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Traffic road management is becoming more complex due to limited resources and an
increasing number of hybrid vehicles. Currently, a number of global classical computing
tools are used to manage the traffic road network. This kind of classical computing is
resource intensive and expensive, and in the best case, optimizing a traffic network takes a
few hours. In traffic road networks, some classes of traffic are much more sensitive to
communication delays than other classes. Delays in vehicle- to- vehicle communication
cause traffic congestion and sometimes accidents. To honor users’ preferences and to
improve the road network performance, a market —based control approach is proposed that
returns results in quantum space. This paper introduces a market-based control scheme
with the goal to manage the traffic flow. Market-Based Control (MBC) is an economic
model, which provides new solution to improve the travel data management and to reduce
the probability blocking rate in connected autonomous vehicle. The Market- Based Model

divided into fixed MBC and dynamic MBC.

1. Introduction

Road accidents have received the most attention from
researchers due to its impacts economically [1]-[3]. It is proposed
various conventional methods to reduce the number of traffic
congestion states in road networks, and reduction of their negative
effects and improvement of traffic safety [4], [5].

The route traffic management becomes more complex [6],
when the number of vehicles increases in the road networks. The
market- based control approach is proposed to describe the traffic
flow and to handle traffic congestion road networks by
considering the real-time traffic flow. In this case, computational
intelligent methods are used, as market-based control model. The
Market —based control provided different intelligence features,
such autonomy, negotiation learn ability and reasoning. The
novelty of market-based control is the dynamic management of
traffic flow based on provider and supplier strategy.

The paper is organized as follows: Section 2 presents the
traffic control problem. Section 3 describes the proposed concept
based on market-based control. Section 4 presents the simulation
and results’ discussion. Finally, the conclusion summarizes the
presented work and points to some future research directions.
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2. The Traffic Control Problem

The traffic and road network management problem can be
framed in terms of a market-based control model, in which a road
network is divided in m road sections and allocated » activities.
The AVs are considered to be consumers and the road sections to
be the producers.

The supply of the producer / is expressed by rys.
The demand of the consumer i is expressed by 7;p.
consumer: J;(r;p) — max

producer: J;(r;g) — max

st Y  Tip =22 1p =0. (%)

rip =20 f.a.i

ns =20 f.a.l

The optimization problem (*) is a road network management
problem. The objective functions should be maximized at the
same time. R; y is considered the total resources, and j is the
activity that changes within road sections and within a designated
time period. The activity of each road section j is presented as
WIGHE
21 xj(t,k) = Ri(t,k), 1<i<n
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Market- based control is employed to manage the traffic and
the road network. To maximize utility, a given AV demands road
sections with a minimal cost. The operator supplies road sections
(resources) at a minimal cost to maximize its profits by offering
available, road sections affording zero delay. The factors that
influence the road traffic are expressed as cost functions that
should be detected and reduced to zero. The cost functions consist
of noise, delay and other factors that have a negative effect on
road traffic. The cost functions can be collectively expressed as a
general formulation:

Jk = Z(Ckiqki) +qcC
iel¢
for Ve, Vk , where, J J presents the cost units for is the data
anomalies in kth road sections, [/ . denotes the sets of anomalies
related to a cluster of road sections, and C. Cj; denotes the

binary status of /. which breaks down as

c {0, if there are no anomalies }
kil 1,i f there are anomalies

and ¢y; is used to reflect anomalies between the two neighboring

road sections and is taken from the anomalies matrix (i.e., qxi =
m;j(t)). The road section strategy is to keep the supply higher than
the minimum supply.
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3. Market- Based Control Model
3.1. Classical Market-Based Control

In classical market-based control, there are three main
components: Road section, autonomous vehicle, and a cognitive
agent. The cognitive agent manages the negotiation between road
section and autonomous vehicle. The road bids a resource in
position k at time ¢ with the price Py (t). The price of the resource
X (t) is affected by cost function. The cost function is affected by
noise and delay. The autonomous vehicle searched resources with
minimal cost function.

e Road traffic utility

The goal of road traffic is reducing the traffic congestion in
road section i at time ¢ and detecting the factors that caused
congestions.
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U7 (t) = Pi(O)XF=1 xi5 (1)

e AV utility
The goal of the AV is saving time, avoiding congestion,
reducing CO,.

UL (8) =-X7-1 Py(D)x;; ()

e  Cognitive agent utility

The goal of cognitive agent is to manage a negotiation
between AV and road section to assign road section (resources)
with minimal cost.

n

Ui®) = ) xiy (/N

Jj=1

Today, the digital devices, algorithm and data presentation
are used classical computing. The road sections state is described

in binary format, i.e. 0,1.
i
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Figure 1: Fixed market-based control

3.2. Dynamic Market-Based Control

By using fixed market based control, all autonomous vehicles
received update about the traffic sates at the same time, that
performed in #. For that, when using normal car navigation
systems, with the aim to avoid traffic jams are presented for each
individual vehicle; however, because all vehicles are received
nearly identical routes, the vehicles concentrate along the same
route, causing traffic congestion. In dynamic market-based
control, the road traffic is calculated in distributed mode, in
different time slots, and according to AV demands. In distributed
mode, the system estimates the traffic based on individual AV
demands. Dynamic market based control model can present
differing best routes for each of many vehicles that have the same
starting points and destinations by distributing their routes as
much as possible. Dynamic market-based control can prevent
traffic congestion before it occurs instead of merely mitigating it.
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Figure 2: Dynamic market based control
4. MBC oriented computational Intelligence

The operations of the system model consist of four main
phases: traffic road sensing; creating neural networks based on
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multi- layered deep learning technology, detecting anomalies and
allocating resources as illustrated in Figure 3. The cognitive GOA
obtains the road network, divides the roads into sections, and
assigns a neuron to each road section to manage the traffic. The
neuron aims to detect data anomalies and the factors that cause
them. Then the road sections are classified by the effects of the
anomalies, and on each road section is assigned a score that
indicates its quality. The highest-scoring road sections offer
balanced service, where the demand (for available road) is equal
to the supply. If the demand is greater than the supply, it means,
there is traffic congestion in road section. The traffic flow in the
road section is dynamic which is described by using binary bits (0
and 1) along with the option of the bit being both 0 and 1 at the
same time (superposition), this creates the third state. Eventually 3
states are 0,1 and 0—1. Quantum bit or Qubit is the basic unit of
quantum information, that can be in a state of both 0 and 1 at the
same time. The 3rd state creates more processing power. How
states are processing in 3-bit systems described below.

Figure 3: System model

5. Discussion and Evaluation

Travel data is collected by several tools, such as the magnetic
loop detectors [7] and mobile services [8]-[ 14]. Traffic congestion
appears when too many vehicles attempt to use a common
transportation infrastructure with limited capacity [15, 16]. For a
successful forecast of traffic flow, it ought to update the local
travel data. Furthermore, it is important that the forecast model
takes into consideration the anomalies data that caused in real-
time [17]-[20]. Today, the digital devices, algorithm and data
presentation are used classical computing which are described in
binary format. As result, the road section state is described in
binary format also as illustrates Figure 4. A fixed market-based
control model is used in road traffic management, which evaluates
a road network at time /=0 for all road sections, despite the fact
that traffic varies from section to section and changes from
moment to moment. To overcome this disadvantage, a dynamic
market- based control model is introduced, which assesses road
sections at differing intervals of time, based on the condition of
the traffic in each section as illustrates figure 5. The road section
is described on quantum computing. Quantum computing uses
binary bits (0 and 1) along with the option of the bit being both 0
and 1 at the same time (superposition), this creates the third state.
Eventually 3 states are 0,1 and 0—1. Quantum bit or Qubit is the
basic unit of quantum information, that can be in a state of both 0
and 1 at the same time. The 3rd state creates more processing

power. How states are processing in 3-bit systems described below.

Fixed market-based control can be implemented in Matlab for
evaluation and simulation results. However, for implementing an
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agent goal oriented is needed dynamic environment. The
challenge is creating virtual environment that support parallel
processing of data in qubit form. The simulation platform will be
described in Python to implement input data that is represented in
qubit form.

nnnnnnnnnnn

Figure 4: Speed calculation in binary format
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Figure 5: Speed calculation in qubit format

e Data collection

In classic computing, the data is presented in 0,1 which is
based on a given threshold. However, in dynamic market based
control, the data changes continuous depended on strategy of
supplier and demander. In this case, the data is presented in two
digits of binary form. One digit for the current state of the road
section at time to and one digit for the state of road section after t,.
In fact, the data presentation of dynamic market-based control is
the form of quantum data. e.g. it needed qubit form to deal with
those data.

Is road section free? f—— Classical computing

Is road section free? — Dynamic MBC

Figure 6: Binary vs. qubite form

e  Algorithm based quantum computing

The dynamic market-based control which is proposed to
process quantum data is based on advanced deep learning
approach. Each road section is assigned a neuron. The task of the
neuron is to manage the data in road section. The road section is
divided in two parts. The first part is assigned 1 or 0 e.g. free or
busy. The second part is described by (0|1) or (1]0) e.g. the traffic
flow is in transition from O to 1 or 1 to O as illustrated in next
figure. The road section is assigned a score for current state at to
and for transition at t;.
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Figure 7: Speed description in qubit
6. Conclusion

Market- Based Model approach provided high reliability and
the ability of a very efficient resource allocation even in very
complex environments. In this paper, the travel data management
is discussed. The travel data has been collected by mobile services.
Due to urban coverage lack in cellular system are anomalies data
and incomplete data caused congestions and accidents. Thus, the
proposed system may play significant role on people life that had
direct and positive impact at their life. The evaluation results of
the proposed system show that dynamic market based control
scheme can detect the any anomaly case early. Furthermore, the
forecast results are too closest to the real traffic flow. Future work
will consider anomalies data management caused in
heterogeneous road networks.
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