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Context: trip acquisition

• GPS information (latitude, longitude, altitude)

• Weather data

• Battery data

• Electrical machine data

• HVDC

• Etc.

GPS

MABX
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Data base



Context: CUMIN-SARA

Testing driving 
Cycle (11 km)
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• Same trip for more than 120 drivers

• Variation of energy consumption of 21%

Technical aspects

Energy (kWh)

Velocity (km/h)

time (s)

Driver 1

Driver 2

CUMIN DILAN 

(Driver-In-the-Loop)

using a driving

simulator

[Junker 2024]

programmable traffic 
and weather ?

Impact of traffic?

Impact of driver?

Impact of weather?



Context: HIL @ L2EP
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Hardware-In-the-Loop expertise: coupling Hardware under test and digital model 
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How to extend this concept to Driver-In-the-Loop for CUMIN-DILAN ?
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Model of Nissan Leaf (reference vehicle)
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Development of a simulation model based on the real vehicle
using Energetic Macroscopic Representation formalism
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only 2% of error on
energy consumption

Off-line simulation (vehicle model)
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Subsystem to test

Power-HIL of the Nissan Leaf
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Test of the real battery and the real e-motor using a simulation model

Nissan e-motor

driver simulationNissan Battery

Real-time simulator (vehicle model)Emulation interface
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Driver-in-the-Loop (DIL)

Vehicle model 

Vehicle 
control

Driver model
PI corrector

vref

Vehicle model 

Vehicle 
control

Driver model
Complex method

vref

Vehicle model 

Vehicle 
control

Real driver with 
human/machine interface
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Driving simulatorScanner Software

vision

sound

vibration

etc.

dashboard

driving wheel

pedals

etc.

powertrain

simulation

Driving simulator
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Driver-In-the-Loop of the Nissan Leaf
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Integration of the Driver in the testing loop

Nissan Battery

Nissan e-motor

Interface ?

???

Driver

Emulation interface Real-time simulator (vehicle model) Emulation interface
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First DIL use for battery testing

Speedometer

Pedal 
assembly

Motion 
interface

Kinesthetic 
interface

Vibration 
interface

Sound 
interface

Visual 
interface 

Electronic 

Control Unit

Emulation 
interface

Battery

under test

13         
 

  

   

   

 
 
 
 

  
 
 
 

  
 

Zoom on the current [A]

    

 

   

  
    
 

               

  

  

  

  
  

  
 

 

  

   

  
   

  
   

  
  

 

  

  

  

  
 

  
 

        
 

  

   

   

  
  

   
  

  
 

 

  

   

  
  

  
 

  
 

            

          

  

  

  

  

  

  
    
 

    

    

    

  
        

        

        

Temps (s) 1800

Reference and simulated vehicle speed 
[km/h]

dSPACE ©

Driving simulatorReal-time simulator (vehicle model)



Conclusion

o Selection of relevant driving cycles (TVES / L2EP)

o Validation of  the human perception (TVES)

o Validation of the energy behavior (L2EP)

o Management of the data flow for CUMIN (GERiiCO)

o Comparison DIL with other testing methods (L2EP/CRITT-M2A)

✓ Extension of the Power-HIL to the DIL

✓ Strong work for Hardware and Sotfware interfaces

✓ Cockpit interface validation 

Perspective

14

CUMIN - DILAN
CUMIN - SARA

CUMIN - DILAN
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Our university as

an exciting living lab

towards eco-cities !

https://cumin.univ-lille.fr/  

      

    

    

       

         Vents

   

       

   

   

        

           

Blower

         

     

   

        

    
   

  

  

  

    

   

Batt.

  

     

   

HP

          

   

       
           

       

                

HVAC 

Subsystem

      (9)

(10)

    

    

    

(15)

    

     

          

         

         

    

        

           

       

Int. mass

   

     

        

   
   

Ext. A.

     

         

    

     

          

     

   

Rad.

         

    

     

          

    
     

      

Conv.

         

       

Cond. Roof       

     

          

         

    

            

         

   
     

   

           

   

             

Windows

          

          

     

   

(2)

      

(3)

(3)

   

   

   

(5)

   

   

(6)

(6)

   

              
   

Ext. surfaces

coupling

             

        

    

    

           
           

       

    
         

        

    

     

0

5

10

15

20

25

30

35

Clio
Essence

Clio
Diesel

VE
Pologne

VE
Allemagne

VE
France

VE
Suede

VE
Europe

GES en tonnes de CO2 équivalent pour divers véhicules

Batterie Motorisation Reste du
véhicule

Production carburant
et électricité

Emissions
pendant conduite

-62%


