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1. Introduction

For the revision of standard ISO 11819-1 “Stat#tiPass-By method”, which is
currently ongoing, 1ISO/TC43/SC1/WG33 would likeinclude a method to measure
the acoustical quality of a road in a built-up urlegvironment.

The adapted conceived method is called “Backingrdomethod”. Different
experiments were performed within the European SICE project to assess the
accuracy of the method.

By installing a board behind the microphone duritie measurements, the
microphone is protected against noise from behiiod éxample reflections by
facades). The noise coming from the front is redldcby the backing board in a
controlled way so that it can be taken into accafterwards. In theory the sound
pressure level rises 6 dB(A) with a doubling of gs@nd pressure caused by the
backing board.

Different experiments confirm this value for lighghicles as long as the overall level
is considered and no spectral analysis of the s@indrried out. In March 2009 one
SPB test was performed by BRRC with heavy vehiclé® experiment confirmed
that the 6 dB(A) correction was valid for trucksveedl.

In August 2009 an international round robin testswaganized by BRRC near
Brussels. Measurements were performed by severatipants in free field condition
and with backing board. The purpose of the test iwasssess the reproducibility of
the method. Also the influence of the operator teased during this round robin test.
The results of this RRT are presented and analysts report.
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2. Participants

Nine institutes participated at the test with ei§RB measurement setups. There were
five backing boards.

The backing board has a rectangular shape and a ofa$3,14 kg/m2 (without
standard). The width is 90 cm and the height 75Tme. microphone is situated in the
right lower corner of the board, 33 cm from thentigdge and 23 cm from the lower
edge.

Participants were asked to use the same mass amhslbns as mentioned above.
The microphone position in the backing board of BAsSslightly 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 2 backing boards
Bartolomaeus, Ralf Becker, Udo
Lofflas

BRRC Anneleen Bergiers, Philippe 1 backing board
Debroux, Luc Goubert

Cidaut Miguel A. Morcillo 1 backing board

CEDEX Marta Esteban Carrillo

DRI Bent Andersen, Peter Larsen

INRETS Roger Chatagnon, Joél Lelong 1 backingdboar

M+P Mark Mertens, Patrick Boelens

Vingotte Environment Thomas Holderbeke, Peter Semer

Vlaamse Overheid Barbara Vanhooreweder, Bruno

(Flemish Government - Daelemans, Staf Geeurickx

Road Engineering Division
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BASt had two backing boards so other institutefout backing board could use this
during the test. Vlaamse Overheid and DRI have tlssacking 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 diffetests are performed without
backing board.

The first test is carried out with a coordinatorigg a signal when the passing vehicle
has to be measured or when the vehicle is excl@aed the test. In this test the

influence of the operator is minimized. This coaator determines also the vehicle
category by raising a sign with a certain colour.

In reality it is possible that a vehicle is measuby one institute, but considered as
invalid by another one. Also the different perceptbf vehicle categories biases the
measurements. Therefore the second test is perowithout coordinating person.
The vehicles are evaluated by each operator.

The results of both tests are compared to asgassséble influence of the operator.
After these tests a SPB measurement is performethe@rsame road section with
backing board to see the influence of the backwmeaydhon the sound pressure level.
The microphones/backing boards of the differentitines stand next to each other as
close as possible in order to monitor nearly theesaection 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 | Eppegem | Eppegem | Hofstade Hofstade
FF FF coord. BB FF 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
Vincgotte X X
Environment
Vlaamse X X X X
Overheid

X = participation

Because of an unforeseen traffic jam, the BB te&ppegem 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 Gmbhw{v.eso-elektronik.déptical System
Meteorology: Reinhardt (Air Temperature, wind spaead direction)

Surface temperature: infrared sensor omega\.omega.cojn

Backing board: 90x75 cmz2 (microphone position gdligkifferent than other
backing boards: 33 cm from right edge, 13 cm fromdr edge)

Microphone: Microtech Gefell GmbH MK 250, PreamiphfMV 210
Calibrator: B & K 4231

Data logging: Combination of Harmony and Panasommughbook CF-18
from Sinus Messtechnik GmbH with knobbox for velalassification
Software: Based on SI++ from ATG

“The system works with a continuous, delayed menhmop. Whenever a speed-
signal from the eso arrives and one of the velaldssification buttons is pressed, all

meteorology data (including surface temperaturejiele speed and distance, LAmax
and third octave spectra, a .wav file of the pags4nd level vs. time plot for a

maximum of 4 microphone channels are recorded. & hex options for an automatic

check of the 6 dB criteria (for selected micropha@hannels), the 1ISO temperature
range and wind speed.

The post processing (regression, report in LaTsxjadne by a python-script. For the
regression line, a first regression is calculatedhwthe complete set of data. In a
second step, outliers are removed from the origotatia set. This procedure shall
remove extremely loud or calm, fast or slow vekiclehich would influence the
regression parameters overpropotionally. Thereftaéa points further away than +/-

5 dB from the first regression line and points wattspeed lower than v_average -
1.64*standard deviation or higher than v_averagel64*standard deviation are
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discarded and a second regression is made withaimaining data points. From this
second regression all the parameters are extratted.

5.2. BRRC

Speed: Kustom Signals KR10SP

Air and surface temperature: Comark C9003 thermemet

Backing board: 90x75 cm? (microphone position: 33com right edge, 23
from lower edge); 13,14 kg/m?

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 levelatqul in the program LabView.
The 6 dB criterion is evaluated visually based ugiue graph by the operator. By
clicking a button after a vehicle has passed tleed@mnd the maximum sound level
are registered in a file. Depending on which butt@s clicked, the measurements are
noted for a certain vehicle type. After this a botthas to be clicked to reset the
maximum sound level if some background noise oecubrefore the registration of
the following new vehicle. The numbers of the védgcwhich involve invalid
measurements (braking, opposing vehicle, using,speed of other vehicle, ...) are
noted and eliminated when analyzing the resulenaéirds.

The radar is placed with an angle with regard értdad. The speed at the back of the
vehicle is measured. The radar measures the spégdhicles in all directions so the
operator decides whether a speed measurementrécicor not. When analyzing the
results a correction factor for the speed is agglecorrect this angle effect.

! Description written by BASt
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5.3. Cidaut

Speed: Sierzega SRA

Temperature and wind speed: Measurement system@®GEST

Backing board: 90x75 cm? (microphone position: 33com right edge, 23
from lower edge); 13,14 kg/m?

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 sagrthtalculates with laptop the level
with FAST weighting in dB(A). A manual trigger ised to record every pass by. The
sound pressure level is recorded during 6 secdnds the trigger is activated by the
test technician, so after the test the 6 dB catemay be checked and applied. The
environmental values are checked and if the camdtiare not satisfying the
measurement is not recorded.

The vehicle speed is measured with a radar positiavith an angle with respect to
the road axis (30°). The system takes into acctiisiangle (correction) and gives the
speed value directly. The vehicle speed is noteal table that takes into account the
category of the vehicle.

5.4. DRI

Sound analyzer: B&K Pulse / 3560 B — Serial nun##57550
Microphone: B&K / 4189 med 2671 — Serial number 2487

Calibrator: B&K / 4231 — Serial number 2463994

Speed: Radar speed meter Kustom Electronics - 8enger FF 5240M
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“The noise measurements were carried out 7.5 m fteemiddle of the farthest lane
of the road, 1.2 m above the level of that lanethla particular measurement series
DRI did not evaluate these dimensions themselvgsyded the same distance and
height as the other laboratories. Due to side tdlthe road, the microphone height
would normally be greater than 1.2 m above thedaerrwhen measuring cars in the
opposite lane and when no footpath is present.

Corresponding values of the maximum A-weighted ¢quessure level with time
weighting F (fast) parmaxand the speed of single vehicles passing the mmasmt
cross section undisturbed are measured. The irst@aus noise levelphrmax IS
displayed to the operator as a function of timej anly pass-bys fulfilling the criteria
are accepted (Jarmaxexceeding the ‘background’ noise level by more tbalB). The
noise level parmax iIs Mmeasured with a sampling frequency of 25 Hz| dre A-
weighted spectrum, when the total level is maxirfamthe pass-by, is transferred to
an Excel sheet in which the corresponding speedvehitle category are entered as
well.

To minimise influence from extraneous, ‘backgrounabise sources (wind noise,
noise from other vehicles, airplanes, trains behith@ houses, etc.), all noise
measurements are surveyed by listening in earphames monitoring the noise
spectrum.

The air temperature T is measured in the height bymna ventilated, radiation
shielded thermometer placed over a similar surfaseghe road. The measured noise
levels are normalised to the reference air tempeea0 °C by adding the correction
Teorr, Which for passenger cars is:

Teorr = (T —20) -0.05 dB

and for trucks:

Teorr = (T —20) -0.03 dB

The vehicle speed is measured using a radar pistmimally the speed measurements
are carried out from a car placed approximately 50 before or after the
measurement cross section. The speed measureraals feom the radar (yag are
corrected for the angle | between the direction of driving and the diregtiof the
radar beam according to:

Veorr = Vmeas / COS

The categorisation of vehicles is very ‘strict’: ime category “passenger cars” DRI
does not include any vans, 4 wheel drive, SUVaextinary big cars/minibuses, cars
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with trailers — see EN/ISO 11819-1 appendix A, gatg 1. Similarly the category
“dual axle trucks” (category 2a) does not includg tvans/small trucks even if they
may have a total maximum weight of maybe 3.5 —t.4[3RI only accepts ‘real’
trucks, that is with 6 wheels and no doubt aboatttial weight exceeding 3.5 t.

For each vehicle category a regression analysigefnoise level as a function of the
logarithm of the speed is carried out. From that tivise levels (k) at the reference
speed 50 km/h for passenger cars and at 50 km/nufcks are determined?®

5.5. INRETS

Speed: Tachometer MESTA type 208

Backing board: 90x75 cm? (microphone position: 33com right edge, 23
from lower edge)

Microphone B&K %z inch type 4188

Acquisition system: B&K multichannel Type 3562E

Pulse software

“Description of the measurement equipment

2 Bent Andersen, Report SPB-noise measurementspadgm and Hofstade - Vejdirektoratet
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Speed sensor:
A MESTA 208 measures the speed of approachingleglfiehicles on the opposite
lane are not taken into account).
The distance between the speed sensor and thephanre is around 16 m in order to
measure the speed of approaching vehicles on #gtdaee with an angle of 25 °,
which is the measurement angle recommended byahefacturer.
Noise measurement:
The sound pressure level is measured using a B&Krhicrophone (type 4188-A21)
connected to a B&K Pulse system.
The data recorder of the Pulse system is usedrty cait continuous measurement of
the acoustic signal in order to analyze the resafterwards.
Description of the measurement campaign
For each vehicle that may be included in the angjytbe 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 issunem. The operator writes down
the time indicated by the data recorder when heélae noise signal (bip)
emitted by the speed sensor when the speed ofcdevisimeasured.

Description of the analysis

Analysis of the results

The B&K Pulse Software is used to calculate théutiom of the sound pressure level
using the time weighting FAST, obtained using groegntial averaging according to
the standard 1ISO 11819-1 (see Figure 1).

The pass-by time indicated in the manual notesésl o identify the LAmax of each
vehicle on the noise level evolution (curves orRkse Software).

Once the LAmax is validated by the operator, resaite put in an Excel file
(Category of the vehicle, speed, LAmax, reason tfer invalidation of the
measurement).

Validation of the results
Several criteria are used to validate the LAmaxaot:

* The -6 dB(A) criteria

The LAmax of the analyse vehicle must be 6 dB@Y)ehithan the LAmax of the
nearby vehicles. An example of a non valid measemems indicated in red on the
figure.

* The time criteria

Because a manual writing of the time at which tlehisle is in front of the
microphone can lead to errors (Especially when sdveehicles are closed to each
others). It had been decided to validate the LAy when the difference between
the time given in the manual notes and the timehath the LAmax occurs is lower
than 2 seconds (in black on the figure).

The LAmax is also not validated if the presencsewtral pieks close to the written
time value prevents the operator from identifying &nalysed vehicle (in grey on the
figure).
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» The shape aspect criteria
The LAmax is only validated if the noise level etioh follows the usual pattern of
pass-by noise level. The LAmax is not validatethse of anomaly in the curve close

to the maximum noise level (in green on the figtire)

5.6. M+P

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

® Roger Chatagnon INRETS
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“The vehicle speed radar can measure the vehiagedoth oncoming and receding.
The placement of the radar is dependent on theatsio In all cases the radar is
placed such that the vehicle speed is measurdteagadme moment as LA,max occurs.
During this test the speed was measured at the dfitle vehicles. Because of lack of
space caused by the numerous measurement equipimersigseed was measured not
directly at the position of the microphone. Thergblevel was measured at 1,2m and
at 3m height.

The sound level meters and speed radar are corheota laptop via RS232. In a
computer program (designed by M+P) the measurerherghts of the individual
meters are selected. The program initializes thendolevel meters and sets the
meters to measure LA,max in FAST setting.

With a single button strike the program starts theasurement. The sound level
meters start recording LA,max and the output of rdmar is checked for incoming
vehicle speed. When the program has read the eelipeed and LA,max is
determined, the measurement is stopped with a debotion strike. The program
communicates with the sound level meters and thdtseare presented on the laptop
screen. The measurement will be assigned to oneofthree specified vehicle
categories or discarded if faulty. The LA,max vatiieeach measurement height is
stored with the spectrum of LA,max and the velsipeed and category in a file. With
each following measurement the results are addekisdile.

The operator is in the end responsible for an aateirSPB-measurement. The
instruction every operator gets at M+P is therefosry thorough.

During the measurement the background noise (witpassing traffic) is regularly
measured. This way the minimal required differenfc€0 dB(A) between background
noise and passing vehicle is checked.

First there is the selection of vehicles. For thght category no (big or small)
delivery vans, jeeps and SUV’s are used. Cars stidnge rattling sounds, in a low
gear, with sport exhaust, with a trailer or witlems on the roof are not measured. If
the car is not driving in the regular driving linaccelerating or braking it is also not
used for the measurement.

For the light trucks only trucks with two axles ameasured. Large vans are not
measured. Trucks, with rattling sounds, in low gdamking, accelerating and not
driving in the regular line are not measured.

For the heavy truck category any truck with thredea or more (rolling on the road)
is taken into account for the measurement. Unle$&s rattling sounds, is in low
gear, braking, accelerating or not driving in thegular driving line.

After each single measurement the results are shmwacreen. It shows for each
microphone height the LA,max overall level and shectrum of LA,max as well as
the vehicle speed. This gives the operator a dociwdek of the measurement results
before they are stored in the proper category. $pectral results give insight in
possible influence of engine or exhaust sound ok taereof. If there is still doubt
about the results the policy is to discard the measent. The results are not stored.
Since the program does not show the sound levktineg, the 6 dB(A) drop in sound
level between successive vehicles cannot be chelckpdactice the operator needs
about 50 m between two successive vehicles (shthe category) in order to prevent
influence by the other vehicle. If the vehicles el@ser together, they will not be
measured.”

* Mertens, M.A.J., van Loon, R.C.L., M+P report SPBnd robin test 26/09/2009
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5.7. Vingotte

Sound analyzer: B&K hand-held Analyzer type 22502567875
Microphone: B&K 1/2" prepolarised, sn 2573591

Calibrator : B&K sound level calibrator type 423h, 1762226

Speed: reading taken from instrument GATSO, Typg1395) of Vlaamse
Overheid

Measurement methdd
Criteria to determine valid/invalid measurementsiB6threshold (not
for test with coordinator)
Verification of 6 dB threshold during measurements
Continuous measurement of sound pressure level AARKMuUM value
Speed measurement: reading taken from instrumeftS&@A Afdeling
Wegenbouwkunde
Test without coordinator: marking of valid eventsthwvehicle
category / adding notes of speed reading in insémnint retrieving
measurement data from instrument at office / extvacf event table
Test with coordinator: manual notes of number, gatg, speed
reading and approx. time / marking of indicated régewith vehicle
category in instrument / retrieving measuremenadabm instrument
at office / extraction of event table / matchingnaéinual notes and
event table
Definition of cars / heavy vehicles (test withoobi@inator)

- CAT 1 : cars, light recreational and utility vehad,
small vans, all max 4 wheels, NO cars with trailéN®
motorhomes, NO large vans, NO small trucks

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

- CAT 3 : multi-axle heavy vehicles, according t®IS
11819-1

® Peter Somers Vingotte
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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 lewaghgon the laptop and decides
whether the LAmax of a vehicle is clearly distinghed from the other vehicles or
not. The 6dB criterion isn’t automatically or veagcurately applied.

Measurement results are analyzed afterwards. Thdityaof a measurement is
determined by the observer during the measurement.

Speed is measured at the back of a vehicle. Tlsoma&ter only measures the speed
in the test lane direction. The radar has an an§l@5°. No speed correction is
applied.

Vehicle type, LAmax and speed are noted manually.

When LAmax differs too much from the other measwealdies, the measurements of
that vehicle will be deleted. During the round roléest this principle hasn’'t been
applied yet.
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6. Measurement conditions

6.1. Eppegem

Measurements were performed on 11 August 2009. Mgeabnditions:
- Cloudy and sometimes a bit rainy
- Air temperature ca. 23°C
- Road temperature ca. 29,5°C
- 2,5 mdistance between microphones FF

Free Field

Backing Board

6.2. Hofstade

Measurements were performed on 12 August 2009. Mgeabnditions:
- Cloudy
- Air temperature ca. 24,5 °C
- Road temperature ca. 30 °C

$Y

- 7,5 m distance between microphones BB-FF
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Free Field

Backing Board

$Y
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7. Results

Further to the standard ISO 11819-1 measuremerssltseare analyzed. The
following 2 pages (tables) contain all results.

More detailed information per institute, overvieables and graphs are included in
the appendices:

p. 1 Eppegem FF - Comparison graphs “log v - LAmaiXferent institutes cat.
2a and 2b

p. 2 Eppegem BB, Hofstade FF-BB - Comparison grdibtg 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 edpaneasurement
elimination outliers and stragglers

p. 13-18| Eppegem FF Coordinator - Overview tableicle sound pressure ley
measurements, elimination outliers and stragglers

p. 19-29 | Eppegem FF - Individual graphs “log v -rh&x” per institute

p. 30-40 | Eppegem FF coordinator all vehicles -Migial graphs “log v - LAmax’
per institute

p. 41-51| Eppegem FF coordinator same vehicles ivithaal graphs “log v -

LAmax” per institute

.52

Eppegem BB - Individual graphs “log v - LAmger institute

. 53-59

Hofstade FF - Individual graphs “log vArhax” per institute

© O[O

. 60-65

Hofstade BB - Individual graphs “log vAilax” per institute
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7.1.

Free Field measurements - no coordinator

7.1.1. Eppegem

Lveh,cat.1 dB(A)

Eppegem FF Lveh, cat.1 - 95% confidence interval

75,0
74,0
73,0
72,0
71,0
70,0
69,0
68,0
67,0
66,0
65,0

BASt BRRC Cidaut DRI Inrets Vingotte Vlaamse
Overheid

Lveh,cat.2a dB(A)

Eppegem FF Lveh, cat.2a - 95% confidence interval

82,0
81,0
80,0
79,0
78,0
77,0
76,0
75,0
74,0
73,0

72,0

BASt BRRC Cidaut DRI Inrets Vingotte Vlaamse
Owerheid
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Eppegem FF Lveh, cat.2b - 95% confidence interval

85,0
84,0
83,0
82,0
81,0
80,0
79,0

Lveh,cat.2b dB(A)

78,0
77,0
76,0

75,0
BASt BRRC Cidaut DRI Inrets Vingotte Vlaamse
Ovwerheid

Comparison Eppegem FF cat.1

——BASt

BRRC

—— Cidaut

——DRI

dB(A)

—— Inrets
——Vincgotte

~— Vlaamse
Ovwerheid

15 1,55 1,6 1,65 1,7 1,75 1,8 1,85 1,9
Log v

Further to norm ISO 11819-1 the reference speeddibs within a given range from
the average speed. For this test however for nmssitutes this requirement was not
fulfilled, except for Cidaut (see appendices p)4-5
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7.1.2. Hofstade

Hofstade FF Lveh, cat.1 - 95% confidence interval

Lveh,cat.1 dB(A)

BASt BRRC Cidaut DRI Inrets M+P Vlaamse
Overheid

Comparison Hofstade FF cat.1

—— BASt

BRRC

—— Cidaut

——DRI

dB(A)

—— Inrets

— M+P

Vlaamse
Owerheid

1,5 1,55 1,6 1,65 1,7 1,75 1,8 1,85 1,9
Log v

7.1.3. Conclusions

There is no large difference between the resultgebicle category 1 and 2b of the
different institutes.

The results of vehicle category 2a however shogelaeviations. This may be due to
a different interpretation of vehicle categoriespecially category 2a.

A standard deviation of 0,8 dB(A) is noted for \@aicategory 1 during the free field
test in Eppegem and Hofstade which implies a gebdhility of the SPB method.

The slopes of the regression lines are very sirfolathe 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 vehidesng the test with coordinator.
Some institutes lacked a speed and/or sound legakanement. Taking into account
all vehicles leads to following result, keepingmind that some participants measured
more vehicles than others:

Eppegem FF Coordinator - all measured vehicles
Lveh, cat.1 - 95% confidence interval

Lveh,cat.1 dB(A)

BASt BRRC Cidaut DRI Inrets Vingotte Vlaamse
Overheid

Comparison Eppegem Coordinator FF
- all measured vehicles - cat.1

——BASt

BRRC

—— Cidaut

——DRI

dB(A)

—— Inrets
——Vingotte

Vlaamse
Owerheid

1,5 1,55 1,6 1,65 1,7 1,75 1,8 1,85 1,9
Log v




12/01/2010-FINAL Pafof 37 \5 2’

7.2.2. Results — only same vehicles

Taking into account only the vehicles that were sneed completely by all institutes,
gives following result:

Eppegem FF Coordinator - same vehicles
Lveh, cat.1 - 95% confidence interval

Lveh,cat.1 dB(A)

BASt BRRC Cidaut DRI Inrets Vingotte Vlaamse
Overheid

Comparison Eppegem Coordinator FF
- same vehicles - cat.1

——BASt

BRRC

—— Cidaut

——DRI

dB(A)

—— Inrets
——Vingotte

Vlaamse
Owerheid

1,5 1,55 1,6 1,65 1,7 1,75 1,8 1,85 1,9
Log v
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7.2.3. Speed

When comparing per vehicle all speeds measuredheyirtstitutes during the coordinator test, a stechd#eviation per vehicle may be
calculated.

If a value is an outlier or a straggler it is v@mnpbably erroneous, for example if all institutesasure a value of ca.60 km/h and one institute
measures 30 km/h. In that case it is clear tha&reor must have occurred during the measuremethiadinstitute.

When taking into account the outliers and stragfley eliminating them, a mean standard deviatioB,afkm/h is obtained which is a rather
high value. Further to the standard ISO 11819-1vtecle speed has to be measured with a standaettainty of less than 3%, a value that
was not obtained during this test. Therefore intt& are advised to check their speed measureystanss.

Graph of standard deviations per vehicle with maglof stragglers and outliers (mean standard deni&,6 km/h):

® Method 1SO 5725-2 to define outliers and stragglsee appendices
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Graph of standard deviations per vehicle afterielting outliers and stragglers (mean standardadievi 3,1 km/h):

Following institutes have outliers/stragglers:
- DRI 2 outliers
- BRRC: 4 stragglers
- Cidaut: 4 stragglers
(Vi,average_ Vix)

Speed mean deviation may be calculated using fallgpformula: -

X = participant

i = vehicle number i

N = total number of vehicles

Following graph contains the speed mean deviatdiise different institutes and shows whether atitiite measures speed systematically too
high or too low.



12/01/2010-FINAL Page 28 of 37

Speed Mean deviation
negative value = systematically higher than mean value
positive value = systematically lower than mean value

km/h

(Vi ,average Vix )2

The standard deviation per participant may be ¢atled using following formulas, =1/

N-1
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
Vingotte 2,2 km/h
Vlaamse Overheid| 2,2 km/h
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Standard deviation

km/h
)
o0

BASt BRRC Cidaut DRI Inrets Vingotte Viaamse
Overheid

7.2.4. Vehicle sound pressure level

When comparing per vehicle all vehicle sound pressevels measured by the institutes during thedinator test, a standard deviation per
vehicle may be calculated. When taking into accaletoutliers and stragglérsy eliminating them, a mean standard deviatiof,8fdB(A) is
obtained, which is a good result.

Graph of standard deviations per vehicle with nraglof stragglers and outliers (mean standard deni&5 dB(A) ):

" Method 1SO 5725-2 to define outliers and stragglsee appendix
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Graph of standard deviations per vehicle afterielating outliers and stragglers (mean standardatievi 0,3 dB(A) ):

Following institutes have outliers/stragglers:
- BASt: 2 outliers
- BRRC: 2 outliers
- Cidaut: 8 outliers
- Vlaamse Overheid: 1 straggler

(v

i,average Vix )

N

Speed mean deviation may be calculated using fallgpformula: -

X = participant

i = vehicle number i

N = total number of vehicles

Following graph contains the vehicle sound presswrel mean deviations of the different institutesl shows whether an institute measures
systematically too high or too low.
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LAmax Mean deviation
negative value = systematically higher than mean value
positive value = systematically lower than mean value

dB(A)

(Vi,average_ Vix )2

The standard deviation per participant may be ¢atled using following formulas, =1/ N1
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)

Vingotte 0,26 dB(A)

Vlaamse Overheid| 0,26 dB(A)
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Standard deviation

0,4
0,35
0,3 1
0,25
0,2 1
0,15

dB(A)

0,05 4

BASt BRRC Cidaut DRI Inrets Vingotte Vlaamse
Overheid

7.2.5. Influence of speed and vehicle sound pressur e level

Cidaut and Inrets have the highest average speddtandard deviation (see p. 28-
29). Cidaut measures systematically lower thanriean value while Inrets measures
systematically higher.

Cidaut and Inrets also have the biggest vehicle@dquessure level mean deviation
(see p. 31). Cidaut, BRRC and Inrets have the Biggfandard deviation (see p. 32).
Cidaut measures systematically higher than the nvadue while Inrets measures
systematically lower.

When replacing these deviating values of Cidaut lametts with values that situate
close to the mean speed and vehicle sound predesataneasurements, the influence
of these deviations may be assessed.

As BASt has the lowest speed standard deviatiorvaheks that lie close to the mean
values, their speed measurements may be useddautGind Inrets.

As DRI has the lowest vehicle sound pressure Istagldard deviation and values that
situate close to the mean values, their vehicladquessure level measurements may
be used for Cidaut and Inrets.

In the following figure the calculations for thefesence 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

76

75,5

74,5

] N [

73 A

Lveh,cat.1 dB(A)
]
I
—
S—

72,5 A

72 ; T T T . .
BASt BRRC Cidaut DRI Inrets Vingotte Vlaamse
Overheid

@ Standard calculation
® LAmax measurements Cidaut/Inrets combined with speed measurements BASt

O Speed measurements Cidaut/Inrets combined with LAmax measurements DRI
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By replacing the values, the vehicle sound preskwel at the reference speed 50
km/h situates slightly closer to the mean valueweler for Cidaut only 0,1-0,2
dB(A) of difference is noted. For Inrets one firddifference of 0,3-0,4 dB(A).
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Cidaut- Inrets- | Cidaut- Inrets-

BASt BASt DRI DRI

Cidaut Inrets speed speed | LAmax 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:

@ Systematically measuring higher speeds implies weldovehicle sound
pressure level at the reference speed

@ Systematically measuring lower speeds implies ahdrigvehicle sound
pressure level at the reference speed

@ Systematically measuring higher sound pressureldeimaplies a higher
vehicle sound pressure level at the reference speed

@ Systematically measuring lower sound pressure $ewaplies a lower vehicle
sound pressure level at the reference speed

Cidaut measures systematically lower speeds arftehgpund pressure levels. Both
imply a higher vehicle sound pressure level atréfierence speed.

Inrets measures systematically higher speeds amer lsound pressure levels. Both
imply a lower vehicle sound pressure level at #ference speed.

All these findings are in line with the measurensaesults.

7.2.6. Influence of operator

No significant difference may be noted betweentés¢ with and without coordinator.
The standard deviation of vehicle category 1 desmegawith only 0,1 dB(A). For

vehicle category 2a however, there is a largeredsa of 0,8 dB(A) but not enough
vehicles of category 2a or 2b were measured.

A large deviation was noted fords cat2d0etween different institutes during the free
field test without coordinator. It is feasible tate that this was due to the different
interpretation of vehicle categories. During thet teith coordinator this difference in
interpretation was eliminated which resulted imaber standard deviation.

Standard deviation Without coordinator With cooedor
Lveh,cat.l 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 unexgettdfic jam. Not enough
vehicles were measured. Therefore only the restiltdofstade are given hereunder.
For more information about the results in Eppegsse, appendices p. 52.
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Hofstade BB Lveh, cat.1 - 95% confidence interval

Lveh,cat.1 dB(A)

BASt BRRC Cidaut DRI Inrets Vlaamse
Overheid

Comparison Hofstade BB cat.1

——BASt

BRRC

——— Cidaut

——DRI

dB(A)

—— Inrets

~ Vlaamse
Overheid

15 1,55 1,6 1,65 1,7 1,75 1,8 1,85 1,9
Log v

Following table summarizes all measurement reswith the backing board and
relates it to the relevant free field measurments:
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Standard
Vlaamse| Average| deviation,
BASt| BRRC| Cidaut DRI Inrets| Overheid| [dB(A)] [dB(A)]
No. Cat.1 119 302 106 100 118 105
FF Lveh,1 [dB(A)] 72,7 73,8 74,3 73,3 72,2 74,1 73,4 0,8
Eppegem Cat.1 95% Conf. 0,5 0,3 0,4 0,6 0,5 0,5
No. Cat.1 3 63 * - 7 -
BB 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
FE 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
Hofstade Cat.2a 95% Conf 1,7 2,2 15 3,3 1,8 2,1
No. Cat.1 125 184 100 93 101 113
No. Cat.2a 20 24 19 5 9 14
BB 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 15 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 51 5,3 7,5%* 6,0 6,1 5,7 0,4
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 BBsonegnents at the same time on
different channels. Exactly the same vehicles wieeasured for FF and BB.

DRI, who has measured only 5 vehicles of categaryhas an exceptionally high
value of 7,5 dB(A). This is an outlier so this vals eliminated from the analysis.
Vlaamse Overheid measured an exceptionally highevaf 7,3 dB(A) for vehicles of
category 1 but this is not an outlier or straggler.

10,0
9,0
8,0
7,0 _J._l
6,0
50 1 O Catl
4,0 B Cat.2a

3,0
2,0
1,0
0,0

.-J_‘ )
J

BASt BRRC Cidaut DRI Inrets Vlaamse Average
Overheid [dB(A)]

In theory the sound pressure level rises 6 dB(Ahaidoubling of the sound pressure
caused by the backing board. During this test annagmentation with 6,4 dB(A)
was measured for vehicles of category 1 and an enttion with 5,7 dB(A) for
vehicles of category 2a. However not enough vesiofecategory 2a were measured
and the 95% confidence interval is too large soetiable conclusion can be drawn.
Institutes who measured on two channels at the simneeachieve a value of ca. 6,0-
6,1 dB(A) for vehicles category 1 which is verysgao the theoretical value. Perhaps
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the higher value of the other institutes is dugheomeasurement of different vehicles
for free field and backing board test.

7.4. Comparison different tests

Following graph shows the deviation ofechcar1 With respect to the average of
different tests.

Cidaut has systematically higher values and Idoeter values. This is in accordance
with the findings regarding speed and LAmax ForaDidand Inrets of the comparing
test with coordinator.

Deviation Lveh, cat,1 - average
positive value = average smaller than value institute
20 negative value = average larger than value institute
no participation
15 at Eppegem
l no participation —
1,0 ' at Hofstade © Eppegem FF
. 05 1 O Eppegem FF
< Coordinator
o
© -
0,0 ‘ ‘ ‘ B Hofstade FF
ABt BR Cidaut Inre M+P Vincotte Vlaamse
05 Overheid -————
-1,0
-15
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8. Conclusions

@ A different interpretation of vehicle categoriesade to a significant
difference of Len cat2dStandard deviation Eppegem FF between institutes
2,0 dB(A)). However when considering these values the SPBI
calculation the influence can be expected to rernaited.

@ The SPB-method has a high accuracy. A standardti@viof 0,8 dB(A)
is noted at the vehicle sound pressure level odgoay 1. The largest
difference between the highest and lowest vehioleng pressure level is
only 2,5 dB(A).

@ For speed a high mean standard deviation of 3,h ksnhoted during the
test with coordinator. Participants with high spelediations are advised
to check their speed measuring systems.

@ Sound level measurements may be considered ableeha there are not
many differences between the different institu@aly a mean standard
deviation of 0,3 dB(A) is measured during the teish coordinator.

@ The influence of a coordinator appears to be snkdwever a smaller
standard deviation is noted for the test with cowtbr, especially for
vehicle categories 2a and 2b, which show someeanfia. Extra tests are
recommended.

@ Test results confirm the backing board correctialue of ca. 6 dB(A) for
vehicles of category 1. Extra tests are recommerfdedvehicles of
category 2a and 2b.

@ Further research is needed to make the resultatbdbund in this round
robin test more robust. Following tests could besitdered:

Coordinator test with backing board.

Coordinator test with more measured vehicles ofeddht vehicle
categories to obtain a higher accuracy and to leetalralculate SPBI.
Backing board test with more measured vehiclesiféérdnt vehicle
categories to obtain a higher accuracy and to leetalralculate SPBI.
Free field test with more measured vehicles of ed#iht vehicle
categories to obtain a higher accuracy and to leetalzalculate SPBI.



