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Abstract
Imaging luminance measuring devices (ILMD) are widely used in different fields of lighting
application.
The assessment of glare caused by daylight or artificial lighting installations in outdoor and
indoor applications has meanwhile become reality. Furthermore, the measurement of the
threshold increment will become a requirement of future standards.
The aim of this study was to develop a simple and an easy-to-use software tool to fulfil
lighting requirements by using the ILMD.
This study also includes a comparison of existing calculation methods for the threshold
increment regarding their technical requirements to be met by the ILMD and also the
validation of new ideas and methods for analysis and evaluation.
Keywords: Imaging luminance measuring device (ILMD), luminance image, outdoor
measurement, uniformity, disability glare, veiling luminance, threshold increment (TI)

1 Motivation
ILMD is widely used in different fields of application. The first step in using the ILMD is to
analyse luminances “as seen” in the image (ILMD type I). The next step is not only to use
luminance but also the position of the measured luminance values in order to extract any
relevant information (ILMD type II). From this, it can be stated that the glare assessment of
values of TI or any other relevant parameters is feasible.
Based on this starting point, the determination of the disability glare of road lighting
installations has been attracting attention.
Another purpose of establishing the measurement of threshold increment based on ILMD is to
be able to assess the agreement between measured and calculated values according to CIE
and EN standards [6].

2 Threshold increment of road lighting installations
The percentage increment of the detection threshold caused by disability glare in road lighting
is quantified by using the value of threshold increment (TI). It can be calculated based on the
equivalent veiling luminance L veil and the average road luminance L road [4].
The disability glare describes the effect of stray light generation within the human eye. This
leads to a contrast reduction and it is described as an equivalent veiling luminance. Thus, it is
mainly a function of the vertical illuminance Evert at the eye and the observer’s position related
to the glare source [3]. So the viewing direction of the observer is a further important
parameter when analysing luminance images for glare assessment (ILMD type II).
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3 Advantages of ILMD and its practical implementation


Individual perspective measuring grid for photometry adaption to grid points



Possible variation of the observer viewing direction



Different automated detection and manual glare source determination



Simplified comparison of different parameters and equations for disability glare [2, 3]

When using the new software tool it is easy to change the observers viewing direction and
thus the glare angle within the acquired luminance image. To do so, one needs to place a
cross-hair at the desired position within the image (refer to 4.2.1). The placement depends on
the ILMD’s field of view measuring cone and direction respectively.
As a second step, the average road luminance is determined and is used as the so-called
adaptation luminance. The location of grid points is calculated automatically based on a
measuring grid region placed in the perspective view. Therefore, the lighting requirements of
paragraph 4.1 are to be fulfilled. The luminance image can be the same as used for the
determination of the equivalent veiling luminance or another one (refer to 4.2.2).
If both values are calculated, the tool will show results of TI as integral and individual values
(each glare source) as defined in the first step (see figure 1).

Figure 1 – Luminance image of road lighting installation and presentation of result of the glare
assessment

4 Realisation of an ILMD setup and analysis in compliance with the EN 13201
4.1 Setup of ILMD for the photometry of EN 13201-4:2003
Measurement and calculation of relevant values are in line with the grid of measurement
points as specified in EN 13201-3.
According to EN 13201-3, the luminance meter shall use a restricted total angle of the
measurement cone to at least 0,03° in the vertical plane and at least 0,3° in the horizontal
plane. If the ILMD determines the luminance for each grid point by averaging the reading of
adjacent pixels, the mentioned limit angles shall not be exceeded [2].
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Moreover, the measured vertical illuminance is a summation performed for any glare sources
on a plane normal to the line of sight and at the height of the observer’s eye (1,5 m above
ground level). Any glare source above a screening plane which is inclined at 20° to the
horizontal, and which passes through the observer's eye, and which intersects the road in a
transverse direction, shall be excluded from the calculation [4].
If using the ILMD with e.g. an imaging resolution of 1400 x 1000 pixel, the values as given in
table 1 for several lens types can be derived.
Table 1 – Overview of available measuring cones (1400 x 1000 pixel sensor resolution)
Lens type
(focal
length)

Measuring cone
of the luminance
image

Measuring cone
of one squared
pixel
(average values)

Averaging cone
adjacent pixel
(3(H) x 3(V))

Measuring
average
road
luminance

Measuring
vertical
illuminance

8 mm

63°(H) x 45°(V)

0,0452°/px

0,1356°

-

x

12 mm

43°(H) x 31°(V)

0,0313°/px

0,0939°

-

x

16 mm

32°(H) x 23°(V)

0,0232°/px

0,0696°

?

?

25 mm

20°(H) x 14°(V)

0,0148°/px

0,0444°

?

?

50 mm

10°(H) x 7,4°(V)

0,0074°/px

0,0222°

x

-

NOTE

Available question marks does remark possible configuration under investigation. E. g. the
averaging cone for the 25 mm focal length could also be 10(H) x 2(V) adjacent pixel and
would now meet the requirements. Furthermore, the setup of the ILMD and the virtual
placement of the observers viewing direction in the acquired image for measuring vertical
illuminance by 16 mm and 25 mm focal length lens are worth to investigate.

The uncertainty of these parameters is strongly related to the optical properties of the ILMD
sensor type and the lens configuration and shall be given besides the measured results.
ILMD’s with a larger measurement cone can be used at a closer distance and at a
proportional lower height. The angle of view of the meter shall be at (89 ± 0,5)° to the normal
of the road surface. The measurement area on the road shall not be more than 0,5 m in
transversal and 2,5 m in longitudinal direction.

4.2 Measurement and calculation of average road luminance
The average road luminance Ladapt(roadsurface) can be measured with using the same image as
used for measuring the equivalent veiling luminance, or by re-considering the results of any
other luminance image. It can be done under the perspective view of the ILMD’s positioning,
specified by the standard requirements.
The assignment of the grid points matching the standard with the perspective pixelwise
luminance information of the image is done by the software tool. It requires more information
on the length of the road surface as well as the number of driving lanes. The software also
uses the information of a perspective measurement grid. It rectifies the perspective image in
an ortho-view image, presenting the standard grid points (see figure 2).
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Figure 2 – Ortho-view image of road luminance after processing a rectification algorithm

4.3 Aspects of programming the TI calculation tool considering EN 132013:2003
The CIE Stiles-Holladay equation is used to describe the veiling luminance. Glare angles
lower than 2° or higher than 30° are seldom in practice [5]:

Lveil .  k 

Evert .( source)

(1)

2
source

where:
2

L veil
E vert

is the equivalent veiling luminance (cd/m );

source

is the glare angle (degree);

k

is the age of the observer and equals to constant 10 [2, 3].

is the illuminance on a vertical plane of the observer’s eye (lx);

Programming equation 1 as image processing function leads to an image. One changeable
parameter of this formula is the glare angle source . Inside the range of the ILMD’s viewing
angle (i. e. the measuring cone of the image), it is possible to change the applied viewing
direction (see figure 3). The software algorithm considers them in a new image formula as
shown in figure 4.
When using an ILMD, the vertical illuminance E vert produced by a luminaire (glare source) can
be obtained from the measured luminance L source and the approximated glare angle source .
The calculation can be done pixelwise or by averaging both values for the relevant pixel.
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Evert   L (i ; j ) (i ; j )  cos(i ; j ) , for (i; j )  source

(2)

i, j

where:

E vert
L (i;j)
Ω (i;j)

is the illuminance on a vertical plane of the observer’s eye (lx);

source

is the glare angle (degree).

2

is the pixelwise luminance of parts of the glare source (cd/m );
is the pixelwise solid angle of the glare source (sr);

A simplified model is based on the pixelwise angular approximation of the glare angle source
and the solid angle Ω source of a glare source. This does not depend on the positioning of the
origin for the angular coordinates (as employed in the image). Thus, it is possible to obtain
the glare angle source from different perspective analysis on the source image. And so to
investigate any possible changes to the observer’s viewing directions.

Figure 3 – Luminance image of road lighting installation showing a new defined viewing
direction

Figure 4 – Image formula for age-weighted Stiles-Holladay relation according to viewing
conditions of fig. 3
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Figure 5 – Image of Lveil. distribution (5 x log. scale) and average luminances of the detected
glare sources
The result of equation 1 is presented in a product image that shows the L veil pixelwise. For the
integration of L veil it is possible to apply the standard statistic to all pixels if classified as part
of the glare source (see figure 5).
As a final step, the veiling luminance forms the equation for calculating the loss of visibility
due to glare effects of road lighting installations [4]:

TI 

65
( Ladapt.( roadsurface )0,8

 Lveil .

(3)

where:

TI

is the relative threshold increment (%);

L veil

is the equivalent veiling luminance (cd/m );

L adapt(roadsurface)

is the average road luminance (cd/m²).

2

The result of equation 3 can be one integral value of TI or individual value for each glare
source. If performing equation 3 as a pixelwise algorithm (each pixel presents one viewing
direction), the result is a value of TI regarding the total image (see figure 6). This type of
presentation gives an overview of the measurement of TI from a moving viewing direction.

Figure 6 – Image of TI distribution (2 x log. scale)
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5 Summary
It can be stated that the ILMD gives an efficient way of measuring TI and of validating any
calculated glare data. Owing to the simple image processing methods, there are only a few
limitations for integrating complex physiological equations into synthetic images. More
advantages are for example: high aspect ratio of local contrast, highly perceptible nonuniformity, and high luminance gradient combined with its solid angle of the luminaire.
The measurement of the threshold increment can offer new opportunities for the development
of glare free luminaires and can be used for the realisation of glare control road lighting
installations according to relevant CIE and EN standards [6].
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