
HYBRID ELECTRIC VEHICLE CONTROL: 
GENERAL CONCEPTS AND A REAL WORLD 

EXAMPLE 

Diego Sánchez-Repila, John Edgar William Poxon, Stephen Baker 
E-mail: J.E.W.Poxon@warwick.ac. uk 

Warwick Manufacturing Group (WMG), International Manulacturing Centre (IMC). 

The University 01 Warwick, Coventry, CV4 7AL, u.K. 

Phone: +44(0)24 7652 3794. Fax: +44(0)24 7652 3387. 

ABSTRACT 

Themainobjectiveofthis paperis to explain 
the general concepts and analysis behind hybrid 
electricvehicle(HEV)control.Systems,components 
and concepts will be exp lained in orderto illustrate 
the important position that this research currently 
plays in the environment ofHEV s. Hybrid control 
strategies will be classified and current research 
considered in orderto forecast future trends in this 
area. A real world example will also be provided, 
illustrating the key concepts and discussions ofthe 
publication. 

IndexTerms-HybridControl,HybridControl 
Strategies, CHOICE project. 

1.INTRODUCTION 

The emergence of Hybrid Electric Vehicles 
(REV s) has opened new doors in the area of 
automotive research, and the control ofHEV s is 
one area attracting a lot ofinterest. Due to the range 
of options possible in REV control, there have been 
a variety of concepts developed, making it difficult 
to give a generic explanation which endoses them all 
[1 ]. 

However, this paper illustrates the general 
concepts currently involved in the optimisation of 
REV control. The cornmon parameters along with 
thetechniques being implemented will be discussed 
in order to identify the cornmon best practice. Also 
a description of a novel hybrid control proj ect will 
be provided; with the objective to show possible 
parameters which could be taken into account in 
future REV control strategies . 
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The CHOICE (City Hybrid-electric bus with 
Optimisedefficiencyusing InfOlmation andguidance 
systems for passenger Convenience and vehicle 
Energy consumption )project has been undertaken 
in the group to which the authors belong. The aim of 
this project is to use collected data such as the speed 
and passenger information in order to optimise the 
fuel efficiency and reduce the exhaust ernissions of 
the bus [2]. 

This paper is presented in two main sections. 
Tbe firstpartwill coverthe control inREV taking 
into account the elements and possible strategies 
involved. A real project illustratingthe concepts of 
HEV control (CHOICE) will be explained in the 
second section. 

2.CONTROL IN HEV 

I t is generallypossible to observe whether the 
outcome of a system is actually what would have 
been predicted, based on a particular input or 
demando I fthe outcome is different, then a method 
of control must be implemented in orderto provide 
the necessary corrections and adjustments . The 
control system in a predominantly electrical device 
such as in an REV operates in real time based upon 
real events during operation. 

Apart from the cornmon tasks thatthe REY 
control system has to handle with respect to a 
normal control system suchas safety issues, there 
are other methods and operations which are worth 
noting. Tbe HE V strategy is the most interesting as 
it needs to determine which energy source/s need to 
be used when the car is driven, and the extent to 
which energy is recovered in braking. Tbe area of 
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Figure 1: General Hev Control Diagram 

REV control within this paper will primarily be 
focused on the analysis ofthe currentparallel REV 
configurations. In order to cover this area it is 
importantto introduce the following concepts: 

2.1.Elements 

There are several systems whichare involved 
in the control system of aREV. Figure 1 illustrates 
a general interconnecting scheme alongwith their 
functionalconnections. The VehicleManagement 
Unit (VMU) is considered to be the keypart ofthe 
control system, as itprovideshighlevelmanagement 
of all ofthe other system components. Each system 
isresponsible forone element,meaning forexample 
the engine, clutch, electric motor and battery are 
monitored for each system management 
configuration; explained further in the following 
subsections. The events orrequest responses are 
reported to the VMU which in turn makes an 
operation decision. The communications between 
the systems and the VMU are generally realised 
over a communications bus, typically a Control 
Area Network (CAN). 

2.1.1.Vehicle Management Unit(VMU) 

The Vehicle Management Unit (VMU) is 
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considered to be the brain ofthe vehicle. The VMU 
collects and processes the necessary data from the 
other systems including the Battery Management 
System (BMS), Motor Management System 
(MMS) andEngine Management System (EMS) 
in order to decide the best response for each 
individual event. When the VMU makes adecision, 
itcommunicates with thenecessary system/s which 
are responsible forthe final execution. Therefore, 
the VMU implements the control within an REV, 
thorugh the systems peripherals which provide data 
to the VMU and execute its orders. 

Essentially, the VMU is responsible forthe 
followingtasks [3]: 

As shown in Figure 1, the VMU must 
detectthe basic intentions ofthe driver. In 
other words, it must detect acceleration, 
deceleration, and braking demands in order 
to regulate them. 

The VMU controls the synchronisation of 
thesystemduringthegearshiftingprocess. 

In a parallel REV, although not drawn in 
Figure 1, the VMU is responsible for the 
traction drives. This allows for the safe 
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operation ofthe drive components, such as 
thetractionbattery, bymonitoringth€system 
with the VMU. With this, modern-day 
dependency and reliability can also be 
achievedforaltemativedriveconfigurations. 

The VMU must implement the REV 
strategy, as explainedabove. This strategy 
governs the choice between electric motor, 
internal combustion engine (ICE) and a 
combination ofthem both depending on the 
inputsanddatarequirements ofthe systems. 

Conc1uding, the VMU, through the 
implemented embedded software, coordinates the 
correctworking operation of all ofthe systerns in the 
vehic1e and integrates their operation for besteffect. 

a) BMS Function 

A good definition for the Battery 
Management System (BMS) function is a 
subroutine or system to increase the battery' s life, 
preventing it from facing serious dangers [4]. Also, 
the BMS function inc1udes an estimation ofthe 
battery status. Therefore, the main objectives ofthe 
BMS functioninc1ude: 

Protectthe cells orthe batteryfrom damage. 

Prolongthelifeofthe battery. 

Maintain thebattery in astate inwhich it can 
fulfi1 the functional requirements of the 
application forwhichitwas specified. 

Estimate the battery cell status in terms of 
both capacity and ageing. 

In contrast, through a number ofintroduced 

concepts, it is possible to describe the battery 
status, the definitions ofwhich are introducedhere: 

State ofCharge (SOC): The SOC is the 
remaining capacity of the battery and it 
represents the energy level remaining for 
useful workoutput. SOC is the ratio between 
theremaining capacityand the initial (rated) 
capacity ofthe battery, with thisvalueusual1y 
being represented as a percentage. 

StateofHealth (SOH): SOH is the current 
condition ofthe battery. Itcan bedetermined 
as the remaining lifetime orthe percentage 
degradation from the initial (rated) lifetime 
ofthe battery. 

State of Function (SOF): SOF is a 
measure of battery to perform vehic1e 
functions, suchas startingthe engine. SOF 
is determined by both values for SOH and 
SOC, once determined the SOF shows 
whatthe battery is capable of delivering in 
vehicle terms. The SOF can provide the 
relationship betweenrequired current and 
time, whilsttaking into account the whole 
health issues concerned with the battery. 
With these considerations the VMU can 
determine how long it can source 
predetermined current. Obviously, ifthe 
demand for current is high, the time will be 
low and vice versa. The SOF relationship is 
becoming widely used in the automotive 
industry dueto its c1earreporting capability 
[5]. 

Basically, the VMU is able to estimate the 
battery status (SOC, SOH and SOF) from a variety 
of parameters which are possible to sample. This 
status will be discussed further in orderto take into 
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Figure 2: BMS Functional Diagram 
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account required energy needs or charging ofthe 
batteries, depending on the situation. 

Figure 2 shows a block díagram of the 
functional working system ofthe BMS. Each time 
the subroutíne is restarted, the BMS ís initíalísed to 
its original settings. The previous load ofthe last 
parameter is captured and observed; in order to 
ensure the system operates as two subtasks. The 
following sample is an important operation ofthe 
BMS which is explained in-depth. 

(l)Sample 

Overthe connection between the BMS and 
VMU through the CAN bus, the VMU receives a 
sample ofthe open circuitvoltage and/orthe current. 
Current within a battery system is a common 
parameter, whereas the voltageneeds to be captured 
foreach cell in orderto estímate the SOC and SOR. 
The otherparameter of concem is the temperature, 
which also needs to be sampled in orderto protect 
the battery. The operation ofthe CAN interface is 
controlled by the BMS, and is covered in the 
following section. 

(2) Estirnated SOC and SOR 

The key process in estimating the SOC and 
SORisthroughsamplingthepreviousvoltageand 
currentvalues; this can be achieved through certain 
techniques. Such options include the working of 
neural networks orfuzzy logic, both ofwhich are 
currently attracting alot of research in orderto gain 
the appropriate knowledge to implement such 
approaches. Both of these approaches offer an 
array offlexibilities includingthe abilityto predict 
future outcomes easily; however their current 
weaknesses líe within the area oftesting [6]. These 
optíons are conventíonal static techniques and they 
frequently use data recorded within a Iaboratory 
environment; applying different cycle tests to a 
variety of ce lIs to simulate reallife conditions. As a 
result, these experiments produce characteristics 
such as the relationship between the open circuit 
voItage and the current to give the SOC and SOR 
[7]. 

In orderto determine SOC the current must 
first be integrated in order to measure change in 
current from battery operation. The fundamental 
equation in order to use the current integrator 
technique to estimate the SOC is: 

........ ~"'~ ............. \O ....... .,~ .......... " ..... "' ........................ ~ ....... ~ ........ . 
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Figure 3: MMSfunctional diagram 
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SOC = Current Cel! Capacity = 

Total Cel! Capacity 

{Idt 

Total Cel! Capacity 

Here, t
s 
is the sample time andI is the current 

measured from start to finish. The variation in the 
Total Cel! Capacity over a measured period of 
time represents the SOH. The SOH parameter is 
frequentlymonitoredinorderto estimateitschanging 
value withrespectto the gradually depleting charge 
capacity, experienced bythe cell. This evaluation 
also requires the sampled temperature as well. In 
contrast, the voltage and currentare two parameters 
which can estímate the SOC bythemselves, or as a 
combination. 

(3) BalancingtheCells 

In manyinstructions of electrical devices such 
as CD players or digital cameras, it is advisednotto 
mixnewcells (100% SOC)witholdones (e.g. 20% 
SOC) as this would shorten the usefu1lifetíme ofthe 
new cells. F or HEV applications this is noexception, 
and this problem must be controlled bywithin the 
BMSsystem. 

Thesampledvoltageforeachcellisdetennined 
in orderto obtain an estimation ofthe SOC for each 
cell. The cells can then be matched in terms oftheir 
charge. Although the benefits ofthis practice are 
undoubtedly noticeable, there are still issues 
concerningthe cost involved in implementingthis 
intotheBMS. 

(4) Data Storage 

The stored data within the BMS can be used 
in order to improve the general behaviour of the 
BMS function; storing the data and creating an 
historicallog for future predictions. F or example, 
theKalman filter application in the SOC, SOH and 
SOF estimation is an importantresearch area in the 
BMS environmentwhichrequires the collection of 
such data [8]. 

b) MMS and EMS Functions 
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The MMS and EMS functions control the 
power and energy requirements of the electric 
motor and the internal combustion engine (ICE). 
This operation is further controlled by the VMU 
based on the inputs such as acceleration or braking 
alongwith the data from other systems such as the 
SOC, SOH and SOF ofthe batteries. Generally, 
the VMU aims to operate the ICE at its peak 
efficiencythroughtheEMS function,maximisingthe 
advantages fortheHEV. 

The EMS and MMS functions al so report 
any special event/s to the VMU such as abnormal 
operation in order to maintain proper working 
order. As noted previously the communication is 
performed between the system (MMS or EMS) 
and the VMU overacommunication bus standard 
suchasCAN. 

2.1.2.Battery Management System(BMS) 

The Battery Management System (BMS) 
exists as a VMU function within the framework of 
the HEV control system. The BMS ineludes the 
necessary electronic devices to monitor the 
parameters, as previously explained forthe BMS 
functions in the VMU. Depending on the kind of 
estimation that the BMS is going to execute, the 
sampling of the voltage and/or. current will be 
necessary. The temperature is also required to be 
sampled, inordertoestimatethe SOH. 

There are several devices which can sample 
both the voltage and currents, however only small 
selections ofthem are able to work with the high 
current and voltage levels, due to the difficulty of 
measuring the dynamic range of current. AH al! 
Effect sensor is generally used to capture the 
current, whilst an electronic based optocoupler 
design is an excellent choice to estimate the open 
circuit voltage for each cell. The advantages of an 
optocoupler are the high gain and current transfer 
thatthe device offers. 

There are experts who consider that the 
BMS should provide conditioning as well. This 
conditioningprocess consistsofrepeatedlycharging 
and deep discharging a battery forthe purpose of 
preventing voltage depression or memory effect, 
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Figure 4: CHOICE Implementation Details 

otherwise restoring lost capacity and maintaining a 
healthy cell balance. 

2.1.3.Engine Management System(EMS) 

The Engine Management System (EMS) 
(iffitted) isresponsible forthe fuel injection, ignition 
and the turbo issues concemed \vith a conventional 
engine. The control ofthe ICE is its main task and 
obviously ithas contact with the VMU in orderto 
report the necessary events. In contrast, the VMU 
must cornmunicate back driver demands such as 
acceleration and braking. 

InanHEV the VMU may dividethe driver' s 
required acceleration demand between the electric 
motor andI CE, and this is transparentto the EMS. 

2.1.4.Motor Management System(MMS) 

The objective ofthe Motor Management 
System (MMS) is to facilitate the electric motor 
control required bythe VMU, and to supervise the 
correctperformance ofit [9]. The type of control is 
always determined bythe electric motortypewhich 
is usually permanent magnet and synchronous 
altematingcurrent(AC)inHEVs, toenablesmoother 
operations between levels ofthe control system. 
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Figure3showsablockdiagramwiththemain 
functional tasks ofthe MMS, which are described 
further below. The CAN system is responsible for 
interpreting between theMMS and VMU and vice 
versa. Basically, thepowerdemands forthe electric 
motorprovided bythe VMU is translated to the r(t) 
signal, italso has directcontactwith the Supervisary 
Controlblocktowarnthe VMU ofanyabnormal 
events. 

The Torque Speed Control is the real control 
part ofthe loop, with the objective of supplying the 
three controls signals necessary for the electric 
motor, once amplified in both current and voltage 
for the Power Drive. The Measurement pre
processingis responsible fortwo tasks. The firstis 
to retranslate the three control signals (y lO, y lO 
and y/O) into y(t), in order to differentiate the 
signals which will improvethe accuracywithin the 
feedback process. Secondly, to keep in contact 
with the Supervisory Control for safety issues; 
operatingas a switch between the blocksifnecessat)'. 

In otherwords the MMS is undertaking the 
control ofthe electric motorwhen it is operating. 
The way in which this is achieved is beyond the 
scope of this publication; however this can be 
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referred to in [1 O] . 

2.2.HEV Strategy 

The choiceof energy source/s for a particular 
REV is governed by the REV strategy of the 
vehic1e. By employing anappropriate strategy, the 
HEV willgain themost benefits whilstavoiding any 
decreased performance effects. One area which is 
monitoredandcontrolledbytheHEV strategyisthe 
state of the batteries. It is crucial to keep the 
batteries in a hea1thy state in order to protect the 
complete system from premature deteriorationand 
therefore maintain the efficientworking life ofthe 
batleries. Therefore, a well designedalgorithmcould 
optimise the process, and help to increase the 
benefits ofthe REV application. 

The process inputs are the stimulus provided 
bythedriver. Forexample, ifthedriverisaccelerating 
strongly, the VMU should use aH energy sources. In 
contrast, ifthe vehic1e is braking, the VMU should 
use this energy to recharge the batteries. In both 
cases, a goodestimation ofthe cells status is a key 
pointto decide the extent to charge or discharge the 
batteries and hence increase their life. 

Thethreekey areas underwhich thisresearch 
lies fall underthe following categories [11]: 

The use of intelligent control 
techniques: Fuzzy logic and Neural 
Networks are justtwo examples within this 
line ofresearch [12], [13]. 

The use of static optimisation methods: 
Basically, the e1ectric energy in anHEV is 
handled like a fuel in terms of energy cost 
[14], [15]. Thismethodoptimisestheproper 
energyandlorpowersplitbetweenthetwo 
energy sources used. As the optimisation of 
this process requires relatively little 
computational effort, theernissions canalso 
be reduced by a greater extent as well [16]. 

The use of dynamic optimisation 
methods: General1y speaking, these 
methods use the dynamic nature of the 
system, in orderto realise the optimisation 
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of such with respect to time. In general 
terms, this technique is farmore accurate 
than the previous static one [17], [18]. 

2.2.1.New Trends 

N ew trends have begun to see the use of 
electronic devices such as GPS (GlobalPositioning 
System) in order to try and improve the REV 
strategy. In fact, there are previous projects 
developed within the authors' group which support 
this idea. For example, the CHOICE project has 
the objective to develop a hybrid electric bus 
(REB), as it may well provide a useful tool for 
optimising REV transportation systems and other 
vehic1e systems in general [2]. Factors such as the 
weather, the speed distribution, the passenger 
distributionandmostobviouslytheglobalpositioning 
are beingtaken into account in the REV strategy of 
these buses. 

3.AREAL WORLD EXAMPLE: CHOICE 
PROJECT 

The CHOICE project is a collaborative 
project betweenanumberofindustrial andacadernic 
partners. The overall aim ofwhich is to specify, 
design, build, test (in a fuH service environrnent) and 
evaluate a diesel series hybrid electric bus (REB). 

The vehic1e' s energy usage (and hence 
efficiencyand emissions) is to be optirnised through 
advanced engine and battery control techniques, 
whichintummakeuseofarangeofinputinforrnation. 
Additionally,theHEBwillmakeuseofcurrentand 
future telematics technologies to assist in the 
optirnisationofthe efficiency. The keytargets forthe 
projectare: 

Enhanced traffic system information, 
including c1earperformancezone switching 
& route guidance. 

Reduced emissions (exhaust) to Euro 4 (or 
lower) legislative limits (2006). 

Reduction of fuel consumption and CO 
2 

emissions by aminimum of30%. 

Therefore, this project should provide a good 

51 



case study upon which to predict future trends in 
HEV technology. 

3.1.Implementation Details 

Thernostdesirable inputforthe REV strategy 
control is an accurate power prediction. If this 
pararneteris forecasted correctly, the REV control 
couldrnanagetheavailableenergysourceseffectively 
for optirnum effect. 

Timeinzone 
(mean) 

ProportIon time 
in performance 

zona % 
Time in 

performance 
zone 

Mean power 
requirement 

Performance Zone 

5 

I-------I~ .... ·····t·······.······ 
Energy 

Fig. ure 5: Energy Profile lor Traversal 01 a 
Geographic Zone 

The CH O I CE project estirnates this power 
by collecting the necessary data and statistically 
processing it. This is possible due to the high 
correlation with the buses behaviourovertirne for 
the sarne route, as there are a nurnber of aspects 
which will be roughlythe same for each individual 
journey, such as the road surface and average 
speeds forexarnple. 

Figure4illustratesageneralblockdiagramof 
the REV control strategy developed in these buses. 
This representation can easily be divided in two 
sections; 1)collectingandprocessingdataand2) 
HEB Algorithm (VMU). 

3.1.1.Collecting and Processing Data 

This first strategic step is developed outside 
ofthe bus, in two stages as the collection 01 data 
and the statistical processing of data. 
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a) Data Collection 

The firstevaluation to take into accountis the 
deterrnination ofthe necessary data to get accurate 
powerestirnations forthejoumey. Theseestirnations 
can be divided into two key classes: 

Static journey data: This is data that 
doesnotchangefrornjoumeytojoumey, 
such as the roads used, location stops 
and the gradients of roads. 

Dynamic journey data: This is data that 
relatestotheparticularjoumey,andwhich 
will not be constant frorn joumey to 
journey. These can be subdivided in to 
two subclasses: 

_ Progression 01 the journey 
descriptors: suchas thepositioning, speed 
and acceleration ofthe bus. 

_ Events 01 the journey: defining the 
rnain factors which affect a joumey such 
as weather, passenger loads andlevels of 
traffic. 
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I S.Sel ~I 

. I Parameters I Master 

. function 

Performance Model 

'i:.f,,~} 1 -°1 

I . 2. Accessl 

. ID~tabas~.IA 
". L_ JJ 

-8MS 
"MMS 
-EMS 

8usLlne 
Oalabase 

Figure 6: HEB Algorithm: Implementation details 

F or the first class ( static data) the required 
inforrnation was collected using aroute surveyand 
rnaps of the area. This allowed the positions of 
majorroad junctions, bus stops, geographic features 
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and speed limits to name but a few to be recorded. 
TIrisinformationwasthen used forroutec1assification 
purposes. 

For the second c1ass (dynamic data), 
collectionwas achievedthrough the use ofaportable 
system (PDA), rather than an onboard or hard
wired system. This provided a greater degree of 
flexibility as the system could be used on any bus 
setvicewithouttheneed forcostlyortimeconsuming 
installations of the data collection equipment. 
Furthermore a fully automated system was not 
possible as a number of parameters were logged 
that are not readily available in an automated way, 
for example the number of passengers getting on 
and off at a particular stops, the weather and road 
traffic accidents. 

These selections of data are collected for 
each bus route as there would be slightvariances in 
results forindividual routes. However, anumber of 
the static data parameters are the same across the 
board, which makes the process of control easierto 
cometo optimise (Figure 4). 

b) Statistical Processing 

When the data had been collected, the 
statistical analysis was calculated with the aim to 
estimate both the power and energy required for 
each situation. Dueto the complexity ofthis process, 
the performance zone concept was introduced. 
This concept is captured and displayed in table 
(Figure 5). 

In each column, the performance zones are 
separated to represent the varying bus speeds and 
the split in powerrequirements. The definition for 
each column is as follows; 

1. 0-5 km/h, Performance Zone 1 (Creep 
zone): To represent slow moving traffic in a 
queue for aroad junction orregular stop/starts, 
resulting in low average speeds. 

2. 5 - 10 km/h, Performance Zone 2 (Crawl 
zone): To represent slow moving traffic at a 
junction as aboye, but with a steadier slow 
speed. 
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3. 10 - 20 km/h, Performance Zone 3 (Low 
speedzone): Typical inner city driving speeds. 

4. 20-40km/h,PerformanceZone4(Medium 
speedzone): Typical urban speeds. 

5. 40 - 80 km/h, Performance Zone 5 (High 
speed zone): Typical extra urban speeds. 

Therowsthengoontoshowthemostimportant 
estimated parameters for each journey, (Figure 5). 
Theseparameters areprocessed statisticallyin order 
to work outthe necessary averages, variances and 
percentiles; expecting thatthe correlation between 
journeys is high. AIso, the grid is divided into 
different areas to c1assify the order of accuracy 
required for the differing power requirements 
between saythecityand themotorwayenvironment. 

Therefore, the ideal performance model 
parameters are defined for all for all possible bus 
routes ofthe fleet. This obtained information is then 
stored in a master database. The performance 
model table for each bus route can then be loaded 
into the corresponding bus for any given journey. 

3.1.2.The HEB Algorithm (VMU) 

The HEB control is executed inside the bus 
VMU as previously discussed. Basically, this 
softwaremanages the correct operation of ahybrid 
system; thus providing the best solution for each 
given situation. In otherwords, it optimises the fuel 
consumption andreduces emissions. 

In the CHOICE project for example, the 
control system stored extra data which enabled the 
choice ofthe beststrategy. This extra data has been 
described in theprevious sectionand is stored inan 
internal databas e which distinguishes between the 
different bus routes (Figure 4). 

Functionally, a master function loads these 
performance model tableparameters whilsttaking 
into accountthe different inputs, as shown in Figure 
6. For example, weather (sun, rain .... or fog), 
passenger distribution (0%, 25%, 50%, 75% or 
100%), week day (Monday, Tuesday ... 0rSunday), 
time(lh,2hor24h)soonandsoforth. Theworking 
area is fixed bythe GPS, and setin afunction which 
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searches forthe correctperfonnancemodel table in 
the bus route database for these introduced 
parameters. 

Depending on the nature ofthese functional 
inputs, these parameters can be introduced by 
intemet(e.g. weather,unusualevents ... ),GPS(e.g. 
currentposition) ormanually( e.g. passengers loads) 
(Figure 6). Secondly, this function searches the 
databas e for the key parameters trom the best 
performancemodel tables toprovide infonnation to 
the control system. 

With the important objective ofreducingthe 
emissions especiallywithin the citycentre, the bus 
route has been dividedinto three types of operating 
regime; A, B & C. Arepresents amandatory zero 
emission zone, B is ideally zero emission and C has 
nospecmczeroemissionrequirement. Thisparameter 
is provided to the control system as well in orderto 
achievetheaim. 

Thecontrol system basedon theperfonnance 
model tables (power and energy estimations) 
managestheemissionszones, batteryoutput, electric 
motor andlCE management in orderto establish the 
best possible solution for any given part of the 
journey. These control methods are also 
cornmunicated backto the involved systems. Also, 
the control system logs a database in this process in 
order to generate a feedback approach to approve 
the accuracy of the process at each interaction 
(Figure 5). 

3.1.3.GPRS Connection 

To facilitate the connection between the 
master and the bus route database, the GPRS 
solution has been implemented forthe CHOICE 
project. The logged databas e provided by the 
control system is recollected with this method as 
well. The advantages ofGPRS are thatyou don't 
haveto wastetimeon themove by constantIy having 
todial, whllst still beingable toviewmovingimages. 

4.CONCLUSION 

Undoubtedly, the control methods being 
introduced for REV applications are offering 
advantages to electrical developments currently 
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being implemented by othervehicles. F orexample, 
the global positioning and the maps ofthe software 
fonnat found in the GPS car systems may be used 
in orderto improve REV strategies. F or example, 
speed limits, crossroads androundabouts are sorne 
usual parameterswhichcanbeobtainedfromGPS, 
and may be utilised in future energy and power 
requirement estimations. The method in which to 
make these predictions correctIy is the keypoint in 
being able to improve currentHEV systems. 

The CHOI CE project has been presented as 
an example ofthe extra data utilisation required in 
order to improve current HEV strategies. The 
research in CHOICE has been focused around 
hybridelectric buses (wherethecorrelations between 
journeys are higherthan those forcars); sorne ofthe 
statistical data and developments may however be 
useful in future REV control systems analysis. 
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