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1 SCOPE

This document describes the different algorithm used in the digital Twin
2 ANALYSIS TYPE : GPS REPLAY

21 Energy calculation

It is assumed that the GPS tracks x(t) are describing the position of the Center of Gravity
(CoG) of the venhicle in function of time, in the Earth Coordinate System (ECS).

The vehicle COG velocity in the ECS is:
v(t) = x(t)

The orientation of the vehicle in the ECS:

e e, is collinear to the velocity

(- v(t) _ €1x
if lv@ll #0, m—{i’g}

e1(t) =1 elseif |lv(®)||=0and t > t,, eq(ti_1)

1
else, {0}
0

e e, is oriented to the left of the vehicle and parallel to the xzy plan

1 1y
es(t) = ——1 e,
/elzy +ez~ 0

e ejis defined perpendicular to the two other vectors

ez(t) =eg Xey
The vehicle angular velocity in the Vehicle Coordinate System (VCE) as:
wycs(t) = (€3 -e3) e+ (e5-e1) ey + (€] -e) - e3

The total vehicle kinetic energy in the ECS is given by:

1 1
Ep(t) = Em”vEcs(t)”Z + vacs(t)T “lycs - wyes(t)
With:
m: the vehicle mass

]11 112 113
Iyes = |11z Iz Ir3|: the 3x3 inertia matrix in the VCS
113 [23 [33
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Applying the theorem of kinetic energy to the vehicle at the time t;, and neglecting the
contribution of the internal forces, gives

ti

AE(t)) = f For(®) - w(t) - dt

ti—1

Where:
AEy (t;) = Ep(t;) — E(ti-1)
Fext(t) = Faero(t) + Frou(t) + F grouna(t) + F graviey(t) + Fmecmotor (t)
Note that the above forces must be in the ECS.

The work produced by the motor W,,,,:0rmec PEIWeEen time ¢;_; and t; is given by

t
Whotor.mec (ti) = AEj, (ti) - (Faero(t) + Fgravity(t) + Fground(t) + Frolling (t)) ' U(t) -dt

ti—1

The expression of each component of the external forces is given in the following sections:

211 Aerodynamic Force F ..,
The aerodynamic force in the ECS is given by:

1
Foero(t) = _Epv(t)z -Cx-S-eq(t)

21.2 Gravity Force F ;.41
The gravity force in the ECS is given by:
0
Fgravity(t) =m-g { 0 }
-1
213 Ground reaction force F g;.pynq

To compute the ground reaction force, the angle between the velocity vector and the
horizontal plan shall be calculated. The road plane elevation angle A is calculated as:

(e )

A = arcsin
2 2 2
\\/elx + eiy + elz/

NB: the road plane elevation angle has a sign. It is positive when driving uphill, and negative
when driving downhill.

The reaction of the ground is given in the ECS as:

Fground (t)=m-g-cos(d) - e3
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21.4 Rolling Force F,,jing

The rolling force in the ECS is proportional to the total ground force, but opposite the velocity
direction:

Frolling(t) = —Cpr - m- g -cos(d) - eq
2.2 Power Calculation
The motor mechanical power is calculated from the motor mechanical work as follow:

d

Pmotor.mec = a Wmotor.mec(t)

23 Discretisation
The vehicle CoG position is given at discrete times:
x(t) = x(ty), x(t1), ..., x(t;), ... x(ty)

The derivative and integral of the different variable (position, force, energy) can thus be
computed assuming different interpolation scheme. The following methods are implemented

231 Linear
Derivatives are computed as follows:

x(t;) — x(ti-1)

Lt =
ac T T e

The integrations are computed as follows:

ti 1
f x(t)dt = = (x; + x;-)(t; — ti—q)
¢ 2

i-1

by Blecha Luc 3/3


https://heig-vd.ch/

