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Involving the environmental dimension in traffic control methods is the recent trend 
in transportation research. This paper introduces an eco-routing method that searches 
for route optima to target the social optimality but considering the user preference as 
well. A negotiate trade-off between four travel-costs is considered for the route 
optimality. The four travel costs are the vehicular emission cost, the user instinctive, 
traffic performance, and the user preference. Fuzzy multi-objective decision 
optimization is utilized for the decision model to select the optimal route from the 
fuzzy set of available alternatives between the origin and the destination. The 
introduced method outperforms the literature eco-routing methods that 
overemphasizes the most weighted criteria and neglects the decrease of marginal 
utility or consider the environmental dimension only as a constrain for the travel time 
minimization problem.  
 

 
Keywords: 
Traffic control  
Eco-routing 
Travel costs 
Fuzzy optimization 

 

 

1. Introduction 

Route for his or her to start a trip or to adjust the 
route of an already started trip. They are sub-systems 
of Driver Assistance Systems (DAS) which is a 
component of Intelligent Transportation Systems 
(ITS)[1]. It aims to improve the travel time, traffic 
safety, mobility, environmental pollution, or customer 
satisfaction. In route guidance, real time collection of 
vehicle information and traffic state indicators is 
performed using and advanced information systems in 
addition to communication technologies. This 
information is sent to the routing algorithm to 
recommend the optimal path to achieve great 
performance for the network as a whole, or a user 
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optimum where no road user can change its own route 
to a faster route[2]–[4]. In this concern, the 
optimization framework of the route guidance can be 
classified to: 

Network system optimal route guidance: this 
system can be described as a management system 
more than a route guidance system. In which the entire 
network is the physical decision consideration. It tends 
to improve the travel situation over the entire network. 
Therefore, not always the user’s optimal solution is the 
decision of the route guidance system. In other words, 
the user’ may be guided to take a sub-optimal route in 
order to improve the performance of the network. 
Therefore, the drivers in this system have complains 
as their cost is not optimized.  

User optimum route guidance: this system is 
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oriented for the user’s satisfaction. It optimizes the 
individual optimal paths considering the driver’s 
marginal cost in terms of travel distance or travel time 
without considering the optimality of the entire 
network. i.e., the total cost of society not minimized. 
And in most cases, it’s oriented to users who are 
equipped to receive. This route guidance system,  

Pollution related to traffic operations can be 
reduced if vehicles follow environmentally friendly 
paths. Since it is proved that it is not always the time 
or distance shortest path is always minimize fuel 
consumption [5], [6],  the eco-routing problem is more 
dimensioned than the ordinary time or distance 
minimization problem. In regard,( E. Ericsson et al., 
2006 )[7]developed an eco-routing model based on 
standard shortest path algorithm is used to calculate 
the optimal path that minimizes the environmental 
impacts only. (K. Boriboonsomsin and M. Barth, 
2012) [8] considered also the emission as the decision 
variable to estimate the optimal shortest path that 
minimized emissions based on historical trajectory 
data and real-time data from wireless sensors, probe 
vehicles, and loop detectors. Both of them did not 
consider the effect of flow interruption due to traffic 
signals. (H. Rakha et al., 2012) [9] introduced a 
simulation based framework for eco-routing to 
minimize vehicle emissions based on simulation 
approach. In this framework, only the cursing speed is 
considered for emission estimations neglecting the 
effect of acceleration and deceleration.( A. Chen et al., 
2011)[10] considered the CO emission as a constrain 
for the traffic assignment model routing problem 
without a general formula for different pollutant types. 
(Y. Nie and Q. Li)[11] minimized the total monetary-
weighted travel cost of travel time, speed, fuel 
consumption, and emission. (J. Sun and H. X. Liu, 
2015) [12]incorporated a microscopic vehicle 
emission model into a Markov Decision Process 
(MDP) in an eco-routing model recognizing the effect 
of the traffic signals on the vehicle trajectory. But, they 
considered only the environmental cost as the decision 
variable in the model. 

The criticism of previous research works in eco-
routing optimization problem lead to the following: 
1. Most of developed methods use the emission as the 

individual decision variable that is minimized. This 
means searching for network optimum and not 
considering the user preference 

2. Some eco-routing models consider different costs 
and deals with the emission as constrain for the 
system and not a decision variable. 

3. Multi objective eco-routing models consider 
weighted average of different costs as the decision 

variable. This overemphasizes the criterion that is 
highly weighted neglecting the reduction in 
marginal utility for the system. 
This paper proposes a descriptive optimization 

method that addresses the urban traffic eco-routing 
problem. It supposes a system to minimize the total 
cost but considering the users benefit. This method 
incorporates a fuzzy decision optimization for the 
decision model. The model search for optima for the 
eco-routing problem by a trade-off between four travel 
cost. The four travel costs are the environmental cost, 
the user instinctive, traffic performance, and the user 
preference. This fuzzy trade-off overcomes the 
disadvantage of optimizing multi-objective weighting 
models.  

2. Network definition 

Let G (N, A) is the directed graph of the network 
with a set N of nodes and a set A of links. The problem 
is modeled as finding the optimal route from an origin 
node s∈N to a destination node d∈N where s ≠ d. If 
there are n possible routes between s and d, these 
routes are remarked as r1, r2, r3,…, rn. Each route r∈R 
where R is the set of all acyclic routes from s to d. Each 
r composes of successive arcs a∈A. These arcs are 
connected by nodes c∈N. Then, the router is 
represented as r (gr, a). If the number of arcs on the 
route r are m, then the set of the arcs a is expressed 
as{a1,a2,a3,…, am}. And the set gr⊂ Nis expressed as 
gr = {s, c1, c2,c3,…, cm-1,d}. In the eco routing 
problem, the optimal route is a rout r*∈R. 

In the routing problem in this paper, there are 4 
travel cost on each r ∈ R .They are, the environmental 
cost, the user incentive, traffic performance, and the 
user preference. The first and third cost represents the 
social cost while the second and fourth are related to 
the user benefit. The following parts show the 
mathematical formulation and notations used in each 
of them. 

3. Emission cost 

In the eco-routing problem, the focal point is on the 
environmentally related cost of travel. Seeing that the 
routing decision is determined on individual base and 
with a short time frame, the emission calculation 
should be estimated on a meso-scale. In which, the 
emission calculations of any vehicle on an arc is 
projected using the speed and acceleration over 
different segments of the arc. i.e. the vehicle 
trajectory.  
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The key element to an eco-routing problem in urban 
street network is estimating the vehicle trajectoriesIn 
urban traffic networks, the existence of traffic signals 
at intersection is a primary cause of change of vehicle 
trajectory. Assuming an intersection I∈N connecting 
between two arcs (a∈A) and (a +1∈A).  In order to 
capture the vehicle trajectory over a route r∈R, the 
driving statues of the routing vehicle will be estimated 
over different route segments. This estimation is based 
on some assumptions which are: 

1- The vehicle acceleration and deceleration rates are 
constant. 

2- The length of any arc a is sufficient to accelerate 
from zero speed to the arc average speed and also 
sufficient to decelerate from the average speed to 
zero speed. 

3- When the vehicle reached at non-signalized 
intersection I  N, the vehicle is assumed to pass the 
intersection with the average speed. 

Let the driving status is noted as Yz. At the signalized 
intersection the vehicle may experience one of the 
following two driving status. The first is the average 
speed driving (Y1). This status exists when the vehicle 
reaches the intersection I during the green phase.  It 
will pass the intersection with the average speed of the 
arc a. The second is the idling driving status (Y2). If 
the vehicle reached during the red phase, it will 
decelerate on the arc a to stop at the intersection I. In 
this case, on the following arc (a +1), the vehicle will 
accelerate again to the average speed of the arc (a +1) 
when the signal turns to the green light. 

On the other hand, the interruption effect of the traffic 
signal on a vehicle on an arc may transfer it to one of 
the following driving statuses: 

1. Decelerating (Y3):  this driving status exists on the 
arc if the vehicle is decelerating to stop at the 
intersection I because of the red light. For 
convenience, the distance required to full 
deceleration to zero speed on any arc a ∈ A is 
noted as lY3. 

2. Accelerating (Y4):  this happens if the vehicle is 
passing the intersection I after full idling at it. For 
convenience, the distance required to full 
deceleration to zero speed on any a ∈ A is noted 
as lY4. 

The value of lY3 andlY4 can be determined using the 
following equations: 

	                                                             (1)                 

	
∓

                                                            (2)                 

As the value of va,g, k, G are the arc average travel 
speed, acceleration of gravity, specific coefficient of 
friction between vehicles tires and the wearing surface 
of the road, and the road longitudinal gradient in 
decimal respectively. (k + G) is used if the arc has an 
upward gradient in lY3 formula and if the arc has a 
downward gradient in the lY4 formula. On contrary, (k 
- G)is used if the arc has a downward gradient in the 
lY3 formula and if the arc has an upward gradient in the 
lY4 formula.  

In fact, the average travel speed provision problem, 
especially on signalized arterials, is a challenging task 
because of the interrupted nature of urban traffic 
flows. It is not only dependent for the travel time, 
traffic flow and occupancy, but also ultimately 
affected by the signal timing and conflicting traffic 
from cross streets. With the help of traffic simulation, 
the average speed can be provisioned if the travel 
demand, vehicle occupancies, and the signal status are 
provided. To the best of our knowledge, positive 
achievements have been reached regarding this issue. 
The review illustrates that Bongsoo Son et al., (2005) 
[13] introduced average travel speed estimated by 
conventional technique for the signalized intersection 
networks.  

In the routing model, the arriving time at the 
intersection is vital for the driving status estimation 
and consequently, the vehicle trajectory appraisal. The 
reason is that if the time arriving at the intersection 
coincides with a red light phase of the traffic signal, 
the vehicle will decelerate and then idle at the 
intersection and finally accelerate again. Overall, it 
may be said that the vehicle will examine three driving 
status at the intersection (Y2, Y3, and Y4) instead of 
one driving status (Y1) in case of reaching the 
intersection at time of green phase. 

If it is denoted that the acceleration and deceleration 
rates are Xac and Xds respectively, the time needed for 
deceleration from va to zero (tY3) and for acceleration 
from zero speed to va( tY4) on any arc a is updated as: 

	                                                                   (3)                 

	                                                                   (4)                 
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and next, the travel time over the rest of the arc a is 
obtained by discounting lY3and lY4 from ta. To 
determine the exact arriving time at any intersection, 
first, the vehicle is assumed to move without 
interruption from the starting node of the arc (node c) 
at time Tc until it reaches the ending node of the arc 
(nodec+1)at time  .i.e., experiencing one 

driving status (Y1). Then, to determine the exact 
arriving time ( ∗ , a correction value Δ1 and Δ2 are 
add to Tc+1 according to the intersection type at c and 
(c+1)(signalized or not signalized) and according to 
coincidence of the arrival time with the green time 
interval or the red time interval [To, To+Tred] at the 
signalized intersection. Where To is the start time of 
the red phase and Tred is the signal red phase duration. 
The following equations update the values of Δ1, Δ2, 

and ∗ : 

∆ 	 	 	 	and
		
0																				

              (5) 

 

∆ 1 	 	 	 	and
		

0																																					

    (6) 

The exact arriving time ( ∗  is figured out by the 
formula: 

∗ 	 ∆ ∆                                            (7)                                                                                      

Along with Δ1 the value of Δ2 the vehicle driving status 
is resolved. If Δ1is zero, the vehicle will not examine 
an acceleration at the arc staring point c. i.e., it will 
pass the intersection at c with the average speed of the 
arc. Otherwise, it will accelerate. And if Δ2 is zero, the 
vehicle will not decelerate at the arc end point (c+1). 
i.e., it will pass the intersection at (c+1)with the 
average speed of the arc. Otherwise, it will decelerate. 
Figure. 1. Illustrates an example of the vehicle 
trajectory on a signalized route connecting a start node 
s and a destination d based on the driving status of 
different arcs where s ≠ d. 

The approach of estimating vehicular emissions is 
based on  the instantaneous emission model VT-Meso 
presented by Rakha et al., 2015 [14]. In which, modal 
model that estimates the vehicle fuel consumption and 
emission rates on a link-by-link basis has been 
proposed. The model assumptions are the same as for 
our assumptions regarding acceleration and 

decelerating with constant rates. And between 
acceleration and deceleration, VT-Meso assumes that 
a vehicle travels at a constant cruise speed which is 
noted in this c as the arc average speed (va). In fact, the 
cursing speed is equal to the average speed of the arc 
only if there are no stops, but in this study it is assumed 
that the cursing speed is equal to the average speed as 
an approximation. 

 
Figure 1: Example of vehicle trajectory on a route 
between two nodes 

VT-Meso obtains the overall emission rate of a 
pollutant by integrating the instantaneous hot 
stabilized emission rates provided by the microscopic 
emission model VT-Micro [15] over the entire 
duration of a driving status. The hot stabilized 
emissions rates(EFYz) of the pollutant i (HC, CO, NOx, 
or CO2) at any driving status Yz are computed by 
applying VT-Meso for two types of vehicles; light-
duty gasoline vehicles and trucks according to the 
following equations: 

, , , ,         (8)                

,                                                      (9)                 

                                                       (10) 

                                                       (11) 

Here, , , ,  are the pollutant i 
emission rate (mg/s) during average speed cursing, 
idling, decelerating, and accelerating respectively. 
d0,…,d6 and a0,…,a6, and ke

0,0,…,ke
3,0 are vehicle-

specific regression coefficients for the deceleration, 
acceleration, and cursing driving status respectively. 
The average speed of the arc (va) in these equations is 
used in (km/h) units. In computing the entire emissions 
routing over a route r based on the request of an origin 
s and destination d pair, the rates given by former 
equations are then multiplied by the total duration of 
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the status. Then, over the route r∈R, the total emitted 
amount of pollutant i( ) (mg) is figured out as: 

	 ∑ ∑ 	∈	∈
∑ 									∀	 ∈ 	, ∀ ∈ 1,3,4	∈            (12) 

Finally, the emission optimality   ration is the 
ration between  and the maximum allowable 
amount of pollutant during any trip that is 
determined by specification and environmental laws in 
the area.  

												∀	 	 ∈                             (13)    

4. User incentive 

The user’s decision for the routing problem is based 
on individual preferences while choosing the travel 
route. From the user’s standpoint, the travel time is the 
solely crucial decision variable to determine a route 
for the trip. The user equilibrium mechanism does not 
care for the social benefit trough the emission 
reduction. Route with the shortest travel time is the 
outstanding for the user. In order to promote the users 
to shift to the eco-rout, other dimension should be 
incorporated to incentive the user. If the eco-rout is 
consuming less fuel, the user will go for it by virtue of 
saving money. 

To form this incentive problem, a fuel consumption 
discount award system is used as a mean of 
encouraging. Initially, the fuel consumption rate in any 
driving status (FCYz) (L/s) Yz can be estimated using 
the VT-Meso model. It applies the same forms of the 
emission factor equations but uses the fuel 
consumption vehicle-specific regression coefficients 
for the deceleration, acceleration, and cursing driving 
status. Next, over the route r∈R, the total amount of 
fuel consumed by the routing vehicle   is 
computed using the following form: 

	 ∑ ∑ 	∈	∈
∑ 												∀ 	 ∈ 	 	,					∀ ∈ 1,3,4	∈	     (14) 

In light of this, a fuel consumption optimality indicator 
θ(r) is introduced to assess the quality of the economic 
incentive on the route r. θ(r) is calculated as: 

	 	
		 	

										∀	 	 ∈                         (15)                                                              

where minFuel is the fuel consumption on the optimal 
route from s to d when considering only the travel time 
as the decision variable. For example, if θ(r) = 0.3, 

then the economic cost of fuel consumed on the eco 
route r is 70% less than that amount consumed if 
traveled on the optimal route from s to d when 
considering only the travel time as the decision 
variable. 

5. Traffic performance 

In order to consider the traffic performance criteria 
during the rout guidance decision, a traffic model is 
presented in this section. In which the focus is on the 
traffic density which is used as a convenient 
performance indicator of the stream. In this research, 
balancing the traffic densities on all available routes is 
approved to consider the traffic performance. This is 
in order to reduce the traffic congestions over the 
network. Handling the travel speed of the arc a, the 
traffic density ρa can simply be updated using 
Greenshields model [16] shown in the following 
equation: 

	 	 1 	                                              (16)                 

where vf and ρa max are the average speed and the jam 
density of the arc a.  Next, the traffic load (H (r)) 
indicator is used as the traffic density factor. It can be 
estimated by measuring the ratio between the average 
of all traffic density of a ∈ r and the average of all 
maximum traffic densities of a ∈ r. This is formed by 
the following equation: 

	 	 																							∀				 	 	                      (17)                   

Higher values of H indicate worse traffic situation as 
the route r tends to be saturated. 

6. User preference 

Given that a user will use the route r, the predicted 
time cost for traveling on this path is estimated 
using the calculated exact arriving time at the 
destination d ∗ , and the routing start time at the 
origin node s  as follow: 

	 ∗ 	 ∀				 	 	                                       (18)                 

The routing model in this research tries to decrease the 
user dissatisfaction in terms of the travel time cost. 
The user is not satisfied with the travel time of the trip 
if it is longer than his or her anticipated travel time on 
the route. The dissatisfaction function can be 
expressed as follows: 
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			0																																			 	
			1																																			 	

	
																			 		

∀				 	 	 		     (19) 

Depending on the user’s expected travel time (I), this 
model illustrates that during traveling from s to 
d(where s ≠ d), if I is higher than or equals the actual 
time cost on the router, the user will have the 
highest fulfillment level and the dissatisfaction 
function will take the value of 0. If the user’s highest 
expected time cost (J) is smaller than the actual time 
cost, the user will be highly dissatisfied by traveling 
on this route. Thus, the fulfillment function will be 
zeroed.  

7. Decision model 

7.1. Fuzzy routing optimization formation 
In the routing field, combining and weighting multiple 
criteria that is used to generate alternate routes is very 
important since the weighting process may totally 
change the optimality of the path. It is a multiple 
optimization problem with time-dependent route cost.  
Finding the efficient path have been widely estimated 
form minimizing linear combinations of different 
criteria. Although it is an easy weighting method to 
compute the optimal route, but it overemphasizes the 
criteria that is weighted most. In other words, the 
linear combination of the decision criteria tends to 
ignore the reduction in marginal utility since it always 
underlines the most weighted criterion [17].  

Yager (1978) [18] introduced a fuzzy decision 
optimization model for the multi objective 
optimization with including differing degrees of 
importance to different objectives. i.e., involving the 
absence of sharply defined criteria. For instance, if the 
negotiation is between the travel time and travel 
distance only and minimizing the travel time is 
weighted higher than the travel distance, it is not logic 
to drive twice the distance to save 7 seconds of travel 
time that are needed to be on the optimal route even if 
minimizing the travel time is the major criterion. This 
fuzzy optimization argument situation is the classical 
problem of maximization of the minimums which is 
formed by Yager (1978)[18] as fuzzy optimization 
model. In the eco-routing model in this research, it can 
be formed as: 

∗ 	 Maximize
∈

                                    (20)                                                                                   

r* is determined by optimizing the fuzzy decision 
variable D. In which, non-negative number represents 
the weights criterion is defined. Each criterion is raised 
to this weight as a power before combining in the 

decision variable. These weights are determined based 
on the views of a group of experts in social and 
transportation planning field in addition to decision 
makers. In the routing model in this research, the 
weights are ω1, ω2, ω3, 

andω4for , , ,	and  respectively. 
And in this case is formed as: 

min
∈

, 	, ,  (21) 

The two previous formulas illustrates that the optimal 
route is chosen be the following sequence: 

1. For each route r, determine which travel cost that 
this route r minimizes its powered value. 

2. Form a set of all minimum powered values that is 
minimized by each route. 

3. The optimal solution is the route that has the 
maximum value from the formed set. 

7.2. Illustrative example 
Searching the eco-route between s and d. Assume 
that			 	, 	, . The environmental cost, the 
user instinctive, traffic performance, and the user 
preference are as shown in Table 6-5. ω1, ω2, ω3, and 
ω4 are 3, 0.3, 2, and 0.9 in order. From the table,  
is formed as:  

	 	 0.008		 , 0.09		 , 0.001                       (22)                    

and the optimal eco-route is the route r2. 

 
 
 
 

Table 1. Results of the example for the fuzzy eco-routing decision 
model 

Route 

r1 0.2 0.8 0.8 0.7 0.008 0.94 

r2 0.6 0.4 0.3 0.5 0.216 0.76 

r3 0.1 0.9 0.7 0.6 0.001 0.99 

 
 

Route   

r1 0.64 0.73 

r2 0.09 0.54 

r3 0.49 0.63 
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8. Conclusions 

This paper introduced an eco-routing guidance model 
for vehicles on urban street networks. With concern to 
different travel cost on the routes, the model 
considered 4 costs; the environmental cost, the user 
instinctive, traffic performance, and the user 
preference. This is in order to search for a social 
optimum routing solution. The emission cost model is 
formed standing of the VT-Meso emission model 
which considers different pollutants emission during 
different driving status. The effect of flow interruption 
caused by the signalized intersection is considered by 
comparing the exact calculated arriving time at the 
intersection with the phase status of the traffic signal 
at the intersection. As a mean to encourage users to 
follow the eco-routing advice, an incentive 
representing the fuel consumption discount indicator 
is involved in the decision variable. The traffic 
performance of the network is also considered. Traffic 
density ratio is minimized trough all allowable routes 
from the origin to the destination. Also, the user 
dissatisfaction is minimized trough considering 
minimizing a travel time dissatisfaction function. For 
optimizing the decision variable, a fuzzy decision 
optimization is introduced to overcome shortcomings 
of the linear weighting combination which tends to 
ignore the reduction in marginal utility since it always 
underlines the most weighted criterion. The fuzzy 
multi objective optimization is formed as 
maximization of the minimums of the travel costs. 
With involving the absence of emphasize sharply 
defined criteria. Finally, and illustration example is 
introduced to explain the application of the eco-
routing optimization model. 
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