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Abstract

Today more and more vehicles are being equipped with advanced hardware that can register

the environment around the vehicle. The information can be used in several different ways,

one is to make the driving more autonomous to minimize energy loss. The goal of this study

was to examine future vehicle to infrastructure communications to control the torque and

brakes to minimize energy loss at traffic light fitted junctions. Different braking algorithms

were simulated in various scenarios to spot trends and find the optimal balance between

engine and external brake. With a total of approximately 3300 different simulations it was

found that the loss of energy could be reduced up to 40 % at lower speeds (30 km/h) if the

brake system and torque was handled right, and up to 26 % at speeds around 50 km/h. The

algorithm was also tested on a test track with one of the most modern heavy duty vehicles

from Scania CV AB to test if it was able to implement the strategy in real life, which it

turned out to be. The benefits and disadvantages of different algorithms and applications as

well as which areas to improve and/or to develop is discussed.



1 Introduction

The vehicle development of today is advancing fast. An increasing number of vehicles are be-

ing equipped with advanced sensors and computer hardware. With the information received

from GPSs, radars, laser technology and gyroscopes combined with integrated computers the

possibility of having autonomous vehicles communicating with infrastructure is now reality.

However, what remains is to construct autonomous velocity controlling software. With in-

novative algorithms, the driving technique could be more efficient in both energy saving and

long term wear, which would reduce both the impact on the environment and operational

costs.

In field research and the development of HDVs (Heavy Duty Vehicle) it is formerly known

that fuel consumption and brake wear is reduced when minimizing the change in velocity

[1]. Previous experiments indicate that an intelligent speed adaptation system can lower the

fuel consumption by 5-15% and brake wear by 13-35% when performing normal road driving

[1]. Since approximately 30% of the total operational cost of the HDV is fuel usage [Scania

CV AB Annual report 2001] these improvements are very interesting for economic reasons.

One very critical part of driving in the sense of fuel consumption and energy waste is traffic

light junctions. In a normal and habitual driving technique the HDV is usually fully stopped

at a red traffic light signal and then accelerated again from idle when the light turns green.

If the velocity of the HDV could have been lowered enough in advance a full stop could have

been avoided. To fully stop and then accelerate will simply use more energy than an intelli-

gent speed adaptation algorithm. With the current communication system, V2I (Vehicle to

Infrastructure), all the information needed for an intelligent autonomous speed adaption al-

gorithm to function properly is sufficient. Unlike the previous work that has been conducted
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in the field of intelligent speed adaptation systems, like the Volvo buss project in Gothenburg

[2], this application would not guide or instruct the driver, but instead fully control the torque

and brakes. To be able to use a system like these in the future higher demands has to be

met regarding the safety. For this technique to be able to fulfill all the safety requirements in

the future, all the algorithms developed have been made as trivial and modifiable as possible.

The aim was to examine future V2I techniques of controlling the torque and brakes to

minimize the energy loss at traffic lights and thereby minimizing brake wear and fuel con-

sumption. The goal was to create a simple algorithm with the already stated purpose to

be studied in practice on a test track at Scania CV AB. The benefits and disadvantages of

different algorithms and applications as well as which areas to improve and/or to develop is

being discussed later as well.

2 Background

2.1 Definitions of terms

HDV - Heavy Duty Vehicle, a larger vehicle designed for heavy duty usage.

XB(/S) - External Brake (system), the (pneumatic) brakes used to reduce the speed.

CC speed - Cruise Control speed, the speed which the cruise control is set to hold.

V2I - Short for: Vehicle to Infrastructure

2.2 Problem description

In order to be in the right place at the right time, as in the case of a junction with traffic

lights, a change in speed is often needed. The algorithms developed in this study will only
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be allowed to slow down the speed of the HDV, not make it travel faster. Mainly because

the driver will in most of the real life scenarios always be in the highest speed able to or

wanting. Put very simple, the algorithm’s task is to determine how much the speed should

be decreased at which point in order to minimize the total energy consumption. In this case

the only information / input of interest that is available is the GPS coordinates of the traffic

light and the HDV, the time for next light signal change, current light signal and current

velocity of the HDV.
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A general statement about the difference in fuel consumption when applying different

braking methods can be seen in fig 1-4. A general observation is that the habitual driving is

characterized by greater changes in speed and thereby also high inefficieny.

Figure 1: Velocity change in habitual driv-
ing, the double line indicates the green
light

Figure 2: Fuel consumption in habit-
ual driving, the double line indicates the
green light

Figure 3: Velocity change in smart driv-
ing, the double line indicates the green
light

Figure 4: Fuel consumption in habit-
ual driving, the double line indicates the
green light
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2.3 Method of simulation

All possible combinations of three different initial velocities, with 11 different amounts of

deceleration, 51 different distributions of engine braking and normal braking where simu-

lated with a 8 ton heavy HDV. All of the simulations took place in Simulink, MATLAB,

with a vehicle model provided by Scania CV AB. The simulation was set up in a way that

all scenarios where the HDV failed to arrive at a green interval was sorted out and not

saved. After the simulations were completed the amount of energy loss was plotted with the

stretch of which the XBS was allowed to be active. That way it was easy to determine what

combinations of engine brakes and external brakes were the most effective, se figure 5 in 3.1

for example. In every simulation the road was perfectly flat and straight.

The simulation consists of two main parts. One is the developed algorithm and the other

one is the vehicle model provided by Scania CV AB. Like the firmware HDV in real life the

vehicle model in the simulation had two main inputs for control, CC speed and XBS accel-

eration. The firmware in the HDV was programmed to always adapt to its speed assigned as

CC speed. If the current speed is lower then the CC input the HDV would accelerate until

it reached that speed. If the current speed is higher then the CC speed the XBS is deployed

until the HDV reaches CC speed. If XBS acceleration is set to zero the only method the

HDV could use to slow down is to not provide throttle, which would be equal to an engine

brake.

The HDV always started at its defined initial speed and drove 500m before a contact to

the traffic light was established. Thereafter the HDV had 500 m further to travel while it

got information from the traffic light and thereby was able to plan and adjust it’s speed.

After the passing of the traffic light the simulation continued until the HDV drove 500 more

meters. During those last 500m the HDV accelerated to gain its initial speed. The HDV
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drove a total of 1500 meters in every simulation and thereby the total energy consumption

is measured for a specific travel distance and not time.

2.4 Method of testing

The main purpose of testing the algorithm at the test track was to find real life implementa-

tion problems that would not show in the simulations. The software environment used when

creating the algorithms for the simulations is the same that Scania CV AB used to develop

the software implemented in the HDV and therefore the developed algorithms was easily

implemented in the HDV. The HDV (a modern tractor unit with a weight of approximately

8000 kg) was lined up on the test track about 1 km away from the traffic light and then

accelerated to about 30 to 50 km/h. The traffic light was connected to a WiFi repeater that

amplified the WiFi signals to be about 700 to 850 m. When the HDV was about 500 m

away from the traffic light and a connection was verified the throttle and brake systems of

the HDV was assigned to the on board computer. The signal interval at the traffic light was

60 s of red and 15 s of green. No specific data from the test driving was compared to the

simulation data, but instead used to find problems that would only show when tested in

reality.
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3 Results

3.1 Result from the simulations

The data from these simulations show that the most energy efficient braking method is to

apply the XBS as soon as possible. This can be seen by looking at any of the three graphs,

figure 5 - 7. The correlation between the distance where XB was allowed and total energy

consumption is very clear. At each different initial speed the total energy consumption is

always the lowest when the allowed distance for XB is the highest possible (500 m).

The data from the simulations also suggest that the correlation between the amount of

braking power and the total energy consumption is not linear. When the braking power is

higher the total energy consumption is lower, but as the braking power is increasing each

gain in energy loss is decreasing. This can be seen by comparing the total energy consump-

tion at each accelerations in each figure 5 - 7.

When compared to habitual driving a gain in energy loss when using the developed al-

gorithms is very clear. It is also a very clear corelation between the initial speed and amount

of energy that is saved.
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Figure 5: Total energy consumption at different XB accelerations and allowed distance for
the XBS to be applied at an initial speed of 30 km/h.
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Figure 6: Total energy consumption at different XB accelerations and allowed distance for
the XBS to be applied at an initial speed of 50 km/h.
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Figure 7: Total energy consumption at different XB accelerations and allowed distance for
the XBS to be applied at an initial speed of 70 km/h.

ENERGY CONSUMPTION COMPARISON

Initial speed
Braking Energy consumption, Energy consumption, Amount of

acceleration habitual driving V2I driving energy saved

30 km/h
−0.5m/s2 5.61 Nm 3.39 Nm 2.23 Nm, 39.6%

−2.0m/s2 5.71 Nm 3.39 Nm 2.32 Nm, 40.7%

50 km/h
−0.5m/s2 7.79 Nm 6.02 Nm 1.77 Nm, 22.8 %

−2.0m/s2 7.89 Nm 5.82 Nm 2.07 Nm, 26.2%

70 km/h
−0.5m/s2 9.38 Nm 8.54 Nm 0.84 Nm, 8.99%

−2.0m/s2 9.56 Nm 7.82 Nm 1.74 Nm, 18.2%

As shown above up to a 40 % of energy can be saved when passing a traffic light if the

right braking method is used.
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4 Discussion

The data from the simulation shows that the one key factor influencing the energy con-

sumption the most is probably the time of acceleration needed after passing the traffic light

to gain the initial speed again. In other words, the change in speed should be as small as

possible in order to save as much energy as possible. To minimize the change in speed the

XB should be applied as soon as possible. The sooner the velocity is decreased, the less it

needs to be lowered any further. Because of this, engine brake is unfavourable, as it is not

as effective as a XB.

Because the loss of energy is lower when the brake force is higher it is as already stated

more efficient to brake harder. But as the brake force is increasing the gain in energy loss

is decreasing. This makes it not worth at some point to brake harder as the comfort for the

driver and the traffic dynamics is heavily decreased. As Assad Alam stated, a comfortable

XB acceleration is somewhere around -0.5 m/s2 [1]. At lower speeds, like 30 or 40 km/h, the

difference between different XB accelerations within a reasonable range is so small, according

to the simulations, that it is arguable that any deceleration higher then 0.5m/s2 is not to

be applied at all. At velocities closer to 70 km/h or similar the difference in gained energy

is at such rates that XB accelerations closer to -2.0m/s2 can be taken into consideration. Of

curse this is a choice that finally beaks down to a question about what to prioritize, which

is probably going to be answered by the customer or the driver.

What makes these braking algorithms different from other similar software, like for ex-

ample the one used in the Volvo Gothenburg project, COSMO, is that these algorithms have,

together with Scania hardware, potential to be autonomously on a totally different level. The

Volvo system is not directly connected to the HDV, but instead it informs the driver through

the use of a LCD what actions to take [2]. One advantage of Volvo’s system is that the driver

still has full control of the HDV and therefore this system can basically not directly create
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dangerous situations. On the other hand it can be argued that this creates one additional

distraction for the driver and therefore indirect is a safety risk. One other big disadvantage

in Volvo’s system is that it does not take into account for the time it takes to change the

speed. It calculates the speed that the HDV should be traveling at and then informs to the

driver, but at the point the driver has changed the velocity a new speed is now calculated

and told to driver. The algorithms developed in this study take care of this in the sense

that the HDV does not have the same problem with continuously adapting the speed as a

human driver has. When adapting the speed for most energy efficient way of getting past a

traffic light every second and meter counts because of the limited range of the traffic light’s

wlan. Therefore it would be arguable that a semi autonomous braking system like Volvo’s

would not work very well because the driver simply would not be able to change the speed

fast enough. In junctions with traffic lights there are often many things happening that the

driver must be able to focus on, and thereby it is doubtful that one more LCD would solve

problems rather then creating more. A system that autonomously changes the speed would

leave the driverâĂŹs focus on the more important things that happens around the vehicle.

As the algorithm developed in this study easily can be override by applying normal force on

either the gas or brake pedal it is arguable that a fully autonomous system like this can be

more safe than a system similar to Volvo’s.

Other benefits of using these simple types of algorithms are that it is very easy to expand.

With it’s lack of large math calculations it leaves more room for other applications and further

features. The computer hardware in the HDV’s is because of different reasons very limited

and therefore this is a very big benefit. The hardware Scania today has implemented in

their newest series of test trucks makes is possible for even accurate information about the

environment around the HDV. If used right that technology can be used to implement a

higher level of safety that can register and predicts dangers that the driver misses.
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4.1 Future studies

In these simulations and tests the break wear has not been taken into account. If so it could

be very likely that the costs saved in fuel usage does not balance the costs of maintenance.

One way to get more insight in this matter is to perform more real life testing where the

amount of fore the XBS is exposed to is measured. With that data it would be possible to

calculate how much more (or less) the brake wear actually is.

In this study a combination of using first engine brake and then applying XB has been

simulated. What has not been simulated or tested is to apply XB first and then engine brake.

Because this has not been simulated or tested the use of engine brake could still when used

combined right with XB be the most energy efficient braking method.

Before using algorithms like this on the roads several more aspects and scenarios has to

be taken into account. This study can be seen as a statement that it is worth to make further

studies in this field as the amount of energy saved is as high as it seems to be.
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