Cédric Liot 
  
Maurice Fadel 
email: fadel@leei.enseeiht.fr
  
Marcel Grandpierre 
  
Mariano Sans 
email: mariano.sans@siemens.com
  
Pr Maurice 
  
Pr Marcel Grandpierre 
  
  
Global Energy Management for Vehicle in GERICO Project

To overcome the growing fleet of vehicles and the objective to reduce exhaust gas emissions, the GERICO project began in 2003, lead by Siemens VDO Automotive. A global optimization algorithm takes into account the whole environmental data via the navigation system (traffic, meteorology…), and the internal data from the on-board calculators (electrical consumption…). This algorithm computes this data to provide the driver with an economic driving pattern available in a hybrid vehicle. An out-line algorithm gives promising results (up to -13% of fuel reduction), and is adapted to have an acceptable computation time. Tests with a demo-car will allow analyzing and improving of the general performance.

Confronted to a growing fleet of vehicles and to a will to reduce greenhouse gases emission (ACEA programme has a target of 140g/km for 2008 and of 120g/km for 2012), it appears necessary to develop systems to lead the driver in this direction. It is the goal of the GERICO project "Generic EneRgy management an Interface for a Citizen and Optimal automotive driving". The target of the project is to contribute to the fuel economy and CO 2 reduction, based on the optimisation of the on-board energy and on the design of a specific interface, to make the driver adopt the best driving behaviour, smoothing speeds and reducing consumers. Siemens VDO Automotive is leading the project, associated to different contributors, which are the LEEI laboratory as System control and optimization experts, Eurisco International as HMI experts, the High Commercial school ESC as analysts of the Marketing Mobility, the City of Toulouse and the CETE-ZELT organization as Experimental Centre for real Tests, and the IERSET institute as Testing and Communication coordinator, all located in Toulouse. This project is funded by the French administration ADEME, related to the Environmental Preservation Minister. To inform the driver, it is necessary to supply him information related to an economical driving, thus some optimized variables (optimized vehicle speed, gear box ratio, information about electrical consumers…) are shown on the dashboard. This optimization of the correct driving pattern is determined through a global knowledge of the trip the driver wants to do, and data supplied by the navigation system. The driving optimisation takes into account external constrains (traffic, meteorology) and internal constrains ( electrical consumers, battery state of charge). As a matter of fact, this system is developed for a hybrid vehicle, but can be adapted to different kind of vehicle, hybrid and non-hybrid vehicles, and diesel or petrol engine. At the end of the trip, the system gives information to the driver about his behaviour during trip, i.e. CO 2 and fuel consumption, driving efficiency and loss relative t o the optimized driving. A demo-car will ratify the project, with the optimization algorithm in a fast prototyping calculator, to calculate the optimized behaviour. Complete tests in real driving conditions with a high number of drivers are planned (in 2005) on special trips in Toulouse and surrounding, to validate the energy optimisation algorithms and the cluster-interface. The goal of the project is to reduce the fuel consumption from 10% to 15%. The system will be presented in the first part, and then the algorithms implanted will be described.

AUTOMOTIVE POWER TRAIN

The hybrid vehicle used to develop the optimization algorithm is presented in the figure 1. This vehicle is a parallel hybrid car. The torque provided at the clutch is the direct sum of the torques from the internal engine consumption (ICE) and the integrated starter-generator (ISG). The transmission gear box is an automated manual transmission (AMT), which provides either a manual-sequential mode, or a full-automatic mode. The starter-generator is connected to a electrical power-net, connected to 36V-42V battery. A 12V battery is used for the standard electrical equipments supply, via an AC/DC converter. This battery is assumed to be in constant charge, to simplify the algorithm. We fit this vehicle with different devices to allow internal and external communication:

A navigation system to bring information about the trip the driver has chosen. A GPRS message receiver, to inform the system of the driving conditions (broadcasted by the CETE-ZELT) A fast prototyping calculator, including the optimization algorithm, to compute the optimized driving. A Human Machine Interface, to give pertinent information to the driver. This global system is presented in the figure 2. 

ENERGY MANAGEMENT ALGORITHM

This project is directly influenced by a thesis work lead by P. Boucharel, between the LEEI laboratory and Siemens VDO Automotive. A global optimization algorithm has been developed. This algorithm provides the optimal driving for a known trip, but its computation time is too high to be used in-line. So some characteristics of this algorithm are used for this project, but it must be adapted to obtain an acceptable computing time.

Let's consider this algorithm theory, and then modifications will be detailed. The algorithm goal is to provide the optimal behaviour on a complete trip. The optimization domain is presented in the (S) equations system. )
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This is an iterative optimization process, from the end of the trip to the b eginning, respecting constraints. At the N-1 instant, the algorithm search the best way to join SOC(N), since SOC(N-1). For each possible state at the N-1 instant, we search the minimal criterion C N-1 with the following equation. SOC(N) is calculated via the previous equation.
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Once the iterative process has finished, the command sequence is calculated from the SOC(0) and knowledge of the optimal commands. This provides results presented in figure 5. We can see that SOC management depends on the vehicle speed profile which is to be followed. For this example, the extra-urban phase of the EUDC cycle has been moved. It has some impact on the optimized SOC profile. The optimization allows high State Of Charge in the extra-urban area. In terms of fuel economy, the algorithm performance is presented in the figure 4. Fuel savings depend on the type of tested cycles (figure 5). Good results on the EUDC cycle are due to the two different trip phases (urban and extra-urban). The Japanese cycle is characterized by urban driving conditions, and so good results are also due to the frequent usage of the stop-onidle function.
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Figure 4 This optimization algorithm must be adapted to obtain an acceptable computation time and to take real time information into account. New constraints must be defined.

ADAPTED OPTIMIZATION ALGORITHM

This stage of the project is in development. To obtain an algorithm with an acceptable computation time (a few seconds), the adopted solution is to divide the whole route in a certain number of sections. This segmentation is given by a specific navigation system. A segment is characterized by a certain number of constant parameters and constraints. Two hypotheses allow adapting the algorithm to this new consideration of the trip. The operating point of the engine, stay constant for the bulk part of the segment. So, energy exchange between the engine and the battery are constant for this part of the segment. The evolution of the battery state of charge can be determined.

The adaptation of the vehicle speed from the N-1 segment to the N th segment can be quantified, in terms of consumption. So the criterion is still the same and for each possible state at the (N-1) th segment, we search the minimal criterion C N-1 to join the N th segment. So, this still is an iterative process and the computing of the optimized solution is done with the same methods as the first version of the global optimization. This algorithm is in development, results will available in a few weeks.

CONCLUSION

To reduce exhaust gas emission, algorithms implemented for the GERICO project take into account the whole trip to drive. It includes realtime modification of driving conditions, internal and external to the vehicle. It appears necessary to combine these parameters to provide realistic optimized driving orders.
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 1 Figure 1: Hybrid demo-car, based on VW Golf
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 5 Figure 5: results, in terms of fuel consumption

  : Optimization domain, parallel hybrid car

	performed test	fuel consumption	fuel savings
		(l/100km)	
	reference EUDC	8.527	-
	reference JAP_1015	8.369	-
	EUDC battery	7.940	-6.88%
	SOC ref constant		
	JAP_1015 battery	7.266	-13.2%
	SOC ref constant		
	EUDC battery	8.254	-3.20%
	SOC ref variable		
	JAP_1015 bat tery	7.211	-13.8%
	SOC ref variable		
	EUDC DLC	7.821	-8.28%
	JAP_1015 DLC	7.367	-12.0%