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1.   INTRODUCTION 
 
For the HARMONOISE project, or for any traffic noise prediction model, the vehicles must 
be described as individual noise sources having individual characteristics. However, it is 
highly impractical to describe each vehicle as one individual; rather it is usually attempted to 
categorize vehicles into certain groups within which the individual vehicles are assumed to be 
appropriately uniform. The task is then two-fold: 
 
• To determine the suitable vehicle categorization 
• To determine the noise characteristics (sound power level, frequency spectrum, horizontal 

directivity, vertical directivity) for each vehicle category 
 
This report addresses the first of these items, namely the vehicle categorization. 
 
 
 

2.   VEHICLE CATEGORIZATION FOR OTHER PURPOSES 
THAN HARMONOISE 
 
2.1  Some presently used traffic noise prediction models 
 
Table 1 presents a summary of vehicle categories used in some of the major models presently 
in use or under consideration. 
�
The vehicles in the Nord2000 model are divided into the main classes and sub-classes of 
Table 2. However, it is expressed that "it may turn out that it is not necessary to use all the 
subclasses. Until sufficient data have been obtained and analyzed it is recommended to use 
the main categories only." 
 
In the U.S. model "TNM", data collection was made using 11 vehicle categories. These were 
as follows: 
 
0 - Compact Autos   
1 - Standard Autos   
2 - Medium Trucks   
3 - 3 Axle Heavy Trucks   
4 - 4 Axle Heavy Trucks   
5 - 5 Axle Heavy Trucks   
6 - 6 or more Axle Heavy Trucks   
7 - Motorcycles   
8 - 2 Axle Buses   
9 - 3 Axle Buses   
10 - Motor Homes   
11 - Other  
 
Of these, five categories were chosen for the final TNM model (see Table 1), with the 
possibility of also using "user-defined vehicles". 
 



 

 
���������	
�HAR11TR-030108-VTI04�������������	
���

�����	
�����������	�� �����!� ����
������� ����

5

��)����� Summary of vehicle categories used in some of the major models presently in use 
or under consideration. 

 
%����� ����	���	���������
����  ����
NMPB (France & EU) Light vehicles 

Heavy vehicles 
See 2.2 

Nordic (1996) Light vehicles 
Heavy vehicles 

 

Nord2000 Cars 
Dual-axle heavy vehicles 
Multi-axle heavy vehicles 
Motorcycles 
Mopeds 

See Table 2 

RLS90 (Germany) PKW (Light vehicles) 
LKW (Heavy vehicles, > 2.8 ton total weight) 

 

CRTN (U.K.) Light vehicles (= motor cars, motorcycles, mopeds) 
Heavy vehicles (> 1.525 ton unladen) 

 

Dutch method (NL) Motorcycles  
Cars  
Medium vehicles: vans, delivery trucks, all buses  
Heavy vehicles: trucks >2 axles or >2 tyres on any 
axle 

 
 
 
except buses 

STL-86 (Switzerland) Light vehicles 
Heavy vehicles 

 

Citymap & DISIAPYR 
(Italy) 

V1 - autovetture e veicoli commerciali fino a 5 t 
V2 - veicoli commerciali medi, con 2 assi più di 
4 ruote, autobus extraurbani 
V3 - veicoli commerciali medio-pesanti, con 3 o 
più assi e peso totale fino a 10 t 
V4 - veicoli pesanti con più di 3 assi, con 
rimorchi o semirimorchi 
V5 - motocicli 

 

TNM (USA) Automobiles   
Medium Trucks   
Heavy Trucks   
Buses   
Motorcycles     

See text 

TNP-MM, 1997 (India) Cars 
Two-wheelers 
Three-wheelers 
Trucks 

 

ASJ Model (Japan) Passenger cars  
Small-sized vehicles 
Medium-sized vehicles 
Large-sized vehicles 

See text 

 
 
In the Japanese ASJ Model of 1998, road vehicles are classified into four types; large-sized 
vehicles, medium-sized vehicles, small-sized vehicles and passenger cars. A two-type 
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6

classification (heavy vehicles and light vehicles) is also allowed for the sake of convenience 
in actual prediction calculations. 
 
One can notice a trend of more detailed vehicle categorization in later years, such as in the 
recent Nord2000, TNM, DISIAPYR and ASJ models, as opposed to the substantially older 
CRTN, Nordic, RLS90 and NMPB models. This of course reflects the ambition to obtain 
higher and higher accuracies in the predictions along with developments in calculation 
procedures, basic acoustic knowledge. 
�
 
��)���.�� Vehicle categories in the Nord2000 model. 
�
%����
	�������

!
)�
	�����
��

������������� &)/�	�������	�������

�� � �����  
 1a Passenger cars excluding other light 

vehicles 
4 wheels, two axles 

 1b Other light vehicles: cars with trailers or 
caravans, light utility vehicles, minibuses, 
vans, motor homes, recreational and utility 
vehicles 

4 wheels, two axles or 
6 wheels, 3 axles 

.� � �
��0�1�������������	����� 6 wheels, two axles 
 2a City buses 6 wheels, two axles 
 2b Light and medium trucks 4-6 wheels, two axles 
2  %
��0�1�������������	���1)  
 3a Large city buses 8-10 wheels, 3 axles 
 3b Medium trucks 8-10 wheels, 3 axles 
� 3c� Heavy trucks� 4-5 axles 
 3d Very heavy trucks > 6 axles 
3� � %����	�	����  
4� � %������  
1) Trailers, if any, included 

 
�
�
2.2  The EU interim traffic noise prediction model (NMPB) 
 
Of special importance is the traffic noise prediction models used in the Union in the interim 
time period before HARMONOISE is applied. The END directive specifies the French 
NMPB method to be used as a default method. However, member states are also free to use 
their national method that is already in use, if they have such a one. But the NMPB method 
evidently has a special status here. 
 
As already included in Table 1, the NMPB specifies two categories of vehicles: Light vehicles 
(< 3.5 tons) and heavy vehicles (���������	
��To be more precise, the vehicle specification is 
taken from Guide du Bruit. In the latter, it is stated that for an ideal classification the 
following categories should be included:  
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 1. light vehicles (vehicles with gross vehicle mass (GVM) of less than 3,5 tons)  

 2. heavy vehicles with GVM of between 3,5 tons and 12 tons,  

 3. heavy vehicles with GVM of more than 12 tons,  

 4. motorised two-wheeled vehicles  

Since it is difficult to get reliable traffic volume data for this classification, the two categories 
light and heavy vehicles were chosen for NMPB. 
 
Recently, an EU project has been conducted to compare the NMPB method with some of the 
members states’ own models, and also to make some recommendations with respect to the 
interim use of the NMPB model [AR-INTERIM-CM, 2003]. 
�
�
2.3  Standards and certain projects 
 
In the ISO standard 11819-1, which is intended for measurement of noise characteristics of 
road surfaces, vehicles are categorized as follows:  

• Category 1: Cars 

• Category 2a: Dual-axle heavy vehicles 

• Category 2b: Multi-axle heavy vehicles 

In Germany, a modification to the above is used, namely 2a consists of 2 and 3-axle vehicles 
and 2b of vehicles having more than 3 axles. 
 
The ISO 11819-1 is limited to classify road surfaces, which means that only the major 
vehicles that are necessary for such classification are used; vehicles that fall outside the 
mentioned categories are so few in actual traffic that their influence on ��������	���
��	������
�
��	����
	��� is well described by the chosen categories and can therefore be neglected. 
�
The vehicle categorization that is used for EU or ECE type approval is interesting for com-
parison, since it could be an advantage in certain cases if HARMONOISE categorization 
would comply with the official vehicle type approval categorization: 

 
�	�������������������������������������	��
������������
 
L1 and L2: mopeds (see ISO 9645 for further details), 
L3:  two wheeled motor vehicles with an engine cylinder capacity > 50 cm3 or maximum 

speed > 50 km/h, 
L4:  three wheeled motor vehicles with an engine cylinder capacity >50 cm3 or maximum 

speed > 50 km/h, the wheels being attached asymmetrically along the longitudinal 
vehicle axis,  

L5:  three wheeled motor vehicles with an engine cylinder capacity  >50 cm3 or maximum 
speed > 50 km/h, having a gross vehicle mass rating < 1000 kg and wheels attached 
asymmetrically along the longitudinal vehicle axis.  
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�	������������������������������	����	���
���������������
��������	���	����
��	���������
 
M1:  vehicles used for the carriage of passengers and comprising no more than eight seats 

in addition to the driver’s seat,  
M2:  vehicles used for the carriage of passengers and comprising more than eight seats in 

addition to the driver’s seat, and having a maximum mass not exceeding 5 tons,  
M3:  vehicles used for the carriage of passengers and comprising more than eight seats in 

addition to the driver’s seat, and having a maximum mass exceeding 5 tons.  
 

�	������������������������������	����	���
���������������
��������	���	����
�������
 
N1:  vehicles used for the carriage of goods and having a maximum authorized total mass 

not exceeding 3.5 tonnes,  
N2:  vehicles used for the carriage of goods and having a maximum authorized total mass 

exceeding 3.5 tonnes but not exceeding 12 tonnes,  
N3:  vehicles used for the carriage of goods and having a maximum authorized total mass 

exceeding 12 tonnes. 
�
�
Finally, a somewhat related work underway in the EU project SILVIA is presented in 
Annex B. This Annex shows the vehicle categorization to be used in WP 2 of this project. The 
data collection in WP 2 aims at studying methods for classification of road surfaces with 
respect to noise characteristics and several measurements with the SPB method are planned. 
 
As can be seen in the diagram, the vehicle classification is essentially taken from this 
document. However, it is copied from an earlier version; thus there are minor deviations. 
These are with the exception of the heavy truck categories, mainly for vehicle categories in 
HARMONOISE that are not likely to be found on the test roads in SILVIA; thus these 
deviations are insignificant. 
 
The main deviation is for the trucks having three or more axles. In this case, the SILVIA 
project uses a categorization that is much more detailed than the one proposed in this 
document. This categorization is taken from the Dutch Road Directorate’s categorization 
scheme (not designed particularly for noise). Since the latter comprises all details in the 
corresponding vehicle categories proposed for HARMONOISE, this categorization will also 
fit HARMONOISE if some sub-categories are added together. This author’s view is that the 
more detailed categorization is totally unnecessary for the purposes of both SILVIA and 
HARMONOISE, but the Dutch may find certain advantages in using the same scheme as has 
(probably) been used in earlier Dutch studies. 
 
The Annex B page has kindly been supplied by Chiel Roovers of M+P in the Netherlands, the 
partner in SILVIA that is responsible for the major data collection exercise in WP 2 of that 
project. 
 
�
�
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3.   CONSIDERATIONS FOR SELECTION OF VEHICLE 
CATEGORIES 
 
There are two slightly different applications of vehicle categorization in noise prediction 
models: 
 
• For calculation of the basic noise emission (in HARMONOISE it is power level, 

frequency spectra and directivity; in simpler models it may be only the basic A-weighted 
sound pressure level) 

• For calculation of modifying parameters, such as the road surface correction. Vehicle 
category is of importance here since there is an interaction between road surface influence 
and vehicle type. 

 
The first application requires the use of vehicle categories within which the vehicle noise 
emission is uniform; i.e., similar for each individual vehicle. In practice, this may require the 
use of several categories. 
 
The second application requires the use of vehicle categories for which the road surface 
influence is significantly different. If the road surface influence is only moderately different 
for vehicle categories covering the entire range from small cars to articulated heavy trucks 
such vehicle categories can be limited to only the major ones. When selecting the number of 
categories, one should consider the resulting error due to limited number of categories in 
relation to the errors in the road surface correction parameters. 
 
Another consideration is that when making measurements in traffic; be it noise emission 
measurements for determination of the source strengths or counting the vehicle stream as an 
input to the model, the vehicle categories shall be as simple as possible to identify visually by 
observers or by traffic counting equipment. 
 
For the latter purpose, the number of axles on the vehicle is the most important and easily 
determined characteristics. For visual observations, also a subjective judgment of vehicle size, 
number of seats and number of tyres are possible. The weight of the vehicle, however, is very 
difficult to estimate during a vehicle pass-by in traffic.  
 
Finally, it shall be pointed out that the number of vehicle categories used in the final 
HARMONOISE model need not be as many as during the data collection phase of 
HARMONOISE, and later data collection for supplementing the source data base. The present 
proposal aims at satisfying the data collection needs. When data collection is completed, one 
shall decide on the number of categories actually used in the model. 
 
�
 

4.   PROPOSAL FOR VEHICLE CATEGORIZATION IN 
HARMONOISE 
 
Table 3 presents a summary of vehicle categories proposed to be used in HARMONOISE, as 
a result of a WP1.1 meeting in Gdansk in June 2002 and later discussed and revised at 
meetings in January 2003 and May 2003.�
�
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This categorization has five main categories, which are divided into a total of 18 sub-
categories. If a high exhaust outlet is noted, this expands to up to 22 sub-categories. The fine 
structure with 18-22 sub-categories is needed during data collection, but in the final model it 
is hoped that only the main categories will be sufficient (but this is to be verified or rejected 
later). 
 
Some abbreviations: 
 
MPV Multi-Purpose Vehicles, in this case generally a "mini-bus" 
RV Recreational Vehicles, mostly a combined light truck and caravan (single unit) 
SUV Sport Utility Vehicles  
 
The vehicle categories are then illustrated in Fig. 1. 
 
Category number 1c (electric and hybrid vehicles) is not common enough in 2003 to justify an 
own category. However, it is likely that at least the hybrid category will expand during the 
coming few years. Furthermore, the users of HARMONOISE might be interested to study the 
effect of larger proportions of such vehicles. All this justifies the inclusion of this category. 
 
The same argument justifies the inclusion of the low noise categories 2e and 3f, which are at 
the time of writing very rare (supplied only by a Dutch vehicle producer). 
 
With regard to the low noise categories 2e and 3f, note that these do NOT include the quite 
common heavy trucks labeled with a green G (Germany) or a green L (Austria) meaning “low 
noise – Geräuscharm”. The trucks with G or L labels are simply trucks that meet the latest and 
most stringent noise emission limits, irrespective of their age, and should be classified as 
normal vehicles. On some roads or in some urban areas, heavy vehicles that do not carry such 
a label are prohibited at certain times of a day (or continuously). In practice it means that 
vehicles produced according to older noise standards are not allowed there. 
 
Note that this categorization is different from both the ISO 11819-1 and the vehicle categories 
in the type approval standards of the EU and the ECE. The reason is that the purposes are 
different and for the purpose of predicting noise emission from road vehicle sources 
consisting of all imaginable and realistic mixes of vehicles the categorization of Table 3 has 
been found to be the most relevant one. 
 
Most road authorities lack data with the detail of Table 3. If the detailed categorization of 
Table 3 will be found to be desirable in the 
��	� HARMONOISE procedure, one must then, 
optionally, allow the use of only the main categories when detailed data are missing. This 
means that default values must be defined for missing categories. It is suggested here that: 
 

• to maintain the future versatility of HARMONOISE, the full details of Table 1 are 
used also in the final model 

• for applications of HARMONOISE in a planning situation or in an existing situation 
when limited vehicle data are available, it is optional to use the detailed vehicle 
categorization; however, it is mandatory to use the main categories 

• for the cases when detailed vehicle data are missing, default values (proportions) are 
given to the detailed categories, as proportions (%) within the main category 

• the default proportions of the detailed vehicle categories may be altered by the user 
(optionally) 
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• if only light and heavy vehicle categories are available, this must also be allowed, but 
missing data must be supplemented by assigning default proportions to sub-categories. 

 
Please see Annex A which presents an illustration of how this may occur in the final model. 
 
 
��)���2�  Summary of vehicle categories to be used in HARMONOISE. Note that this table is 

primarily for the data collection phase of the project. When it comes to the final 
model, one must take the availability of vehicle data for a certain road into 
consideration. See the discussion in the text and in Annex A. 

 
%����	�������
*���,�

 ��� !
)0	�����������
(1�������������	��������

 ����

1a Cars (incl MPV:s up to 7 seats) 2 axles, max 4 wheels 

1b Vans, SUV, pickup trucks, RV, car+trailer or 
car+caravan(1),  MPV:s with 8-9 seats 

2-4 axles(1), max 2 
wheels per axle 

 
 
Light vehicles 

1c Electric vehicles, hybrid vehicles driven in 
electric mode(2) 

Driven in combustion 
engine mode: See note 

2a Buses  2 axles (6 wheels) 

2b Light trucks and heavy vans 2 axles (6 wheels)(3) 

2c Medium heavy trucks 2 axles (6 wheels)(3) 

2d Trolley buses  2 axles 

 
Medium heavy 
vehicles 

2e Vehicles designed for extra low noise driving 2 axles(5) 

3a Buses 3-4 axles 

3b Heavy trucks(4) 3 axles 

3c Heavy trucks(4) 4-5 axles 

3d Heavy trucks(4) ≥6 axles 

3e Trolley buses 3-4 axles 

 
 
Heavy vehicles 

3f Vehicles designed for extra low noise driving 3-4 axles(5) 

4a Construction trucks (partly off-road use)(4)  Other heavy 
vehicles 4b Agr. tractors, machines, dumper trucks, tanks  

5a Mopeds, scooters Two-wheelers 
5b Motorcycles 

Include also 3-wheel 
motorcycles 

  
(1)  3-4 axles on car & trailer or car & caravan 
(2)  Hybrid vehicles driven in combustion engine mode: Classify as either 1a or 1b 
(3)  Also 4-wheel trucks, if it is evident that they are >3.5 tons 
(4)  If a high exhaust is noted, identify this in the test report. Categorize this as 3b’, 3c’, 3d’ or 4a’ 
(5)  For example, there are some delivery trucks designed for extra low noise (meeting more stringent standards than 
the current EU limiting levels) combined with a driving mode called “Whisper mode” making it possible to drive in a 
residential area with much lower noise emission than for a conventional delivery truck. All trucks and buses especially 
designed in accordance with these ideas are counted in this category. 
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-����� Visual illustration of the various vehicle categories of Table 3. Note that categories 2e 
and 3f (special low noise trucks and buses) are not included here, since they cannot be 
distinguished visually from the corresponding “normal noise” categories. 
 
%����
����

 �� (1���������
����	��������

'��
�������

1a Cars  
(incl MPV:s 
� 7 seats)                           

     
1b Vans, SUV, 

pickup trucks, 
RV, car+trailer 
or 
car+caravan(1),  
MPV:s with 8-
9 seats 

      

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
Light 
vehicles 

1c Electric 
vehicles, and 
hybrid vehicles 
driven in 
electric mode    
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2a Buses  

                                              

  
2b Light trucks 

and heavy vans 

 
 

 
2c Medium heavy 

trucks 

 

 

Medium 
heavy 
vehicles 

2d Trolley buses 
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3a Buses 

 
3b Heavy trucks(3) 

 

3c Heavy trucks(3) 

 

3d Heavy trucks(3) 

 

Heavy 
vehicles 

3e Trolley buses 

 
Other 
heavy 
vehicles 

4a Construction 
trucks (partly 
off-road use)(3) 
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 4b Agr. tractors, 
machines, 
dumper trucks, 
tanks 

          

 
5a Mopeds, 

scooters 
          

Two-
wheelers 

5b Motorcycles 

      

 
 
 
How do these vehicle categories compare with those of the legal requirements (see Section 
2.3)?  Table 4 gives such a comparison. As can be seen, the two categorization principles fit 
fairly well, with the HARMONOISE version being more detailed. There is some overlap 
between 1a and 1b and between 2a and 3a (M1 and M3 vehicles). However, it is difficult to 
solve this problem, since it is basically due to the specification in the regulations being based 
on vehicle mass, something that observers at the roadside, traffic statistics and vehicle 
counting machines are unable to distinguish between. Table 4 should aid those planners that 
want to calculate the effect of changing the noise limits or the number of certain vehicle types. 
 
 

5.   DISCUSSION OF THE NOISE EMISSION DIFFERENCES 
CONSIDERED FOR THE SELECTED VEHICLE CATEGORIES 
 
5.1 Introduction 
 
The selection of vehicle categories is important for the following two statistical reasons: 
 
-  One would like to have as uniform groups as possible in order to obtain an average vehicle 
noise level (or rather spectrum) that has as low statistical error (in this case confidence 
interval) as possible. 
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-  One would like to define groups in order that the difference in average noise level between 
“adjacent” groups is rather low. This makes it possible to “tailor” the vehicle composition in 
the most accurate way to the conditions (actual vehicle composition) that one wants to predict. 
�
Both of these reasons call for as fine vehicle categorization as possible; i.e. a great number of 
vehicle categories. However, this shall not be driven too far, since it is impractical and quite 
difficult to separate the vehicles into too many categories. One will need more measurements 
to establish the noise characteristics of each category. There is also a limit where the 
increased vehicle definition will not lead to a significant improvement in the precision, since 
other errors will dominate. 
 
 
��)���3��  The proposed vehicle categories, with the corresponding categories of the present 

EU Directives and ECE Regulations shown in the rightmost column (refer to 
Section 2.3 for the latter classification). 
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1a Cars (incl MPV:s up to 7 seats) M1 

1b Vans, SUV, pickup trucks, RV, car+trailer or 
car+caravan(1),  MPV:s with 8-9 seats 

N1, some M1 

 
 
Light vehicles 

1c Electric vehicles, hybrid vehicles driven in 
electric mode(2) 

M1* 

2a Buses  M2, some M3 

2b Light trucks and heavy vans N2 

2c Medium heavy trucks N2 

2d Trolley buses  M3* 

 
Medium heavy 
vehicles 

2e Vehicles designed for extra low noise driving N2 

3a Buses M3 

3b Heavy trucks(4) N3 

3c Heavy trucks(4) N3 

3d Heavy trucks(4) N3 

3e Trolley buses M3* 

 
 
Heavy vehicles 

3f Vehicles designed for extra low noise driving N3 

4a Construction trucks (partly off-road use)(4) ? Other heavy 
vehicles 4b Agr. tractors, machines, dumper trucks, tanks ? 

5a Mopeds, scooters Two-wheelers 
5b Motorcycles 

L1, L2** 
L3, L4, L5 

*  Possibly, electric or partly electric vehicles may have a special classification in regulations? 
** Possibly, some countries (?) may have regulations according to which some scooters may 
be driven above 50 km/h and thus be classified as L3 vehicles. 
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Fig. 2 gives an estimate of the differences one may encounter between various vehicle types 
(figure copied from [Sandberg & Ejsmont, 2002]). The data are somewhat old, and in the 
current situation it is likely that differences between vehicles, at least at low speeds have 
diminished somewhat, due to the tighter noise emission limits (especially for heavy vehicles). 
Similar data will be possible to extract from the Nord2000 measurements. 
�
 

66

68

70

72

74

76

78

80

82

84

86

88

90

92

Speed [km/h]

S
ou

nd
 le

ve
l [

dB
(A

)]…
.

1

2

74

3

5

6

30                 40            50         60       70     80    90  100 110

Noise vs speed for veh types-SPB1982-88.xls

Vehicle classes are as follow :
1. Cars
2. Cars w ith trailer, light trucks (4 tyres) 
3. Busses
4. Trucks w ith 2 axles
5. Trucks w ith 3 axles
6. Heavy trucks, more than 3 axles
7. Motorcycles

 
 
-����.   A-weighted sound level (LAmax) versus vehicle speed, as measured with the SPB 

method by VTI, on a DAC116 surface. Each point refers to an individual vehicle 
cruising-by. Linear regression curves of noise level on speed, as measured by VTI in 
1982-88. Data for vehicle classes 1-2 are dominated by tyre/road noise over the entire 
range, but for the others2 power unit noise probably dominates at all speeds below 
about 65 km/h. The measured vehicles were manufactured in approximately 1970-88. 

 
�
Within each category, the variations can be wide. This is for example the case for the trucks 
having 2 axles; i.e., vehicle category 2. Fig 3 illustrates this. These trucks may range from a 
3.5 ton delivery van up to a 15 ton heavy truck. Since power unit noise varies much more 
from vehicle to vehicle than tyre/road noise, the variation is largest at low speeds. As is 
shown in [Sandberg & Ejsmont, 2002], the noise variation due to tyre width and load is not 

                                                 
1 DAC = Dense asphalt concrete. 16 refers to the maximum chipping size in the asphalt mix. 
2 Note that the vehicle categories do not exactly fit the ones in Table 3. 
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very dramatic. Power unit noise is affected also by the relatively large variation with time, due 
to the successive lowering of noise emission limits over the past three decades, and possibly 
also by some differences in noise due to vehicle condition. 
 
When plotting LAmax versus speed for SPB measurements, the spread within the vehicle 
category is a serious problem, since it requires a lot of vehicles in order to obtain a "valid" 
regression line. The testing problem is aggravated by the fact that these vehicles often are 
driven within a rather narrow speed range, given a certain situation. These two things explain 
why so often the regressions obtained for these vehicles are so poor. 
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-����2   Standard deviation of A-weighted sound level (LAmax) around the regression line of 

noise versus speed ("standard error"), as measured with the SPB method in 1996 by 
VTI, on a DAC16 surface. 

 
�
The sub-categories of Table 3 have been selected in order that the standard deviation between 
the A-weighted overall noise levels within the sub-category (for the same speed and driving 
style) is estimated to be lower than 1.5 dB. Assuming normal distributions, this would mean 
that for a sample of 100 vehicles (typical of one SPB measurements series), the 95 % 
confidence interval around the mean is less than ± 0.3 dB and for a sample of 1000 vehicles 
(reasonable minimum number of vehicles as an estimate for HARMONOISE as a whole), the 
interval shrinks to ± 0.1 dB. To go further is not meaningful, since the random errors will then 
“drown” in the systematic measuring errors and in the errors related to geographically biased 
vehicle distributions. 
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Furthermore, the vehicle sub-categories have been chosen such that the difference between 
their mean noise levels is at most 2 dB(A). This is counted between the various light vehicle 
subcategories, as well as between the various heavy vehicle subcategories.  
 
 
5.2 Light vehicles – urban and highway speeds 
 
For light vehicles, tyre/road noise dominates at all driving conditions, except when 
accelerating from standstill or a low speed (say up to 30 km/h). Power unit noise is the 
determining factor at these accelerations. Ideally, this should have a good correlation with the 
limiting values, but this is not the case. Variation between vehicles is rather large at these 
driving conditions, but they do not occur very often. There is, however, no significant 
experimental data compilation available. 
 
On the other hand, at higher speeds than about 30 km/h, one may assume that tyre/road noise 
dominates and that power unit noise is essentially negligible. Older vehicles, diesel cars and 
vans, and those that have a poor exhaust silencer system are the major exemptions from which 
the power unit may give substantial contributions at up to about 50 km/h. The variation in 
noise between vehicles is then mainly from the tyres. As shown in Fig 3, the variation is 
small: the standard deviation within the group “cars” (category 1a) is 1.2 – 1.3 dB(A). Similar 
values have been recorded in other studies. 
 
 
5.3 Heavy vehicles – urban speeds 
 
At speeds around 50 km/h, the contributions from modern heavy vehicles in Europe to the 
overall A-weighted levels from the power unit and the tyres are rather similar. At highway 
speeds, however, tyre/road noise dominates. Power unit noise is determined to a large extent 
by the vehicle’s specific noise emission; which is reasonably well related to the noise 
emission certification levels. These are relatively similar for most heavy vehicles and the 
testing is similar. The limit varies within main categories 2 and 3 between 76 and 80 dB(A); if 
category 4 is included, there is another 2 dB(A) of variation (up to 82 dB(A)). Most vehicles 
barely meet the limits; there is little room for low noise variants. This makes most modern 
heavy vehicles moderately different in terms of power unit noise emission despite the large 
variation in size and power.  
 
Problems are that the certification measuring method relies on using unladen vehicles, that the 
directivity may be different when there is no trailer attached to an articulated vehicle and that 
vehicles in-use may have slightly altered noise emission in relation to the certified vehicles. In 
total, this results in a high-to-moderate variation between all heavy vehicles with regard to 
power unit noise. See Fig. 3 (at the lower speeds) for typical standard deviations. Within a 
sub-category, however, the variation is usually not large. 
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5.4 Heavy vehicles – highway speeds 
 
At speeds typical of intercity or long-distance driving (say 70-90 km/h), tyre/road noise 
dominates also for heavy vehicles, albeit not as much as for light vehicles. But it means that 
the major differences between vehicles are caused by differences in tyre equipment. On heavy 
vehicles these may be substantially higher than for light vehicles. 
 
The major differences in tyre equipment on heavy vehicles are as follows: 
 
• Unlike the case for light vehicles, the number of tyres may vary over a wide range. The 

smallest heavy vehicles may have only 4 tyres, whereas the heaviest may have about 24 
tyres. This influence is approximately as presented in Table 5 (from [Sandberg & 
Ejsmont, 2002]). Given similar tyres, this variation alone may account for a variation in 
noise emission of up to 6 dB(A). There is usually a correlation between the number of 
tyres and the total load capacity of the vehicle as well as with the length of the vehicle. 
 

• Driven and the non-driven axles usually have very different tyre types; typically “traction 
tyres” on the driven axles and “rib tyres” on the non-driven axles. These tyre types result 
in different noise emission. 
 

• Tyre dimensions are often varying a lot between different positions on an articulated 
vehicle. For example, it is very common that tyres with lower diameter are used on trailers 
than on tractors. It is also common that conventional twin tyres are replaced on modern 
trucks with very wide “super-single” tyres. This is especially the case on trailers, but the 
trend is that usage also on the tractor unit is increasing. One would expect that this trend 
would have a significant impact on noise emission, but according to a recent study there is 
no clear and unambiguous impact [Abbott & Watts, 2003]. 
 

• About 50 % of the tyres on the heavy vehicles are retreaded tyres. It is not known whether 
this fact may influence noise. 
 

• Tyre wear will influence the noise emission. A worn-out tyre will have very different 
noise characteristics than a new tyre.  

 
The author has checked Table 5 versus measured data in the 1982-1996 period and has found 
that as far as comparisons can be made they indicate a very good fit. 
 
From Table 6 and Table 5 it can be seen that one can expect differences between two 
"adjacent" vehicle categories in Table 4 of up to 2 dB(A); albeit usually much lower. 
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��)���4��Estimated influence of the number of tyres on the overall sound level (4 tyres is the 
reference number). The right column incorporates a correction to compensate for 
wheelbase (see text). 
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��	�������
�������������6*#,� 
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��������
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Ideal case Corr. for wheel base 

1  -6.0 -6.0 

2  -3.0 -3.1 

3� � $(-($( �(� $(-($( �(�

6  +1.8 +1.5 

8  +3.0 +2.8 

10  +4.0 +3.7 

10  +4.0 +2.6 

12  +4.8 +3.2 

14  +5.4 +4.3 

16  +6.0 +4.7 

18  +6.5 +5.1 

20  +7.0 +5.5 

22  +7.4 +5.9 
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5.5 Examples of measured differences between vehicle categories 
 
Table 6 shows some differences in average vehicle noise levels (LAmax, arithmetic mean of the 
category). The measurements were made in the middle of the 1980’s. However, the changes 
in relation to the present time are not expected to be substantial [Sandberg, 2001]. The 
changes one may expect are such that they are likely to somewhat compress the differences 
between categories, since the type approval noise limits have been tightened since the time of 
measurement. 
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��)���8��� Differences between vehicle categories, as measured by the author in the 1980’s. 
Average for SPB measurements made on 4-7 different road sites all having as the 
wearing course dense asphalt concrete surfaces with maximum chipping sizes 
from 11 up to 16 mm. 

 
Vehicle categories compared Measured difference [dB(A)] Note 

1b – 1a 2.5 At 90 km/h 
2a – 1b 4.6 At 90 km/h 
2c – 2a 0.7 At 90 km/h 
3b – 2c 1.8 At 70 km/h 
3c – 3b 1.0 At 70 km/h 
3c – 2c 2.6 At 70 km/h 

 
 
 
5.6 Other differences than in A-weighted overall levels 
 
The data and discussion above is to a large extent based on overall A-weighted sound levels. 
One reason is that data with respect to vehicle differences in spectral bands and horizontal and 
vertical directivities are almost non-existing or have not been available to this author.  
 
Systematic spectral differences between vehicles may occur if the vehicles have significantly 
different power unit noise contributions to the overall levels. It is not so likely due to tyre 
differences, since tyre spectra “smeared out” over a number of vehicles are rather similar. 
Therefore, there is no reason to expect spectral differences between any potential vehicle 
groups ������ a certain category; with the possible exception of diesel and petrol engines. The 
spectral differences would naturally and very likely occur  ������ the categories already 
included in the proposal. Thus one will not miss any important information. Diesel and petrol 
engines may be the exception, and such may exist within several of the vehicle categories, but 
it is not practical to distinguish between such vehicles during measurements along the road, so 
this problem must be accepted. 
 
Basically, the same arguments apply to directivities. The major influence on directivity are the 
different contributions of power unit and tyre/road noise, since these generally have different 
directivities. The screening by the vehicle body, as well as by trailers, are additional causes 
for directivity effects. Essentially, such differences occur  ������ and not ������ vehicle 
categories in the present proposal. Thus the problem is only minor. 
 
 
5.7 Example of a worst case estimation of error due to insufficient vehicle 
categorization 
 
The following outlines a hypothetical case, which possibly but not likely could occur in 
reality, and which would lead to a maximum error in estimation of a measure like Lden in a 
particular situation. 
 
Assume that we have one vehicle sub-category in which there are two subgroups of vehicles 
that are very different from a noise point of view (a difference that has been neglected), even 
though they have been included in the same vehicle category. This could for example be sub-
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category 1b in which one can imagine that there are two groups: large vans with wide tyres 
and small vans with narrow tyres. Assume that the large vans are 1 dB noisier than the 
average normal vehicle mix within the category, and assume that the small vans are 1 dB 
quieter than the average normal vehicle mix. Thus the “raw” difference large-small vans is 
2 dB. 
 
Assume then that in the particular traffic situation the traffic stream consists of 70 % of sub-
category 1a (cars) traveling at 110 km/h and 30 % of sub-category 1b (vans etc) traveling at 
100 km/h. This is an abnormally high percentage of 1b for the current situation, but it may 
occur in the near future with the increased popularity of SUV:s. We also assume that the 
number of heavies is low enough to be neglected. Further, we assume that the difference 
between 1a and 1b as an average is like in Fig. 2. 
 
Now we can put 1a and 1b together and calculate a total Leq value (energy based summation). 
One will then find that the effect of a 1 dB increase due to 1b consisting of only large vans 
will be an increase of 0.7 dB and the effect of a 1 dB decrease due to 1b consisting of only 
small vans will be a decrease of 0.7 dB (the changes are not exactly symmetrical but rounding 
of decimals makes it look like this). Thus, an error of 0.7 dB occurs in this very extreme case. 
 
One may construct a “normal” case, i.e. with a more normal mix of large and small vans and 
with some heavy vehicles included, and will then find that the error will be just one or two 
tenths of a decibel. 
 
The example was for abnormal mixes of large and small vans in sub-category 1b, but one may 
construct similar cases with any of the heavy vehicle sub-categories where one would have 
abnormal selections within the sub-category. In cases with dominance of heavy vehicles, such 
as on certain motorways during nighttime, one may then find similar or even larger errors. See 
further Annex A (last part) about this. 
 
However, although they might occur and probably will occur rarely, such errors are for very 
special conditions and cannot be sufficient justification for using a much more detailed 
vehicle categorization. 
 
 

6. CONCLUSIONS 
 
Vehicle categories according to Table 3 are proposed for the HARMONOISE project. Five 
main categories are defined, together with 18-22 sub-categories (in total). This categorization 
has been designed in order to make the mean noise levels within each vehicle sub-category 
sufficiently accurate for the confidence interval around the mean level to be negligible; 
provided the database (as planned) includes several hundreds of vehicles, preferably over 
1000 vehicles. 
 
The design has also aimed at making the differences between any “similar” vehicle categories 
maximum 2 dB(A). 
 
Some vehicle noise experts have proposed a vehicle classification in even finer detail; as 
pertains mainly so far to the category 1b. In cases where national differences in vehicle 
composition or traditions in categorization motivate a finer detail, it is suggested here that 
each country may decide to have some categories divided into such subgroups. However, this 
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should be allowed only under the condition that the categories are 	��� added together to the 
one(s) in HARMONOISE in order to make sure that the HARMONOISE method is consistent 
between countries. 
 
Provisions are proposed for cases where detailed vehicle data are not available (Annex A). It 
is proposed there to establish three cases with varying degree of detail in input vehicle data. 
For cases with limited data available, it is proposed that default values (percentages of each 
vehicle category or sub-category) are established within the project. 
 
It is expected that the proposals submitted in this report constitute a suitable balance between 
the desires for a fine and statistically well defined vehicle categorization on the one hand, and 
practicality on the other hand; with resulting potential errors that are relatively small 
compared to other errors. 
 
The data collection within HARMONOISE will show whether or not these targets will be 
met. 
��

�
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ANNEX A - VEHICLE CATEGORIZATION WITH REGARD TO 
LACK OF DETAIL IN INPUT DATA 
 
This Annex relates to the proposal at the end of Section 4; in which it was proposed to 
maintain the detail in vehicle categorization, but make possible and allow the use of only 
main categories. This makes it necessary to use default values for the proportions of the 
detailed vehicle categories within each main category. 
 
There would be three cases: 

1. Detailed vehicle categories available 
2. Detailed vehicle categories not available 
3. Only light and heavy vehicle categories available 

 
In the model, one may then see the progression of the procedure to fill in vehicle categories 
on the next three pages. 
 
Firstly, Case 1 assumes the availability of input data for the ideal situation; i.e, data for all 
vehicle sub-categories are available. This may be, for example, for a case where visual 
observations (counting) or an advanced traffic counting device have been used. It may also be 
the case in a prediction situation, when the user believes that he/she can reasonably well 
predict what the vehicle composition will be. It may also be in a planning situation, when the 
user studies a hypothetical case in order to see the effects of influencing the traffic flow by 
restricting or encouraging certain vehicle categories; alternatively to see the hypothetical 
effect of lowering the noise emission of a particular vehicle category. In a long-term 
perspective, road authorities may collect such detailed traffic data more or less regularily. 
 
Secondly, Case 2 would be a more common case. At least it should be the case for which all 
road authorities should aim in the short term: they should be able to distinguish between the 
five main categories in their traffic data collection, or at least should be able to estimate them. 
Since many road authorities use traffic counting equipment able to count the number of 
passing axles, and the proportion of two-wheelers are estimated in other ways, such traffic 
data should be available in many cases. 
 
Thirdly, Case 3 is a “fast track” for those situations where no data are available for the 
distinction between the medium and heavy vehicles within the heavy vehicle group, and 
neither any estimations of the proportion of two-wheelers are available. This is probably the 
case which is most common in the first years when the HARMONOISE model is applied, but 
an aim should be to move to Case 2 or Case 1. This is important since Case 3 is unlikely to 
give the full precision possible with HARMONOISE; unless the default values happen to be 
well representative of the actual values for the particular study. 
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Instruction:  

1. Fill in the vehicle proportions “xx” (in %) in the two right columns.  
2. Check that your total in the second column from the right is 100 % (and 500 % in the 

rightmost column). ��������01+�2�2,34���� �����������	�� ���	��	����	���	����
���������
��	�� 
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1a Cars (incl MPV:s up to 7 seats) 2 axles, max 4 wheels xx % 

1b Vans, SUV, pickup trucks, RV, car+trailer or 
car+caravan(1),  MPV:s with 8-9 seats 

2-4 axles(1), max 2 
wheels per axle 

xx % 

 
 
Light 
vehicles 1c Electric vehicles, hybrid vehicles driven in 

electric mode(2) 
Driven in combustion 
engine mode: See note 

 
 

xx % 

xx % 

2a Buses  2 axles (6 wheels) xx % 

2b Light trucks and heavy vans 2 axles (6 wheels)(3) xx % 

2c Medium heavy trucks 2 axles (6 wheels)(3) xx % 

2d Trolley buses  2 axles xx % 

 
Medium 
heavy 
vehicles 

2e Vehicles designed for extra low noise driving 2 axles(5) 

 
 

xx % 

xx % 

3a Buses 3-4 axles xx % 

3b Heavy trucks(4) 3 axles xx % 

3c Heavy trucks(4) 4-5 axles xx % 

3d Heavy trucks(4) ≥6 axles xx % 

3e Trolley buses 3-4 axles xx % 

 
 
Heavy 
vehicles 

3f Vehicles designed for extra low noise driving 3-4 axles(5) 

 
 
 

xx % 

xx % 

4a Construction trucks (partly off-road use)(4)  xx % Other 
heavy 
vehicles 

4b Agr. tractors, machines, dumper trucks, tanks  

 
xx % xx % 

5a Mopeds, scooters xx % Two-
wheelers 5b Motorcycles 

Include also 3-wheel 
motorcycles 

xx % 
xx % 

Total xx % xx % 
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Instruction:  

1. Fill in the vehicle proportions “xx” (in %) in the second column from the right. The 
values in the rightmost column are automatically chosen as default values.  

2. If you wish to change one or a few of them, just put your marker in the cell and type 
the number you wish (the remaining proportions within the main category will 
automatically adjust in order that the total within the main category will be 100 %).  

3. Check that your total in the second column from the right is 100 % (and 500 % in the 
rightmost column). ��������01+�2�2,34���� �����������	�� ���	��	����	���	����
���������
��	�� 
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1a Cars (incl MPV:s up to 7 seats) 2 axles, max 4 wheels 80 % 

1b Vans, SUV, pickup trucks, RV, car+trailer or 
car+caravan(1),  MPV:s with 8-9 seats 

2-4 axles(1), max 2 
wheels per axle 

20 % 

 
 
Light 
vehicles 1c Electric vehicles, hybrid vehicles driven in 

electric mode(2) 
Driven in combustion 
engine mode: See note 

 
 

xx % 

0 % 

2a Buses  2 axles (6 wheels) 40 % 

2b Light trucks and heavy vans 2 axles (6 wheels)(3) 30 % 

2c Medium heavy trucks 2 axles (6 wheels)(3) 30 % 

2d Trolley buses  2 axles 0 % 

 
Medium 
heavy 
vehicles 

2e Vehicles designed for extra low noise driving 2 axles(5) 

 
 

xx % 

0 % 

3a Buses 3-4 axles 30 % 

3b Heavy trucks(4) 3 axles 20 % 

3c Heavy trucks(4) 4-5 axles 30 % 

3d Heavy trucks(4) ≥6 axles 20 % 

3e Trolley buses 3-4 axles 0 % 

 
 
Heavy 
vehicles 

3f Vehicles designed for extra low noise driving 3-4 axles(5) 

 
 
 

xx % 

0 % 

4a Construction trucks (partly off-road use)(4)  70 % Other 
heavy 
vehicles 

4b Agr. tractors, machines, dumper trucks, tanks  

 
xx % 30 % 

5a Mopeds, scooters 75 % Two-
wheelers 5b Motorcycles 

Include also 3-wheel 
motorcycles 

xx % 
25 % 
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Instruction:  

1. Fill in the vehicle proportions “xx” (in %) in the rightmost column from the right.  
��� Check that your total is 100 %. ������������	�� ���	��	����	���	�������������
��	���

 
������������
�������

!"��#���$���
��#�������� %�����������$�
##���
��#���

Light vehicles All kinds of light vehicles (categories 1 and 5 in Case 1) xx % 

Heavy vehicles All kinds of heavy vehicles (categories 2, 3 and 4 in Case 1) xx % 

 
 
Information: 

Note that in Case 3 the vehicle composition within each category will be chosen 
automatically with default values as indicated in the table below. The proportion of all 
vehicles within the green and red fields is then 100 %. If you are not satisfied with these 
proportions, use Case 2. ����� ��� 01+�2�2,34� ��� ����� ���� ������������ 	��� 5����
�%	������������ �������������������������������� 
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1a Cars (incl MPV:s up to 7 seats) 2 axles, max 4 wheels 80 % 

1b Vans, SUV, pickup trucks, RV, car+trailer or 
car+caravan(1),  MPV:s with 8-9 seats 

2-4 axles(1), max 2 
wheels per axle 

20 % 

 
 
Light 
vehicles 1c Electric vehicles, hybrid vehicles driven in 

electric mode(2) 
Driven in combustion 
engine mode: See note 

 
 

95 % 

0 % 

2a Buses  2 axles (6 wheels) 40 % 

2b Light trucks and heavy vans 2 axles (6 wheels)(3) 30 % 

2c Medium heavy trucks 2 axles (6 wheels)(3) 30 % 

2d Trolley buses  2 axles 0 % 

 
Medium 
heavy 
vehicles 

2e Vehicles designed for extra low noise driving 2 axles(5) 

 
 

40 % 

0 % 

3a Buses 3-4 axles 30 % 

3b Heavy trucks(4) 3 axles 20 % 

3c Heavy trucks(4) 4-5 axles 30 % 

3d Heavy trucks(4) ≥6 axles 20 % 

3e Trolley buses 3-4 axles 0 % 

 
 
Heavy 
vehicles 

3f Vehicles designed for extra low noise driving 3-4 axles(5) 

 
 
 

60 % 

0 % 

4a Construction trucks (partly off-road use)(4)  70 % Other 
heavy 
vehicles 

4b Agr. tractors, machines, dumper trucks, tanks  

 
0 % 30 % 

5a Mopeds, scooters 75 % Two-
wheelers 5b Motorcycles 

Include also 3-wheel 
motorcycles 

5 % 
25 % 
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In fact, using Case 3 may cause quite large errors. The reason is that there is no distinction 
between the heavy vehicle categories 2 and 3. The difference between these (as averages for 
the category) may amount to at least 3 dB(A). In analogy with the example discussed in 5.7, 
but even worse in this case, the error may amount to almost ±1.5 dB(A) due to this. And 
unlike the example in 5.7, this case may occur rather frequently. The reason is that on some 
highways/motorways (the European motorways carrying a lot of goods in transit are good 
examples), vehicle category 3 has a very large proportion while category 2 is very infrequent. 
In night-time category 3 may even be the most frequent vehicle type and it will totally 
dominate the sound emission. On the other hand, in some urban streets, the heavy vehicle 
traffic is predominantly performed by vehicle category 2 (“delivery trucks and vans”), or by 
city buses, most of which also belong to category 2. Thus, in Case 3, all heavy vehicles of 
categories 2 and 3 will be represented by the default percentage, whereas in actual traffic the 
situation may deviate substantially from the default values. 
 
The problem can be partly remedied by HARMONOISE by adjusting the default percentages 
based on the type of road considered. For example this can be made as follows: 
 

Default proportion 
if no distinction 

made1) 

Default proportion 
if distinction is made 

Type of road 

Cat. 2 Cat. 3 Cat. 2 Cat. 3 
Major road with high proportion of heavy 
transit traffic (e.g. E-type motorways) 

40 % 60 % 10 % 90 % 

Urban streets (excluding streets carrying a 
substantial through traffic) 

40 % 60 % 90 % 10 % 

All other roads (roads and streets not 
identified as belonging to the types above) 

40 % 60 % 40 % 60 % 
1) This case assumes that there is no distinction made between various road types; implying that the simplified 
default values of the table on the previous page are used. 
 
Note that the proportions are the number of heavy vehicles that belong to the category 2 or 3  
in comparison to the total number of heavy vehicles (not to the total number of vehicles). The 
HARMONOISE consortium is recommended to use the above default principle (although the 
numbers may be discussed). 
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ANNEX B - VEHICLE CATEGORIZATION USED IN WP 2 OF 
PROJECT SILVIA 
 
The following page has been received from Chiel Roovers of M+P in the Netherlands, the 
partner in SILVIA that is responsible for the major data collection exercise in WP 2 of that 
project. 
 
The data collection aims at studying methods for classification of road surfaces with respect 
to noise characteristics. 
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