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1 Introduction 

1.1 Role within SILENCE 
Subproject F of the SILENCE project is concerned with the role of road surfaces in the 
generation of road traffic noise. The project focuses especially on noise abatement in urban 
areas, and consequently urban road surfaces and their noise emission properties are the 
main interest of subproject F.  The work packages within subproject F deal with the following 
topics: 
 

• WP F1: New production technologies for surfaces on urban streets 

• WP F2: New production technologies for surfaces on urban main roads 

• WP F3: Improved systems for the maintenance of quieter surfaces 

• WP F4: Noise classification methods for urban road surfaces 

• WP F5: Testing of novel road surfacing materials 

 

Within the subproject, work package F4 plays the important part of providing tools for other 
work packages to assess the success of new types of road surfaces or the maintenance of 
existing pavements. Within F4, the tasks are distributed as follows: 

 
• Task F4.1: State of the art 

• Task F4.2: Measurement methods 

• Task F4.3: Classification by type, condition and location 

• Task F4.4: Corrections for local discontinuities 

• Task F4.5: Noise performance development model 

 

This document is the output of the work in task F4.2 and deals with the measurement 
methods suitable to assess the noise emission of urban road surfaces.  Supported by the 
results of F4.1 and F4.4, it will enable the work in F4.3 and F4.5 to be carried out.  At the 
time of writing, primarily the results of the state-of-the-art survey were available (F4.1). In 
addition to discussions among the experts within F4, the previous EU projects SILVIA and 
HARMONOISE and the work in ISO TC43/SC1/WG33 has served as the main source of 
information and guidance. Due to the evolving nature of this work, this document represents 
the state of knowledge at the time of writing. In order to fulfil its role as a user manual, it will 
be updated by the F4 group of experts when new expertise and findings during later stages 
of the SILENCE project warrant it.   
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1.2 Aim 
 
The aim of this document is to 

• Discuss new and existing methods for determining the influence of road surfaces on  
road traffic noise emission 

• Point out the restrictions and special considerations that result from the application in 
urban surroundings 

• Provide a guideline for measuring the noise emission characteristics of urban road 
surfaces to the partners in SILENCE and for future use  

 

2 The influence of road surfaces on road traffic noise 
 
Road traffic noise is the most important source of noise pollution in the industrialized world. 
No other means of transport can match its traffic volumes and the pervasiveness of the road 
networks. Therefore substantial efforts are undertaken to protect the population from the 
noise it generates. In rural areas this usually takes the form of noise barriers, but in urban 
areas where noise sources and residential buildings are much closer together, this is not 
generally possible. For this reason the interest is turning to the generation mechanisms of 
road traffic noise, because noise reduction at the source promises to be very effective.  
 
The noise generated by an individual road vehicle can be attributed to three major sources. 
Engine and exhaust noise has dominated the noise emission in the past, but due to 
advances in vehicle technology, its impact has greatly diminished. It remains prominent at 
very low speeds and especially with heavy vehicles. Aerodynamic noise becomes an 
important noise source at high speeds or when the construction of the vehicle favours it. 
However, the large speed range from approximately 30 – 50 km/h up to well above 130 km/h 
is clearly dominated by tyre/road noise.  
 
Tyre/road noise is generated by the interaction of the tyre tread and material with the texture 
of the road surface. Tyre vibrations and air pumping noise mix to form broadband noise 
whose overall level rises with the vehicle speed. Both tyre and road surfaces contribute to 
tyre/road noise and one cannot be optimised without the other. Nevertheless different road 
surfaces can make a difference of up to 17 dB (Sandberg/Ejsmont 2002, p. 159) if new 
porous road surfaces and old paving stone pavements are compared. Improvements in 
pavement technology which reduce the tyre/road noise emission levels for the average tyre 
collective even by only 3 dB are equivalent to a reduction in vehicles of 50%. Therefore 
reliable methods are required to determine suitable quiet road surfaces for the speed range 
and traffic composition found in urban areas.  
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3 Definition of urban road surfaces 
Urban roads and urban road surfaces can roughly be described as occurring in or close to 
larger residential agglomerations. This covers small lanes and municipal roads of varying 
traffic density up to large ring roads and city expressways and motorways. For the scope of 
this work, the definition agreed within the group focuses on properties relevant to the noise 
emission. Characteristics of the type of urban roads and urban road surfaces considered 
here are:  
 

1) Speed range 30 – 80 km/h:  

 This speed range was chosen taking into account the following arguments: 

• Vehicle noise at velocities below 30 km/h is usually dominated by engine 
noise and show very little dependence on the road surface.  

• Common speed limits in residential zones in Europe are around 50 km/h, 
which is in the middle of the range. As many drivers go at a speed close to 
the limit, this can also be considered as a kind of “average speed”. 

• Velocities above 80 km/h usually occur on thoroughfares or motorways in 
urban areas. The measurement methods already used for high-speed roads 
can be used for the surfaces of those roads.  

 

2) High variability of speed: 

 Urban streets usually have many intersections, roundabouts, traffic lights and road 
signs. The highly regulated traffic leads to frequent velocity changes and even stops.  

 

3) Low gear setting of many vehicles: 

 The vehicles circulating on urban roads often use low gear settings, leading to an 
increased engine noise contribution. 

 

4) Dense traffic: 

Urban roads exhibit typically high traffic densities on the major municipal roads, 
especially during rush hours. Side lanes are quieter, but of course they also 
contribute much less to the overall noise load. High traffic densities make the 
identification of the impact of single vehicles especially difficult.  

 

5) Specific traffic composition: 

Most traffic on urban roads is dominated by passenger cars. Heavy trucks contribute 
much less to the traffic mix than e.g. on highways. Buses, light delivery trucks and 
motorcycles are also typical for an urban situation.  

 

6) Short lengths of homogeneous road surface: 

 Due to the many intersections, buildings and the frequent maintenance and repair 
work the lengths of uninterrupted homogeneous road surface without too many 
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surface discontinuities can be rather short, in some cases too short for a 
measurement.  

 

7) Many reflecting surfaces and objects close to the road: 

Urban streets are typically lined by buildings on both sides of the road, 
complemented by road signs, lamp posts, poster walls, trees and parked vehicles. 
These objects give rise to multitudes of reflections and create a highly complex 
sound field in most locations that can be considered for measurements.   
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4 Criteria for measurement methods 
Methods for investigating the potential of road surfaces for noise abatement in urban areas 
must fulfil several criteria resulting from the boundary conditions set by the definition in 
section 3. Although some existing methods may work for both high-speed and urban roads, 
the specifics of the application in urban surroundings must be taken into account. The 
following criteria should be met by any method applied to urban roads: 
 

1) Validity for the speed range 30 – 80 km/h 

 

2) Correction mechanisms for high speed variations in the low-speed range 

  As the noise emission from tyre/road noise sources is clearly speed-dependent, 
deviations of measured vehicles from the reference speed inevitably lead to 
variations of the noise emission levels. In practice, such deviations are inevitable 
and suitable correction formulae are usually given to normalize the results to a 
standardized reference speed. In general they follow the basic equation  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⋅−=

0

lg
v
vBLL meascorr  

 With  

  corrL     corrected noise level 
  measL    measured noise level 
  B      slope parameter 
  v       actual speed 
  0v      reference speed 

  

       Figure 1: Typical speed dependence of tyre/road noise 

 
The slope parameter B  will in general be different for different road surfaces. The 
expected variability of the measurement speed leads to the stipulation that the 
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correction formula should work for deviations of e.g. up to 20 km/h from the 
reference speed.  

 

3) Sensitivity to influence on engine noise  

Engine noise of passenger cars becomes dominant when the velocity approaches 
the 30 km/h lower limit.  Engine noise primarily depends on the gear setting and 
does not show the same smooth dependency of speed as tyre/road noise. 
Nevertheless low speeds are common in urban traffic and especially porous road 
surfaces can absorb a significant amount of noise emitted or propagating close 
enough to the surface. Therefore the surface influence on engine noise should be 
taken into account. 

 

4) Resistance to high background noise 

The total overall noise level close to urban roads does not only consist of the noise 
generated by the vehicles. Other noise sources like railway or aircraft noise, factories 
or road works may contribute substantially. In addition to that, vehicles passing on 
lanes with different road surfaces or oncoming vehicles have to be counted as 
potential disturbance to the measurements. For this reason, only road traffic noise 
events that exceed the background noise at a given time can be used to assess the 
noise emission of road surfaces.   

 

5) Regard to urban traffic composition 

The method of choice should take the urban traffic situation into account. It should at 
least give a result for the noise emission of passenger cars on the surface under test. 
Results for trucks may be optional. Nevertheless at least the smaller categories of 
heavy vehicles like delivery trucks or buses should be covered.  

 

6) Suitability for short lengths of homogeneous road surface 

 In some cases the available length of homogeneous road surface may be rather 
short. This should not prevent the method from being used.  

 

7) Corrections for reflections 

If the method is not limited to comparing before/after situations the measured noise 
levels have to be corrected for the influence of reflecting objects which cannot be 
neglected, removed, covered with absorptive material or excluded by some kind of 
shielding.  

 

8) Measurements on or close to the road 

In order to obtain measured levels that rise sufficiently over background noise, 
measurements on or close to the road are preferable. At larger distances there can 
also be problems with objects blocking the direct line of sight and the sound 
propagation.   
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5 Measurement methods 
At the time of writing several methods for investigating the influence of road surfaces on the 
generation of road traffic noise exist. Apart from simple noise immission measurements taken 
more or less close to the roadside, two internationally standardized procedures have been 
produced by the working group 33 of the Technical Committee 43 “Acoustics” / 
Subcommittee 1 “Noise” of the International Standardization Organisation (ISO 
TC43/SC1/WG33 “Measuring method for comparing traffic noise on different road surfaces”). 
Even if one of them is still a draft, both are widely used and recognized as standard tools for 
investigating and classifying the noise emission properties of road surfaces (PADMOS ET 
AL., 2005 and SILVIA 2006). They can both be applied to high-speed roads as well as to low-
speed ones, albeit the use for urban roads has not been specifically addressed with all its 
implications in the standards.  
 

5.1 ISO/CD 11819-1 (SPB method) 
The Statistical Pass-By-Method is described in the ISO 11819-1 standard (ISO 11819-1, 
1997). It provides a method to determine an index which can be used to compare the noise 
emission impact of different road surfaces by measuring vehicle pass-bys at the roadside. 
This can either be a tool for classifying and ranking different types of road surfaces according 
to their influence on noise emission or for evaluating the effect of different road surfaces at a 
particular site, especially before and after resurfacing.  

 

5.1.1 Principle 
The Statistical Pass-By (SPB) method is based on the measurement of the maximum A-
weighted sound pressure levels of a statistically significant number of individual vehicle pass-
bys together with the vehicle speeds. The passing vehicles are classified into one of three 
vehicle categories and one of three reference speeds is chosen according to the average 
operating speed of the road. A regression line of the maximal A-weighted sound pressure 
level versus the logarithm of speed is calculated for the pass-bys of every category. This 
regression line is then used to determine the average maximum A-weighted sound pressure 
level Lveh at the reference speed. The Lveh of the three categories can be combined to give a 
single index called SPBI (Statistical Pass-By Index) which is indicative of the influence of the 
road surface on the noise emission of a mixed vehicle collective. 

Table 1: Road categories in ISO 11819-1 

Category Speed range (km/h) Typical area 
Low speed road 45 – 64  Urban traffic 
Medium speed road 65 - 99 Suburban areas, thoroughfares, rural highways 
High speed road 100 and more Motorways in rural or suburban areas 

 

Table 2: Vehicle categories in ISO 11819-1 

Category  description Typical examples 
1) Cars 2 axles, 2 wheels Passenger cars 
2a) dual-axle heavy vehicles 2 axles, more than 4 

wheels 
Light trucks, buses  

2b) multi-axle heavy vehicles More than 2 axles Heavy trucks 
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5.1.2 Equipment 
The application of the SPB method requires only a few pieces of equipment. The following 
values are to be measured: 
 

1) Maximum A-weighted sound pressure level LAF,max 

The sound measurement shall be carried out by using a sound level meter and 
microphone meeting the requirements of type 1 of IEC 60651 or the more recent EN 
61672. The sound pressure level shall be measured with frequency weighting A and 
time weighting F (FAST) as the maximum level during a vehicle pass-by. Frequency 
analyses in third-octave bands from 50 Hz to 10 kHz is recommended. The filters 
shall conform to IEC 61620.  

 

2) Vehicle speed 

The vehicle speed shall be measured when passing the microphone with an 
accuracy of ± 3%. In practice this will usually be carried out by using a radar device 
or a pair of photoelectric barriers.  
 

3) Temperature 

 The measurement of air temperature is mandatory, whereas the measurement of 
surface temperature is optional. The instrument shall have a maximum error of 1°C.  

 

4) Wind speed 

 Wind speeds must not exceeding 5 m/s during the measurement, therefore some 
equipment to check it is required. This is not stated explicitly, but follows from the 
requirements.  

 

5.1.3 Calibration 
The sound level instrumentation shall be checked once every year for compliance with the 
aforementioned standards. In addition to that, the sensitivity of the whole acoustic 
measurement setup must be checked with an acoustic calibrator before and after the 
measurements. The calibrator must meet the requirements of IEC 60942 Class 0 or 1. If the 
readings differ more than 0.5 dB, the measurement is invalid.  
 
For the vehicle speed and temperature measurement equipment, no special calibration 
procedures are required in the standard apart from the error limits.   
 

5.1.4 Requirements 
The main reasons for the limited applicability of the SPB method are the very strict 
requirements. Those concern the test sites, the traffic and the road surface itself and the 
weather conditions.  
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Test site 
The selected test section should provide essentially free-field conditions for sound 
measurements. It should fulfil the following list of criteria: 

• The minimum length of the test section should be 60 m (100 m for high-speed 
roads). 

• No bends or gradients > 1%. 

• No large reflecting surfaces shall be present within the area marked in Figure 2. 

• No screening objects shall be present within the area marked in Figure 2 between 
the microphone and the road. 

• A-weighted sound pressure levels from other sources than traffic shall be at least 10 
dB below the quietest maximum sound levels recorded during the pass-bys.  

Figure 2: Area without reflecting objects 

 

Road surface 
The road surface shall be 

• in good condition 

• homogeneous 

• dry  

and shall cover the distance between microphone and the centre of the measured lane at 
least as described in Figure 3. If possible, the whole distance between the lane and the 
microphone should be covered with the same road surface. 

10 m 10 m

10 m 

10 m 

7.5 m 

Microphone

Centre of the measured lane 
1st lane 

2nd lane 
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Figure 3: Measurement setup and road surface requirements 
 

 
 
Zone Distance to the centre of the lane [m] Requirements 

A 0.00 – 3.75 Same vertical level and similar acoustic properties like 
the road surface under test 

B 3.75 – 5.00 Arbitrary surface, no depressions, no tall vegetation 
C 5.00 – 7.50 No surface requirements 

 

Traffic conditions 
The vehicles are classified according to Table 2. The vehicle pass-bys shall meet the 
following criteria: 

• The vehicles shall travel at approximately constant speed and in the middle of the 
lane. Braking, steering or accelerating vehicles are to be excluded. 

• Only individual pass-bys shall be measured. That means that it must be possible to 
isolate the passing vehicle in the acoustic analysis. For this reason, the A-weighted 
sound pressure level must be at least 6 dB below the measured maximum level 
before and after the pass-by event, which ensures that the peak level is unaffected 
by noise from preceding or trailing vehicles.  

• Noise from overtaking or oncoming vehicles will disturb the measurements. If other 
vehicles pass during the measurement of the peak sound levels, the values must 
be discarded. 

• Vehicles with unusual sound sources (e.g. rattling cargo) shall be discarded.  

• The minimum number of pass-bys shall be at least equal to the values given in Table 
3. A total of 180 pass-bys must be recorded for each measurement.  

Table 3: Minimum number of pass-bys per vehicle category 

Category  Minimum number of pass-bys Minimum 2a) + 2b) 
1) Cars 100  
2a) dual-axle heavy vehicles 30 80 
2b) multi-axle heavy vehicles 30 80 

 

7.50 m 

3.75 m 

A 

2.50 m 1.25 m 

B C 

1.2 m 
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Meteorological conditions 
The ambient air temperature shall be within 5°C to 30°C, and the road surface temperature 
shall be between 5°C and 50°C. The wind speed at the microphone position shall not exceed 
5 m/s. 
 

5.1.5 Standard procedure 

Measurement setup 
The measuring microphone is placed at a horizontal distance of 7.5 m from the centre of the 
lane under test at a height of 1.2 m above the road surface plane. The location with respect 
to the road can be seen in Figure 2 and Figure 3. The speed measuring device is to be 
placed appropriately so that the longitudinal speed of the vehicle can be measured at the 
point closest to the microphone position. Temperature measurements are taken as close to 
the lane as possible. 

Pass-by measurement 
The maximum A-weighted sound pressure level during the vehicle pass-by is measured 
using time weighting F. The vehicle speed is measured when the vehicle midpoint passes the 
microphone. The process is repeated for at least 180 pass-bys.  

Data analysis 
The relation of sound pressure level to speed is known to be logarithmic as stated in section 
4 as long as the noise emissions are dominated by road/tyre noise.  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⋅−=

0

lg
v
vBLL meascorr  

For this reason the noise levels measured at different speeds can be normalized to a 
reference speed. The choice of the reference speed depends on the road and vehicle 
categories and is shown in Table 4. 

Table 4: Reference speeds 

Road speed category  
Low Medium High 

Vehicle category v0 [km/h] v0 [km/h] v0 [km/h] 
1) Cars 50 80 110 
2a) dual-axle heavy vehicles 50 70 85 

2b) multi-axle heavy vehicles 50 70 85 

 
Using the measured values for the maximum A-weighted sound pressure level and the 
logarithm (base 10) of the ratio of actual to reference speed, a regression analysis can be 

performed to determine the values of ( )0vLveh  and the slope B . At 0lg
0

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
v
v

 the regression 

line assumes the predicted value of the maximum A-weighted sound pressure level at the 
reference speed, which is the main result for each vehicle category. The analysis is shown in 
Figure 4. In the figure the ( )0vLveh  value is close to 84 dB(A). 
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Figure 4: Regression analysis 
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In order to allow a meaningful regression, the spread in vehicle velocities should be sufficient 
so that the difference of the reference speed to the average speed of all pass-bys is smaller 
or equal to one standard deviation for vehicle categories 2a and 2b and smaller or equal to 
one-and-a-half standard deviation for vehicle category 1. 
 

Statistical Pass-By Index 
The individual ( )0vLveh  values for the three vehicle categories can be combined with 
weighting factors (see Table 5) to form a weighed average that represents an average traffic 
mix. The resulting number is called Statistical Pass-By Index (SPBI). SPBIs can be used to 
compare road surfaces in the same road speed category. 
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Table 5: Weighting factors Wx 

Road speed category  
Low Medium High 

Vehicle category W1 W2a W2b 
1) Cars 0.900 0,800 0.700 
2a) dual-axle heavy vehicles 0.075 0.100 0.075 

2b) multi-axle heavy vehicles 0.025 0.100 0.225 

 

Temperature corrections 
The standard states that the sound levels should be corrected for temperature. Nevertheless 
no specific method is given. Temperature corrections usually follow the formula  

( )0
. TTLLcorr −+= η  

with a standard temperature 0T of 20°C. The correct value for η  is surface-dependent and 
remains to be determined. 
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5.1.6 Considerations for urban road surfaces – ISO 11819-1 
The ISO 11819-1 SPB method is well established and several variants of it are used 
throughout the world for determining the road surface influence on road traffic noise 
emission. It already contains the “low” speed category for urban roads. Nevertheless even its 
use for high speed roads is usually restricted to selected locations and test sites due to the 
stringent requirements for achieving free field conditions. Especially in urban surroundings its 
widespread practical application presents the user with some challenges. Following the 
criteria set up in section 4, the following evaluation with regard to urban road surfaces can be 
given: 
 

1) Validity for the speed range 30 – 80 km/h 

The standard speed of 50 km/h for the “Low speed road” category covers the major 
part of the expected speed range. In addition to that, the reference speed is equal 
for all three categories, which makes the results for ( )0vLveh  easily comparable. 

2) Correction mechanisms for high speed variations in the low-speed range 

  The SPB method already includes a regression analysis which makes it even 
mandatory to include a range of vehicle speeds. Determination of the slope B  
provides the correction to the reference speed automatically. 

   
3) Sensitivity to influence on engine noise 

The SPB method measures the complete vehicle noise emission regardless of the 
generation mechanism. Therefore also the surface influence on engine noise is 
covered. It may however be difficult to separate this effect from the influence on 
tyre/road and overall noise. By examining the low-speed end of the scatter 
diagram, it can be possible to identify the region where the sound pressure levels 
become less dependent on the vehicle speed. This is usually seen by sound 
pressure level versus logarithmic speed curves which level out at low speeds 
(Sandberg/Ejsmont 2002, p. 162f). In this region engine noise becomes more 
important.  

 

4) Resistance to high background noise 

By measuring the maximum A-weighted sound pressure level max,AFL  during a 
pass-by the values are relatively resistant to background noise. Nevertheless the 
multitude of possible noise sources in cities including other types of traffic like 
tramways can render many sites unsuitable.  

Dense traffic in urban areas is an especially severe problem. Isolating vehicle pass-
bys with the 6 dB criterion is very difficult when the average distance between two 
passing vehicles is short. Vehicles on overtaking lanes or other carriageways are 
also frequent and the spatial separation is usually small. In most cases there is no 
separation between the carriageways for each direction. These factors make 
measurements during rush hours very difficult and some SPB tests even have to be 
conducted late at night. In addition to that, the time required to complete a 
measurement can become very long due to many invalid pass-bys. 
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5) Regard to urban traffic composition 

While measuring enough isolated vehicle pass-bys is already a challenge, the 
situation is complicated by the minimum number requirements in each vehicle 
category. Heavy trucks of the category 2b may not be present at all in some areas. 
Therefore the calculation of SPBI may not be possible. Nevertheless it should at 
least be attempted to provide a value 1L  for passenger cars. For main roads also 

aL2 for light trucks may be needed for a complete assessment. The analysis should 
always take into account any available data on the actual traffic composition.   

 

6) Suitability for short lengths of homogeneous road surface 

The minimum length of a test section for SPB measurements is 60 m, which is fairly 
short. However, due to frequent repair work this section may not be homogeneous 
enough to exclude effects from surface discontinuities. The measurement of max,AFL  
in the moment of the passage will remedy most of this problem, because only 
surface disruptions close to the point of passage can affect the measured level.  

 

7) Corrections for reflections 

Maybe the largest problem for the SPB method is the presence of large reflecting 
and/or screening objects close to the microphone position. Buildings, lamp posts, 
traffic signs or trees can render many sites unsuitable. Methods to deal with such 
objects are to remove them, to cover them with absorbing material or to calculate 
some kind of corrections to normalize the results to a free-field environment. 
Another strategy which deviates from the principles of ISO 11819-1 and eliminates 
comparability to other sites is to accept the acoustic environment and to keep the 
situation as constant as possible when performing measurements before and after 
surface replacement.  

 

8) Measurements on or close to the road 

The measurement position at a distance of 7.5 m is highly standardized and used 
also in many other investigations. It is usually close enough to the road to 
concentrate on the road as main noise source. In urban surroundings it may be 
necessary to position the microphone closer to the road. In this case the 
comparability is also limited to before/after measurements or relies on calculated 
corrections. 
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5.1.7 Adaptations for use in urban surroundings 
As can be seen from section 5.1.6 the SPB methods has advantages but also some serious 
drawbacks which come into effect especially in urban surroundings.  The main problem 
sources are the dense traffic with few really isolated pass-bys and the presence of reflecting 
and/or screening objects close to the microphone position.  
 
By selecting the time and location of the measurements carefully, the first problem can be 
alleviated. Rush hours should be avoided, and measurements during the night usually 
provide lower traffic densities. However, the traffic composition may change significantly 
compared to the daytime, with a much smaller amount of trucks. The choice of suitable 
locations may lead to measurements only on main streets and thoroughfares, which are also 
not representative. 
 
A part of the unwanted reflections can be removed if the microphone is used with a so-called 
backing board. The method is described in 5.1.8 and works by shielding the microphone from 
any noise coming from behind while accepting a well-defined change in the measured noise 
levels. Using this variant of the SPB method one still has to deal with possible reflecting 
objects in front of the microphone and the background noise situation. 
 
Another strategy would be to accept the changes in the measured sound pressure levels and 
eliminate them afterwards by means of a calculation. This requires modelling the 
surroundings of the microphone positions with sufficient accuracy and simulating the 
frequency-dependent sound propagation with a more or less sophisticated algorithm like the 
ones proposed by HARMONOISE (NOTA ET AL., HARMONOISE, 2005). This approach is 
relatively complicated if a lot of objects have to be taken into account. The corrections 
resulting from such an analysis will be frequency-dependent themselves. 
 
If the requirement of general comparability of arbitrary urban test sites is dropped, the 
method can be simplified to measuring the noise immission levels before and after 
resurfacing. The basic idea is that if the reflection situation is kept constant between the two 
measurements, the difference in noise levels should be significant of the differences between 
the two road surfaces. This before/after method is discussed in 5.1.9. 
 
When ease of use is considered and application at several different locations is required, the 
backing board method (SPB-BB) and the before/after (B/A) method turn out to be the best 
choices among the strategies mentioned above. For this reason both of them are described 
in the following sections. 
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5.1.8 ISO/CD 11819-1 – Backing board variant (SPB-BB method) 
The idea of using a microphone embedded in a rigid, sound-reflecting backing board for the 
purpose of carrying out roadside measurements can be found in a paper by Watts (1996) and 
its theory is covered by an article by Fégeant (1997).  
Recent work by Goubert (2005) shown in Figure 5 and Figure 6 has again proven its 
usability. 

Figure 5: Backing board method (Goubert 2005) 

 
 
A microphone embedded in an infinite totally sound-reflecting plane with the membrane 
completely level with the surface should theoretically experience a doubling of the sound 
pressure amplitude of the impinging sound wave which leads to a defined 6 dB increase 
compared to the free-field situation.  
 
The main advantage of accepting this purposely introduced sound pressure level increase is 
the complete shielding of the microphone from every sound source and reflection located 
behind the plane. The well-known 6 dB increase can be deducted from the measured levels, 
which are then comparable to free-field measurements. Disturbing sound sources or 
reflecting objects like buildings or noise barriers which are often located behind the 
microphone can be neglected.  
 
In practice some precautions have to be taken when applying the SPB-BB method. First of 
all the reflecting plane cannot be infinite as in theory. In most cases a rectangular wooden 
board with sides of 0.5 to 1.5 m in length is used. The edges of this board give rise to 
diffractions of the impinging sound wave that create distinctive patterns of different sound 
level increases at different points on the board surface. Moreover, the board will not be a 
perfect shield for noise sources or reflections from behind the microphone. Nevertheless a 
sufficient performance can be achieved by selecting a spatially extended diffraction minimum 
located near a specific position on the board surface (Fégeant 1997, p. 298 ff).  
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Figure 6: Backing board method – optimal microphone position (Goubert 2005) 

 
 
Goubert (2005) has presented the following results concerning the use of the SPB-BB 
method: 

• The differences in overall A-weighted sound pressure levels between backing-board 
and free-field measurements ranged from 5.0 to 5.8 dB. 

• The differences in the overall levels are not very dependent on the size of the 
backing board, the vehicle type or speed. 

• When comparing the backing-board and free-field spectra in third-octave bands, 
some deviations from the 6 dB value caused by diffractions occur. 

• In the high-frequency domain the deviations were due to the microphone membrane 
not being exactly level with the board. 

• The low-frequency diffraction effects decreased with the size of the backing board. 

Further investigations are being undertaken concerning the shape of the board.  
 
The use of the backing board method for SPB measurements on urban roads can therefore 
be recommended at least for determining the overall A-weighted sound pressure levels, 
which is sufficient for determining vehL and SPBI values. 
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5.1.9 Before/after comparison of noise immission measurements (before/after 
method) 

Following a proposal by Sandberg (2005) the SILENCE WP F4 group has discussed a 
simplified measurement procedure which tries to solve the problems of the SPB method. It is 
hereafter termed the Before/After Method (B/A), because it focuses on the effects of 
resurfacing at a specific site.  

Principle 
This method compares the sound pressure levels at a fixed measurement position before 
and after repaving takes place. Great care has to be taken that the acoustic environment 
remains the same between the two measurements. Some parameters cannot be kept 
constant, which means that the sound pressure levels have to be normalized to standard 
values of these parameters by using algorithms from the HARMONOISE models (Nota et al., 
Harmonoise 2005).  
 

Equipment and calibration 
The required equipment and calibration procedure is essentially the same as in the SPB 
method.  
 

Measured quantities 
 

1) A-weighted equivalent sound pressure level AeqL  

The A-weighted equivalent sound pressure level AeqL  shall be measured 
continuously for at least one, but preferably 4 hours. The measurements take place 
during daytime and include the rush hour.  
 

2) Traffic volume during the measuring time 

The numbers of light and heavy vehicles passing the microphone position shall be 
counted separately. 
 

3) Average vehicle speed 

The average vehicle speed for each category shall be measured. It may be 
sufficient to measure the speeds of only around 10% of the passing vehicles. 
 

4) Air temperature 

The air temperature during the measurement shall be measured at the microphone 
position. 

 

Requirements 
The background noise from other noise sources than passing vehicles shall be 10 dB below 
the measured noise levels.  
 
The road surface shall be dry and wind speeds shall not exceed 5 m/s (averaged over 5 
minutes). 
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The temperature difference between the two measurements shall not exceed 15°C. 
 

Procedure 
The A-weighted equivalent sound pressure level AeqL  is measured during at least 1 hour. The 
microphone is located 1.2 m above the ground and at least 3.0 m from the road edge line. If 
a sidewalk is present, the minimum distance from the border of the street surface is 2.0 m. 
The number and average velocity of the passing vehicles is recorded. An observer shall 
eliminate time spans with major sound disturbances from other sources.  
 
The measured values are evaluated by  

• Normalizing the measured AeqL  to a suitable reference speed (multiple of 10 km/h 
between 30 and 120 km/h) by using HARMONOISE methods 

• Normalizing the measured AeqL  to a standard traffic volume with a standard 
percentage of heavy vehicles using HARMONOISE algorithms 

• Correcting the AeqL  for the temperature influence 

• Correcting the AeqL  for the backing board effect of 6 dB 

 

The final result is the difference in sound pressure level afterAeqbeforeAeq LLL ,, −=∆ for the 
chosen reference speed and standardized traffic volume with a standard percentage of 
heavy vehicles at the standard temperature. 

 

Preliminary evaluation 
This method is still discussed controversially within the group. By its simplifications it solves 
some problems of the SPB method; however, some issues are still unresolved: 
 

• When measuring AeqL  instead of max,AFL  the difference to any background noise 
decreases. Especially cars on passing lanes or opposite carriageways contribute to 
the overall noise level and cannot be eliminated from a AeqL  measurement. These 
cars may even travel on different road surfaces. Any difference in vehicles on other 
lanes can only be accounted for if they are included in the measurement, which 
multiplies the necessary effort. 

• The speed measurements of only a small percentage of cars and trucks may give a 
distorted picture of the average speed. 

• The correction procedures rely heavily on the algorithms developed in 
HARMONOISE.  

• The applicability remains limited to before/after situations at a specific site. The 
values cannot be used for a classification or compared to results from other 
locations.    
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5.2 ISO/CD 11819-2 (CPX method) 
The method described in the draft standard ISO/CD 11819-2 (ISO/CD 11819-2, 2000) is 
intended to supplement the SPB measurements according to ISO 11819-1, which is 
essentially a spot method, with a procedure to check the homogeneity of the noise emission 
properties of road surfaces over long distances. It was also designed to overcome the 
serious limitations of the SPB method when measurements at arbitrary sites are required, 
which is usually necessary for approval testing. The method according to ISO/CD 11819-2 is 
also called Close-Proximity (CPX) Method, because it relies on measuring the sound 
emission very close to the tyre/road contact zone. The CPX can only determine the road 
surface influence on tyre/road noise, which usually dominates at speeds from 30 – 50 km/h 
and above. Another limitation is that the tyre/road interaction typical for truck tyres cannot be 
accounted for as completely as in the SPB method. 

5.2.1 Principle 
In the CPX method the average A-weighted sound pressure levels generated by two or four 
specified reference tyres running on the surface under test are measured by at least two 
microphones located close to the tyre/surface interaction zone. The tyres are mounted on a 
specially designed vehicle, which is either self-powered or a towed trailer. The tyres have 
been selected to represent the most important types of tyres actually in use on average cars. 
The vehicle speed is measured for correction purposes. By averaging the sound pressure 
levels over short distances, several runs and the two mandatory microphone positions, a 
tyre/road sound level can be determined for every tyre. By combining them into a weighted 
average, the Close-Proximity Sound Index CPXI can be calculated, which can be used to 
compare different road surfaces. 

5.2.2 Equipment 
The CPX method uses special equipment like the CPX vehicle and the reference tyres.  
 

1) CPX vehicle/CPX trailer 

 The requirements in ISO/CD 11819-2 for the design of CPX test vehicles is very 
detailed in some respects, but allows also for a lot of variation. Only the most 
important considerations are covered here. The microphone positions relative to the 
tyre are shown in Figure 7.  

 If the CPX tyres are mounted on a self-powered vehicle they must not be part of a 
steered or driven axle during the measurement. The tyre/road noise from the other 
tyres as well as the engine and exhaust noise shall not influence the 
measurements.  

 CPX trailers are towed by a vehicle which shall not influence the sound level at the 
microphone positions. The same requirements hold for any support wheels. Some 
trailer configurations can also support more than one test tyre at the same time. 

 Enclosures can be used in both configurations to shield the test tyres from unwanted 
noise sources. These enclosures shall be covered with sound-absorbing material 
on the inside to prevent unwanted reflections. 
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Figure 7: CPX method microphone positions (ISO/CD 11819-2, 2000, p. 9) 
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2) Reference tyres 

 The set of reference tyres was designed with the purpose of representing the tyre 
collective actually used on standard cars. Nevertheless availability of test tyres has 
always been an issue. The four tyres are labelled A, B, C and D, where A and B 
represent summer tyres and C is a winter tyre for passenger cars. Tyre D has a 
tread pattern that exhibits acoustic characteristics that are very similar to those of 
truck tyres, even if it is still a passenger car tyre. This makes it possible to account 
for trucks even if no real truck tyre is included.  

  The current set of reference tyres is listed in Table 6.  

Table 6: CPX reference tyres  

Dimension Codename Commercial name 
185/65R15 A Avon/Cooper ZV 1 
185/65R15 B Avon/Cooper Enviro CR 322 
185/65R15 C Avon/Cooper Turbogrip CR 65 
185R14 D Dunlop SP Arctic 

 

3) Sound level meter and microphones 

The sound measurement shall be carried out by using a sound level meter and 
microphones meeting the requirements of type 1 of IEC 60651 or the more recent 
EN 61672. The sound pressure level shall be measured with frequency weighting A 
and time weighting F (FAST). Frequency analyses in third-octave bands at least in 
the range from 315 Hz to 4 kHz are recommended. The filters shall conform to IEC 
61620.  

 

4) Vehicle speed 

The vehicle speed shall be measured continuously with an accuracy of ± 2%.  
 

5) Temperature 

 The measurement of air temperature is mandatory, whereas the measurement of 
surface temperature is optional. The instrument shall have an accuracy of at least 
±1°C.  

 

6) Tyre load 

 The weighing equipment used for determining the tyre load shall have an overall 
accuracy of at least ± 5%.  

7) Inflation pressure 

 The equipment used for determining the tyre inflation pressure shall have an overall 
accuracy of at least ± 3%.  

8) Wind speed 

 Wind speeds must not exceeding 5 m/s during the measurement, therefore some 
equipment to check it is required.  
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5.2.3 Calibration 
The sound level instrumentation shall be checked once every year for compliance with the 
aforementioned standards. In addition to that, the sensitivity of the whole acoustic 
measurement setup must be checked with an acoustic calibrator before and after the 
measurements. The calibrator must meet the requirements of IEC 60942 Class 0 or 1. If the 
readings differ more than 0.5 dB, the measurement is invalid.  
 
Several certification procedures for the CPX test vehicle are described in ISO/CD 11819-2. 
They are designed to avoid unwanted reflections within an enclosure and ensure a low 
background noise at the microphone positions.  
 
Regular certification procedures for CPX vehicles and test tyres are discussed at the moment 
within ISO TC43/SC1/WG33.  
 

5.2.4 Requirements 

The noise levels of any background noise occurring during the measurement shall be at least 
10 dB below the measured sound pressure levels at the microphones.  

Test site 
The measured road section is divided into road segments of with a length of 20 m. In general 
the minimum length of a road section shall be at least 100 m. If the section is shorter, the 
number of runs shall be increased, so that the total measured length is at least 200 m.  
The road shall be essentially straight, clean and dry. The acoustic properties of the road 
surface shall not vary considerably within a lateral distance of 0.5 m from the test tyre. 
In cases where no enclosure is used, large reflecting objects at the roadside shall not be 
closer than 2 m to the microphones.  

Meteorological conditions 
The ambient air temperature shall be within 5°C to 30°C, and the road surface temperature 
shall be between 5°C and 50°C. The wind speed at the microphone position shall not exceed 
5 m/s. 

Tyre load 
The static load of the test tyres shall be 3200 N per tyre. 

Tyre inflation 
The inflation pressure of the test tyres shall be 170 kPa in cold condition. 
 

5.2.5 Standard procedure 
During the measurement the CPX vehicle moves along the test section while the 
microphones at the mandatory positions measure the energetic average of the A-weighted 
sound pressure level for every 20 m road segment.  
 
At the same time the vehicle speed is measured and kept close to the chosen reference 
speed. 50 km/h, 80 km/h and 110 km/h are possible reference speeds. The actual test speed 
must not deviate from the reference speed more than ± 20% or 15 km/h, whichever is 
highest. The average speed of all runs should be within ± 5% of the reference speed. 
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When using the survey method, only tyres A and D have to be used, whereas the 
investigatory method requires all four tyres A, B, C and D. At least two runs with each test 
tyre are required. The test tyre shall run in a wheel track of the test lane.  
 

Data Analysis 
For every road segment of 20 m the energetic averaged A-weighted sound pressure level is 
determined.  
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If no information on the value of B is available, the standard value of 35=B  can be used. 
The value of B can also be calculated from the same measurement by using a regression 
analysis of the average sound pressure levels and speeds of every road segment. This 
requires that the speed values cover a spread of at least ± 20% around the reference speed. 

 

The levels are arithmetically averaged over all test segments and all runs. If two runs 
representing the test section differ by more than 0.5 dB, two new runs shall be carried out. 
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The Tyre/Road Sound Levels for every tyre can be combined to form the Close Proximity 
Sound Index (CPXI): 

 

Survey method (tyres A, D) 
5.05.05.0 ++= DA LLCPXI  

 
 

Investigatory method (tyres A, B, C, D) 
DCBA LLLLCPXI 4.02.02.02.0 +++=  
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5.2.6 Considerations for urban road surfaces 
Several advantages of the CPX method apply in general. Once the equipment is available, it 
is easily applicable, fast and flexible. It can be used at almost arbitrary locations and 
measures considerable lengths of road surface in a few runs. Usually the survey method also 
gives very similar results to the investigatory method and should be sufficient for many 
cases.  
 

1) Validity for the speed range 30 – 80 km/h 

The reference speed of 50 km/h is well within the required speed range. When the 
allowed speed deviations of up to 15 km/h are considered, the allowable speed 
range for an individual run covers 35 - 65 km/h.  

2) Correction mechanisms for high speed variations in the low-speed range 

The standard speed correction with 35=B  may be too inaccurate for many cases. 
A determination of the slope B  by means of a regression analysis provides a better 
correction to the reference speed. 

   
3) Sensitivity to influence on engine noise 

The CPX method does only include the surface influence on tyre/road noise. This 
will usually be sufficient for situations with continuous traffic flow with individual 
vehicles driving at relatively constant speeds above 30-50 km/h where engine noise 
is negligible. Climbing steep slopes or stop-and-go traffic requiring considerable 
torque and acceleration cannot be covered by CPX.  

4) Resistance to high background noise 

Systems with enclosures usually exhibit a very high resistance to exterior noise, 
especially in trailer configurations. A well-constructed enclosure and trailer keeps 
the measurement setup within almost completely isolated from any unwanted 
noise. If systems with self-powered CPX vehicles and without enclosures are used, 
the certification and measurement procedures must ensure that the measurement 
is not disturbed.  

5) Regard to urban traffic composition 

The CPX method cannot completely cover the effects of truck tyres, but it may be 
sufficient for urban applications where passenger cars dominate the traffic 
composition.   

6) Suitability for short lengths of homogeneous road surface 

The minimum length of a test section for CPX measurements is 20 m, necessitating 
a total of 10 runs.  

7) Corrections for reflections 

Certified CPX systems with an enclosure should not experience any problems with 
reflecting objects close to the road. Systems without enclosure still enjoy a large 
signal-to-noise ratio due to the small distance from the microphones to the 
tyre/surface interaction spot compared to the distance to roadside objects.    

8) Measurements on or close to the road 

The measurements are performed directly in the wheel track and can cover several 
km of road surface at once. 
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5.2.7 Adaptations for use in urban surroundings 
The CPX method needs very little adapting compared to the other methods. It is designed 
around a relatively isolated and self-contained measurement setup which can be enhanced 
even more by using enclosures.  
Possible difficulties can arise from the requirement to keep the measuring speed within a 
certain speed range. Very slow traffic and frequent stops may lead to a high number of 
dropouts among the road segments, which can be compensated for with more runs. The use 
of the regression analysis should be used to determine a more accurate value for B .  
 
The main drawbacks of the use of the CPX method for urban road surfaces are the failure to 
account for engine noise in the low-speed range and the limited representativeness with 
respect to heavy vehicle noise.  
The CPX method is designed to measure tyre/road noise alone and it can be considered 
representative for the overall vehicle noise emission in situations where tyre/road noise 
dominates, which is for vehicles driving at relatively constant speeds above 30-50 km/h. 
When a considerable percentage of vehicles contributing to the total noise emission 
accelerates, brakes, steers abruptly, uses low gear ratios and horns, climbs or descends a 
slope or carries noise-emitting cargo, the CPX method cannot account for it. Of course not all 
of these events will be strongly influenced by the type of road surface, but porous surfaces 
may absorb a considerable amount of noise generated or propagating close to the road 
surface.  
When trying to use the CPX method for evaluating the effects of road surfaces on the noise 
emission of heavy vehicles, tyre/road noise and engine noise has to be treated separately. 
Road surface effects concerning engine noise are, as stated above, beyond the reach of the 
CPX method. Road/tyre noise originating from heavy vehicle tyres can be at least partially 
assessed by regarding the influence of the road surfaces on the tyre D levels. Especially 
tyres of the smaller categories of heavy vehicles like light delivery trucks can be emulated 
quite well.  Moreover, on many urban roads which do not belong to the motorway network 
and are no main roads, heavy vehicles will be less prevalent.  
 
Nevertheless the CPX method seems to be well suited for urban road surfaces at least in 
terms of usability and as a tool to assess the tyre/road component of road traffic noise. At the 
moment it is only considered as a secondary method for classification purposes, but it can 
still provide an assessment of the situation at specific urban sites with road surface types 
already classified by a combination of SPB and CPX measurements.  
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6 Comparison of applicable measurement methods 
The following Table 7 provides a quick overview of the strengths and weaknesses of the 
measurement methods discussed in the previous sections.  

Table 7: Comparison of measurement methods for urban road surfaces 

Criterion ISO 11819-1 
(SPB) 

SPB with backing 
board (SPB-BB) 

Before/After (B/A) 
immissions 

ISO/CD 11819-2 
(CPX) 

Speed range 30-80 
km/h covered 

++ ++ ++ ++ 

High speed variations ++ ++ ++ + 
Sensitive to influence 
on engine noise  

++ ++ ++ -- 

Resistance to 
background noise 

-- - -- + 

Usable for urban 
traffic composition 

++ ++ ++ + 

Accounts for heavy 
vehicle noise 

++ ++ ++ - 

Short homogeneous 
test sections possible 

++ ++ ++ + 

Reflections and 
screening 

-- - + ++ 

Close to or on the road ++ ++ ++ ++ 
Length of measured 
road surface section 

- - - ++ 

Low time consumption -- - + ++ 
Comparability to other 
locations 

++ ++ -- ++ 

Useful for 
classification 

++ ++ -- + 

 
The SPB method is especially suitable for general classification purposes and whenever the 
complete road traffic noise emission including engine noise and tyre/road noise from heavy 
vehicles is important. Its major drawbacks are the necessity of free field conditions, which 
makes it vulnerable to background noise and reflections, and the difficulties coping with 
dense traffic, which can make it very inconvenient and time-consuming. 
 
The SPB-BB method partially eliminates the problems with reflections and unwanted noise. It 
still remains sensitive to disturbing noise generated by the traffic itself which makes 
measuring isolated pass-bys difficult. Moreover, it introduces complex effects when looking at 
the frequency spectra. 
 
The Before/After (B/A) method is very limited in its application and while evading some of the 
problems of SPB, important details of the method are still unclear. 
The first three methods are spot methods, which means that they cannot be used to assess 
road lengths of more than approximately 100 m with one measurement. 
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The CPX method is very well suited to mobile measurements even within urban areas. It 
however shows two disadvantages: It cannot account for engine noise neither can it 
completely assess tyre/road noise from truck tyres.  
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7 Guidelines for practical use 
The choice of test method for determining the influence of a specific urban road surface on 
the road traffic noise emission always depends on the actual situation and the available 
equipment and expertise. Nevertheless this document attempts to give some guidelines 
concerning the usefulness of the presented methods for practical application in urban areas. 
In any case the user shall refer to the original documents listed at the end for the exact 
details of the methods. The considerations and proposed modifications mentioned above are 
focused on making the expertise from tests of medium-to-high-speed roads available for the 
use in urban areas. They are still open to discussion and it is to be expected that this 
document can be updated when more practical experience or theoretical insights are 
available. 
 
In connection with measuring the noise emission properties of urban road surfaces, tasks like 
the following may typically occur: 
 

• General evaluation of a type of road surface to be used in urban surroundings (“type 
testing”) 

• Acoustic type approval testing of an urban road surface 

• Check of the state of maintenance and acoustical condition of an urban road surface 

• Investigation of the long-term performance of the road surface  

• Evaluation of the effects of a specific surface repair or repaving action 

• Acoustic monitoring of a major part of the urban road surfaces 

• Research into urban road surfaces 

 
The four methods SPB, SPB–BB, B/A  and CPX can be applied individually or in combination 
to perform these tasks.  
 
General evaluation of a type of road surface to be used in urban surroundings (“type 
testing”) 
The general evaluation of a type of road surface should follow the detailed classification 
procedure developed in the EU project SILVIA (PADMOS ET AL., 2005). It consists of 
coupled SPB and CPX measurements at a carefully selected representative site with a newly 
laid homogeneous road surface that fulfils all the requirements of the standards. Sometimes 
this may even be a specially constructed test site, but as long as values for the 50 km/h 
reference speeds in both SPB and CPX are determined, those values can be used for 
assessing the performance in typical urban applications.  
 
Acoustic type approval testing of an urban road surface 
Type approval testing is carried out to check if the supplier of a road surface can meet the 
legal or contractual requirements. This includes the comparison with absolute values, which 
rules out any comparative method.  Usually the check should be relatively cheap and easy to 
perform for the whole constructed road section and must be carried out at the site of 
installation irrespective of its acoustic suitability. Therefore CPX will usually be the preferred 
method, especially if CPX reference values for this type of road surface exist.  
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Check of the state of maintenance and acoustic condition of an urban road surface 
Regular checks of the acoustic condition of a road surface can in principle carried out by any 
of the four methods SPB, SPB-BB, B/A and CPX. Nevertheless the spot methods can only 
cover one specific location at a time, which may not always be sufficient. When longer 
sections have to be checked, the application of CPX will be the easiest way.  
 
Investigation of the long-term performance of an urban road surface  
Long-term effects that change the acoustic performance or effectiveness of a road surface 
over time can be investigated by SPB or SPB-BB measurements if the section under test is 
not too long. The advantage of using SPB-BB is that it is very accurate and takes the whole 
road traffic noise into account. It can account for effects that may affect only the engine noise 
or the heavy vehicle category. It can for example assess the effect of a change in the traffic 
composition towards more trucks on the overall noise levels. The CPX method is less 
sensitive to the overall road traffic noise, but can still be used if the section under test is long.  

 

Evaluation of the effects of a specific surface repair or repaving action 
Isolated repair or repaving actions can be evaluated by SPB-BB measurements at problem 
spots if the acoustic environment allows it. If the difficulties of applying SPB-BB prove too 
great, simple B/A measurements can be used. For extended lengths or very difficult 
surrounding, resort to CPX measurements. 

 

Acoustic monitoring of a major part of the urban road surfaces 
This is a typical application for long-distance CPX measurements. The cost per surveyed 
length of road and the quick results provided by CPX measurements make it very 
competitive. The data can be cross-checked by SPB/SPB-BB measurements at selected 
sites.  

 
Research into urban road surfaces 
A good approach for research purposes seems to be the combined use of the CPX method 
together with the SPB-BB method. The use of the CPX method can be extended to almost 
any location, whereas the SPB-BB method can provide a link to the well-established SPB 
values already available for many road surfaces. Reversely the CPX measurements can act 
as a link between sites where SPB-BB measurements are possible. Ideally classification 
results of a specific road surface type for both the SPB and CPX method could be used as a 
reference point when investigating its application on urban roads.   
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