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With the broad introduction of ever more electric equipment and devices aboard military vehicles, demands in energy supply is being increased to fit the mission requirements. The original aspect of this work is to propose a comprehensive review of the correlations between the energy consumption of the auxiliary equipment and the driving patterns in military areas. The tendency to serial correlation of the auxiliary power is also examined and argued. The longer term purpose is to determine the best suited model of the auxiliary power in order to properly size the electrical sources such as storage devices and generators.

INTRODUCTION

Following the example of the civil automotive sector, the electrification of military vehicles has been widely increased for the last fifteen years. A full range of auxiliary equipment is now electrically actuated or powered such as tank turrets, air conditioning systems, gear boxes, or cooling strip; also new equipment are currently introduced like optics detector (OD), laser warning receiver (LWR) or else identification friend or foe (IFF) devices. Then, the addition of hybrid-electric propulsion can be expected to require on-board electrical power distribution systems able to reach up to hundreds of kW. Besides in a distant future, electrical armaments should be installed onboard, which means excessively high aboard power level. In the medium term however, electric propulsion will remain the most energy-intensive.

The interest in promoting electric drives is not solely driven by lower fuel consumption or beneficial consequences for the environment which remain a key priority for the civil sector, but more especially for the operational advantages that could be derived from. A good example of this is the likely introduction of a stealth mode when the vehicle is only powered by the electric propulsion. Some other benefits are also expected, like the availability of over-torque or transitional overpower in order to climb over natural barriers, the reduction of the thermal signature when running on a all-electric propulsion mode, or else a greater flexibility in vehicle design following a removal of mechanical linkages. Finally, the full hybrid system should enable greater relevance to the increasing electric power consumption required by the auxiliary systems and new electric equipment aboard.

The purpose of this paper is to propose a comprehensive review of the correlations that are likely to exist between the power demand of the auxiliary devices onboard and the driving parameters for a military vehicle typically used to move forward in numerous and specific theatres of operation.

II. REVIEW OF THE DRIVING CYCLES USAGE

A. Military Usage

Some of the research dealing with the High-Mobility Multipurpose Wheeled Vehicle (HMMWV) of the US army offers relevant insights regarding the optimal power sizing of the energy sources. The approach and scope of those studies mainly focused on the implementation of behavioural multiphysical models for the hybrid powertrain.

A parametric approach implemented on the Advanced Vehicle Simulator (ADVISOR) was proposed in [START_REF] Antonis | Modeling and Simulation of Various Hybrid Electric Configurations of the High-Mobility Multipurpose Wheeled Vehicle (HMMWV)[END_REF] so as to compare some of the vehicle's performances between different hybrid motor powertrain concepts. The analysis is then conducted by varying the rate of hybridization defined by the ratio between the electric and thermal power demands. In [START_REF] Bargar | Modeling and Verification of Hybrid Electric HMMWV Performance[END_REF], a modelling approach applied to a series HEV, namely, the U.S. Military's HMMWV XM1124 was developed from the PNGV System Analysis Toolkit (PSAT) of Matlab/Simulink. Validated on the basis of the FUDS drive cycle, the model should be however complemented by tests with prototypes. Those studies highlight the needs for having access to more representative driving cycles that can match with the military operating conditions. For example, the modelling of the auxiliary equipment is carried out from default values available from PSAT.

Following the previous research studies, [START_REF] Ducusin | Modeling of a Series Hybrid Electric High Mobility Multipurpose Wheeled Vehicle" Vehicle Power and Propulsion[END_REF] shows the possibilities for implementing with a far better accuracy a multi-physical model for a series-hybrid drive of a HMMWV of the US army by using the Ansoft Simplorer software. For that purpose, the author refers to the Urban Dynanometer Driving Schedule (UDDS) combined with the SAE J227a Schedule C drive cycle as input data, also considering the crossing of grades up to 60%. The auxiliary equipment modelling is however not taken into account. Following the same topic, [START_REF] Fish | Modeling Hybrid Electric HMMWV Power System Performance[END_REF] proposes the model of two hybrid drives for HMMWV prototypes from a specific tool developed by the Defence Advanced Research Projects Agency (DARPA). The studies aim at validating the basic models of the components available from that toolbox used for modelling the powertrain architectures of future vehicles. Then, basic tests on acceleration and grade-ability are performed and a comparison between simulations and experimental results is analysed on the basis of experience acquired through the testing of prototypes. Finally, a novel modelling and validation approach for hybrid electric vehicles (HEVs) proposed by [START_REF] Bogosyan | A Novel Model Validation and Estimation Approach for Hybrid Serial Electric Vehicles[END_REF] offers an improved simulation accuracy over most map-based modelling techniques. Applied to the US military's HMMWV XM1124, the results motivate the use of the approach for the estimation of variables unavailable for measurement in a variety of systems, such as engine torque, battery state of charge, generator torque, motor torque or fuel consumption.

B. Civil usage

Within civil applications, standard driving cycles are widely used for simulating the operating conditions of hybrid drives based on various sizing approaches to both reduce fuel consumption and decrease gas emissions.

In this respect, [START_REF] Desai | Optimal Design of a Parallel Hybrid Electric Vehicle using Multi-Objective Genetic Algorithms[END_REF] proposes a multi-objective optimization problem formulated for a parallel HEV, considering powertrain components, fuel economy and emissions minimisation, as design objectives. Performance of the designed parallel HEV is then evaluated using ADVISOR and considering the UDDS as a test case, in order to propose solutions for future designs. In [START_REF] Buecherl | Verification of the Optimum Hybridization Factor as Design Parameter of Hybrid Electric Vehicles[END_REF], the hybridization factor is advanced to an optimisation parameter of the required electric power at the stage of design for a hybrid-parallel propulsion. The vehicle behaviour is then simulated considering both the Federal Test Procedure FTP-75 and the New European driving cycle (NEDC). The NEDC cycle is also applied by [START_REF] Wang | Experimental Characterization of a Supercapacitor-Based Electrical Torque-Boost System for Downsized ICE Vehicles[END_REF] to perform a downsizing strategy by reducing the energy consumption of an internal combustion engine combined with an electric motor powered by a super capacitor.

Reference [START_REF] Wang | Design and Simulation for a Series-parallel Hybrid Electric City-bus[END_REF] uses a logic-threshold power management strategy based on the optimal engine torque for a Seriesparallel Hybrid Electric city-bus powertrain. The simulations are then performed on the basis of the ECE drive cycle, and component selecting and parameter matching of the powertrain system are implemented for reduced fuel consumption purposes.

All of those approaches refer to standard driving cycles for being tested and validated. But using such schedules for the military area shows two major drawbacks: firstly, the existing drive cycles are mainly representative of a civil application and secondly they typically cover a single vehicle usage. In order to provide proper answers to this lack of representativeness also noticed for civil applications, a number of studies have chosen to promote stochastic approaches able to generate a large number of driving patterns for covering a larger variability of the vehicle usage.

In this respect, [START_REF] Ripaccioli | A Stochastic Model Predictive Control Approach for Series Hybrid Electric Vehicle Power Management[END_REF] proposes a stochastic approach dealing with power management for a series-hybrid drive. The power required by the vehicle in motion is then assessed by a Markov chain which matrix of transition probabilities is implemented from standard driving cycles representative for urban, suburban and expressway driving conditions. A Markov process is also considered in [START_REF] Lin | A Stochastic Control Strategy for Hybrid Electric Vehicles[END_REF] so as to generate power demand patterns and to assess the speed of rotation of the wheels for trucks using a parallel hybrid power system. The generated statistical cycles are then used so as to implement a comprehensive energy management strategy between the both power sources combining a heat engine with a battery to provide energy. The optimisation process is then applied to maximise fuel economy and minimise the environmental impact with a subsequent reduction of the greenhouse gas emissions. Some other works still dealing with energy management prefer a dynamic programming method [START_REF] Kolmanovskyt | Optimization of Powertrain Operating Policy for Feasibility Assessment and Calibration: Stochastic Dynamic Programming Approach[END_REF] using a model based on a Markov process and applied to the NEDC driving cycle. Nevertheless, by still working on standard drive cycles, the major drawback is to limit the number of states in the Markov matrix and to reduce consequently the representativeness of the randomly generated cycles. To get round this problem, [START_REF] Johannesson | Assessing the Potential of Predictive Control for Hybrid Vehicle Powertrains Using Stochastic Dynamic Programming[END_REF] proposes a Markov process defined by a large amount of measured data including the vehicle speed and its location. More recently, [START_REF] Souffran | Simulation of Real-Word Vehicle Missions Using a Stochastic Markov Model for Optimal Powertrain Sizing[END_REF] promotes a new methodology for modelling real-world driving patterns by assigning to the state as defined in the Markov formulation, a combination of three dependent parameters representative of the vehicle driving conditions i.e. speed, acceleration and road gradient while preserving the correlation between the three variables.

Apart the work of [START_REF] Han | Characterization of driving pattern and development of a driving cycle in a military area[END_REF] that proposes a multivariate statistical analysis to develop a gradient-sensitive driving cycle for military vehicles in operation, the use of the previous methodologies based on stochastic approaches is not yet widely applied within a military context. Also, the existing works are more concerned with applications to powertrain sizing and have consequently no real interest in the contribution of the auxiliary consumption to the energy requirements over a mission. Thus, the idea of this paper is to consider the role of the auxiliary equipment in the power demand of a military vehicle in accordance with its driving cycle. The authors propose then to investigate the correlations that are likely to exist between the variables associated with the driving patterns and the energy consumption of the aboard auxiliary equipment.

III. MAJOR FEATURES OF A MILITARY VEHICLE MISSION

Over its life cycle, a combat armoured vehicle is mainly devoted to tactical combats in conflict areas during external operations or for training exercises. Fig. 1 displays the driving pattern of an armoured vehicle over one full mission of a training exercise. It is then observed that the graph combines a number of stop and running sequences of quite different durations. The stop phases typically match with quiet mode or monitoring activities that are strong consumers of energy for supplying the aboard auxiliary equipment. These remarks are supported by the values of Table I. which illustrates the main characteristics of four successive missions of a military vehicle.

It can be then noticed some very specific features compared to a civil use. Firstly, the distance travelled in military areas remain quite small; secondly, the maximal velocity achieved over the mission appears far lower than the levels reached by a civil car. Also, a quite low average speed can be observed due to frequent stops with long durations. Varying between 2 s to 10500 s, the stop phases are indeed about 80% of the time of the mission. In this regard, the power demand during the stop phases of the vehicle in start and stop or stealth mode can no longer be overlooked, given the above-mentioned features of the vehicle stops. Finally, the influence of the road gradient already stressed in [START_REF] Souffran | Simulation of Real-Word Vehicle Missions Using a Stochastic Markov Model for Optimal Powertrain Sizing[END_REF][17] is also noticeable with sharp levels ranging from -20.76% to 17.94%. IV. CORRELATION ANALYSIS

A. Introduction

The set of equipment and auxiliaries available in a military vehicle include all electrical energy-using devices which do not belong to the propulsion chain. A number of examples can be mentioned, i.e. deployable turrets actuators, observation and sighting devices (cameras, light intensification optics, ..), user interfaces, onboard computers, door actuators, communications systems … This class of equipment contains more than 120 main consumers. Given the complexity of their functioning and the subsequent difficulty in considering a suitable behavioural model, the power demand will be modelled by a stochastic approach.

It is reasonable to expect that the energy consumption of some devices is correlated with the vehicle motion and the geometric pattern of the route. In practice, when the fencer is following a target with a sighting system, the turrets movement is clearly dependent on the trajectory, the distance and the target's travel speed. However, it may also depend on the path and speed of the vehicle in motion. The turrets actuators also are likely to be stressed according to the vehicle's own moving. Another example concerns the stabilizing mechanism for a weapon in shooting operation when the vehicle is moving: correlated with the vehicle speed, the surface roughness of the terrain is expected to generate dynamic effects on the weapon that should be controlled. When considering the time waveforms of the auxiliary power and the vehicle speed in Fig. 2 and Fig. 3, this assumption seems to be valid. It must be however confirmed on the basis of a more objective and stringent mathematical criteria.

The analysis of the correlation between the time-dependent variables is conducted using the Pearson Product Moment Correlation together with the Spearman's rank correlation. The scatterplot typically used for a first stage analysis provides a visual distribution of the data and tells about the nature of the linkage between two sets of variable.

B. Inter-correlation analysis

The physical quantities to examine are the variables linked to the vehicle mission like the speed, the acceleration and the road gradient as well as the power demand of the auxiliary equipment, respectively referred to as v, γ, α and P aux . The idea is to perform a sensitivity analysis to decide whether it is appropriate or not to correlate the use of the auxiliary consumers and the main mission on the ground.

Signs of correlation between the vehicle speed and the electric consumption of the auxiliary equipment can be directly detected from the recordings of Fig. 2 and3. The apparent relationship observed over the full mission seems to be obviously associated with the vehicle stop phases, which is supported by the calculation of the relative correlation coefficient, as shown by the comparison in table II between two configurations: the full mission (including stop phases) and the mission without stop sequences. 

1) Vehicle in motion

By omitting the periods when the vehicle is stopped, correlation between speed and auxiliary power consumption is setoff, as confirmed in the scatterplots of Fig. 4. Conversely, as outlined by the correlation coefficients of Table III, no consistent evidence of linear and non linear correlation is observed between the auxiliary power demand and the other mission parameters that are the vehicle acceleration and the road gradient.

2) Vehicle stopped Besides, over stop sequences, the auxiliary power pattern looks like different according to the state 'on' / 'off' of the engine, as shown in Fig. 5. At zero speed with the engine switched off, the vehicle goes into a generally long-term sleep mode, where the use of the auxiliary equipment is quite different (small displacement of the weapon system, a little moving observation …). At zero speed with the engine running, the vehicle is stopped within a tactical approach conditional upon the events of the mission (grades and land forms, the supposed enemy position, risk-taking, orders, friendly position …) and it is subjected to a tactical move involving a progress by successive jumps.

The interest of separating the operating sequences of the vehicle is also stated clearly by the statistical characteristics of the power demand of the auxiliary consumers shown in Table III. Indeed, there is a noticeable difference in the consumption values depending on the vehicle operating mode. This remark suggests consequently considering three separate operating sequences: the first one when the vehicle is moving, the second and third one associated with the vehicle stop phases, with two further distinctions depending on whether the engine is switched off or not.

C. Cross-correlation analysis

The present section is now dealing with the analysis of the serial correlation for the onboard power demand of the auxiliary equipment. The aim is to detect any significant timedependence to be taken into account for further modelling purposes. The scatter graphs of Fig. 6, Fig 7 and Fig. 8 associated with the three operating sequences mentioned above are displayed both with the original measurements and the ranked values for the purpose of calculating Pearson and Spearman's rank correlation. A fairly strong relationship between the auxiliary powers for different time lags is pointed out at zero speed, particularly when the engine is switched off. Conversely, the operating sequence when the vehicle is running shows a far broader spread of power values at two distinct times. This view is confirmed by the Spearman-rank correlation coefficient assessments of Table IV which provides evidence there is a fairly strong link between past and current values of the power demand at zero-speed while crosscorrelations vanish outside of the stop sequences. V. CONCLUSION

The present study raises a specific problem of military vehicles within the use of auxiliary equipment and devices in terms of power consumption during their mission. At this point, the application of statistical methods to explore the possible correlations (inter-correlations and cross-correlations) between the auxiliary power and the parameters of the mission i.e. speed, acceleration, and road gradient is appropriate. The results lead then to conclude that the model of the electric consumption of the auxiliary equipment is to be reasonably separated from the model of the vehicle mission, because of a weak relationship pointed out by the Spearman's rank order correlation coefficient. Nevertheless, the data analysis shows the need for implementing three different auxiliary power models according to whether the vehicle is running or is stopped with the engine switched off or not. In this regard, the authors propose a methodology of analysis that can be easily reproduced for any other vehicles and that might bring in turn to different conclusions. Then, the interest of the approach is also to suggest directions for selecting suited models of the onboard power demand that would be able to take account of the cross-correlations put forward by the data analysis. Finally, it provides a basis for future research that would lead to a proper sizing of the electrical sources such as storage devices and generators.
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 678 Fig. 6. Scatter graph: Paux(k) versus Paux(k-1) over stop sequences -engine 'off' (a) original measurements -(b) ranked values

TABLE I . GLOBAL MILITARY CHARACTERISTICS Parameter Unit Value

 I 

		Distance	km	[24 -55]
		Duration	s	[15500 -47000]
	Speed	max	km/h [64 -74.4]
		average	km/h [6.4 -22.9]
	Acceleration	average	m/s 2	[-2.28 -1.384]
	Road gradient	%	[-20.76 -17.94]
		duration range	s	[2 -10500]
	Stops	number mean duration	--s	[92 -131] [313 -335]
	Equipment energy by mission	kwh	[23.44 -31.42]
	Energy mobility by mission	kwh	[110 -254]

TABLE II .

 II 

CORRELATION COEFFICIENTS BETWEEN THE AUXILIARY POWER AND THE MISSION PARAMETERS.

Correlation coef. (%) Speed /Paux Acc. / Paux Slope / Paux Full mission (v ≥ 0)

  

		Pearson	34.02	-0.13	-1.68
		Spearman	44.13	4.19	-1.27
		Pearson	-12.83	-0.19	-4.64
	v > 0	Spearman	-7.31	2.34	-3.42

TABLE III .

 III 

STATISTICAL CHARACTERISTICS OF THE AUXILIARY POWER DEPENDING ON THE VEHICLE SPEED Paux (

kW) full mission (v ≥ 0) vehicle running (v > 0) vehicle stopped (v = 0) regardless engine state engine 'off' engine 'on' mean value

  

		1.79	4.76	1.38	0.66	3.99
	standard deviation	2.21	2.70	1.79	0.40	1.92
	coef. of variation(%)	1.23	0.57	1.30	0.61	0.48