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Directive transportation in smart 
cities with line connectivity 
at distinctive points using mode 
control algorithm
Shitharth Selvarajan 1*, Hariprasath Manoharan 2, Alaa O. Khadidos 3,4, Adil O. Khadidos 5 & 
Tawfiq Hasanin 3

This article examines the operational functionality of intelligent transport systems to enhance 
smart cities by reducing traffic congestion. Given the increasing populations of smart cities, there 
is a growing demand for public transit systems to address the issue of traffic congestion. Therefore, 
the suggested system is developed using a few parametric design models, which combine point-to-
point protocol and mode control optimization. The multi-objective parametric design for a smart 
transportation system is conducted using min–max functions to minimize the waiting time period 
for end users. Furthermore, customers are given the option to utilize a line following mechanism 
that offers suitable connectivity, along with independent identification and revitalize functions. The 
predicted model effectively eliminates the delay produced by transportation devices when positioning 
units are involved, ensuring that individual messages are delivered without any interruptions. In 
order to evaluate the results of the proposed system model, four different scenarios were examined. 
A comparison analysis revealed that the suggested method achieves a suitable directional flow 
for 96% of smart transport units. Additionally, it reduces delays and waiting periods by 2% and 6% 
respectively, while increasing energy consumption by 29%.

Keywords Smart city, Transportations, Mode control, Point to point protocol

In order to enhance the overall security of numerous individuals, it is crucial to establish smart transport units 
that can support the development of smart city applications. Smart transport networks are constructed to incor-
porate dynamic route following techniques, enabling the reduction of congested traffic in real-time conditions. 
By installing a positioning device in every vehicle of a public transportation network, individuals can utilize spe-
cific applications as a means of establishing a connection. However, relying solely on positioning devices makes 
it significantly challenging to establish a network infrastructure that offers precise connectivity to individual 
users. Therefore, by permitting users to choose different routes that connect transport units at different time 
intervals, it becomes feasible to regulate the overall traffic flow in densely populated places. The aforementioned 
procedure not only regulates the flow of traffic but also enables individuals to make prompt decisions based on 
different time intervals and also permits them to obtain receipts utilizing distinct identifying tags. In addition, by 
implementing smart transport systems, it is feasible to prevent excessive use of resources and maintain long-term 
frugality, even as the years go by. Real-time reaction considerably enhances individual convenience and enables 
a reduction in total demand through more sustainable network connectivity. The proposed method differs from 
previous transportation units by incorporating a wireless control device that exclusively displays the line con-
nection of the associated route. This approach effectively minimizes the wasteful use of resources. In addition, 
it is feasible to establish a pervasive network operation for city infrastructure by managing various modes using 
point-to-point network mapping circumstances.
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Figure 1 illustrates the block diagram of intelligent transportation units with a mode control mechanism. 
Figure 1 is used to verify the connectivity of the transportation units line for accurate track insertion. Identifica-
tion and control processes are carried out at separate terminals. Once the line terminals are linked to persons, a 
data processing unit with a central controller is installed. This unit then transmits the same information to users 
through various lines and in different directions. Thus, by having such connection, it is feasible to identify all 
parallel connecting paths, thereby preventing any additional delay in terms of waiting time periods. During the 
final step, the transmission units and users in different directions will be interconnected, with various modes 
being controlled at different points of representation.

Background and related works
This section provides a comparative analysis of existing works to enhance comprehension of configuration 
setting for transportation networks. The majority of the current studies focus on developing smart city applica-
tions that incorporate key principles for designing a policy to mitigate heavy traffic circumstances. Moreover, 
the majority of transport networks lack connectivity, resulting in a dynamic monitoring process and increased 
waiting times. Therefore, the comparison statement offers a concise summary for designing the improvement of 
existing transport networks, enabling seamless utilization of smart city technologies in real-time. The present 
network operations are conducted using sixth generation networks to ensure the privacy of vehicular networks 
and enhance the development of smart cities. The involvement of current generation networks in the produc-
tion of novel applications leads to greater reliability and high-end  connectivity1. However, besides parametric 
outcomes, other factors that contribute to the external effect of different transportation units (such as overhead 
and latency) are not lowered by high-speed networks. In order to assess the impact of transport systems on 
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Figure 1.  Block diagram of transportation network connectivity with mode control for smart cities.
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the outside world, a dependable framework is investigated. This framework takes into account the influence 
of cyber-physical networks and works in conjunction with three spectrum laws to ensure the establishment of 
a smart city with secure  connections2. Thus, the implementation of the individual framework in a smart city 
aims to minimize the expenses and administrative burden associated with interconnected networks. However, 
it is extremely challenging to establish uncomplicated network configurations for the interconnection between 
internal and external users. The policy’s execution is hindered by its complex nature, resulting in a failure to be 
implemented in real-time with bonded communication units.

On the other hand, a smart transport unit enabled by the Internet of Things (IoT) offers potential methods 
for enhancing the quality of service in relation to smart city  applications3. In addition to transportation units, 
there are various other applications that can be prioritized, and reliable connectivity will be established for 
all electronic devices in the event of a malfunction. The smart city application indicated above can be specifi-
cally targeted towards health care units, while approximately half of the framework, which includes the central 
server, can be dedicated to transport units. It is well recognized that all applications in smart cities have a 
strong emphasis on resource allocation, and the issue of fair distribution is still unresolved in many  instances4. 
An energy-efficient system is implemented to overcome these challenges. This system supplies the appropriate 
amount of input power to linked devices, while imposing constraints, in order to achieve greater savings prior 
to signal processing. While resources are allocated efficiently, it is necessary to adhere to dynamic processes for 
short-term transportation networks, but for long-term transportation networks, automatic procedures must be 
followed. Another viable method for providing resources to end users is through the construction of an intelligent 
framework that can address scheduling challenges by allocating periods of  time5. Each connection is assigned 
a certain time period, allowing users to track a sequential path created by transportation units. However, the 
current connected system is unable to accommodate a larger number of users. To address this issue, a cluster 
framework has been established. Unfortunately, this framework is incapable of facilitating communication for 
the users it supports. Therefore, a caching method can be implemented by utilizing a learning technique to gather 
channel state information, thereby mitigating delays in transit  units6.

In order to adopt a principled approach, the learning process should prioritize prediction strategies that 
account for the larger outage likelihood, which is contingent upon the number of linked vehicles. Typically, 
prediction policies rely on offering limited responses to transport users, thereby facilitating the prevention 
of traffic congestion and promoting smart city development. However, in order to implement this learning 
technique successfully, it is crucial to first gain popularity among transportation units. This will enable users to 
stay linked with many other users. If the aforementioned policies are adhered to, an intricate network will be 
established, leading to the attainment of a nearly ideal solution rather than perfect solutions. In order to estab-
lish connections between transport systems, it is necessary to develop a low-power module that can provide 
long-range connectivity while keeping infrastructure costs  low7. When a low power module is linked between 
two application users, it is necessary to adhere to the network protocol. This results in the creation of duplicate 
communication infrastructure instead of using the original network configurations. In the context of smart city 
operations, the creation of duplicate networks can result in increased end user latency. While this delay can be 
managed through human setups, the employment of transport vehicles might lead to congestion issues that 
should be avoided. Another approach to ensure accurate connectivity for end users is by the implementation of 
an offloading system, which enables individuals to simultaneously follow many paths, even when utilizing older 
generation  networks8. The parallel approach is ineffective in providing operational mechanisms because it cannot 
accurately forecast future data through model verification. In addition, a task arrival model may be developed by 
optimizing units and ensuring a service level agreement among different users. This can be achieved by analysing 
the characteristics of transportation users and effectively managing the energy of connected  devices9. Table 1 
presents the key attributes pertaining to the approaches and algorithms used in other relevant studies related 
to smart city applications.

Research gap and motivation
The table (Table 1) in question outlines the many methods of connecting each transit unit to ensure the coherence 
of the smart city representation. However, it is evident that many of the established frameworks do not adhere to 
a consistent policy, resulting in an increase in density along the same routes. Utilizing a resource optimization 
model with boundary conditions can only result in a reduction of traffic flow if the arrival rate is balanced with 
the waiting times. Furthermore, a significant deficiency in the current system is the lack of a control mechanism, 
resulting in a higher quantity of energy being lost. This is due to each transportation unit operating at different 
modes without any regulation. Therefore, by a meticulous study, the proposed approach is motivated to address 
the following inquiries.

RG1: Can the transport system reduce the waiting time for each user by maintaining optimal stopping inter-
vals?
RG2: Can the delay caused by integrated device and transportation users at various points be minimized?
RG3: Can maintaining proper directional flow at reduced traffic density provide a stable operation?

Major contributions
To address the limitations identified in the current approach, a proposed technique is introduced that utilizes 
a point-to-point protocol. This protocol allows for distinct forms of transportation networks to be regulated 
separately. Therefore, the suggested method makes significant contributions to the development of smart city 
applications through massive parametric monitoring.
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• The goal is to determine the number of passengers in order to establish the right departure rate and imple-
ment an effective arrival process.

• The objective is to minimize the latency that causes an increase in the waiting time for each user in terms of 
device connectivity.

• To implement an effective line monitoring technique that reduces traffic densities and optimizes energy 
consumption of each connected device.

Proposed system model
This section presents a mathematical model that is utilized to depict public transport networks for effectively 
managing different traffic circumstances, taking into account the relevant source conditions. By constructing 
smart city applications using standardized mathematical units, it becomes feasible to establish a consistent 
relationship, resulting in a reduction of errors within the interconnected system. In order to achieve optimal 
efficiency, it is crucial for each transport unit to be interconnected with smart city units, allowing for the effective 
management of various infrastructures and the allocation of resources accordingly.

Transportation arrival
By ensuring that each individual is acknowledged with their arrival time in advance, it is feasible to diminish 
the volume of traffic congestion during the corresponding time period. Therefore, the initial arrival rate of dif-
ferent transportation units is crucial, since it determines the potential units that link various line units, as stated 
in Eq. (1).

where, Di represents departure rate, PAi denotes number of passengers, bl(i) indicates number of transportations 
in connected lines.

Equation (1) states that in order for all connected units to be served, the departure time must be allocated to 
persons, resulting in an equalized arrival time period based on transportation units. The aforementioned arrival 
rate decreases the waiting time for each individual.

Proof The utilization of the Poisson distribution in analyzing time intervals is particularly applicable to trans-
portation systems that take into account the pace of arrivals. Let us define S1 + ..+Si as queuing states that 
indicate the data arrival probability of 

∏

li when there are steady state passengers. Therefore, the distribution 
situations can be described using Eq. (2) with these probabilities.

(1)Ai = min

n
∑

i=1

(Di × PAi)bl(i)

Table 1.  Existing vs. proposed. A: Arrival rate and waiting period; B: Transportation latency; C: Energy and 
packet delivery rates; D: Traffic density and line monitoring

References Methods/algorithms

Objectives

A B C D

Internet of Things

 10 Estimation of traffic density using OMNET ✓ ✓

 11 Synchronization of transportation units using linear programming ✓ ✓

 12 Efficiency of road transportations using in vehicle sensor networks ✓ ✓

 13 Intelligent transportation tracking with effective resource optimization ✓ ✓

 14 Adaptive traffic management using machine learning and IoT ✓ ✓

 15 Maintenance of boundary conditions for line follower with maintenance of traffic flow ✓ ✓

 16 A game theoretic approach for transportation units with satellite connected networks ✓ ✓ ✓

 17 IoT based traffic management system for recognizing patterns with security features ✓ ✓

 18 Distributed computing architectures for transportation units ✓ ✓

 19 Identifying all risk factors with cognitive features for smart transportation ✓ ✓

 20 Deep learning algorithm for vehicle monitoring system with adaptive background ✓ ✓

 Proposed Mode control point to point operation for public transportation units ✓ ✓ ✓ ✓

Infrastructure development

 21 Recognizing set covering problems using infrastructure based network design ✓

 22 Genetic algorithm for hierarchical network problems in various traffic congestion ✓

 23 Non demand criteria in existing infrastructure for all transit networks ✓

Demand supply reaction

 24 Graph formulation theorem for transportation assigning models ✓

 25 Demand assignment in traffic networks with individual section arrangements ✓ ✓

 21 Recognizing set covering problems using infrastructure based network design ✓
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In order to demonstrate the distribution that occurs within the interval 
∮

\i ∨ a1 , it is crucial to take into 
account an equal number of transportation units. This involves considering the arrival theorem, which is appli-
cable to all dispersed scenarios. Equation (3) expresses the arrival rate of a random number of users observed 
by an arbitrary unit.

Transportation waiting period
It is crucial to minimize waiting times by assessing the capacity of a specific space. In order to avoid traffic con-
gestion, it is necessary to increase the level of transportation when there is a higher concentration of people in 
a specific location, as stated in Eq. (4).

where, stop1 + ..+ stop1 denotes current stopping time, avgw indicates average waiting period.
According to Eq. (4), each person must wait for a certain amount of time, and this waiting period needs to 

be evaluated based on past halting conditions. Therefore, it is necessary to establish a consistent waiting time in 
order to prevent any potential scheduling conflicts.

Proof In order to decrease the amount of time spent waiting, it is necessary to determine the probabilities of dif-
ferent durations using the Ruin Theorem, which takes into account the conditioning unit as Ai − 1 � i � Bi − 1 . 
The exponential time period for the conditioning unit can be represented by e−ℓi , where ℓi is the length of the 
transportation units. As the overall length of the transportation units increases, the time period tends to decrease. 
Therefore, the time period for stopping can be evenly dispersed using Eq. (5) as shown below.

To achieve equilibrium in the stopping period, one can utilise balance equations that ensure a steady state 
property, yi  ≍ ⊓iP(Ci) . Furthermore, the service time for travelling in a straight line for the next transporta-
tion unit must be redefined based on the total service periods, as specified in Eq. (6), in the following manner.

Transportation latency
During the monitoring process of a smart city, latencies will inevitably increase due to two variables. The first 
component is the waiting time period caused by individuals without their knowledge. The second key factor that 
contributes to latency increase is the speed at which devices transmit data. Therefore, it is crucial to minimise 
the overall delay resulting from the transmission of individual devices, as stated in Eq. (7).

where, delayd , delayt denotes delays caused by device and transmission factors respectively.
Equation (7) suggests that the delay in the transmission device is a significant element in communication 

technologies when there is inadequate provision for efficient carriage of data in both the uplink and downlink. 
This delay results in an increased waiting duration.

Proof In order to quantify latency, the channels that are used by transportation units must either be fully avail-
able or completely unavailable. Let’s define W1 + ..+Wi as the total number of available units and d1 + ..+ di 
as the number of unavailable units. By combining both types of units, we can determine the extension cases 
using Eq. (8) as shown below.

In transportation data units, delay is exacerbated by the occurrence of redundant data sets inside the interval 
℘1 + ..+ ℘i , particularly during periods of sustained high activity. Therefore, in order to expand the number of 
units, it is necessary to establish the synchronised condition as ≀1 − 1  ⋬ ≀1 + 1 . This means that every node in 
the transportation units must be replicated, as stated in Eq. (9).

(2)Qi → S1 + ..+Si ⊂ ‡i

(3)X1 + ..+ Xi ⊗ \i

(4)Wi = min

n
∑

i=1

(stop1 + ..+ stop1)× avgw

(5)κi − 1 = 0 ⊂ wi

(6)A1 + ..+ Ai
∼=

∣

∣

∣

∣

e
−

ji
ri

∣

∣

∣

∣

(7)latencyi = min

n
∑

i=1

delayd(i)+ delayt(i)

(8)ei ⊂ Vi → {W1 + ..+Wi}

(9)�hi ∈ Si → ≀1 − 1
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Device energy
In order to transmit all information to the nearest control unit, it is necessary to supply the transportation device 
with the maximum amount of energy, which is measured in terms of power. Therefore, it is necessary to create 
a dedicated cloud centre in order to fully harness the power described in Eq. (10).

where, δin denotes power to transportation devices, ici indicates individual cloud sources.
Equation (10) states that when the supplied device power is increased, the utilisation rate of energies at the 

nearest control centre must be decreased when it is communicated to the nearest station. This allows for the 
maximum amount of energy to be saved.

Transportation density
In order to ensure that information flow is handled effectively for each user, it is necessary to minimise traffic flow 
density, since this will allocate the maximum amount of power to the devices. The density of traffic connected 
to traffic flows is quantified using Eq. (11).

where, αi , βi denotes traffic flows in two areas, ϑi indicates speed of vehicles.
Equation (11) states that in order to decrease the density of cars, it is necessary to maintain an acceptable 

speed, which will ensure that flow requirements are met. However, the proposed method only takes into account 
the density conditions for public transit units, while neglecting other vehicles.

Proof A symbolic set is used to measure density in a specific area. This set is represented by the index Ji ⊆ ℵi 
and ensures that traffic flows are kept within defined bounds. Therefore, it is necessary to build a regular bisec-
tion for each symbolic set using diagonal functions, as described in Eq. (12).

All transportation units that are operationally stable and located within the interval with their own subordi-
nate zi

⋂

 i must establish a monotonically increasing density within the interval using continuous functions. Byג
utilising monotonic functions, it is possible to turn every element into single point functions, as demonstrated 
in Eq. (13).

Transportation delivery
An essential aspect that significantly contributes to the development of a smart city is the presence of efficient 
delivery units. In order to ensure that each transportation device receives the necessary power, it is essential 
to maximise the message delivery rate to all users through the established control unit, as specified in Eq. (14).

where, M1 + ..+Mi denotes individual messages, ϑ1 + ..+ ϑ1 indicates individual speed of vehicles.
Equation (14) signifies that changes in speed variables are acknowledged for individual messages, guaran-

teeing their accurate delivery. Therefore, if the delivery ratio exceeds 76%, the waiting time at each stop can be 
decreased, thereby establishing a more efficient system to mitigate traffic congestion.

Transportation lines
In smart city applications, it is feasible to enhance transport operations by implementing a line route policy to 
address frequent traffic diversions. Therefore, assuming entities are pursuing distinct pathways, the waypoint 
for each bus stop can be determined using Eq. (15) in the following manner.

where, bd(i) denotes number of departed public transportations, wpi indicates individual walking paths.
Equation (15) states that in order to ensure efficient transit, a sufficient walking path must be given for each 

line. This way should allow passengers to easily access neighbouring stops without any confusion or misunder-
standings. Consequently, the trip time will be decreased to the greatest extent possible.

(10)energyi = max

n
∑

i=1

δinici

(11)deni = min

n
∑

i=1

αi + βi

ϑi

(12)lim
i→0,n

Pi�Ti ⊂ Ji

(13)ϕi • {i• 1 � si

(14)MDi = max

n
∑

i=1

M1 + ..+Mi

ϑ1 + ..+ ϑ1
× 100

(15)linei = max

n
∑

i=1

bd(i)+ wpi
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Transportation directions
Ensuring that all public transport in smart cities follows the same course without impacting the surrounding 
neighbourhoods is not always feasible. The longitudinal factor often undergoes modifications due to fluctuations 
in forces resulting from systematic and dynamic operations, as stated in Eq. (16).

where, ϕi denotes transportation air density, µi indicates rolling force.
Equation (16) establishes that the maximal rolling forces propel each transportation unit to its destination 

without disrupting the inward flow of each vehicle. Hence, when the air density is at its greatest, the resulting 
force will propel every vehicle along the intended path.

Objective functions
In order to develop smart cities with efficient traffic systems, it is necessary to monitor the parametric repre-
sentation of transport units. This will help design appropriate features that reduce individual waiting time in 
future traffic scenarios. Therefore, the objective functions are formulated using min–max functions, as shown 
in Eqs. (17) and (18).

The parametric designs indicated above are formulated as multi-objective functions. To provide full functional 
operation, an automatic optimizer must be incorporated, as explained in the following sections.

Optimization method
An interface protocol is used to establish a direct relationship between different points. This protocol is connected 
to multi-objective parametric representations. After establishing immediate connections at the physical layer, the 
interface is connected at individual points in the next subsequent layer, known as the data link layer. An interface 
protocol has a key advantage in that it not only activates data transmissions, but also plays a crucial role in con-
necting diverse points from source units. In addition, point-to-point connections offer an additional technique 
for detecting transportation loops when interface points change, allowing for the optimisation of every walking 
point. The primary benefit of point-to-point protocol is that it maximises encryption at each transmission stage, 
allowing each transportation unit to carry the greatest load at higher speeds. The aforementioned alterations 
apply to all transportation devices when they are run without any host connections, as each operational address is 
dynamically altered. Once a public transit system is initiated, packets are sent to their destination where persons 
are connected utilizing enclosed frames, resulting in a reduction of transmission overhead at each step. A serial 
connection is typically created in most point-to-point protocols to prevent misunderstandings between users 
at secondary points. Therefore, the main beneficiaries in the future will be the primary users, since drivers will 
be able to accurately determine the appropriate lane pathways and the volume of traffic in each lane. In addi-
tion, the establishment of connection points will prompt the activation of a task force to ensure the network is 
connected and prevent multiple failures. When multiple devices are connected in the same region, the point-to-
point protocol selects the right device for data transfer by establishing individual connections with each node.

Transportation states
For all smart city applications, it is necessary to construct a tuple representation for point-to-point communica-
tion. This format allows for the identification of different activities at input and output locations, as specified 
in Eq. (19).

where, TUi denotes number of connected tuples, acti indicates corresponding actions.
Equation (19) states that in order to construct a direct link and avoid direct relationship points in all types of 

connectivity, it is necessary to identify the internal and external actions for every connected tuple.

Labeled connectivity
Labeling each point connection facilitates the identification of transportation and individual connectivity. This 
is particularly important for establishing conversion relationships with all tuples, as specified in Eq. (20).

(16)LAi = max

n
∑

i=1

ϕiµi

(17)obj1 = min

n
∑

i=1

Ai ,Wi , latencyi , deni

(18)obj2 = max

n
∑

i=1

energyi ,MDi , linei , LAi

(19)statei =

n
∑

i=1

TUi + acti

(20)LCi =

n
∑

i=1

ℵiIS1
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where, ℵi denotes point conversions, IS1 indicates first relationship state.
Equation (20) states that in order to establish label connection, the starting state must identify the underlying 

positions. Automation units are then given to handle the high incoming line transitions.

Point errors
If there is a lack of proper connectivity at each point, the transportation device will be affected by a maximum 
quantity of mistakes for each transmitted packet. Therefore, it is necessary to decrease the overall amount of 
errors, as specified in Eq. (21).

where, σi denotes total transmitted bits, isoi indicates isolated error bits.
Equation (21) states that in order to avoid long delay paths that cannot be retransmitted in the data link layer, 

point error measurements must be isolated to indicate a higher order bit representation.

Protocol: Point to point connectivity 

Begin PROCEDURE PPC 

          Given

: Total number of tuples 

: Established first relationship state (First stop connection) 

for i=1:n do
1. for calculating total number of defined states with corresponding actions 

2. for connecting different point using labels to carry incoming transitions 

          end for 
else 

          for all i=1:n do
3. to reduce total number of errors in every isolated error bits 

end for all 
end PROCEDURE 

Figures 2 and 3 depict the block diagrams of the point-to-point protocol and the sequence of flow phases is 
as follows.

Mode discovery optimization
In order to establish a connection with transportation units and accurately determine the behavior of persons, a 
mode discovery optimization is incorporated into a parametric design model. The mode discovery optimization 
utilizes the point-to-point protocol technique to identify and report all covered spaces to persons at frequent 
intervals. One significant benefit of considering mode discovery is that the optimization process must be time-
consuming in order to detect content-specific datasets provided by each transportation unit. The mode optimi-
zation method utilizes positional information and underlying transmission units to accurately determine each 
transport mode. Initially, the collected data will be analyzed to include information such as the total number of 

(21)errori =

n
∑

i=1

σi isoi

Number of 
connected tuples 

Identification 
of point 

actions with 
tuples

Number of 
labeled points 
for connection 
identifications

Error 
matching and 
identification

State identification with actions

Tuple connectivity 

according to varying 

actions

Point conversion factors 

with first connected state
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number of variations 
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transmission states

Separation of error 

points
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Figure 2.  Point to point protocol for public transportations.
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cars in the same location, the source and destination of each vehicle, and the number of connections between 
different  points26,27. Subsequently, at each stage, a multi-criteria method is implemented to identify appropriate 
segments. Model labeling units are used to rectify route components as well. In addition, the mode discovery 
optimization offers a distinct perspective by replacing manual modes with exclusively automated mode process-
ing procedures in this particular discovery process. Additionally, any non-duplicated replications in each mode 
are recognized and removed. This is done because, at every moving point, the changing modes are updated to 
the destination where layer information is processed. In the mode detection technique, overlapping points are 

Figure 3.  Flow chart for minimization criteria with traffic densities.
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eliminated at each stage, and a new representation of the mode is given to users. This process forms sequential 
trip segments from the source to the destination. Furthermore, the mode detection algorithm has the capability 
to decrease the overall count of dimensional units following the classification stage, as each individual mode is 
capable of carrying the maximum packet load to the destination.

Mode activation
Each connected unit must activate the various modes based on line identification, which includes hidden path 
connectivity in plan categorization. Therefore, the activation units in each categorization are denoted using 
Eq. (22) as follows.

where, γi denotes activation units, ME1 + ..+MEi indicates various modes.
Equation (22) states that in order to accommodate different ways of activation, appropriate units must be 

allocated as traffic weights, as the connection of each point will vary. Furthermore, the weight factor must be 
computed for each section following appropriate connection confiscation.

Mode energy
The suggested transport unit method allows for the identification of four modes that have a minimal energy 
allocation for signal changes. Therefore, the normalization factor is determined for each mode switching scenario, 
as specified in Eq. (23).

where, norm(acci) indicates normalization of acceleration units, lengthi represents total packet length.
According to Eq. (23), decreasing the packet length is necessary for each unit increase in acceleration. The 

total energy will decrease as the point approaches the goal. The aforementioned energy changes are depicted just 
when the proposed strategy is adhered to in all four modes.

Inherent modes
A transportation reconstruction method for mode identification process can effectively conserve energy by prop-
erly defining boundary conditions using inherent processes. Therefore, for the intrinsic mode process Eq. (24) 
is derived using methodical methodologies.

(22)acti =

n
∑

i=1

γi × (ME1 + ..+MEi)

(23)EGi =

n
∑

i=1

norm(acci)+ lengthi

(24)IHMi =

n
∑

i=1

fb(i)− dn(i)

Number of 
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Figure 4.  Mode discovery algorithm for public transportations.
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where, fb(i) denotes final boundary values, dn(i) represents decision boundaries.
Figures 4 and 5 indicates the block representations of point to point protocol and flow steps are as follows.

Figure 5.  Flow chart for maximization criteria with transportation deliveries.
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Begin PROCEDURE MDO 

          Given

: Number of activation units 

+. . + : Total number of modes 

for i=1:n do
1. for activating various modes with respect to transportation units 

2. for normalizing energy ranges according to packet lengths 

          end for 
else 

          for all i=1:n do
3. to select inherent modes based on boundary values 

end for all 
end PROCEDURE 

Algorithm Mode discovery optimization.

Results
The suggested method tests the design of the smart transport system in real time to seamlessly integrate it into the 
smart city application process. In order to assess the impact of transport units on line connections, four distinct 
routes spanning over a distance of more than 25 km are depicted using different types of lines. Within this range, 
the initial point is observed in relation to the following locations through a linear route. However, beyond the 
secondary points, it is possible to create parallel linear routes. However, in certain unavoidable circumstances, it 
is possible for parallel establishments to be created for the line connectivity indicated above, taking into account 
other route considerations. Additionally, four modes of operation have been selected to cover the specified dis-
tance, with the choice of mode varying from point to point based on road conditions. After marking the initial 
point, the average number of people in the wait is determined and communicated to the public transport unit. 
Thus, a decision is made to increase the number of transport units during this time period, which greatly helps in 
preventing excessive energy consumption. Upon reaching the designated line stop, it is noticed that the average 
waiting time for each user is halved due to the transportation units being filled to capacity with people. Further-
more, the likelihood of users, which signifies the level of density in all point connections, is also diminished. 
This allows for the effective execution of transmissions using the wireless functionality of the installed device. 
On the other hand, by labeling each vehicle, errors in desirable regions can be reduced when users move across 
stated directions, ensuring accurate line path identification. In order to demonstrate the parametric identifica-
tion that fully supports intelligent transportation, various situations are examined and the significance of these 
scenarios is documented in Table 2.

Scenario 1: Arrival rate and waiting periods.
Scenario 2: Total delay and density of passengers.
Scenario 3: Device energy and delivery rates.
Scenario 4: Directional line connectivity.

Discussions
In the parametric scenarios indicated above, the positioning systems are interconnected to prevent any disrup-
tions in line connectivity. However, the user must select the mode and ensure that the activation units can work 
properly based on the suitable signal connectivity. After activating the necessary modes, the acceleration unit 
in the connecting lines will be standardized, resulting in a final boundary value using intrinsic representations. 
In order to accurately depict the output characteristics of each parameter, it is necessary to translate real-time 
connections into simulation results. Thus, all forms of connectivity are altered and managed using a transport 
connectivity tool specifically designed for smart cities, with a focus on minimizing energy consumption. Table 2 
presents the simulation configuration used in the suggested strategy. Due to the inadequacy of the current trans-
port system in managing traffic flow in densely populated places, it is imperative to modify its practical implica-
tions by incorporating essential aspects like scalability and cost-effectiveness. When advancements are made 
in technical units, the existing infrastructure can be replaced with new units through cost-effective large-scale 

Table 2.  Importance of proposed scenarios.

Scenarios Significance

Arrival rate and waiting periods To reduce waiting period at each stop and to increase the speed of vehicle arrival at corresponding 
point

Total delay and density of passengers To minimize latency in high dense areas with parallel connectivity

Device energy and delivery rates To deliver appropriate packets at maximized energy rates

Directional line connectivity To connect different routes across separate line paths to increase activation points
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deployments. In the proposed strategy, the current infrastructure is expanded to accommodate a larger popula-
tion, which includes a variety of transport units. The scaling operations are performed by considering different 
line points, ensuring that each user follows the same lines, thereby preventing the occurrence of significant 
issues. These line following procedures can be accomplished using inexpensive sensors. Table 3 presents the data 
regarding the tangible inputs and outputs together with corresponding simulation measures.

The data set will be collected for each transportation vehicle as both the starting and ending positions are 
modified. In addition, if the mode of operation remains constant, the connecting lines will maintain high effi-
ciency even when a passenger changes their route to different locations. Consequently, the setup that has the 
highest boundary limits will be modified, allowing for optimised decision-making in complex situations. Based 
on the aforementioned representations, users have the ability to monitor a series of consecutive points. Once 
these points have been covered, they will be immediately deleted from the demonstration. Figure 6 presents a 
basic concept of board connectivity, which represents the corresponding connections for smart transportation. 
The following is a comprehensive description of the scenarios.

Scenario 1: Arrival rate and waiting periods
In this situation, the waiting period of each user is acknowledged, where it is imperative that every transport unit 
arrives at the appropriate interval rate. In previous systems, waiting periods are typically determined using posi-
tioning systems, however in the projected model, they are determined based on line formation units. The majority 
of individual line systems designated for transport units must adhere to the line systems, which determine the 
number of users at specific points. Therefore, in the proposed approach, the average waiting time at a specific 
stop is predetermined, and in the event of additional urgent circumstances, the waiting time will be extended. 
In addition, there are other opportunities for parallel networking. Consequently, a meticulous approach will be 
implemented in this instance. The arrival rate of each transport unit is measured in relation to the departure rate 
of each passenger and the number of lines they are connected to. This information helps determine the current 
duration of vehicles in motion.

Figure 7 and Table 4 present the simulation results for the arrival rate and waiting periods of both the existing 
and new approaches. Figure 6 clearly demonstrates a decrease in arrival rate and waiting periods when compar-
ing the suggested strategy to the existing methodology. The primary cause for the decrease in waiting time is 
the implementation of state activation functions, which provide a direct relationship between states and point 
conversions. In order to demonstrate the decrease in waiting time, we evaluate the number of passengers in the 
same area who are going on parallel connectivity routes. The queue sizes are 75, 84, 93, 99, and 104, while the 
present waiting periods without line connectivity are 15, 24, 27, 31, and 34 min, respectively. The entire waiting 
period following line connectivity in the existing approach is 12, 19, 25, 28, and 29 min, but in the projected 
method, it is further lowered to 6, 8, 11, 13, and 16 min, respectively. Therefore, the connectivity of lines is crucial 
in determining the reduction in traffic flow.

Table 3.  Practical input, output units and simulation metrics.

Input unit

Established parameters Number of established data

Total number of transportations 2173

Transportation arrival rate (Observed at peak time) 183 s

Minimum number of routes 3

Energy consumption 4.14 kW/h

Data transmission rates 1.1 Gbps

Output unit

 Adjustable route changes 2

 Percentage of demand 11

 Energy usage report 1.15 kW/h

Mode controls

 Number of modes 2

 Idle time period 21.3 s

 Departure rate (based on available modes) Less than 1 s

Simulation metrics

 Bounds Requirement

 Operating systems Windows 8 and above

 Platform MATLAB and Transportation connectivity tool

 Version (MATLAB) 2015 and above

 Version (Transportation connectivity tool) 1.8 and above

 Applications Smart transportation monitoring and control

 Implemented data sets Total number of modes and passengers at corresponding stops with initial point 
representations
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Figure 6.  Smart transportation with identify units: an equivalent representative system.

Figure 7.  Smart transportation waiting time periods for line connecting passengers.
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Scenario 2: Total delay and density of passengers
Despite having line connectivity, there is still a chance of delays caused by unexpected interruptions in transmis-
sion devices when a cloud monitoring system is in place. Therefore, in this situation, we are observing the overall 
delay of transportation units in relation to gearbox devices. Furthermore, if latencies are not seen as a result of 
device connectivity, they may instead occur owing to a high density of users, when a larger number of individuals 
are gathered at the same location. Furthermore, the concentration of users will be highest in specific locations 
where vehicle speed is restricted and traffic flow is greater in compact regions. Thus, the proposed method checks 
the area connection and allows vehicles to operate at their maximum speed within certain constraints, resulting 
in a reduction of internal delays. On the other hand, as time passes, the number of people using transport will 
increase. Therefore, after analyzing the average number of users, numerous transport units are connected in the 
projected system model.

Figure 8 displays the overall delay found in two locations for both the proposed and existing approaches, in 
relation to density measurements. Based on the information provided in Fig. 8 and Table 5, it can be inferred that 
the projected model is more practical in minimizing total delay compared to the existing system. The decrease in 

Table 4.  Waiting time period for passengers in accordance with current waiting time.

Number of passengers Current waiting time Total waiting  period5 Total waiting period (proposed)

75 15 12 6

84 24 19 8

93 27 25 11

99 31 28 13

104 34 29 16

Figure 8.  Reduced latencies in accordance with density and speed of vehicles.

Table 5.  Delay for increased traffic flows.

Total traffic flows Speed of vehicles Delay5 Delay (proposed)

15 10 23 14

30 16 21 10

45 22 18 7

60 28 15 4

75 35 13 2
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latency is a result of effective monitoring of area separations. By using point-to-point protocol, it becomes feasible 
to regulate the rolling force of each packet as it travels towards its destination. By removing the travelled spots, 
the delay induced by transmission devices is reduced, resulting in the identification of appropriate activation 
units. In order to demonstrate the relationship between delay and density, the total traffic flows in two locations 
are examined. The flows are measured at 15, 20, 45, 60, and 75 units, while the speed factors increase at rates 
of 10, 16, 22, 28, and 35 km/h respectively. Therefore, the overall delay for the traffic flows listed above is found 
to be 23, 21, 18, 15, and 13 s in the existing methodology. However, the suggested method with mode control 
decreases the delay to 14, 10, 7, 4, and 2 s.

Scenario 3: Device energy and delivery rates
In smart transportation units, it is crucial to ensure uninterrupted delivery of packets at maximum energy rates. 
Therefore, in this situation, the overall energy consumption of each device is measured based on the services 
it provides to the cloud, as each connected device is supplied with its own electricity. Smart city applications 
typically exhibit lower-than-expected probability values for energy representations. However, in the predicted 
technique for transport systems, there is increased line connectivity, necessitating the provision of adequate 
power to provide end user connectivity. By increasing the power used by the transportation units, we can ensure 
high-quality delivery and minimize faults. Despite the increased energy consumption, any excess power that is 
not utilized is stored for all states following activation. Therefore, a normalization factor is employed for each 
unit of acceleration, which separates each bit from the system’s representations.

Figure 9 and Table 6 depict the energy representations of the device, together with the simulation results for 
both the proposed and existing approaches. The comparison scenario suggests that increasing the energy in line 
connecting channels results in higher successful delivery rates for each user. Simultaneously, as additional energy 
sources are extracted from the system, a corresponding series of operations is implemented during a specific 
time period. In order to demonstrate the energy representations and utilization of individual cloud services, we 
will consider a maximum of 5 services. Each service delivers messages at rates of 8, 11, 16, 19, and 23 bits per 
minute. Therefore, the energy utilization rates for the specified cloud services are 4%, 9%, 13%, 17%, and 20% in 

Figure 9.  Energy representations for individual cloud devices with message delivery unit.

Table 6.  Energy representations for individual cloud devices.

Number of individual cloud devices Individual messages Percentage of  energy5 Percentage of energy (proposed)

1 8 4 8

2 11 9 15

3 16 13 19

4 19 17 25

5 23 20 29
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the existing technique. However, the proposed method maximizes the energy utilizations to 8%, 15%, 19%, 25%, 
and 29% accordingly. Therefore, by optimizing energy usage, it becomes feasible to transmit specific messages 
based on the velocity of vehicles.

Scenario 4: Directional line connectivity
An essential component for ensuring proper utilization of transport units is the display of directional flows 
in relation to line connectivity. Smart transport systems employ queue following methods to ensure that each 
user selects the right way, hence preventing any extra disruptions from entering the system. The presence of 
further disruptions is attributed to abrupt traffic circumstances and environmental elements, which should be 
preemptively avoided. Therefore, it is necessary to provide a dedicated pedestrian pathway that follows a distinct 
route, ensuring that disruptions from other vehicles are effectively managed. Furthermore, if there are labeled 
indications, it is possible for every transportation unit to utilise its natural mode of operation without the need 
for distinct walking routes, hence reducing the additional implementation cost. Figure 10 displays the directional 
line connection for both the proposed and existing systems.

Based on the analysis of Fig. 9 and Table 7, it is evident that the proposed method effectively maximizes the 
directed lines in the correct direction when compared to the existing strategy. When a transportation unit leaves, 
the line connecting it is removed to prevent any confusion with prior representations. Thus, the suggested system 
has the capability to create specific walking routes where traffic congestion is fully eliminated. However, these 

Figure 10.  Appropriate directional flows with individual walking paths.

Table 7.  Representations of correct directions for individual walking paths.

Number of individual walking paths Number of individuals Percentage of correct  directions5 
Percentage of correct directions 
(proposed)

2 350 64 72

4 379 69 84

6 391 75 89

8 407 82 94

10 418 86 97
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walking routes are limited to public transit units only. In order to demonstrate the connection of directional 
lines in both the proposed and existing approaches, we have taken into account different numbers of walking 
paths: 2, 4, 6, 8, and 10. Additionally, we have raised the number of individuals to 350, 379, 391, 407, and 418, 
respectively. The old methodology yielded correct directional percentages of 64%, 69%, 75%, 82%, and 86% for 
the given adjustments. In contrast, the new method achieved correct directional ranges of 72%, 84%, 89%, 94%, 
and 97% respectively.

Performance measurements
This section evaluates the performance of the mode control algorithm to demonstrate the reduction in error 
processing for transportation units. Furthermore, it is necessary to demonstrate the effectiveness of low time 
complexity modes in identifying and correcting all inherent defects. This will ensure that each transportation 
unit can operate within its designated parameters. Therefore, two forms of performance analysis are conducted 
and comparisons are made with the existing approach.

Robustness characteristics
Equalization technique cannot be performed on all transportation units to achieve straight line characteristics. 
Therefore, a certain level of resilience typically exists and is determined by error processing, where discrete 
values are assigned based on the transmitted bits. Additionally, error measures are calculated by taking into 
account lengthy routes for all transportation systems. Therefore, in practical scenarios, it is crucial to assess data 
that has been compromised. If measurements are conducted accurately, every transport system can adhere to 
a linear path. However, if any data is distorted, establishing a transport unit with various modes becomes very 
challenging. On the other hand, the proposed method includes a handling capability that is equal to prevent 
inaccurate inputs when straight line representations are not used. Figure 11 presents the simulation results for 
the robustness qualities in the form of comparative statements.

Based on the information provided in Fig. 11 and Table 8, it can be concluded that the proposed method 
exhibits a reduced level of robustness compared to the previous strategy. In the proposed method, the properties 

Figure 11.  Comparison of robustness for changing iteration periods.

Table 8.  Changing robustness conditions for existing and proposed approach.

Number of iterations Robustness (existing) Robustness (proposed)

10 24 12

20 21 8

30 23 13

40 27 9

50 25 8

60 29 8

70 33 10

80 35 8

90 30 11

100 26 8
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of transportation networks are influenced by the presence of low density clusters. To detect straight lines, high 
density clusters are utilized. Hence, the projected model automatically reduces 20% of its robustness, and a dis-
tinct label is assigned to facilitate better detection in such instances. The total number of iterations is taken into 
account to validate the outcomes when the step size varies from 10 to 100. Step sizes are only considered when 
a high number of iterations are available to enable more accurate comparisons. Throughout the iterations, it is 
noted that the suggested method’s robustness, as indicated by error measures, consistently remains at an average 
rate of 8%. However, the current approach does not exhibit any average mistakes, but rather a complete variance 
is observed with percentages of 24, 21, 23, 27, 25, 29, 33, 35, 30, and 26, respectively.

Time complexity
The primary goal of the suggested transportation system technique is to minimise the overall waiting period. This 
is because the straight line path following mechanism can only be effective if these reductions are implemented 
for a larger number of users. In order to mitigate the growing time complications associated with the straight 
line path following mechanism, a divide and conquer approach is employed. This involves providing individual 
straight lines for each user to accommodate their increasing numbers. Distance measurements are made by 
designating the source and destination separately, and then classifying the segments based on straight lines. 
During the last stage, all the separate units that have been established are merged together, resulting in decreased 
latencies in both the transmitter and receiver. In the aforementioned separation procedure, the likelihood of 
data mistakes is also diminished. However, the cost of implementation is elevated, which can be mitigated in the 
future by consolidating adjacent transportation units that travel the same distance.

Figure 12 and Table 9 provide a comparison of the temporal complexities for existing and suggested tech-
niques using simulation analysis. Figure 12 clearly demonstrates that the proposed strategy achieves reduced time 
complexities compared to the present methodology by dividing distinct segments. In this situation, additional 
individual walking paths are available, which aim to maximize rolling pressures and minimize differences in time 
periods. In order to validate the results of time complexities, the optimal epoch is determined by combining the 
iteration periods of 20, 40, 60, 80, and 100. During the optimal epoch, it is seen that the temporal complexities 
are decreased to 1% during the 60th iteration period using the proposed technique. Unlike the present approach, 
there is no provision for reducing stationary during the last iteration period, resulting in only a 4% reduction in 
complexity. In order to achieve significant reductions in time complexities, it is crucial to build a greater number 
of separate paths using the existing approach, which in turn increases the implementation cost.

Figure 12.  Time complexities with reduced delay conditions.

Table 9.  Time complexities for best epoch periods.

Best epoch Time complexity (existing) Time complexity (proposed)

20 11 6

40 8 3

60 7 1

80 5 1

100 4 1
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Conclusions
The smart city application procedure mostly relies on enhancements provided by the transportation sector to 
mitigate traffic congestion. Implementing traffic flow reductions through public transport units will encourage 
a greater number of users to utilize the system efficiently. In order to fully optimize the use of public transport, 
it is crucial to ensure that the equipment is in good working condition and has the ability to link to applications. 
Therefore, the suggested technique establishes a connection between the transportation unit and end consum-
ers based on line connectivity. If customers request a public transport unit in their specific area, it is feasible to 
monitor the vehicle’s current location and route using point-to-point connectivity. Consequently, the waiting time 
for each user is decreased, and the high number of arrivals leads to a decrease in congestion, resulting in efficient 
traffic flow throughout the entire area. It is crucial to incorporate a line connectivity model in the design to reduce 
traffic congestion and provide a consistent setup. Therefore, once the entire travel period is ended, all completed 
transportation lines are withdrawn. Consequently, the proposed strategy gains a significant benefit by decreasing 
the overall number of errors while enhancing directional accuracy. In addition, intrinsic measuring boundaries 
are taken into account for each mode change, and judgments are made from an optimization perspective.

The suggested smart transit system was evaluated using four scenarios. Comparing it to the present technique, 
the results show a reduction in waiting time from 12 to just 6 min. The new method demonstrates greater effec-
tiveness than the previous model in terms of delay, energy, and direction indications in subsequent scenarios. 
In the future, the smart transport system can be expanded by incorporating more modes of travel that connect 
different locations in other areas through automated machine learning algorithms.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on 
request.
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