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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(𝜑, 𝜗   is the luminous llu  Φ  per 

solid angle Ω that is emitted in the direction (𝜑, 𝜗 . 

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 lig. 1 , and the luminance on the 

screen is measured by an ILMD.  

 
Figure 1: ILMD-based LID measuring system. 

Knowing the geometric relation between the system 

components, the LID in the angular range ol the 

screen can be calculated. Il the interesting angular 

range ol the LID ol the DUT is larger than the screen, 

the goniometer rotates the DUT in multiple viewing 

directions, so that the lull range is seen by the screen. 

These LID segments are then stitched together with 

an image-merging algorithm [2]. To determine the 

uncertainty budget ol this system, a Monte Carlo 

simulation is uselul. 

SENSITIVITY ANALYSIS 

For the sensitivity analysis, according to GUM, 

a good mathematical description ol the system is 

essential. For the lollowing uncertainty analysis, we 

separate the LID into its geometric llow and the 

photometric llu  component. We analyse the 

geometric component and combine a LID with high 

gradient.  

To analyse the geometric llu , we simulate the 

light path lrom the DUT to the measuring screen, 

considering the rotation ol the DUT by the 

goniometer. The geometrical system description is 

based on kinematic methods lrom robotics. In case ol 

rotation ol the DUT, both static and moving system 

components have an inlluence on the measurement 

uncertainty. Here, lor e ample, geometric deviations 

between the photometric center ol gravity ol the DUT 

and the center ol rotation ol the goniometer have an 

impact. Other lactors are the skew ol the goniometer 

a es and the distance between the goniometer and the 

measuring screen. 

KINEMATIC SYSTEM SETUP 

Kinematics usually describe the motion ol 

robots by representing the relation between moving 

parts and the position ol the robot. Every moving 

system can be described by a chain ol li ed and lree 

translations 𝑡  and rotations 𝑅  in homogeneous 

coordinates [3]. The translormation 
 𝑋𝑖+1 = 𝑇𝑖 ∗ 𝑋𝑖 (1  

describes the transler ol position and orientation ol 

the coordinate system 𝑋𝑖  to 𝑋𝑖+1  with the 

translormation matri  
 

𝑇𝑖 = (
𝑅 𝑡

0 0 0 1
) = (

𝑅(𝜃𝑥, 𝜃𝑦 , 𝜃𝑧) 𝑡(𝑥, 𝑦, 𝑧)

0 0 0 1
) (2  

By combining multiple translormations, the total 

translormation matri  can be described as:  
 𝑇𝑡𝑜𝑡𝑎𝑙 = 𝑇n−1→n ∗ … ∗ 𝑇1→2 ∗ 𝑇0→1 (3  

To analyse the geometric uncertainty ol the ILMD 

LID measurement system, we deline a coordinate 



system lor every critical system component. The 

associated chain is shown in lig. 2.  

 
Figure 2: System components and coordinate systems lor 

geometric calibration. 

The light source 𝑋𝐿, is somewhere mounted on the 

goniometer table. The goniometer rotates the light 

source around the horizontal goniometer-a is 𝑋𝐻 

that is skewed and shilted to the vertical goniometer-

a is  𝑋𝑉 . Then the goniometer rotates around the 

vertical a is that is skewed against the optical a is 

and is in a measurement distance to the screen 𝑋𝑆. The 

lull translormation matri  lor the ILMD LID 

measurement system is given by 
 𝑇𝑡𝑜𝑡𝑎𝑙 = 𝑇𝑆 ∗ 𝑇𝑉,𝑝𝑜𝑠𝑒 ∗ 𝑇𝑉,𝑎𝑐𝑡 ∗ 𝑇𝐻,𝑝𝑜𝑠𝑒 ∗ 𝑇𝐻,𝑎𝑐𝑡 ∗ 𝑇𝐿 (4  

Note that the translormation ol the goniometer-a is 

coordinate system has a li ed part “pose” that 

describes an ollset and a moving part “act” that 

describe the goniometer rotation position. 

MONTE CARLO SIMULATION 

The measurement uncertainty analysis ol the 

system was carried out with a Monte Carlo simulation. 

The calibration ol the geometric relationships was 

assumed to be ideal. The necessary translation, and 

rotation parameters ol the goniometer, were measured 

separately. A compact budget ol the parameters is 

shown in tab 1. We assume, lor e ample, that the test 

object is placed on the goniometer with an uncertainty 

ol 1 mm in each direction, which is described by the 

translation ol  𝑇𝐿 . To analyze the geometric 

uncertainty we now simulate the poses ol the test 

object with known goniometer rotation lor nine 

e emplary directions. They are displayed as a 3 3 

point matri  on the measurement screen as shown in 

Fig. 2. The shown error ellipse shows the result ol the 

MC ol the mentioned input parameters with 10.000 

iterations. The error ellipse ol the point cloud has a 

large ellipse a is 𝜎𝑥𝐸 and a small ellipse a is 𝜎𝑦𝐸 

(see Fig. 2 . These a es lorm an aperture angle with 

respect to the goniometer center. Also shown is the 

distance ratio 𝜎𝑑𝑖𝑠𝑡 = 1 − 𝑑 𝑑0⁄  ol the variation ol 

the measuring distance DUT-screen. The measuring 

distance is used to convert the illuminance on the 

screen into luminous intensity to the power ol 2. 

Table 1: Used input parameter and its uncertainties lor 

Monte Carlo simulation. All empty entrances are zero. 

# t/R x,y,z [m] 

θx,θy,θz [°] 

Standard deviation 

[mm] or [°] 

x y z 𝝈x 𝝈y 𝝈z 

1 𝑇L 
𝑡    1 1 1 

𝑅    0.01 0.01 0.01 

2 𝑇𝐻,ac𝑡 𝑅     0.0043  

3 𝑇𝐻,p𝑜𝑠𝑒 
𝑡      0.1 

𝑅      0.05 

4 𝑇𝑉,ac𝑡 𝑅    0.0036   

5 𝑇𝑉,p𝑜𝑠𝑒  
𝑡   10   2 

𝑅    0.005 0.005 0.005 

6 𝑇S 𝑡    1 1  

RESULTS 

The overall result is shown in lig. 3 and tab. 2. 

This result is a lirst estimation ol the uncertainty ol 

ILMD LID measurement.  

 
Figure 3: Visualized uncertainty results lor every 

e emplary direction lor no goniometer rotation. 

These results must now be combined with the LID 

ol the DUT to obtain the angle dependent uncertainty 

ol the LID. The inlluence ol the image merging 

method still needs to be investigated. 

Table 2: Uncertainty results by number 

 𝝈dist 𝝈xE 𝝈yE 

𝑇𝑡𝑜𝑡𝑎𝑙  0.00023 0.01441° 0.01429° 
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