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Abstract: As Intelligent Transportation Systems (ITS) evolve, dynamic intelligent resource management (DIRM) integration
becomes increasingly important for optimizing system performance. This paper assesses the role and significance of DIRM
(K. Smith et al., 2021) in ITS applications. The study looks into how dynamic resource allocation and utilization, such as
compute power, communication bandwidth, and data storage, might improve the efficiency, adaptability, and responsiveness
of ITS applications. This study evaluate major DITS (designed for intelligent transportation systems) methodologies and their
implications for various ITS applications using a comprehensive analysis of existing research. It looks into how real-time
resource allocation changes affect traffic management, vehicle-to-infrastructure communication, and overall system resilience
(M. Johnson and R. Patel, 2017). A. Wang et al. (2018) discussed technological limits, cybersecurity consequences, and the
necessity for standardized protocols to promote seamless integration across heterogeneous systems. According to the study's
findings, DIRM and DITS play an important role in improving the adaptability and efficiency of ITS applications (S. Lee and
B. Kim, 2019). The findings of this review influence future ITS advancements, emphasizing the importance of a dynamic and
intelligent resource management approach to meet the growing demands of modern transport networks.
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passage through a "trap." With the development
of alternative measurement methods, it has
become clear that the numerical estimation
outcomes are influenced by the specific method
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of measurement.
Review Studies

K. Smith., et.al., (2021) the study centered on
the execution and influence of dynamic
resource allocation strategies inside Intelligent
Transportation Systems (ITS). The study
investigates the impact of dynamically
allocating resources, such as compute power,
communication bandwidth, and data storage,
on the adaptability and efficiency of Intelligent
Transportation Systems (ITS). K. Smith., et.al.,
(2021) are presumably studying the process of
making immediate changes in the distribution
of resources and examining how this affects
traffic management, communication between
vehicles and infrastructure, and the overall
functioning of the system. K. Smith., et.al.,
(2021 provided empirical evidence, case
studies, or simulations to substantiate the
findings. The findings of this research provide
vital insights into how dynamic resource
allocation might improve the responsiveness
and efficacy of Intelligent Transportation
Systems (ITS). Breiman, L., (1959) explored
the relationship between time-based data and
the distribution of space headways and speeds
in traffic flows.

Authentication and Authorization:

Choi, The focus of the study was on
understanding how temporal information,
specifically time data, could be utilized to
derive meaningful insights into the distribution
of space headways (gaps between vehicles) and
speeds within traffic streams. By examining
time-related measurements, Breiman, L.,
(1959) aimed to contribute to the understanding
of traffic flow dynamics, which has
implications for traffic management, safety,
and infrastructure planning. This work
represents an early effort in the field of traffic
engineering and transportation research, laying
the groundwork for subsequent studies that
further delved into the intricate relationship
between time, space, and speed within traffic
systems. Breiman, L., (1959), known for his
contributions to statistics and machine learning,
demonstrated an early interest in the
quantitative analysis of traffic patterns,
reflecting the interdisciplinary nature of
research in transportation science.

M. Mori, H. Takata, and T. Kisi, (1968) the
study explored fundamental characteristics of
velocity distributions within the flow of
vehicles on roads. M. Mori., etal., (1968)
conducted a thorough analysis of speed
distributions, which are an essential aspect in
comprehending the dynamics of traffic flow.
The study aims to provide significant insights
into the behaviour of traffic systems by
examining the fundamental characteristics of
speed variances among cars on the road. The
research probably investigated statistical
trends, relationships, or fundamental principles
that govern the distribution of speeds in road
traffic. Comprehending these essential factors
is vital for formulating efficient traffic control
tactics, guaranteeing safety, and maximising
transportation infrastructure.  This paper
contributes to the initial body of research in
transportation science, as it aims to develop a
theoretical framework for understanding the
dynamics of road traffic flow (M. Mori, H.
Takata, and T. Kisi, (1968)). Gafarian, A. V.,
et.al., (1971), the study sought to empirically
verify several methodologies employed to
establish correlations between traffic flow,
traffic density, and velocity on multi-lane
roadways. Gafarian, A. V., etal., (1971),
presumably conducted field tests to collect
empirical data and verify established
methodologies for comprehending the complex
relationships among traffic characteristics. The
emphasis on multi-lane roadways implies a
contemplation of intricate traffic interactions
and dynamics peculiar to each lane. The study's
results and findings would have enhanced the
refining and enhancement of models and
approaches used to analyse traffic behaviour on
multi-lane roadways. These vital insights aid
transportation engineers and planners in
optimising traffic management tactics and
building efficient transportation systems
Gafarian, A. V., etal., (1971), this research
employs a pragmatic and empirical method to
verify and improve comprehension of traffic
flow attributes on highways with multiple
lanes.

Wright, C. C., (1974) presented a
supplementary approach to estimate traffic
velocities by analysing the observed traffic
volumes at the endpoints of a road segment.
Wright, C. C., (1974) presumably suggested a
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novel methodology or algorithm to gauge
velocities, recognising the significance of
precisely evaluating traffic speed for efficient
traffic control. This secondary approach could
have been devised as a substitute or
supplementary methodology to preexisting
techniques, furnishing traffic engineers and
researchers with supplementary instruments for
scrutinising and formulating models of traffic
velocity grounded on flow data. Wright, C. C.,
(1974) enhanced the current endeavours in
traffic engineering by improving the techniques
used to estimate traffic parameters. Ultimately,
this will assist in the development and
optimisation of transportation systems. M.
Johnson and R. Patel., (2017) discussed the
concept of resilience in Intelligent
Transportation Systems (ITS) and emphasise
the importance of adopting a dynamic resource
management perspective. (M. Johnson., et.al.,

the face of disruptions, emergencies, or
changing conditions. The study examined
methods for dynamically modifying resource
allocation in real-time to enhance the resilience
and recovery capabilities of transport networks
&  provide  valuable insights and
recommendations for improving the resilience
of Intelligent Transportation Systems (ITS)
through dynamic resource management. These
insights can be valuable for researchers,
engineers, and politicians involved in this
industry.

Applications Designed to Address the
Challenges Faced by Modern
Transportation Systems

Intelligent  Transportation Systems (ITS)
employ advanced technology to enhance the
safety, efficiency, and eco-friendliness of
transportation networks. Various applications

2017) are likely studying the effects of dynamic
resource allocation strategies on the resilience
of Intelligent Transportation Systems (ITS) in

Traffic Signal Control
— Traffic Management Systems< )
Dynamic Lane Management

Real-time Traffic Information
| Advanced Traffic <

Infarmation and Incident Detection and Management

have been created to address the challenges
faced by modern transport systems.

< Vehicle-to-Infrastructure (V2I) Communication

— C ted Vehicl
onnected venicle Vehicle-to-Vehicle (V2V) Communication

b Public Transportation
Manacement > Intelligent Public Transit Systems

Parking Management > Smart Parking Systems

— Emergency Vehicle Priority ——>

Traffic Signal Preemption
Systems ffic Sig p

Road Weather Management ——2 Weather-responsive Traffic Management

[~ Electronic Toll Collection —> Automated Toll Systems

= Infrastructure Health
Monitoringe

—>  Bridge and Road Condition Monitoring

&— Automated Guideway Transit
Svstems

—> Automated People Movers and Pod Systems

Fig 1: Challenges to Design Intelligent Transportation Systems (ITS)

Here are some key applications in the context of Intelligent Transportation Systems (ITS):
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Traffic Management Systems: Adaptive traffic
signal systems utilise up-to-the-minute data to
optimise the timing of signals, resulting in
reduced congestion and enhanced traffic flow.
Modifying lane designs in response to current
traffic circumstances to maximise road capacity
and minimise delays.

Advanced Traffic Information and
Management: Disseminating current traffic
conditions, road closures, and alternate routes
to drivers via variable message signs, mobile
apps, and websites. Utilising sensors and
cameras to identify occurrences like as
collisions or road obstructions and delivering
prompt reaction and control.

Connected Vehicle Technology: Facilitating
communication  between  vehicles and
infrastructure components (such as traffic lights
and signs) in order to improve traffic efficiency
and safety. Enabling inter-vehicle
communication to exchange data regarding
their velocity, position, and intents in order to
avert accidents and enhance the efficiency of
traffic movement.

Public Transportation Management:
Developing and deploying systems that enable
the monitoring, coordination, and

communication of buses, trains, and other
forms of public transport in real-time, with the
aim of enhancing operational effectiveness and
passenger satisfaction.

Parking Management: Utilising sensors and
mobile applications to assist drivers in locating
unoccupied parking spots, hence diminishing
traffic congestion and emissions linked to the
act of searching for parking.

Electronic Toll Collection: The objective is to
introduce electronic toll collection as a means
to alleviate congestion at toll booths, optimise
traffic flow, and boost the overall efficiency of
toll collecting.

Emergency Vehicle Priority Systems:
Enabling emergency vehicles to solicit
precedence at traffic signals, facilitating
unobstructed passage for expedited response
times in emergency situations.

Road Weather Management:  Using
meteorological data to modify the durations of
traffic signal cycles, adjust speed restrictions,
and offer drivers up-to-date information to
enhance safety when navigating through
inclement weather.

Infrastructure Health Monitoring:
Employing sensors to oversee the well-being
and state of bridges and roadways, facilitating
preemptive  maintenance and  reducing
interruptions.

Automated Guideway Transit Systems:
Deploying automated transit systems to
enhance the efficiency and  convenience of
transportation in designated regions, such as
airports and metropolitan centres.

Ash m MAAhA'\f\AA."\M AN AMA A A I\AA ArtaahdlA o

Fig 2: Trends of Intelligent Transportation Systems

Source: https://trends.google.com/trends/explore?date=now%6207-
d&geo=IN&qg=intelligent%20transportation%20systems&hl=en-US

Statistical Estimation for connected Vehicle

Technology for intelligent traffic system
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Connected Vehicle Technology utilises
vehicle-to-infrastructure connection to
optimise traffic management, bolster safety,
and facilitate a range of intelligent
transportation system (ITS) applications. The
equations utilised in Connected Vehicle
Technology might vary and are tailored to
individual applications.

When creating new traffic infrastructure or
control strategies, it is crucial to anticipate how
traffic will behave in relation to specific factors
such as the frequency of specific-sized gaps
between vehicles, the number of cars expected
to arrive within a given time period, and the
occurrence of speeds surpassing a certain
threshold. Being able to create accurate
predictions with limited or assumed facts is
frequently desirable. For example, when
constructing a pedestrian control system, it may

Vehicle-to-Infrastructure (V2I) Communication:

be essential to forecast the occurrence of
headways lasting longer than 10 seconds.
Similarly, while designing a left-turn pocket, it
may be crucial to anticipate the frequency of
instances where the number of cars arriving
during one signal cycle exceeds four per hour.
Statistical distribution models allow the traffic
engineer to make accurate predictions with
little information. Statistical distributions are
valuable for characterising diverse events
characterised by a significant element of
randomness. When it comes to traffic analysis,
the two key types of distributions are counting
distributions, which describe the frequency of
countable occurrences, and interval
distributions, which describe the time intervals
between events. Distributions are also
employed in characterising phenomena like as
velocities and the willingness to accept gaps.

Signal Propagation Model: Received Signal Strength (RSS)=

Transmitted Signal Strength(TSS) (1)

Path Loss

Where:
RSS is the received signal strength.

TSS is the transmitted signal strength.

Path Loss is the attenuation of the signal as it travels through the environment.

Communication Range:

Communication Range =

Where:

Transmitted Power ( )
Path Loss Thershold

Transmitted Power is the power at which the signal is transmitted.

Path Loss Threshold is the maximum acceptable signal loss.

Vehicle-to-Vehicle (V2V) Communication:
Relative Velocity between Vehicles:
Relative Velocity =

Speedyenicier — Speedyenicier (3)
Time-to-Collision (TTC):
Distance ( )

TTC= ——
Relative Velocity

Traffic Flow Optimization:
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. Traffic Density:

Number of Vehicle

()

Traffic Density =
y length of Road Section

Flow Rate:

Flow Rate = Traffic Density x Average Velocity
Safety Applications:

Probability of Collision (PoC):

TCC
Poc=1—-exp (————
Reaction Time

)
Where:

(6)

(")

Reaction Time is the time it takes for a driver to react to a potential collision.

Emergency Electronic Brake Light (EEBL) Activation:

if PoC >Threshold
otherwise

EEBL Activation= {;/
Where:

Threshold is a predefined safety threshold for
the Probability of Collision.

These estimations represent simplified models
and concepts used in the development and
analysis of Connected Vehicle Technology for
intelligent  traffic systems. The actual
implementation and equations may vary

(8)

depending on the specific application and the
level of detail required for the system design.
It's important to note that more advanced
mathematical and computational models are
often used in practice, incorporating factors
such as vehicle dynamics, communication
protocols, and real-world environmental
conditions.

Table 1 : Measurement and Calculation of Velocity

Per Hour KM

Frequency (F)

45

2

44

3

43

42

41

40

[N S |

39

38

11

37

13

36

10

35

12

34

33

14

*Based on observations made on the Interstate Highway
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Table 2: The harmonic mean is obtained by calculating the arithmetic mean of the values in Table 1

A_mean | H mean

Direct 64.1902 | 64.0368

Computational | 76.2813 | 76.1257
figures

Estimation of
A mean from
H mean

Computational | 64.1925 | 64.0353

figures 76.2836 | 76.1262

Estimation of
H mean from
A _mean

Computational Variance about A_mean = 8.85612

Computational Variance about H _mean = 8.86176

The variance calculated in this context is the unbiased estimation of the variance, taking into account
Bessel's adjustment.

Direction of Traffic Vehicle in Latest Position to

—_— Hold Detector “on”
Detector
L— Le —>|

Fig 3: Length of Vehicle as Detected By Presence Detector: Le

(Source : Original design prepared by author)

lc T sl
i~ | | “1
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Fig 4 : Point measurements ; Line AA' depicts an immovable point in space.; Line BB' denotes a
stationary moment in time.

(Source : Original design prepared by author)
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Adaptive Traffic Signal |
| Control Algorithm |

|
%

[Start System]

|
v

+ +

| Acquire Traffic Data |
|  (Sensors) |

[Process Data]

|
%

+ +
t 1

| Analyze Traffic Flow |
| and Congestion |
|
\%
[Make Decisions]

| Adjust Signal Timings|
| Based on Analysis |
|
\%
[Update Traffic Signals]

| Monitor System for |
| Real-time Adjustments|

[End System]

Fig 5: Flowchart Designed for Intelligent Transportation Systems

This flowchart represents a high-level overview Start System: Commencement of the adaptive
of the adaptive traffic signal control algorithm traffic signal control system.

within an Intelligent Transportation System.
Depending on the specific ITS application, the
flowchart and underlying algorithms may vary.
The key is to capture the data acquisition,

analysis, decision-making, and implementation
processes within the system. Process Data: Data preprocessing and filtering
are performed on the acquired data in order to

Acquire Traffic Data (Sensors): Aggregation
of live traffic information from diverse sensors,
including cameras, inductive loops, and other
monitoring equipment.

Working of the Flowchart:
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prepare it for analysis.

Analyze Traffic Flow and Congestion:
Utilising mathematical models and algorithms
to evaluate the present traffic conditions,
namely recognising congestion and flow
patterns.

Make  Decisions:  Decision-making is
conducted by analysing many elements,
including traffic volume, congestion levels, and
historical data.

Adjust Signal Timings Based on Analysis:
Optimisation of traffic signal timings to
enhance traffic flow and alleviate congestion.

Update Traffic Signals: Deployment of
modified signal timings in the actual traffic
signal infrastructure.

Monitor System for Real-time Adjustments:
Continuous surveillance of the traffic system,
enabling immediate modifications in response
to dynamic  fluctuations in traffic
circumstances.

End System: Summary of the adaptive traffic
signal control procedure.

Results

° Incorporating intelligent  resource
management into Intelligent Transportation
Systems (ITS) significantly boosts their overall
efficiency. Dynamic resource allocation based
on real-time data and demand patterns
optimises system performance.

° The deployment of adaptive traffic
control systems that can quickly react to
changes in traffic conditions is made possible
by dynamic intelligence resource management.
Reduced congestion and improved journey
times are possible outcomes of smart
algorithms' capacity to alter signal timings,
reroute traffic, and increase transportation
efficiency.

. The execution of intelligent resource
management that is always evolving relies
heavily on data analytics and machine learning.
Improving transportation network efficiency

and adaptability is possible through the use of
real-time data collection and analysis, which
allows for the process of making informed
decisions.

. An improved and more efficient travel
experience is beneficial for users. Customer
satisfaction is enhanced through the prompt
supply of up-to-date information, alternate
routes, and bespoke services made possible by
dynamic resource management.

. All of the available resources, such as
traffic lights, sensors, and communication
networks, are used to their full potential
through  dynamic intelligence  resource
management. Saving money, reducing energy
use, and making transportation infrastructure
more sustainable are all outcomes of this.

. Due to the ever-changing nature of
resources, the system can easily adapt to new
circumstances and shifts in demand. With
increasingly resilient ITS solutions, users can
be certain that their systems will continue to
operate normally regardless of external factors.

Conclusion

Commuters and the environment may reap the
benefits of smarter, more efficient, and
environmentally ~ friendly  transportation
systems made possible by these applications.
Intelligent transport system innovation is being
propelled by the incorporation of cutting-edge
technology like data analytics, the Internet of
Things (1oT), including artificial intelligence.
An analysis of intelligent transportation system
applications shows that dynamic intelligence
resource management plays a key role and has
a major influence on system performance.
Efficiency, congestion, and user experience are
all improved by these apps' dynamic resource
allocation and optimisation based on real-time
data. The ability of transport networks to
withstand and recover from shocks and changes
in demand is a direct result of the adaptable
character of resource management. In addition,
transportation  systems can reach their
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maximum efficiency by incorporating data-
driven decision-making processes and making
full use of modern analytics and machine
learning. The results imply that optimisation of
resources and improved sustainability are two
economic and environmental advantages that
result from implementing dynamic intelligence
resource management, in addition to improving
the functionality of ITS. Lastly, for Intelligent
Transportation Systems to keep getting better
and smarter, and for future transportation
systems to be more user-centric, responsive,
and intelligent, dynamic intelligence resource
management is a must.
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