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ABSTRACT

This study integrates travel time and delay with spot speed study, utilizing the floating car method. The
correlation between increased traffic flow and elevated delay times is underscored. Notably, a significant
portion of vehicles operating below anticipated speeds emerges as a pivotal factor contributing to
congestion. The average journey time is approximately 4 minutes, with an average stopped delay ranging
from 0.17 to 0.11 minutes. Spot speed study in four directions reveals nuanced speed dynamics. In the East-
West direction, the 15th, 85th, and 98th percentile speeds are 39.14 km/h, 62.27 km/h, and 85.00 km/h and
similar patterns are observed in the other directions. These results transcend routine traffic studies,
offering actionable insights for urban planning, traffic regulation, and economic assessments. The study
delves beyond statistical compilations, providing concrete evidence of the intricate interplay between
traffic flow, delay times, and speed dynamics. It aspires to guide traffic engineers, urban planners, and
decision-makers into the realms of future urban development. The comprehensive understanding derived

ensures informed decision-making in transportation management and infrastructure planning.
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I.  INTRODUCTION

In the intricate tapestry of modern urban landscapes, the
intricate network of city arteries serves as the lifeblood that
sustains the daily pulse of urban life. At the core of this
network lies a crucial imperative—optimizing roadway
efficiency—an endeavor that transcends the mechanics of
traffic flow and extends into the realms of urban planning,
economic viability, and the overall quality of life for city
dwellers. Accurately determining fundamental traffic flow
metrics is crucial for effectively organizing and overseeing a
traffic network [1]. Travel time, delays, and spot speeds are key
performance indicators in transportation systems [2]. Spot
speed studies, which measure vehicle speeds at specific
locations, are crucial for understanding the relationship
between speed and other transportation considerations [3].
Roadway efficiency and smooth traffic flow are affected by
lateral clearance, lane distribution, and fixed objects in roads
[4]. Side friction, referring to events or behaviors happening
alongside or directly on the road, detrimentally affects the
smooth flow of traffic, leading to several consequences
including diminished road capacity and lane width, alterations
in travel velocity, instant speed, Space Mean Speed (SMS), and
Time Mean Speed (TMS), thereby influencing overall road
performance [5]. This article embarks on an enlightening
journey, drawing profound insights from a meticulous and
exhaustive comprehensive traffic study. This study goes

beyond routine data collection, adopting a holistic approach
that intertwines two pivotal studies: the Travel Time and Delay
Study and the Spot Speed Study.

The literature on traffic studies explores diverse aspects,
offering innovative insights and methodologies for
understanding and managing urban transportation challenges.
Authors in [6] advocate for a paradigm shift with their GPS-
based travel time survey, setting the stage for efficient traffic
assessment in Philippine cities. Authors in [7] underscore the
enduring significance of travel time as a measure of
congestion and urban traffic service quality. Authors in [8]
revolutionized surveys with low-cost GPS equipment,
presenting a cost-effective solution for detailed speed and
travel time analysis. Author in [9], considers Surat, India, and
addresses heterogeneous traffic, offering a Multi-Linear
Regression (MLR) approach for corridor travel time
estimation. Authors in [10] decode the speed—flow relationship
in a Romanian town, providing insights crucial for integrated
urban planning. Authors in [11] unravel urban traffic
challenges in Ahmedabad, employing diverse methods like the
Floating Car Method (FCM) and GPS data collection. Authors
in [12] considered Pabna Town in Bangladesh and explored
speed analysis for traffic congestion, identifying congestion
spots and proposing sustainable traffic management solutions.
Authors in [13] validated floating car data for policy research
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in the Netherlands, showcasing its potential for identifying
bottlenecks and monitoring trends.

A. Study Motivation

This study addresses a crucial gap in urban transportation
literature, aiming to bridge the absence of comprehensive
studies intertwining the travel time and delay study with the
spot speed study. This void impedes a nuanced understanding
of travel time, delays, and spot speeds in urban contexts.

B. Objectives

Inspired by innovative methodologies from [6, 13], this
study transcends traditional boundaries, aspiring to guide traffic
engineers, urban planners, and decision-makers. Key objectives
include examining delay time patterns, conducting a
comprehensive spot speed analysis, and synthesizing
interconnected insights. These objectives contribute to a
holistic understanding of the selected roadway's performance.

As urbanization shapes out cities, this research serves as a
guiding compass through the intricate interplay of vehicular
movements, temporal considerations, and the economic
implications of traffic congestion. The use of the FCM and spot
speed study aims to unravel the complexities of travel time,
delays, and the economic narrative of urban mobility. These
objectives lay the groundwork for future research and practical
applications in traffic management and urban planning and
monitoring trends.

II. METHODOLOGY

To carry out this study, various factors such as travel time,
running time, and spot speed were examined. The investigation
relies on primary data obtained through methods including
reconnaissance survey, travel time, delay, and spot speed
studies. Figure 1 presents the flowchart of the methodology
followed in this study.

| Motivation of the study |

*
| Objectives |

| Reconnaissance survey |

l 1) Floating car method for
| Selection of roadway section | Travel time and delay

l Study
2) Stopwatch method for
Spot speed study

Data Collection Method

I

| Data Collection

| Data preparation and analysis |

y

| Results and Discussion |

Selection of data
collection date and time

Fig. 1. Methodology flow chart.

End Point:
Al-Shahareen Al-
Sagheer Roundabout
(25.3930549,
49.6554697)

Start Point:
(Al-Saje-Cafeteria
(25.3774752,
49.6373987)

Fig. 2. Study location at Al-Shahareen in Al-Ahsa, Saudi Arabia. (Map
data: Imagery@2024, Airbus,CNES/Airbus, Maxar Technologies).

A. Reconnaissance Survey

The reconnaissance survey played a pivotal role in
determining the optimal data collection method, focusing on
factors like road accessibility, length, traffic volume, and
geometric design. After evaluating three potential routes, road
section shown in Figure 2 emerged as the preferred choice due
to its easily accessible location for data collectors, appropriate
length (nearly 3 km), moderate traffic volume, and the absence
of horizontal curves. This strategic selection minimized
logistical challenges, optimized data collection efficiency, and
created favorable conditions for accurate analysis.

B. Roadway Section Selection

The reconnaissance survey guided the selection of a 3 km
rural road (Figure 2) in AlAhsa, Saudi Arabia, devoid of traffic
signals. This road was strategically chosen for the FCM to
study travel time, delays, and overall roadway efficiency.

C. Data Collection Methods

Two groups of four surveyors each, conducted field data
collection for two studies: (1) Travel Time and Delay Study
using the FCM and (2) Spot Speed Study with the stopwatch
method.

1) Travel Time and Delay Study

This study used the FCM to analyze travel time, delays, and
traffic efficiency by integrating the test vehicle into traffic. It
provided insights into dynamic traffic conditions and
congestion points.

2) Spot Speed Study (Stopwatch Method)

Simultaneously, the Spot Speed Study focused on
determining vehicle speeds at specific locations. Observers,
using the stopwatch method, calculated spot speeds, providing
insights for roadway design, traffic regulation, and safety
assessments across different percentile groups.
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III. DATA COLLECTION AND ANALYSIS

The data collection comprised two phases: (1) Travel Time
and Delay Study and (2) Spot Speed Study. The Travel Time
and Delay Study, conducted on December 17, 2021, along a
specific route (Figure 1), lasted 51 minutes. The route extended
from Al-Saje Cafeteria (start point) to Al-Shahareen Al-
Sagheer Roundabout (end point), providing a focused
examination of traffic dynamics. Using the moving car
observer method, data on traffic flow, average journey speed,
average running speed, and delay time were collected through
multiple trial runs. A team of observers recorded parameters
such as total journey time, delay points, delay time, overtaking
and over-taken vehicles, and oncoming traffic. The collected
data are presented in Table I.

TABLE L. DATA COLLECTED DURING TRAVEL TIME AND
DELAY STUDY
Trip Number of Vehicles Time

o0 = —_~ —_

= g 3 = £ 3 = .
g 23 ; T 5 4 5z

E = & & 5 3 a g S E
218 |85 |28 "8 | =¢
1 N-S 47 3 0 00:10.75 04:01
2 S-N 36 0 1 00:25.82 04:05
3 N-S 45 3 0 00:15.20 04:03
4 S-N 40 3 1 00:09.07 04:14
5 N-S 55 0 0 00:52.95 05:12
6 S-N 55 0 0 00:05.26 04:07
7 N-S 50 0 0 00:05.82 04:00
8 S-N 51 0 0 00:11.67 04:23
9 N-S 41 1 0 00:10.52 04:31
10 S-N 34 0 0 00:09.07 04:13
11 N-S 46 1 0 00:05.03 03:59
12 S-N 54 0 0 00:06.43 04:16

The average journey time (min) for all vehicles traveling in
the direction of traffic flow within a stream (denoted as g) was
calculated by (1) and (2) [14, 15]:

— Natny
q= ta+tw M
n
t=t, — 7}] )

where ¢, is the average journey time in minutes when the test
vehicle is running against the stream, ¢,, is the average journey
time (min) when the vehicle is travelling in the direction of
traffic flow, n, is the mean count of vehicles observed in the
same direction of the traffic flow while the test vehicle travels
in the opposite direction, n, is the average count of vehicles
surpassing the test vehicle, subtracted by the number of
vehicles passed while the test vehicle travels in the direction of
traffic flow, g is the flow of vehicles (number of vehicles
passing per minute in a particular stream direction), and ¢ is the
average journey time. Average journey speed and average
running speed were calculated by [14]:

LX60
§; == 3)
S, = LXZO @

where S; is the average journey speed, L is the length of the
selected roadway section, and Sr is the average running speed.
Average running time is calculated by subtracting the average
stopped delay from the average journey time.

Another group of surveyors conducted the Spot Speed
Study on the same day in four directions by the stopwatch
method. This approach involves timing vehicles using a
handheld stopwatch as they traverse between two
predetermined reference points separated by a specific distance.
The detailed information for the data collection is shown in
Table II and the location is shown in Figures 3 and 4. The
collected data were tabulated in frequency distribution tables
(Tables III-VI).

TABLEIL  SPOT SPEED STUDY IN FOUR DIRECTIONS OF
THE SELECTED ROUTE
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Fig. 3. Location of the Spot Speed Study (25°23'37.5"N, 49 49°39'09.0"E)
in East-West direction. Trap length: 110 m (Map data: Imagery@2024,
Airbus,CNES/Airbus, Maxar Technologies).
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Fig. 4. Location of the Spot Speed Study (25°23'07.8"N, 49°38'39.1"E) in
North-South direction. Trap length: 115 m (Map data: Imagery@2024,
Airbus,CNES/Airbus, Maxar Technologies).
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TABLEIIL. ~ FREQUENCY DISTRIBUTION TABLE FOR EAST presented in Tables VII and VIIL. These findings serve as a
DIRECTION OF SPOT SPEED DATA valuable metric for assessing roadway performance, evaluating
S No.of | Mid- Cumulative traffic quality, and monitoring infrastructure service levels. Key
peed range . Frequency | Frequency . ? . .
(km/h) vehicles | speed ) (%) frequency outcomes include an average journey time of around 4 min and
observed | (km/h) (%) a stopped delay averaging 0.17 to 0.11 min (equivalent to 10.2
100'_12% 8 155 8 8;’; 8;’; tq 66 s). Predominantly, fiqu delays conFrit?ute to this,
20-30 1 25 1 % % signifying generally smooth traffic flow. These insights provide
30-40 D 35 D 2% 3% a comprehensive understanding of roadway functionality,
40-50 29 45 29 29% 32% assisting planners in informed decisions to optimize traffic
50 - 60 37 55 37 37% 69% efficiency and enhance overall service for commuters.
60 - 70 22 65 22 22% 91%
70 - 80 3 75 3 3% 94% TABLE VI.  FREQUENCY DISTRIBUTION TABLE FOR SOUTH
80 -90 4 85 4 4% 98% DIRECTION OF SPOT SPEED DATA
90-100 1 95 1 1% 99%
100 - 110 0 105 0 0% 99% Speed range No: of Mid- Frequency| Frequency Cumulative
110 - 120 1 115 1 1% 100% (km/h) vehicles | speed 0 (%) frequency
Sum 100 100 100% observed | (km/h) (%)
0-10 0 5 0 0% 0%
TABLEIV. FREQUENCY DISTRIBUTION TABLE FOR WEST 10 -20 0 15 0 0% 0%
DIRECTION OF SPOT SPEED DATA 20 -30 0 25 0 0% 0%
" - 30-40 7 35 7 7% 7%
Speed range NO.’ of Mid- Frequency | Frequency Cumulative 40 - 50 25 45 25 25% 32%
(km/h) vehicles | speed o (%) frequency 50-60 50 55 50 50% 32%
observed | (km/h) (%) 2 4
0-10 0 5 0 0% 0% 60 - 70 13 65 13 13% 95%
10-20 0 15 0 0% 0% 70 - 80 3 75 3 3% 98%
20-30 0 25 0 0% 0% 80-90 2 85 2 2% 100%
30-40 2 35 2 2% 2% 90 - 100 0 95 0 0% 100%
40-50 18 45 18 8% 20% 100 - 110 0 105 0 0% 100%
50 -60 44 55 44 4% 64% 110- 120 0 115 0 0% 100%
60-70 23 65 23 23% 87% Sum 100 100 100%
70 - 80 13 75 13 13% 100%
80 -90 0 85 0 0% 100% TABLE VII.  MEAN VALUE OF SPEED AND DELAY DATA
90 - 100 0 95 0 0% 100% N
100- 110 0 105 0 0% 100% Dicection | ooy Sg’g;’;‘i Number of veh'dei) -
110-120 0 115 0 0% 100% (min:s) | (min:s) Overtaking | Overtaken d‘ppos.l e
Sum 100 100 100% : : irection
04:01 00:11 3 0 47
04:03 00:15 3 0 45
TABLE V. FREQUENCY DISTRIBUTION TABLE FOR 0512 00:53 0 0 55
NORTH DIRECTION OF SPOT SPEED DATA N-S 04:00 00:06 0 0 50
Speed range No. of Mid- Frequency | Frequency Cumulative 04:31 00:11 ! 0 41
(km/h) vehicles | speed o (%) frequency 03:59 00:05 1 0 46
observed | (km/h) (%) Total 25:46 01:40 8 0 284
0-10 0 5 0 0% 0% Mean 04:18 00:17 1.33 0.00 47.33
10-20 0 15 0 0% 0% 04:05 00:26 0 1 36
20 - 30 0 25 0 0% 0% 04:14 00:09 3 1 40
30-40 3 35 3 3% 3% 04:07 00:05 0 0 55
40 -50 22 45 22 22% 25% SN 04:23 00:12 0 0 51
50 - 60 30 55 30 30% 55% 04:13 00:09 0 0 34
60 - 70 31 65 31 31% 86% 04:16 00:06 0 0 54
70 - 80 7 75 7 7% 93% Total 25:18 01:07 3 2 270
80 -90 4 85 4 4% 97% Mean 04:13 00:11 0.50 0.33 45
90 - 100 2 95 2 2% 99%
100- 110 1 105 1 1% 100% TABLE VII. SUMMARY OF TRAVEL TIME AND DELAY
110-120 0 115 0 0% 100% STUDY
Sum 100 100 100%
Parameters N-S direction S-N direction
The division of the data collection process into two phases ny 1.33 0.00
ensured a comprehensive exploration of both travel time M 45 47.33
dynamics and speed characteristics, enabling a holistic f (min.) j‘ }2 j‘ }g
evaluation of the roadway's performance. J (t\“/inhl/l;l]‘j)n_) 5.58 570
Average journey time (min.) 3.94 4.13
IV. RESULTS AND DISCUSSION Average Journey speed (kmph) 45.67 43.58
A. Travel Time and Delay Study Average stopped delay (min.) 0.17 0.11
. . . Average running time (min.) 3.71 4.02
Table I data underwent meticulous analysis, with the results Average running speed (kmph.) 4773 4478
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B. Spot Speed Study

The raw data of spot speed study were organized and the
results for 100 vehicles observed by the manual counting
method are shown in Tables III-VI. Using these data,
cumulative distributions of speed are plotted in Figures 5 and 6.
These graphs delineate the upper (85th percentile) and lower
(15th percentile) speed limits, along with the checking speed
for design (98th percentile). Table IX details frequency
distributions aligning with these graphs.

Spot Speed

110%
R *——West
< 90%
S 0% »East
v
3 70%
2 0%
2 50%
" 40%
g 30%
g 20%
C 10%

0% © °

0 20 40 60 80 100 120 140

Mid-Speed (km/h)

Fig. 5. Frequency distribution of spot speed in East-West direction.
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Cummulative Frequency (%)

Fig. 6. Frequency distribution of spot speed in North-South direction.
TABLE IX. SPEED LIMITS SUGGESTED BASED ON SPOT
SPEED STUDY
Lower speed Upper speed Design speed
limit limit
Direction | 15™ percentile | 85" percentile | 98" percentile
speed speed speed
East 39.14 62.27 85.00
West 42.22 64.13 73.46
North 4045 64.68 90.00
South 38.20 57.31 75.00

The obtained results in line with the findings in [16-18].
Authors in [16] employed the FCM to observe total vehicle
flow, focusing on comparative vehicle flow during peak and
off-peak hours for both workdays and weekends. Their study
aimed to establish a relationship between delay time and traffic

flow. They concluded that delay time increases with traffic
flow. Their speed study revealed that the 15th percentile speed
in the mixed vehicle environment of their study area in Khulna
city, Bangladesh, was 10 km/h and concluded that vehicles
traveling at speeds equal to or less than 10 km/h are responsible
for increasing delay time in the area. Authors in [17] conducted
a traffic speed survey in Dhaka city, Bangladesh, focusing on a
specific stretch of roadways. They reported a 15th percentile
speed of 39.5 km/h and an 85th percentile speed of 55.5 km/h.
A similar trend was observed in [18] regarding car speeds on
the Jalandhar-Ludhiana Road, India.

V. CONCLUSIONS

Primarily, in terms of novelty, while the study builds upon
existing methodologies and literature review, it offers an
integrated approach, combining two pivotal studies, namely
Travel Time and Delay Study with Spot Speed Study using the
Floating Car and Stopwatch methods. The study presents a
comprehensive understanding of roadway efficiency, interplay
between traffic flow, delay times, and speed dynamics and
provides actionable insights for future urban development
initiatives. Analysis of vehicle speed distribution, particularly
focusing on the 15th, 85th, and 98th percentiles, reveals a
notable trend where most vehicles operate below expected
minimum speeds, notably falling short of the 15th percentile. A
correlation has been observed between traffic flow and delay
time and congestion, emphasizing the importance of
understanding traffic dynamics for evaluating roadway
efficiency, identifying congestion sources, and estimating
journey costs. Notably, the findings align with and extend
previous research in the field, as evidenced by study results
resonating with similar studies conducted in Bangladesh and
India, thereby validating the methodology's robustness. The
insights gained from this comprehensive understanding are
invaluable for informed decision-making in transportation
management and infrastructure planning.
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