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ABSTRACT

1The application of luminance technique 
in road lighting requires the knowledge of the re-
fl ection properties of the road surface. The eff ect 
of LEDs radiation spectra on these refl ection pro-
perties is analyzed in the present paper. On this 
topic, CIE publication No 30–2 notices that road 
surfaces are not completely spectrally unselective, 
nevertheless, the eff ects on refl ection of luminous 
sources spectra used on the road are usually disre-
garded. A spectral study on samples of Argentine-
an draining road surfaces is shown in this paper. 
Size standardized samples were measured under the 
standard observation angle, for three diff erent light 
incidence angles. A focused spectrometer was used 
as detector. A standard high pressure sodium lamp 
(HPS) and a cool street LED luminaire were used as 
light sources. A specially built diff use surface was 
used as reference in order to compare the spectral 
diff erences in refl ection.

As a result, colour selectivity was found. The 
spectral samples selectivity produced a photopic ab-
sorption about 5 to 10 percent greater in HPS lamps 
spectra than LED sources.

Keywords: LED, road lighting, road refl ection, 
spectra

1 On basis of report at the European Lighting Conference
LUX EUROPA 2017, September 18–20, 2017, Ljubljana 

Slovenia

I. INTRODUCTION

In road lighting, the visual perception of the 
driver is conditioned by the luminance distribu-
tion on the surface of the lit road. In this model, 
known as Luminance Technique, refl ection proper-
ties of the road surface are characterized by the lu-
minance coeffi  cient “q”, proportionality factor, for 
each road point, between its illuminance and the lu-
minance refl ected in the observation direction. The 
integer of luminance coeffi  cient “q” on a solid angle 
that underlies a road element is called average lu-
minance coeffi  cient Qo, useful factor for evaluating 
the degree of “lightness” of the road surface.

The surface Qo impacts directly on the energet-
ic effi  ciency of the installation. A “lighter” surface 

Fig.1. Basic geometry for the vision analysis in roads
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will result in greater luminances in direction to the 
observer for a same distribution of illuminances. 
As Qo is a property mainly determined by the type 
of asphalt mixture or the kind of concrete, as well 
as the building methods used, its value can change 
regionally or by zones. This eff ect has already been 
observed for asphaltic concretes of a same area, 
with diff erent compounds or application techniques 
[1]. It is then worth studying if this “degree of light-
ness” can change with the spectrum of light sour-
ces used in the lighting system. Particularly, and 
in the light of the current technological changes, 
our present work will focus on the possible eff ects 
of “spectral selectivity” that infl uence the refl ec-
tion of white LEDs light.

1.1. Luminance coeffi  cient

The luminance L of an elementary surface ΔS 
on the road (Fig. 1) is determined by equation (1):
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where I(C,γ) is the lighting intensity of the lu-
minary in direction to the point where luminance 
is calculated, H the height of the luminary installa-
tion and q is the road luminance coeffi  cient.

The luminance coeffi  cient depends completely 
on the road surface: basic material, binder compo-
sition, application method fi nal texture, time of use, 
etc. Far from being a constant, its value depends 
on the positions of the observer and on the lighting 
source with respect to the point under consideration. 
Studies showed that a valid simplifi cation is to fi x 
the observation angles: it has been standardized the 
driver’s vision line parallel to the road axis (δ = 0º) 
and its elevation so that it has an impact on the vi-
sion point with a slope α = 1º. Thus, the standard-
ized conditions for vision on road consider q depen-
dent only on β and γ [2].

If E is the exact illuminance on the road, (1) can 
be rewritten as:

 ; . L q E (2)

The luminance coefficient complies with the 
function of proportionality factor, for each road 
point, between illuminance and luminance. Thus, 

it is defi ned the average luminance coeffi  cient Qo, 
which quantifi es the degree of “lightness” of the 
road surface:
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In (3), Ωo represents the solid angle that under-
lies the element Δs in Fig. 1. As it was mentioned 
in the previous paragraphs, higher values of Qo, as-
sociated with “lighter” surfaces, will allow obtain-
ing an increase of average luminance for the same 
system of lighting (thus, increasing the installa-
tion effi  ciency).

1.2. Coeffi  cient Qoo

If there is an enough amount of simultaneous 
evaluations of accurate luminances and illuminanc-
es on several sections of a road surface, it is possi-
ble to use factor Qoo, relationship between average 
luminance and average illuminance as an empirical 
approximation of the road degree of lightness:

00 .
LmQ
Em

(4)

Although there is no theoretical relationship be-
tween Qo and Qoo coefficients, the low disper-
sion obtained in the analysis of an important number 
or luminance and illuminance evaluations allows in-
ferring a good performance of this coeffi  cient as 
marker of the road lightness degree [1–3].

The study described in [1] verifi ed signifi cant 
diff erences in the “lightness” degree of surfaces 
in access and urban motorways of Buenos Aires 

Fig. 2. Example of luminance-illuminance relationship, [1]
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City (Argentina). Such work had as basis more than 
300 simultaneous evaluations of luminance and illu-
minance, carried out in motorways close to Buenos 
Aires City for the time period 1998–2012. All mea-
surements were carried out following the standard-
ized procedures according to the Argentinean rec-
ommendations [4]. The studied installations used 
HPS vapor lamps and the following rules were met:

• The collected data were grouped by sections 
with the same kind of asphalt (composition and ap-
plication technique); 

• Time periods only without recoating or chan-
ges of surfaces were considered; 

• Lighting installations were kept without chan-
ges for each assessed zone, except for cleaning, re-
pairs and lamp changing.

Fig. 2 shows an example of luminance-illumi-
nance relationship of an assessed zone. For the stu-
died cases, a clear correlation E-L was observed, 
and this justifi ed the defi nition and use of Qoo.

Comparing the diff erent studied sections, it can 
be observed substantial diff erences in the lightness 
degree of their surfaces. Besides, the study shows 
a signifi cant discrepancy between the Qoos of the 
actual surfaces and the Qo of the standard surface 
of CIE R3, used as almost exclusive reference of lo-
cal designs. Fig. 3 summarizes the results obtained 
in the mentioned study. In this fi gure, M1, M2, etc. 
correspond to diff erent sectors or motorways with 
homogeneous surfaces.

2. DEGREE OF LIGHTNESS UNDER 

LED LIGHTING

The aim of the present work is to verify if there 
is any change in the average luminance coeffi  cient 
assignable to white LED light. In other words, it 
is intended to fi nd some kind of spectral selectivity 
in the refl ection from the surface.

2.1. Background.

Ekrias [5] studied the spectral refl ection of elev-
en types of asphaltic compounds from Finland, 
combining samples of “natural” surfaces and with 
aggregates of colour pigments for clarifying them. 
His measurements were based on circular samples, 
of 100 mm in diameter, incidence angles b= 20º and 
elevation g=55º. The observation angle a was 35º, 
larger than standard CIE of 1º. Fig. 4 allows observ-
ing some samples used in such research. In the im-
age, it can be observed an important size of stone, 
with a much smaller proportion of binding asphaltic 
compound than that of surfaces in use in our coun-

Table 1. Assessed LED Installations

Motorway Measurements Qoo (average)
[cd/m2lx]

Standard uncertainty
[cd/m2lx]

La Plata –  Bs AS City. Section 1 8 0,0860 0,006

La Plata –  Bs As City. Section 2 4 0,1080 0,010

Bs As City Urbans motorways 6 0,0828 0,005

Panamericana 2 0,0640 ——

Fig.3. Qoo values, [1]

Fig. 4. Samples of surfaces used in [5]
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try. Besides, some of the samples presented a red-
dish tone, possibly due to colouring aggregates.

The mentioned tone is shown in the spectra ob-
tained by Ekrias, which evidence a slight increment 
in their reflectance towards the red zone of the 
spectrum.

Adrian’s studies [6] show similar results. In this 
case, the studied samples were asphaltic concretes 
or concretes, without specifying the use of any type 
of colouring aggregate. Fig. 5, extracted from [6], 
shows a growth in the refl ectance for growing wave 
lengths, similar to that found in [5].

American studies [7] show an increase in the re-
fl ectance towards the red, more evident on surfa-
ces worn out due to several years of use (Fig. 6). It 
is noteworthy the coincidence among studies from 
distant places (USA –  Europe), despite the high re-
gional infl uence on the surface composition and the 
use or non-use of colouring aggregates.

2.2. Qoo with LED Lighting

Following the model of the experience described 
in [1], luminance and illuminance simultaneous 
measurements were analyzed in motorway instal-
lations with LED lighting, extracted from the da-
tabase of the laboratory for the period 2013–2016. 

The assessed cases were installations reconverted 
to LED (15 measurement areas) and tests of LED 
devices. The latter were based on measuring “wit-
ness” sections, formed by the replacement of at least 
4 consecutive columns of luminaries in a motorway 
section. The assessment area was placed in the cen-
tral reservation (5 cases). All considered tests had 
their correlation with HPS devices and were count-
ed for the test [1]. Likewise, care was taken to in-
clude only those evaluation areas without extreme 
changes on the road surface. Table 1 summarizes 
the analyzed cases.

The standard uncertainty considering only that 
assignable to type A component, was evaluated fol-
lowing [8].

Although the considered cases were limited, the 
uncertainty was of the same order of magnitude 
as in the test [1] and that is why Qoo estimations 
for LED lighting can be considered representative 
for each type of surface. The last case is an excep-

Fig. 5. Results of Adrian’s spectral studies

Fig.6. Herol’s studies (USA). C surface with over 
ten years of use

Fig.7. Luminance / illuminance relationship for the studied 
sections with LED

Fig.8. Comparison of Qoo obtained for installations with 
HPS lamps and LEDs
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tion with only two measurements, which are inclu-
ded just as an illustrative example.

2.3. Results

Fig. 7 shows the average luminance and average 
illuminance relationships for each studied sections.

In Fig. 8, the Qoo values obtained with tradition-
al lighting (HPS lamps) and the new LED lumin-
aires are compared for each zone.

The obtained results indicate an increase in the 
“lightness degree” of each road surface for the LED 
spectrum. In a fi rst analysis, this result coincides 
with the background mentioned before. As the qual-
itative fact of source spectrum infl uence on the ave-
rage refl ection of surface is that refl ection cannot be 
considered achromatic. However, the link between 
the Qoo increment for the LED spectrum with the 
“reddish” tone of the surfaces studied by Ekrias, 
Adrian and Herold is not clear. This trend combined 
with the blue prevailing spectrum of LED suggests 
an opposite result to that found in our study. Coher-
ent with this last idea in [5], it is mentioned an im-
provement in Qo for surfaces lit with HPS lamp 

with respect to the same surface under white light 
(high pressure mercury).

On the other hand, we cannot affi  rm that Europe-
an or American surfaces of the mentioned research 
can be comparable to those currently in use in Ar-
gentina, and which were studied here. Fig. 9 shows 
samples of such surfaces of the “draining” type. It 
can be observed a granulometry and diff erent co-
lours from those presented in Fig. 4. It is evident 
that the comparison between photos has only a re-
lative descriptive value, but shows a higher density 
(at least superfi cial) of binder and smaller stone size 
for the local surfaces. Besides, the images do not 
show evidence of reddish tones.

3. SPECTRAL STUDY

3.1. Measurement diagram

Works were carried out on a sample similar 
to those shown in Fig. 9, of standardized dimensions 
for evaluation of samples [2], assembled on equip-
ment for measuring r-table of LAL (Sample Refl ec-
tometer). The light source was placed in b=0º, and 

Fig. 9. Samples of draining surfaces, similar to the surfaces 
of the studied motorways

Fig.11. Aspects of the experience, detector

Fig.10. Diagram of measurement system

Fig. 12. Aspects of the experience, sample
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three angles of vertical incidence: g = 0º, 15º and 
30º were used.

The spectrum refl ected by the sample was re-
corded with a spectrometer Avantes Starline, 
AvaSpec 2048 [9] with observation angle of stan-
dard CIE, a=1º.

Fig. 10 shows a diagram of the measurement sys-
tem, in Figs. 11 and 12 are aspects of the experience.

Two light sources were compared. On one hand, 
HPS lamp, tubular clear bulb type, which spectrum 
is shown in Fig. 13.

A plate with Surface Mounted Devices (SMD) 
LED components, without refracting lens, chro-
matic features x= 0.362, y= 0.366, CCT= 4500 K 
was used as LED source. Its spectrum is shown 
in Fig. 14.

3.2. RESULTS

Comparison of direct and refl ected spectra was 
carried out from re-scaling them to percentage va-
lues of their respective maximums. Overlapping 
of both curves should indicate (in the case of no co-
incidence) the zones with diff erences in spectral ab-
sorption. Fig. 15 compares spectra for HPS lamp 

with incidence g of 30º and it is representative of g 
0º and 15º. It has been highlighted the spectrum re-
gion with greater diff erences being outstanding the 
region 560–580nm and 590–630 nm, which present 
a greater absorption than in the rest of the spectrum.

In the mentioned zones, the quotient of both 
curves (which should be centred in 1 due to re-scal-
ing) is prone to locate near 0.9 what may indicate 
10 % more of absorption in this part of the spec-
trum (Fig.16).

Fig. 13. Spectrum of used HPS lamp

Fig. 15. Direct and refl ected spectrum for HPS

Fig.14. Spectrum of used LED source

Fig. 16. Refl ected/direct spectrum relationship 
and tendency line

Fig.17. Direct and refl ected spectrum for LED
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Fig. 17 shows overlapped direct and refl ected 
spectra for LED source. Except for a little diff e-
rence in region 450–500 nm and around 650 nm, 
both curves seem overlapped, showing slighter dis-
crepancies than for the sodium case. Fig. 18, which 
presents the relationship refl ected to direct spec-
trum, shows more thoroughly this phenomenon.

In the spectrum visible zone, Fig. 18 shows 
a trend line very close to 1.

For evaluating the “photopic” eff ect of these dif-
ferences and being able to quantify with a unique 
number, representative of the average reflec-
tion in the visible zone (value only valid for the 
measuring conditions: a= 1°, b= 0° and d= 30°), 
factors F1 and F2, proportional to emission and 
photopic refl ection, were calculated and defi ned as:

1   .F Gdir V d (6)

2   .F Gref V d (7)

In (6) and (7), V(λ) is the standardized curve 
of the spectral sensitivity of the human eye and G(λ) 
are the measured spectra, “dir” direct and “ref” re-
fl ected by the sample in the already mentioned con-

ditions. Fig.19 shows, as example, Gref(λ), V(λ) and 
the product, for the sodium lamp case.

Table 2 summarizes the result of the performed 
calculation. It is observed a difference in favor 
of LED refl ection (“gain”) close to 4 % for the stu-
died surface, for the observation and lighting condi-
tions already mentioned.

4. CONCLUSIONS

The results found are in agreement with previ-
ous studies carried out in this laboratory and the 
research performed in Europe and USA regarding 
the existence of a soft dependence of the refl ec-
tion on surfaces with the incident light spectrum. 
This implies a slight colouring towards reddish 
green that appears in all studies despite the diff erent 
research techniques used and the type and composi-
tion of surfaces studied.

The study with actual surfaces, in use in the met-
ropolitan area of Buenos Aires allowed correlating 
this “spectral selectivity” with an increment (gain) 
in the lightness degree when LEDs are used compa-
red to the HPS lamp spectrum. The Qoo improve-
ment found in motorways were of an order of 20 % 
average, whereas in the spectral study on a sam-
ple, the increment could be estimated around 4 %. 
It is worth mentioning here that in the last case the 
sample was a surface not necessarily similar to the 

Table 2. Results of Photopic Comparison

Spectrum       F G V d     Relative diff erence
(F2-F1)/F1

LED to HPS 
refl ected gain

Direct HPS lamp 25,00
–5,92 %

3,8 %
Refl ected HPS lamp 23,52

Direct LED 85,30
–2,12 %

Refl ected LED 83,49

Fig. 19. HPS refl ected spectrum and curve V(λ)

Fig.18. Refl ected/direct spectrum relationship and tendency 
line
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actual ones in use nowadays. However, the agree-
ment, at least in the tendency, indicates a new ad-
vantage of LED technology and its link to energy 
effi  ciency.
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