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Abstract 

The speed range of Levels of Service (LOS) categories is not well defined for highly 

heterogeneous traffic flow on urban streets in Indian context. Determination of speed 

ranges of LOS categories of urban traffic facilities helps in planning, design of transportation 

projects and also allocation of resources among competing projects. In this study an 

attempt has been made to define LOS criteria for urban street in Indian context considering 

the free flow speed (FFS), congested travel speed, the geometric and surrounding 

environmental conditions. Defining LOS criteria is basically a classification problem and 

cluster analysis is found to be the most suitable technique that can be applied. In this study 

Clustering Large Applications (CLARA) method is used. Large numbers of speed data are 

used as an input to CLARA. Using Global Positioning System (GPS) large numbers of second 

by second speed data are collected and GIS was used in handling large amount of speed 

data. The clustering algorithm is used twice in this study. The optimal number of clusters is 

determined using six cluster validation parameters which help in deciding the classification 

of street segments into numbers of classes. CLARA algorithm was used to classify the FFS 

data into a number of classes to get the FFS ranges of different urban street classes such 

that street segments following a class must satisfy its functional and geometric 

characteristics. In the second stage CLARA algorithm is used on average travel speed data 

collected during both peak and off-peak hours to determine the speed ranges of different 

LOS categories. From the above study the FFS ranges for different urban street classes and 

speed ranges for different LOS categories are defined and the values are found to be lower 

than that suggested by HCM-2000. Average travel speed of LOS categories expressed in 

terms of percentage of FFS of the street classes are found to be 85 and above, 70-85, 55-

70, 40-55, 30-40, 30 and below respectively for LOS “A” to “F”. This result closely follows 

the percentage shown in HCM-2010. 

 

Introduction 

 

The simplest definition of urbanism or an 

urban area might be: confederation or 

union of neighbouring clans resorting to a 

canter used as a common meeting place 

for worship, protection, and the like; 

hence, the political or sovereign body 

formed by such a community. An urban 

area can also be defined as a composite of 

cells, neighborhoods, or communities 

where people work together for the 

common good. The types of urban areas 

can vary as greatly as the varieties of 

activities performed there: the means of 

production and the kinds of goods, trades, 

transportation, the delivery of goods, and 

services, or a combination of all these 

activities. A third definition says that 

urban areas are those locations where 

there is opportunity for a diversified living 

environment and diverse lifestyle. People 

live, work and enjoy themselves in social 

and cultural relationships provided by 

these proximities of an urban area. Urban 

areas can be simplex or complex.  

 

They can have a rural flavour or that of an 

industrial workshop. They can be peaceful 

or filled with all types of conflict. They can 
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be small and easy to maintain, or 

gargantuan and filled with strife and 

economic problems. According to a study, 

made by the Government of India, there 

were 83 cities in India by the end of 2003, 

with a population of over 0.25 million. 

Travel demand in these cities is 443-

billion passenger kilometres. Nearly 80 

percent of the demand was expected to be 

met by road based transport systems 

(Datla, 2004). At present no proper 

methodology is available to evaluate Level 

of Service (LOS) provided by urban 

streets in India. It is important to develop 

suitable methodologies for level of service 

analysis of urban streets. The Greek 

philosopher  Heraclitus once said that the 

difficulty confronting human society was 

to combine that degree of liberty without 

which law is tyranny, with that degree of 

law without which liberty becomes licence.  

 

The democracy of Athens, the Magna 

Carta in England, and the constitution of 

United States were wrought essentially 

from that same precept. Our society is 

organised on the basis of the group of 

laws established to guide the people in 

their conduct. 

 

After independence, India’s growth was 

based to assist the urban area by 

introducing the industrialization and urban 

infrastructure. Since urban agglomeration 

in India is the set of large urban clusters 

where the built up zones of influence the 

distinct cities or towns are connected by a 

continuous built-up development. But the 

Level of Service (LOS) analysis of urban 

roads in India is not decently delimited for 

majorly heterogeneous traffic flow. 

Subsequently India is a populated 

country, therefore heterogeneous traffic 

flow occurs in urban roads. The Level of 

Service (LOS) delineate for urban roads in 

India by HCM 2000, which is worthiest for 

homogeneous traffic flow. In reality, 

homogeneous traffic flow is outlined as a 

region of high density and low average 

velocity of cars and the flow of 

heterogeneous traffic on urban roads are 

extremely composite and the existing 

analytical model cannot be employed to 

auspicate the Level of Service (LOS) of 

urban roads. Thus an endeavour has been 

made to specify the Level of Service (LOS) 

criteria for India in this study. 

 

Defining LOS is essentially classification 

problem. The literature review suggests 

that cluster analysis is the well nigh 

desirable technique for the classification of 

the large amount of speed data 

germinated through GPS receiver. Four 

advanced clustering technique such as 

Adaboost algorithm, Genetic 

Programming, Maximum-likelihood 

algorithm and Expectation-Maximization 

method are employed for clustering 

intention in this study. Before going to the 

clustering, the optimal no of clusters were 

found out by applying five validation 

parameters on FFS data. Subsequently 

getting optimal no of clusters, these 

clustering algorithms were utilized twice in 

this research. First, four clustering 

algorithm were employed on Free Flow 

Speed (FFS) data to acquire speed ranges 

of urban street classes. Later delineate 

the speed ranges; again four clustering 

algorithms were enforced for the second 

time, on the average travel speed data to 

acquire the speed ranges of different LOS 

categories. The coherence of the 

clustering result of compartmentalization 

of urban streets and Level of Service 

(LOS) categories were assured with 

geometric and surrounding environment 

features of street segments. 

 

Statement of the problem 

Urban Street is a complex organism. It is 

a great human enterprise that should 

serve the material and spiritual needs of 

humanity. The city is mosaic of homes 

and shops, factories and offices, schools 

and libraries, theatres and hospitals, 

parks and religious institutions and also 

the urban street. The urban street is 

seriously suffering for decreasing speeds, 

increased congestion, increased travel 

time, and decreased level of service and 

increase in accident rates. 

 

Floating car method was used traditionally 

for collection of travel speed data. 
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Although this method is very simple but it 

has some lacuna like accuracy variation 

from technician to technician and the 

possibility of missing and inaccurate 

marking of some check points. Recent 

research has demonstrated the feasibility 

of using Global Positioning System (GPS) 

and Geographic Information System (GIS) 

technologies for automating the travel 

time data collection, reduction, and 

reporting when using a probe vehicle.  

 

The new automated procedures provide 

consistency, automation, finer levels of 

resolution, and better accuracy in 

measuring travel time, delay and speed 

rather than traditional techniques. As a 

result, large amounts of reliable travel 

time, delay and speed data can be 

collected and processed. 

 

The LOS for urban streets is very 

important for analysis of urban streets. 

The LOS affects the planning, design, and 

operational aspects of transportation 

projects as well as the allocation of limited 

financial resources among competing 

transportation projects. 

 

Objectives and scope 

Based on the above problem 

statement, the objectives of the 

study are: 
➢ To classify the urban street 

segments into various classes 

using free flow speed data 

acquired through GPS and data 

clustering technique. 

➢ To define free flow speed 

ranges of urban street classes 

and speed ranges of LOS 

categories using advanced 

clustering algorithms. 

➢ To find the most suitable cluster 

analysis algorithm in defining 

FFS ranges of urban street 

classes and speed ranges of LOS 

categories. 

 

Literature Review 

 

The level of service (LOS) concept was 

first introduced in 1965 version of 

highway capacity manual. In this concept, 

it was recognized that the driver’s view of 

the transportation system is also 

important to consider. It has become 

more important to estimate not only the 

LOS but also key operational performance 

measures like queue length or average 

speed. it has become important to expand 

the analysis area from a single point to a 

segment, and then form a linear segment 

to a two dimensional area. And then 

ultimately on found a single, integrated 

multimodal transportation system. The 

1950 HCM was prepared only to fulfil the 

needs of traffic engineers who were 

participating in planning, design, and 

handling specific roadway components. 

According to 1965 HCM, level of service 

described by six classes from “A” to “F” 

defined based on the combination of 

travel time and the ratio of traffic flow 

rate to the capacity road sections. The 

“1965 HCM’ concept was redefined to 

several traffic conditions in the 1985 

version of highway capacity manual 

include travel speed, traffic flow rate and 

traffic density of each type of roads. 

 

There was limitation to 1985 HCM that 

LOS measure which was given by 

Baumgartner (1996), Cameron (1996) 

and Brilon (2000). Baumgartner (1996) 

realized the rapid growth of urban 

populations, ownership of vehicle, trip 

length, and number of trips has resulted 

in a relative increase in traffic volumes. 

Thus, travel condition that would have 

been viewed as intolerable in the 1960s 

are considered normal by today’s 

motorists, especially commuters Cameron 

(1996) stated that it was not uncommon 

to wait three minutes as a congested 

urban intersection with average delays 

often exceeding two minutes. Later 

various researches have been done for 

describing six level of service designations 

to nine or more. 

 

LOS does not completely represent 

drivers’ assessment on performance of 

urban streets. The author opined for 

inclusion of qualitative measures for 

defining LOS. Clark (2008) from a study 
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upon the prevailing traffic condition of 

New Zealand suggested for a new LOS 

category to be termed as F+ or G. Shao 

and Sun (2010) categorized LOS into two 

parts: Level of facility supply and Level of 

traffic operation.  

 

Travel speed to free flow speed ratio was 

considered as evaluation index of traffic 

operation. Traffic operation categorized 

into different groups using Fuzzy set. 

Determination of LOS of Urban street from 

user perception was carried out by 

Flannery et.al (2008). Fang et. al. (2011) 

determined speed-flow curves of different 

segments of an interchange by developing 

a simulation model using VISSIM 

software.  

 

LOS ranges from the speed-flow curves 

were determined by taking density as 

classification index. Arasan and Vedagiri 

(2010) through computer simulation 

studied the effect of a dedicated bus lane 

on the LOS of heterogeneous traffic 

condition prevailing in India. A state-of-

the-art hybrid algorithm was developed by 

Ivana et.al. (2011) to classify urban roads 

based on vehicle track and infrastructural 

data collected through GPS.  

 

Bhuyan and Rao (2011) defined the free 

flow speed ranges of urban street classes 

and speed limits of LOS categories using 

Hierarchical Agglomerative Clustering 

(HAC) and data collected by GPS 

handheld receiver in Indian context. For 

developing countries, Maitra et.al. (2004) 

have shown the effect of different types of 

vehicles on congestion trough congestion 

model. The established model can be used 

as a tool for formulating traffic 

management measures for urban roads. 

Basuet.al. (2006) modelled passenger car 

equivalency for urban mid-block using 

stream speed as measure of equivalence. 

 

Fang and Pechuex (2009) studied about 

the LOS of a signalized intersection taking 

user perception into account. The author 

found that it is best to differentiate LOS 

into six categories as described in HCM 

but proposed a new six LOS by merging 

existing LOS A and B and splitting existing 

LOS F into two categories. Pattnaik and 

Ramesh Kumar (1996) developed 

methodology to define level of service of 

urban roads taking into account users' 

perceptions. Kittelson and roess (2001) 

have noted down that the HCM (2000) 

methodologies have not been based upon 

user perception surveys.  

 

Shouhua et.al. (2009) found the LOS 

criteria of walkways proposed by HCM 

2000 are not suitable for China. The 

authors have taken user perception into 

consideration for classification of LOS at 

urban rail transit passages and found the 

limit for LOS standards suitable for China 

is lower than that suggested by HCM 

2000.  

 

Methods of Cluster Analysis 

Cluster analysis divides the data into 

conceptually meaningful groups of objects 

that share common characteristics. The 

meaningful groups are the goal, and then 

the clusters should capture the natural 

structure of the data. Clusters are the 

potential classes rather than it also useful 

for data summarization and automatically 

finding classes. Various clustering 

methods have been applied in speed data 

for creating the meaningful groups. There 

are four types of clustering algorithm 

have been applied for this research work. 

Such as: - Adaboost algorithm, Genetic 

programming, Maximum likelihood 

method and Expectation-Maximization 

Method. These four algorithms are useful 

for classification of urban streets and LOS 

categories. 

 

Adaboost Algorithm 

Adaboost was introduced in 1995 by 

Freund and Schapire. It is a well known 

large margin learning algorithm that can 

select a small set of the most 

discriminative features and combines 

them into an ensemble classifier and also 

an additive model. Viola-Jones’s work 

(robust real time object detection) made 

adaboost learning world focus in the 

community of computer vision and pattern 

recognition. It is a Meta algorithm and can 
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be used in conjunction with many other 

learning algorithms to improve their 

performance. Adaboost is a adaptive in 

the sense that subsequent classifier built 

area tweaked in favour of those instances 

learning algorithm. 

 

Genetic Programming 

Genetic Programming is a collection of 

methods for the automatic generation of 

computer programmes that solve carefully 

specified problems. it is the initially 

random computer programmes, where 

only the relatively more successful 

individuals pass on the genetic material to 

the next generation. 

 

Expectation-Maximization Algorithm 

In statistics, an Expectation–Maximization 

(EM) algorithm is an iterative method for 

finding maximum likelihood or maximum a 

posterior (MAP) estimates of parameters 

in statistical models, where the model 

depends on unobserved latent variables. 

The EM iteration alternates between 

performing an expectation (E) step, which 

creates a function for the expectation of 

the log-likelihood evaluated using the 

current estimate for the parameters, and 

maximization (M) step, which computes 

parameters maximizing the expected log-

likelihood found on the E step. These 

parameter-estimates are then used to 

determine the distribution of the latent 

variables in the next E step. 

 

Anditsai et.al. (2005) proposed an EM 

algorithm for estimating the shape 

contours that illustrate the different shape 

classes. Kayabol and koray (2011) 

proposed unsupervised classification of 

SAR (synthetic aperture radar) images 

using EM algorithm. Un supervised 

clustering of normal vessel traffic patterns 

is proposed and implemented by 

laxhammar. et. al. (2008) where patterns 

are represented as the momentary 

location, speed and course of tracked 

vessels. Expectation-Maximization 

algorithm is used as a clustering 

algorithm in which Gaussian mixture 

model are used for anomaly detection in 

sea traffic. Chen et. al. (2009) 

 

Data Collection 

The probe vehicles featuring mid-sized car 

was tallied with Trimble Geo-XT GPS 

receiver, adequate to logging speed data 

unremittingly at time intervals of one 

second. GPS furnishes both spatial and 

time/distance based data from which 

various traffic parameters were deduced, 

letting in travel time and travel speeds. In 

order to bring forth unbiased data sets 

three mid-sized cars were employed and 

assist of three drivers on different days of 

the survey work was chosen. Essentially 

three types of data sets were 

accumulated. 

 

The first type is roadway inventory 

contingents, for which a data dictionary 

was geared up using path finder office 

3.0. Throughout the accumulation of 

inventory contingents, proper 

segmentation technique was 

implemented, which is just afterwards 

signalized intersection to just afterwards 

next signalized intersection. Contingents 

on segments like segment number, 

number of lanes, median types, 

pedestrian activity, road side 

development, access density, construction 

activity, speed limit, separate right turn 

lane, number of fly overs, date and day of 

data accumulation and segment length 

were accumulated. 

The second type of survey 

conducted was to break through the free 

flow speed. Before going for the free flow 

speed data collection, we should know 

when the traffic volumes is less than or 

equal to 200 vehicles per lane per hour. 

An elaborated 24-hour traffic volume 

count survey was carried out by this 

group for western sea-link (WFSL) project. 

The traffic volume data were accumulated 

on 45 stations on seven screen lines. 

From these survey data traffic volumes 

per lane per hour was deliberate for roads 

comings under this study area.  

 

It was established that free flow traffic 

condition (less than 200 veh/In/hr) is 

forthcoming at 12 mid-night and all road 

sections are having free flow traffic 

http://en.wikipedia.org/wiki/Statistics
http://en.wikipedia.org/wiki/Iterative_method
http://en.wikipedia.org/wiki/Maximum_likelihood
http://en.wikipedia.org/wiki/Maximum_a_posteriori
http://en.wikipedia.org/wiki/Maximum_a_posteriori
http://en.wikipedia.org/wiki/Parameter
http://en.wikipedia.org/wiki/Parameter
http://en.wikipedia.org/wiki/Statistical_model
http://en.wikipedia.org/wiki/Statistical_model
http://en.wikipedia.org/wiki/Latent_variable
http://en.wikipedia.org/wiki/Latent_variable
http://en.wikipedia.org/wiki/Likelihood_function#Log-likelihood
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conditions from 1AM to 5AM. Thus free 

flow speed for all these corridors were 

accumulated during these hours. 

 

The third type of data accumulated was 

congested travel speed. Congested travel 

speed survey was comported throughout 

both peak and off pick hours on both 

directions of all corridors. Number of trips 

extended for each direction of travel and 

for the study hours (peak, off-peak and 

free flow) is at least 3 and sometimes it is 

up to six trips. Afterward data has been 

accumulated in the field; it has been 

transported back to the office computer 

by using path finder office version 3.0. 

Accuracy of field data were significantly 

ameliorated through a process called 

differential correction. 

 

Cluster Analysis 

Cluster analysis or clustering is the task of 

assigning a set of objects into groups 

(called clusters) so that the objects in the 

same cluster are more similar (in some 

sense or another) to each other than to 

those in other clusters. Clustering is a 

main task of explorative data mining, and 

a common technique for statistical data 

analysis used in many fields, including 

machine learning, pattern recognition, 

image analysis, information retrieval and 

bioinformatics. Cluster analysis groups 

data objects based on only information 

found in the data that describes the 

objects and their relationships. The goal is 

that the objects within the group are 

similar to one another and different from 

objects in the group. Different types of 

cluster analysis are there. In this 

research, there are four methods are 

used. Popularly, known as Adaboost 

algorithm, Genetic programming, 

Maximum likelihood Method and 

Expectation-Maximization algorithm. 

 

Adaboost Algorithm 

Adaboost algorithm was introduced 

in 1995 by Freund and Schipre. It is a well 

known large margin learning algorithm 

that can select a small set of most 

discriminative features and combines 

them into an ensemble classifier. Viola-

Jones’s work made Adaboost learning 

world focus in the community of computer 

vision and pattern recognition. 

The mechanics of adaboost learning 

algorithm includes three fundamental 

points such as weak learner, the 

component classifier and the re-weighting 

function. 

 

Weak learner: The weak learner is 

essentially the criterion for choosing the 

best feature -t on the weighted training 

set. 

 

The component classifier: The 

component classifier outputs the 

confidence of a sample being a positive 

based on its t value. 

 

Sample re-weighting: Sample re-

weighting enables that the subsequent 

component classifier can concentrate on 

the hard samples by assigning higher 

weights to the samples that are wrongly 

classified by previous component 

classifiers 

 

Adaboost is one of the most influential 

ensemble methods. Its birth was 

originated from the answer to an 

interesting question posed by Kearns and 

Valiant (1988). That is, whether two 

complexity classes, weakly learnable and 

strongly learnable problems, are equal.  

 

Adaboost and its variants have been 

applied to diverse domains with great 

success, owing to their solid theoretical 

foundation, accurate prediction and great 

simplicity. The adaboost algorithm was 

described by Viola and Jones ( 2001). 

 

Genetic Programming 

Genetic programming is a powerful 

method for automatically generating 

computer programs via the process of 

natural selection. It uses a genetic 

algorithm to search through a space of 

possible computer programs for one which 

is nearly optimal in its ability to perform a 

particular task. Genetic programming’s 

unique representation of solution 

distinguishes it from genetic algorithm. In 
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GA, solutions are typically represented as 

bit strings, or genotypes, with predefined 

regions of the bit string mapped to 

specific phenontypic traits. In Genetic 

Programming, solutions are represented 

directly as computer programmes, written 

in some suitable domain specific 

language.  

Genetic Programming Algorithm 

The Genetic Programming algorithm is a 

domain independent method. It provides a 

single unified approach to the problem of 

finding a computer program to solve a 

problem. In summary, the Genetic 

Programming algorithm breeds computer 

programs to solve problems by executing 

the following five steps. 

 

Maximum Likelihood Method 

Maximum-likelihood estimation (MLE) is a 

method of estimating the parameters of a 

statistical model. When applied to a data 

set and given a statistical model, 

maximum-likelihood estimation provides 

estimates for the model's parameters.For 

some models the maximum likelihood 

parameters can be identified instantly 

from the data; for more complex models, 

finding the maximum likelihood 

parameters may require an iterative 

algorithm. For any model, it is usually 

easiest to work with the logarithm of the 

likelihood rather than the likelihood, since 

likelihoods, being products of the 

probabilities of many data points, tend to 

be very small. Likelihoods multiply; log 

likelihoods add. Estimation of parameters 

is a fundamental problem in data analysis. 

A handful of estimation methods existed 

before maximum likelihood, such as least 

squares, method of moments and 

Bayesian estimation. 

 

Expectation-Maximization Algorithm 

The EM algorithm is efficient iterative 

procedure to compute the maximum 

likelihood estimates in the presence of 

missing or hidden data. Each iteration of 

the EM algorithm consists of two 

processes i.e. E-step and M-step. For the 

expectation E-step, the missing data 

 

are estimated given the observed data 

and current estimate of the model 

parameters. In the M-step, for the 

maximization, the likelihood function is 

maximized under the assumption that the 

missing data are known. 

 

Classification Error Method 

The study includes four clustering 

methods (Adaboost Method, Genetic 

Programming, Maximum- Likelihood 

Method and Expectation-Maximization 

Method for defining LOS criteria of roads 

in urban Indian context. The best 

clustering method is determined by 

classification error process. First the data 

point are clustered by using clustering 

algorithm and after clustering , the 

classification error can be determined to 

get the most suitable clustering algorithm 

which is most appropriate for Indian 

context. 

 

In the classification error process two sets 

of error were determined i.e. train set 

errors and test set errors. The total mean 

errors was determined to get the most 

suitable clustering algorithm. 

 

Cluster Validation Measures 

Quality of clustering result incurred from a 

clustering algorithm can be checked by 

various cluster validation measures. These 

validation parameters have principally 

employed to appraise and compare whole 

partitions, ensuing from different 

algorithms or ensuing from the same 

algorithms under different parameters. 

Most common diligence of cluster 

validation is to ascertain the optimal 

number of cluster for a particular data set. 

(Bensaid et al; 1996) and as well 

clustering validation refers to procedure 

that evaluate the results of a clustering in 

a quantitative and objective fashion (Jain 

& Dubes, 1988). 

 

Summary 

In this research, there are various 

limitation to current HCM-2000 

methodology for defining LOS criteria in 

Indian context and various iterative 

procedure has been made to define LOS 

https://en.wikipedia.org/wiki/Estimator
https://en.wikipedia.org/wiki/Parameter
https://en.wikipedia.org/wiki/Statistical_model
https://en.wikipedia.org/wiki/Statistical_model
https://en.wikipedia.org/wiki/Statistical_model
https://en.wikipedia.org/wiki/Estimator
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criteria for urban streets in Indian context. 

GPS was used to collect the speed and 

inventory data and GIS was used handle 

these data. Applications of GIS and GPS 

for traffic data collection were reviewed 

from literature. The concept of urban 

street classification based on free-flow 

speeds, function and geometric 

characteristics of street segments are 

presented. Also important influencing 

factors that affect level of service 

classifications of urban streets are 

enumerated. 

 

From literature it was found that cluster 

analysis is the suitable technique that can 

be applied for the classification of urban 

streets and level of service categories. 

Adaboost, Genetic Programming, 

Maximum Likelihood Method and 

Expectation Maximization Method were 

used as a tool to cluster the speed data to 

classify the road segments into various 

classes and also to define the speed 

ranges of the LOS. By using above four 

algorithms FFS speed were clustered into 

four different groups corresponding to 

different urban street classes. Then 

clustering methods were applied on 

average travel speeds on street segments 

of each class of urban street during peak 

and off peak hours. In the latter case, 

speeds were classified into six categories 

for six levels of service; thus speed ranges 

for level of service categories were 

defined for Indian conditions. Number of 

cluster into which the data set should be 

clustered into is given as prior to the 

clustering algorithm. To determine the 

optimum number of clusters various 

cluster validation parameters were used 

as not a single parameter is self-sufficient. 

In this study as a whole 5 validation 

parameters were used i.e. Homogeneity-

Separation Index(HIS), Rand Index(RI), 

Adjusted Rand Index(ARI), Mirkin 

Index(MI), Hubert Index(HI). 

 

Conclusions 

 

The following conclusion are listed below 

in this research work in defining level of 

service criteria of roads in urban Indian 

context. 

 

 

 Various cluster validation 

measures, based on their 

applicability is used to find the 

optimal number of clusters for 

Adaboost, Genetic Programming, 

Maximum Likelihood Method, 

Expectation Maximization Method. 

After thorough analysis it was 

decided to classify urban street 

into four classes (I-IV) in Indian 

context. Free flow speed ranges for 

different urban street classes were 

found out and for each algorithm 

the range was found to be 

different. The speed ranges were 

lower than that mentioned in HCM-

2000. Heterogeneous traffic flow 

and roads having varying 

geometric and surrounding 

environmental characteristics are 

the major reasons for these lower 

values in FFSs. 

 

 

 After determining the FFS ranges 

of different urban street classes, 

speed ranges of LOS categories 

were also found using the four 

different clustering algorithms. 

These speed ranges resulted from 

different clustering algorithm were 

found to be significantly different 

from each other. In order to get 

the most suitable clustering 

algorithm in defining LOS criteria a 

thorough study of method of 

classification errors. 
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