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Motor vehicles are one of the major contributors to greenhouse gas emission inventories. Previous studies have revealed 
that unnecessary acceleration and hard braking in response to sudden changes of traffic signals cause a significant 
amount of wasted energy and increased emissions. Altering a driver’s behavior can potentially contribute to the 
reductions of vehicle energy/emissions. This paper proposes an advanced driving alert system that provides traffic 
signal status information to help drivers avoid hard braking at intersections, defines a method for evaluating vehicle 
energy consumption and emissions at intersections, and investigates the potential benefits of such system. 

Keywords: arterials, traffic information, wireless communication, energy, emissions 

1. Introduction 

Reducing fuel consumption and associated 
greenhouse gas (GHG) emissions—particularly carbon 
dioxide (CO2)—from motor vehicles has been one of the 
important goals for a variety of sustainable 
transportation programs. In order to achieve this goal, 
vehicle manufacturers are looking to produce more 
energy-efficient vehicles by: 1) using lighter and 
stronger materials, while maintaining safety; 2) 
increasing overall power train efficiency; and 3) 
developing alternative technologies such as hybrid and 
fuel-cell vehicles. Further, transportation policy makers 
are pushing to increase the use of carbon-neutral 
alternative fuels (see e.g. [1]). Many carbon-neutral 
options exist such as biofuels (e.g. ethanol, biodiesel) 
and synthetic fuels (coupled with carbon capture and 
storage). 

In addition, vehicle fuel consumption and CO2

emissions can be lowered by improving traffic 
operations through the use of various intelligent 
transportation system (ITS) technologies. ITS 
technology generally aims at improving traffic safety 
and/or reducing travel delays. However, there can be 
profound energy and environmental benefits by 
introducing different ITS technologies; especially those 
that help reduce traffic congestion while at the same time 
smooth traffic flow. For freeway traffic, example 
applications include: 1) ramp metering, which prevents 
flow breakdown in mainline as a result of the surge from 
merging traffic; 2) variable speed limits, which advises 
optimal speed limit to drivers when traffic is congested; 
and 3) advanced traveler information systems (e.g. 

variable message signs), which divert traffic from a 
congested route to alternative routes. For surface street 
traffic, there are a variety of other strategies such as 
signal progression and adaptive signal control, which are 
designed primarily for the reduction of delays at 
signalized intersections. This paper focuses on providing 
drivers with advanced signal status information 
specifically for energy and emissions reduction.  

1.1. Background 

Unlike freeway traffic, surface street traffic suffers 
from increased travel delays, wasted fuel, and increased 
emissions at traffic signals where vehicles have to 
decelerate to a full stop, idle, and then accelerate back to 
a desired speed. Many empirical studies have shown 
positive relationships between vehicle energy/emissions 
and delays caused by traffic signal controls, e.g. [2, 3]. 
Therefore, past research has focused on improving signal 
timing and coordination of signalized intersections in 
corridors, and evaluating their impact on vehicle delays, 
fuel consumption, and emissions [4]. For example, 
several studies have been conducted that investigate the 
design of signal timing plans at isolated intersections to 
minimize fuel consumption and carbon dioxide emission 
rather than vehicle delays [5, 6]. Alternatively, Li et al. 
[7] define a performance index function that combines 
vehicle delay, fuel consumption, and emissions, and use 
this function in the optimization of signal timing design. 
Additional reductions of vehicle delay, fuel consumption, 
and emissions at signalized intersections may potentially 
be obtained through the use of advanced applications 

International Journal of ITS Research, Vol. 7, No. 1, June 2009

49



Traffic Energy and Emission Reductions at Signalized Intersections: A Study of the Benefits of Advanced Driver Information 

such as real-time adaptive signal control [8] and 
coordinated actuated signal control systems [9]. 

In addition to the aforementioned technologies that 
target the traffic stream in general, there are also several 
in-vehicle technologies, such as environmentally-
friendly navigation [10] and dynamic eco-driving 
systems [11], which can assist individual drivers in 
further reducing fuel consumption and emissions from 
their trips. These in-vehicle technologies generally 
provide the drivers with information (e.g. route, 
recommended speed, etc.) customized to the 
characteristics and situations of the individual vehicle. 
Such technologies have been shown to be effective and 
readily accepted by the public since they allow drivers to 
be more involved in reducing their own environmental 
footprint (for instance, fuel economy feedback in hybrid-
electric vehicles is very popular). 

With new communication capabilities between 
vehicles and roadside infrastructure enabled by Vehicle 
Infrastructure Integration (VII) technologies, additional 
information may be provided to drivers in order to 
improve their travel quality. One valuable data stream is 
traffic signal status (TSS) information from traffic signal 
controllers. In one specific application, TSS information 
can alert drivers to slow down some distance away from 
an intersection when there is little or no chance of 
passing through the intersection before the signal turns to 
red. This can prevent the drivers from unnecessary 
cruising/accelerating while approaching the intersection 
and having to apply hard braking near the stop line. 
Therefore, it can reduce fuel consumption and emissions. 

1.2. Benefits of Driving Alert Based on Real-
Time Traffic Signal Status Information 

At signalized intersections, a driver sometimes has to 
make a decision on whether to proceed or stop at the 
yellow onset based on the estimated time-to-arrival at the 
intersection. Often, the driver finds that he/she will not 
be able to get through an intersection before the signal 
turns to red and has to apply hard braking. Driver 
behavior in this so called “dilemma zone” has significant 
safety implications and has received considerable 
attention in traffic safety research, e.g. [12, 13]. One 
approach for improving safety related to the dilemma 
zone is referred to as “dilemma control”. The main idea 
of such a control is to switch off the green phase when 
there is no vehicle in the dilemma zone [14]. 

It can be argued that the application of unnecessary 
hard braking is essentially a rapid release of energy that 
was built up by accelerating and maintaining a constant 
cruise speed prior to the braking event. In other words, it 
is a waste of the vehicle’s kinetic energy, transformed 
into heat through braking. We consider this maneuver as 
Case 1, with the velocity trajectory illustrated in Figure 1. 

On the other hand, if the driver has TSS information 
in advance, and realizes that the residual time of the 
current signal phase will not allow for passage through 

the intersection, the driver would most likely release the 
throttle and let the vehicle slowly cruise to a stop. We 
consider this maneuver as Case 2. These two speed 
trajectories will result in small differences in energy 
consumption and emissions, simply because the driver in 
Case 1 maintains their cruise speed for a longer period of 
time before the sudden braking. Although the 
energy/emissions savings in Case 2 may be small for 
each occurrence of individual vehicles at each signal 
cycle, the cumulative savings of a number of 
occurrences can be large for multiple vehicles over 
multiple cycles. 

Figure 1. Vehicle trajectories with and without TSS 
information 

In addition to the benefits of reducing vehicle fuel 
consumption and emissions, the TSS information may be 
able to provide safety co-benefits by reducing the 
likelihood of red light running (RLR, see [15]). In the 
United States, RLR causes more than 200,000 crashes 
per year, causing 940 deaths and 188,000 injuries. RLR 
crashes account for approximately 30% of all fatal 
crashes and 20% of all injury crashes at signalized 
intersections [15]. Further, it was found that a large 
percentage of drivers facing the yellow signal are caught 
in a dilemma zone due to high approaching speeds and 
exercise aggressive behavior [12]. The TSS information, 
if designed conservatively enough, can warn the driver 
of the unlikelihood of passing through the intersection 
with an allowable safe speed prior to entering a dilemma 
zone, thereby reducing the chances of the vehicle 
running the red light. 

2. Advanced Driving Alert System (ADAS) 

When the TSS information becomes available to 
instrumented vehicles through communications enabled 
by VII, the predicted red onset warning can be processed 
in conjunction with the vehicle’s estimated travel time to 
intersections. An advisory alert can be given to drivers to 
inform them that they are unlikely to be able to pass 
safely through the intersection under normal conditions. 
This information allows drivers to release the throttle 
earlier and decelerate to the stop bar or to the back of a 
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queue with a gentler deceleration. Note that although not 
all vehicles will receive this information, the following 
vehicles will likely have to decelerate in a similar 
manner as the leading vehicles. Thus, larger benefits of 
emissions reductions and safety can be achieved even 
when a relatively small percentage of vehicles are 
instrumented to receive the TSS information. 

Conceptually, the advanced driver information system 
uses a signal’s time-to-red information (TTR) and the 
estimated travel time to an intersection as the basis for 
the advisory decisions. TTR is communicated to all 
instrumented vehicles as soon as the signal turns to green. 
The on-board vehicle system compares the signal’s TTR
with the estimated travel time to intersection and decides 
whether to issue the alert. Assume that the vehicle is at 
distance d to the far end of the intersection traveling at 
speed v.  We define the followings: ����� is the instantaneous speed of vehicle k, at time step 
t; ��� ��� represents the distance to intersection j for vehicle 
k, at time step t; ���� ��� is the estimated travel time to intersection j for 
vehicle k at time step t; �  is the threshold value indicating the probability of 
vehicle not being able to pass through the intersection; 		
���� is the time-to-red for intersection j at time step t. 

In order to simplify the problem, we focus on the 
instances when vehicles are traveling at approximately 
the speed limit. The estimated travel time to intersection 
j is modeled by: 

����  ��� � �� ����������
where we assume that the vehicle population 

traveling between two intersections predominantly 
travels at a constant speed ����� with variance � which 
is caused by mild acceleration/decelerations. We also 
assume that the variance � follows a normal distribution, 
i.e. �~��0, ���  or ����� � �~�������, ��� . 
Theoretically, �  can be time varying, i.e. ����~��0, ������ , because drivers’ 
awareness/responses to signals vary when they are 
approaching intersections.  

Given the normally distributed variance on speed and 
the current speed and distance to the downstream 
intersection, the probability of a vehicle being able to 
travel through intersection j before red is: 
  

� �0 � ���� ��� � 		
����� � �  0 � ��� �������� � � � 		
����!
� �  � " ��� ���		
���� # �����!
� 1√2'� ( )*+ ,# *�2��- �*�

.
� 1√' ( )/01�

2 �3�
where: 4 � ��� ���/		
���� # ����� and 6 � 7��� ���/		
���� #�����8/√2�

When 1 # � �0 � ���� ��� � 		
����� is greater than 

a threshold �, the vehicle is determined not able to travel 
through the intersection. Therefore, the driver will be 
given an alert to prepare for a stop due to the expected 
red signal downstream. The threshold � will be selected 
to be high enough to minimize the number of false alerts. 
This is important for gaining the driver’s confidence in 
the system. The threshold can also be designed to be 
adaptive so that if a driver intends to use the TSS 
information to beat the signal, � will be further increased 
to guarantee that the driver will not be able to go through 
the intersection even if he/she accelerates or the advisory 
system is turned off. 

3. Comprehensive Modal Emission Model  

In order to accurately assess the energy and emissions 
impact, we make use of the Comprehensive Modal 
Emissions Model (CMEM) [16, 17]. CMEM is a 
microscopic emissions model that has been developed at 
the University of California, Riverside. It is capable of 
predicting second-by-second fuel consumption and 
tailpipe emissions of carbon dioxide (CO2), carbon 
monoxide (CO), hydrocarbons (HC), and nitrogen oxides 
(NOx) based on different modal operations from an in-
use vehicle fleet. In the modeling approach of CMEM, 
the entire fuel consumption and emissions process is 
broken down into components that correspond to 
physical phenomena associated with vehicle operation 
and emissions production, as briefly described below. 

It is well known that speed and acceleration have a 
large impact on a vehicle’s fuel economy and tailpipe 
emissions (both pollutant and GHG emissions). In turn, 
speed and acceleration are the primary variables that 
determine the power requirements necessary for specific 
driving maneuvers. Generally, the total tractive power 
requirement (in kilowatts) placed on a vehicle (at the 
wheels) is given in simplest form as [16, 17]: 

��9:;�<�= � >1000 · @�A � B · CDEF� � �> · B · G9 � H2· @� · I · G:� · @1000
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where M is the vehicle mass (kg), V is the vehicle 
velocity (meters/second), a is the vehicle acceleration 
(meters/s2), B  is the gravitational constant (9.81 
meters/s2), θ is the road grade angle, Cr is the rolling 
resistance coefficient, ρ is the mass density of air (1.225 
kg/meter3, depending on temperature and altitude), A is 
the vehicle cross sectional area (meter2), and Ca is the 
aerodynamic drag coefficient. To translate this tractive 
power requirement to a demanded engine power 
requirement, the following simple relationship can be 
used as a first order approximation: 

�=JK<J= � ��9:;�<�=L�M � �:;;=NNO9<=N
where L�M is the combined efficiency of the transmission 
and final drive, and Paccessories is the engine power 
demand associated with the operation of accessories, 
such as air conditioning, power steering and brakes, and 
electrical loads. In the final model, Paccessories may be 

modeled as a function of engine speed, and ηtf can be 
modeled in terms of engine speed and Ptractive. The 
power requirement on the engine Pengine is directly 
related to fuel consumption rate: 

�P�� Q R�S · � · T � �=JK<J=L=JK<J=�
where k is the engine friction factor (it represents the 

fuel energy used at zero power output to overcome 
engine friction per engine revolution and unit of engine 
displacement), N is engine speed, D is engine 
displacement, and L=JK<J=  is a measure of indicated 
engine efficiency. This equation is simple but fairly 
accurate in determining the fuel use rate (in kilowatts). 

Based on the power requirement and related fuel 
consumption, tailpipe emissions of CO2, CO, HC, and 
NOx can be estimated as: 

UVDCCDWEC�:<XY<Y= � P
 · B=Z<NN<OJBM[=X · G�P
where FR is fuel use rate in grams/s. The middle term is 
the engine-out emission index in grams of engine-out 
emissions per gram of fuel consumed. CPF is the 
catalyst pass fraction, which is defined as the ratio of 
tailpipe to engine-out emissions. CPF usually is 
primarily a function of fuel/air ratio and engine-out 
emissions. 

Each component of CMEM is modeled as an 
analytical representation consisting of various 
parameters that are characteristic of the process. These 
parameters vary according to vehicle type, engine, 
emission control technology, and level of deterioration. 
The initial versions of CMEM contain a model database 

for 23 light-duty vehicle/technology categories. With the 
constant additions of new vehicle/technology categories 
into the model database [18, 19], the current version of 
CMEM includes 28 light-duty vehicle/technology 
categories and three heavy-duty vehicle/technology 
categories. 

CMEM has been developed primarily for microscale 
transportation models that typically produce second-by-
second vehicle trajectories (location, velocity, and 
acceleration). These vehicle trajectories can be applied 
directly to the model, resulting in both individual and 
aggregate energy/emissions estimates. Alternatively, 
CMEM has also been integrated with the state-of-the-art 
traffic simulation model PARAMICS through the use of 
an Application Programming Interface (API). The 
integrated modeling tool has been used in a variety of 
ITS and transportation control measure evaluations [20, 
21], and is used in the analyses described in Sections 5 
and 6. 

4. Energy/Emissions at Intersections 

A generic method to analyze the effect of intersection 
influence on vehicle energy and emissions is essential 
for evaluating or optimizing the effectiveness of traffic 
signal control systems or driver information systems at 
intersections. To date, such a method does not exist. 

In order to quantify the intersection influence, we first 
identify the boundary of the influenced area, i.e., the 
entry and exit. When traffic is under-saturated, 
decelerate-idle-accelerate and decelerate-accelerate (no 
idle) sequences would be expected to occur in the 
vicinity of intersections when the traffic signal is red. On 
the other hand, a quasi-steady cruise operation would be 
expected through “green light” intersections and in 
between intersections. When traffic is over-saturated, the 
influenced area could stretch to the entire link between 
intersections, where vehicles might experience stop-and-
go conditions all the time.  

TSS warning information will likely have its largest 
benefit during under-saturated traffic conditions. During 
these conditions, we further categorize the driving
behaviors prior to the intersection into the following 
three basic scenarios, which are also depicted in Figure 
2: 

1. Scenario 1: The vehicle receives a green light and 
travels through the intersection at a constant 
cruising speed, shown as vehicle 1 in Figure 2. 
This scenario is equivalent to the vehicle cruising 
along a corridor without traffic signal controls. 

2. Scenario 2: The vehicle travels at cruising speed 
when entering the dilemma zone. Without a 
warning, the driver applies hard braking in order to 
stop at the intersection, shown as vehicle 2 in 
Figure 2. 

3. Scenario 3: The vehicle, which is equipped with 
the advanced driving alert system, receives a TSS 
warning well in advance of entering the dilemma 
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zone. The driver takes his/her foot off the pedal 
and lets the vehicle decelerate gently to a complete 
stop, shown as vehicle 3 in Figure 2. 

Figure 2. Driving behaviors prior to a signalized 
intersection 

In order to analyze the vehicle energy/emissions 
associated with the traffic signal at the downstream 
intersection for these three basic scenarios, we simply 
define the analysis boundary as the distance from the 
maximum range of VII communication (r) on the 
approach link to the point where the vehicles 
successfully accelerate back to a desirable cruise speed 
on the departure link. This is shown in Figure 2. It is 
expected that the vehicle energy/emissions for the three 
scenarios will be different. Certainly, vehicle 1 will 
consume the least amount of energy and produce the 
least amount of emissions as it does not have to stop and 
idle at the intersection. In comparison with vehicles 3, 
vehicle 2 is likely to consume more fuel and produce 
more emissions. 

As described by the CMEM model, instantaneous 
speed and acceleration are the two major dynamic 
factors that contribute to the energy/emission rates for a 
given vehicle in a particular driving circumstance. In the 
real world, vehicle driving patterns may not be as simple 
as what is illustrated in Figure 2, and the analysis 
boundary for these vehicles will likely be variable. Thus, 
a microscopic method has been set up to identify the 
intersection influence. This method sets a hybrid time 

boundary of instantaneous speed tv and acceleration rate 

ta , as shown below: 

�=J�90 � �, D\ ]��/^ _ @;9[<N=/  AE� A�/^ ` I��� � @;9[<N=/  Wa A� " I� b
�=c<� � �, D\ d��/^ _ @;9[<N=�  Wa A�/^ ` I/�� " @;9[<N=�  AE� A� � I/ b

where: �=J�90 and �=c<� are the entry and exit times 
for the intersection influenced area; T is the time gap 
between two vehicle data updates (e.g., 1 second or 5 

seconds); @eafDC)#
 and @eafDC)�

 are the lower and upper 

bounds of the cruising speed; and 
−A  and 

+A  are the 
lower and upper bounds of the acceleration rate. 

The intersection-influenced energy/emissions should 
be made relative to a base scenario (i.e., vehicle 1 in 
Figure 2), which expects vehicles to cruise through 
intersections under green-light conditions. In the 
microscopic method presented above, the entry and exit 
times are dynamic terms. In other words, the 
intersection-influenced distances are different among 
vehicles. Therefore, UU�< , the intersection-influenced 
energy/emissions for vehicle j at intersection i, is the 
cumulative energy/emissions from the entry point to the 

exit point excluding UU�,<;9[<N= · g �������hijk�hlkmn , which is 

the energy/emissions for cruising only from �=J�90 to �=c<� , such as vehicle 1 in Figure 2. 

UU�< � ( ))�<������hijk
�hlkmn # UU�,<;9[<N= · ( �������hijk

�hlkmn

5. Parametric Evaluation 

To quantify the energy/emission differences, we 
create a series of hypothetical vehicle trajectories (i.e. 
second-by-second speed profiles) corresponding to each 
of the three scenarios described earlier. The space-time 
diagram of these vehicle trajectories is shown in Figure 3. 
Given that the distance of the analysis boundary is 
approximately 585 meters, vehicle 1 spends 33 seconds 
to cruise over such distance with a speed of 64 km/h. 
Because both vehicles 2 and 3 have to stop on red at the 
intersection, they spend the same amount of time (i.e. 
120 seconds) to travel across the analysis boundary. 
However, vehicle 2 reaches the intersection earlier; and 
thus, spends longer time idling at the intersection (i.e. 75 
seconds vs. 70 seconds). Because constant speed and 
acceleration rate are considered in the hypothetical case,  tpqrst and tpuvr are simply the speed differential points as 
shown in Figure 3. 

Figure 3. Space-time diagram of vehicle trajectories 
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All three trajectories are used as inputs for the 
CMEM model to calculate the associated 
energy/emissions. The calculation is performed for two 
vehicle categories in CMEM: 1) LDV24, which is a tier 
1 light-duty vehicle (LDV) with mileage more than 
100,000 (e.g. passenger cars), and 2) LDV17, which is a 
tier 1 light-duty truck with a loaded vehicle weight of 
3,751-5,750 lbs (e.g. pick-ups, sport utility vehicles). 
These two CMEM vehicle categories represent the 
largest proportion in the 2005 fleet mix of Riverside 
County, California [21]. 

The calculated energy/emissions are summarized in 
Table 1. Two types of comparisons are presented. The 
first one is the differences in energy/emissions between 
vehicles 2 and 3 (i.e. the row “% 3 vs. 2”). The second 
one is the relative differences in energy/emissions 
between vehicles 2 and 3 after subtracting 
energy/emissions for vehicle 1 (i.e. the row “% (3-1) vs. 
(2-1)”). This approach of comparison corresponds to the 
method to evaluate the intersection-influenced 

energy/emissions UU�< discussed in Section 4. 
According to Table 1, the ADAS can help reduce 

intersection-influenced fuel consumption by 14% for 
LDV24 and 12% for LDV17. It can also help reduce 
intersection-influenced CO2 emissions by the same order. 
These amounts of energy/emission reductions can be 
regarded as an upper bound for this analysis boundary as 
the driver of the vehicle equipped with ADAS takes 
his/her foot off the pedal as soon as entering the DSRC 
range. In cases where an alert is issued seconds after the 
vehicle has entered the DSRC range depending on the 
signal status, the energy/emission reductions will be 
lower. It is also important to note that the 
energy/emission reductions shown in Table 1 are based 
on the specific vehicle trajectories used in the evaluation. 
The energy/emission estimates will vary for different 
vehicle trajectories and different vehicle categories. 

Table 1. Summary of energy/emissions results (grams) 

LDV24 LDV17
Fuel CO2 Fuel CO2

Vehicle 1 27.8 87.5 35.0 110.7
Vehicle 2 70.6 222.4 93.2 294.8
Vehicle 3 64.5 203.1 86.0 272.0
% 3 vs 2 -8.7 -8.7 -7.7 -7.7

(2-1) 42.9 134.9 58.2 184.0
(3-1) 36.7 115.6 51.0 161.3

% (3-1) vs (2-1) -14.3 -14.3 -12.4 -12.4

6. Simulation Evaluation 

In the previous section, we have shown that the 
advanced driving alert system can provide significant 
vehicle energy/emissions reductions for a hypothetical 
vehicle at an intersection. In this section, we present the 
evaluation of the “traffic” energy/emission reductions of 
the ADAS in a simulation environment. Under this 
setting, a group of vehicles can be simultaneously 

simulated so that the impact of the ADAS on multiple 
vehicles can be evaluated. The following setup is used in 
our simulation: 

• Software: We use PARAMICS, which is high-
fidelity microscopic traffic simulation software 
[22]. One of the key advantages of PARAMICS 
is that it has an open architecture for integrating 
plug-in modules to perform specific simulation 
functions through an API. A plug-in for the 
ADAS is created and used to adjust vehicle 
trajectories. We also use the CMEM plug-in for 
the energy/emissions calculations. 

• Network: The simulation network contains two 
successive signalized intersections as shown in 
Figure 4. The length of the approach link for the 
first intersection is about 1,900 meters. The 
length of the link between the two intersections is 
about 2,000 meters.  The length of the departure 
link for the last intersection is 600 meters. Each 
of the links has three lanes. The approach links 
include two through lanes plus one shared lane.

• Traffic signal: The traffic signal is a fixed-time 
control with the cycle length of 120 seconds. The 
offset between the first and the second traffic 
signals is 30 seconds. The amber time is 3 
seconds along the main street.

• Vehicle demand: We perform simulation runs 
with six levels of vehicle demand, as determined 
based on volume-to-capacity (v/c) ratio. The six 
v/c ratios include 0.25, 0.5, 0.6, 0.7, 0.8, and 0.85.

• Vehicle fleet mix: In order to be consistent with 
Section 5, we use only two types of vehicles in 
the simulation, i.e. LDV24 and LDV17, with a 
50:50 split. 

• Dynamic parameters: The speed limit on all links 
is set to 60 km/h, and the crawl speed (without 
stepping on the pedal) is assumed to be 8.1 km/h. 
For simplicity, we also assume that vehicles 
decelerate at the rate of 0.224 m/s2 when the 
pedal is released, and 4.5 m/s2 when applying 
hard braking (maximum deceleration of those 
two types of vehicles in PARAMICS). �=J�90
and �=c<�  for each vehicle can be calculated 
based on its instant velocity and acceleration. 

      Traffic Energy and Emission Reductions at Signalized Intersections: A Study of the Benefits of Advanced Driver Information

54



International Journal of ITS Research, Vol. 1, No. 1, December 2003 

Figure 4. Simulation network in PARAMICS

In the simulation study, we set the maximum range of 
the VII communication (r) to be 300 meters, which is a 
typical range found for current dedicated short-range 
communication (DSRC) transmitters. This means that 
vehicles with the ADAS will only receive TSS 
information within 300 meters range of an intersection. 
It is expected that a longer DSRC range would allow 
drivers to adjust their driving behaviors sooner, which 
might result in even higher energy/emissions benefits. 
Further research can be done by varying such range and 
evaluating the associated benefits accordingly. 

Once a vehicle is within the range of DSRC, the 
stopping probability for red signal is calculated using the 
formula in section 2. When the stopping probability is 
higher than a threshold �, an ADAS alert will be sent to 
the vehicle. A set of threshold vales have been chosen 
for pre-test. 0.7 is selected for the rest of simulation runs 
due to better energy/emission results. 

Only one direction of traffic is simulated. For each 
level of vehicle demand, the vehicles are released evenly 
across the first four 15-minute intervals of a one and a 
half hour simulation period. All vehicles are allowed to 
complete their trips along the simulated corridor and 
their corresponding fuel consumption and pollutant 
emissions are calculated for each link. 

Two scenarios are simulated: 1) assume that all 
vehicles do not have the ADAS, and 2) assume that all 
vehicles have the ADAS (i.e. 100% technology 
penetration rate). For each scenario, the 
energy/emissions of each vehicle is calculated and 
aggregated over the DSRC range of the second approach 
link and then normalized by the number of vehicles. To 
be consistent with the evaluation method in Section 4, 
the results summarized in Table 2 are obtained by 
subtracting the emissions of the baseline trip, i.e. none 
stop trip (vehicle 1 in Figure 2.). It is noted that we did a 
few simplifications in the simulation study. First, we 
calculated the energy/emissions over  the intersection-
influenced range of the approach link without 
considering the energy/emissions along the departure 
link. Second, we simplified how drivers respond and 

behave after receiving alerts in scenario 2 and assigned 
all vehicles to respond and apply a constant deceleration 
at the time when TSS is issued. On the other hand, the 
benefits of TSS can extend to the vehicles following the 
ADAS-instrumented vehicles even if they are not 
instrumented with ADAS, as the following vehicles will 
have to adjust their speeds according to those of the 
ADAS-instrumented vehicles.    

According to Table 2, the vehicles with ADAS 
consume less energy and produce less CO2 emissions at 
all levels of congestion. Figure 5 plots the percent 
reductions in fuel consumption and CO2 emissions under 
different levels of vehicle demand. As shown in the 
figure, when the vehicle demand is low, e.g. v/c = 0.25, 
the fuel consumption and CO2 emissions per vehicle can 
be reduced by about 1% and 4%, respectively. As the 
vehicle demand increases, fuel consumption can be 
saved by as much as 8% per trip, and CO2 emissions can 
be reduced by about 7% in the case of v/c = 0.7, which is 
the peak for both energy and CO2 emission reductions. 
This suggests that as traffic volume increases, more and 
more vehicles benefit from the ADAS. However, when 
the traffic volume is approaching the roadway capacity, 
vehicle queues start to form and propagate. These queues 
take up the space in the intersection-influenced areas; 
and thus, even the non-instrumented vehicles will have 
to slow down earlier. Therefore, the benefits of energy 
savings and emission reductions are compromised. 
However, it is noted that microscopic simulation 
software might not be able to accurately simulate the 
driver behaviors when traffic is close to or over 
saturation.  

Figure 5. Reductions in energy/CO2 emissions 
under different levels of vehicle demand 

Table 2. Summary of normalized traffic 
energy/emissions results within DSRC range (grams/veh) 

Scenario Without alert system With alert system 
v/c Fuel CO2 Fuel CO2

0.25 19.6 58.8 19.4 56.5 
0.50 28.2 80.5 26.7 75.6 
0.60 31.0 87.6 29.1 82.0 
0.70 33.1 93.2 30.6 86.6 
0.80 35.0 98.1 32.5 92.0 
0.85 36.0 101.0 33.6 95.7 
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7. Conclusions and Future Research 

This paper proposes a new approach to influence 
driver behaviors through the provision of advanced 
information on traffic signal status for the benefits of 
vehicle energy/emission reductions at signalized 
intersections. In this study, the concept of this advisory 
system is modeled such that drivers are alerted to release 
their throttle earlier and decelerate gently for the 
purposes of reducing fuel consumption and emissions. 
According to the preliminary simulation study, the 
savings on fuel consumption can be as much as 8% and 
the reduction of CO2 emissions can be around 7% for 
each vehicle when traffic is in medium congestion (v/c 
ratio of 0.7) under the current settings. 

The paper also proposes a method of evaluating 
emissions at intersections using vehicle cruising 
trajectory as a baseline. Through both parametric and 
simulation evaluations, we have demonstrated that the 
potential benefits are significant and measurable for 
emissions and energy consumption by making traffic 
signal status information available to drivers. In addition, 
the safety co-benefits of this approach have also been 
briefly discussed. 

Several future research tasks are being planned. First, 
the simulation evaluation will be extended to a longer 
corridor with multiple intersections. Also both directions 
of traffic at intersections will be simulated and the 
network-wide benefits will be determined. Second, a 
sensitivity analysis will be performed with respect to the 
communication range, and threshold for giving the 
driving alert, etc. Also, more complex algorithms of 
providing a recommended set of driving speeds rather 
than a simple alert will be explored. Third, the 
energy/emission benefits of the dilemma control at 
intersections will be evaluated and compared with those 
of the advanced driving alert system presented herein. 
Lastly, field experiments will be conducted and the field 
observation data will be analyzed to validate the benefits 
of the proposed concept. 

8. Acknowledgments 

The authors wish to thank Chu Hee Lee, Jonathan Lee, 
Arati Gerdes, and Daniel Rosario of Volkswagen 
Electronics Research Laboratory; and Jim Misener and 
Alex Skabardonis at California Partners for Advanced 
Transit and Highways for all of their continuing 
cooperation and support during this study. 

9. References 

[1] California Energy Commission (2005) “Options to Reduce 
Petroleum Fuel Use, Second Edition”, Staff report CEC-600-
2005-024-ED2, July 2005. 

[2] A. Unal, N. M. Rouphail, and H. C. Frey, “Effect of 
Arterial Signalization and Level of Service on Measured 

Vehicle Emissions”, Transportation Research Record, Vol. 
1842, Transportation Research Board, Washington, DC, 2003, 
pp. 47-56. 

[3] M. C. Coelho, T. L. Farias, and N. M. Rouphail, “Impact of 
Speed Control Traffic Signals on Pollutant Emissions”, 
Transportation Research Part D, Vol. 10, Elsevier, 
Amsterdam, 2005, pp. 323-340. 

[4] S. L. Hallmark, I. Fomunung, R. Guensler, and W. 
Bachman, “Assessing Impacts of Improved Signal Timing as a 
Transportation Control Measure Using an Activity-Specific 
Modeling Approach”, Transportation Research Record, Vol. 
1738, Transportation Research Board, Washington, DC, 2000, 
pp. 49-55. 

[5] H. Nishuichi and T. Yoshii, “A Study of the Signal Control 
for the Minimization of CO2 Emission”, In 12th World 
Congress on Intelligent Transport Systems, San Francisco, CA, 
2005. 

[6] A. Stevanovic, J. Stevanovic, K. Zhang, and S. Batterman, 
“Optimizing Traffic Control to Reduce Fuel Consumption and 
Vehicular Emissions: An Integrated Approach of VISSIM, 
CMEM, and VISGAOST”, In Proceedings of the 88th Annual 
Meeting of the Transportation Research Board, Washington, 
DC, 2009. 

[7] X. Li, G. Li, S.-S. Pang, X. Yang, and J. Tian, “Signal 
Timing of Intersections Using Integrated Optimization of 
Traffic Quality, Emissions and Fuel Consumption: A Note”, 
Transportation Research Part D, Vol. 9, Elsevier, Amsterdam, 
2004, pp. 401-407. 

[8] S. Midenet, F. Boillot, and J.-C. Pierrelée, “Signalized 
Intersection with Real-Time Adaptive Control: On-Field 
Assessment of CO2 and Pollutant Emission Reduction”, 
Transportation Research Part D, Vol. 9, Elsevier, Amsterdam, 
2004, pp. 29-47. 

[9] Y. Yin, M. Li, and A. Skabardonis, “Offline Offset Refiner 
for Coordinated Actuated Signal Control Systems”, Journal of 
Transportation Engineering, Vol. 133(7), American Society of 
Civil Engineers, 2007, pp. 423-432. 

[10] M. Barth, K. Boriboonsomsin, and A. Vu, 
“Environmental-Friendly Navigation”, In Proceedings of the 
10th International IEEE Conference on Intelligent 
Transportation Systems, Seattle, WA, 2007. 

[11] M. Barth and K. Boriboonsomsin, “Energy and Emissions 
Impacts of a Freeway-Based Dynamic Eco-Driving System”, 
Transportation Research Part D, 2009, in press. 

[12] P. Papaioannou, “Driver Behavior, Dilemma Zone and 
Safety Effects at Urban Signalized Intersections in Greece”, 
Accident Analysis and Prevention, Vol. 39, Elsevier, 
Amsterdam, 2007, pp. 147-158. 

[13] K. Zimmerman, and J. A. Bonneson, “Intersection Safety 
at High-Speed Signalized Intersection: Number of Vehicles in 
Dilemma Zone as Potential Measure”, Transportation 

      Traffic Energy and Emission Reductions at Signalized Intersections: A Study of the Benefits of Advanced Driver Information

56



International Journal of ITS Research, Vol. 1, No. 1, December 2003 

Research Record, Vol. 1897, Transportation Research Board, 
Washington, DC, 2004, pp. 126-133. 

[14] T. Oguchi et al., Manual on Traffic Signal Control, 
Revised Edition, Japan Society of Traffic Engineers, Maruzen 
Co., Ltd., July 2006, 150 p. 

 [15] R. A. Retting, “Establishing a Uniform Definition of Red-
Light-Running Crashes”, ITE Journal, Institute of 
Transportation Engineers, Washington, DC, March 2006. 

[16] M. Barth, T. Younglove, T. Wenzel, G. Scora, F. An, M. 
Ross, and J. Norbeck, “Analysis of Modal Emissions from 
Diverse In-Use Vehicle Fleet”, Transportation Research 
Record, Vol. 1587, Transportation Research Board, 
Washington, DC, 1997, pp. 73-84. 

[17] M. Barth, F. An, T. Younglove, G. Scora, C. Levine, M. 
Ross, and T. Wenzel, The Development of a Comprehensive 
Modal Emissions Model, NCHRP Web-Only Document 122, 
Contractor’s final report for NCHRP Project 25-11, National 
Cooperative Highway Research Program, April 2000, 307 p. 

[18] M. Barth, G. Scora, and T. Younglove, “Modal Emissions 
Model for Heavy-Duty Diesel Vehicles”, Transportation 
Research Record, Vol. 1880, Transportation Research Board, 
Washington, DC, 2004, pp. 10-20. 

[19] M. Barth, N. Davis, G. Scora, J. Collins, and J. Norbeck, 
“Measuring and Modeling Emissions from Extremely Low 
Emitting Vehicles”, Transportation Research Record, Vol.
1987, Transportation Research Board, Washington, DC, 2006, 
pp. 21-31. 

[20] M. Barth, C. Malcolm, and G. Scora, Integrating 
Comprehensive Modal Emissions Model into ATIMS 
Transportation Modeling Frameworks, California PATH 
Research Report UCB-ITS-PRR-2001-19, California Partners 
for Advanced Transit and Highways, August 2001, 48 pp. 

[21] K. Boriboonsomsin and M. Barth, “Impacts of Freeway 
High-Occupancy Vehicle Lane Configuration on Vehicle 
Emissions”, Transportation Research Part D, Vol. 13(2), 
Elsevier, Amsterdam, 2008, pp. 112-125. 

[22] Quadstone Paramics, http://www.paramics-online.com/, 
accessed January 22, 2009. 

Meng Li received his B.S. degree in 
Civil Engineering from Tsinghua 
University, Beijing, China, in 2001 and 
M.S. in Transportation Engineering 
(2002), and M.Eng. from College of 
Engineering (2004), University of 

California, Berkeley.  He is a research and development 
engineer and manager of the Parsons Traffic and Transit 
Laboratory at California PATH, UC Berkeley. He has 
collected more than five years research experiences in 
the field of traffic operations, control devices, traffic 
simulation, public transportation system, signal timing 
optimization, and application of advanced technologies 

in ITS. He is currently a member of Transportation 
Research Board’s Traffic Monitoring Committee. 

Kanok Boriboonsomsin received a 
bachelor's degree in Civil Engineering 
from Chulalongkorn University, 
Thailand, in 1999 and a master's degree 
in Infrastructure Engineering from the 
Asian Institute of Technology, Thailand, 
in 2001. He earned a Ph.D. degree in 

Transportation Engineering from the University of 
Mississippi in 2004. He is an Assistant Research Faculty 
at the Center for Environmental Research and 
Technology, University of California at Riverside. His 
research interests include the relationship of land use and 
transportation to energy and air quality, transportation 
and emissions modeling, intelligent transportation 
system technology, and traffic simulation. He is currently 
a member of the Transportation Research Board's 
Transportation and Air Quality Standing Committee. 

Guoyuan Wu received his B. S. degree 
in Energy Engineering from Zhejiang 
University, China, in 2001, and M. S. 
degree in Thermal Engineering from 
Tsinghua University, Beijing, China, in 
2004. He is now a Ph. D candidate in 
controls and dynamics in Mechanical 

Engineering from University of California at Berkeley. 
Since 2005, he has been a Graduate Student Researcher 
in transit operation at PATH, UC Berkeley, and 
Research Assistant at Parsons Traffic and Transit 
Laboratory. His main research interests include 
automatic control theories and optimization, and their 
applications to traffic and transportation systems.

Wei-Bin Zhang is a Research 
Engineer at the California PATH 
Program, Institute of Transportation 
Studies of University of California 
at Berkeley (UCB). He received his 
B.S. and M.S. degrees from Beijing 
Jiaotong University (Formerly 

Northern Jiaotong University). He is a member of TRB 
and IEEE and serves on various technical and academic 
committees. 

Matthew Barth is a Professor of 
Electrical Engineering at UC Riverside, 
where he is also the Director of the 
Center for Environmental Research and 
Technology (CE-CERT). Professor 
Matthew Barth received his B.S. degree 
in Electrical Engineering/Computer 

Science from the University of Colorado in 1984, and 
M.S. (1985) and Ph.D. (1990) degrees in Electrical and 
Computer Engineering from the University of California, 
Santa Barbara. Dr. Barth's research focuses are in 

     International Journal of ITS Research, Vol. 7, No. 1, June 2009

57



Traffic Energy and Emission Reductions at Signalized Intersections: A Study of the Benefits of Advanced Driver Information 

Transportation Systems, in particular how it relates to 
energy and air quality issues. Current research interests 
include Intelligent Transportation System Technology, 
Transportation/Emissions Modeling, Vehicle Activity 
Analysis, and Vehicle Navigation. 

      Traffic Energy and Emission Reductions at Signalized Intersections: A Study of the Benefits of Advanced Driver Information

58

Received date: February 3, 2009

Received in revised form: April 24, 2009

Accepted date: May 12, 2009

Editor: Edward Chung



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


