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1. Introduction 
 
For the revision of standard ISO 11819-1 “Statistical Pass-By method”, which is 
currently ongoing, ISO/TC43/SC1/WG33 would like to include a method to measure 
the acoustical quality of a road in a built-up urban environment.  
The adapted conceived method is called “Backing board method”. Different 
experiments were performed within the European SILENCE project to assess the 
accuracy of the method.  
By installing a board behind the microphone during the measurements, the 
microphone is protected against noise from behind (for example reflections by 
facades). The noise coming from the front is reflected by the backing board in a 
controlled way so that it can be taken into account afterwards. In theory the sound 
pressure level rises 6 dB(A) with a doubling of the sound pressure caused by the 
backing board. 
Different experiments confirm this value for light vehicles as long as the overall level 
is considered and no spectral analysis of the sound is carried out. In March 2009 one 
SPB test was performed by BRRC with heavy vehicles. The experiment confirmed 
that the 6 dB(A) correction was valid for trucks as well. 
In August 2009 an international round robin test was organized by BRRC near 
Brussels. Measurements were performed by several participants in free field condition 
and with backing board. The purpose of the test was to assess the reproducibility of 
the method. Also the influence of the operator was tested during this round robin test. 
The results of this RRT are presented and analysed in this report. 
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2. Participants 
 
Nine institutes participated at the test with eight SPB measurement setups. There were 
five backing boards.  
The backing board has a rectangular shape and a mass of 13,14 kg/m² (without 
standard). The width is 90 cm and the height 75 cm. The microphone is situated in the 
right lower corner of the board, 33 cm from the right edge and 23 cm from the lower 
edge.  
Participants were asked to use the same mass and dimensions as mentioned above. 
The microphone position in the backing board of BASt is slightly different: 13cm 
from the lower edge. 

 
Figure 1 Backing Board BRRC 

 
A list of participants is given in the table below. 
Organisation Names Backing Board 
BASt Markus Auerbach, Wolfram 

Bartolomaeus, Ralf Becker, Udo 
Löfflas 

2 backing boards 

BRRC Anneleen Bergiers, Philippe 
Debroux, Luc Goubert 

1 backing board 

Cidaut Miguel A. Morcillo 1 backing board 
CEDEX Marta Esteban Carrillo  
DRI Bent Andersen, Peter Larsen  
INRETS Roger Chatagnon, Joël Lelong  1 backing board 
M+P Mark Mertens, Patrick Boelens  
Vinçotte Environment Thomas Holderbeke, Peter Somers  
Vlaamse Overheid   
(Flemish Government - 
Road Engineering Division) 

Barbara Vanhooreweder, Bruno 
Daelemans, Staf Geeurickx 

 

 

75cm 

90cm 

33cm 

23cm 



12/01/2010-FINAL                              Page 5 of 37                                            

 

BASt had two backing boards so other institutes without backing board could use this 
during the test. Vlaamse Overheid and DRI have used this backing board for the test.  
 

3. Test location 
 
Two test locations were chosen by BRRC for the test: 
 

a. Brusselsesteenweg 393, Eppegem – Belgium : DAC 
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b. Tervuursesteenweg 114, Hofstade – Belgium : SMA-C2 
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4. Test program 
 
To assess the influence of the operator, two different tests are performed without 
backing board. 
The first test is carried out with a coordinator giving a signal when the passing vehicle 
has to be measured or when the vehicle is excluded from the test. In this test the 
influence of the operator is minimized. This coordinator determines also the vehicle 
category by raising a sign with a certain colour.  
 
In reality it is possible that a vehicle is measured by one institute, but considered as 
invalid by another one. Also the different perception of vehicle categories biases the 
measurements. Therefore the second test is performed without coordinating person. 
The vehicles are evaluated by each operator.  
The results of both tests are compared to assess a possible influence of the operator. 
After these tests a SPB measurement is performed on the same road section with 
backing board to see the influence of the backing board on the sound pressure level. 
The microphones/backing boards of the different institutes stand next to each other as 
close as possible in order to monitor nearly the same section of road.  
 
Tuesday 11 August 2009 

�  Eppegem Free Field (FF) 
�  Eppegem Free Field with coordinator 
�  Eppegem Backing Board (BB) 

 
Wednesday 12 August 2009 

�  Hofstade Free Field  
�  Hofstade Backing Board 

 
Performed tests of different participants: 
 
 Eppegem 

FF 
Eppegem 
FF coord. 

Eppegem 
BB 

Hofstade  
FF 

Hofstade 
BB 

BASt x x x x x 
BRRC x x x x x 
Cidaut x x x x x 
CEDEX      
DRI x x  x x 
INRETS x x x x x 
M+P    x  
Vinçotte 
Environment 

x x    

Vlaamse 
Overheid  

x x  x x 

x = participation 
 
Because of an unforeseen traffic jam, the BB test at Eppegem could not be finished 
thoroughly. Not enough vehicles were measured. 
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5. Measurement equipment and method 

5.1. BASt 
 

 
 

·  Speed and distance: eso Gmbh (www.eso-elektronik.de) Optical System 
·  Meteorology: Reinhardt (Air Temperature, wind speed and direction) 
·  Surface temperature: infrared sensor omega (www.omega.com) 
·  Backing board: 90x75 cm² (microphone position slightly different than other 

backing boards: 33 cm from right edge, 13 cm from lower edge) 
·  Microphone: Microtech Gefell GmbH MK 250, Preamplifier MV 210 
·  Calibrator: B & K 4231 
·  Data logging: Combination of Harmony and Panasonic Toughbook CF-18 

from Sinus Messtechnik GmbH with knobbox for vehicle classification 
·  Software: Based on SI++ from ATG  

 
“The system works with a continuous, delayed memory loop. Whenever a speed-
signal from the eso arrives and one of the vehicle classification buttons is pressed, all 
meteorology data (including surface temperature), vehicle speed and distance, LAmax 
and third octave spectra, a .wav file of the pass-by, and level vs. time plot for a 
maximum of 4 microphone channels are recorded. There are options for an automatic 
check of the 6 dB criteria (for selected microphone channels), the ISO temperature 
range and wind speed.  
 
The post processing (regression, report in LaTex) is done by a python-script. For the 
regression line, a first regression is calculated with the complete set of data. In a 
second step, outliers are removed from the original data set. This procedure shall 
remove extremely loud or calm, fast or slow vehicles, which would influence the 
regression parameters overpropotionally. Therefore data points further away than +/-
5 dB from the first regression line and points with a speed lower than v_average - 
1.64*standard deviation or higher than v_average + 1.64*standard deviation are 



12/01/2010-FINAL                              Page 9 of 37                                            

 

discarded and a second regression is made with the remaining data points. From this 
second regression all the parameters are extracted.”  1 
 

5.2. BRRC 
 

·  Speed: Kustom Signals KR10SP 
·  Air and surface temperature: Comark C9003 thermometer  
·  Backing board: 90x75 cm² (microphone position: 33cm from right edge, 23 

from lower edge); 13,14 kg/m² 
·  Microphone: B&K 4189  
·  Calibrator: B&K 4231 
·  Sound analyzer: B&K 2260 Investigator 
·  Software: LabVIEW, program developed by BRRC 

 

 
 
A continuous graph of the sound pressure level is plotted in the program LabView. 
The 6 dB criterion is evaluated visually based upon this graph by the operator. By 
clicking a button after a vehicle has passed the speed and the maximum sound level 
are registered in a file. Depending on which button was clicked, the measurements are 
noted for a certain vehicle type. After this a button has to be clicked to reset the 
maximum sound level if some background noise occurred before the registration of 
the following new vehicle. The numbers of the vehicles which involve invalid 
measurements (braking, opposing vehicle, using horn, speed of other vehicle, …) are 
noted and eliminated when analyzing the results afterwards. 
The radar is placed with an angle with regard to the road. The speed at the back of the 
vehicle is measured. The radar measures the speeds of vehicles in all directions so the 
operator decides whether a speed measurement is correct or not. When analyzing the 
results a correction factor for the speed is applied to correct this angle effect. 
 

                                                 
1 Description written by BASt  
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5.3. Cidaut 
 

·  Speed: Sierzega SRA 
·  Temperature and wind speed: Measurement system FESTO  
·  Backing board: 90x75 cm² (microphone position: 33cm from right edge, 23 

from lower edge); 13,14 kg/m² 
·  Microphone: B&K 4190 
·  Calibrator: B&K 4231 
·  Microphone conditioning: B&K nexus  
·  Acquisition system: Scadas mobile system (LMS) 
 

 
 
Cidaut measures directly the sound pressure signal and calculates with laptop the level 
with FAST weighting in dB(A). A manual trigger is used to record every pass by. The 
sound pressure level is recorded during 6 seconds since the trigger is activated by the 
test technician, so after the test the 6 dB criteria may be checked and applied. The 
environmental values are checked and if the conditions are not satisfying the 
measurement is not recorded. 
The vehicle speed is measured with a radar positioned with an angle with respect to 
the road axis (30°). The system takes into account this angle (correction) and gives the 
speed value directly. The vehicle speed is noted in a table that takes into account the 
category of the vehicle.  
 

5.4. DRI 
 
·  Sound analyzer: B&K Pulse / 3560 B – Serial number 2457550 
·  Microphone: B&K / 4189 med 2671 – Serial number 2435197 
·  Calibrator: B&K / 4231 – Serial number 2463994 
·  Speed: Radar speed meter Kustom Electronics – Serial number FF 5240M 
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“The noise measurements were carried out 7.5 m from the middle of the farthest lane 
of the road, 1.2 m above the level of that lane. In this particular measurement series 
DRI did not evaluate these dimensions themselves, but used the same distance and 
height as the other laboratories. Due to side fall of the road, the microphone height 
would normally be greater than 1.2 m above the terrain, when measuring cars in the 
opposite lane and when no footpath is present.  
Corresponding values of the maximum A-weighted sound pressure level with time 
weighting F (fast) LpAFmax and the speed of single vehicles passing the measurement 
cross section undisturbed are measured. The instantaneous noise level LpAFmax is 
displayed to the operator as a function of time, and only pass-bys fulfilling the criteria 
are accepted (LpAFmax exceeding the ‘background’ noise level by more than 6 dB). The 
noise level LpAFmax is measured with a sampling frequency of 25 Hz, and the A-
weighted spectrum, when the total level is maximum for the pass-by, is transferred to 
an Excel sheet in which the corresponding speed and vehicle category are entered as 
well. 
To minimise influence from extraneous, ‘background’  noise sources (wind noise, 
noise from other vehicles, airplanes, trains behind the houses, etc.), all noise 
measurements are surveyed by listening in earphones and monitoring the noise 
spectrum. 
The air temperature T is measured in the height 1 m by a ventilated, radiation 
shielded thermometer placed over a similar surface as the road. The measured noise 
levels are normalised to the reference air temperature 20 °C by adding the correction 
Tcorr, which for passenger cars is: 
Tcorr = (T – 20) ·0.05 dB 
and for trucks: 
Tcorr = (T – 20) ·0.03 dB 
The vehicle speed is measured using a radar pistol. Normally the speed measurements 
are carried out from a car placed approximately 50 m before or after the 
measurement cross section. The speed measurement results from the radar (vmeas) are 
corrected for the angle (� ) between the direction of driving and the direction of the 
radar beam according to: 
vcorr = vmeas  / cos �  
The categorisation of vehicles is very ‘strict’: in the category “passenger cars” DRI 
does not include any vans, 4 wheel drive, SUV, extraordinary big cars/minibuses, cars 
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with trailers – see EN/ISO 11819-1 appendix A, category 1. Similarly the category 
“dual axle trucks” (category 2a) does not include big vans/small trucks even if they 
may have a total maximum weight of maybe 3.5 – 4.5 t. DRI only accepts ‘real’ 
trucks, that is with 6 wheels and no doubt about the total weight exceeding 3.5 t. 
For each vehicle category a regression analysis of the noise level as a function of the 
logarithm of the speed is carried out. From that the noise levels (Lveh) at the reference 
speed 50 km/h for passenger cars and at 50 km/h for trucks are determined.” 2 
 

5.5. INRETS 
 
·  Speed: Tachometer MESTA type 208 
·  Backing board: 90x75 cm² (microphone position: 33cm from right edge, 23 

from lower edge) 
·  Microphone B&K ½ inch type 4188 
·  Acquisition system: B&K multichannel Type 3562E 
·  Pulse software 

 

 
 
“ Description of the measurement equipment  

 

                                                 
2 Bent Andersen, Report SPB-noise measurements in Eppegem and Hofstade - Vejdirektoratet 
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Speed sensor:  
A MESTA 208 measures the speed of approaching vehicles (vehicles on the opposite 
lane are not taken into account).  
The distance between the speed sensor and the microphone is around 16 m in order to 
measure the speed of approaching vehicles on the test lane with an angle of 25 °, 
which is the measurement angle recommended by the manufacturer.  
Noise measurement:  
The sound pressure level is measured using a B&K 1/2" microphone (type 4188-A21) 
connected to a B&K Pulse system.  
The data recorder of the Pulse system is used to carry out continuous measurement of 
the acoustic signal in order to analyze the results afterwards.  
Description of the measurement campaign  
For each vehicle that may be included in the analysis, the operators writes down the 
following information (manual notes):  

• the category of the vehicle  
• the speed measured by the Mesta 208  
• the time at which the speed of the vehicle is measured. The operator writes down 

the time indicated by the data recorder when he hears the noise signal (bip) 
emitted by the speed sensor when the speed of a vehicle is measured.  

 
Description of the analysis  
Analysis of the results  
The B&K Pulse Software is used to calculate the evolution of the sound pressure level 
using the time weighting FAST, obtained using an exponential averaging according to 
the standard ISO 11819-1 (see Figure 1).  
The pass-by time indicated in the manual notes is used to identify the LAmax of each 
vehicle on the noise level evolution (curves on the Pulse Software).  
Once the LAmax is validated by the operator, results are put in an Excel file 
(Category of the vehicle, speed, LAmax, reason for the invalidation of the 
measurement).  
 
Validation of the results  
Several criteria are used to validate the LAmax or not:  
 
• The -6 dB(A) criteria  
The LAmax of the analyse vehicle must be 6 dB(A) higher than the LAmax of the 
nearby vehicles. An example of a non valid measurement is indicated in red on the 
figure.  
 
• The time criteria  
Because a manual writing of the time at which the vehicle is in front of the 
microphone can lead to errors (Especially when several vehicles are closed to each 
others). It had been decided to validate the LAmax only when the difference between 
the time given in the manual notes and the time at which the LAmax occurs is lower 
than 2 seconds (in black on the figure).  
The LAmax is also not validated if the presence of several pieks close to the written 
time value prevents the operator from identifying the analysed vehicle (in grey on the 
figure).  
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• The shape aspect criteria  
The LAmax is only validated if the noise level evolution follows the usual pattern of 
pass-by noise level. The LAmax is not validated in case of anomaly in the curve close 
to the maximum noise level (in green on the figure).”  3 
 

 
 

5.6. M+P 
 

·  Sound analyzer: Rion NA27 (2) 
·  Speed: Gatsometer Junior (radar) 
·  Calibrator: Rion NC-7 
 

 
 

                                                 
3 Roger Chatagnon INRETS 
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“The vehicle speed radar can measure the vehicle speed both oncoming and receding. 
The placement of the radar is dependent on the situation. In all cases the radar is 
placed such that the vehicle speed is measured at the same moment as LA,max occurs. 
During this test the speed was measured at the back of the vehicles. Because of lack of 
space caused by the numerous measurement equipments the speed was measured not 
directly at the position of the microphone. The sound level was measured at 1,2m and 
at 3m height. 
The sound level meters and speed radar are connected to a laptop via RS232. In a 
computer program (designed by M+P) the measurement heights of the individual 
meters are selected. The program initializes the sound level meters and sets the 
meters to measure LA,max in FAST setting. 
With a single button strike the program starts the measurement. The sound level 
meters start recording LA,max and the output of the radar is checked for incoming 
vehicle speed. When the program has read the vehicle speed and LA,max is 
determined, the measurement is stopped with a second button strike. The program 
communicates with the sound level meters and the results are presented on the laptop 
screen. The measurement will be assigned to one of the three specified vehicle 
categories or discarded if faulty. The LA,max value of each measurement height is 
stored with the spectrum of LA,max and the vehicle speed and category in a file. With 
each following measurement the results are added to this file. 
The operator is in the end responsible for an accurate SPB-measurement. The 
instruction every operator gets at M+P is therefore very thorough. 
During the measurement the background noise (without passing traffic) is regularly 
measured. This way the minimal required difference of 10 dB(A) between background 
noise and passing vehicle is checked. 
First there is the selection of vehicles. For the light category no (big or small) 
delivery vans, jeeps and SUV’s are used. Cars with strange rattling sounds, in a low 
gear, with sport exhaust, with a trailer or with items on the roof are not measured. If 
the car is not driving in the regular driving line, accelerating or braking it is also not 
used for the measurement. 
For the light trucks only trucks with two axles are measured. Large vans are not 
measured. Trucks, with rattling sounds, in low gear, braking, accelerating and not 
driving in the regular line are not measured. 
For the heavy truck category any truck with three axles or more (rolling on the road) 
is taken into account for the measurement. Unless it has rattling sounds, is in low 
gear, braking, accelerating or not driving in the regular driving line. 
After each single measurement the results are shown on screen. It shows for each 
microphone height the LA,max overall level and the spectrum of LA,max as well as 
the vehicle speed. This gives the operator a double check of the measurement results 
before they are stored in the proper category. The spectral results give insight in 
possible influence of engine or exhaust sound or lack thereof. If there is still doubt 
about the results the policy is to discard the measurement. The results are not stored. 
Since the program does not show the sound level real time, the 6 dB(A) drop in sound 
level between successive vehicles cannot be checked. In practice the operator needs 
about 50 m between two successive vehicles (of the same category) in order to prevent 
influence by the other vehicle. If the vehicles are closer together, they will not be 
measured.” 4 
 

                                                 
4 Mertens, M.A.J., van Loon, R.C.L., M+P report SPB round robin test 26/09/2009 
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5.7. Vinçotte 
 

·  Sound analyzer: B&K hand-held Analyzer type 2250, sn 2567875 
·  Microphone: B&K 1/2" prepolarised, sn 2573591 
·  Calibrator : B&K sound level calibrator type 4231, sn 1762226 
·  Speed: reading taken from instrument GATSO, Type 24 (1995) of Vlaamse 

Overheid 
 

 
 
Measurement method5: 

·  Criteria to determine valid/invalid measurements: 6dB threshold (not 
for test with coordinator) 

·  Verification of 6 dB threshold during measurements 
·  Continuous measurement of sound pressure level AND maximum value 
·  Speed measurement: reading taken from instrument GATSO, Afdeling 

Wegenbouwkunde 
·  Test without coordinator: marking of valid events with vehicle 

category / adding notes of speed reading in instrument / retrieving 
measurement data from instrument at office / extraction of event table  

·  Test with coordinator: manual notes of number, category, speed 
reading and approx. time / marking of indicated events with vehicle 
category in instrument / retrieving measurement data from instrument 
at office / extraction of event table / matching of manual notes and 
event table 

·  Definition of cars / heavy vehicles (test without coordinator) 
- CAT 1 : cars, light recreational and utility vehicles, 

small vans, all max 4 wheels, NO cars with trailers, NO 
motorhomes, NO large vans, NO small trucks 

- CAT 2 :  dual axle heavy vehicles, according to ISO 
11819-1 

- CAT 3 :  multi-axle heavy vehicles, according to ISO 
11819-1 

 

                                                 
5 Peter Somers Vinçotte 
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5.8. Vlaamse Overheid 
= Flemish Government Road Engineering Division 
 

�  Speed: Gatsometer Type 24 (1995) 
�  Microphone: MCP 211-1/2 inch with preamplifier 2008  
�  Sound analyzer: 01 dB 

 

 
 
The operator observes the continuous sound level graph on the laptop and decides 
whether the LAmax of a vehicle is clearly distinguished from the other vehicles or 
not. The 6dB criterion isn’t automatically or very accurately applied. 
Measurement results are analyzed afterwards. The validity of a measurement is 
determined by the observer during the measurement. 
Speed is measured at the back of a vehicle. The gatsometer only measures the speed 
in the test lane direction. The radar has an angle of 25°. No speed correction is 
applied. 
Vehicle type, LAmax and speed are noted manually. 
When LAmax differs too much from the other measured values, the measurements of 
that vehicle will be deleted. During the round robin test this principle hasn’t been 
applied yet. 
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6. Measurement conditions 

6.1. Eppegem 
Measurements were performed on 11 August 2009. Weather conditions: 

- Cloudy and sometimes a bit rainy 
- Air temperature ca. 23°C 
- Road temperature ca. 29,5°C 
- 2,5 m distance between microphones FF 
 

 Free Field 

 Backing Board 
 

6.2. Hofstade 
Measurements were performed on 12 August 2009. Weather conditions: 

- Cloudy 
- Air temperature ca. 24,5 °C 
- Road temperature ca. 30 °C 
- 7,5 m distance between microphones BB-FF 
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 Free Field 

 Backing Board 
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7. Results 
 
Further to the standard ISO 11819-1 measurements results are analyzed. The 
following 2 pages (tables) contain all results. 
 
More detailed information per institute, overview tables and graphs are included in 
the appendices: 
 
p. 1 Eppegem FF - Comparison graphs “log v - LAmax” different institutes cat. 

2a and 2b 
p. 2 Eppegem BB, Hofstade FF-BB - Comparison graphs “log v - LAmax” 

different institutes cat. 1 
p. 3 ISO 5725-2 
p. 4-6 Overview table all results  
p. 7-12 Eppegem FF Coordinator - Overview table speed measurements, 

elimination outliers and stragglers 
p. 13-18 Eppegem FF Coordinator - Overview table vehicle sound pressure level 

measurements, elimination outliers and stragglers 
p. 19-29 Eppegem FF - Individual graphs “log v - LAmax” per institute 
p. 30-40 Eppegem FF coordinator all vehicles - Individual graphs “log v - LAmax” 

per institute 
p. 41-51 Eppegem FF coordinator same vehicles - Individual graphs “log v - 

LAmax” per institute 
p. 52 Eppegem BB - Individual graphs “log v - LAmax” per institute 
p. 53-59 Hofstade FF - Individual graphs “log v - LAmax” per institute 
p. 60-65 Hofstade BB - Individual graphs “log v - LAmax” per institute 
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7.1. Free Field measurements - no coordinator 
 

7.1.1. Eppegem 

Eppegem FF Lveh, cat.1 - 95% confidence interval
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Comparison Eppegem FF cat.1
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Further to norm ISO 11819-1 the reference speed has to be within a given range from 
the average speed. For this test however for most institutes this requirement was not 
fulfilled, except for Cidaut (see appendices p. 4-5). 

Eppegem FF Lveh, cat.2b - 95% confidence interval
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7.1.2. Hofstade 

 

Comparison Hofstade FF cat.1
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7.1.3. Conclusions 
There is no large difference between the results of vehicle category 1 and 2b of the 
different institutes.  
The results of vehicle category 2a however show large deviations. This may be due to 
a different interpretation of vehicle categories, especially category 2a.  
A standard deviation of 0,8 dB(A) is noted for vehicle category 1 during the free field 
test in Eppegem and Hofstade which implies a good reliability of the SPB method. 
The slopes of the regression lines are very similar for the different institutes. 
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7.2. Free field measurements – with coordinator 

7.2.1. Results – all measured vehicles 
Not all institutes managed to measure all vehicles during the test with coordinator. 
Some institutes lacked a speed and/or sound level measurement. Taking into account 
all vehicles leads to following result, keeping in mind that some participants measured 
more vehicles than others: 

Comparison Eppegem Coordinator FF
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Eppegem FF Coordinator - all measured vehicles
Lveh, cat.1 - 95% confidence interval
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7.2.2. Results – only same vehicles 
Taking into account only the vehicles that were measured completely by all institutes, 
gives following result:  

 

Comparison Eppegem Coordinator FF 
- same vehicles - cat.1
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Eppegem FF Coordinator - same vehicles
Lveh, cat.1 - 95% confidence interval
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7.2.3. Speed 
When comparing per vehicle all speeds measured by the institutes during the coordinator test, a standard deviation per vehicle may be 
calculated. 
If a value is an outlier or a straggler it is very probably erroneous, for example if all institutes measure a value of ca.60 km/h and one institute 
measures 30 km/h. In that case it is clear that an error must have occurred during the measurement of that institute.  
When taking into account the outliers and stragglers6 by eliminating them, a mean standard deviation of 3,1 km/h is obtained which is a rather 
high value. Further to the standard ISO 11819-1 the vehicle speed has to be measured with a standard uncertainty of less than 3%, a value that 
was not obtained during this test. Therefore institutes are advised to check their speed measurement systems. 
 
Graph of standard deviations per vehicle with marking of stragglers and outliers (mean standard deviation 3,6 km/h): 

 
 
 
 
 
 
 
 
 

                                                 
6 Method ISO 5725-2 to define outliers and stragglers: see appendices 
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Graph of standard deviations per vehicle after eliminating outliers and stragglers (mean standard deviation 3,1 km/h): 

 
 
Following institutes have outliers/stragglers: 

- DRI: 2 outliers 
- BRRC: 4 stragglers 
- Cidaut: 4 stragglers 

Speed mean deviation may be calculated using following formula: 
N

vv ix
i

averagei )( , -�
 

x = participant 
i = vehicle number i 
N = total number of vehicles 
Following graph contains the speed mean deviations of the different institutes and shows whether an institute measures speed systematically too 
high or too low. 
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Speed Mean deviation
negative value = systematically higher than mean value
positive value = systematically lower than mean value
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The standard deviation per participant may be calculated using following formula: 
1

)²( ,

-

-
=

�
N

vv
s i

ixaveragei

x  

BASt 1,9 km/h 
BRRC 3,2 km/h 
Cidaut 4,6 km/h 
DRI 3,1 km/h 
Inrets 3,9 km/h 
Vinçotte 2,2 km/h 
Vlaamse Overheid 2,2 km/h 
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7.2.4. Vehicle sound pressure level 
 
When comparing per vehicle all vehicle sound pressure levels measured by the institutes during the coordinator test, a standard deviation per 
vehicle may be calculated. When taking into account the outliers and stragglers7 by eliminating them, a mean standard deviation of 0,3 dB(A) is 
obtained, which is a good result. 
 
Graph of standard deviations per vehicle with marking of stragglers and outliers (mean standard deviation 0,5 dB(A) ): 

 
 
                                                 
7 Method ISO 5725-2 to define outliers and stragglers: see appendix 
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Graph of standard deviations per vehicle after eliminating outliers and stragglers (mean standard deviation 0,3 dB(A) ): 

 
Following institutes have outliers/stragglers: 

- BASt: 2 outliers 
- BRRC: 2 outliers 
- Cidaut: 8 outliers 
- Vlaamse Overheid: 1 straggler 

 

Speed mean deviation may be calculated using following formula: 
N

vv ix
i

averagei )( , -�
 

x = participant 
i = vehicle number i 
N = total number of vehicles 
Following graph contains the vehicle sound pressure level mean deviations of the different institutes and shows whether an institute measures 
systematically too high or too low. 
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LA,max  Mean deviation
negative value = systematically higher than mean value
positive value = systematically lower than mean value
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The standard deviation per participant may be calculated using following formula: 
1

)²( ,

-

-
=

�
N

vv
s i

ixaveragei

x  

 
BASt 0,25 dB(A) 
BRRC 0,34 dB(A) 
Cidaut 0,36 dB(A) 
DRI 0,23 dB(A) 
Inrets 0,32 dB(A) 
Vinçotte 0,26 dB(A) 
Vlaamse Overheid 0,26 dB(A) 
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7.2.5. Influence of speed and vehicle sound pressur e level 
Cidaut and Inrets have the highest average speed and standard deviation (see p. 28-
29). Cidaut measures systematically lower than the mean value while Inrets measures 
systematically higher. 
Cidaut and Inrets also have the biggest vehicle sound pressure level mean deviation 
(see p. 31). Cidaut, BRRC and Inrets have the biggest standard deviation (see p. 32). 
Cidaut measures systematically higher than the mean value while Inrets measures 
systematically lower. 
When replacing these deviating values of Cidaut and Inrets with values that situate 
close to the mean speed and vehicle sound pressure level measurements, the influence 
of these deviations may be assessed. 
As BASt has the lowest speed standard deviation and values that lie close to the mean 
values, their speed measurements may be used for Cidaut and Inrets. 
As DRI has the lowest vehicle sound pressure level standard deviation and values that 
situate close to the mean values, their vehicle sound pressure level measurements may 
be used for Cidaut and Inrets. 
In the following figure the calculations for the reference speed of 50 km/h are plotted 
for adapted speed and vehicle sound pressure levels. 

 

Eppegem FF Coordinator - same vehicles
Lveh, cat.1 - 95% confidence interval
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By replacing the values, the vehicle sound pressure level at the reference speed 50 
km/h situates slightly closer to the mean value. However for Cidaut only 0,1-0,2 
dB(A) of difference is noted. For Inrets one finds a difference of 0,3-0,4 dB(A). 
 

 Cidaut Inrets 

Cidaut-
BASt 

speed 

Inrets-
BASt 

speed 

Cidaut-
DRI 

LAmax 

Inrets-
DRI 

LAmax 
No. Cat.1 53 53 53 53 53 53 
Lveh,1 [dB(A)] 74,8 72,8 74,7 73,2 74,6 73,1 
Cat.1 95% Conf. interval 0,6 0,7 1 0,6 0,5 0,6 

 
In general following statements can be made: 

Ø Systematically measuring higher speeds implies a lower vehicle sound 
pressure level at the reference speed 

Ø Systematically measuring lower speeds implies a higher vehicle sound 
pressure level at the reference speed 

Ø Systematically measuring higher sound pressure levels implies a higher 
vehicle sound pressure level at the reference speed 

Ø Systematically measuring lower sound pressure levels implies a lower vehicle 
sound pressure level at the reference speed 

 
Cidaut measures systematically lower speeds and higher sound pressure levels. Both 
imply a higher vehicle sound pressure level at the reference speed.  
Inrets measures systematically higher speeds and lower sound pressure levels. Both 
imply a lower vehicle sound pressure level at the reference speed.  
All these findings are in line with the measurements results. 

7.2.6. Influence of operator 

No significant difference may be noted between the test with and without coordinator. 
The standard deviation of vehicle category 1 decreases with only 0,1 dB(A). For 
vehicle category 2a however, there is a larger decrease of 0,8 dB(A) but not enough 
vehicles of category 2a or 2b were measured. 
A large deviation was noted for Lveh,cat.2a between different institutes during the free 
field test without coordinator. It is feasible to state that this was due to the different 
interpretation of vehicle categories. During the test with coordinator this difference in 
interpretation was eliminated which resulted in a smaller standard deviation. 
 
Standard deviation Without coordinator With coordinator 
Lveh,cat.1 0,8 dB(A) 0,7 dB(A) 
Lveh,cat.2a 2,0 dB(A) 1,2 dB(A) 
Lveh,cat.2b 0,7 dB(A) 0,7 dB(A) 
 

7.3. Backing Board 
In Eppegem the test was interrupted by an unexpected traffic jam. Not enough 
vehicles were measured. Therefore only the results of Hofstade are given hereunder. 
For more information about the results in Eppegem, see appendices p. 52. 
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Comparison Hofstade BB cat.1
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Following table summarizes all measurement results with the backing board and 
relates it to the relevant free field measurments: 
 

Hofstade BB Lveh, cat.1 - 95% confidence interval
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BASt BRRC Cidaut DRI Inrets
Vlaamse 
Overheid

Average 
[dB(A)]

Standard 
deviation 

[dB(A)]

No. Cat.1 119 302 106 100 118 105
Lveh,1 [dB(A)] 72,7 73,8 74,3 73,3 72,2 74,1 73,4 0,8
Cat.1 95% Conf. 0,5 0,3 0,4 0,6 0,5 0,5
No. Cat.1 3 63 * - 7 -
Lveh,1 [dB(A)] * 79,9 * - * - * *
Cat.1 95% Conf. * 0,4 * - * -

Eppegem FF-BB Cat.1 * 6,1 * - * - 6,1 *
No. Cat.1 118 227 99 93 101 112
No. Cat.2a 10 12 13 5 9 13
Lveh,1 [dB(A)] 71,5 71,1 73,0 70,8 70,6 71,5 71,4 0,9
Lveh,2a [dB(A)] 74,5 74,6 77,0 75,0 75,5 75,1 75,3 0,9
Cat.1 95% Conf. 0,5 0,3 0,3 0,7 0,5 0,3
Cat.2a 95% Conf. 1,7 2,2 1,5 3,3 1,8 2,1
No. Cat.1 125 184 100 93 101 113
No. Cat.2a 20 24 19 5 9 14
Lveh,1 [dB(A)] 77,7 77,7 79,2 76,8 76,7 78,8 77,8 1,0
Lveh,2a [dB(A)] 80,3 79,7 82,3 82,5 81,5 81,2 81,3 1,1
Cat.1 95% Conf. 0,4 0,4 0,3 0,8 0,5 0,3
Cat.2a 95% Conf. 2 1,9 1,2 1,5 1,8 2

Hofstade FF-BB Cat.1 6,2 6,6 6,2 6,0 6,1 7,3 6,4 0,5
Hofstade FF-BB Cat.2a 5,8 5,1 5,3 7,5** 6,0 6,1 5,7 0,4

Eppegem

FF

BB

Hofstade

FF

BB 

 Legend: 
** outlier further to standard ISO 5725-2 
* not enough measurements to calculate value 
- no participation at test 
FF-BB These institutes have performed FF and BB measurements at the same time on 
different channels. Exactly the same vehicles were measured for FF and BB. 
 
 
DRI, who has measured only 5 vehicles of category 2a, has an exceptionally high 
value of 7,5 dB(A). This is an outlier so this value is eliminated from the analysis. 
Vlaamse Overheid measured an exceptionally high value of 7,3 dB(A) for vehicles of 
category 1 but this is not an outlier or straggler. 
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In theory the sound pressure level rises 6 dB(A) with a doubling of the sound pressure 
caused by the backing board. During this test a mean augmentation with 6,4 dB(A) 
was measured for vehicles of category 1 and an augmentation with 5,7 dB(A) for 
vehicles of category 2a. However not enough vehicles of category 2a were measured 
and the 95% confidence interval is too large so no reliable conclusion can be drawn.  
Institutes who measured on two channels at the same time achieve a value of ca. 6,0-
6,1 dB(A) for vehicles category 1 which is very close to the theoretical value. Perhaps 
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the higher value of the other institutes is due to the measurement of different vehicles 
for free field and backing board test. 
 

7.4. Comparison different tests 
Following graph shows the deviation of Lveh,cat.1 with respect to the average of 
different tests. 
Cidaut has systematically higher values and Inrets lower values. This is in accordance 
with the findings regarding speed and LAmax For Cidaut and Inrets of the comparing 
test with coordinator. 
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positive value = average smaller than value institute
negative value = average larger than value institute
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8. Conclusions 
 

Ø A different interpretation of vehicle categories leads to a significant 
difference of Lveh,cat.2a (standard deviation Eppegem FF between institutes 
2,0 dB(A)). However when considering these values in the SPBI 
calculation the influence can be expected to remain limited. 

Ø The SPB-method has a high accuracy. A standard deviation of 0,8 dB(A) 
is noted at the vehicle sound pressure level of category 1. The largest 
difference between the highest and lowest vehicle sound pressure level is 
only 2,5 dB(A). 

Ø For speed a high mean standard deviation of 3,1 km/h is noted during the 
test with coordinator. Participants with high speed deviations are advised 
to check their speed measuring systems. 

Ø Sound level measurements may be considered as reliable as there are not 
many differences between the different institutes. Only a mean standard 
deviation of 0,3 dB(A) is measured during the test with coordinator. 

Ø The influence of a coordinator appears to be small. However a smaller 
standard deviation is noted for the test with coordinator, especially for 
vehicle categories 2a and 2b, which show some influence. Extra tests are 
recommended. 

Ø Test results confirm the backing board correction value of ca. 6 dB(A) for 
vehicles of category 1. Extra tests are recommended for vehicles of 
category 2a and 2b. 

Ø Further research is needed to make the results that are found in this round 
robin test more robust. Following tests could be considered: 
·  Coordinator test with backing board. 
·  Coordinator test with more measured vehicles of different vehicle 

categories to obtain a higher accuracy and to be able to calculate SPBI. 
·  Backing board test with more measured vehicles of different vehicle 

categories to obtain a higher accuracy and to be able to calculate SPBI. 
·  Free field test with more measured vehicles of different vehicle 

categories to obtain a higher accuracy and to be able to calculate SPBI. 
 
 


