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Abstract

Travel-time studies gather information on travel time be-
tween important points within the study area so as to identify
the segments in need of improvement. In recent years, with
the lowering of hardware costs and improvements in meas-
urement accuracy, application of Global Position Systems
(GPS) for travel time measurement has gained wide-spread
acceptance. This paper presents a methodology for travel
time data collection and analysis using GPS and Geographic
Information Systems (GIS) on urban roads in Indian cities.
The study surveyed 45 km of urban roads in part of Surat
city (Gujarat, India) using handheld GPS, and determined
the average speeds over every 100 meter length segment
along the survey roads and their intervening road intersec-
tions. The analysis of travel time variability on urban roads
established the difference in peak and non-peak hour journey
travel times, estimated the overall saving in travel time on
account of flyovers, and computed the reduction in average
speeds at road intersections. The study concludes that as the
average speed on road intersections, which is 20.35 km/hr, is
considerably lower than that over straight road segments
(31.01 km/hr), road intersection improvements and access
control measures assume significant importance towards
achieving urban mobility goals as envisioned in India’s Na-
tional Urban Transport Policy.

Keywords: travel time, urban roads, probe vehicle, GPS

Introduction

Travel-time studies gather information on travel time be-
tween important points within the study area so as to identify
the segments in need of improvement [12]. Travel times are
subjected to variations due to traffic flow fluctuations, road
accidents, weather conditions, and driving behaviours. In
urban areas, factors such as pedestrian or bicycle move-
ments, on-street parking, buses obstructing roads, and traffic
signals may add to the delay [5]. Travel time is not only an
important indicator of performance of road network, but it is
also used to assign network impedances in route guidance
and navigation applications. The measurement of travel time
has therefore become an integral part of several Intelligent
Transportation Systems (ITS) implementations all over the
world.

The moving-observer method is the most common travel
time data collection method, particularly for urban areas.
This method involves driving test cars, also referred as probe
vehicles, through the study section while an observer records
elapsed times through the section and at key intermediate
points within the section using a stop-watch. Automation of
moving-observer method by introducing electronic distance
measuring instruments (EDM) or global positioning systems
(GPS) has been attempted in past [14]. With the lowering of
hardware costs and improvements in measurement accuracy,
application of GPS for travel time measurement has gained
wide-spread acceptance. The position and speed of the test
vehicle, as determined by GPS receivers, is used as an input
in travel time studies in place of manual recording of time
and distance using stop-watch and odometers.

The integration of GPS with Geographic Information Sys-
tems (GIS) further adds value to travel time data collection
and analysis as demonstrated by several studies in past. A
systematic methodology for performing travel time studies
using global positioning and geographic information system
technology is discussed by [11]. The methodology examined
the GPS data over 300 miles (482 km) of urban highways in
metropolitan areas of Louisiana to determine appropriate
length of segments, track point interval and central tendency
of travel time data. The application of GIS in collection and
analysis of travel time, delay and congestion data for urban
roads using an instrumented probe vehicle mounted with
GPS is discussed by [13]. The methodology was demon-
strated over two parallel routes in a major arterial corridor in
metropolitan Adelaide, South Australia. [9] analyzed day-to-
day variability of travel time in Tochigi city and Toyota city
in Japan using GPS and GIS. [4] discussed a methodology
for travel time and delay analysis using GIS and GPS based
on experiments performed on around 15 km of urban roads
in Manila, Philippines. They compared the results with the
stop-watch based measurements and found the results of
both the approaches in agreement. The travel time data col-
lection using GPS has not remained confined to exclusive
probe vehicles alone. [3] proposed an approach for estimat-
ing travel times in a road network using observations col-
lected by consumer GPS products, thereby overcoming the
shortcomings of limited number of probe vehicles. The
Nayoga Probe Vehicle Demonstration (NPVD) Project used
the data collected by 1570 taxis in Nayoga city, for arterial
road travel time study [10]. A study on possibility of using
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buses as probe vehicles for the analysis of travel time vari-
ability and its applications in Hirakata City based on GPS
data collected by 18 bus routes was demonstrated by [15].

The application of positioning technologies such as GPS
for travel time data collection in urban area is largely re-
stricted to major arterial roads and urban highways. More-
over, these studies have focussed on evaluation of individual
corridors, but area-wide travel time data collection is neces-
sary for the evaluation of network performance as a whole.
In developing countries such as India, a well-defined hierar-
chical road network obeying the functional classification is
rare, and the width of right-of-the-way is the sole criteria
defining road hierarchy. The mixed traffic on urban roads in
India coupled with poor traffic regulation practices pose
questions about viability of such methods for travel time
estimation. Area-wide evaluation of road network using GPS
mounted probe-vehicles will be immensely useful for policy-
makers and transportation professionals in developing coun-
tries, who are often challenged by the immense resource
constraints.

This study attempts to develop a methodology for travel
time data collection and analysis using GPS and GIS for part
of Surat City. Surat, with a population of 4.46 million is the
second largest city of Gujarat, and ninth largest urban ag-
glomeration of India, as per the provisional estimates re-
leased by Census of India, 2011. It is an important centre of
trade and commerce in the region, with a flourishing indus-
trial base known for its diamond polishing and textile manu-
facturing units, contributing to its vibrant economy. The city,
with its heterogeneous traffic composition, poor traffic man-
agement, and lack of functional road hierarchy, is reminis-
cent of any other metropolitan region in the developing
countries. The paper comprises of five sections. Section 2
details the study methodology and elaborates on various
aspects of travel time data collection and analysis using
handheld GPS and its integration with GIS. Segment-size
analysis outlines the effect of variation in travel time data
aggregation using different segment-sizes. The results of the
study particularly the effect of flyovers and road intersec-
tions on travel time variability are discussed in section 4.
Final section of the paper presents the conclusions of the
study along with the applicability of geo-informatics based
methodology for road network evaluation in cities of devel-
oping countries.

Methodology

A. Survey roads and data collection

The road network of the study area was mapped at
1:10,000 scale using Indian remote sensing satellite images,
acquired by Cartosat-1 PAN and IRS-P6 LISS-IV sensors

acquired in December, 2009. A handheld GPS device (Gar-
men’s Omega 550) was used to collect time and local coor-
dinates at one second interval along the track followed by
the probe-vehicle driven at “average-speed” of traffic
stream. In order to avoid issues pertaining to visibility of
GPS satellites due to urban canopy, roads wider than 18.0 m
right of way alone were selected for the survey. Figure 1
shows the survey routes travelled by the probe vehicle for
collecting track logs using handheld GPS.
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Figure 1: Survey Roads in Surat city

The 60.0 meter wide Varachcha road, originating near Su-
rat railway station located in the heart of city, and ending at
Kamrej intersection located at the outskirts of the city (Fig-
ure 1), was surveyed for three consecutive week-days. The
length of this road is about 13.75 km, and it has three fly-
overs along its length. This radial road may be considered as
a major arterial road on the basis of its width. In addition to
this road, ten paths covering adjoining roads with an average
length of around 4.4 km were also surveyed for one-day
each. This ensured complete coverage of the study area, in-
corporating roads of different right-of-ways and passing
through all types of predominant land use categories. The
total length of the roads surveyed as a part of the study was
45.212 km.

The end points of each path were defined by orthogonal
section lines and all points beyond these sections were dis-
carded, which eventually resulted into 89,089 points along
major arterial road i.e. Varachcha road and 1,58,022 points
on other adjoining paths for further processing. The data for
3-day survey on Varachcha road was collected in 67 trips
made during the period of 19" to 21% September 2011, while
that for one-day survey on all remaining paths was collected
from 27" September 2011 to 12" October 2011, in 219 trips.
A unique identifier was assigned for each trip between a pair
of orthogonal section lines on each path.
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B. Data transformation

The data collected by probe vehicle comprises of GPS
track logs containing position and time information recorded
at one second time interval, in GPX file format. These files
were converted to ESRI Shapefile format for further proc-
essing in GIS software. This data needs to be processed and
transformed into link travel time and speed estimates. The
major tasks involved in data transformation are discussed in
the following sections.

C. Map-matching

The intersections of roads are organised as point features
in the spatial database. The roads within 100 meter buffer of
the intersection points are eliminated, thereby separating
straight road sections and intersection buffers. The straight
road sections were further split into 100 meter segments.
These segments as well as road intersections were assigned
unique identification number, for each GPS point recorded
by the probe as per map-matching procedure. In case of the
points along the straight road segments, GPS track points are
assigned the SEGMENT-ID of geographically nearest road
segment, whereas for the points within 100 meters of inter-
section, a unique INTERSECTION-ID was assigned to each
such point corresponding to the overlaying road intersection

D. Data reduction

The data reduction procedure filters and aggregates GPS
data to compute travel time and speed along the segments
for a single trip. The minimum time and maximum time cor-
responding to each trip over each segment identified by a
unique SEGMENT-ID, was assigned as start and end time of
that trip for that segment. The difference of start time and
end time provided the respective travel time in seconds.
Moreover, as sampling interval is of one second, the number
of points for each trip is equal to the difference between its
start and end times. The average speed for segment i corre-
sponding to its n™ trip may be computed as per equation (1):

Li Li
Vin= = = 5
' (ETz',n - Sﬂ,n) P:'m (l)

Where, L; is length of segment i; ST;, is the time when
probe vehicle enters segment i during its n™ trip; ET;, is the
time when probe vehicle leaves segment i during its n™ trip;
and P;,, is total number of GPS points along segment i dur-
ing its n™ trip.

E. Data aggregation

The data aggregation process aggregates the data from
multiple trips into meaningful indices. Average running
speed and its standard deviation were computed for each
segment to assess the central tendency of the speed. The
average speed of probe vehicle at segment i is computed
using equation (2):

N
1
i— EZ Vin
= @

Where, V;, is space mean speed of segment i during its n"
trip, and N is total number of trips passing through segment
i. The standard deviation of average speed of segment i is
computed using equation (3):

=1 (Vin — V)?

\ N ©®)
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Segment-size analysis

Segment-size selection is an important factor, which may
influence the results of travel time data analysis. The rec-
ommended short segment lengths ranging from 0.2 to 0.5
miles long (300 - 800 meters), specifically for detecting lo-
calised traffic effects [11], however it was observed that
path-based travel times are better than link-based for travel
time prediction models [1]. In order to assess the influence
of segmentation-size on speed profile, straight road seg-
ments were split into 100.0, 200.0, 300.0, and 500.0 meter
lengths. This was followed by map-matching, data reduction
and data aggregation procedures as discussed in methodol-
ogy. Table 1 shows the mean and standard deviation of aver-
age speed of all segments corresponding to segmentation
schemes of 100, 200, 300, and 500 meter lengths.

Table 1 Segment size analysis

Segment Size | No. of | Average | Average | Standard

(m) Seg- Segment Speed | Deviation
ments | Length (m) | (km/h) (km/h)

100 281 94.5 31.01 12.33

200 152 197.5 29.24 11.42

300 101 325.0 28.10 10.55

500 61 576.4 27.23 9.86

No Segmen- |48 650.0 26.88 9.52

tation

It may be observed that smaller the link size, greater is the
variation in speed as evident by its high standard deviation.
Smaller segment size is appropriate for identifying conges-
tion spots and studying localized variations in level of ser-
vice of the urban roads. It was further observed that the 95"
percentile speed on 100 meter length links is around 58
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km/hr, which will result into merely five GPS track point
observations over that link. If the link size is decreased fur-
ther, it is likely to result into even lower number of GPS
observation points along the travel direction. This may in-
troduce error in computation of average speed by the metho-
dology adopted in this study as it depends upon the mini-
mum and maximum time of track points over a segment, and
will thereby necessitate interpolation of time at start and end
points for each segment in place of topological map-
matching.

Results and analysis

The GPS track points, collected along the survey roads
and transformed into GIS software supported format, were
used for the analysis of variation in travel time characteris-
tics on urban roads. The travel times measured on each of
the segments were converted to corresponding average
speeds. Figure 2 shows the cumulative speed distribution on
the segments of major arterial road (using flyovers), adjoin-
ing urban roads and the intersections of adjoining urban
roads. It is evident that average speeds on intersections are
much lower than that on straight road segments on urban
roads, which are slower as compared to major arterial roads.
The steepness of the curves further indicates that the travel
on major arterial road has high variability in speed as com-
pared to the road intersections and adjoining urban roads.
This is primarily due to the lack of access control along this
road.
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Figure 2: Cumulative average speed distribution

Intersections are the major cause of travel time delays and
congestions on urban roads. The road intersections in the
study area are mostly unmanned and without traffic signals.
The difference in average speeds at intersections and straight
road sections of adjoining roads is evident from the percen-
tile speeds as shown in Figure 2. The 10" percentile speed
on road intersections is merely 11.30 km/hr while for
straight road segments of adjoining roads it is 15.65 km/hr.

Similarly 90" percentile speeds for intersections and straight
road segments are 27.34 km/hr and 51.43 km/hr respec-
tively. The difference between 90" percentile speeds and
10" percentile speeds indicate the width of distribution [5],
which is 16.04 km/hr for intersections, and 35.78 km/hr i.e.
more than double, for straight road segments of urban roads.

The variation in average speed along the Major Arterial
Road, while travelling from Surat railway station towards
Kamrej intersection, can be observed from the space-speed
profile as shown in Figure 3. The high points in the curve
indicate the segments with high average speed, while the
low points indicate the segments with congestion and in
need of improvement. These points of congestion primarily
correspond to road intersections along Varachcha road. It is
evident that these drops are more pronounced during peak
hour journeys, which signifies greater delay at such points
during peak hours on account of increased traffic and vehi-
cular interactions. The non-peak average speeds are other-
wise only marginally higher than peak hour speeds on most
of the straight road segments.

70
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Average Speed (km/hour)

0 2000 4000 6000 8000

10000

12000 14000
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Peak Hour Journey (Using Flyovers)
——Peak Hour Journey (Without Using Flyovers)
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Figure 3: Space-speed profile along major arterial road

The journey time along Major Arterial Roads is signifi-
cantly influenced by the use of flyovers. The average travel
time on Varachcha Road while travelling from Surat railway
station to Kamrej intersection without using flyovers was
observed to be 1510 seconds (25 minutes and 10 seconds)
and its corresponding travel time on return journey, again
without using flyovers was observed as 1524 seconds (25
minutes and 24 seconds). The average journey time however
is saved by 312 seconds when flyovers are used. The corre-
sponding average speed over flyovers is 55.19 km/hr while
that under the flyovers is merely 28.22 km/hr. Figure 3
shows that though the flyovers have improved average
speeds along this road, they have also resulted into conges-
tions at the entry and exit points of flyovers. The impact of
flyovers is further evident from the period-to-period travel
time variability along the Major Arterial Road, with and
without use of flyovers, as shown in Figure 4.
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The characterization of the travel time variability as com-
prising of three parts [8]: vehicle-to-vehicle variability, pe-
riod-to-period variability, and day-to-day variability. As the
study used only single probe vehicle, and as the survey was
done only for a very short period of time, vehicle-to-vehicle
variability and day-to-day variability could not be estimated.
However, period-to-period variability is shown in Figure 4,
which indicates that the period between 18:00 Hrs to 21:00
Hrs with maximum mean travel time of 1372 seconds and
1684 seconds with and without flyovers use respectively,
may be regarded as peak-hour. The travel time starts to in-
crease after 16:00 Hrs when most of the industries along this
road undergo a labour shift-change. The travel times may
show an average increase of 251 seconds during peak hour
as compared to non-peak hours for the journeys performed
without using flyovers.
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Z 1500 -~/ \
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-
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Figure 4: Hourly variations in travel time along major arterial
road

As the average speeds at intersections and straight road
sections on urban roads have different characteristics, sepa-
rate classification ranges were used as shown in Table 2. The
average speed of 149 segments out of 281 segments cover-
ing 52% of surveyed road length is less than 30 km/hr.
Moreover, the average speed on 22 out of 36 intersections
was found to be less than 20 km/hr.

Table 2 Average speeds on urban roads

Figure 5 shows the spatial distribution of average speeds
on urban roads and their intersections. The desired perform-
ance for urban roads as recommended in Urban Develop-
ment Plans Formulation and Implementation guidelines
given by Ministry of Urban Affairs and Employment [6]
corresponds to Level of Service ‘C’, which as per Indian
Road Congress [2] stipulates an average overall travel speed
above 30.0 km/hr. It therefore, follows that the road seg-
ments with average speed less than 30.0 km/hr may be con-
sidered for performance improvement and capacity augmen-
tation. In this case of Surat, merely three out of 36 intersec-
tions have an average travel speed above 30 km/hr, road
intersection improvements and access control measures as-
sumes significant importance in achieving urban mobility
goals as visualized in National Transport Policy [7].
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Conclusion

Travel time is not only an important indicator of perform-
ance of road network, but it is also used to assign network
impedances in several route guidance and navigation appli-
cations. The conventional method of License Plate Matching

Urban Roads . may provide path-based travel time with reasonable accura-
(Straight Sections) Road Intersections cy, but it requires very high sampling to ensure sufficient
No. of . No. of number of license plates matching between the designated
Sgﬁ%% Seg- Lenkgr:]h In ggﬁ;‘i Intersec- | points. Moving-observer method, on the other hand provides
ments tions link-based travel time, and is therefore, the most appropriate
<20 km/hr 51 4.8 km | <15 km/hr 8 method for evaluating performance of urban roads. This
20-30 98 9.7km | 15-20 14 method could be augmented with the use of Distance Mea-
km/hr km/hr suring Instruments (DMI) and Global Positioning Systems
30-40 76 7.5km | 20-25 10 (GPS), thereby improving its accuracy and reducing overall
km/hr km/hr cost of data collection.
40-50 32 3.3km | 25-30 1
km/hr km/hr This paper presented an integrated methodology for travel
> 50 24 2 4km | >30 km/hr 3 time data collection and analysis on urban roads using global
km/hr positioning systems and geographic information systems,
Total 281 27.7km 36 particularly for area-wide travel time study on urban roads in
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developing countries with mixed traffic, non-existent func-
tional road hierarchy, and ineffective traffic management.
Several segmentation schemes were evaluated for determin-
ing appropriate aggregation level for determination of space
mean speed, and it was concluded that 100.0 meter long
segments are suitable for the area-wide travel time studies in
urban areas. The study determined that the road intersections
are the major cause of delay on urban roads as evident from
the reduction in average speed from 31.01 km/hr on straight
road segments to 20.35 km/hr at intersections. The use of
flyovers along the major arterial road, although resulting in
saving of 312 seconds on average journey time, is also caus-
ing traffic congestions at the entry and exit points of the
flyovers. It was also observed that the travel time increased
by 250 seconds during peak hour period of 18:00 Hrs —
21:00 Hrs. The paper concludes that the moving observer
method of travel time data collection, supported by a GPS
receiver to record time and position coordinates of probe
vehicles at fixed time intervals, provides a cost-effective and
accurate method for area-wide travel time data collection for
developing countries.
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