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M o d e l l i n g F r e e F l o w i n g V e h i c u l a r T r a f f i c N o i s e 

R.T. Sooriyaarachchi and D.U.J. Sonnadara 

Abstract: Traffic noise of 650 vehicles classified into 8 vehicle classes were measured in several locations 
within the Western Province of Sri Lanka in order to extract the necessary coefficients to develop a road 
traffic noise predict ion model . The model was developed to predict the traffic noise generated from 
free-flowing vehicles in roadways . Traffic flow data used for construct ing this model was limited to 
vehicle noise, vehicle class, vehicle speed and the distance from the traffic flow line. It is shown that the 
p r e d i c t i o n s c a n be m a d e w i t h i n ±11 dB(A) a c c u r a c y w i t h r e s p e c t to the a c t u a l e x p e r i m e n t a l 
observations. Microsoft.Net® platform was used for the deve lopment of the traffic s imulator based on 
the model parameters . 
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1. Introduction 

The highly industr ia l ized living style of m o d e r n 
societies had p roduced a dramat ic impact on the 
environment . The urbanizat ion and adapta t ion 
characteristics of h u m a n s have m a d e it difficult 
to i d e n t i f y t h e l o n g - t e r m i m p a c t of n o i s e 
p o l l u t i o n . T o d a y , e n v i r o n m e n t n o i s e h a s 
b e c o m e a w o r l d w i d e p r o b l e m espec ia l ly in 
metropol i tan areas. The major contr ibutor to the 
envi ronment noise is the road traffic. Al though 
the traffic noise is not usual ly loud enough to 
cause hear ing problems, cont inuous exposure to 
unacceptable noise levels can create depression, 
s l e e p d i s t u r b a n c e , a n n o y a n c e a n d a d v e r s e 
heal th effects [1]. 

In a developing country such as Sri Lanka, not 
much at tention has been paid to heal th hazards 
d u e t o e n v i r o n m e n t n o i s e . A l t h o u g h t h e 
s t a n d a r d s for t h e e n v i r o n m e n t no ise is we l l 
e s t ab l i shed [2-5], w i t h the i n c r e a s i n g traffic 
vo lume and frequent traffic congestion on urban 
roads , a t tent ion has often been paid to improve 
the traffic conges t ion ra ther than to arrest the 
noise po l lu t ion . The N a t i o n a l E n v i r o n m e n t a l 
Act N o . 47 of 1980 [6] h a s set the m a x i m u m 
permissible noise levels at the bounda ry of the 
land in w h i c h any source of noise is located. 
E n v i r o n m e n t a l I m p a c t A s s e s s m e n t (EIA) of 
C o l o m b o - K a t u n a y a k a E x p r e s s w a y Pro jec t , 
Sou thern T ranspo r t D e v e l o p m e n t Project a n d 
proposed Oute r Circular H i g h w a y Project has 
p roduced va luable da ta for backg round noise 
a s s e s s m e n t s [7-9] . H o w e v e r , i n d e p e n d e n t 
research s tudies related to traffic noise pol lut ion 
in Sri Lanka is scarce in li terature. 

S t u d i e s on m o d e l l i n g r o a d traffic no i se a re 
ava i lab le in l i t e r a tu re [10-14]. These s t u d i e s 
d i s c u s s t h e m e t h o d o l o g y a d o p t e d in t h e 
deve lopment of traffic noise predict ion models 
for h ighways . The main focus of this pape r is to 
test a s imple model which d e p e n d s on the spot 
speeds and dis tance of the vehicles to predic t 
the noise genera ted by free-flowing traffic on 
local roadways . 

2. Methodology 

In this work traffic noise levels were measured 
in s eve ra l s e l ec t ed s i tes l o c a t e d w i t h i n t h e 
Weste rn Province . Four sites h a v i n g different 
road condit ions that are similar to most of the 
r o a d w a y s of Sri L a n k a w e r e s e l e c t e d . T h e 
factors that affect the model l ing of traffic noise 
can be categorized as traffic factors, metrological 
fac tors a n d m e a s u r i n g s i te f ac to r s . A brief 
description of these factors that are relevant to 
this work is given below. 

The v e h i c u l a r traffic w a s d i v i d e d in to e igh t 
ma in g r o u p s , n a m e l y , Bus, Car , D o u b l e cab, 
Jeep , Lorry , M o t o r cycle, T h r e e - w h e e l e r a n d 
Van. It w a s a s s u m e d tha t on ly these vehic le 
types con t r ibu te to the road traffic noise and 
that all vehicles can be categorized into one of 
these classes. The noise levels vary wi th in the 
selected categories due to their variat ions within 
the classes a n d the condi t ion of the vehicles . 
M o d e of opera t ion of vehicles also affects the 
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n o i s e l e v e l s . F o r e x a m p l e , a n a c c e l e r a t i n g 
vehicle p roduces a different level of noise than a 
vehicle m ov ing at s teady speed. 

S o u n d levels a re affected by me teo ro log i ca l 
c o n d i t i o n s s u c h as w i n d , t e m p e r a t u r e a n d 
humidi ty . To min imize the effect from the wind, 
a s p e c i a l w i n d s c r e e n m a d e o u t of p o r o u s 
p o l y u r e t h a n e s p o n g e w a s u s e d o v e r t h e 
m i c r o p h o n e . A t m o s p h e r i c a t t e n u a t i o n of the 
noise r educes the noise level w h e n t ravel l ing 
th rough the air. Ambien t t empera ture , relative 
h u m i d i t y a n d ambien t p r e s s u r e influence the 
n o i s e l eve l s t o o . In all m e a s u r i n g s i t e s a i r 
t e m p e r a t u r e w a s b e t w e e n 25 - 40°C a n d 
humid i ty w a s approximate ly 90%. 

T h e m e a s u r i n g s i t e m a y h a v e d i f f e r e n t 
c o n d i t i o n s t h a t c o u l d affect t h e n o i s e 
m e a s u r e m e n t . The cond i t i on of the road , the 
absorp t ion of noise w a v e s by the g r o u n d and 
the ref lect ion of s o u n d b y obs tac les s u c h as 
b u i l d i n g s , w a l l s , t r ees , etc . w o u l d affect the 
measurement . The residual noise generated by 
o t h e r s o u n d s o u r c e s in t h e m e a s u r i n g a r ea 
influences the noise level to a great extent. Thus, 
s i tes w h i c h h a v e m i n i m u m inf luence d u e to 
external objects were selected. 

It was dec ided to u s e the uncont ro l led traffic 
a p p r o a c h . Six m e a s u r i n g d i s t a n c e s 
p e r p e n d i c u l a r to t h e t raff ic f low l ine w e r e 
selected, namely, 2.5m (LI), 5.0m (L2), 7.5m (L3), 
10.0m (L4), 12.5m (L5) a n d 15.0m (L6). Noise 
and speed (over a r ange of 20 k m / h to 80 k m / h ) 
m e a s u r e m e n t s w e r e t aken from isolated free-
flowing vehicles for each distance. A RION NL-
04 In tegra t ing s o u n d level me te r w h i c h has a 
b a n d w i d t h of 20-8000 H z w a s u s e d for noise 
level measurements . 

All m e a s u r e m e n t s w e r e t a k e n by p lac ing the 
sound level meter at a height of 1.25 m. Noise 
levels were measu red in Leq (equivalent noise 
level) in uni ts of dB on an a weighted scale in 
the t ime weight ing m o d e 'fast' impuls ive. Two 
m a r k e r s w e r e d r a w n o n the r o a d ±100 m on 
ei ther s ide of the m e a s u r i n g locat ion a n d the 
ave rage no ise level of vehic les w a s r e c o r d e d 
w h e n vehicles travelled in be tween the marked 
region. The t ime dura t ion var ied from 9 s to 36 s 
for vehicles travell ing at speeds of 80 k m / h to 
20 k m / h respectively. For speed measurements , 
a digital r ada r speed g u n which uses Dopple r 
frequency shift technology to de te rmine the spot 

speed was used. The gun al lows taking speed 
measurements wi th 1 k m / h accuracy. 

Before taking measu remen t s , the sound meter 
mus t be calibrated. The sound meter NL-04 has 
a calibration m o d e for this purpose . An internal 
1000 H z oscillator creates a signal w i th 94 dB 
sound level. Using this signal and the preset , the 
s o u n d m e t e r w a s c a l i b r a t e d b e f o r e 
measurements were taken in the field. 

Unde r uncontrol led approach , since the traffic 
flow is undis tu rbed and data is collected unde r 
r e a l c o n d i t i o n s , a m o r e r e a l i s t i c m o d e l 
d e v e l o p m e n t is possible than w h e n us ing the 
controlled approach. 

3. Results 

A t o t a l of 650 n o i s e m e a s u r e m e n t s w e r e 
collected from eight different vehicle classes, 
namely, Buses, Cars, Double-cabs, Jeeps, Lories, 
M o t o r - C y c l e s , t h r e e - W h e e l e r s a n d V a n s . 
Con t r ibu t ion of each vehicle t ype to the da ta 
sample varied from a m i n i m u m of 8% (50 Jeeps) 
to a m a x i m u m of 16% (102 Vans). 

F i t t i n g a g e n e r a l n o i s e m o d e l to t h e n o i s e 
m e a s u r e m e n t d a t a r e q u i r e s k n o w i n g t h e 
e q u a t i o n of t h e f u n c t i o n t h a t d e s c r i b e s t h e 
v a r i a t i o n of n o i s e l e v e l s w i t h d e p e n d e n t 
var iab les a n d init ial e s t ima t ion of the m o d e l 
coefficients. This can be carr ied ou t by fitting 
models to each vehicle type for each d e p e n d e n t 
variable individual ly by keep ing the remain ing 
variables fixed. Prel iminary work s h o w e d that 
the no i se v a r i a t i o n w i t h t h e d i s t a n c e of the 
vehicle is logar i thmic a n d the noise var ia t ion 
with the speed of the vehicle is approximate ly 
l i n e a r [15] . S i n c e t h e s e a r e t h e o n l y t w o 
d e p e n d e n t var iables , i nd iv idua l m o d e l s w e r e 
f i t t ed for a l l 8 v e h i c l e c l a s s e s a n d r o u g h 
es t imat ion of the m o d e l coefficients for each 
vehicle class was extracted. 

Fo r t h e g e n e r a l d e s i g n of t h e m o d e l , t h e 
statistical package S-PLUS® was used. In linear 
regression models , a numer ic response variable, 
y, is m o d e l l e d as a l i n e a r c o m b i n a t i o n of 
pred ic tor var iables , x , for j=l,2...,p. Thus , the 
regression model has the form: 

y,- = A > + £ / ^ + £ , . (i) 
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for i '=l ,2, . . . ,n, w h e r e n is t h e n u m b e r of 
o b s e r v a t i o n s , Pj's a r e t h e coeff ic ients to be 
e x t r a c t e d a n d e is t h e e r r o r for t h e i"' 

i 

observation. To m a k e inferences regard ing the 
fitted pa r ame te r s of the mode l , the fol lowing 
assumpt ions were made ; (1) ej are independen t 
and identically dis tr ibuted, (2) £. have mean zero 
and finite var iance , and , (3) et are d i s t r ibu ted 
according to the normal distr ibution. 

Least-squares best es t imates of the coefficients 
in the m o d e l , /3;: ;=0,l , . . . ,p are d e t e r m i n e d by 
minimizing the residual s u m of squares relative 
to the coefficients. For the regression, measured 
noise values of vehicle types were given as the 
dependen t variables and distance and speed as 
i n d e p e n d e n t v a r i a b l e s . T h u s , t h e g e n e r a l 
formula for the deve loped mode l for equivalent 
noise level at a certain receiving point is: 

N = a + bV-c\n(D) (2) 

where a, b and c are constants , V is the speed and 
D is the dis tance. Final coefficients for m o d e l 
fitted p a r a m e t e r s for each t y p e of vehic le is 
given in table 1. 

The paired t-test was used for testing the model 
for goodness-of-fit. First, t-test was carried out 
for each type of vehicles individually. Paired t-
t e s t y i e l d s t - s t a t i s t i c v a l u e s l ess t h a n 5% 
significant level for all types of vehicles. That 
means , the predic ted noise levels fit well wi th 
the m e a s u r e d traffic noise da ta for ind iv idua l 
vehicles. Next, t-test w a s carried out for all the 
650 da ta pa i rs toge ther a n d a t-statistic va lue 
less than 5% significant level was observed. This 
impl ies that the noise levels fit well w i th the 
measured traffic noise data. 

A dimensional test w a s also appl ied to test the 
model results (see figure 1). This me thod tests 
the deviat ion of data be tween the predicted and 
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Figure 1: Correlation between the measured and 
predicted noise levels. A line is drawn at 45° to show 

the ideal behaviour. 

m e a s u r e d v a l u e s of traffic n o i s e f rom a 45 
degree line. A slight devia t ion from the linear 
b e h a v i o u r w a s obse rved . W h e n the s t a n d a r d 
devia t ion of all 650 da ta pa i r s w a s taken, the 
model predict ions were wi th in ±10.91 dB(A) of 
the experimental observat ions. 

The predict ion accuracy obtained in the present 
work is not sufficient for practical use. The main 
con t r ibu t ion to the er ror w i t h i n in any g iven 
veh i c l e c lass c a m e f rom v e h i c l e m o v e m e n t 
p e r p e n d i c u l a r to the traffic f low l ine . Since 
measurements were taken only from one side of 
the road, lateral m o v e m e n t of the vehicles across 
the road affected the no ise m e a s u r e m e n t s . In 
part icular , the t w o m e a s u r e m e n t poin ts 2.5 m 
and 5.0 m w h i c h are qu i te close to the traffic 
f low l ine can be affected eas i ly d u e to th i s 
m o v e m e n t . Th i s c a n be a v o i d e d by t a k i n g 
s imul taneous measuremen t s from both sides of 
the traffic route . Publ ished work [10] has shown 
t h a t w i t h s i m u l t a n e o u s m e a s u r e m e n t s t h e 
p red ic t ion accuracy cou ld be i m p r o v e d to ±3 
dB(A) which could be the lower limit that can be 
achieved unde r controlled condit ions. Another 
factor that affects the accuracy of the predict ion 

Table 1 - Fitted model parameters and their coefficients for each vehicle type. 

Vehicle Type Model Formula 
(N=noise in dB(A), V=speed in km/h, D=distance in m) 

±Std. Error dB(A) 

Bus N = 53.07 + 0.777V - 16.58L«(D) 9.50 
Car N = 44.56 + 0.505V - 12.84Ln(D) 8.66 
Double-Cab N = 60.05 + 0.401V - 17.32Ln(D) 7.46 
Jeep N = 67.23 + 0.221V - 13.24Ln(D) 6.92 
Lorry N = 79.89 + 0.181V - 20.06L«(D) 8.62 
Motorcycle N = 56.42 + 0.448V - 15.48L«(D) 6.42 
Three-wheeler N = 60.64 + 0.469V - 17.04Ln(D) 8.27 
Van N = 73.98 + 0.045V - 14.80Ln(D) 8.47 
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c o u l d be t h e m e a s u r e m e n t p o i n t a t 2.5 m 
d i s t a n c e f rom t h e traffic f low l ine . At th i s 
distance the traffic flow cannot be considered as 
a l i n e a r s o u r c e a n d t h e a c c u r a c y of t h e 
measurement becomes quite poor. 

Using the developed model results, a software 
simulator was implemented to use as a tool to 
p r ed i c t no i se leve ls n e a r traffic r o u t e s . The 
d e v e l o p e d s i m u l a t o r s o f t w a r e is c a p a b l e of 
s imulat ing noise d u e to v o l u m e of vehicles in 
eight vehicle classes wi th user specified mean 
speeds. The simulat ion calculates the real t ime 
combined noise levels at measu r ing points Lv 

L v L 3 . . .L 6 a n d ind i ca t e s the m a x i m u m noise 
levels observed for those points. The simulator 
is also capable of genera t ing the noise contour 
maps in the vicinity of the traffic route and make 
p red ic t ions (see f igure 2). Microsoft C#.Net® 
p l a t f o r m w a s u s e d as t h e d e v e l o p m e n t 
envi ronment for the s imulat ion software. 

Figure 2: Screen captures of the software simulator for a 
given test scenario (a) Status of the traffic route 

(b) Noise contour map anah/sis. 

5. Conclusions 

In t h i s w o r k , t h e v e h i c u l a r t raff ic n o i s e 
behav iou r wi th d i s tance a n d spo t speed w a s 
a n a l y z e d a n d p r e s e n t e d for e i g h t t y p e s of 
vehicles. The d e v e l o p m e n t of a s imple mode l 
capable of predict ing noise levels in the vicinity 
of vehicular routes for a g iven traffic v o l u m e 
was discussed. The work shows that the model 
is capab le of p r ed i c t i ng the c o m b i n e d traffic 
noise wi th varying traffic vo lumes , speeds and 
distances with accuracy better than ±11 dB(A). 
T h e m a j o r c o n t r i b u t o r to t h e n o i s e is t h e 
va r i a t i on w i t h i n the veh ic le c lasses a n d the 
lateral movement of the vehicles across the road 
p e r p e n d i c u l a r to t h e m e a s u r e m e n t . Th i s is 
further influenced by the vary ing condit ions of 
the vehicles and dr iving styles by the drivers. 

Model was developed assuming an unobstructed 
free-flowing traffic movement . However , if the 
roadway has pedest r ian crossing, traffic signal 
lights or even inclined sections, modifications to 
the m o d e l is r eq u i r ed . Jus t by i n t r o d u c i n g a 
speed b u m p , the overall traffic noise could be 
increased by few decibels. This could be further 
complicated by the conditions and types of roads 
(normal ly , above 50 k m / h tire noise become 
dominan t over the engine noise). With further 
i m p r o v e m e n t s to reduce the predic t ion errors 
( such as a p p l y i n g g r o u n d a t t e n u a t i o n 
corrections, reflections due to bui ldings, taking 
s i m u l t a n e o u s m e a s u r e m e n t s , etc.) the m o d e l 
could be adap ted to noise impact assessments 
near busy traffic routes. 
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