtaining 3 using the knowledge that each die
face is equally likely to come up. The probability is 1 1 1

p p— 2 ¢ — e — = —
6 6 18
* Now suppose we load the dice so that ones and twos occur with probability 1/3

instead of 1/6. Then 3 would occur 4 times as often as before. The estimated

probability of obtaining 3 is now 1 n

P74N
« Thatis, we increase the probability of threes occurring by a factor of 4, then divide
the result of our experiment by 4 to obtain the true probability. This is the basis of
importance sampling.
« This technique as applied in TracePro causes scattered rays to go in certain
directions with higher probability than they would if scattered at random.
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Methods to Reduce Noise

Trace more rays, TracePro is now 64 bit compliant and has multi-threading to trace
more rays and in much less time. For example; to achieve best results accurate
raytracing of LEDs should be done with over 100,000 rays to reduce sampling noise
to find artifacts in the light pattern. We will use the following system shown below
with 31 LEDs and a light pipe to discuss the number of rays that should be traced
for a simulation.
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Methods to Reduce Noise

 Lets look at the raw data for 3
cases where we trace 1000,
10000 and 100000 rays from
each LED without smoothing
and a pixel count of 50.

« If we look at the flux for each
case, we see very good
agreement, 1000 rays - 5682
lumens, 10,000 rays - 5657
lumens and for 100,000 rays —
5598 lumens.

« But the illuminance plots are
quite a bit different and we can
easily see the noise in each
plot, especially in the profiles on
the right of each plot.

« We can see by tracing more and
more rays that the pattern fills in
and that in the end we will
expect to see a smooth line if
we trace even more rays.
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Methods to Reduce Noise

« If we use smoothing we start e e ——
to approach a smooth line T ‘mmm.g e
curve. If we look at max flux : 5
for the smooth and - . ifazsme
unsmoothed curves the Nl /i

maximum changes from
1.026E+6 for the smooth case -

Z (mimaters)

to 1.07E+6 forthenon- @8 #8
smoothed case. Not much of ’ ——
a change. ' R -

— = e — ]

« If we change the number of Mj‘-!*" e —
pixels to 100, 4 times as many S L S e e
bins are used to catch the %
rays but the maximum flux on i
the plot stays constant at -
1.07E+6.

* So we must run a fine line
between smoothing, number
of pixels and number of rays 10 e
to trace to get the best answer e Iy~ T T SETTES IR EEEEEE
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Methods to Reduce Noise

Use symmetry conditions when possible in illuminance maps and candela plots to get

better answers. We know that in our LED/lightpipe system that we have quadrant
symmetry in the system. The lightpipe is symmetric about both axes. This allows the user
to add the illuminance from all four quadrants together and then divide the result by 4 to

get a more accurate answer.
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Methods to Reduce Noise

A final raytrace with 1 million rays per LED for a total of 31 million rays is shown below,
over 22 million hit the target. The final answer with smoothing, 50 pixels and quadrant
symmetry is shown below. As you can see the lines are very smooth and there is very
little noise in the plot.
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Methods to Find Artifacts

The illuminance map for the same 1 million per LED raytrace is shown below. This map
has no smoothing or quadrant symmetry. If you are looking for artifacts, this is the plot you
should use. Each one of the pixels or bins is 2 mm in size, 100 mm square target with 50

bins. If you are looking for artifacts smaller than 2 mm in size you will need to increase the

number of pixels or bins.
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Methods to Find Artifacts

If we want to find artifacts that are 1 mm in size, all we need to do is set the number of
pixels in the illuminance options to 100 and now the pixel or bin size will be setto 1 mm in
size. The illuminance map for the 100 pixel setting is shown below. So judicious use of the
illuminance map options and an understanding of how many rays to trace is important to
output a correct answer.
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Methods to Find Angular Artifacts

For candela plots, the number of bins is in angular space for the rectangular candela
distribution plot. The plot points refer to the angular bins for the entire hemispherical plot
which is set to for this plot to be 90 bins which specifies an angular bin resolution of 360
degrees for the extent of the pIot divided by 90 bins or 4 degrees for each bin.
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Methods to Find Angular Artifacts

If we set the options to no smoothing and 180 bins then we are plotting raw data at 2 degree
increments. Now the plot has more noise even though we have a high number of rays, over 22 million
hitting the target. When you think about plotting the entire angular space, this is 64,800 bins which is
360 degree horizontal by 180 degrees vertical. A good ray number fore each bin is 8 for decent data

collection, especially at the outer angles. This means we need to trace at least 518,400 rays if the rays
are evenly dlstrlbuted across the bins.
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Methods to Validate Data

Look at the data without smoothing to determine if you have enough rays to create a
good figure. In the first case, when we traced 1000 rays, we just don’t have enough data
to determine a good result. But if we look at the 1000 ray raytrace, then the 10000 and
finally the 100,000 ray trace, we can finally see the answer emerging. If you have the
time to trace 1,000,000 rays per LED and you are looking for artifacts in a design, you
just have to trace this number or rays. 100,000 rays per LED is not sufficient to find
artifacts, the results are just too noisy
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Analysis and Simulation Modes

. Analysis Mode

Stores all ray tree nodes

Very memory intensive

Allows plots and tables for all model surfaces
Permits Ray History

Display rays

Path Sorting Table

3D irradiance/illuminance

. Simulation Mode

Stores ray data incident on a single surface
Stores ray data for missed rays

Much less memory used

No Ray Histories

No Ray display

Path Sorting available saved in file

. You can run out of memory in both modes

Be judicious about flux threshold
Use the task manager to monitor memory use

Use TracePro’s Raytrace report to do small ray traces and see how much
memory is used and then extrapolate to make sure there is enough

memory before starting the raytrace

Raytraces of 50 million — 100 million rays are possible in simulation mode

with 8GB on a medium PC system

1 Billion rays have been raytraced with 16GB RAM systems with large oot | et Detals |

virtual Eaﬁe sizes

TracelPy: }-\ Research

Trace Rays
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Reverse Raytrace
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Methods to Speed up Raytracing and
Reduce Memory Requirements

« Ray-trace features may be turned off to %] Raytrace Options E= =)
skip some processing during the ray trace Options | Thresholds | Simulation & Output | Advanced |
to save memory " Aealysis Unts: [Fadometic <]

* Multiple random rays may be used to ¥ Ray Spitting
increase sampling but requires a lower flux i
threshold and more processing time and I Aperture Difraction
memory to trace the rays. Random Rays: [T (perscatten

* Fluorescence ray tracing can be controlled ™ Fuorescence
and set to run as a single or two-stage sl |
operation. o boce enteon encergte |-}

« Changing the random seed provides a I':P°'a"za‘i°" o

Detect Ray Starting in Bodies
“new set” of random numbers for a e |
raytrace.

Apply ’ Set Defaults
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Methods to Speed up Raytracing and
Reduce Memory Requirements

» Thresholds specify how rays are terminated.

- Five thresholds can be set by the user . Fnyips Qptors o
_ Flux Threshold Options  Thresholds ISimuIation & Output | Advanced |
. . Flux Threshold: |0
- fractional value of starting flux SR N —
» Good value for illumination system Itercept Limis
|S 05 Total Intercepts: W
» Ghost analysis should be set to .001 Total Scatters: [1000
. . Random Scatters: (1000
« For stray light and importance . .sc: lﬂm
. ICa ers: I
sampling1E-6
— Total Intercepts
— Total Scatters
— Random Scatters
— Optical Scatters o | T
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Methods to Speed up Raytracing and
Reduce Memory Requirements

 TracePro uses S_pace Partitioning to improve (5 gaytrace options B =)
raytrace speed via two types of Voxels.
. Options | Thresholds | Simulation & Output  Advanced I
— Uniform Vorsiagtion T.
oxelization [ype
* You can select voxel count: Type of Vaxels: [Unfom E
— Raytrace speed increases with
Voxel Parameters
more voxels. Select mix of Audit speed vs. Raytrace speed
— Audit speed decreases with Mued Audt/Raytrace v |
more VOXGIS. Set maximum voxel count: |32000
* Use FaSteSt AUd|t during |n|t|a| mOdel TracePro will calculate an optimum voxel count not
development to exceed the maximum voxel selection.
° : Raytrace Type
U_se Fa_stest Raytrace during [t Fagrocig E
simulation. B
— Octree
. Gradient ind bstep tol 1.0e-06mm; ~
- Improves raytrace efficiency for s |
models with large distances between Maxinu nested objects [10
objects which is especially good for oot | T
systems with far away targets
— Use View|Display Voxels after an Audit to
view voxelization
Lambda
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Methods to Speed up Raytracing and
Reduce Memory Requirements
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Use Octree Voxels if you have large amounts of unused space in your
model to speed up raytracing. Use the View|Display Voxel option to
show the voxels in your model after you audit the model.

: Lambda
Trace NE %{esearch
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Methods to Speed up Raytracing and

Reduce Memory Requirements

Use the Reports|Raytrace
menu option to see how much
memory was used in a
raytrace. For our sample
system with 100,000 rays for
all 31 LEDs this totaled 3.1
million rays. This left us with
only 239816 Kbytes of free
memory. We are not going to
be able to trace many more
rays before running out of
memory.

TraceP:

_Reports Tools Utilities M

J Property Data L

Flux

“
3 Raytrace

-

Model time and memory usage in KBytes

Elapsed time: |21 m 08s

Raytrace Memory: |3'37?541

Physical Memory (RAM] in KBytes

Used: |3095400

Free: |239315 ‘_—

Totak |a33521s

Virtual Memory [SWAP) in KBytes
Used: |11010952

Free: |8578923512

Total |B5899344G4

Close

r 3
Raytrace Report @

e e ——y =




Methods to Speed up Raytracing and

Reduce Memory Requirements

Use the Windows Task Manager
to keep tabs on your memory and
how well the multi-core raytrace
is taking advantage of all the
cores in your computer. If you run
into @ memory situation as shown
at right, (3.1 million rays for our
sample system) you will need to
switch from analysis mode to
simulation mode or change your
threshold or scattering settings to

-
‘% Windows Task Manager

s o0 e

File Options View Help

| Applications ] Processes | Services | Performance | Networking | Users

CPU Usage

CPU Usage History

Memory Physical Memory Usage History

s =g
i

Physical Memory (MB) System

be a_ble to raytra(_:e more rays. T 813 | | Hondes s ";’J;::’E.Z’}’
Adding RAM, or increasing Virtual — "o ptidme, sy TracePro
. . R Commit (GB Ty oesn ave
Page Size will also help this e o — enough internal
Nonpaged 147 [ Hy)Resource Monitor... or pagefile
memory problem. memory to
Processes: 140 CPU Usage: 9% Physical Memory: 97% SORURUD ]
Lambd
Traceh; Raegéarc?l
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Methods to Speed up Raytracing and
Reduce Memory Requirements

There is a second method of ray splitting in (5] Raytrace Options (o] [t
TracePro, turning off ray splitting and this mode
is activated when we deselect ray splitting in the

Options | Thresholds | Simulation & Output | Advanced |

RayTrace Options_ Analysis Units: |Pho!ometric: vl
I~ Ray Splitting ‘_

Instead of splitting the ray at each surface, the E SA——

total ray count is apportioned where the number - oiioo Do

or rays correspond to the surface property at T
each surface. So for this method if we trace 100
rays to a lens surface that is 95% transmitting,

[~ Fuorescence

4% fresnel reflecting and 1% reflective Ir .
scattering here is how TracePro would handle

this case. 95 rays would transmit through the ™" Polarization

surface, 4 would reflect off and 1 ray would be L Dtact Rey Stating I Bcctes

scattered using random number generation on Random Seed: |1

average. This technique uses much less — —
memory, speed up raytracing and provides L |

excellent answers when enough rays are traced.

T

= L bd
Tl’ace HE E{aesnclealrcalll




Methods to Speed up Raytracing and
educe Memory Requirements

s

L File Edit View Define Raytrace Macres  Window  Help
Dls18) 8| 4[w] 5] o| | sle|e| o) x|v| 5| DBlBI0|| <l BE ol el 57| 2be] .
sjslafajalalsa] | It =[ol( [ o[ 4]] pa[B] ] o] Bl | 2[S]] Z[S]] ] Raytrace Report g

Total - lluminance Map for Incident Flux
Block 1 Target Global Coordinates
lux 5—050 -40 -30 -20 -10 0 10 20 30 40 50  1.05E+008; .
1 - i i H H H H . .
e e e ~ Model time and memory usage in KBytes
P T Elapsed time: |U4m 22s
Raystopit [incdent <] ehicea¥ =
T seMax [T T seMn [T
"""  e— . Raytrace Memory: |1591 749
% Smoohi " I LogScas NndP’iuk,Sﬁ_(L
T Sl I Contou Pl I ReletPlot  FFT Gid [18028 = L
i I Local Coordnates ¥ Profies Symmety: [None: ~]
g I Gradiert Display Color Mapy [GragscalscnBlack  ~] : 1 I =
600 ¢ E vl 10 Physical Memory (RAM) in KBytes .
E Contow Levels:
500 & 1 W Auto_levels [
st =l ] Used: |7967180
400000—uu NN 0 0 ¢ ™ Mumber [15 _] K
3001 sl W Automatically calculate Notmal and Up Veclors F[ee: I36803B
e . ]
00 UpVeator %[0 w0 z[
= T Totat 8335216
- I A e
o w0 0 H0 B B A8 A0 35 30 25 204590 6 0 5 1015 A0 2% W B A0 6 |
Min 6449, Max | 9870w 0 Ave 5 61502+005 ereenal e ~Virtual Memory (SWAP] in KBytes
Total Flux:5615.6 Im, Flux/Emitted Flux.0.55151, 1727067 Incident Rays |
For Help, press FL : 24568966 V: 49.5 Z: -49.740933 | 1.916e+005 lux NUM |

Used: |5933072

Using this second raytracing method, we get very similar results
for the illuminance map for 10,000 rays per LED for our sample
system. But it only takes 4 minutes to raytrace instead of 21
minutes and only uses 1691749 Kbytes of memory instead of 3.8 ||
million for the ray splitting raytrace. But for this method to be

Free: |8583051 392

Total |3599934454

accurate you need to trace large quantities of rays. If you are )
going to trace a small number of rays it is best to use ray splitting
mode.

Lambda
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Methods to Speed up Raytracing and
'Reduce Memory Requirements

0 Fie Edr View et Defm

Dis|d| 8] 3|%)E|

Ray Splitting On

JOBH103 V23085 £2 535305 50,0008 11 383586 2207085 o

|45 | piae]t]p| Bl=] O] 4N

S~
=S

Ray Splitting Off — poor

_jf;”’fi,f%m L answers for scattered or
= 2 reflected rays for this
— : — simulation, use ray splitting
— ==l

[
r Lambd
Trace m;? Rggcl:arczlll
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Methods to speed up Raytracing and
reduce memory requirements

The task manager at right
shows the sample system
with 100,000 rays per LED
with only a few seconds left
in the non-splitting raytrace.
You can see that there is still
quite a bit of memory left
and that the non-splitting
raytrace mode is also multi-
threaded. You can also see
the Physical Memory Usage

creep up over the simulation.

TracePW:

M

-
'® Windows Task Manager

==

File Options View Help

CPU Usage

Physical Memory (MB)

Total 8139 Handles 52977

Cached 785 Threads

Available 2438 Proces; 142

Free 1659 ime 3:18:39:38
Commit (GB) 8/31

Kernel Memory (MB)

Paged 384

I Nonpaged 146 [ “'Resource Monitor... ]

Processes: 142

Applications IProcesses Services | Performance | Networking | Users |

CPU Usage History

Physical Memory Usage History

CPU Usage: 94%

System

Physical Memory: 70%




Scatter and Source Methods to Reduce

Noise

* Importance Sampling is used to improve the
sampling of random events without dramatically
increasing the number of rays started.

« Uses the scattering distribution function as a
probability density to apportion a fraction of the
scattered ray flux into a desired direction.

« May be used for emitted, scattered and diffracted
rays only, on surface sources, scattering surfaces,
diffracting surfaces and bulk scattering objects.

* Apply to object(s) for Bulk Scatter.
* Apply to surface(s) for all others.

TracePw: Research
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Scatter and Source Methods to Reduce
Noise - Importance Sampling

Incident Ray Importance
Sampled Ray

Importance
Sampling
Target

Normal to
Surface

Lambd
Trace m% Rggcl:arcalll
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Scatter and Source Methods to Reduce
Noise - Importance Sampling for Flux

4
BSDI_: or Probability

|8 — Bol
AQ
D p-samp. = Pine. | BSDF cos 6dQ
AQ
CI)mna’om = CI)inc. TS - CI)imp.samp.

TS=  [BSDF cos8dQ

hemisphere

Y Lambd
Trace m,-? %lggcl:arczlll
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Scatter and Source Methods to Reduce
Noise - Importance Sampling Scatter
Example

random rays-~

, /Spggfﬂar rays

.

sampled
rays

Lambd
Trace m% %lggcl:arczlil
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Scatter and Source Methods to Reduce
Noise - Importance Sampling Scatter

Su

rface Example

Flux threshold
typically set very low

Example

B2 Model:[Untitled1]
ﬁbiecl 1 -
+]- Surface 0
+] Surface 1
[+ Surface 2

Apply Properties

k==l |5 Surface 3

Bulk Scatter

Class and User Data
Color

Diffraction

Exit Surface
Fluorescence
Gradient Index
Importance Sampling
Material

Mueller Matrix
Prescription
Raytrace Flag
RepTile

Surface

Surface Source
Temperature
Temperature Distribution

Importance Sampling

[+ Surface 5§ -

Target: |1 v | of1 Rays/cel: |1
Direction: | Toward v Shape: |Rectangular ¥

Target Center Normal Vector Up Vector

% [o % o % |0

Y: |3 v o ] [

2 |25 z |1 z o
Target Size Cells in each dimension

X width: |5 X cells: |1
Y width: [.5 Y cells: |1

Single Surface is selected.

Add | Apply | Delete

Entity 1
Block

B8 Model:[Untitled1]

ﬁbiecn -
[+]- Surface 0
[+ Surface 1
+)- Surface 2
[+)- Surface 3
B Surface 4
[+ Surface 5 —
Entity 1

Block. -
ird =|ar-1 Fu-ll_l

TracePw:
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Scatter and Source Methods to Reduce
Noise - Importance Sampling Source
Example

e | =
sy Poperies [ mn SN 3 Model:(ImportanceS ample. OML]

Bulk Scatter Importance Sampling '
Class and User Data
Color
Diffraction Target: |1 | of1 Rays/cell I1
Exit Surface
Fluorescence Direction: ITowa«d v Shape: IAnnuiar 'I
Gradient Index
Importance Sampiing ~ Target Center Normal Yector—— -~ Up Vector
b X [0 %[0 % [o
Mueller Matrix
Prescription Y- |0 bali Y- |1
Raytrace Flag z [ z [ z o
RepTie ) | -
Surface =
Surface Source Target Size Cells in each dimension
Temperature T I— P
Temperature Distribution Obkeraduz 10 Rings: |1

Inner radius: |0 Slices: |1

Single Surface is selected.
Add | Apply | Delete

TracePw: Lamhas

Research
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Methods to Speed-up Raytracing -
Reverse Ray Trace

» Ray trace from all defined Exit Surfaces
to defined Surface Sources

— Sources are defined using Apply
Properties dialog and applying Exit Surface
property and entering number of rays.

» Useful in situations where importance
sampling in the forward direction is
difficult or impossible

— Example: Design of illumination reflectors
with a small source

TracePw: )\ Lambea
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Methods to Speed-up Raytracing -
Reverse Ray Trace

i TracePro Expert - [Modeli{ElipticalRefiector Reversaiblom] 1} i
@) File Edit View Inset Define Raytrace Analysis Reports Tools Utilities Macros Window Help

D|Sd] 8| &[%E| o~ w|ofe| ¢ v ¥ OR(E0] <[ BE sl elels] S5 2%
ala|a|a|R|&|&E]dw [+ ] =] | e | o] p[]e] | p| Ble] [T /]3] >

. Quartz bulb
. Electrodes =
- Arc
= Cyl
Exit Surface v
Surface Property: <None>
Source Defined
Flux = 10.000000 lumens
100000 rays
- Cone S millimeters
= Endl
& End2
Entity 3
. Reflector
5. Obsevation disk Apply Properties (= ]
- Edge
oY Front Buk Scatter Exit Surface
- Bxit Surface Coaesey] Uer. Data
~Reverse rayz: 100000 ;?m Check to make selected suface(s) o be used : Exit surface is defined in an
Surface Data from: Default RS 1o collect deka chring Simulation Mode raptiace, ¥ Exit suface out of plane area with very
Surface Property: Perfect Absorber | | | Fuorescence few rays being trace to the
Plane Gradient Index - Reverse raytrace target.
Back Importance Sampling
Enity 5 e Number of reverse raps: 100000
Cyl/Cone Mueler Matrix =
Prescription
Raytrace Flag Predefined inadiance map orientation
RepTie
S Nane: | =l
Surface Source Notmal Vector: \
Temperature
Temperature Distribution Up Vector:
Add | Modito | S ‘ Use the Exit Surface Property dialog to setthe number of
reverse traced rays
Model | Source [Luminance] -

For Help, press F1
e —

lﬁ{sﬁl‘ﬁﬂ) Y71 329138 7:383.295532 mm 7@209.2526 'V:-90.040833 Z:-120.924072 mm

P |

Use the Apply Properties|Exit surface dialog to

specify the number of reverse rays that you want to
trace

TracePw: Lambda
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Methods to Speed-up Raytracing -
Reverse Ray Trace

4} TracePro Expert
File Edit View Define Raytrace Analysis Reports Tools Utilities Macros Window Help

D||d| & &[] o~ ®|lo|e] g &[] g ORB[0 <% @E =)l @ee] KF | 28]
alaja|a|alals|e] [+ o u|e]of ] ] v e[H] piA|e|c]r] O] 2[T]] L]%]] ]
R o e i S s o Joa B | @b ModetiEipticaiRefiector Reverse, Dl.omi] [N
Total - llluminance Map for Incident Flux B~ Quartz bulb "
Observation disk Front  Global Coordinates #- Electrodes

B/ Arc
B-Cyl

Exit Surface
i Surface Property: <None>
Source Defined
Flux = 10.000000 lumens
100000 rays
Cone 5 millimeters
®-End1
@-End2
- Entity 3
-/ Reflector
B~ Observation disk
@ Edge
5
Exit Surface
Reverse rays: 100000
Surface Data from: Default
Surface Property: Perfect Absorber
Plane

v
8
]
E
E
1>

J Rl * & 4 \
10 8 6 4 2 0 -2 -4 -8 -8 -10 g 7
X (millimeters)

Min:1.3675e-017, Max 222 88, Ave:2.5356 /
Total Flux:0.00079658 Im, Flux/Emitted Flux:7.9658e-005, 361 Incident Rays Model [ Source [Luminance|

X:-65622650 Y:71.929138 7:383.295532 mm X: 2.2972973 Y: 308 43327 Z: 1000 | 0.0001003 lux

For Help, press F1
- Tl N M— p B a— |

For this Elliptical Reflector example it takes 1 minute to forward
raytrace 100,000 rays. 361 rays reach the target as shown in the
irradiance map at left

Lambda
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Methods to Speed-up Raytracing -
Reverse Ray Trace

Reports Tools Utiities Mac

ros  Window Help

EIEIEI_I _!_l_]_l_l_l_l_[_l_l_IJ Di=[B|m|| <[ mE ol &e|w| K5 | 2]

&

IIIIIII!F|||||lll[|1>]>'IBIIP|IIIIJ‘%_I
x (_Reverse, Dl.omi] [sorll-ElaE3] | W) Modet(ElipticalReflector_Reverse, Dl.omi] [ee=]
Total - lluminance Map for Reverse Flux B/ Quartz b
Observation disk Front  Global Coordinates i Electrodes
o A

X (millimeters) f

Min:2.2181e-018, Max:15.633, Ave:0.31779 ‘/
Total Flux 8 9836e-005 Im, Flux/Emitted Flux 0.31779, 1822 Incident Rays

Exit Surface

Reverse rays: 100000
Surface Data from: Default
Surface Property: Perfect Abzorber

FFFFF

65622550 71929138 7:383.295532 mm

1X: 8.3590734 V: 30352031 Z: 1000 | 0.08526 lux
SEENE——

For th|s Elllptlcal Reflector example it takes 4 seconds to reverse
raytrace 100,000 rays. 1822 rays reach the target as shown in the

— E—

|

irradiance map at left. 6 times as many rays reach the target 15 times
faster reverse raytracing.

TracePw:
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Methods to Speed-up Raytracing -
Reverse Ray Trac

 TracePro Expert - uminance Map:[Ellipti ctor,Reverse, DJ.omll]
T File Edit View Define Raytrace Analysis Reports Tools Utilities Macros Window Help

Djiel & 4|%|E| o|-| sle|s| 4 x| ¥| OlBlB|m|| | DE ol slels| KT 2|
Jajalaja]afEli] +] T eluls[o[<] ] o|n][ p{3[B] [ p] Bl=]+[5]] /[N 5]
Total - lluminance Map for Reverse Flux
Observation disk Front  Global Coordinates

Y (millimeters)

X (millimeters)
Min:3.3319e-020, Max:1.2018, Ave:0.28685
Total Flux:9.0118e-005 Im, Flux/Emitted Flux:0.28685, 98266 Incident Rays
X: 8.8103448 Y: 301.76166 Z: 1000 | 0.4721 lux

For Help, press F1
-— — —aml

For this Elliptical Reflector example it takes 5 minutes to reverse
raytrace 5,000,000 rays. 98266 incident rays reach the target as
shown in the irradiance map above.

Lambda
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