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ABSTRACT

We propose a pheromone-based traffic management model,
which simultaneously optimizes vehicle re-routing and traffic
light control. Specifically, each car agent deposits multiple
digital pheromone on its route. The road infrastructure a-
gents fuse the pheromone to forecast traffic conditions. Once
a congested road is predicted, we adopt a proactive vehicle
re-routing algorithm for assigning alternative routes to cars
before they enter the congested road. At the same time, the
traffic light control agents use an online strategy for assign-
ing long time duration of green traffic lights to the roads
with a large amount of pheromone. Experimental results
confirm its superiority in alleviating traffic congestion.
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1. INTRODUCTION

Traffic congestion is a key problem to cause driver frustra-
tion and air pollution in today’s urban area [3]. To alleviate
this problem, various approaches have been proposed for re-
routing vehicles [3] or controlling traffic lights [4]. However,
few works have been done to simultaneously consider vehicle
re-routing and traffic light control. In this paper, we define
a novel digital “pheromone” to bridge these two methods.

2. TRAFFIC MANAGEMENT MODEL

In nature, “pheromone” refers to communication chemical
that is mutually understood by the individuals of the same
species [3, 2]. Inspired by this concept, we introduce the
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traffic pheromone and intention pheromone to represent the
current and future road conditions, respectively. The traffic
pheromone is defined to estimate the current traffic density:

_ N(p,t) x Lcar’ ()
where N(p, t) is the number of cars on road p in time (¢—1, ¢],
Lcar is the mean length of cars, L, is the length of road p,
and lanes(p) is the number of lanes on road p.

Suppose that each car reports its route intention to the
roadside infrastructure (e.g., using smart phones). We define
intention pheromone to estimate the future traffic density:

(I(p,t+1)—O(p,t +1)) x Lcar’ ©)

I lanes(n)
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T2 (p,t+1) =

where I(p,t+1) and O(p,t+ 1) are the incoming and outgo-
ing car counts on road p in time (¢,t+ 1], respectively. Both
I(p,t+1) and O(p,t + 1) take the similar formulation. For
instance, I(p,t+ 1) is formulated as:

< px lanes(p’)

Ipt+1) = Y T,(0)\Vi@)m®, 1) I , (3)

P’ € Prei

where cars move from neighboring roads p’ € Paei to road p,
Ty(p') is the time duration of green traffic lights on road p’,
V#(p') is the free speed of road p’, and p is the proportion of
cars that have intention of moving from road p’ to road p.

The pheromone update includes evaporation and propa-
gation. We define the evaporation rate as:

_Vit) 1
Vitpy  L{Haltstp-f
where V(p,t) and |Halts(p,t)| are mean speed and halting

car counts on road p in time (¢ — 1,¢], respectively. Then,
the roadside infrastructures fuse the digital pheromone by:

T(p,t+1) = (1—e(p,t)) X 11(p, t) +e(p,t) X T2(p, t+1). (5)

e(p,t) (4)

2.1 Pheromone-based Vehicle Re-routing

Once a congested road is forecasted, the roadside infras-
tructures search new routes for cars using Alg. 1.

2.2 Pheromone-based Traffic Light Control

In this section, we propose traffic light control to auto-
matically set color phases and calculate the time duration
of these phases. In Fig. 1, suppose two roads have the com-
peting relationship with 7(p1,t + 1) > 7(p2,t + 1). To fully
utilize road capacities, road p; should be assigned the green



Input : G, road network; §: congestion threshold;
R/, old routes; t, current time;
Output: Road network with new pheromone G;

1 Update G’s roads with pheromone using Eq. 5;

2 Find congested roads p € Peon by 7(p,t + 1) > §;

3 while |Peon| > 0 do

4 Find road p € Peon with maximum 7(p,t + 1);

5 Get neighboring roads Phei connected to road p;

6 Get nodes N, connected to road p;

7 for p’ € P, do

8 for n € N, do

9 | find new routes R(n) by k-shortest path;
10 Get car agents C on road p’;
11 for ce C do
12 Get n € N, from car c’s old route r’ € R';
13 Set new route r = R(n) to car ¢ ;
14 Update intention pheromone 72(p’,t + 1);
15 | Update pheromone 7(p’,t + 1) by Eq. 5;
16 Find congested roads p € Peon by 7(p,t + 1) > ¢;
17 | Delete the checked road FPeon = Peon — p;
18 Output road network with new pheromone Gj

Algorithm 1: Pheromone-base Vehicle Re-routing.

traffic light and road p2 is red. we assume the time duration
of green traffic lights for road p1, denoted as T4 (p1), satisfies:

Ty(p1) Vi (p1)
Bt o

Then, the time duration of green traffic lights on road p; is:

Lpl X (T(plvt + 1) — T(p27t + 1)) (7)
Vi(p1) x 7(p1,t + 1) '

To avoid traffic lights changing too frequently or cars waiting
too long, the time duration is bounded to [4s, 90s].

ﬂ

7(p1,t+1) x (1 ) = T7(p2,t + 1).

Ty(p1) =

2
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Figure 1: Pheromone-based Traffic Light Control.

Road p;

3. EXPERIMENTATION

We verify our traffic management model on two road net-
works (i.e., Grid and Cityhall) by the simulation of urban
mobility platform, SUMO 0.18.0 [1]. Two classical algo-
rithms are introduced: “Baseline” does not control re-routing
and traffic lights, and “DUA” (dynamic user assignment) is
the best re-routing algorithm by far [1].

The pheromone-based traffic light control (TLC) reports
the better results than Baseline, and pheromone-based ve-
hicle re-routing algorithm (Re-routing) is better than TLC.
To explain, TLC will assign the default traffic lights (i.e., Ty
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Table 1: Results by Traffic Management Models.

[[Con. Roads[[Traffic Density[[Arr. Vehs|[Travel Timd

Grid Network

Baseline 23.2 0.709£0.173 339 314.5
TLC 10.0 0.35540.243 1177 152.8
Re-routing 4.9 0.256+0.221 1800 170.4
DUA 3.2 0.2184+0.198 1770 144.7
Re-routing+TLC 0.3 0.102+0.112 1896 94.2
Cityhall Network
Baseline 21.4 0.340£0.358 397 440.6
TLC 11.5 0.245+0.325 555 434.1
Re-routing 9.5 0.209+£0.320 618 446.1
DUA 7.3 0.17940.296 696 378.8
Re-routing+TLC 3.4 0.099+0.223 705 344.6

*Con. Roads: congested roads, Arr. Vehs: arrived vehicles

= 4s by Eq. 7) to two competing roads if they have similar
traffic pheromone. Thus, TLC is only suitable to the un-
balance traffic scenarios. In comparison to TLC, Re-routing
searches alternative routes for avoiding traffic congestion.
On the other hand, DUA is better than Baseline, TLC and
Re-routing. In essential, DUA is an offline algorithm using
the trail-and-error procedure to evaluate candidate routes.
Thus, DUA is only designed for simulation because vehicles’
movement in realistic transportation system is irrevocable.

Furthermore, our traffic management model integrates the
advantages of vehicle re-routing and traffic light control.
From Table 1, our model is better than Baseline, TLC, Re-
routing and DUA. In particular, road conditions become
better when using our model. In Table 1, the average num-
ber of congested roads on Grid and Cityhall are 0.3 and 3.4,
respectively. On the other hand, the driver experience also
increases through our model. The arrived vehicles on Grid
and Cityhall are 1,896 and 705, respectively.

4. CONCLUSION AND FUTURE WORK

In this paper, a pheromone-based traffic management mod-
el is proposed for re-routing vehicles and controlling traffic
lights simultaneously. In future, we will examine our model
on other complex road networks. We also plan to extend
our model to Vehicle Ad Hoc Network (VANET).
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