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In recent years, stricter fuel economy and emission regulations worldwide have accelerated the development and widespread adoption
of hybrid electric vehicles (HEVs). These vehicles employ an energy management system (EMS) that governs energy distribution between
the engine and motor, as well as engine start/stop control. Conventionally, fuel economy and emissions have been evaluated using
prescribed driving cycles such as JCO8 and WLTC. However, indoor chassis-dyno tests based on these cycles can deviate significantly
from real-world driving conditions, and Real Driving Emissions (RDE) testing has therefore attracted increasing attention. The purpose
of this study is to propose a predictive battery charging control system using road gradient information and to verify its fuel economy
improvement using a vehicle model identified from real driving data.

A series HEV model was used in this study, consisting of an engine fuel consumption map, a motor efficiency map, and a battery
equivalent circuit model (OCV and internal resistance). The baseline engine control starts and stops the engine based on an SOC-dependent
power threshold. The test route assumes suburban driving with steep and continuous uphill and downhill sections, with a total driving
distance of 27 km and an altitude difference of 981 m.

The proposed control system is built on gradient information of the entire driving route. The core policy is to actively discharge the
battery during uphill driving to reduce fuel consumption, and to secure sufficient charging headroom in the battery during the subsequent
downhill section to maximize regenerative energy recovery. The driving force acting on the vehicle and the recoverable regenerative
energy are formulated as:

1
Fary = Ma + uMg +5 CoApV? + Mgsing 1)

Erege = Z_Mgsinei CXp = fMgsinG v dt 2)
L

If the SOC falls below the lower limit (15%), the engine is forced to start regardless of the predictive estimate. Otherwise, the sum of
predicted regenerative energy and available battery headroom over the forward section is compared with the remaining driving energy
demand. If the demand can be met solely by the current battery capacity and regenerated power, the engine is switched off.

As shown in Fig. 1, the SOC at the end of the uphill section (900
s) was reduced from 63.67% (baseline) to 28.57% with the proposed
control. This difference of 35.1 percentage points corresponds to 1,8
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