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Abstract— Measurement of reflectance properties of asphalt is 
an insufficiently addressed problem, although this parameter is 
involved in three major directions in which the development of 
roads and lighting takes place: new technologies for materials, 
including solar energy harvesting, energy efficiency of road 
lighting and light pollution reduction. For each of these directions, 
concerns for improving performance have been identified, in 
which for each percentage gained, significant efforts and costs are 
registered. It is thus shown that although the reflectance 
properties of asphalt can change the results to a large extent (even 
47%), this parameter is considered as a material constant and is 
not measured, although it is variable over time. After evaluating 
some landmarks regarding the geometric domain for which this 
parameter must be measured, a photographic method is presented 
and exemplified by which the desired values can be obtained in- 
situ conditions. 

Keywords—EN 13201, Reduced Luminance Coefficient, Asphalt 
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I. INTRODUCTION  

The paper identified a parameter that underlies the 
calculation of the luminance of a street lighting system, the 
reflectance qualities of the asphalt. Usually predetermined 
data are used, defined for large categories of asphalt (Europe 
or USA), with few possibilities to estimate the real state of the 
materials. It is a challenge that while looking for highly 
accurate results in terms of calculation, for example, the 
reflectance factor is responsible for a high degree of 
approximations. 

II. DIFFERENT MOTIFS FOR REFLECTANCE 

MEASUREMENT 

The problem of asphalt, as a solution for roads, is 
beginning to be questioned. In this very recent article [1] we 
are challenged with the vision that the asphalt, as we know it, 
will be replaced by entirely other material, with various 
reasons (solar energy with photovoltaic or thermoelectric 
conversion, reuse of waste material). For these new materials, 
for which their behavior over time is not known, it is all the 
more important to measure the reflection factor. 

A. Harvesting Solar Energy and Reflectance Factor 

One of the most promising directions of road evolution is 
the production of electricity through photovoltaic conversion 
[2]. Obviously, the main objective will be the transparency 
and durability of the surface, so measuring reflexivity is a 
need. But there is also the possibility of harvesting solar 
energy through thermal or thermoelectric conversion [3]. 
Even if the amplitude of this method is less developed 
compared with PV conversion, the main objective becomes to 
obtain as high absorption coefficient as possible (albedo as 

low as possible), which needles contradict the requirement to 
obtain high luminances during night time, for good visibility. 

In other research concerning global warming and infrared 
asphalt response [4] one discover the confirmation that the 
various types of asphalt have responded very differently to 
each other, depending on composition (structure) and wear or 
age. An important conclusion in [4] is that "the dependence of 
the diffuse reflectance factor on the light spot size, in order to 
determine a minimum light spot size for any further optical 
study. By comparing the BRF (bidirectional reflectance 
factor) to a nearly-Lambertian Spectralon® white standard”, 
the conclusions are that the asphalt is in general a good diffuse 
scatterer. This statement will be contradicted later, and we will 
confront it with our own measurements.  

When a lower IR response is required, the asphalt with 
high albedo is reached, but it contradicts other very current 
objectives, such as lane border detection [5]. In this working 
hypothesis the light color is a disadvantage, because the vision 
requires a high luminance contrast between asphalt and 
markings, in order to achieve good visibility. 

B. Promoting Energy Efficiency and Reflectance Factor 

Another distinct direction where asphalt is involved is that 
of energy efficiency of lighting systems. This can be achieved 
through the light sources themselves (and we have seen the 
obvious progress of LED sources), but there may be other 
ways to increase energy efficiency. One of them is dimming, 
but not in traditional manner. Dimming that follows an 
original philosophy is presented in [6]. Here it is based on the 
finding that in the field it is not possible to ensure the constant 
step between the lighting poles, as is taken into account in the 
design phase. The distance between poles is almost nonstop 
reduced by several meters, due to the intersections and the 
access paths in the properties. These reductions can be offset 
with custom dim ratio for almost every pole. In relation to this 
strategy one can propose another factor of dimming, which 
takes into account that in the project calculations are carried 
out for new asphalt, so it is a dimming reserve that can be 
applied after a number of years, along with the wear of the 
asphalt. For this, however, we need to measure in-situ 
reflectance, which is also our objective. 

There are also classical approaches, where the lighting 
system is to be modernized [7], but the problem of measuring 
reflectance factor is neglected, and it is mentioned only:  

- Data on poles;  

- Geometry arrangements.  

Energy efficiency can also be achieved by precise 
calculations, as in [8], which is a classic and traditional 
approach. But if there is a purpose of reducing the 



approximations from 20% to 10% and then even to 5% and 
finally to 1% it is not allowed to avoid the parameter on which 
the luminance directly depends, i.e. reflectance factor of 
asphalt, as seen in [8]. 

Retrofit solutions can be another approach to energy 
efficiency. In [9] the optimization of solutions with the help of 
the computing power of DIALUX is used, but the reflectance 
answer of asphalt influence is not accessible, nor is it 
mentioned, which calls into question the entire optimization 
of [9]. 

Energy efficiency is also obtained by considering natural 
lighting during twilight, which changes the time and manner 
of connecting artificial lighting [10]. After finding that natural 
lighting is isotropic (after sunset, when the sky is still bright), 
it reaffirms what was actually known, that artificial lighting is 
anisotropic, thus contradicting the statement that asphalt is 
perfectly diffuse, from [4]. 

C. Asphalt Reflectance and Light Pollution  

The problem of asphalt reflection can’t be dissociated 
from that of light pollution. Even if light incident on the road 
is not considered light pollution, what is reflected contributes 
to light pollution. In [11] is found the exact study of this 
parameter, the reflective properties of the soil (clear spectral 
reflection of soil, asphalt, and concrete) and the sky glow. 

In [12] this analysis is continued, by extending it to the 
extreme situation of summer - winter. The crowns (branches) 
of the trees are also clearly modeled, with or without the 
presence of leaves or snow. However, the arguments in [12] 
are also valid for street lighting, without the need for 
additional arguments. 

Optimization of lighting systems can benefit from modern 
tools, such as genetic algorithm [13]. Here, however, an 
interesting thing can be found, because the whole optimization 
refers to the lighting level. Or, if the reflection factor is not 
considered, then the calculation depending on the lighting can 
generate oversizing. The approach method is even more 
surprising when the precise modeling of the light pollution is 
desired, for which the level of illumination in the areas near 
the road is evaluated. 

There are also fewer approaches, such as [14], where 
ESCO-type projects are pursued several years after 
commissioning. It is shown that there are parameters that are 
not yet in current use. Utilance [15] is one of them, and 
essentially expresses the ratio between the incident luminous 
flux on the road and the actual luminous flux emitted by the 
luminaire. More interestingly, it is emphasized in [14], it is the 
Installation Lighting Factor, which includes the average 
luminance of the road and therefore reflectance of the road, 
with another argument for the necessity of its measurement. 
Global image of all these factors are presented in Fig.1. 

III. THE COMPLEXITY OF REFLECTANCE MEASUREMENT 

AND THE STREET LIGHTING PERFORMANCE  

All the arguments so far lead us to the importance of 
measurement of reflectance factor of the asphalt. In such 
situations, as those of entrances to road tunnels [16], the 
contrast of luminances is important to obtain a safe visibility. 
In these visual scenes, the reflectance of the asphalt is 
evaluated in the context of the other parameters: 

- The brightness of the sky (clear or cloudy); 

- Road luminance (day, night); 

- Reflectance and luminance of vegetation; 

- Emissivity of buildings; 

- The luminance of the rocks and the mountainous 
landscape. 

 
Fig. 1. Influence of reflectance factor of asphalt on other lighting connected 

aspects.  

In contrast to [16] is [17], where there is presented a very 
complex system of in-situ measurement of road lighting 
systems, which uses a frame equipped with multiple sensors, 
a frame carried by a vehicle on the road. Global results of 
illumination and level of uniformity are obtained, but we do 
not find any information about luminance. However, a 
positive example is [18], which demonstrates the importance 
of analyzing the distribution of luminances, even if only 
illumination can be accepted for conflict areas [15]. 
Acceptance of illumination is justified by the fact that in 
conflict areas (junctions) visibility must be ensured for 
multiple relative driver-target configurations. The 
photographic method in [18] demonstrates that global 
(otherwise unavailable) information can be obtained that 
includes reflectance of asphalt, including lines or other signs. 

However, about the complexity of the problem we are 
warned in [19], where it is stated that for certain luminance 
coefficients q(β, r) [15], since specular reflection of road 
surface, “optimal values for luminance and illumination 
cannot be obtained simultaneously”. This contradiction is an 
additional argument for measuring the reflectance factor of 
asphalt. 

The same parameter acquires another relevance for 
tropical areas, where high reflectance asphalt is pursued [20]. 
It is interesting that the implications are analyzed only in the 
diurnal hypothesis, while the benefits on street lighting could 
be much more spectacular. 

But the actual measurements of these parameters are not 
simple, as seen in [21], for which some aspects of the 
experimental program are noted: 

- Measurements carried out over three years; 

- Nine types of asphalt; 

- Two types of wear materials; 



- Asphalt concrete with particles of 11 - 16mm; 

- Different ages, between 2 and 10 years; 

- Different but moderate wear. 

It is obvious that such a systematic approach exceeds the 
objective of a street lighting project, which needs to be able to 
achieve an optimal sizing for the situation at a given time. 

The final argument for this research is found in the 
reference work, with monographic character [22], where the 
specific standards for street lighting are analyzed, in their 
evolution. It turns out that many of the imposed values are 
quite arbitrary. There are also interesting statements, namely 
"in-situ luminance measurement could indicate variations up 
to 45% from the design value". The explanation is also 
provided: "One contribution to this difference is uncertainty in 
the road surface reflectance data, for example the age and the 
traffic volumes".  

The main situations related to reflectance measurement of 
the asphalt is presented in Fig.2: 

 
Fig. 2. The problems related to the reflectance measurement of asphalt. 

Overall, the uncertainty that exist in many lighting designs 
due the lack of measurements of asphalt reflectance must be 
reduced.  

IV. REDUCED LUMINANCE COEFFICIENT ASSESSMENT 

FOR ASPHALT TYPE C2, N1 AND W4 

In order to prepare the measurement program for reduced 
luminance coefficient r it is necessary to analyze in advance 
the range of variation of this parameter for the existing data 
[15], respectively for some types of asphalt. The values are 
analyzed for the points for which in [15] the calculation of the 
luminance for an observer located at a height of 1.5 m and a 
distance of 60 - 100 m is indicated. In Fig.3 are indicated a 
number of 13 calculation points, distributed with a step of 3 m 
along the traffic lane in the vicinity of the poles (H=10m). The 
values of the angles β and ε in Fig.3 for the measuring points 
are indicated in Table 1. It should be noted that for the 
following series of measuring points (towards the road axis) 
these values are very close, which allows us to significantly 
reduce the number of values for which reduced luminance 
coefficient r must be measured, without the need to complete 
the whole value matrix, as indicated in [15, p.17] for tgβ 
between 0 and 12 and ε between 0 and 180°. 

This greatly limits the number of elements in the matrix 
with values of reduced luminance coefficient.  

 
Fig. 3. Points for luminance calculation, according to [15]. 

In Table 1 it can be seen that after the first 3-4 calculation 
points near the pillar, the angle β reaches 10° ÷ 5°, and the 
angle ε reaches 55° ÷ 75°. These areas can reduce the amount 
of data that needs to be measured and analyzed. 

TABLE I.  VALUES FOR ANGLES BETA AND EPSILON FOT THE POINTS 
FROM FIG.3 

D1 D2 β ε 
Point no. m m grades grades 

1. 3 0 90.00 16.70 

2. 3 3 45.00 22.99 

3. 3 6 26.57 33.85 

4. 3 9 18.43 43.49 

5. 3 12 14.04 51.05 

6. 3 15 11.31 56.83 

7. 3 18 9.46 61.28 

8. 3 21 8.13 64.76 

9. 3 24 7.13 67.54 

10. 3 27 6.34 69.79 

11. 3 30 5.71 71.65 

12. 3 33 5.19 73.21 

13. 3 36 4.76 74.53 

 

 The next preparatory stage for the measurement program 
is the estimation of the range of variation of the reflectance 
factor, for various types of asphalt. In [15] one use another 
variable, namely reduced luminance coefficient, which is used 
to calculate the road luminance L for the standard observer, 
according to [15]: = × × ∅ × × 10

 (1) 

 Where 

 I – Lighting intensity (cd/klm); 

 r - Reduced luminance coefficient; 

 Ø - Luminous flux; 

 MF – Maintenance factor;  

 H – Mounting height of the luminaire. 



 Equation (1) is valid for specular reflection, for which the 
reduced luminance coefficient r models this reflection. If we 
accept the hypothesis that the reflection would be perfectly 
diffuse, then the asphalt would be described with a material 
with reflectance factor ρ that would produce, for the 
considered angles, the same luminance L: = ×

 (2) 

Where E is the illuminance on the calculation point, 
produced by the same lighting intensity I: = × cos ×  (3) 

Where l is the distance between the luminaire and the 
calculation point. 

In (2) one include (3) and we write the equality with (1): × × ∅ × × 10 = × cos ×  (4) 

Making the necessary operation the reflectance factor will be: = × 10(cos )  (5) 

 It is necessary to specify that since reduced luminance 
coefficient r is not constant, neither reflectance ρ will be a 
constant, but a function of β and ε that is: ( , ) = ( , ) × 10(cos )  (6) 

 For the first 14 calculation points in the vicinity of the 
column and asphalt type C2, a variation presented in Fig. 4 is 
obtained. It is observed that one start from reflection 
coefficients of ρ = 0,15 under the column (ε = 0°) and the 
values increase as the angle of incidence increases to 75° - 85°. 

 
Fig. 4. Reflectance factor in polar coordinates (ε) for asphalt type C2. 

Fig. 4 also forces us to analyze what happens to the 
reflectance factor for other types of asphalt. In Fig.5 the 
variation of reflectance factor for C2 asphalt together with N2 
type asphalt is presented. A different range of variation is 
observed, but with the same tendency to increase the reflection 
for large, sharp incident angles. The relative brightness of N2 
asphalt is much lower than that of C2 asphalt. Even if 
weighted average luminance coefficient (Q0) of C2 Asphalt 
(CIE) is equal with weighted average luminance coefficient of 

N2 asphalt, respectively Q0 =0.07, the N2 pavement (concrete) 
is obvious more diffusive.  

With this result, the next step is to investigate what 
happens for the glossiest asphalt, in wet conditions: W4.  

Fig. 5. Reflectance factor in polar coordinates (ε) for asphalt type C2 (blue 
and ‘+’ and asphalt type N2 (red and ‘x’). 

The results for reflectance factor for W4 asphalt is 
presented in Fig.6: 

 
Fig. 6. Reflectance factor in polar coordinates (ε) for asphalt type W4. 

The results shown in Fig.6 do not allow us to accept that it 
could be a reflectance factor, being visible an obvious 
amplification effect. Our conclusion is that the hypotheses that 
led us to (6) are valid for asphalt with porous structure, and 
lose their validity for glossy asphalt, and even more so with 
wet surface. For specular reflection certainly a reflectance 
factor as (6) does not make sense. These observations are 
useful in the processing and careful interpretation of data from 
the reflectance factor measurement. 

V. EXPERIMENTAL MEASUREMENTS 

For the measurement program we started from the source-
point geometry of measurement in Fig.3 [15] and with the 
range of values for ε and β from matrix of the reduced 
luminance coefficient r [15]. Especially to cover the 
maximum range for tgε, a distance of max. 12m of the target 
point with respect to the optical axis of the light source is  

Fig. 7. The mock-up for measurements using imageing method. 

Tripod Lighting 
source 

Test surface 

A B O 

Observer 
1m 



necessary, if lighting source is located at a height of 1m, a 
configuration that generates a scale factor of 1:10. To test the 
measuring principle, a working surface of 5 m length was 
used, according to Fig.7. The digital camera calibrated for 
luminance measurement is placed at a height of 15 cm and a 
distance of 6 m, to keep the angles σ of the observer as in 
Fig.3 [15]. For the simplicity of the presentation, we will 
work only on the observer-light source direction, ie β=0° and 
β =180°. The obtained luminance field is presented in Fig.8:  

Fig. 8. Luminance map (cd/m2) for the mock-up scene, AB is the 
measurement domain. 

In Fig.8, the AB line is the measurement domain, 
corresponding to tg ε = (0 to 2.5), β = 0 and β =180. The test 
surface was a perfect Lambertian material (gray cardboard), 
with the intention of obtaining a controlled illumination (from 
a punctiform source), respectively the known incident 
intensity in each point for which the luminance is measured. 
The distribution of the illuminations measured and calculated 
on the AB direction are available in Fig.9: 

 
Fig. 9. The illumination level (lux) for the AB direction in Fig.8. 

With this known distribution for illumination and 
therefore for the incident light intensity at each point, it was 
intended to check the diffuse reflection of the cardboard, 
respectively to validate the entire measuring chain. The 
obtained results showed, however, that the cardboard 
reflection is not perfectly diffuse, having a fairly obvious 
directional component. This aspect can also be seen in Fig. 8. 

In Fig. 9 the luminance distribution (cd/m2) is indicated for 
250 elements in the vector with results (abscissa). For the 5 m 
long (AB), i.e. a measurement density of 2 cm. An important 
observation is necessary, the power of the punctiform lamp 
and the level of luminance on the test surface was chosen to 
make luminaires with two orders of magnitude higher than 
those in street lighting, so that measurements can be made in 
the presence of street lighting. 

Fig. 10. Luminance distribution (cd/m2) for AB direction from Fig.7 and 
Fig.8. 

Fig. 10 indicates that the cardboard reflection is not 
perfectly diffuse. Zone AO, for which β = 180° has a much 
lower reflection than zone OB, for β = 0°. The results represent 
a demonstration of the method by which the luminance values 
of an area with a determined geometry can be extracted, by a 
single imaging measurement. From which then the reduced 
luminance coefficient could be calculated. 

VI. CONCLUSIONS 
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