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Abstract 

Noise is a growing health concern as urban residents increases rapidly and  more reports of noise 

causing sleep disturbances and increasing the risk of cardiovascular health problems are 

published. Noise has a negative influence on life quality. This life quality deficiency also shows 

in housing and office pricing in noisy environments. Housing and office prices are often higher 

in quiet areas than in noisy areas. Therefore noise is both a health issue and has big economic 

consequences. 

 The biggest contributor to the road traffic noise is the tire/road noise at speeds above 

50km/h. Therefore this is an important aspect to monitor and the problem has to be alleviated. In 

this thesis the client Ramböll has gotten many contracts concerning the state of the roads from 

governmental institutes. As a part of the evaluation of the roads they want to implement the noise 

emission as a factor. This gives the government institutions another parameter that helps in the 

decision of which part of the road network to refurbish first. 

 In the effort to decide what is best way  for Ramböll to measure noise a new setup for 

measuring noise has been developed. The most used ways of measuring tire/road-noise is the 

close proximity (CPX) -method and the statistical pass-by (SPB) -method. These methods both 

give accurate results but they have drawbacks. The SPB measurements are time consuming and 

only give noise levels for a small patch of a road. CPX measurement on the other hand require 

costly and time consuming development of  a measurement trailer. Certifying the trailer and 

maintenance work of it is expensive. So this report shows a first step in how to build a 

measurement setup and what aspects were taken into consideration when it was designed. 

 A close proximity measurement setup in the form of a tube with a microphone placed 

inside it was built and installed underneath the measurement vehicle. The measurement setup 

designed and built was named the Tube-CPX measurement setup in this report. 

 The measurements performed with this Tube-CPX measurement setup show promising 

results. Similarities between CPX measurement setup and the Tube-CPX setup have been found 

both in the frequency spectrum as well as in the relation with pass-by measurement noise levels. 

The repeatability of the Tube-CPX measurements is even better than the compared CPX 

measurements. .  

 Although results are promising  more work is required before the Tube-CPX setup can be 

seen in operation at Ramböll. In particular the question which source causes which sound 

pressure is required to understand the measured levels. And also more controlled pass-by 

measurements have to be performed to determine the relation of the absolute values measured at 

the tire/road impact spot to the values that are most interesting, namely the sound pressure levels 

that the human at the side of the road depicts. 

 

tire/road measurement method, CPX, road noise, urban area, SPB 
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1. Introduction 
 

The Swedish Transport Administration responsible for building, maintaining, and operating  road 

and tracks in Sweden, need different parameters to be able to prioritize which road is in biggest 

need of new asphalt layer. One of the companies contracted by the Swedish Transport 

Administration to evaluate the state of the roads is the engineering, design and consultancy 

company Ramböll A/S founded in Denmark 1945.The work done as a part of this thesis aims to 

help Ramböll to develop new measurement methods for tire/road noise. 

 

One of the parameters, that is part of the evaluation of the state of the Swedish roads, is noise 

emission from the road and it is weighed heavier than other parameters on roads close to urban 

areas.  

 

Noise emission from the road will be the focus of this thesis and in particular how to measure it. 

Tire/road-noise is the main source of noise for road vehicles at speeds above 50 km/h [1] .  

The physical mechanism that is considered to be the main contributor to the tire/road noise is the 

tread hitting the surface of the road causing vibrations radiating as noise into the air. Another 

important contributor of tire/road noise is the so called air-pumping mechanism which can be 

explained as air getting trapped between tread and surface, getting compressed and 

decompressed as the tread is free in the air. [1] 

 

To measure tire/road noise there are multiple methods. Two of the most used methods are the 

Statistical Pass-By (SPB) method (ISO 11819-1) and the close proximity (CPX) measurement 

method (Pre-Draft ISO/CD 11819-2).  

 

The Statistical Pass-by method involves measuring the speed and sound pressure levels of a large 

number of vehicles in order to get an average noise level representative for the surface 

measurements are performed on.  

 

The close proximity measurement method on the other hand measures the tire/road noise in close 

proximity to the interface of tread and road. The trailer used in the Pre-Draft ISO/CD 11819-2 

consists of one reference tire that is isolated from noise sources other than the tire/road contact of 

the tire inside the trailer. Microphones are installed inside the cover to measure sound pressure 

level of the tire/road noise. The idea of the trailer is to get as little noise as possible from sources 

other than the tire/road contact noise of the tire inside the cover. This method of measuring noise 

is far more inexpensive than measuring noise by the Statistical pass-by method as measurements 

can be performed of a longer stretch of the road in less time. [2] 
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1.1 Background  
 

Noise is becoming a more significant problem in urban areas. It is an important factor of health 

as people living in urban areas is rapidly increasing. Noise pollution caused by road-, rail- and 

air- traffic is a constantly growing problem. 

 

Of special interest to Ramböll are the peaks of sound pressure levels (SPL) that are short in 

duration. These SPL-peaks are of special interest as these are most disturbing to the human ear. 

A constant SPL is easier to get used to than the peaks in SPL of short duration. An example of 

the effect of  sudden noise increase is mentioned in the statement below. 

"Sleep disturbance from intermittent noise events increases with the maximum noise level. Even if the 

total equivalent noise level is fairly low, a small number of noise events with a high maximum sound 

pressure level will affect sleep" [3]. 

In some cases noise can be useful, for example it can be used to determine the state of machines 

and as in this thesis the state of roads.  

 

As the awareness of noise pollution becomes wider the methods to counteract it have to become 

more cost efficient, faster and easier. One step in the attempt to work against noise pollution cost 

efficiently, fast and easily is to develop new measurement methods of the tire/road-noise.  

Relating road texture measurements to sound pressure levels enabling calculation of sound 

pressure levels via texture data is another way of simplifying road investigations.  

 

 

 

1.2 Aim 
 

The aim of this thesis is to look into the possibilities of doing tire/road measurements easier, 

faster and cheaper. Doing this requires performing a comparison between the measurement 

methods currently being used to new methods. Comparisons will show if the new measurement 

methods are good enough to be implemented in the future.  

 

It is also a goal to investigate the possibility to calculate tire/road sound pressure levels directly 

from looking at road texture data. The preferred result of this test would be to get a relating 

factor between texture fluctuations and fluctuations in sound pressure levels 
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1.3 Related work 
 

Many reports have been written about tire/road noise measurements. Both about SPB- controlled 

pass-by (CPB) -CPX comparisons as well as non trailer based CPX measurements. These reports 

include the CPX method onboard a vehicle with a  surface microphone and the on-board sound 

intensity (OBSI) method.  

 

Most of the reports on CPX measurements reviewed focus on the difference of road parameters 

for example road age, road type air voids in the road and so on. Also sound pressure levels of 

different tires is evaluated in the reports.  

 

Since this thesis discusses the use of a new method for CPX measurements which has not been 

done in this way before the reports found in the research for this thesis do not contain 

information on this specific setup and the relating problems.  

 

 

1.4 Theory 
 

Sound pressure level (SPL) or sound level is a logarithmic measure of the effective sound 

pressure of a sound relative to a reference value. It is measured in decibels (dB) above a standard 

reference level. The commonly used  reference sound pressure in air is 20 µPa Root Mean 

Square (equation 2) , which is usually considered the threshold of human hearing (at 1 kHz). 

Using the decibel scale, rather than describing the sound wave in terms of its pressure, is better 

suited for tire/road noise as the logarithmic nature of the decibel scale relates closely to human 

perception of loudness. 

The sound pressure level defined in equation 1 which is part of basic acoustic theory.  

�� = 10 ∙ log 
���������� � ��  (1) 

Equation 2 is the root mean square of the sound pressure being measured. 

 �� = � �
����� � ����

�� ����		 ! (2)  

The addition of sound pressure levels of octave bands is done with the equation 3 below [4]. 

 ��"#" = 10 ∙ $%&∑ 10()*/�,-./�  (3) 

 

Sound waves propagating in the tube are assumed being plane waves if the relation between 

wavelength and tube diameter is of the proportion found in equation 4 [5]. 
�,,
0 = 1��23	432512678 (4) 
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Figure 2 inside of the trailer with one test tire [6] 

1.4.1 CPX measurements 
 

The CPX-method also called the trailer method is a measurement method that requires a trailer to 

be towed by a vehicle as can be seen in figure 1. A test tire that has contact with the ground is 

mounted as a part of the trailer. The inside of a closed trailer can be seen in figure 2. In close 

proximity (distance: 0,1m-0.5m)  to the test tire microphones (one or multiple) are positioned. 

The recommended positioning of microphones can be seen in figure 3 and table 1. Measurements 

are usually performed with a duration of 4-60 seconds. The trailers used for measurements can 

be closed with absorption material fitted inside it to avoid standing wave patterns and to 

eliminate background noise. Trailers used in the method can also be open.  

 

The method gives representative results for different road surface noise levels. If a closed trailer 

is used measurements are not very sensitive to background noise. Also the measurements are 

rather easy to perform but the equipment used is quite expensive and the certification as well as 

the maintenance of the trailer is time consuming. Another drawback of this method is that it is 

not well suited for measurements in urban areas and on narrow roads because of the size of the 

trailer. 

 

 
 

 
 

 

 

 

Figure 1 CPX trailer of the technical university of Gdansk [6] 
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Figure 3,  Microphone positions in the CPX method according to ISO/CD 11819-2 [7] 

 

 

Microphone h d1 d2 d3 

Mandatory (2 positions) 100 mm 200 mm 200 mm 283 mm 

Optional (1 position) 100 mm 200 mm 0 mm 200 mm 

Optional (2 positions) 200 mm at tyre centre 650 mm  

Table 1,  The microphone positions in the CPX method [7] 

 

 

 



8 

 

1.4.2 SPB measurements 
 

The Statistical pass-by method measures sound pressure levels form normal traffic at a speed that 

is nearly constant. The speed and type of the vehicles passing the roadside microphone is 

registered. Vehicles are classified as one of three categories of vehicles. The three categories are 

"cars", "dual-axle heavy vehicles" and "multi-axle heavy vehicles". A minimum of 100 vehicles 

in the category "cars" and 80 vehicles in the categories "dual-axle heavy vehicles" and " multi-

axle heavy vehicles"  have to be included in the measurement. Statistics is used to determine the 

noise levels for the road at different speeds and vehicle categories. 

The microphone is positioned at a distance of 7,5m±0,1m from the centre of the tested lane. The 

height above the ground is 1,2m. Requirements of minimum area covered with sound absorption 

similar to the tested surface and similar requirements can be found in the standard ISO-11819-

1:1997(E). Below is a figure 4 of the distance of the microphone from the centre of the test lane 

and the dimensions of the test area . 

 

 

 

 

 

Figure 4 SPB-configuration [7] 
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1.4.3 Texture measurements 
 

Road texture is a measure for how rough the road is and can be defined as the deviation from a 

totally flat surface [7].It shows the amplitude of changes in the road. Texture measurement are 

performed with the aid of laser-rays directed towards the road measuring the reflection from the 

street.  

Texture can be divided into three different categories depending on the "wavelength" of the 

texture. There are three commonly used wavelength categories for road texture analysis. They 

are Microtexture with wavelengths  0-0.5 mm, Macrotexture with wavelengths 0.5-50 mm and 

Megatexture with wavelengths 50-500 mm.. 

Microtexture is an important factor of the dry friction in the road.  

Macrotexture basically shows the size and shape of the stones in the pavement that have a length 

0,5-50mm it is known to be a good predictor of noise in the frequency range of 1000Hz and 

above. An example where macrotexture is used most important is in pavements with 5mm long 

pockets between stones which produce low tire/road sound pressure levels. The 5mm long 

pockets gives the air between tire and road space to escape reducing the noise produced.  

Megatexture is considered to be in the same order of size as a tire/road interface. It is usually 

caused by damage in the road it is known to be a good predictor of noise in the frequency range 

below 1000Hz [7]. 

 

The mean profile depth  in millimeters is the measurement unit of road texture and is calculated 

with the aid of the equation 5 [7]. 

 

 9 : = ;<=>	?<@<?	�A��B;<=>	?<@<?�.0�
� − DE23!&2	$2E2$  (5) 

The length of the sample of the texture ( in the figure 5 below 100mm) is divided into two parts 

the peak of the first segment is then added to the peak in the second segment and the MPD value 

can be calculated with the formula above. This is further explained in the figure 5 below. 
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2. Purpose 

 

The purpose of the work is to find a relation between SPL´s of the new measurement setup and 

SPL´s of pass-by measurements. Since noise levels of  the new setup do not say anything about 

the SPL of pass by measurements, the sound pressure levels measured with the new setup have 

to get a relation with the pass-by sound levels. The pass-by SPL´s are of interest because this is 

what is perceived by residents and other persons near the road.   

 

A preferred relation between the two measurements would be a correction factor between 1/3-

octave band sound pressure levels of the pass-by and new CPX setup. 

 

Another purpose is to relate the sound pressure levels measured  with the new CPX setup to the 

texture of the road.. The ideal case would make calculation of sound pressure levels possible 

with in data only from texture measurements. If a correlation could be found between the sound 

pressure levels measured and the texture a lot of time and money in terms of not having to invest 

in equipment educating personal etc. could be saved.  

 

 

Figure 5, explanation of the MPD value. Taken from [8] 
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2.1 Limitations  
 

To get a further understanding of the CPX measurements performed, a statistical pass-by 

measurement in combination with a CPX measurement would be of interest. These 

measurements require long measurements (100 cars and 80 heavy vehicles) and equipment for 

measuring the vehicles speed passing by [7].  

 

Equipment for measuring the speed of passing by vehicles is not available in this thesis. Instead 

of performing SPB-measurements in this thesis CPX measurements in relation to environmental 

noise will have to rely on relation to pass-by measurements described in the following chapters. 

 

 

 

2.2 Problem solving  
 

A planning stage of how to build the new measurement setup was performed. In the effort of 

eliminating the use of a trailer for close proximity tire/road-noise measurement and getting 

useful measurement data, CPX measurements with the new CPX setup in combination with  

pass-by measurements were performed.  

 

Comparisons between similar measurements was also done. Measurements with the new CPX 

setup simultaneously performed with road texture measurements were also performed. The data 

was analyzed and relationships between the data were sought. 
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3. Development of measurement setup 

3.1 Evaluation of possible measurement setups 
 

One possible setup is mounting microphones close to the tire directly on the vehicle similar to 

the CPX-method but without the trailer and without enclosure and instead using windscreens 

upstream in the wind flow of the microphone to reduce the wind induced noise. This suggestion 

was discarded due to risks of debris hitting microphones and uncertainty of the stability of 

windscreens at higher wind/vehicle speed. 

 

Another suggestion is to mount a microphone behind the wheel. This setup would potentially 

reduce wind noise and get measurements close to tire/road interaction spot. In this setup there are 

similar potential problems as in the first setup suggestion. The risk of measurement data 

becoming hard to understand in terms of which source causes which pressure level is big. 

Objects such as stones and rubber pieces hitting the microphone is probable and also wind 

influences could be big even though the microphone is placed behind the wheel. For the reasons 

above this setup was also discarded.  

 

A third suggestion and the one being investigated in this thesis is measuring the noise with the 

aid of a tube running from a point near the tire running up into the vehicle leading to an enclosed 

microphone. This setup has a good chance of reducing the influence of wind induced noise as 

well as keeping sound induced by debris influences at a minimum. Therefore this setup was 

chosen for further investigation. 

 

3.2 Planning the design of the chosen measurement setup  
 

The design of the measurement setup is done with possible problems in mind.  

The basic idea of the measurement setup is to construct a tube that will guide the sound waves 

from the tire/road interaction spot to the microphone, which is isolated from environmental 

sound.  

 

The frequency range 50Hz to 4000Hz is of greatest interest in tire/road noise. Because of the 

background noise when measuring with CPX-method the low frequency measurements, 50Hz-

315Hz become very hard to measure [9].  

 

Therefore the frequency range being measured is 315Hz-4000Hz in one third octave bands. 

Plane wave assumption means, losses in the medium are neglected due to the wave not spreading 

across an increasing area, thus sound pressure levels are independent of the distance to the source 

[4]. This gives possibilities to construct a tube where the length of the tube is not a constraint and 

giving more freedom in the design of the tube.  
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To enable measured sound pressure levels being as comprehendible and measurements results 

being as  repeatable as possible the path from the tire/road interaction spot to the microphone has 

to be very well isolated from sources other than the tire/road noise. The  microphone also has to 

be well isolated so that only sound pressure from the tire/road is measured.This is a prerequisite 

for the comparison between the Tube-CPX method setup and the CPX-method setup and in order 

to get a value for the relation between the sound pressure levels measured of the two 

measurement setups.  

 

The sound pressure levels being measured have to be as constant as possible over a period of 

time. If a constant sound pressure level is measured with the Tube-CPX setup, even if it is higher 

or lower than the pressure level of the CPX-method, it can be considered reliable and a relation 

between the two measurement setups can be determined. The relation could be expressed as only 

adding or subtracting a constant value for example for each 1/3 octave band. 

 

The materials used to build the tube can be hard plastic material for sound waves  travelling 

inside the tube. On the outside of the tube mounting a layer of absorbing material to protect it 

from wind, stones or other debris hitting  it as the vehicle is moving at relatively high speeds can 

be done. The absorbing layer would be soft and therefore potential peaks of sound pressure from 

a stone or similar object hitting the tube can be eliminated. The length of the tube will be 

appropriately chosen so that it can run from the tire to the microphone inside the measurement 

vehicle.  

 

The tube will have a diameter of 0,05m so that plane waves up to 4000Hz propagate in the tube, 

the tube opening will preferably be facing the front of the tire at a 45 degree angle relative to the 

ground and be located a minimum of 100mm in front of the tire tread. Also the tube opening will 

be located 100mm above the asphalt, the same distance that is used in the CPX-method. The 

location of these positions was used as a starting point in the planning of the setup since the 

CPX-method setup is the reference setup. 

 

The positioning of the microphones can be seen in the figure 3 and in table format in table 1, 

where h denotes the height of the microphone of the ground.  
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3.3 First draft of measurement setup and implementation 
 

The new measurement setup is designed and tested. A plan of how, where and what resources 

needed to measure the sound from the tire in an efficient and easy way was though out. Also the 

components that are part of the measurement setup were designed to satisfy the demands of the 

measurement. Figure 3 shows the planned measurement setup. Below follows a description of 

how the design of the measurement setup was planned to be done. 

 

Through discussions and joint evaluation with the staff at Ramböll an iteration of the plan was 

produced and implemented. This iteration of the plan can be seen in the section after the 

description of the first plan. The plan was to measure sound coming from the tire with the aid of 

a tube as can be seen in figure 6. The tube had to go from outside the car to the inside and had to 

be well isolated from other sound sources such as wind induced noise and debris hitting the tube. 

The microphone was planned to be mounted inside a box inside the car for protection and easy 

access to the microphone. The inside of the box had to be wrapped with a sound absorbing 

material in order the eliminate standing wave patterns inside the box which probably would 

result in different sound pressure levels at different positions of the microphone inside the box.  

 

 

 

A description of how the setup was planned to be setup in detail follows: 

A tube is mounted in front of the rear wheel of the vehicle. The tube opening is in the shape of a 

horn to get more of the sound pressure inside the tube bringing the sound/noise ratio up. The 

horn also has the advantage of bringing in more noise creating a mean of a bigger part of the 

tire/road-noise. This lowers the risk of measuring an unrepresentative sound of the tire/road- 

noise for example getting an unusual peak in some frequency range. The tube transports the 

plane wave without energy loss to the microphone mounted inside an isolated box inside the 

Figure 6, Basic setup plan 
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vehicle. Sound pressure in the frequency and in the time plane is recorded and saved in 

computers onboard the vehicle. 

A plan of how to build the setup- ,the suggested material needed  and how to perform the 

measurements can be found in the Appendix A 2. 
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4. The Tube-CPX setup 
 

As mentioned in chapter 3.3, through discussions with staff at Ramböll the measurement plan 

and design of the measurement system were changed. The new plan and measurements that were 

actually performed were simplified. The construction of a box that would enclose the 

microphone was deemed unnecessary. The box was originally thought to cancel reflecting sound 

waves. With the new measurement setup as can be seen in figure 7 below, mounting the 

microphone inside a tube, reflecting sound waves would not be an issue. As long as the 

microphone was positioned at a distance of 2 times the diameter of the tube from the end of the 

tube. Because of the mounting of the microphone inside a tube this measurement setup will be 

called the Tube-CPX setup/method.  

 

 
The horn is constructed to collect more sound coming from the tire. In doing that the positioning 

of the pipe becomes less sensitive to movement when measuring.  

The inner diameter of the end of the pipe has to have to a maximum diameter of 40mm. This is 

due to the frequency range of interest. The upper frequency of the plane wave propagating in a 

pipe is given by the formula  4F��<G = �,,
0H=I<�<G. Inserting 40mm in the formula gives the upper 

frequency 5000Hz which is above the highest frequency of interest in this measurement. 

Figure 7, Basic setup plan of the measurement setup built 
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When putting the microphone inside the sound absorption material is has to be done with the aim 

to stabilize the microphone in its position. It should be inserted in the material so that only the 

upper top is visible in the pipe. The material and the microphone should be in the same plane and 

the top of the microphone should not be sticking out of the material. This is done so that the 

effect of the microphone itself on the sound waves coming towards it is minimized. 

The microphone used was a ICP 1/2" pre-polarized condenser microphone with built-in 

preamplifier. The manufacturer is BSWA and the product name is MPA206 and has the serial 

number 42035.  
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4.1 Building the setup 
 

The tube was built using hard plastic material and the horn was produced in fiberglass. The 

outside of the tube and the horn was covered in soft bitumen-impregnated cardboard and on top 

of that it was wrapped in thick tape.  

The microphone was inserted in absorbing material inside the tube to prevent vibrations going to 

the microphone and also to stabilize its position. Below in figure 8 is a picture of the tube and 

horn with the microphone mounted inside. The similarity to the setup plan is clear when 

comparing figure 8 with figure 7. 

The tube was suspended with the aid of a steel rack with rubber cushioning between tube and 

steel rack to prevent structural borne vibrations which can be seen on top of the tube in figure 8.   

 

 

The program SpectraPLUS was used to record the sound pressure levels. They were recorded in 

1/3-octave band levels with a sampling rate of 12000 and in the frequency range 100Hz-5625Hz. 

Figure 8 Measurement tube  with microphone mounted inside. 
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Figure 9  pictures of measurement tube and horn installed under the vehicle and picture of the measurement vehicle 

The measurement vehicle on which the tube was installed was a light truck Chevrolet G2500 van 

Cg21 with a 5,7 liter V8 engine and a gross weight of  approximately 3500kg. The weight 

distribution was 1800kg on the rear tires and 1700kg on the front tires according to registration 

documents. The tire towards which the measurement tube was directed was a Michelin Agilis 

tire with the dimensions 225/75R16C and a inflation pressure of 3,5bar. The suspension of the 

measurement tube under the measurement vehicle and the measurement vehicle itself can be 

seen in the figure 9 below. 
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4.2 Performing measurements 
 

Measurements essential to give some relation of the Tube-CPX measurement to the sound 

pressure level at the side of the road which is most important were performed. In order to get a 

sense of how reliable the results of the pass-by level measurements are, a comparison of the 

measurements performed in this thesis are compared to measurements performed by the National 

Cooperative Highway Research Program (NCHRP). Comparing standard deviation and offset 

between CPX and pass-by measurements will show that the data is reliable and could be 

reproduced. Because the measurement method in this thesis is new it is also interesting to 

compare SPL´s measured with the more widely accepted CPX-method measurement SPL´s. 

The pass-by measurements performed in this thesis were done with a sound level meter that was 

handheld at the side of the road and at a height of approximately 1,2m. Measurement were done 

to be similar to the controlled pass-by method which is specified in the French standard (NF S 

31-119-2) [7]. The measurement vehicle was measuring CPX sound pressure levels with the 

Tube-CPX setup at the same time as pass-by measurements were performed. The vehicle was 

held at a constant speed with the gear engaged and with the engine running. The average 

measurement time of these measurements was 16 seconds and the distance of the measurements 

were approximately 200 meters. A minimum of 3 measurements at the side of the road at speeds 

30-70 kilometers per hour with 10 kilometers per hour steps were performed. The environmental 

parameters were equal in all measurements. 

The maximum a-weighted noise level was noted for each measurement. The measurement results 

of the pass-by measurements performed as a part of this thesis were plotted in relation to the total 

sound pressure level measured with the Tube-CPX method. The results can be seen in figure 10. 

Additional information about what how many Tube-CPX measurements were performed and at 

what speed they were performed can be seen in table 4 in appendix A6. The MATLAB 

calculations used to extract the data from the measurements can be seen in appendix A3. 

Measurements of the pass-by levels in the NCHRP report were measured in accordance to 

“Measurement of Highway-Related Noise”, U.S. Department of Transportation Report [10] 

procedures. These procedures are similar to the procedures used for measuring the pass-by-levels 

in this thesis. The pass-by and CPX -levels found in the NCHRP report are plotted in relation to 

each other. The results of the measurements performed as a part of the NCHRP and plotted in 

figure 11 were done at 35-60 miles per hour and at five different measurement sites and for two 

different tires. Most measurements were performed at 35,45 and 60 miles per hour. The exact 

speeds at which the measurements were performed can be found in appendix A4. In the appendix 

A4 figure 32 and 33 a picture of the National Center for Asphalt Technology-(NCAT) CPX 

trailer and a picture of the measurement of the pass-by SPL´s can also be found.  
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Measurements of the CPX  SPL´s  in the NCHRP report were measured using a closed trailer 

that can be seen in figure 32 in appendix A4. Two microphones were used in the trailer, 

positioning of the ,microphones were done in accordance to the pre-draft ISO 11819-2 standard.  

The positioning was the same as the rear and front "mandatory" positions seen in chapter 1.4.1 

figure 3. Two Free-field ICP microphones each fitted with a spherical foam windscreen were 

pointed toward the center of the tire contact patch. Signals from the microphones were processed 

with the aid of a PCB Model 480E09 signal conditioners and a Larson Davis 2900 dual-channel 

real time analyzer. The sound pressure levels for the front and rear microphones were averaged 

to yield a single spectrum. Three runs for each condition were acquired and used for the average 

SPL´s. 

In  addition to sound measurements, road texture measurements were performed. As a 

compliment to the road texture measurements already being performed by Ramböll RST, they 

wanted to test the implementation of the Tube-CPX measurement setup in combination with 

texture measurements.  

The textured measurements were performed with the aid of laser-rays directed towards the road 

measuring the reflection from the street. The measurement data collected and of interest were the 

raw data of the laser showing the length from the laser beam to the road, macro texture showing 

information about the road in the order of magnitude 1-100mm and also mega texture data 

showing the order of magnitude 50-500mm.[11]. As road texture measurements were performed 

a camera mounted on the roof of the measurement vehicle was taking pictures of the road ahead. 

This is used to further analyze the measurement results. The pictures taken might be able to 

explain a peak in SPL at a certain time in the measurements. The peak in SPL can for example be 

caused by a street gully or a car passing the measurement vehicle, this can be seen in the pictures 

taken. 

Roads measured were road patches in Malmö city, Sweden. A list of the roads measured on can 

be found in the table 2, appendix 2.3. These road patches had varying pavement ages, 

smoothness, wheel tracks and speed limits. Therefore measurements were performed with 

varying parameters of roads and at different speeds. The speed was also varying because of 

traffic at the time of measurements.  

The road patches selected to performed measurements on were picked because data from 

previous measurements performed by the Swedish construction company SKANSKA was 

available. The measurements performed by SKANSKA were done with an open CPX-trailer in 

the year 2010. Signals were registered with the aid of a Müller BBM PAK MKII system .The 

speed of the measurements performed by SKANSKA is unknown on all road patches except at 

the road patch on Trelleborgsvägen. Because of the lack of information on the speed of the 

measurements, environmental conditions, tires used etc.of SKANSKA measurements a direct 

comparison between the result from measurements performed with the Tube-CPX setup and the 
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results from SKANSKA measurements is not possible. The result of the SKANSKA 

measurement can however give an indication of how noisy the road patches are. A rough 

comparison to see if results from Tube-CPX measurements are of approximately the same 

magnitude can be done. 

More information about the measurements performed by SKANSKA and a comparison of sound 

pressure levels of the SKANSKA-CPX measurements and the Tube-CPX measurements can be 

found in the appendix A.1.  

4.2.1 Measurement conditions 
 
As there was no equipment or personnel to count the number of vehicles or at what speed they 

were travelling the traffic conditions cannot be determined. A rough estimate from visual 

observations is that the traffic was light with some measurements performed with no other 

vehicles in vicinity. The air temperature was  5°C. Air humidity was not measured.  Air pressure 

was between 999hPa  and 1004hPa. Wind speed was not measured. 

The road was dry at the time of measurement and since most measurements were performed in 

light/no sunshine the surface temperature in the wheel tracks was approximately equal to the air 

temperature of  5°C. The measurement microphone  was calibrated prior to installation into the 

tube.  
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5. Measurement results 

5.1 Tube-CPX - Pass-by relation 
 

The measurements of the pass-by SPL´s and Tube-CPX measurement SPL´s show good relation 

with a linear increase of SPL when increasing the speed.  

The relation found can be expressed as Lpass-by= LTube-CPX-28,7±0,9 dB(A).  

A r
2 

value of 0,964 shows that measurement conditions were constant throughout the 

measurement and it is higher than r
2
 values found in other literature [12] where r

2
 was 0,89.  

R
2
 is a regression coefficient that will give information about the goodness of fit of a model. The 

r
2
 coefficient of determination is a statistical measure of how well the regression line 

approximates the real data points. An r
2
 of 1,0 indicates that the regression line perfectly fits the 

data.  

The average offset between pass-by and Tube-CPX measurements is 28,7dB(A).This offset is a 

bit higher than the offset normally found in literature comparing CPX with pass-by measurement 

data [12] where the offset ranges from 20dB(A) to 23dB(A). The offset is about 6,3dB(A) higher 

than the offset measured in the NCHRP-report.  

The standard deviation of the data points from the Lpass-by= LTube-CPX-28,7  line of the data is 

0,89dB(A) and the average deviation is 0,67dB(A). 

The Average deviation is defined as 
�
.∑|K − K̅| ,it gives the average value for data points  

absolute deviation from the mean value of all the data points. It is a measurement for the 

variability of a set of data. 

The clusters of measurement points are measured at the same speed. There are five clusters of 

measurement points. The five different speeds are 30-70km/h with a 10km/h separation. Pass-by 

measurements have larger deviation than the Tube-CPX measurements. The SPL´s in the x-axis 

direction/the Tube-CPX SPL´s are more constant than the  y-axis/Pass-by SPL´s.  

The repeatability of the Tube-CPX measurement is good. As long as the speed is constant no big 

changes in the SPL of the Tube-CPX measurements occur. For example at 30km/h there are 4 

measurement points and the highest SPL of the four points is 102,9dB(A) and the lowest is 102,3 

dB(A). 

The average deviation of all the measurements is  in line with results from other reports and 

1,1dB lower than in the plot (figure 11) from the NCHRP-report. The SPL´s of pass-by-

measurements in this thesis are about 10dB higher than the SPL´s of the pass-by-measurements 

in the NCHRP-report at the about the same speed. 
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Tube-CPX-SPL´s are about 15 dB higher than CPX-SPL´s of the NCHRP-report at 

approximately the same speed. This is not surprising as the Tube-CPX setup is measuring SPL at 

the contact patch in front of the tire in the direction of movement as opposed to the SPL 

measured with CPX-method which measures SPL´s at the side of the tire. 

 

The relationship between NCAT-trailer-CPX measurements and pass-by sound pressure levels 

has been measured in the NCHRP report  and result can be found in the  NCHRP report appendix 

B [12]. The plot of CPX SPL´s - Pass-by SPL´s relation measured in the NCHRP can be seen in 

figures 11 and 12. 

The measurement results shown in figure 11 show the relation between pass-by and CPX SPL´s. 

Results shown in figure 11 are results from measurements on five different pavements. Three 

NCAT pavements found at the National Center for Asphalt Technology test track in Auburn are 

similar but the PCC (Portland cement concrete) and NCAT S4 pavements are different.  The 

NCAT S4 pavement is porous and the PCC pavement is concrete. More information about the 

test sites used in the NCHRP can be found in the appendix of the NCHRP [12]. 

 
As can be seen in the figure 11 the results of the measurements performed on PCC pavement  

have a lower pass-by SPL compared to the S1,S5 and W3 -NCAT pavements for the same CPX 

SPL´s. The measurements performed on the NCAT S4 pavement  have a higher pass-by SPL 

compared to the other three NCAT pavements for the same CPX SPL´s. This results in the lower 

r
2
 value of the results in figure 11 compared to the r

2 
value of data in figure 12. 

 

Figure 12 show the same results as figure 11 but with the PCC pavement and the S4 NCAT 

pavement results excluded. The similarities of the pavements in figure 12 results in a high r
2
 

value of 0,94. This r
2
 value is very similar to the r

2 
value of the measurements results performed 

with the Tube-CPX setup. This indicates that the pavements measured on with the Tube-CPX 

setup were similar and this is in line with expectations as the measurements were actually 

performed on normal Swedish roads with age and wear being similar on the roads.  

 

This similarity of roads can also be seen in the measurement results of the frequency spectrum of 

the Tube-CPX measurement further discussed in chapter 5.2. 
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on 5 different pavements 

Figure 10, SPL´s of measurement performed with Tube-CPX-method and Cruise-by SPL´s at 30-70km/h 
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Figure 12, SPL´s of measurements performed with CPX-trailer method and with the pass-by method at 30-60mph  

on 3 different pavements with similar texture 
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5.2 Frequency spectrum of Tube-CPX-measurements 
 

Another interesting result is that of the frequency spectrum of the Tube-CPX measurements. This 

is of interest because of the possibility to tell what noise source/noise generation mechanism is 

the cause of the total sound pressure levels. 

 

In figure 13 you can see the plot of 5 averages of 20 measurements at 5 different speeds. The 

measurement results are from measurements repeatedly performed on one road patch. The plot 

shows a main peak in the 1/3-octave frequency bands with a mid-frequency of 1250Hz and 

1600Hz and a small peak at the octave band with mid frequency 500Hz. A linear increase of SPL 

with speed can be observed. This is as expected since measurements are performed in the same 

conditions. 

 

A plot of the CPX measurement results from the NCHRP-report [12] is shown in figure 14. The 

plot shows CPX SPL measurements being conducted on five different pavements at 72km/h . 

The sound pressure levels of these measurements show peak values in the 1/3 octave frequency 

band 1000Hz and 1250Hz, a small peak can also be seen at 500Hz.  

 

The maximum SPL´s of the measurements performed as a part of this thesis at 70km/h are 10-

25dB higher than levels plotted in the NCHRP-report, in figure 14, depending on pavement type. 

This difference in level is as said in chapter 5.1 due to difference in measurement methods. 

The peak is also slightly shifted in the frequency spectrum . The peak is concentrated to the 

1000Hz 1/3-octave band in the NCHRP-report(figure 14) as opposed to the peak in this thesis 

(figure 13) at 1250Hz.  

 

This shift in peak SPL´s between the two measurements is not that surprising since the 

measurement are performed in different conditions. The road and tire is not the same also the 

microphone positioning is different. The reflections occurring from the bottom of the car in the 

Tube-CPX measurement setup also influence at what frequency peak values can be observed. 

Although the conditions are different the comparison gives an indication of how high SPL are 

and around what frequency the peak is usually occurring. An impression of reliability of 

measurement results from the Tube-CPX setup can be established with these results. 

 

The frequency spectrum  of the averaged SPL of 17 measurements performed on roads patches 

of the roads in table 2 appendix A2.3 can be seen in figure 15. Information about how many 

measurements were performed on each road and at what speed they were performed can be seen 

in table 4 in appendix A6.  

 

The average speed of the measurements and which road patch was measured on is stated in the 

legend in the figure 15. The results give further indication of measurement speed and Tube-CPX 
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SPL relation and the stability of measurements in the frequency domain. There is a clear 

resemblance between figure 13 and figure 15. The shape of the frequency spectrum is very 

similar. Also the linear increase in SPL with speed can be seen in figure 15. Increase in speed is 

almost a just a shift in SPL at the same frequencies. The difference of SPL in the octave bands on 

different roads is relatively small apart from the difference that can be derive from the difference 

in speed of the measurements alone. This is a bit surprising as the different asphalt layers of 

different roads usually has bigger impact on SPL´s in the frequency spectrum. 

 

Although the shift in SPL with increased speed is a bit of a surprise a similar pattern can be seen 

in measurements performed in NCHRP and plotted in figure 14. In figure 14 the shift is clear 

between all the pavements except for pavement S4. The shift in the figure 14 have a different 

cause than the cause of shift in SPL´s of figure 13 because here the speed is kept constant. 

Only the pavements is different still the shape of the spectrum remains almost unchanged. 

The one parameter that is kept constant in both figure 13 and figure 14 is the tire used. As the 

pattern in both figures is kept with changing speed and pavements respectively the tire tread 

seems to be very important in determining the shape of the spectrum. 

 

Figure 11 shows the frequency spectrum  of the averaged sound pressure level of all 

measurements performed. The average speed of the measurements on the same road is again 

seen in the legend in the plot. The plot gives a good picture of which octave bands have highest 

peaks regardless of which road measurements are performed. 

 

The shape of the frequency spectrum  of the Tube-CPX setup is  also something that is of 

interest. In figure 17 an average SPL of all measurement performed with the Tube-CPX setup 

has been taken and plotted against frequency. The absolute values of the SPL are not of interest 

since they are results from different pavements and different speed so the SPL´s have been 

scaled down.  

 

The shape of the Tube-CPX spectrum has two peaks one narrow peak and one broader peak. The 

narrow peak is at a lower frequency than the broader peak. The similarities to the frequency 

spectrum of the NCHRP results in figure 14 are clear. Two major peaks can also be seen here. 

 

Also of interest is the frequency spectrum of the measurements performed with the CPX- open 

trailer by Skanska. Another comparison of  Tube-CPX measurement results can be made with 

the help of these figures of the open trailer measurement results. The seven figures 23-30 in 

appendix A1.2 show the frequency spectrum of the measurements performed by Skanska on all 

of the roads measured on with the Tube-CPX setup. The name of the roads N1-N7 is shown in 

table 2 in appendix A2.3.Road named N8 is the same road where pass-by measurements was 

performed. 
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Two main peaks can be observed in the CPX open trailer measurements in similarity to the two 

peaks measured with the Tube-CPX measurements. Comparing the figures 23-30 with figure 15 

shows that open trailer measurement SPL are lower on all roads. Also the variability of the peaks 

in the open trailer measurements is higher. In figure 15 the spectrum is very similar on all roads. 

In the open trailer measurements the peaks are of changing magnitude. The first peak in the 

lower frequency is bigger than the peak higher in frequency on all roads except the N2 road 

measured above 90km//h. This is not the case in the Tube-CPX measurements where the lower 

frequency peak has lower SPL than the peak higher up in frequency.  

So in the open trailer measurement the peak in higher frequency seems to be very speed related. 

This is to easily seen in figure 18/24 where measurement have been performed on the same road 

at varying speeds. At lower speeds the peak in higher frequency is lower than at higher speeds. 

The linear increase in SPL seems to have a steeper slope for the high frequency peak. This can 

also be seen in the result of the Tube-CPX measurements in figure 15. Although in the Tube-

CPX measurements the higher frequency peak is never smaller than the lower frequency peak. 

A conclusion of the results is that the lower frequency peak is more background noise related 

than the higher frequency peak in both open trailer and Tube-CPX measurements. And since the 

measurements with the Tube-CPX setup is directed towards the tire, the bigger high frequency 

peak than the high frequency peak of the open trailer measurement is in line with expectations. 
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Figure 15 Frequency spectrum of seven different road patches at varying speeds 
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Figure 17 Shape of frequency based on average SPL of all measurements performed 

 

 

Figure 18 Frequency spectrum of SKANSKA-CPX open trailer measurements on road N2 
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5.3 Measurement speed - Tube-CPX SPL relation 
 

Another interesting measurement result is how the speed of the measurements affect the SPL´s 

measured with the Tube-CPX setup. In figure 19 the arithmetic mean  speed of twelve 

measurements on roads N1-N7 found in table 3 appendix A2.3 and road N8 is plotted in relation 

to SPL´s measured with the Tube-CPX setup.  

A slow increase of SPL  with increased speed can be observed. The increase in SPL is linear 

with a slope of 0,298. In other literature such as the tire/noise reference book [7] a slope of about 

0,25 for truck tires was measured with the CPX-method. Speed-SPL relation for car tires was 

approximately 0,2 depending on road surface in [7]. The slope of the Tube-CPX SPL - speed 

relation is a bit higher than the slope of the CPX- SPL - speed. The SPL´s of measurements at the 

same speed are almost constant for example the for measurements measured SPL´s around 

30km/h and 50km/h have a deviation of only  ≈ 2dB. 
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5.4 Tube-CPX - Texture relation 
 

The sound pressure levels found in the figure 20 and 21 were measured on Sorgenfrivägen in 

Malmö, Sweden (see map in Appendix A 2.3) at an average speed of 31km/h and the 

measurement duration was 32 seconds. 

 

The figures 20 and 21 show  the sound pressure level in real time in the 1st subplot from above, 

the raw data from the laser the 2nd subplot from above, the Macro texture MPD data  at a 

wavelength of 1-100mm in the 3rd subplot from above and in the last subplot from above the 

Mega texture MPD data at a wavelength of 50-500mm is shown. The MPD values are given in 

[mm]. The figures 20 and 21 plotted in relation to distance measured instead of time can be seen 

in appendix A5. 

 

In figure 20 MPD Macrotexture values vary between 0,25 and 2,2 mm. MPD Megatexture values 

vary between 0,05 and 1,3 mm. As Megatexture has a lower resolution of the road the values are 

as expected to be smaller and more constant than Macrotexture values. At 13-15 seconds into the 

measurements a large peak can be seen. This peak can be traced to overload in measurements. 

The cause for the overload is unknown. The sound pressure levels measured are varying between 

78 and 87 dB. 

 

Figure 21 shows a magnification of all four subplots of  the peak in sound pressure level at 22 

seconds. Since the relationship between the texture data and sound pressure level is of greatest 

interest at sudden changes in sound pressure level as mentioned before, this peak was chosen to 

be further investigated 

 

At the 22 second mark all four subplots show a sudden increase in SPL and MPD. The increase 

in the sound pressure level is approximately 4dB over a period of 0,35 seconds. This is a big 

increase in SPL and therefore of interest to investigate the cause for it. The increase in 

Macrotexture MPD is 0,5mm from 0,42 to 0,92mm or 54% in the same period of time. The 

increase in Megatexture is 0,22mm from 0,16 to 0,38mm or 58% in the same period of time. 

 

As is shown in figure 20 there are additional peaks in sound pressure level for example at the 

28,5 second mark where the increase is about 6dB over a period of 0,7seconds. This peak in 

sound pressure in contrast to the peak at 22 seconds only shows increase in the raw data of the 

laser. This peak is very large, there is also a large increase in raw data of laser suggesting that the 

increase is due to road damage rather than change in road texture. The increase in SPL can also 

be due to low frequency disturbances. Running the sound pressure data through a high pass band 

filter would eliminate the unwanted low frequency influence and the peak that could occur as a 

result of this.  
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 Figure 20, Comparison of texture measurements and tube-CPX measurements 0-32seconds 

Figure 21, Comparison of texture measurements and tube-CPX measurements 20-25seconds 
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6. Discussion/Analysis 
 

The relation between pass by measurements and the Tube-CPX method shows relatively good 

resemblance with results from other measurement reports. From these measurement results the 

first step of validating the Tube-CPX method as a possible CPX- measurement method for 

tire/road noise has been shown. The biggest difference was the fact that the offset between pass 

by and CPX sound pressure levels was about 6,3 dB higher compared to the normal range of 

offset. This offset could be due to the fact that horn of the tube collects more sound waves going 

into the microphone. The horn is  amplifying the wave amplitudes as the horn decreases in its 

dimensions to the dimension of the tube.  

 

The fact that the Tube is directed towards the face of the tire is a likely cause for increased 

SPL´s. The space between the tire and the road amplifies the sound pressure levels as it acts like 

a horn. This amplification of sound pressure between the impact point and the road in front of the 

tire in the direction of travel is called "the horn effect" and is one of the largest contributing 

mechanisms for the creation of tire/road noise. The positioning of microphones is different from 

positioning in the  CPX-method where microphones are directed towards the sidewall of the tire. 

 

Another possible explanation for the high offset is that the noise from the power unit of the 

vehicle might be picked up by the microphone in the tube. In this case the vehicle had a very 

powerful engine with a big piston displacement of 5,7liters and a power output of 245 

horsepower. The powerful engine in combination with the exhaust pipes (see figure 9) being 

close to the CPX tube would probably influence the sound pressure level measured.  

 

Performing the pass-by and Tube- CPX measurements simultaneously gives the possibility both 

to rate the absolute values of the CPX measurements with the more important sound pressure 

levels at the side of the road and also to compare the results with other measurements performed 

in a similar way. The drawback of this measurement is the lack of environmental data such as 

wind speed measurement and humidity. Also the lack of measurement of  traffic conditions  

makes the repeatability of measurement hard and also makes the accuracy of the data worse. 

Performing a lot of measurement and averaging results of measurements has been done in this 

thesis and it  is a method to counteract the lack of accuracy in measurements. 

 

The frequency spectrum of the Tube-CPX measurements also show good resemblance to 

measurements performed  in other reports. Both measurements of the Tube-CPX method and the 

CPX-method used in the NCHRP-report have a small peak in the 500Hz 1/3-octave band. 

The main difference of the two measurement results is the peak in the 1000Hz 1/3-octave band 

which is not present in the Tube-CPX results. The peak in sound pressure level in this plot is 

slightly shifted up from the 1000Hz band to the 1250Hz band. The peak in the Tube-CPX 

measurements is also broader than the peak in the CPX-method.  
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Both 1250Hz and 1600Hz bands show high sound pressure levels where the peak in the CPX 

method is more concentrated to the 1000Hz-band. This broadness of the peak could be a result of 

difference in the "aggressiveness" of the tread pattern of the tire [7].  Having an aggressive tread 

pattern means the cavities in the tire tread are deep and therefore show high sound pressure 

levels at its pattern repeat frequency.  

 

The shift of the peak sound pressure level in frequency can be explained by both the difference 

in tire pattern of  the tires used in the measurements and the texture of the surfaces in the 

different measurements. The sound pressure levels in the frequency spectrum show  no 

unexpected values. In comparison to other tire/road noise measurement frequency spectrums the 

results are similar with a clear peak in the range 1000-1600Hz and with a sharp fall of sound 

pressure levels  in the higher frequency bands.  

 

Speed - tire/road noise relation is of interest to see how the noise level increases with increasing 

measurement speed. With the Tube-CPX setup the SPL´s measured increase linearly with a slope 

of 0,3. This shows that there is no abnormalities in the relation of measurement speed and SPL´s 

performed with the Tube-CPX method. 

 

A fear of a possible weakness of this setup was that at certain speeds sound pressure would be 

abnormally high or low. These abnormalities would then have to be investigated and the cause 

for abnormalities would have to be found. Wind, engine, gearbox -structure borne resonance are 

phenomena that change with speed. From looking at the speed-noise relation no abnormal SPL 

can be found. This shows that the measurement method does not suffer from the problem of 

speed varying structure borne resonances influencing the SPL´s. A comparison to other studies 

made on the same topic show that the results are in line with the other reports. Slopes of other 

reports are between 0,2 and 0,25 [7] depending on road surface and test tire. 

 

The relation between texture and sound pressure levels is something that is essential in the effort 

of trying to build a model that can calculate the resulting sound pressure levels from the texture 

data. Relating MPD of the Macrotexture and Megatexture as well as the raw Laser data with the 

sound pressure levels is hard to do with great accuracy.  

 

The measurement results shown in the figures 20 and 21 only show sound pressure levels and not 

the frequency spectrum. Having plots of the frequency spectrum would give better chance of 

relating the MPD and laser data to sound pressure level in what frequency are affected.  

The results shown only give an indication of how the texture is effecting the  sound pressure 

levels. It gives a rough idea of where to look for relations of the textures and the sound pressure.  
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As can be seen the peaks in sound pressure can be picked out which is a good first step in 

determining how much of the tire/road noise and how the different wavelengths of the texture 

influence the sound pressure levels.  

In the sound pressure peak picked out in figure 21 there are clear peaks in Megatexture MPD, 

Macrotexture MPD and laser measurements. So this implies that in this peak in sound pressure 

there will most probably exist increased levels in both the low and high frequency spectrum. For 

this to be proven the data of the peak needs to be analyzed in the frequency spectrum.   

 

 

7. Conclusions 
 

As a first step in approving a new, cheaper and  more time efficient CPX-measurement method 

this investigation  gives positive indications for future implementation of the Tube-CPX setup. 

Measurements show promising  results as they show close similarity to measurements performed 

with the CPX method both looking in the frequency spectrum as well as in analyzing sound 

pressure levels. 

 

The comprehension of measurement results in terms of what sound pressure levels is a result of 

what noise source is still unclear. Further investigations of this would have to be performed.  

 

A possibility would be using experiments in lab environment with the Tube -CPX setup in place. 

In laboratory environment the ability to control the noise sources would be larger. This would 

enable the exclusion of noise sources one at a time. For example measuring on road drum with a 

tire rolling on it and measuring it with the Tube-CPX setup would exclude the power unit noise 

from the measurement vehicle giving results where the noise source is easier to derive. 

 

A relation between the absolute values in SPL and roadside measurements has also been found. 

The results of the relation is also just a first step. Future work would have to be performed in this 

part of the validation of the Tube-CPX setup as well. 

Some shortcoming in the measurement of environmental data such as wind speed makes the 

measurement data by the side of the road more unreliable. The use of a standardized method 

such as the statistical pass-by method would preferably also be performed so that the data could 

be reproduced by other persons interested in the Tube-CPX measurement method. 

 

The measurements of the road texture and the sound pressure levels shows some indication of a 

relation. Yet this relation is a long way from the data needed to build a model of road texture 

data calculating the resulting sound pressure which was the aim. Being able to build a model 
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requires a large quantity of measurements and also a more controlled measurement conditions. 

Also a spectral analysis would have to be performed. 

 

The fact that the measurement equipment used in the Tube-CPX setup  is compact in size and 

inexpensive to produce gives the method further positive outlook for future implementation. 

Because of the small size of the tube the installation of it on smaller vehicles is also possible. 

 

7.1 Future work 
 

The optimal solution would be having a   CPX-trailer towed behind the car measuring SPL at the 

same time as measurements are being performed on the rear wheel of the car with the Tube-CPX 

setup. You could then compare SPL´s and hopefully be able to calculate a correction factor for 

the measurement method used measuring on the wheel. Using the CPX-trailer measurement as a 

reference since it is proven to have good relationship with SPB methods. 

Another suggestion for future work and for which time was not enough in this thesis is the 

measurement of the attenuation at the distance between the tube entrance and the microphone 

inside the tube. This could be done using a reference sound source for which the sound power 

level  is known. Sound pressure level measurements would then be performed with the reference 

source in the same distance as the tire/road impact was in relation to the tube entrance. With the 

aid of the formula: 
p wL L K= +  (Lp= Sound pressure level, Lw=Sound power level and 

K=Correction factor) the correction factor for the tube could be calculated. This would enable a 

sound power level measurement for the tire/road-noise with the Tube-CPX setup, which is 

independent of the environment of the tire/road noise. The sound power levels could also be 

compared with sound intensity measurement results of tire/road noise.  
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9. APPENDIX 

 

A1. Measurement results of SKANSKA-CPX measurements 
 

A 1.1 SKANSKA-CPX and Tube-CPX relation 
 

The comparison between open trailer CPX measurements performed by SKANSKA and the 

Tube-CPX measurements can be seen in the figure 22 below. Averages of measurement data on 

four different road patches was compared. The average offset between SKANSKA and tube 

measurements was 12,6 dB(A). The results of this comparison are to a high degree uncertain. 

The uncertainty of the results is due to the fact that the data is based on averages and the number 

of measurement is relatively small. Another reason for uncertainty of the relation between the 

data is the fact that the speed of the measurements as well as environmental factors is not known 

for the SKANSKA measurements. 
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Figure 22, relationship between SKANSKA- and tube-CPX measurements 
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A 1.2 SKANSKA-CPX frequency spectrum 
 

The figures 23-30 show the frequency spectrum of the measurements performed with an open 

trailer by Skanska. The figures show the frequency spectrum of all the roads that have been 

measured on with the Tube-CPX setup. As said in chapter 5.2The figures gives the possibility to 

further compare the results of the Tube-CPX setup.  

Ystadsvägen N5 was measured at 70km/h, Södra vägen N3 was measured at 50km/h and 

Munkhättegatan N7 was measured at 50km/h by Skanska. 

 

 

 

 

 

 

 

 

 

Figure 23 Frequency spectrum of SKANSKA-CPX open trailer measurements on road N1 
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Figure 24 Frequency spectrum of SKANSKA-CPX open trailer measurements on road N2 

 

 

 

 

Figure 25 Frequency spectrum of SKANSKA-CPX open trailer measurements on road N3 
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Figure 26 Frequency spectrum of SKANSKA-CPX open trailer measurements on road N4 

 

 

 

 

Figure 27 Frequency spectrum of SKANSKA-CPX open trailer measurements on road N5 

65,0

70,0

75,0

80,0

85,0

90,0

95,0

0,0 2000,0 4000,0 6000,0

Ljudspektrum Sorgenfrivägen

Mot Nobelvägen

Mot Östra Farmvägen

70,0

75,0

80,0

85,0

90,0

95,0

100,0

0,0 2000,0 4000,0 6000,0

Lp
(d

B
(A

))

Ljudspektrum Ystadvägen

Mot Tpl Hindby

Mot Cypressvägen



45 

 

 

Figure 28 Frequency spectrum of SKANSKA-CPX open trailer measurements on road N6 

 

 

 

 

Figure 29 Frequency spectrum of SKANSKA-CPX open trailer measurements on road N7 
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A2. First draft of measurement setup 

A 2.1 Plan for building the setup 
 

First of all you need to bore a hole in the wheel housing the size (diameter= 50mm +10mm 

absorbing/protective material) of the tube being installed. This hole has to go straight through 

wheel housing into the floor of the interior of the vehicle. Then a box will have to be built. This 

box can for example be built with plywood material (10mm thick) and with some kind of 

absorbing material mounted with glue to the outside of the box. For example soft foam material 

can be used. A hole has to be bored through the box with the same size as the hole going through 

the wheel house and the floor of the interior of the car. Small holes are bored to get the cables 

from the 0,5” microphone to the computer outside the box. The tube has to be constructed to 

have the length of the distance between 100mm from ground to the box inside the car. The tube 

has to be wrapped in some protective material perhaps the same material that is used on the 

outside of the box can be used.  The next step is to try to push to tube made in hard plastic 

material from the wheel housing to the inside of the box. A horn ending to the tube is optionally 

constructed. A reference tire is mounted to the wheel measured. 

A 2.2 Suggested material needed 
 

Plywood boards (≈10mm thick) 

Soft foam (≈10mm thick) 

Round plastic tube(d=0,05m) 

Microphone for example Brüel & Kjaer 4953 ½'' Pressure-field Microphone, Prepolarized, 50 

mV/Pa, 3 Hz-10 kHz 

Stand for microphone 

Computer with SpectraPLUS or similar program installed 

Reference tire 

Speedometer 

Rpm meter 

Thermometer 

Barometer 
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A 2.3 Plan for performing measurements 
 

Measurements are performed with one person driving and measuring. The driver can push the 

record button when driving off and stopping measurements when the vehicle is stopped. 

Measurements will preferably be performed on a 4km road patch on the regional road 101. It has 

a 2-5 year old asphalt pavement, 3km of road with speed limit 80km/h and 1km of road with 

speed limit 60km/h, a wheel-track of between 0-5,9mm and smoothness of 0-0,199mm/m  (data 

from GIS [13] between points 597 and 616). The speed will be constant at 80km/h and 50km/h, 

measurements will be performed until enough measurement data is gathered to calculate a good 

mean value for the different speeds. “Depending on speed limitations measurements are made at 

a constant speed of 50 km/h or 80 km/h. Normally, measurements are not performed at other 

speeds. In this way the option of comparison with other road sections is preserved.” [2]. 

 

 

Below is a picture of the roads measured and a table showing the name of the roads marked in 

the map.  

 

 

Figure 30, map of roads measured on in Malmö, Sweden  
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Table 2, road names: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

N1 Eriksfältsgatan 

N2 Trelleborgsvägen 

N3 Södra Bulltoftavägen 

N4 Sorgenfrivägen 

N5 Ystadsvägen 

N6 Stadiongatan 

N7 Munkhättegatan 
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A3. Calculations in MATLAB 
 

Matlab code for getting sound pressure values from wavefiles, plotting SPL and 

MPD,calculating the average speed of the measurement and determine total texture measurement 

time is found below. 

 

% To import data and then convert to dB scale 

clc 

clear all 

fs=12000; 

dt=1/fs; 

T=32.65; %has to be changed to the duration of the wavefile 

y=wavread('n4')';   %channel 1 only 

AT=xlsread('n4.xlsx','B:B'); 

v=AT(100:100:length(AT)); 

averagespeed=mean(10./(v(1:length(v)))); 

str=['Average speed of texture measurement: ', num2str(averagespeed), ' [m/s]']; 

disp(str) 

totaltime=sum(v(1:length(v)))+ AT(length(AT)); 

str2=['Total texture measurement time: ', num2str(totaltime), ' [s]']; 

disp(str2) 

% To get rms value with averaging time of about 20 ms. 

% (averaging length=k*dt); 

k=600;  % Number of samples to be averaged 

sk=sqrt(k); 

n=round(length(y)/k-0.5); 

for nn=1:n 
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    yy(nn)=norm(y((nn-1)*k+1:nn*k))/sk; 

end 

yy2=20*log10(yy)+120;    % Sound pressure level 

dt2=k*dt; 

tt=[dt2/2:dt2:T-dt2/2]-0.5; 

%tt=[dt2/2:dt2:length(yy2)]; 

 

distance=xlsread('n4 megatextur.xlsx','A:A'); 

distancelaser=xlsread('n4 laser.xlsx','A:A'); 

Laser=xlsread('n4 laser.xlsx','E:E'); 

MPD=xlsread('n4.xlsx','E:E'); 

Megatexture=xlsread('n4 megatextur.xlsx','E:E'); 

 

subplot(4,1,1), plot(tt,smooth(yy2, 5, 'moving')); 

axis([0 32 75 90]) 

xlabel('Time, [s]'); 

ylabel('Sound Pressure Level, [dB]'); 

grid 

subplot(4,1,2), plot(distancelaser./averagespeed,smooth(Laser, 5, 'moving')) 

axis([0 32 -30 -10]) 

xlabel('Time, [s]'); 

ylabel('Laser'); 

grid 

subplot(4,1,3), plot(distance./averagespeed,smooth(MPD, 5, 'moving')) 

axis([0 32 0 1.5]) 
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xlabel('Time, [s]'); 

ylabel('MPD'); 

grid 

subplot(4,1,4), plot(distance./averagespeed,smooth(Megatexture, 5, 'moving')) 

axis([0 32 0 1.5]) 

xlabel('Time, [s]'); 

ylabel('Megatexture'); 

grid 
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A4. Additional information about measurement performed by the NCHRP 
 

Table 3,Test Surfaces and Test Speeds Designation Description Test Speeds (mph)  

 

 

 

 

This is the trailer that was used performing the CPX measurements in the NCHRP. It shows the 

absorption material fitted to the inside of the trailer as well as microphone positioning. 

Figure 32, the CPX-trailer used in the NCHRP measurements 
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The picture above shows the microphone positioning in relation to the road as well as the height 

of the microphone of the ground. Similar microphone position was used in the measurements 

performed as a part of this thesis. 

 

 

 

 

Figure 33, Setup for pass-by measurements performed by the NCHRP 
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A5. Measurement results of Texture - Tube-CPX relation 

As requested by Ramböll RST in figure 13 and figure 14 the measurement results are plotted in 

the distance domain instead of in the time domain. 

 

 

 

 

 

 

 

 

 

Figure 34, Comparison of texture measurements and Tube-CPX measurements 0-280  meters 
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Figure 35, Comparison of texture measurements and Tube-CPX measurements 175-220 meters 
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A6. Additional information about measurement performed with Tube-CPX setup 
 

In the table below data of the measurement speed, distance of the measurements, total SPL and 

on which road measurements were performed can be found.  The road  names can be found in 

appendix A2.3 table 3.The measurement data below only show measurements where this 

measurement data could be extracted. The road where pass-by measurement were performed is 

denoted N8 in previous chapters and in the table 4 below. 

The speed and distance data was extracted from the laser texture measurement system.  A larger 

number of measurements were performed but some of the measurement data files were corrupted 

because of the high speed of measurements which could not be well handled by the laser 

measurement system. Although laser measurement data was corrupted in all measurements the 

sound pressure measurement data could still be use for spectral analysis for example. 

 

 

Table 4, measurement speed, distance and SPL of the Tube-CPX measurements 

 

Road name Average speed of 

measurements 

Measurement distance Measured  total SPL 

N1 48,6km/h 98,7m 105,9dB(A) 

N1 36,7km/h 342,7m 103,4dB(A) 

N1 40,5km/h 279,9m 105,2dB(A) 

N2 86.1km/h 1668,6m 118,5dB(A) 

N3 30,4km/h 553,7m 101,6dB(A) 

N4 31,3km/h 281,9m 101,9dB(A) 

N5 49,6km/h 170,3m 109,1dB(A) 

N5 59,8km/h 269,1m 112,9 dB(A) 

N6 46,7km/h 454,3m 108,2 dB(A) 

N6 51,0km/h 387,1m 109,6 dB(A) 
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N6 48,9km/h 413,7m 109,7 dB(A) 

N7 32,2km/h 498,3m 100,9 dB(A) 

N7 32,5km/h 464,8m 101,7 dB(A) 

N7 31,3km/h 478,9m 100,7 dB(A) 

N8 31,5km/h 135,1m 102.3dB(A) 

N8 31,4km/h 202,2m 102,4dB(A) 

N8 31,2km/h 201,5m 102,6dB(A) 

N8 32,1km/h 202,1m 102,9dB(A) 

N8 31,9km/h 200,0m 102,8dB(A) 

N8 40,1km/h 207,2m 105,9dB(A) 

N8 41,8km/h 201,1m 106,5dB(A) 

N8 38,4km/h 202,3m 106,5dB(A) 

N8 40,1km/h 200,5m 105,6dB(A) 

N8 51,1km/h 202,9m 109,8dB(A) 

N8 49,8km/h 205,0m 109,5dB(A) 

N8 47,4km/h 236,8m 108,6dB(A) 

N8 50,8km/h 207,0m 109,9dB(A) 

N8 48,0km/h 241,7m 108,8dB(A) 

N8 60,8km/h 206,8m 112,2dB(A) 

N8 60,6km/h 204,2m 111,9dB(A) 

N8 59,1km/h 205,3m 111,8dB(A) 

N8 70,3km/h 208,1m 114,3dB(A) 

N8 69,0km/h 209,7m 113,9dB(A) 

N8 70,1km/h 210,6m 114,3dB(A) 

 


