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ILMD- (Imaging Luminance Measuring Device)
based LID measuring systems, are an established
method for measuring the luminous intensity
distribution (LID) of light sources in the far field.
The advantage of this system is the high-resolution
acquisition of a large angular range with one
image. For the uncertainty budget, the
mathematical description of the system can be
divided into a photometrical and a geometrical
component. For the uncertainty analysis, the
measurement and calibration process are
simulated by Monte Carlo method. Here we
present the geometrical system description based
on kinematic transformations. An analysis of the
geometrical input parameters is shown.

INTRODUCTION

The LID I(¢,?9) is the luminous flux & per
solid angle Q that is emitted in the direction (¢,9).
To assume the light source (Device under test: DUT)
as a point source, the measurement distance is large
compared to the DUT dimensions. A common method
to measure the LID, is the ILMD measurement
system [1]. For this method, a DUT is mounted on a
goniophotometer and illuminates a white screen in a
large distance (see fig. 1), and the luminance on the
screen is measured by an ILMD.
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Figure 1: ILMD-based LID measuring system.

Knowing the geometric relation between the system
components, the LID in the angular range of the
screen can be calculated. If the interesting angular
range of the LID of the DUT is larger than the screen,
the goniometer rotates the DUT in multiple viewing
directions, so that the full range is seen by the screen.

These LID segments are then stitched together with
an image-merging algorithm [2]. To determine the
uncertainty budget of this system, a Monte Carlo
simulation is useful.

SENSITIVITY ANALYSIS

For the sensitivity analysis, according to GUM,
a good mathematical description of the system is
essential. For the following uncertainty analysis, we
separate the LID into its geometric flow and the
photometric flux component. We analyse the
geometric component and combine a LID with high
gradient.

To analyse the geometric flux, we simulate the
light path from the DUT to the measuring screen,
considering the rotation of the DUT by the
goniometer. The geometrical system description is
based on kinematic methods from robotics. In case of
rotation of the DUT, both static and moving system
components have an influence on the measurement
uncertainty. Here, for example, geometric deviations
between the photometric center of gravity of the DUT
and the center of rotation of the goniometer have an
impact. Other factors are the skew of the goniometer
axes and the distance between the goniometer and the
measuring screen.

KINEMATIC SYSTEM SETUP

Kinematics usually describe the motion of
robots by representing the relation between moving
parts and the position of the robot. Every moving
system can be described by a chain of fixed and free
translations t and rotations R in homogeneous
coordinates [3]. The transformation

Xivg =T+ X; (1)
describes the transfer of position and orientation of
the coordinate system X; to X;,; with the
transformation matrix

n=loso D= ) @

By combining multiple transformations, the total
transformation matrix can be described as:

Ttotar = Tn—qon * - ¥ Tz ¥ Tooq 3)
To analyse the geometric uncertainty of the ILMD
LID measurement system, we define a coordinate



system for every critical system component. The
associated chain is shown in fig. 2.

Figure 2: System components and coordinate systems for
geometric calibration.

The light source X;, is somewhere mounted on the
goniometer table. The goniometer rotates the light
source around the horizontal goniometer-axis Xy
that is skewed and shifted to the vertical goniometer-
axis Xy . Then the goniometer rotates around the
vertical axis that is skewed against the optical axis
and is in a measurement distance to the screen Xs. The
full transformation matrix for the ILMD LID
measurement system is given by
Tiotar = Ts * TV,pose * Ty ace * TH,pose * Ty aee *Tp, (4)

Note that the transformation of the goniometer-axis
coordinate system has a fixed part “pose” that
describes an offset and a moving part “act” that
describe the goniometer rotation position.

MONTE CARLO SIMULATION

The measurement uncertainty analysis of the

system was carried out with a Monte Carlo simulation.

The calibration of the geometric relationships was
assumed to be ideal. The necessary translation, and
rotation parameters of the goniometer, were measured
separately. A compact budget of the parameters is
shown in tab 1. We assume, for example, that the test
object is placed on the goniometer with an uncertainty
of 1 mm in each direction, which is described by the
translation of T; . To analyze the geometric
uncertainty we now simulate the poses of the test
object with known goniometer rotation for nine
exemplary directions. They are displayed as a 3x3
point matrix on the measurement screen as shown in
Fig. 2. The shown error ellipse shows the result of the
MC of the mentioned input parameters with 10.000
iterations. The error ellipse of the point cloud has a
large ellipse axis oyg and a small ellipse axis o,g
(see Fig. 2). These axes form an aperture angle with
respect to the goniometer center. Also shown is the
distance ratio oy4;5; = 1 — d/d, of the variation of
the measuring distance DUT-screen. The measuring
distance is used to convert the illuminance on the
screen into luminous intensity to the power of 2.

Table 1: Used input parameter and its uncertainties for
Monte Carlo simulation. All empty entrances are zero.

# | t/R X,Y,Z [m] Standard deviation
0x,0y,02 [°] [mm] or [°]
X y z Ox ay (]
t 1 1 1
! T R 0.01 0.01 0.01
2| Thace | R 0.0043
t 0.1
3| Tupose [~ 0.05
4| Tyace | R 0.0036
5| T t 10 2
Vpose | p 0.005 | 0.005 | 0.005
6 Ts t 1 1
RESULTS

The overall result is shown in fig. 3 and tab. 2.
This result is a first estimation of the uncertainty of

ILMD LID measurement.
287 2.88(0g oo 287
; 5 { o°
e o > > e = N
=285 =2.86], . =285p @
" o :'.- !‘- e 2
283 284—— 283 —*—
5.73 -571 -569 2002 0 002 569 571 573
s 8] 6]
-0.55, -0.55 -055,
$.°*" o g oo °e %
5 % $e0 — . 5 ]
=057 . =057 o =057
= N . = . = be ®
Be * e, R °® o %
-0.59 ——=—=— N —— -0.59 ————
-5.73 -5.71 -5.69 002 0 002 569 571 573
Ny 8] 6]
-3.96 -3.98 -3.96
_ Fe o s _ 3,00 g _ o8 ee
=398 % . =4 . =-3.98 4 .
' Ny ) ' o % : ' - Loe
[ %% o "ap

4 ° 40200 — e 4
-5.73 -5.71 -5.69 002 0 0.02 5.69 571 573
o[ 8171 1y

Figure 3: Visualized uncertainty results for every
exemplary direction for no goniometer rotation.

These results must now be combined with the LID
of the DUT to obtain the angle dependent uncertainty
of the LID. The influence of the image merging
method still needs to be investigated.

Table 2: Uncertainty results by number

O dist OxE OyE
Toorat | 0.00023 0.01441° | 0.01429°
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