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Abstract — On-going oil stock depletion and growing 
environmental concerns lead automakers to develop more 
efficient powertrains. Today, the most promising way forward 
consists in research on hybrid systems. Defining the most efficient 
powertrain requires a systemic design. In this paper, three main 
levers are used: powertrain architecture, energy management 
and electric components design. Different powertrain 
architectures (series, parallel and combined) are compared: their 
optimal energetic performances are calculated for different 
INRETS1 driving cycles by using dynamic programming as an 
optimal control strategy. The most promising hybrid powertrain 
is the parallel one. Its behavior is more closely analyzed so as to 
provide technical specifications for an optimal sizing of the 
electric components: electric machine and battery. 

Keywords — HEV (Electric Hybrid Vehicle), passenger car, 
systemic design, power management, energy consumption 

I.  INTRODUCTION 

In the current context of increasing demand for personal 
transportation, on-going oil stock depletion and growing 
environmental concerns, profound technological mutations are 
needed to design passenger cars. During the last century, 
automotive industry has been dominated by internal 
combustion engine (ICE) based powertrains, despite their 
rather low efficiency. Improvements in ICE efficiency are still 
expected, but further enhancements can be achieved by 
coupling fossil energy source with a complementary on-board 
one. Nowadays, all automakers are focusing their research and 
development activities on these hybrid systems to offer more 
efficient cars with low carbon footprint at affordable prices 
[1],[2]. 

Full Hybrid-electric vehicles (HEV) have a classical ICE 
and at least one electrical machine. The system design aims at 
taking advantage of both technologies, in order to reach the 
lowest vehicle fuel consumption. The ICE is fuelled by oil, 
which has a high energy density and easy on-board storage, 
while electric machines have high efficiency, zero tank-to-
wheel emissions, and a reversible behavior used for 
regenerative braking. Fuel is the only energy source (no Plug in 
function), but the global system efficiency can be improved by 
proper energy management. A clever balance of the ICE and 

                                                           
1 INRETS (Institut National de Recherche sur les Transports et leur Sécurité) 

and LCPC (Laboratoire Central des Ponts et Chaussées) merged in 2011 to 
create IFSTTAR (Institut Français des Sciences et Technologies des 

Transports, de l'Aménagement et des Réseaux) 

the electric machine use allows operating the ICE close to its 
optimal working point. First control systems were based on 
heuristic approaches, intuitive and pragmatic, but with limited 
efficiency. Powerful mathematical methods, such as dynamic 
programming and Pontryagin principle, are now used for 
optimal control, the challenge being to go from off-line to on-
line optimal control  [3], [4], [5]. 

Optimal control is also helpful for design purposes: the 
lowest consumption which can be reached by a given hybrid 
system can be estimated, and the influence of the design 
parameters on this optimal consumption analyzed in order to 
propose an optimal design. This approach has been applied to 
study different types of hybrid systems: microhybrid HEV [6]; 
comparison between parallel and power-split HEV [7]; 
comparison between torque-assist and full-hybrid parallel HEV 
[8]. More recently, [9] has used convex optimization to design 
parallel PHEV powertrain. The present study, concerning a 
HEV B segment vehicle (Peugeot 208), follows the same 
global systemic approach, but goes further in data analysis to 
define components specifications in relation with the vehicle 
use. 

The paper is organized as follows. The principle of the 
model used is presented and optimal control is introduced. 
Then different HEV powertrain architectures with given 
components are modeled. Their optimal performances are 
calculated using optimal energy management and their 
sensitivity to the electric machine efficiency are compared. The 
most promising architecture is selected, and its behavior is 
closely analyzed, so as to define technical specifications for an 
optimal choice and sizing of the electric components: the 
smallest battery capacity allowing to reach the optimal 
consumption is estimated, and the ideal efficiency map of an 
optimal electric machine is also established. 

II. HYBRID POWERTRAIN MODEL 

A. Powertrain architectures 

In a first step, the three classical hybrid powertrain 
topologies, depicted on Fig. 1, are considered. The series 
architecture corresponds to a purely electrical powertrain where 
the electric power is supplied by an engine-driven generator. 
The parallel architecture can be seen as an ICE one, assisted by 
additional electric power. The combined architecture mixes 
both features. The three architectures need a battery for 
temporary storage of the energy. 
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