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TSP Iin dynamic programming is biutiful
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Can | talk about electric cars, RED-

Proceedings of TOGO 2010, pp. 85 —88.
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Can | read engineerish?

MmN, (1), 2(1), pos(t),u(t) E( Liylm, )

s.1.
dig(t) () Vagim—Rupi (1) — Ky 2(1)

dt L m

; _':Ill.r| . _r.
L”c}r. = Tl (hmf'm”} ('l,fgﬁ,, + ”‘_, SC, (5.&?,-”

dpos(t) _ 2{tr
dt  — Ky

lig(t)] < 130

u(r) e {—1, +1}

(im(0), 22(0), pos(0)) = (i%, 27, pm ) e R?
(im(tr), $2(t5), pos(tr)) €T < R’

an electrical solar car: K, = 10, the coefficient of reduction; p = 1.293 kgfm'}'.
the air density; C, = 0.4, the aerodynamic coefficient; § = 2 m?, the area in the
front of the vehicle: r = 0.33 m, the radius of the wheel: Ky = 0.03, the constant
representing the friction of the wheels on the road; K, = 0.27, the coefficient of the
motor torque; R, = 0.03 Ohms, the inductor resistance; L, = (.05, the inductance
of the rotor; M = 250 kg, the mass; g = 9.81, the gravity constant; J = M x r?/K o
Vaiim = 150 V, the battery voltage: Rp,;; = 0.05 Ohms, the resistance of the battery.

¢, Que??



Translated to Optimizish?

Indices
t Moment in time with 4 = 0.1 second slots, t =0.....T

Parameters

Final control horizon in seconds

time discretization slot, § = 0.1

Number of periods in the horizon T = %

Target position to be reached in control horizon
Radius of the wheels in m

Resistance of the battery, B = .05 Ohm

Voltage of power supply, S = 150 volts
Transmission coefficient motor to wheels, T'r = 10
resistance depending on air density, surface car and aerodynamics, C' = .517
Inductance rotor, L = .05

Inductor resistance, I = .03 Ohm

Coefficient motor torque, () = .27

Mass vehicle, M = 250 kg

Gravity constant, G = 9.81

Friction coefficient of the wheels, F' = .03
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Variables
iy € [—150,150] Induction of the engine
radial speed in radius per second. This translates to the velocity v = %wt in meter per second
position of the vehicle
Control, switch. One can switch very frequently, such that this variable can also be
considered continuous. We will make use of that to limit its value such that i, € [—150, 150]




And stare at the model?

The objective is given by

T-1
= 52 Sugiy + Buii;.

t=0

The dynamics is given by difference equations taking the time step size ¢ into account. Position:

Pt = Pr—1 + 0V,

Su, —Ti —
PP S Lo z£1 szl

The dynnamics of the radial speed is given by

Variables

iy € [—150, 150]

Wit
p: € [0, P]
us € {—1,1}

o TIr (QTr
Wy = Whe—q +é? (Wh_l

Induction of the engine

radial speed in radius per second. This translates to the velocity v; = Tﬁrm in meter per second
position of the vehicle

Control, switch. One can switch very frequently, such that this variable can also be

considered continuous. We will make use of that to limit its value such that i; € [—150, 150]

DP view, find  [€QIaR BRI CRIACRBNA obviously



And ....... solve.... or not

DP view:

» Build simulation model, small time steps

« Bound state space

» Grids on state space and use interpolation (continuous variables)

* Run Bellman recursion backwards, with penalties on bad states

« Harvest a table u(t,i,w,p) control rule u(i.w,p)

« Simulate applying interpolation

« Some pain in the discretisation of the time. Simulating forward different
from step sizes control.

First implementation
horrible

400 600 800 1000 1200 1400 1600 1800 2000
speed

-100 0
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800 200f
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Three weeks ago
Can | repeat the earlier exercise?

current im speed V: km/h

Ana Rocha,
Universidade do Minho

Let us try, nonlinear optimisation on u, € [-1,1] and limiting control to

150L + (01 — L)is—1 + 6Quw;i—4
ﬂ-l...i'_.;

values of the control to

u; € {min{—1,sgn(A;) min{|A,|, 1}, max{1,sgn(A;) min{|A|,1}}

Within the simulator with small time steps of 5=.002



Three weeks ago
Can | repeat the earlier exercise?

5 values for u
Sim-based optimisation
fmincon

Uf, makes more sense
Energy 24191 joules




Three weeks ago
Can | repeat the earlier exercise?

10 values for u
Sim-based optimisation
fmincon

Energy 19496 joules




Can | repeat the earlier exercise?
Not exactly, what they had been doing is

current im speed V. km/h

Optimise reference values for current i

x 1g* energy consumed
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u(t—) else,

002 002 0024 0026 0028 003 0032 0031 003 0038

We built the corresponding simulator where iref is going in.



Iref control:
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Simulation is biutiful
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Continuous optimisation is ugly
Simulation based optimisation

Why does this give a numerical problem from nlp perspective in simulation based

optimisation? No, pattern search neither works (well).

09

Compare to smooth control =i

Vary one variable iref;; optimisation of uy, u,
nonsmooth, non-continuous:

energy
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Concluding

Kader did a discretisation of the iref space (grid) and
used bounds

One could use a population algorithm.

Notice, it is not GO, just hon-smooth

What to do:

* Let us focus on DP u, space

 Try DP in iref space

* Applying bounding, discretisation and
interpolation
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