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Measurement of Ray Data of an LED Using the
Goniophotometer RiGO801-LED

This Application Note discusses the measurement of ray data using a white LED of the
type ams OSRAM LCW CP7P. After a brief introduction to the measurement principle, the
setup and execution of the measurement are explained in detail. Further information can
be found in the documentation of the measurement program [1]. Finally, an overview of
the measurement results is provided. The further processing of the data is described in a
separate Application Note.
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Measurement Principle of the Goniophotometer RiGO801 — LED

All RiGO801 goniophotometers utilize the near-field measurement principle, where a
luminance measurement camera (ILMD, see [2]) is moved around the light source to
capture the spatial luminance distribution. This distribution is then converted into ray
data and the luminous intensity distribution (LID) (see [3], [4], [5], [6], [7])-

Ray data, also commonly referred to as ray files, consist of vectors with associated
luminous flux components. A sufficiently large number of rays accurately represents the
radiation characteristics of a light source. They are frequently used for realistic
simulation of optical components.

The goniophotometer RiGO801 - LED! is e
specifically designed for measuring ray data Changeable optical lens
from LEDs and LED modules. The luminance Photometer head ——>"®
measurement camera LMK 6-52 moves along
a circular arc (Theta-axis) around the test
object, which is mounted on the vertical
rotation axis (Phi-axis).

Spectral irradiance
head of spectrometer

LED mount —— >

Clamp of Z translation

Z fine translation stage

The measurement of a single ray is XY translation stage
exemplified in Figure 2. A pixel of the image Rotation stage (Phi - axis)
sensor, together with the center of the lens,

defines the starting point (P P.P ) and Main switch

x?hyrlz

direction (nx, n,, nz) of the ray. The luminous

. Figure 1: Goniophotometer RiGO801-LED
flux component A® is calculated from the fgure 2 Boniopnotometer i
luminance of the pixel and the corresponding

solid angle. The rays from all luminance images collectively form the ray dataset.

center of lens =
starting point of ray

Figure 3: Ray Dataset

Figure 2: Measurement of a Ray

1 https://www.technoteam.de/products/goniophotometer rigo801/rigo801 led/index eng.html
2 https://www.technoteam.de/products/imaging photometer colorimeter/Imk 6 color/index eng.html
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Preparation of the Measurement

Before the measurement, the LED is mounted onto the Thread g;gupnltalz for
goniophotometer's test fixture (see Figure 4). The test

fixture includes a heat sink (75 mm x 75 mm) with a
threaded grid plate, a fan, and a leveling unit. The heat
sink ensures stable thermal conditions during the Heat sink
measurement, with the fan being activated for higher Fan
power losses if necessary. Leveling unit

The LED should be soldered onto a circuit board with
appropriate mounting holes for attachment to the grid
plate. Obstructive components or other interfering
elements should be avoided. In particular, the viewing
angles required for aligning the LED in the goniometer
must remain unobstructed (see the following section). In
this Application Note, an LED mounted on a star board is
used, which can be easily attached to the grid plate (see
Figure 5).

Connection terminals

Figure 4: Test fixture

The connecting wires are routed to the lateral terminal
block of the test fixture. For stable LED operation, the use
of constant current is recommended. When measuring ray
data, the nominal parameters are typically not the primary
focus, so the operating current may deviate from the
nominal values. However, it should be selected such that
the LED operates in a stable mode. Too low a current can
cause undesired behavior in high-power LEDs, while
excessive current can increase thermal stress.

Figure 5: Mounted LED Board

The test fixture is now mounted on the goniophotometer's
telescopic axis, and the height and rotation are
preliminarily adjusted by sight.

Figure 6: Mounted test fixture

E-Mail: support@technoteam.de Website: www.technoteam.de 2
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Aligning the LED in the Goniometer Coordinate System

The Theta and Phi axes of the goniophotometer
define a spherical coordinate system, which is
linked to a Cartesian coordinate system (see Figure
7). The measured ray data are output in this
goniometer coordinate system. Therefore, it is
crucial to precisely know the position of the test
object within the coordinate system to ensure the
correct use of the data.

[t is recommended to align the test object as
precisely and traceably as possible within the
coordinate system and to document this alignment
carefully. This is done using the "Measurement ->
Align Test Object" function. A dialog opens,
displaying the camera image with selectable grid
lines and the coordinate system. It also provides
controls for the goniometer axes and the option to
activate an incident light illumination (see Figure
10).

The camera is typically positioned to view along the axes of
the Cartesian coordinate system to capture suitable images
for positioning, leveling, and rotating the LED.

The horizontal positioning of the LED is achieved using the
X/Y adjustment unit of the telescopic axis. The height
adjustment can be made by moving the telescopic tube
over a wide range and fine-tuning it with the fine adjuster.
Rotation is enabled by turning the telescopic tube with the
clamp slightly loosened. Leveling of the LED is performed Figure 8: X/Y adjustment unit and
using the leveling unit integrated into the test fixture. #fine adjuster

The following aspects should be considered during positioning:

e The center of the light-emitting area should ideally be
positioned in the middle due to the limited depth of field
of the lens.

e The rotation and leveling of the LED should be based on

clearly identifiable edges or contours whenever Figure 9: Leveling unit of the
. test fixture
possible.

e The features used for alignment should correspond to those found in the
datasheet drawings or CAD data. This ensures the position of the coordinate
center can be precisely related to the LED.
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Figure 10: Dialog for Aligning the LED in the Goniometer Coordinate System

For the LED used, the square housing is aligned symmetrically to the center of the
coordinate system in the top view. In the side views, the height and tilt are adjusted in
the respective planes. The top of the housing is positioned to lie within the x/y plane

(see Figure 11).

After completing the alignment, the views of the LED within the coordinate system
should be saved for later processing of the measured ray data. This can be done either
by saving screenshots or by storing the views in the measurement file (Image -> RiGO

clipboard).
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Figure 11: Side views of the LED during positioning

Setting Up the Measurement

Measuring process

The measurement setup is initiated via the menu

== EBefore measurement

option "Measurement > Start Measurement...". The ' e e
measurement program then guides the user step by ] At ey e
. . . [7 Adjust camera
step through various dialogs where the settings and 7 Adiust photometer
parameters for the measurement are configured | T 520
. [ Enter additional parameters
(See Flgure 12) [~ Align lamp or luminaire

W tdditional TTR data

[¥ Execute measurement

Selection of Measurement Mode and File

Name '
For the measurement of ray data, the camera mode

¥ Shaw measuring values

is selected, and the option "Save Ray Data" is

activated. Two output files are then defined: a TTL
. . p . . . . . Exit |

file for the luminous intensity distribution and a

TTR file containing the ray data in TechnoTeam Figure 12: Steps for setting up the

format. measurement

Selection of Angular Range and Angular Resolutions

For the angular range, the entire area with relevant emission should be selected. This
typically includes #90°, but many LEDs, as in this case, emit over a larger angular range.
Here, beyond 90°, higher luminance levels are observed, particularly around the lens.
Although these may partially represent stray light, they are critical for a realistic
emission characteristic and should therefore be captured. In this example, an angular
range of +100° was chosen, as beyond this point, shading from the circuit board or the
test fixture occurs.

This consideration leads to the topic of proper, shadow-free mounting of the LED. For
emissions beyond 90°, portions of the light are reflected by the circuit board rather than
being measured accurately. To ensure a clear optical path, the mounting position of the
LEDs should be elevated in such cases. In the present example, this was not

E-Mail: support@technoteam.de Website: www.technoteam.de 5
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implemented, and therefore these effects should be taken into account and evaluated
during the analysis.

The angular measurement resolutions of the two goniometer axes are typically 0.5° or
0.75°, enabling particularly high-quality sampling of the luminance distribution. This
high resolution has minimal impact on the measurement duration, as the measurement
is performed on-the-fly and is completed relatively quickly, taking approximately 1.5 to
2 hours.

——— . S — - —

Adjust angular range

j

\whale sphere Horizantal

Minimum phi in © 0
Maximum phi in * 180

Delta phiin © 0/ =
| Puole cap :‘

@ Wertical
Minimum theta in 100

Spher. segment b awi thata i ¢ T .
e i theta in :‘
Dela thetain ° 075

Additional LID
[ Calculate LID

( Dislta phiin * 5 =]
Delta theta in * 25

Measuring time 01:34:49 h

Cantinue I Cancel |

Figure 13: Setting the angular range and resolution

Camera settings

For the camera settings, the integration time, the ND filter used, and, in the case of a
filter wheel camera, the appropriate filter are selected—specifically, the V(A) filter for
photometric measurements. Since the integration time remains constant during the
measurement, it must be correctly set at the position of maximum luminance. The dialog
provides the option of a maximum scan, which moves the camera to the position of
maximum luminance.

At this position, the integration time is set, ensuring that the camera operates at around
90% utilization for an optimal dynamic range. In this case, a 10 ms integration time
results in 90% utilization (see Figure 14).
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Figure 14: Camera settings

Photometer settings

As with the camera, the measurement range of the photometer remains constant during
the measurement. Therefore, the measurement range must be set at the position of
maximum utilization, corresponding to the maximum illuminance. Further details on
this process can be found in the measurement manual.

Further Steps Before Starting the Measurement

Before the dialog for starting the measurement appears, an input form opens for various
optional details about the measurement and the test object. Additionally, a dialog for
editing data in the program's special clipboard is displayed. This includes the images of
the LED alignment, which may have been added to the clipboard earlier. These data can
be reviewed and edited at this stage if necessary. To include the data in the TTR file, the
option "Transfer Rigo Clipboard to TTR Additional Data" must be activated.
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Perform measurement

The light source must reach a stable operating state before starting the measurement.
Two options are available for the start procedure:

1. Delay Time: Specifies a fixed time interval after which the measurement begins.

2. Automatic Start Procedure with Stability Monitoring: This method follows
CIE S 025 [8] or IES LM-79-19 [9]. The temporal evolution of the illuminance is
monitored, and a stability criterion is evaluated within a defined time window
(typically 15 minutes). The measurement starts automatically as soon as the
desired stability threshold is reached. A stability threshold of 0.2% is
recommendable for LEDs.

The parameters used in this example are shown in Figure 15.

| Stabilization of light source

lllumninance l Measuring devices
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B e S e e

TSR | SR fooeonoeeend fomoennne oo e boonoeeene fooeonoeeend fomoenine oo

s ST S S Rt S s

' ' ' ' Minirnum stabiliz:ation time: ' ' '
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Parameter Axis control Current values
[” Stabilization according ta |ES LM 7319 Aig THETA - Elapsed time [min:s]
Mirirmurn stabilization time: [h:min] a i‘ -|30 i‘ Position ] lu—i‘ ﬂ lluminance [1x] E17.5

M aximurn stabilization time: [h:min] 1 i‘ |0 i‘ «| ll]| - | | - | Il]| » | Yariation [%]
- - +1 |+
Stability criterion setpaint [%] 0.2 i‘ THETA ol
; ; ,7

Time interval of stability criterion [min] 15 i‘ 000 * 0.00*

N Fredefined positions
I¥ Save data to measuring file [ t) 2

= Final measuremnent
2y By ]2, % ¥
Save data and graphic separately: Lﬁf‘ [i‘” Ié.* & IV After stabilization time start, even if

the criterion iz not fullfilled
Diata |

. [ After stabilization time start, even if
Graphic | the phatometer is overloaded

S B — B —

Figure 15: Automatic start of measurement after stabilization phase
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Measurement results

After the measurement is completed, a window opens with multiple tabs displaying all
the details and results of the measurement (see Figure 16).

T Measurement results (] *

File:

|D' WM rementsy0SRAM-LOWCF?PAO sram-L Cw/-CP7P-Photometrric. tr

i LID graph | LID table] Rays of camera images] Measuring devices | Stabilization phase | Pole monitoring graph | Pole monitoring table | Additional data

General
MeazLrement spstem |F|iGDBD1 -96-LED
Pratacal number |450
User [lnut bredemeier
Date |09.01. 2025
Time [11:2217
Cornment

Lurninaire
b anwfacturer |DSHAM
MName |LCw CP7P
MNumber |
Alignment |
Length/diameter [mm ] |D
wiidth (mm] o
Height [ ] |0
Length/diameter luminous area [ ] |D
width luminous area [ v ) |D
Height-CO lurinous area [ i ) |D

Hainhb TN hormine e aras I rarn 1 =

Figure 16: Overview of measurement details and results

General Information and Measured Luminous Flux

In this form view, the general information and measurement settings are displayed first.
Further down in the list, under the "LID" section, the measured luminous flux and the
maximum luminous intensity along with its corresponding angle are provided.

E-Mail: support@technoteam.de Website: www.technoteam.de 9
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Figure 17: Measurement results: Luminous flux and maximum luminous intensity

Luminous Intensity Distribution Data

The data of the measured luminous intensity distribution are displayed in the "LID-
Graph" tab as a polar diagram (Figure 18) and in the "LID-Table" tab as a data table.

Qzrann-LCWw-CPFP-Photametrric. tr (09.01.2025 11:2217)

135° 180

2o

05

a0

Figure 18: Polar diagram

A clear 3D representation of the LID can be
created using the free TechnoTeam 3D-Viewers3.
This view makes it easy to identify effects such
as luminous flux variations during the
measurement or other anomalies.

The 3D view of the measured LID (Figure 19)
reveals an asymmetry and deformation in the
luminous intensity distribution. This
necessitates further examination and additional
measurements to determine whether the
observed deviations are due to variations in
LED properties or specific issues with the

measured LED.

120

-|105”

90°

C-Ebenen

0.00-180.00
45.00 - 225.00
30.00 - 270.00

136.00 - 315.00

Figure 19: 3D view of the LID

3 https://www.technoteam.de/products/goniophotometer rigo801/rigo801 software/3d viewer
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In the present case, the issue could be caused by damage to the LED due to excessive
thermal stress during the soldering process.

Ray data

The "Rays from Camera Images" tab displays the generated ray starting points for each
luminance image. Figure 20 shows an example of the ray data image for a side view. The
LED lens and the optically distorted LED chip are visible. Outside the LED, some stray
light components can be observed, which require further investigation. In this case,
these are reflections from the circuit board, as previously discussed. A more detailed
evaluation will be provided in a separate Application Note on the processing and
analysis of the measured ray data.

Image  Yiew

Image

j 4256 / 64440
Grid pogition
Theta [-705 :|
Phi  [11.25 il

Capture position

Theta |-70.43
Phi 11.25

[ Metric coordinate
spstem

Figure 20: Ray Data of a camera image

Data from External Measurement Devices

The RiGO801 measurement program allows for the integration of external measurement
devices such as power analyzers, voltmeters, temperature sensors, or other data loggers.
During the measurement, data from the connected devices are recorded and stored in
the TTL file. The "Measuring devices" tab displays this recorded data.

For the measurement discussed here, only the standard measurement parameters are
available: the device temperature and the temperature of the test fixture. These should
remain as constant as possible during the measurement (with changes of less than 1°C).

E-Mail: support@technoteam.de Website: www.technoteam.de 11
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Data from the Stabilization Phase

If the measurement was started with automatic stability monitoring, the data recorded
during the stabilization phase are stored in the TTL file. The "Stabilization Phase" tab
visualizes this data (Figure 21).

In this case, the stability criterion for this LED dropped well below the threshold of 0.2%
within a short time. However, due to the settings, a minimum waiting time of 30 minutes
was observed. For higher operating currents, significantly longer stabilization times can
be expected.

Osram-LCw-CPYP-Photometmic. ttr, 09.01.2025, 11:22.17 llumninance [14] Yariation [%]

£00

400

200

0.005

. 1 1 . ' H Mirimum stabilization time
0000 0300 0500 0300 1200 15:00 18:00 21:00 2400 2700 [rriir: 2]

Figure 21: Data from the LED stabilization phase

Pole Monitoring

Another important criterion for evaluating the stability of the LED operating conditions
during the measurement is the stability of the measured illuminance values at the pole
of the spherical coordinate system. During each Theta scan of the goniometer, a pole
value is recorded, and these values should ideally remain constant. The data are also
stored in the TTL file and displayed in the "Pole Monitoring Graph" and "Pole Monitoring
Table" tabs.

In this case, only a very slight drift of 0.16% was observed.

Zusatzdaten

The TTR file format allows embedding various additional data into the file. These may
include luminance images, views of the LED alignment within the coordinate system,
spectral measurement data, datasheets, or CAD data. The "Additional Data" tab displays
these embedded items.

For the measurement performed here, several alignment views of the LED were copied
into the TTR additional data and are now available for review in this tab (see Figure 22).
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Figure 22: TTR additional data

Post-Processing of Measurement Data

The measurement results are provided in two files:

1. TTL File: This ASCII INI-format file contains the LID as well as all the details and
parameters of the measurement. The LID can be exported in various formats,
such as I[ES LM-63 [10], EULUMDAT#, or ASCII. Detailed information is provided
in the Measurement Manual [1] and the Converter801 Software Manual [10].

2. TTRFile: This file includes the measured ray data, optional additional data, and
the contents of the TTL file. Post-processing is carried out using the free
Converter801° software, whose primary function is to export the ray data in
various formats, including IES TM-25 [11], ASAP, Speos, LightTools, LucidShape,
Zemax, and TracePro.

To generate ray data, additional settings are required that necessitate a thorough
understanding of ray generation and measurement. These parameters can be embedded
in the TTR file, enabling external users to utilize the processed ray file without requiring
additional knowledge. A detailed explanation of the associated concepts and settings is
provided in a separate Application Note.

4 https://en.wikipedia.org/wiki/EULUMDAT
5 https://www.technoteam.de/products/goniophotometer rigo801/rigo801 software/converter 801
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