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Project Overview

1. Project Planning
2. Vehicle specification, hybrid drive-train concept

Analysis of hybrid drive-train concepts, concept
decision

Detailed analysis of hybrid drive-train

Comparison of developed controllers

Research on predictive algorithms on energy-
management

8. Project finish
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5. Research on energy-management
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HYBRID CONCEPTS
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Choosing the best concept — decision matrix

Subjective Properties Objective Properties

‘ Average weighted sum of: H Co ‘ C1 ‘ C2 ‘ C3 ‘ Concepts
| - cost properties [3033]27] 25| Propertics | Weight || co | €1 | c2] c3
‘ - complexity properties H 16 ‘ 19 ‘ 5 ‘ 15 ‘ \Electric consumption 2 4 1 213
‘ - weight properties H 4 ‘ 3 ‘ 2 ‘ 4 ‘ Hossil fuel consumption 2 1 4 3 2
‘ flexibility properties H 2 ‘ 4 ‘ 1 ‘ 2 ‘ 8 C'O Emission 2 3 4 2 1
= - .
‘ - dynamic properties H 3 ‘ 12 ‘ 9 ‘ 3 ‘ Z HC' Emission 2 2 4 3 1
‘ - comfort properties H 26 ‘ 14 ‘ 25 ‘ 25 ‘ " NO, Emission 2 1 4 3 2
‘ Total Weighted Sum H 93 ‘ 92 ‘ 71 ‘ 83 ‘ : Weighted sum of NEDC 22 1 34 126 )18
p Electric consumption 4 4 1 2 3
% Fossil fuel consumption 4 1 4 3 2
= .
=19 CO Emission 1 304 |21
Concept 0 Concept 1 Concept 2 Concept 3 i, .
IM 516 [kwh 0,00 [kwh] |IM 6,41 [kwh)/|IM 3,95 [kwh] H( EmlSSIOH -1: 3 -1: 2 1
g P mele ool s gl s 0T NG Bugsion | 4 || 2 | 4|3 | 1
w X 4 g M 0,0001 1 NOX 1 04 gl .
- z :s zca E} ;f VEEE cg £ Eig P Weighted sum of HTDC 52 | 68 | 48 | 32
j . \\' TC« :c ;J.f] I C; E7 -~ Electric consumption 1 4 2 1 3
| Ly I —— T 0,19 0,03
3 | ‘ [ 8 |= 512 [kwh] i 151 41 ossil fuel consumption 1 4 1 3 2
| z NOX 0,01 gl 0,01 0,027
b LE o i = o 0 (g g 002 0,068 C'O Emission 1 4 1 2 3
—| i\ A } ! HC 0,02 g |He 00011 gl |uc 0,00 0,008
- O M 3,79 [kwh] |I S kwh] |1 714,78 431,69 HC' Emission 1 3 4 1 2
%) M 00 [kwh] [EM 0,29 [kwh] |EM 0,55 0,03
— ! ! L A |= 31,79 [kwh] [ 50043 [kwn] [z 715,33 317, NO. Emission 1 1 4 1 2
‘ ] | e NOX 437 gl [nox 392 gl |nox 7,39 5,03 e
o = S e = g 5 " ioa Weighted sum of LDDC 18] 12 | 8 | 12

Total weighted Sum: H 92 ‘ 114 ‘ 82 ‘ 62 ‘
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CONCEPT ANALYSIS

Simplified model, Validation
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Simplified model

* The chosen concept was deeper analyzed
* AVL CRUISE environment
e Sensitivity study
* More test cycles

* Also for controller design a simplified model was
created
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Simplified model in Simulink

* Linear characteristics, ———
* Input — power demand - ]
(der91n ) 211
* States - Vehicle speed, o1
Batte ry SOC’ RE rpm S 200,0 . 42000 64000 800D,
* Output — Fossile/Electr.
consumption, emissions, & X
vehicle acceleration G J T
}...r:1._.}... ;.éEI:IE""
* Simulink environment S : :
am Hybrid_system R »
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Simplified model in Simulink

= V. . Iim.
M —M M, = min M:\ax.qe. (|l ’Ue " -K
¥ C-v D/y,
Mm_Mg_Mvdt M, = K ar +M,,+M;
) =j
mg ®mg = Mm:qm'MnTaX
Eb:Ebo+ng'dt—,[Pe'dt My =M, qg'(l_b a’mg)
I I Mv:d a)mg+MvO
Pg = |g .Ue e u=|q. dq, qg
lim max
Ie —|g+|b X:VJ a)mg Eb]
M L
| = g.a)m ~
Y g y=|B o € ©wox & Eul

I/ =R-E,
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* The simplified model was compared to the more
detailed one created in CRUISE

* For the comparison, the CRUISE and Simulink
environments had to be merged.
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Simplified model in Simulink

e Comparing the behavior of
the two models
* Vehicle speed
* RErpm
* Battery SOC

* The simplifyed model
follows the CRUISE model
within the allowed error
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Energy Management controllers

» 4 Controller logics are investigated that are based
on
* Neural networks
* Fuzzy logic rules
* Genetic algorithms
e State machine

* To compare the performance of the different
controllers a ,Cost function” had to be created
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The cost function

* It has to be formed such as
e Smaller value is better

* It punishes the high value of
* Emissions, fossil fuel consumption
* Electric energy consumption
e Lack of dynamics
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Cost function

* The chosen cost function is basically an integral

average:

1 3 9 2 2 2 5 2 c 2
S]] fl-(maxj +f2-(e;;] +f3-[e;;§xJ +f4.[e§§;j +f5.£mgx] +f6-£ ;;axj dt

T B €co Chc CNox é:j Ebr

e Where:

* f.—weighting constants, /sum(f. )=1/
* B — Fossil fuel consumption

* €concnox — Emission values

* £ — Vehicle dynamic behavior error

* E . — Electric energy consumption

e MaX _the maximum possible value of the given variable
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Neural Network Background

* NN are widely used for handling nonlinearities in
phisical systems.

* Keeping an ICE air/fuel rate at optimum level
* Minimze fuel consumption at a given battery SOC level

* |[n control, they can be used for reference model
following. This model can be created

* By learning of the NN
* By experts, using technical knowledge

* |n our case
 The used NN method is, Radial Base Function (RBF) method
* The reference model is given by expert
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Using Neural Network for Energy management

h 4

]
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Using Neural Network for Energy management

* The RBF method with expert created reference
model has great advantages but also there are
some challenges too

* No good support in Simulnik environment,
* Small number of MIMO system usecases
* |t's performance greatly depend on the reference model
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Using evolution algorithm for Energy management

* Advantages
e Robust searching features
* Pre-knowledge from the problem is not needed

» Efficent working in extreme cases (deficient, infinite, discrete
searching space, etc.)

* |t is able to give a set of solutions

* Disadvantages
e Search for global optima

* The speed of evolution cycle depends on problem-oriented
calculations

* It gives just an approximation, without terminating conditions
there is no final state.

* Usually for efficeint working hibridization needed.

. ﬁhodosing suitable polimorf chromosome structure usually
ar
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Chromosome design
Input (x) is:

The control output signals
(u), the state of pedal (ps)
and the signed changing
state of pedal (dps).

The control outputs are derived from the power-products
of input signals. The parameters of this approximation
produce the matrix of chromosome.
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Other features |
e Visual C/C++ MFC technology 3 Siiainil =
 Simple GUI e
* One lifespace, one population, 12 -
entity

e Self-controlling inner mechanism:

e Using predisposition in chromosomes

 Terminating conditions based on the age
of the best entity

Expectations
* Robust searching features

e Avoidance of early convergence
e Strong evolution rate

» Stop after 10°-10° step near optimum

OK
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WFELTzzy logic based energy management control of
hybrid vehicle

* |nputs and outputs

Preprocessing operations

Postprocessing operations

Operational characteristics of the fuzzy system
Input and output membership functions

Initial (rough) rule base

Performance evaluation

Tuning of the fuzzy system's parameters

v_j_ref ————————pw DesSpd Dir e dir
v_ij_ref X
Reference_speed GasFos ————{acc
U Y
<wv_p BrkFos f————P»{ brk
J I
—— dl

Hybrid_system_continuous

CostFunction
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Using Fuzzy logic algorithm for Energy management

v_j_ref f————p»{ De=Spd Dir
v_j_ref X
Reference_speed GasPos
; - : E)
.:i wv_P | ActSpd BrkPos =
K —
Drjs >

Hybrid_system_conti CostFunction

sign_dir
==

dir sign_dir Terminsator

u-1

1/brk_fact

h 4

M_e_brk_max

br_fact offs

AEN AR
f .
S.H

acc_brk_sat

/NN = "

Fuzzy Logic
ﬂC Controller o

v_rel_sat

E_b_rel u_sce




PIEAES

JARMUIPARI KUTATOKOZPONT
H=5EARCH CEMIER G- VEHICLE INDUSTRY

Antecedent and consequent partitions
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Initial Rule base
e 81 rules
File Edit View Options

37. If (accbrk is PL) and (v_{rel} i= PS5} and {w_{mgrel} i= Z} and (E_{brel} iz Z) then (g_s iz Z)g_gis PL)g_mis PL} {1}
38. If (accbrk is PL) and {v_{rel} iz PS5} and {w_{mgrel} iz Z} and (E_{brel} i= PS5} then {(g_e is PS}qg_gis Z)ig_mis Z} (1}
39. If (accbrk is PL) and {(v_{rel} iz PS5} and (w_{mgrel} i= Z) and (E_{brel} is FL)then {g_e iz PS}g_gis Z)a_mis Z} (1}
40. If (accbrk is PL} and {v_{rel} iz PS5} and (w_{mgrel} iz PS5} and (E_{brel} iz Z} then (g_e is Z)g_gis PL)g_mis PL} {1}
41. If (accbrk is PL} and {(v_{rel} iz PS5} and (w_{mgrel} i= PS5} and (E_{brel} iz PS5} then (g_e is PSig_gis Z)ig_mis Z} (1}
42 If (acchbrk iz PL) and (v_{rel} i= PS) and (w_{mgrel} iz PS) and (E_{brel} iz PL)then (g_e iz PSkg_g iz Z)ig_mis Z) (1}
43, If (acchbrk iz PL) and (v_{rel} i= PS) and (w_{mgrel} iz PL} and (E_{brel} i= Z)then (g_e iz Z)(g_g iz PL¥g_mis PL) (1}
44 If (accbrk iz PL) and (v_{rel} i= PS) and (w_{mgrel} iz PL} and (E_{brel} i= PS)then (g_e iz PSkg_gis Z)ig_mis Z) (1}
45 If (acchbrk iz PL) and (v_{rel} i= PS) and (w_{mgrel} iz PL) and (E_{brel} i= PL} then (g_e is PS)ig_gis Z)g_mizs £} (1}

If and and and Then
accbrk is v_{rel} is w_{mgrel} is E_{brel} is qeis
a -~
Z PS PS NS I
PL PL PL Z =
none none none PS
[ | not [ | not || not [ | not [ not
— Connection Weight:
1 or
@ and 1 Delete rule Add rule | Change rule | T =5

FIS Name: fmamdani_02

Help
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‘State machine based energy management control of
hybrid vehicle

Design

* Method steps of controller design:

e Definition of control strategies based on vehicle model
inputs, state variables and optimisation outputs

e Design of state machine based on strategies:
* Definition of controller states
e Assignment of control outputs related to states
* Definition of possible state transitions
 Evaluation of transition conditions

trol
Control ~_ 7 Contel
Input fl'ﬂlm();o- ‘ ‘ W ‘ fICE
T T 1
Situation Acceleration Braking Overrun Cruising Loading ICE nerator ~ Charge Charge urrent Decceleration Acceleration Charg
7_7*, § / - ¥ & i start slop le ve\ 1em\inat\an limitation ‘ ¢ ¢
{ Venice { Battery | [ Battery | /Vehlc\e\ N TN / / \ \\ Generator General tor Generator
State | speed | {level | | level | ‘\ speed J f/G:nera:c:r\\ { Generator', B nry\- | Batte rv\ B t ry \ //B n |y / \\\ speed ;| | speed speed
S \ S \ / N4 | speed | \ speed level \
e . Reduce T \"T"/ NYANYAN - 4 \ T/ U / \ / } | |
power until needless Minimise 1 Perform b Minimise oc Keep optimised
Strategy target speed short-term Charge battery dissipation Cptimise Limit Re: g Slow down K eep Ma:(ll‘ﬂ 0 injection and gradient constant speed
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State machine based energy management control of

hybrid vehicle

Implementation

(

CTRL_Q E function
c=min(a,b)

[0 = acc]

SE—— ACCELERATION )
STANDSTILL [0 !=acc] | en:
en: ! | q_e=dir*acc;

q_e=0; du:

q_e = dir*acc;

<

[(0 == acc)]

[(0 1=brk)]
—

_ [(0== brky]

_[ BRAKING
| en:

q_e = -dir*min (brk/brk_fact,1);
du:

q'_e = dir *min (brk/brk_fact,1);
[(0!=Vv_j) && (0 !=brk)]

[0==v_]]

2|

[0 1=brk)]

,[(0 ==brk) && (0 !=acc)]

function
CTRL_Q_MG

out =n_ctri(w_req)

w_mg < (N_STOP)] [ch_fact < 0.4]

[ch_fact > 0.8] [w_mg >N_IDLE]

CTRL_ICE_SP
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Verification
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 State machine based energy management control of
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