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Back-Pressure Based Traffic Scheduling Algorithm for Urban
Vehicular Networkswith Self-Driving Vehicles

YISHAN LIN ™2 YING LIU 2P JUNTAO GAO?%9 MINORU ITO™ )

Abstract: Back-pressure algorithm, which works as water flows through pipe networks according to pressure gradients, has been
increasingly attractive to reduce traffic congestion for urban vehicular networks. Recent work has shown the performance
superiority of back-pressure based traffic scheduling algorithms, such as throughput optimality, distributed implementation, low
computational complexity, etc. However, these back-pressure based traffic scheduling algorithms either assume each road can hold
infinite vehicles (infinite road capacity) or need to have prior knowledge of vehicle turning ratios, all of which are not realistic for
applications. In this paper, we propose a back-pressure based traffic scheduling algorithm that can efficiently reduce traffic
congestion for realistic urban vehicular networks with finite road capacity and without prior knowledge of vehicle turning ratios.
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1. Introduction 2. System Model

Traffic congestion has become a significant problem due to 2.1 Road Network M odel
increasing vehicles every year. Human-driven vehicles’ actions A road networkG consists of N roads arid junctions which
only depend on the traffic lights with fixed-cycle control, while it are respectively denoted as a road®set{R1, Ry, ... ,Rn} and a
cannot ensure road utilization. Recently, self-driving vehicles junction set) = {J1, J2, ... , Ju}. For roadR, the road length,
have been developed that more information (e.g., traffic speed limit and capacity are denoteddasi andCi, respectively.
conditions and navigations) can be collected and shared betweeWehicles enter the network from one origin ro&lsnd depart
vehicles to enable intelligent driving. Based on this environment, the network from another destination rdddand they may pass
an efficient traffic scheduling control can be achieved to solve multiple roads between origiR and destinatioR. Further, each
this congestion problem. roadR is divided into several lanes, denoted.gsrepresenting

Several related studies for traffic scheduling has been the lane in which the vehicles waiting in ro&dwill move to an
conducted, in which the backpressure routing [1] has beenadjacent roadR, as shown in Fig. 1. Each lane is modeled as a
adopted to control traffic signals at road intersection [2-5] for queue. System time is slottedtas{0, 1, 2 ...}, where each slot
reducing traffic congestion. Back-pressure routing is an indicates a certain period of tim&i(t) denotes the number of
algorithm for directing traffic control that works as water flows vehicles queued at larlg;. Therefore,Qi(t) = Y Qij(t) is the
through pipe networks based on pressure gradients to optimizenumber of vehicles waiting at ro&l
network throughput. Accordingly, the pressure of roads can be
denoted as the number of vehicles, and the scenario can be
considered as the traffic that flows from a high-pressure upstream Rs | Ry
area to a low-pressure downstream area. Namely, the vehicular I |L4h|L4i|L4i
traffic flows to the roads with more remaining capacity in the ([ | | AI
network. This algorithm can not only support the arrival traffic I | 1
but also be implemented in distributed manner with low Lgg
computational complexity. However, those back-pressure based R, Lo—f T T - T
traffic scheduling algorithms for urban vehicular networks
assume that each road can hold infinite vehicles (infinite road = ————— N\ | —————
capacity) [2-4] or need to have prior knowledge of vehicle turning
ratios (the ratio of vehicles that will turn right, turn left and go R;
straight after entering a road segment) [5], all of which are not Lo
realistic for applications.

In this paper, we propose a back-pressure based traffic

|
i ; . L | Iffjdlﬂj‘;l L
scheduling algorithm (BPTSA) to face such problems in realistic |
urban vehicular networks with self-driving vehicles. BPTSA can IRgl | lREI
efficiently reduce traffic congestion with finite road capacity and
without prior knowledge of vehicle turning ratios. Fig. 1 Possible traffic movement from rodgh at junctionJ;.
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2.2 VehicleArrival and Routing Process

For the arrival and routing process of vehicles, we deiK&
as the number of vehicles that just enter the network and initially
located atjj in time slott. Since some vehicles may entgrfrom
other roads, we definfaij (t) to represent the number of vehicles
moving fromLx to Ljj in time slott, sok fsij(t) represents the
total number of vehicles moving g in time slott. When a
vehicle enterd.jj in time slott (either just arriving or entering
from other roads), the value @fi(t) is increased by 1. All queues
are divided into three groups: ingress que@¥ (storing
exogenous arriving vehicles), sink queu@® (from which
vehicles depart) and common quew@® (storing endogenous
arriving vehicles). The queue dynamics (the variatio@gt) in
the laneLij's queue) can be descried as follows:

Q(l)ij (t+1)= Q(l)ij (t)_Zk fi - O +A )

Q® ) =0, OtO{, 1, 2, ...}

(1)
(2)
Q¥ t+)=Q% ®->, f,_, O+ fi ;O ©.
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- Stage 2: for each junctiod;, the following procedure is
executed.
- Calculate the traffic pressuig(t) of roadR; € UiUD; in
time slott based on the number of vehicles and road capacity.
Fi(t) is defined as
At
F )= QJ(_ ) (6)

C

J

- Calculate the pressure differendé(t) betweenR and R«
in time slott, which is defined as

W, (t) = max{F; t) - F(t), 0}, OR 0OU, andR 0D, (7)

- Release traffic pressure defined as follows.

p(t) =arg :;DD%XZVij ( )j'ljk e

i j,k

(8)

Traffic phasepi(t) for junctionJ; is activated that maximizes
the pressure release.

4. Results

whereQ®; (t) equals to 0 because vehicles have already left the  Since we have designed the model for this algorithm, we will

network fromR; in the next time slot.

2.3 Phase of Traffic Signal

At each junction, if a vehicle can move from rd&do roadR;,
then such a movement is called a traffic movement fRoma R;.
Some traffic movements can occur simultaneously and are
considered as a “traffic phase”. Upstream road Wetand
downstream road s&; of junctionJ; are also defined; roae
belongs toU; if and only if a vehicle can travel througt then
junctionJ; and enter next rodd. Here,R; is said to be ifDi. For
example,R: belongs tdJi; Rz, Rs andRs are inDi. LetPi = { pi,
p?, ..., pi™*} be the set of all possible phases at a junclign(t)
denotes the phase activated during the timetdtatjunction Ji.
uik(pi(t)) represents the maximum number of vehicles leaving
from R to R« if phasepi(t) is activated. The actual number of
vehicles leaving fronjk to Lkr during slott is

fic e () = min{Ck —Q. (1), Qi ), 4y ( Y (t))} (4),

where Ck is the capacity of lankk. If Q(t) = Ck, Lk is full,
indicating that no more vehicles can eriter

3. Methods

Consider that each vehicle enters the network with a fixed
destination and runs according to the fixed shortest-path route
Our proposed BPTSA proceeds the following two stages.

- Stage 1: each vehicle calculates the shortest path from origin

to its destination using Dijkstra’s algorithm [6]. Here, the
cost of roadRi is defined as

®).

that is, time cost of travelling through roRd
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evaluate BPTSA by simulations. The result of comparison with
previous studies will be presented.

5. Conclusion

In this paper, BPTSA, a traffic scheduling algorithm based on
back-pressure routing algorithm is proposed. BPTSA can work
with the constraint of finite road capacity without prior
knowledge of vehicle turning ratios by means of the combination
of shortest-path route and back-pressure routing algorithm. In
future work, we will implement BPTSA by simulation and show
the evaluation result. Besides, the comparison with previous
traffic scheduling algorithms will be also presented.
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