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ABSTRACT

This study was conducted to use acceleration noise as an alternative measure to the level of service on multi-
lane urban highways located within Kirkuk City. The study provides a simplified and easy way to evaluate the level of
service (LOS) instead of the extended methodology proposed by the Highway Capacity Manual (HCM-2010). Ten (10)
multi-lane urban segments were chosen within the study area for collecting the required field data. Moving Vehicle Method
(MVM) with a digital camera equipped with a built-in GPS receiver were utilized to collect field data. Acceleration noise
takes the form of an exponential function (y = e*) when associated with traffic flow variables (traffic volume, density, and
speed). Final results have revealed that acceleration noise could be used as a surrogate measuring the level of service for
multi-lane urban highways within the ranges of the level of service LOS A-LOS C.
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1. INTRODUCTION 1. It depends on the three basic elements

Acceleration Noise can be defined as the of traffic such as driver, traffic condition, and
second derivative of the speed or standard geometric parameters of the road and;
deviation of the vehicle-acceleration, including the 2. Because it is considered as a measure
acceleration and/or deceleration [1]. It represents of the smoothness of traffic flow within the traffic
the mathematical sum of two components of noise stream and a good qualitative indicator within the
experienced by drivers, namely [2]; limits of the quantitative criteria.

1. Natural-Noise: represents the change in The noticeable increase in the number of
the acceleration either as an increase or decrease of vehicles in general and private-sector vehicles in
the vehicle speed as a result of the impact of road's particular during the past two decades put a
geometric characteristics such as the presence of shadow over the road patterns in Kirkuk City as
traffic hump, surface friction, narrow lateral given by (Central Statistics Organization-
clearance, and bridges or subways...., etc.; and; Iraq)[4]. Traffic density in Iraqi roads reached

2. Traffic-Noise: is an acceleration- about 115 vehicles/km, according to the report of
change induced by the driver of the vehicle due to the (Central Statistics Organization-lraq)[4] for
the proximity to other vehicles in the traffic stream. the year 2016. The percentage of increase in the

Acceleration noise was first proposed and number of the recorded vehicles in Kirkuk
discussed as a parameter that describing the Governorate for (2014-2016) years was about 15
characteristics of road-traffic-drivers/vehicles percent (i.e., 7.5 percent per year) according to
under different conditions [1]. (Central Statistics Organization-lraq)[4]. The

It is considered as a factor to measure the number of vehicles owned by individuals has
quality and smoothness of traffic flow for two increased to (176 vehicles per 1000 capita (2016))
significant reasons [3] due to the relative increase in income of
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individuals and the availability of imported
vehicles. The individuals start depending on their
cars to carry out their activities without relying on
public transportation, which has put a burden on
existing road patterns and prompted the relevant
authorities to increase the capacity of existing
roads and develop new roadways. There is an
imperative need to evaluate the quality of existing
road patterns, identify the causes of traffic
congestion, and the strategies in which these
problems can be resolved. The approved
methodology recommended by Highway Capacity
Manual[5] is an extended method that needs to
collect a lot of data and time-consuming when
performing the analysis to evaluate multi-lane
urban highways. Therefore, this study suggested a
simplified, easy, and applicable method within the
Level of Service LOS (A-C) ranges to assess the
quality of the existing network’s roads without
referring to the (HCM-2010) methodology.

Babu and Pattnaik, (1997)[6] examined
the relationship between many speed-variation
measures including acceleration noise, standard
deviation of speed, coefficient of variation of speed
and traffic congestion. Urban roads with different
geometric have been studied. They found that
acceleration noise has often linear relationship
with all basic traffic parameters. Also,
Acceleration noise can be used to determine the
different (LOS) for urban roads even more for
mixed traffic conditions.

Greenwood et al. (2007)[2] developed a
model to estimate congestion impacts on fuel
consumptions based on acceleration noise and
vehicle emissions. They concluded that:

1. Acceleration noise was the best
measure to quantify traffic congestion.

2. The relationship between mean speed
and acceleration noise is linear.

Ko et al. (2009)[7] studied the
relationship between acceleration noise and
roadway characteristics on freeway corridors with
different number of lanes, speed limit 55 and 65
mph, grade, and curvature, they found that:

1. There is no significance difference
between three-lane and four-lane roadways
sections on acceleration noise. Otherwise, two-
lane roadways evidence to substantially increase
acceleration noise under LOS (A-D) thresholds.

2. The degree of curvature directly
proportional with acceleration noise. The major
effect occurred at free flow speed or LOS A

Salini et al. (2019)[8] stated that
acceleration noise was a good parameter for the
representation of passenger car unit (PCU) values
on urban roads.

2. OBJECTIVES OF THE RESEARCH

The primery objectives of this study can
be summarize as below:

1. To link the acceleration noise
parameter with traffic density ranges at each level
of (LOS) ranges. In other words, to measure the
level of service in terms of this parameter;

2. To provide a simplified method for
traffic engineers who are looking for (LOS) on
arterial urban roads. This method would allow
them to propose a maintenance plan to reduce
congestion and increase the quality of service of
multi-lane urban highways.

3. RESEARCH METHODOLOGY
3.1. Study Area

Kirkuk City has chosen as the study area
for this research. Kirkuk governorate located in the
North of Iraq (35° 28' 0" N, 44° 19' 0" E) to about
(238 km) from the north of the capital Baghdad [9].
The CBD area of Kirkuk City is characterized by a
high traffic density due to the presence of
commercial activities and government offices. Ten
(10) segments of six-lane divided urban roads
located in the city center of Kirkuk selected for data
collection of this research (see Fig. 1), and Table (1)
is showing the North-East Latitude and departures
of the sample segments included in this study.
General geometric data for the segments studied
acquired from the Master Plan of Kirkuk City with
the contribution of the municipality of Kirkuk City.
Other geometric data obtained from GIS Software.
The length of each segment studied is more than the
minimum requirements by the (HCM-2010)
methodology that have been specified to be 762 m
(2500 ft.) and located more than 400 m (0.25 mile)
away from the intersections.

A SIS g SR YT
Fig. 1: Study Area with Selected Segments-Kirkuk
City (Google Maps, 2018)

Table 1: Latitude and Longitude for the Ten
Segments Studied
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N Segment Name South-North North-South
1 Baghdad 35°25'46.511" N 35°26'50.894" N
Road 44°22'31.088" E 44°22'51.102" E
2 Al-Quds 350 25'56.720" N 35°26'55.601" N
Street 44°21'49.413"E 44°22'32.891" E
3 | Airport 35° 25' 2.654" N 350 25' 44.779" N
Road 44°19' 20.074" E 44° 20' 6.620" E
4 University 35°24'3.303"N 35°24'56.61" N
Road 44°21'26.024" E 44°22'0.809" E

East-West West-East

5 SKL'”';(;n‘j'aniyah 350272971 N | 35°2733.731" N
Road 44°23'36.978" E 44°24' 35.019" E

3.2. Traffic Data Collection

Traffic data obtained during working
days using video-recording technology for each
segment at various times. This method allows
many events to be observed simultaneously. Video
recording techniques have been widely used due to
their capability to collect data of all traffic flow
characteristics  together and simplify data
extraction at both microscopic and macroscopic
levels [10]. Data collected by using digital dash
camera equipped with built-in GPS receiver which
records location and speed second-by-second
along with the video recording time. The camera is
attached to the front of the windscreen of test car
and operated by a vehicle cigar plug as shown in
Figure (2). Required traffic parameters extracted
manually from those videos by replaying them for
better accuracy. Ten repeated runs made for each
segment to ensure the data obtained is more
reliable.[11] showed that six test runs are adequate
and accurate to unbiased estimate of the measuring
variables in each direction of traffic.

™

Fig. 2: Dash Camera Mounted in Windshield of
Test Car

Moving Vehicle Method (i.e., MVM) is a
method given to measure traffic speeds and flows
by observations made by the procedure developed
by[12] for urban traffic measurement. It is an
effective technique commonly used for estimating
the average traffic flow, speed, and travel time
across a road segment.

Assume that trip runs started from east to
west. Hourly volume (V) for the westbound

direction for example can be gotten from the
Equation (1)
60(Ne+O0w—Pyw)

VW = W ......... (1)
Where:
1. Travel time in minutes while traveling east (Te);
2. Travel time in minutes while traveling west
(Tw);
3. The number of vehicles met (opposing flow)
while the test car is traveling east (Ne);
4. Total vehicles (overtaking) passing the test
vehicle while traveling west, which means
traveling westbound (Ow);
5. Total Vehicles that passed by the test car while
it was traveling west, which means traveling
westbound (Pw);

The average travel time in the westbound
direction is obtaining from Equation (2).

T 6O(Ow_pw)
Ty = Ty — (P

e )

To obtain the average space mean
speed along the segment in the westbound
direction (Sw). Length of segment (L) divided by
average travel time (T,,) in the same direction

as the following (see Equ. 3):
60L
SW = ﬁ .......... (3)
Finally, traffic density (D) in a
westbound direction obtained from Equation
(4) by dividing westbound traffic volume by

space mean speed in the same direction [13].

Vw
Dw = S_ ................ (4)

Table (2) shows the computation sheet of
moving vehicle method.
Table 2: Moving Car Computation Data Sheet
(Kirkuk-Sulaymaniyah Road) (E-W) Direction

Moving Car Techniques Computation Sheet

Section Name _ | Kirkuk-Sulaymaniyah Road Input
Section Length(km) 2.52 Pe| 9
Test Run No. 1 Oe | 5
Direction EW Nw | 461 [vehicl
Date 1711112019 Te | 518 | Minutes
Time 4:00-5:00 pm Tw | 3.68 | Minutes
Weather Clear
Traffic Condition Peak Hour
Output
T'e |5.258 | Minuts
Ve |[3095| veh/hr
Se [28.76) km/hr
De [107.6] veh/km

3.3. Acceleration Noise Data Collection

Acceleration noise data collected for each
investigated segment using the same moving
vehicle techniques as previously explained. The
data obtained from round trips made for the same
ten (10) studied segments. As mentioned earlier,
ten runs made for each segment (i.e., total of 100
runs for studied segments). Considerations taken
when collecting data to be during workdays and
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daylight times started from (7:00 A.M. to 5:00
P.M.) within October and November months.
Acceleration noise computed by using an equation
driven by [14], which based on speed-time diagram
and it is adaptable to reduce and analyze of data:

e

T “i=13h T
Where:
o: Acceleration noise (ft/sec?);
Au: Constant increment of speed-change;
Ati: Time interval in (second) for a change in
speed.
ni: Integer denoting the number of speed-
change at constant increment Au (taken 2 mph
(3.2 km/hr) for this study) over a period of time
(30 seconds);
Vt: The speed of test vehicle at the start of the
trip;
V,: The speed of test vehicle at the end of trip;
and
T: Total time motion which equal to ZAti.
Table (3) shows calculation method of
acceleration noise values.
Table 3: Calculation Method of Acceleration
Noise Data (Baghdad Road Segment)

) Velocity at
Elapsed Time at end of i At

Interval [ end of Interval ni ni*/ati
Interval (sec)
(sec)

(mph)
0 25.625
30 3.125 11.25 30 4.219
60 13.75 5.3125 30 0.941
920 35.625 10.9375 30 3.988

120 4.375 15.625 30 8.138

8.75 2.1875 30 0.160

180 5.625 1.5625 30 0.081

210 20 7.187% 30 1.722

240 25.625 2.8125 30 0.264

270 26.25 0.3125 30 0.003

21.875 2.1875 16 0.299

286 19.814
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3.4. Capacity Computation

Observed capacity for segments studied
were estimated by using fundamental diagram
method which based on existence relationship
between three variables (i.e., flow, average speed
of traffic stream, and density), [15].The method
has been assessed as a good method for estimating
capacity in practice [16]. The capacity of segments
calculated graphically by deriving the function of
flow-density relationship. The highest value that
can be obtained from the curve is by putting the
first derivative equal to (zero), which represents
the observed capacity of the segments investigated.
Measured capacity equal to 1607 pc/km/In for all
segments since this study taken all segments as a
one sample including composite traffic. This value
was adopted in the study to represent the existing
prevailing conditions.

3.5. Computation of LOS

The level of service is a qualitative
measure of the segment facility[17]. It is
commonly used as a measure of effectiveness (i.e.,
MOE'S) alternative for evaluation of traffic
congestion that might be developed at any segment
or intersegment approach. LOS describes a range
of traffic quality based on letters grading scale
from LOS A up to LOS F[5]. The quality of the
traffic stream decreases when LOS changes from
(A-F). For uninterrupted multilane highways, LOS
is determined on the basis of traffic density values
instead of a speed that remains approximately
unchanged through a wide-range of flow rates
(HCM- 2010). The impact of the interaction and
proximity of vehicles to each other in the traffic
stream could be measured by traffic density
(HCM-2010). Three traffic parameters used to
describpe LOS for multilane highways as
performance fundamental traffic-flow
characteristics. The relationship combined these
parameters is shown in the equation below:

D=2 .. (6)
Where:
D: traffic density (pc/km/In);
Vp: demand flow-rate (pc/hr./In); and
S: average speed of traffic stream (km/hr).

Free-Flow-Speed (FFS) represents a

mean speed of vehicles on the road segments that
are far away from intersection effects
(uninterrupted flow) measured within the light to
moderate traffic density conditions[18]. For
multilane highways, FFS has measured under
traffic flow-rate up to 1400 pc/hr/In (HCM-2010).
It is a considerable variable used with adjusted
flow-rate to determine the LOS of the roadway.
Free-flow-speed (FFS) influenced by
environmental conditions and geometric features
of the road [19]. The HCM-2010 methodology
offered an indirect method for estimating the free-
flow speed (FFS) of the multilane highway
segment. The offered method based on the
correction of the free-flow-speed at base condition
abbreviated as (BFFS) using equation (7) from
(HCM-2010). The (BFFS) estimated in this study
for each segment studied by taken posted speed
plus 8 km/hr (5 mi/hr) for speed limit 80 km/hr (50
mi/hr) and higher and plus 11 km/hr (7 mi/hr) for
speed limit less than 80 km/hr (50 mi/hr) (HCM-
2010). The methodology is given by HCM-2010
for computing LOS on multilane highways at
specified geometric data and various traffic
conditions.

FFS = BFFS - fiw - fic — fn = fo oo (7)

Where:-
FFS= Free Flow Speed of segment (km/hr);
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BFFS= Base Free Flow Speed of segment (km/hr);
fiw = correction factor of width of lane, calculated
from (Chapter 14, exhibit 14-8) in (HCM-2010);
fic = correction factor of total lateral clearance (left
and right clearance), calculated from exhibit (14-
9) in (HCM-2010);
fm = correction factor for type of median,
calculated from (Chapter 14, exhibit 14-10) in
(HCM-2010); and,
fa = correction factor for density of access points,
calculated from (Chapter 14, exhibit 14-11) in
(HCM-2010).

Computed traffic volume from equation
(1) must be converted to demand flow rate (V) for
each segment by using equation (8) from (HCM-
2010) below:

Vp

|4
~ PHF«N+fuy+fp
Where:
V= traffic volume (veh/hr) which obtained from
equation (1);
PHF = peak hour factor;
N= number of lanes;
fuv= correction factor of heavy vehicles; and
fo= correction factor of the driver’s population
(0.85or 1.0) according to (HCM-2010), taken (1.0)
for this study since the driver is familiar (from the
target community).

Correction factor of heavy vehicles can be
calculated from the equation (9) which adopted in

(HCM-2010).
1

fav = 1+Pr (Ep-1)+Pg (Eg-1)

Where:

Pt= percentage of heavy vehicles in the traffic
stream;

Er= equivalent of a passenger car for one heavy
vehicle, taken (1.5) for this study since the
segments considered as level terrain (HCM-2010,
Chapter 14, exhibit 14-12).

Pr= percentage of recreation vehicles;

Er= equivalent of passenger car for one recreation
vehicles.

Since there are no recreation vehicles in
the traffic stream of the study area, then the factors
(Pr and Eg) substituted by zero in this study.

After completion the requirements of
computing of LOS according to (HCM-2010)
methodology, LOS for each segment studied at
each test run computed by using simplified
formula made by (MS-Excel-2016 version) as
shown in the Table (4). The made formula sheet
automatically calculated LOS by entering the
required variables.

Table 4: Simplified Worksheet Used for
Calculating LOS (Baghdad Road Segment)

[ Baghdad Road SegmentiB |

Input
Posted Speed| 40 | mi/hr | Fes(s) | 40.00] mifhr |
LCR 492 ft Fhv_| 0.960
LCL 6.01 ft |_Vp |1150 hr/In
Pt 8.25 % D | 28.76 pc/mi/in
BFFS 47 mi/hr_|Posted Speed +7 (mi/hr] 0s | D
Flw 0.00
Flc 020 Automobiles L0Sfor
Fm 0 |Devided| Multilane Highviay Segments
ta 18 According to HCM-2010
Pt 00825 @ el
B 15 Level Al | 5011
v 3202 | veh/hr All_| >1118
PHF 0.966 C All | 1826
N 30 D | an | »263
Fp 10 60 | »35-40
55 »35-41
E 5 e
45 | 3545
Demands Exceeds Capacity

60 >40
55 341
50 >43
45 345

4. RESULTS AND DISCUSSIONS

4.1. Normality Test of Acceleration Noise

There are several statistical methods
recommended to determine whether or not the data
for a random variable is following the normal
distribution. The most widely used tests for
assessing normality is Kolmogorov-Smirnov (K-
S) with Lilliefors Correction Test [20]. The results
of test carried out on the measured acceleration
noise data from ten segments studied (i.e., 100
observations) demonstrated that, the acceleration
noise is following or drawn from the normal
distribution at confidence interval (95%). This
result is concluded as the (P-Value) which equals
to (0.144) is more than the significance level (o =
0.05) for Kolmogorov-Smirnov (K-S) test, and K-
S statistic equal to (0.078) which is less than
critical value from Kolmogorov-Smirnov table for
(N=100, a. = 0.05) equal to (0.136) as is shown in
Table (5) below according to [21].

Table 5: Normality Test using Kolmogorov-
Smirnov with Lilliefors Correction Test (SPSS
V.26)

Test of Normality
Tested Kolmogorov-Smirnov with Lilliefors
Variable Correction Test
df K-S K-S P-Value
Statistic Table
Acceleration 100 0.078 0.136 0.144
Noise m/s2
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4.2 Effect of Traffic Volume on
Transformed Acceleration Noise
Using the curve fitting process by [22] to
select the best model for the relationship of
acceleration noise as a dependent variable and
traffic volume as independent at significance level
(0= 0.05). The results of the analysis show that the
S-curve is the best model according to a good
correlation coefficient of (R=0.826). The resulting
model has taken the form of an exponential
function (i.e., y=e*) and treated as a dependent
variable or/and as a natural logarithm (Ln), so the
transformation of the dependent variable data into
a natural logarithm can yield better results. Data
was transformed and the curve estimation
performed to select the best model. The results
revealed that, the polynomial quadratic
relationship represents the best model with less
scatter and a good correlation coefficient of
(R=0.829) as shown in the Figure (3).

| © Observed Data e Polynomial Quadratic
0 T T T T )
05 _0 1000 2000 3000 4000 5000
E o
'g -1.5
2 2
c
2 25 1
o
(7]
o 33
8 y = -4E-07x2 + 0.0024x - 5.0273
< 35 3 R =0.829
-4 o
4.5 1
Traffic Volume (veh/hr)

Fig. 3: Effect of Traffic Volume on the
Transformed Acceleration Noise on Multi-Lanes
Arterial Roads

The relationship has slightly improved
after the transformation of the acceleration noise
data. The polynomial quadratic relationship was
therefore adopted in this study. Table (6) display
model summary for the quadratic relationship
between In acceleration noise and traffic volume.

Table 6: Model Summary of the Relationship
between In Acceleration Noise and Traffic
Volume
*:F (0.05, 1, 99) = 3.95

4.3. Effect of Average Speed on
Transformed Acceleration Noise

Model Summary
Dependent R R? F-stat. | F-tab. P-
Variables value
In 0.829 | 0.687 | 106.22 | 3.95* 0.00
Acceleration
Noise m/s2
Independent Variable: Traffic Volume veh/hr

Regression analysis conducted using
curve fiting techniques provided by (SPSS V.26)
software. The Exponential shape was chosen as
the best model with a correlation coefficient of
(R=0.807) whereas the dispersion is high around
the regression line. As the same procedure
followed in the effect of traffic volume on
acceleration noise, data transforming required to
test the best fit model since the exponential model
has taken the natural algorithm of acceleration
noise as a dependent variable. After the
transformation of acceleration noise data and
performing the analysis, the best fit curve resulted
from the analysis was a polynomial quadratic with
(R=0.872) and less scatter around the regression
line (see Fig. 4). Model accuracy has improved by
about eight percent when transforming the
acceleration noise data to the natural logarithm
(In). Therefore, this model adapted to represent the
relationship  between the speed and the
acceleration noise. The summary of selected model
can be seen in Table (7).

© Observed e===== Polynomial Quadratic

20.0 40.0 60.0 80.0 100.0
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220 o

5 .‘.‘

525 o0

©

Q

3.0 3

S

I35 y =-0.0008x2 +0.0568x - 2.4917 | @

- R =0.872
4.0 1 o)
4.5

Average Speed (km/hr)

Fig. 4: Effect of Average Speed on the
Transformed Acceleration Noise on Multi-Lanes
Arterial Roads

Table 7: Model Summary of the Relationship
between In Acceleration Noise and Average
Speed

*: F (0.05, 1, 99) = 3.95
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Model Summary

D P-
ependent | o R | Fstat. | Ftab.
Variables value

In
Acceleration | 0.872 | 0.76 | 153.61 | 3.95* 0.00
Noise m/s2

Independent Variable: Average Speed (km/hr.)

4.4. Effect of Traffic Density on
Transformed Acceleration Noise
Regression analysis carried out to

examine the effects of the traffic density on the
acceleration noise. By using (SPSS V.26) software
with curve fitting procedure, the results revealed
that the S-curve represent the best fit model while
with high dispersion around the regression line.
The S-curve was chosen as the best model with
(R=0.886), but it deals with acceleration noise as
a natural logarithm (In). As mentioned earlier on
the return of acceleration noise data to its natural
logarithm. The transformation was carried out and
the related analysis is checked once more. The
polynomial quadratic relationship was identified as
the best model after the transformation. The
coefficient of correlation for the quadratic model
obtained is (R=0.877). The relationship slightly
decreased whereas the dispersion around
regression line has decreased too as shown in
Figure (5). The polynomial quadratic relationship
has been adopted in this study. Table (8) displays
the summary of selected model.

| © Observed Data e Polynomial Quadratic |

0 .

05 1 5 10 15 20 25 30
=
< 19
£ °
o -1.5
B
2 2]
c
2 -2.5 3
©
% -3 3 y =-0.0087x2 + 0.3204x - 4.3771
S 351 R =0.877
£

-4 3 o)
-4.5 3

Traffic Density (pc/km/In)

Fig. 5: Effect of Traffic Density on the
Transformed Acceleration Noise on Multi-Lanes
Arterial Roads

Table 8: Model Summary of the Relationship
between In Acceleration Noise and Traffic
Density
*:F(0.05,1,99) =3.95

45.LOS Thresholds defined by
Transformed Acceleration Noise and

Traffic Density
Model Summary
Dependent R R? F-stat. F-tab. P-
Variables value
In 0.87 | 0.76 162.2 3.95* 0.00
Acceleration
Noise m/s2
Independent Variable: Traffic Density pc/km

The methodology of (HCM-2010)
defined LOS on multi-lane urban highways by
traffic density. Using the traffic density thresholds
from (HCM-2010) at each LOS on the transformed

| © Observed Data === Polynomial Quadratic |

y =-0.0087x2 + 0.3204x - 4.3771
R=0.877

0 2 4 6 8101214161820222426283032343638404244
Traffic Density pc/km/In
acceleration-density relationship it is possible to
derive a new criterion to evaluate the LOS instead
of using the (HC-2010) criteria. Figure (6)
illustrates a graphical projections of traffic density
thresholds to compute the transformed acceleration
noise values.
Fig. 6: Graphical Layout of Density Thresholds
on Transformed Acceleration Noise-Density
Relationship on Multi-Lane Urban Arterials

As shown in Table (9), transformed
acceleration noise can very well evaluate multi-
lane urban highways from LOS (A-C) whereas its
values start to drop as LOS deteriorates from (D-
F). The reason for this is that the driver could not
maneuver, lane-changing, or increase its speed due
to the increased interaction of vehicles in the traffic
stream. So, the change in speed is relatively small.
As the acceleration noise is directly proportional to
the change in speed, it will decrease until it reaches
a natural acceleration noise or zero approximately
at a high traffic density.

Table 9: Final LOS Thresholds Defined by
Transformed Acceleration Noise and Traffic
Density
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LOS Density Transformed LOS Thresholds
Thresholds Density defined by
(pc/mi/ln) (pc/km/In) Transformed

According to Acceleration Noise
HCM-2010 (m/s?)*
A 0-11 0-6.83 4.38 - 2.60
B 11-18 6.83-11.18 2.60-1.88
C 18- 26 11.18 - 16.15 1.88-1.47
D 26 - 35 16.15 - 21.74 1.47-1.52
E 35-45 21.74 - 27.95 1.52-2.22
F > 45 >27.95 >2.22

*: All values of transformed acceleration noise
have negative sings

5. CONCLUSION
According to the methods of analysis and
case study limitations followed in this research, the
following conclusions can be drawn out based on
the findings of the research:
1. The results emphases that acceleration

noise is drawn from a normal
distribution and it is taken the form of
Exponential Function (y=e*) when
correlated with traffic flow variables.

2. The quality of the traffic flow for multi-
lane urban highways under LOS (A -
C) could be better assessed using
acceleration noise as an evaluative
parameter on multi-lane arterial roads
in Kirkuk City.

3. Polynomial Quadratic Shape is the best
representative of the relationship
between transformed acceleration
noise, traffic volume, average speed,
traffic density, with high correlation
coefficients (R=0.829, R=0.872, R=
0.877) respectively on multi-lane
arterial roads in Kirkuk City.
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