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APHIRAK SRICHANA : ADAPTIVE SLIDING MODE CONTROLLER DESIGN USING
ADAPTIVE TABU SEARCH METHOD FOR BATTERY ELECTRIC VEHICLE SYSTEM.
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Keyword: Battery electric vehicle/Adaptive sliding mode controller/Bidirectional
DC-DC converter/Constant power load (CPL)/Mathematical

model/Adaptive Taba search method

Battery electric vehicles (BEVs) employ power converters to regulate
the DC bus voltage and manage the power supplied to all loads within the system.
Therefore, the power converter and its controller play a crucial role in electric vehicle
systems, as they directly influence the overall system performance. For this reason,
this thesis proposes the adaptive sliding mode controller design using adaptive tabu
search method for a BEV system. The considered system is a bidirectional buck-boost
DC-DC converter used to regulate the DC bus voltage through an adaptive sliding
mode control scheme. The controller design begins with the derivation of the
mathematical model of the system using the generalized state-space averaging (GSSA)
method. This model is then used together with the sliding surface equation which is
defined as a linear combination of the state variables to derive the control signal
equation. Initially, the parameters of the sliding mode controller are designed using a
trial-and-error approach. After that, the design is further developed into an adaptive
sliding mode controller based on the adaptive tabu search method. The results
obtained from the search process are used to construct a controller equation whose
parameters can vary according to the system load through a curve fitting method.
Therefore, the resulting controller can maintain a constant DC bus voltage and provide
a dynamic response that satisfies the ISO 21498-1,2 standards even when the load
power changes up to the rated power of the system. The performance of the proposed
controller is evaluated and compared with that of a cascade Pl controller, which is a
widely used in practice, and a conventional sliding mode controller. The verification is
conducted  through computer  simulations using MATLAB/SIMULINK and
hardware-in-the-loop  (HIL) simulations using  MATLAB/SIMULINK  together  with



the eZdsp™ F28335 DSP board. The results demonstrate that the proposed adaptive
sliding mode controller can maintain the DC bus voltage at 800 V and achieve
responses that satisfy the ISO 21498-1,2 standards even when the load power
varies up to the rated power of the system. Furthermore, the proposed controller
provides better dynamic performance than the conventional sliding mode controller
and the cascade Pl controller in terms of percentage overshoot, percentage

undershoot, recovery time, and steady-state error.
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(Emadi et al., 2006; AL-Nussairi et al., 2017; Tang et al.,2020; Martinez-Trevifo et al.,

2021) elunuddeinerlinusazinsaniunumelnaaddsliiaswhuuugauad

r |
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I CONVERTER |
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I Pack DC-DC
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eElectric Power
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® ADAS Systems
® Other LV Systems
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(INVERTER)
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|

|

| ® A/C Compresser
| ®Electric Coolant Pump
|

|

|

|

o Electric Vacuum Pump
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Tnuamsvhauiazgninaeflaserdengussduliivosaoivens (Kirchhoff's voltage
law: KVL) wazngnszualiinvesnosvonil (Kirchhoff’s current law: KCL saufivende
wuudraesfifinnsanluaniizegmmemadanisuszununsnszienvuiaidn (small-
ripple approximation) augandndidouleslugumilonit (inductor linked-flux balance)
wazaunauszgludniuuseq (capacitor charge balance ) (Erickson & Maksimovic, 2001)
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1) NM5UEAUNITNTTNBUVUIALEN A1USOUAAITIBAZIBERRIFUN 3.3

y(t) 4
( Realsignal  p(f)=Y + }'ripp/c(t)

DC component yD(‘([) =Y

\ J

'gﬂﬁ 3.3 MIUTEINUMINTTBLTUIALEN
YO =Y+, () (3-1)

n15U52UIUN15NTZR auvuIALE nuansladeg Ul 3.3 §931n3Y
Warvualidyga y(@) 1n 9 Aonansnavauosvasnszudlwviiluaniudanieni waz
wserulnifinnaseudaiulszguensasuiasu Feawisauandlans aunsi (3-1) die
Y] =~ I3 o I = aa o
pfunIsUTEIIUNIINIZIaNTuInAanYesdyadla o 9810 V() TINfe Faygie
NIELNOUVDINANDUANDY Y(2) AxdAUTTIIUAUS AIUIINANNTN (3-1) Vi linaneuaues

y() feUszanas Y uansldsaaunisa (3-2)
y()y=Y (3-2)
dlo ¥ fo YSunaunszuansswes Vpe(t)

1naUN15N (3-2) aziulan A5l malan1sUsEUIUNISNTLLA D1l
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wangladaguin 3.5

—————y =
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o 915041295007 1 (Loop 1) Ingldngussduluivesnesveni azla
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v () =Vyurr (3-5)
di, (1)
L cLl't =Vaarr
diL (t) i VBATT (3-6)
dt L

e W3150u1lun A (Node A) lagldngnszualirvesnesvanduazldnisussuin

MINTZEUTUAENAIENNTN (3-2) TuhD v, (1) =V, %l
~lcp, () — ico (=0
ica () =—Icp, (3-7)

o de Ve

’ dt RCPL
dve () Ve -
dt R.,C,

e Wa151lun B (Node B) lawldngnszualuivesnesvonduasldnisussuiu

nsnseilonuuadndeaunisi (3-2) sufe i, (1) =1, wld
Ip.4rr (£) _ici =i, (1)=0
e () =1pr =1, (3-9)

dv,. (t
| VC"()—I I

—Aparr 1L
"odt
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dei (t) _ [BATT _[L
dt C

1

(3-10)

NnTuRsNTai S Wa (OFF) uag S2 Ja (ON) As¥inenu

YOIATUARNILARITUN 3.6

KCL
Node A
—_— =T
l’r (1) l’(u(’)

'—

52 [

KCL _J,_

IHII/(r) __IjquB— [L(’) L .
) o) - C,=—= Repy gv{'? (1)

1 1 KVL
T VBATT T i LOOp 1

JUT 3.6 wasuasiuntdundvinta-yaduuuasafienie nsdin S7 “OFF”uaz S2 “ON”

o W915u1950UN 1 Ieeldngussdulniivesnesvaniluazlinisussuiunisnssiiey

PWAANATEUNITN (3-2) Uufie v (1) =V, eldl

v, () + Ve () ~Viyrr =0

Vi@ =V — Ve, (3-11)
di, (1)
L# =Vpurr — VCO

di, (t) _ Viarr = VCD
dt L

(3-12)
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o fasanlun A lnglingnszualnihvewmesveniuazldnisuszananisnsuiiouvuinan

Faaunsii (3-2) tude i, (6) =1, alé
i, (1) = icp, (1) _ic(, (1)=0
ica @O)=1, Iy (3-13)

o

dve (1) | Ve

o L
dt R.p,

dv,. (¢ v,
C;)()_I_L % (3-14)

dt / G, B Rep, €,
o Wasalua B uazandunsitasgiiunelnulun A agla
Igarr () =i (£) _ic, (#)=0
ic () =1yr — 1, (3-15)

dv (1) _

i — 4BarT

"oodt

1

L

de,- (t) ol IBATT _IL
dt C

1

(3-16)
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nauni1souRusvesnszualiii lnanudnnidedd (i)
AaEuNIST (3-6) wazaunisi (3-12) annsawanadunsinees i () ladsgun 3.7

Vearr | VBarr-Veo

L | gEA |

I I
0 dT, T,

A
~

JUT 3.7 n3 i, (1) vesrvsulasiuAR duRduinda-yaduuuaesfianig

Y

1N3UT 3.7 Wanarsuluyie 1=0 f9 ¢ =dT, 9za1u15an
ANMUTUTRINT N AN

2A;, y Viarr
L

slope = m = tan(6) =

s

NUUIAFUaNNMIIEIRauNTE T UN1TeRnLUUAIRImT eI
Y9IATNHATUMAAILAGIAUNTITN (3-17)

z —dgzljf‘" (3-17)
L

L
g L Aemduunied T, A a1ulunisadnduessaswlasdumas @anidu 1/ f,

We faanud lun15aind 9992995uUasdunids) wag A, A9 NITLANA VD
nszudlnihnlvanuimienti



50

y1nauni1seynusvesuswuliifanaseudnivlszy (v, )

AaEunsil (3-8) uazaunisn (3-14) anunsauanadunsinues v, (7) Mneguil 3.8

I I > 1

5UT 3.8 03 v, (¢) veduvsulasiuAdduiduinla-yaduuuaesiianig

31n3UT 3.8 Wlearsaulugie =0 89 7 =dT, za1u15an

ANMUTUVDINT AN

2Av, Vv,
SlOpe =m= tan(@) Ll o — _ o
dT, Ry, C,

ntudnglaunisagldaunisdmsunisesnuuuafuivusey

991NN TUILENI AR IAUNNST (3-18)

dTVv,
> S (3-18)
20V Rep;
< v, 9 Y
e V. :ﬁ dnguaunisavle
dT;VBATT (3_19)

o 2Ave Rep (1-d)

el C, fie AdaAuUseanenufava uaz Av. Ao wssiundiveusaiulninagda
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810 UR DU TN VUTEIN A IULUALADT TI91NEAUNIT
nszuai e uA LA vUTZAURUAADS AIENnI1sh (3-9) wazaunishl (3-15) awise

wanalunsmves i, (¢) MRagui 3.9

ici(?)
A

Ir - IparT

«— dT, —>e— d'T,—>

It - Iggrr

JUT 3.9 n3mnsieued i (1) 1098w Uadiuftiduagyilndn-yaduuuassiianig

AN AITUINTIN U L nsanveagunl 3.9 wazldwndnnis

aunaUsygludifiuusygsiaunisi (3-4) Tufe (1.)=0 azla

(]L _VBATT)qu _(]L _VBATT)(l_d)I:- -
T

N

0

Jagvaunstranulusiazlein

Iy = Lygrr (3-20)
AN 1, =1, f9aun1sn (3-20) agviliauniseynuses
LSUNANATEUAUAUUTZINIWNULUALADIAEUNIST (3-10) wazaunisit (3-16) danvinfiu

Aug Fahundeulnivandlanaaunisi (3-21)

DO Ly =1, _, (3-21)
dt C

1
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NaunNIA (3-21) AdAnvidugudvirlalidanunsadingm

Y a L3 ! (Y < v a v &
Ve () 18 g aumaun150enwuuAIa LA UUTEANAULUALADS LA LABATY A9ty
nseankuuiRriiansannsnesnseuabiiiilvaudufussameinuwunnes i, (7)
Aawandlugui 3.10 lnwordanismiunlinsinlugiendiiuuszaiinnsmsauasaienssud

g9an WesnnanneawiAnadeves i, (1) wdAnviiuegue

ici(t)

A

Iy — Ipary
0
I, — Ipary

JUN 3.10 N3 4. (1) vesusuUawurilada-yaduuuaasiianig

9n3U7l 3.10 Wiedmueli 1) waz I, fie nseuavesuiulseq

ANSAELAEITIGIEANNEITU Uaziilomiunlansmvasnsdfinaiaglad
TY Y
i =—| i.(t)dt
i 7’; 0 i

1 T 1 T
EXESX(IZ_]BATT)_zxngx(]l_IBATT)

I. =
C;
' T

s

jo =20 (3-22)

luannivegdinseuaad o lvanudmdeniszdianvaniy
NTLUANUALNDT (1, =1y ) AOTURARI9TENT1INTERAYITIGIAATUNTEUALUALADT

(I, —1,,) 3IWANNIAUATIUT IV NIZUANEIVDIAWRT U (AQ, ) 9710A15NAIT
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(% s

nsdsunlasesnsziansvun azladn 1, — 1, = 2Ai, Fadoianudunusanaiunu

adluaunis (3-22) agldmanansluaunisi (3-23)

oW ansanaunisvesnsewalni19 luar udiuuseanig

P PRV dVC. (t) a o A & P
AIUBLUALADT UUAB L. = C d—' LLag‘VT'TUﬁW‘Uﬂu 1 ﬂWUGU@Qﬂqiﬁ']@eﬁﬂglﬂ
' t

1

|

Ve (T;) = v (0) = Jz I.dt

a

1

nduisanlugufdunuusgginisysanssuagegaduanly

' (%
& Y

SU# 3.10 tufe Awsina 7, /4 f 37, /4 9¢le

;3R /4
=A1L »

Av,. 1dt

i

T./4

i As

e 8ol
e\ 4 4

T Ai
Ay, ==L 2
T 4C,

1

MatuagldaunsdmsUNITeRNLUUAIRAAUUIZIN N ULUALA DS

WAAIAIANUNTTN (3-24)

C > Y;AZL

P 4Av, (3-24)

Tnedl C, fio AAIAUUTZININAIURUAMADT kAT Ay, AD usIunAIveIusuluives

v ® v c{'
G]’JLﬂUIJi%@VI’]Q@’]ULLUG]LW@i
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INNIIN AU MEUNITEIMTUBNUUUAINITITIN0T VD
rsulasufdsiifinsandilfasneenuuumfimesvenadeliiiusafunaives
usAulH AT Yanasnszuana 1ve9nszuaii lnan udand srduduniui desnisle
ogulsfnunseenuuuimmunulvuanindeusufudosdidunssuiuiuudiasams
adinmansvosszuy Mtuieiaruduiuedudsdumsfigrimuuusiasmsadnaans
7l sundasminnaivesszuulai i a5 §eanunsaigaduileieae

TAnadeliglianuemill lnesvasiBuaveamsigatazlasunsiiauslilumdedall

3.3 NN UFIUVDINITWGIUNILUUTIAINIIAI AAIENT A 28

BAnangUTaianuzaly

a a

a ¢ ° a say 1 & Y aa a
n1siigatmwuuIaemisalinman i livdsusdamunainig I3aade Uil
anuzialUldudsnsnlddudss@nseunsuiSiesidsdou (complex Fourier series) 49
AuUsanuzrerasluiusan ueremuudiass Jseunsusiesliouaiusaesuiy
a U Y dy
eazdeanaduaulanal
Tnealudyan () T 9 iludygraseau Sdiaudu 7 aunsodeuledlu

sUsynsuyLesiTedou (Gamelin, 2001) leidsaunsi (3-25)

£ =3 (x) @e" (3-25)

k=—o0

5§ a

a 2w A o a £ a %
e o, = =—uay (x) (¢) e duUseandySiostetou
s T k U

WAnadgUigianugily asld (x) () vesdygnaunuiulsanusvesssuu @9

Do,

WUsEAnsuSiesldouanunsamiianaunisy (3-26)

1 .
x) @ == r@e’ar (3-26)

Ti-r
AuauUANdfAy 3 TevosdulsednsuSiesiWetoudmiuniswagaum
WUUTIABIN AN AAIANS VDII9952995kUaINUN1a9 (T.W. Gamelin, 2000) tagly

TAnadeuTglanusiiluuanslansil
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Toil 1: paudRvesdninsiudsulawmunaiuanslanaaunisi (3-27)

d dx
—(x) =(—) —jko(x (3-27)
), =) ~rol),

foil 2: pasntRvesnmdusyesInnuandldfaannsn (3-28)

(), =24%),, (»), (3-28)

<'x>—k = <x>k = <x>k (3-29)

NAUNTSN (3-25) wavaunisn (3-26) a1 k \dudavsuenaiugndesveanisly

Y

2 ¢ v a1 & v & 1 a IS I 4
'e]‘hqlﬂilﬁdﬂﬁli o1 k A lusiua ﬂqﬁ\lﬂwa']@‘\]']ﬂﬂﬁiﬂigllqu\]Sllﬂ’]L‘I/l’]ﬂ“Uf]’LJEJ NN

v Ca

Ldusingnisdulniazarunsanivualiie £ = 0 @u58nI5191 n1sUszuIAISURUAUE

Y

AL}

(zero-order approximation) (Mahdavi, Emadi, Bellar, and Ehsani, 1997) ARG ATATRIAVEY
nsdulnn anansadmualel k Sy -1, 0, 1 FeeziSenisdin nsuszanmmsunia (first
order approximation) (A. Emadi, 2004) ﬁafumaﬁqaﬁmmei’waamqmimmam%ﬁlai
Wasuwasmunaideisaedsuigdanuzinluvesszuulnindifiansanlunsdidlid

o = Yo o v o o &
MAIUANEUITILENITIEas B laRwTeN 3.4 fesialuil

3.4 N1SNGAUNIMUUTIABINIANAAIEAAT VD929 UaINUA T T udi &
yiinta-yaduuusesiirmislunsdiiilifidaniuna
195ulasiufdiduitsinda-yaduuuassimmslunsdlildfifeunuuazilnan

Hulnaamdsliiihasinanddfaguil 3.11 Feszneusme undssieussiulninnssuanssi

grlfunuuunne’ 2sasudasiuideifiading S uaz S2 Mvihauuuuaduiu swwdsgunsal

w1t L e anaawmieair C fe dufvdseailwnds C, fo dufulseailanieanuas

R unulvananee Tussuveusudlni1ildldgaduindsunowmas i wag 1, A8
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nszwavadivaniaablihpsiafiiungfnssuvespdundounawmesivil Tnonszuadanan

aunsamuadlaanaunsy (3-30)

0 o0 § R vl crL

p
71
o

{ [ a Y (3

JUN 3.11 2asudasiuid duidsiatn-yaduuuaesienislunsainlaifmniuay

Y

P
—" (3-30)
A%

C

o

1 CPL

aa

drwsunisiigatmuuuiasaneadamanivedasuuasiuidiluidsiadn-yad
wuvassiimmsiisivandulanidslnihasialuguil 3.11 awEuanmsfigaimuuusiasd
4309 (switched model) a1nn1slgngussdulniiwazngnszualiirvesnosveni was
muualisklsanius Ao x:|:iL vcjTmmfwﬁ’%ﬁumﬁmiwﬁ’mﬂﬂmLL‘U'&T,mm

A5y dulnund 1 wazluuei 2 fail
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Tvundi 1 : @39t S7 Un (ON) waz 2 Wa (OFF) agldnsvharuvessasianslaes

3.12

() VBA]‘J' - C, LKVLI —
- o0op mt

KCL.
Node A
[ oo T :
l le, liR ll(,‘l’L
[
L, +
+ V —
+ L CO__VQ, § R Y Lep

[

20

Y

JUN 3.12 2995W915040 NSNEInG ST “ON”uag S2“OFF”

#1915012959U7 1 ¥e93935lugUn 3.12 Inglingussiuliihvesmesveniazla
Ve =Vurr =0

1
B ZVBATT (3-31)

iy
f15alun A veeeaslugun 3.12 ngldngnsvualuihwaunesveniiayle

0

—lg—lep =0

) 1 P
OO TG (3-32)

C, o

0

o

UANTANFIUNIAUNTIURUS VRS i, Uag v, lulnuanisiaud 1 laes

AUN15N (3-31) hazaunsh (3-32) MUaInu
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Tvuadi 2 : a@ind 1 1D (OFF) waz S2 Un (ON) aglensvineauveseasuanslass

3.13

M, N
+ VvV - —
+ L Co T -(n § R ¢ ICPL
N 7 KVL
<> hatt C’ Loop 1

JUN 3.13 2993715041 N3eiang S1 “OFF” uag S2 “ON”

*  W519TRUN 1 venaslugun 3.13 lagldnguswiulnihvennesvenilazla
Vv +Ve, ~Vigurr =0

1

l:L = ZVBATT _Z

(3-33)

Ve

0

o Wsanlun A ¥892995tusUN 3.13 lnglingnszualviivemesvenazle

I _ic(, —lp—lep, = 0
g l . 1 PCPL
v, =—1i, ———v, ——2 ;
c, C L RC, c, v G, (3-34)

[
LY a

AU UAINTONGIUMAUNITOUNUS VRS I, Uay v, luluuanisvinaud 2 lass

AUNNST (3-33) waraunIsh (3-34) AUy
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saa

ndudauniseyiusniesiesilaluwsdaslnuaudeusiudulagofed e du

m579@0U (validation function: ;) §939959Ma150403 2 WuAn15%199 Aeduazdnendu

[

ASIADU 2 AN A A1 AL ho=1- h; B9azivruntaululansdl

S1 ON uay S2 OFF: =1 h»=0
S1 OFF gz S2 ON: h1=0 hr=1

AauRINaNNISN (3-31) Seaunsn (3-34) azanunsa@euliluauniseuiusves i,

wae v Megluglvasileidunsivaeulansaunisi (3-35) uagaunisn (3-36)

: 1 1 1
I, = z Vaarr | I+ Z Viirr — ZVCO h, (3-35)
1 P 1 1 P
SR [N S £’ M [ I (S S (3-36)
’ R Co ’ VCO Cu Co R Co ’ VCU Cu

v v

1A UTAUNLALTUNISWABUANNITT (3-35) wazaunish (3-36) Tmduwkuuinass

andlusuwuuidadue Inensunuilandunsiraeunteilsiduaing (switching function)

Ly I

u(t) Horuali u@) = h way by =1-h =1-u(t) duluasldaunseyiusfioglugvves

U

Hertunisedng (u() Fsaun1sd (3-37)

1, |, @o-)

I = 7 Varr + I |
(d-u@®) . _ 1 _ Fep

¥ g Ve
0 C RC, 7 Cyve

0

(3-37)

Nnaunsi (3-37) sgnuindunuuitassiiasunvamiunaisuiiennainua
Msviauvesaind dennsihuuudassdananuildlunisesnuuuiiniuauazyinliiie
A senuardudou fadunuifeinerdnusiddisanadevsndaougialuaiide
waveINsEIntaana telilduuuirasadunuuiiasilivasuniawmiunat dsanansn

ilUlglunisesnuuudimuaulidieuniu
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lne3SAnadeUsgliantugmliaztuannslddudssansusiofidedouves i, uag

v, Hufudsanugvealuudnaey defiansanmsUszanamsufuaud (k= 0) iosan
fauufzgiuiiniseenuuuAmsinesvenasifarsaunlvnisnssi euvesdygrd
Yosun Felifnnanisnsziionvesdayanalld ﬁqﬁ?umﬂ@mamﬁ’a%’aﬁ 1 faaunisi (3-27)
A1U1TONTEANUNBUVBIDUN TN LT IT s aUVRY i, UaL vcolﬁgfﬁjﬂﬂuﬂﬁﬁl (3-38) uag

Y & ° o [y A
AUN15N (3-39) WaLINNFUNITN Qﬁ@ﬂaqmqiﬂﬂq‘wuﬂmqLLﬂﬁaa']u%sU@\‘i'Jﬂ"ﬂslfﬂﬂ\iallﬂ']ﬁ/]

(3-40) LATELNTTT (3-41)

i, =(i,), (3-38)
ve, =(ve,), (3-39)
(i) =% (3-40)
(ve, ), =, (3-41)

%
U

PntuRnsaniantunsednd (u(f)) vesszuuliihnfinnsan Jaduiliiduniuet

funa Asanslugy 3.14 wagilesidudsnasanunsawnulameaunisi (3.42)

u(t)
A

on Q_ff

0 —» [
- ’()/1—”:<—IQ[]"—’

- T, +

' a £ (3

U7 3.14 flaidunsainduensasuiasiufdiduidyiindn-yaduuuassiianig

Y
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I, 0<t<dT,
u(r) = (3-42)
0, dT, <t<T,

Tnefl d Ao Tpdnsuthil (duty cycle) %qﬁﬁha@ﬂuﬂm 0-1

T. A AIUNITEINT

dl U a Q‘ ! U U 6 L a L4 v
GD'mE‘U‘VI 3.14 mmmmawszawﬁmsﬂssmmmaumﬁuasuaaazyaunmmimmﬁnlm

Y

, .
a £a ca v o A o A

MNN1seANIIANUsEANSYSIeSBdaufauniTh (3-26) sauiuaunisn (3-42) agledn

1
T

N

0= fe

<u>0 = TLTT le°dt

[
9 a

AeaduarladuysedninisussuiuAiduduaugveailean dun1salnduanans

AunST (3-43)

<u> 0= d (3-43)

\doenfunmantAted 1 vesdudszansysies i Gsdounuannisi (3-27) Tne
fa15u?l & = 0 SaufunuuTaesaind i lddsaunisi (3-37) agldauniseuiusves

AU AN ULVDILUUTIADIAIEUNST (3-44) wazaunsh (3-45)

<l:L >0 - %<VBATT >o _@@q} >0 - Jj(0)a, <iL >0 (3-44)
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(e, >0 - %(Q ), — RLCO (ve, >0 - C?ﬁ — j(Oa, (v, >O (3-45)

NANNTTA (3-44) WU TinoNves <"co' u>06?j’al,ﬁaa’1¢'1’aqmauﬁ'“%’aﬁ 2

feaunsi (3-28) axléan

NTULNUANNTT (3-40) aunisi (3-41) LALEUNNST (3-43) asluaunisi (3-44)

szansadagUlaladeaunisi (3-46)

I (1=d)

X I Vaurr _T 2 (3-46)

a l = . ~ A Y va v o
NANNIIA (3-45) gnudn Sinenves (i, - u), Tufleordenuandfded 2

Seaunsil (3-28) aglgan

(o) = 2000, (w),

i=—00

Wz ounuaunisi (3-40) A1N5% (3-41) LALAUNTT (3-43) asluaunsi (3-45)

avanunsadnUlnallansaunisi (3-47)
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— P
PRI S N
C RC,”> Cpx,

o

(3-47)

INAUNITN (3-46) LazAUNITN (3-47) ALPLUUIIADIMNANAAENST lllURgULUAY

U aa & aa a o s a aNay o
mr]llL'Ja’]‘U@ﬂ'NQiLLﬂﬁQNu@sﬁLﬂu@‘ﬁ%u@Uﬂ-yja@]LL‘U‘U?"E]Q‘VIWWWQIUﬂimWINN@nﬂ')‘UﬂNLLaﬁ

=< a

Tvaniaslnihawi feigaulannisaaioUsgiianiusiily wandsaunisi (3-48)

Y

. 1 (1-4d)
X = ZVBATT - I X, 508)
_ (1 - d) o 1 _ PCPL
X, = X P
C() RCo Coxz

oglsAmunuurassilddududiossemiugnienouiiaviluldlunsesnuuy
fmuaulvuansideusely e'i‘fams§ué’ummgﬂﬁawauwuﬁwaaa MUATEIME NS e
anfumsiUSouiisunansuaussuasssuuiidnaldainuuusiasatunanisnouauesain
gaudonlnilidslu SimPowerSystem® 89 MATLAB/SIMULINK ggaudeantni1idy
AINATIANNTAY TN BEALAINAIANWIN V. TneAaumnienth (L), mmmaﬂw%maﬁjq
AT (C,) wazArauqluliimsilauvasirsuseduliiinszuanss (C) anunsneenuuuld
9NaUNISA (3-17), (3-18) waz (3-24) uasrunualinisdmesvesssuulniafinesen

WARILARINISI9N 3.1

A15197 3.1 : WsiwesvasszuulndARansan

W150905 A1 1881080

Vaarr 662 wasnensenuliianssuanssnanldnulunmes
Y

L Air<861A) 0.663mH ANNUTIUIVDINTTLU AU AL UUFDITIAN

Ci (Avci <3 V) 35.877 uF mmﬂw%mqﬁjqLma'aahaLmﬁuMﬂfmzLLamq

Co (Aveo<3V) 2mF ANl eileRT e
fs 10 kHz ANUDLUNTEINTURRTU YA UM A UUAD AN
d 0.1725 Tpansvthnvenasivasiumaslulnunyad

2.2456 Q AUATUNIULIARAT 9 VsBUB LAl




64

dmsuReulvlunisnsirgeunugniesveskuuiassazivualiinIsiasulUag

a =2

Tvanfdsluiiasia (Pepr) 910 100 KW Ty 150 kw Aiean 0.5 3unit Sawanisneuaues
vaanszualil il Inanwvaainnd o9 (7,) wazussduliinfid g va (v, ) veq
wasuladudfidudduinda-yaduuvassiiamisaansouanalddaguil 3.15 Faa1ngu
wnuh nanevauesveInszualiih ek uemauilniuasussfuliiniagvaildann
WUUTNBINNANAFIENT (GSSA model) Audunsindan daruaenndatiaznsaiuiu
WUUT1889LUULIUATY (exact topological model) AdLansABLEUNTINELNA weluanny
Hanguarluannzegin duiudafunsiudiulédn wudasmsadnmanififgaidulds
aumsit (3-08) fimmgndfeauazannsailulddmsunisesnuuusamuesilvunnisidels

1Y) a a Yo ° v v a
faseazidnnazlasun1suausluiten 3.5

150 kW

100 kW

QO

800

exact topological model
GSSA Model

750 |

~ 700

= 650 |

600 L

550

0.4 0.45 ols 0.55 06 0.65 0.7
| Time(s)
850 |
|
|
S |
3800 A
>
[
- , l - . .
0.4 0.45 05 0.55 06 0.65 07

Time(s)

JUN 3.15 naneuauasasszuunsdinliiisinivay
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3.5  N1999NLUUAIAIUANTANANITLA BUVD 99T UaINUAT 1T uAd

a o (3

%uﬂUﬂ—gﬁmwuamﬁﬂmq

[
v Y =

Witellazidunisdnauen1seonuuudlanIuANnIANISIE BB THUA IR
aa @ ad a v 3 a & v ' =2 v o &
agiduATyilaUa-yaduuuassiianie lagluidesduagndnte nann1svinaunugIuves
mnuaulnuanisidew ntuszduniseenwuuiniuauivuansdeunaiiuni sy
wuudnaeanadineansvasseuuilaigauliudiluiiden 3.4 Feanusauanisivazidun

£%

(EERERIRD
AX

Sliding surface
x(t,)

Reaching phase

\

N

Sliding phase .
With chattering

X(1)" =0

Adl L o o Adl
E‘U‘VI 3.16 uaﬂmi‘wN'msummmuqu‘[wmmuaau

v o (Y a a v v a =~
ia ﬂmimmmamamuqmiwmmﬂa puaIu1saesuelanlesUi 3.16 Wi

Y

2V

Aauwdsantuzvesssuulaun X1 wag xo Fadensusu x(t) azgnAIuAulviin (trajectory)

[ ' v
a =~ aa v

Wrlnadiuiansideud x(y) lnedsignaruaniiidadnlnaiuiinisideusenin seey
P 4w

& . & A w Y = A @
N3t U (reachmg phase) PAUU BN URINITLADULAIRILUTEN UL AR DU LUE

Y

fwmaiaunisiuidinisideudanvnduaud Tagluiitdasganiia (origin) Fenuied

Y 9

AAUANAINITAIUANTEULL AduaInTinanunagdunaladn n1sldauiiaiuay

THUANITLA DUINTUADININUAAUNITN UEAINITLA DULALHILUTANIULVDITSUU Flu

v ¥

FUAINYITNUS T LA NIUUAFUNITA URINITLA UL T UL UUNITIAUAUBUULT L F UV D
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AakUsaniug tesndanudslunisesnwuunaznisululdauaidlunisuua

TAgNURINISLADUNINAILEAI LA RIFNNTTN (3-49)

S =ae, +be, +me, (3-49)
lnefl a, b waz m {Wuadulszansvesiniuay

INAUNISN (3-48) €; AD AIMINUARIALAFDUVDINTLHE €2 AD AIAINNARIALAGDU
Y959 ulnWAn way ez Ao ANUSHUSVRIAINUARNRNLAG BUYDINTEE b wazLsInu LN

Faaunsaumlaannaunsi (3-50) fadl

el = iref _iL
e, =V —v. (3-50)
e, =I [e +e,]dt

WioA1v0InTzUalning1989 (i) @msarulARIENN1SN (3-51)
im/. = K|: V:‘W;f — VCU:I (3‘51)
Tne9 W153Wes K Ao A19RS1U818ANUARIRLARaUTBILsInU LN

dnsunsmueslvunniadeu lugauefissuuasind oufiuussunuiiufiamadeuy
UG ssiumiafl aunsil uan1sid euindugus (S = 0) Feawilifauniseyiusves
aumsiuimadeuiiswhduaud (S = 0) shedislvssuudiganmensemuau fedude
fiansanmanniseyiusvesaun1si uian19d suveaianiuaui vnaus Tngonde
aunisi (3-49) Sauivaunsd (3-50) uazaunisdi (3-51) agldauniseuiusves

AUNITNURINTLADULAAILARIFUNTN (3-52)

S =ai,, —ai, +bV" —bv. +m[(K+D[V," v, 1-i,] (3-52)
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naunsil (3-52) azdunalen foyiusvesiuusaniuzvesszuulniiififianson
dufe i, uaz Ve, Uingegluannis Faoyusdananamisonilianuuuiias
ynendinaanivesszuuiifigaimlddeaunisi (3-08) dufuileunuuvudassdaindriady
aunsii (3-52) wdeufunsinsanaeldfouly S =0 wagdmualieigdnsmihivindy

dy1unIAuAL d = ey UARILARIANNTTN (3-53)

1—u , u, —1 1-u
( eq)l-L_ PCPL —a lVBATT+( eq )Vc -b ( eq)l-L_ PCPL
¢ Cove, L L - C Cy. | (3-53)

= —akK

o o

+m[(K+ D[V, =ve 1=, ]

Wednguaunisit (3-53) ny aglaaunisvesdyyrunivaudmiunisaiuay

wsarulnihAgdavesssuulwiiiasanseinuaulnunn1sdeudaunsn (3-54) fell

Y [aLK +bLYi,v. —[aLK +bL)Fy, +aCVy,mve —aCyve —mLCv. [(K+D[V,7 —v. 1-i,]1 (3-54)
“ [aLK +bLYi,v. —aC,v

a wva [

lumsdfuanienisldauaiedygranismivay (u,,) flaanaunisi (3-54)

o
10y

a Y] a a = . X aa a
g1afiugvesdygranuieuiisuniadygamnive (carrier signal) dueundgn 0-10 V

A7)

Feo1avilinisassdyaraiadaieiSnisuegian (pulse width modulation: PWM)

AnAuAaInAd aukazdIralyliaIunsanIuaNLsulniAg da lanundeenis fadu

a

& v o 19 ¥ a ) a = = o v

W etesdudygyrunisavauliliiiussuwnesdygrandssuiisudsgndudoad
n1sUsuanInde1ad (signal conditioning) TaenuideAinednusUlgisnisulasdaudu
FaanusananTigazesanislautadulasal

AUNSIWIAUAINISOMARSLARIAUNNST (3-55)

_ (X_Xmin)(Ymax _Ymin)

Y < +Y . (3-55)
max ~ A min
Toedl Y AB A1LEIANG
X AD AN tleg
Yomar A0 ALBNNAAGIEAYDIH YR 10MUTBULTIEY
Yoin ~ #® ﬁiﬁLLamwagmﬁ'ﬂqmm FoyaUIsuiigy



68

Xnin P10 VOUIGAVDN Ueq

Xonar 71D VOUGIGAVD Ueg

HefvualiirueunagaianuazgsaavosdygyrandIouiiouyinidu o uag 10 v
ANEFU UATYOUAIAARAYEIAATBY g WAL -100000 UAE +100000 Auasy 2xld
aun1sidadudmsuiieuladananfeannisi (3-56) wazideuwnuaunisi (3-54) aslu
aun1si (3-56) azié’ammsa“ggfgnmmimwluﬁN"mmiil%'uamwé’cgzgﬂmuamiéff?ﬁ

AN (3-57)

y _ (X =(=100000)10-0)
100000 + 100000

Y =0.00005X +5 (3-56)

[aLK +bLYi,v,, ~[aLK +bL1P., +aCVyyve, —aC,ve, =mLC, v, [(K + DIV, —v. ]_iL]) 5 (3-57)
= 3 . +
[aLK +bLYi,v,, 7aCDvéa

u,, = 0.00005(

Nnaunsil (3-57) sgdaunalein T g, b, m uaz K Fadumnaiimesvesiimun
Tnunnsdeuiisndusesdimseenuuu Bsluideineninusdldedeisnsduaniesan
Frmuauiinalifisnsialudmsunisesnuuu wavalinnsnsieaeuanssouzves
N13AIUANAIENITTIA09AN LNl ULABUTR AT freyAUAanly SimPowerSystem®
184 MATLAB/SIMULINK @ 3gaudanluiiidsdsnanainnsagsoazideonlsain
AANWIN 2. 1nglunsguAImsineshagn1InsIE0UALIIAULYBIAIAIUANILAINUA
Foulalilvanddalniasiadanfiatuain 10 kw Uiy 20 kw ianaikiuly 0.5 Jund
uagaERTHANIIRoUAL OIS 0.5 FuTiduiuly Teenaniseonuuudmiivnes

Y d' A a a Yo 1 &
YaeinIvANinuANIsRouTesss ULl IR sanausauanIeazidunlanaseluil
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®  N15BNWUUAINISINNDS
dlesvualiamnsidnes a wihiu 0.00000001, 0.00000005 wag 0.000000001
TAgAIAINISIHLEDS b = 0.000000001, m = 29 kay K = 1.5 NANITASIVADUANTIOUL

U8IN15AIVANKAAILAAIFUN 3.17 FearngUuansliiiudn d1m1sdwmes a = 0.00000001

=

AanruAuan1santuAuliLs i u AT dadA1an el 800 V 1o usidor1misiilines
a = 0.00000005 waz 0.000000001 azlyianuisanruaNwsIAUlUiATTalmIulUay

fidensi 800 V 14

920

a =0.0000001
a =0.00000001
a =0.000000001

900 l

880

860

vCO(V)

840

820

L

800

780 L P S S L L P
0 0.1 02 03 04 05 06 07 08 0.9 1

Time(s)

JUN 3.17 WaN1590NHUUAINT1ELNES a

* N1599NLUUAIMNIIANDS b
orfwualirmnsilimes b Wiy 0.0000001, 0.000000001 LAz 0.000000005
lAeAIAINISIENDS @ = 0.00000001, m = 29 Uaz K = 1.5 HANITAITIAUAUTIOULVDS
mseuRuuandldfagUR 3.18 Faanguuandidiuin diwisndites b = 0.000000001 uaz
b = 0.000000005 FarruANaIsamuANliLsIFuli AT Tadd1asia 800 Vv 16
uitiloAmnsines b = 0.0000001 azlianunsamuauusstu Wi AgTalMTulU A

faan1s9 800 V ¢
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810

b =0.0000001
808 - b =0.000000001
b =0.000000005

806

804

802

800

v co(V)

798

796

794

792

790 L L L H N L " L
0 0.1 02 03 04 05 06 07 08 09 1

Time(s)

JUN 3.18 nan1seeniuuAImITdimes b

®  N159BNLUUAINISIALADS m
W amnuAliAInIsITwas m AU 20, 29 kag 39 1AgAIAINISINLADS
a = 0.00000001, b = 0.000000001 g K = 1.5 NANIIATIVADUANIIOULIBDINITAIUAN

wangladiegun 3.19 Fenguuansliiiud dmasdives m = 29 fauauausanIuauli

Y Y

v aa v A

wsauATUALA1AINAN 800 V 19 wstloAmisndnes m = 20 way 39 xliaunsaatuay

usssupgUalrdulanunaesnisn 800 V e

m=20
m=29
m =39

815 |

810

V)

o 805

Ve

800

795

790 . . . - ! ' .
0 0.1 02 03 04 05 06 07 08 09 1

Time(s)

U7 3.19 NaN1590NUUUATINSIENES m



71

®  N15BNWUUAINISINNDS K
Wi amnualia1nisidwmes K w10 v 0.5, 1.5 wag 5 lagadaIni1sidwmas
a = 0.00000001, b = 0.000000001 W@z m = 29 NANITATIVABUANTIOULVDINITAIUAY

wanaldfagui 3.20 Fe91nguuanddiiiudn dmnsdmes K vis 3 Aty damaugu

anunsaeuauliusiuATUaliainenn 800 V19 usegalsiniu K =1.5 azdidanuianaie

luanizegimioeiign

820

K=05
K=15
K=5

815

810

805

"8 800

7954 ..

790 {f =

785
™05 Jo6 055 07 o075 03 oA 08 085

780 : : = : : : -
0 01 02 03 04 05 06 07 08 09 1

Time(s)

JUN 3.20 an1sRRNLUUAINNIHRES K

AIUUIINNTITODNUUULALATITABUALUTIAULVBINITAIVANAITIUALLBEAT LA
Unausdeiuazligansdwesvesiimunulnuanisidoudinsussuulnin vansan

LA LARINITIN 3.2 FaTl

M5NA 3.2 1 YansElieesrasimuANinuanIsiaou

TRERETTE YUIA
a 0.00000001
b 0.000000001
m 29
K 15
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830 T

o0l 10kW 20 kW 30 kW 40kW

810

800 f

V)

0790}
(&)

780

770

760 [

| oot VUSRI ISR, SS——————— —

750 !
0 0.5 1 1.5 2 2.5

Time(s)

W

3.5 4

JUN 3.21 nanseankuuiinIuANlnann1siaeu

YAAINITITND VIR IAIUALINNANITE B UAINITINN 3.2 AglasunITnsIvdeu
AUTTOUBYBINITAIUANALENITIIAD9ADIUN T VUABNN MBS Taeiivuaidouly
Tunrsvegeude luanmalniassiadinsuaeuuasain 10 kw Thdu 20 kw 30 kW wag

40 KW 911387 1 AW 2 U7 ka3 U9 A1ua9U FINan15RevaLauadwsssulninadUa

'
a

uandldfasud 3.21 9ngUazdanaledn dmuaulnuannaouiitiiausaunsnauauli
usITuRTUARsAT 800 V lsamziianlvanmaskiiinasiawindy 20 kw tiesaniduandild
Hueululunsesnuuudue Tuuaeididslnihedu q lausonuauussfuliihdgda
157 800 v 1¢f faduifielvanunsamuauszuuldlunn q anzdeulunshau faveu
Tnuansideudndudosamnsaviuddsudmadmesldnmuailnaniinsndsuudas
Tagarnuaniseenuuuamndiinesiléiannsduadagui 3.19 dmiudmsifines m
wansliiiiuin dleviuAsudmnsiiines m axdsrasonismevaussvesszuvsEaiulidn
1IN g 990157151 RNANTENUTBIAINIINT 1T voaRIAIUANTMNANITIA B
fan1snouauesredTruuatinsan easdenldda inaueliluatanuin a. dufy

nuideingrdnusIudeninisuiulfsudinisdwes m dmiudsgeauazinuig
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i

N1309NLUURIAIUANINUANTSIABULUUUS U (adaptive sliding mode controller) ¢3¢

as o A

FEmsRuuUUAYEUsURe ieusnainazdewinlianunsoaiuauusaulwiAFoad
800 V 1#ud8asdoslinanouauosvasussdudidvisluudvastrsnariiud wodidud
MaaAy Wesdusinisvan wazdulunuunsgiu 1SO 21498-1,2 Sade Fanseenuuy
fruguluuansidsuiuuUiuidniussvueueudliindfiosanagldsumninaue

Tuundald

3.6 @yl
& e~ Moo Y = s
Weovluuni 3 TladnaueniseenkuuiinuaALiniANITA 9UTDITEUVEIUEURA
Iriwunwes Tneillomlunsuduldndifisszuulniihinasauasnsiigadmuuuinass
NAAAAEAST LA suRUaInIuIaIvesssuUaeIsAeasUT g ianugialy a1nidu
dlauen1seenkuuiinIuANlnaan1 s au 8@ eaun1s Ui NS ouLUUN153IUAY
LUUBaEuvesiulsan e AukuUIIaeINiEnlls IieasedyannmIuay Lavosnwuy
AN TR VRIRIAIUANMEIBNTAUAT FIHAIINNITATIVAOUALTIOULYDINITAIUANKIY
m3diassanunisaluupeuiunesuansbiiiui dauaulnuanisideuldauisaniunu
wsarulniagUalvidanniia 800 V lalunn 9 an1ignisiiauvedvan aaiudedl
arudnduiiaziadinisusuldsuamsiimesvesdinruaul oA Inanuesszuull
N = <) 1 (9] ] (Y N LYY
n1siUdsunlas adunisnegenimuldn150enkuufiiAIuANInIANITE dURUUUST UM
WauanINIzaawilialusanuauussdubiiaddan 800 v lauaidiasdaeli
NARDUALDIVILTIAUNATITtULIvaetInaiuf) Wesdusnisnuiu wWeosidudniswee
waztdulumusnnsgiu 150 21498-1,2 lednsie laseuiddeinendnusdazUiuasuaniy
Am151dmes m 1l o991 durmsdnesTidinan 15 UANDITDITTUUNINAER
FIN1TRONRUUFIAIUANINUANISIE BULUUUTURIE T Ue ugus 1 Aiiansanaglasu
nsuaueluundaly vsiin1seentuudinIuAulnimnsid oudmsussuue U ud b
Ay  aa |1 avvo - A e Aa ¢ ! N s
wusmeIngisnsduailadnausluuny 3 dlasunisiiarimeunsluinsansinemans
wazinalulad uniInerdeimaluladasuns (Suranaree Journal of Science and

Technology)
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N1390NKUUAIAIUANIVNANANI A ULUUUTURIAI8ITNITAUM

WUUATYIUSUAD (ATS)

o
4.1 UNun
Y = aa - a
ﬂ’]i@@ﬂLL‘UUG]’JF’YJ‘U@MI‘I/TNﬂﬂqiLaE]‘Ll%@Qi%UUIWﬂ’]VIWR]’]imWIUUWVI 3 NATULILLARN

Y& 1 o 2 Qa' a saal T | o
I‘WLWLJ’J'W Gl’Jﬂ'J‘UﬂlliﬁllﬂﬂqiLaQUVlE]@ﬂLL‘U‘UW'ﬁWlIL@@i?ﬁﬂqis"jmﬂﬂﬂJﬂ’lﬂﬂiﬂﬂﬁUF’]LL'i\‘i(ﬂuvLW‘WW

' '
aa a =

Favalsnid 800 v 1# ilolvanvassrundinsasunlas fadulsdenusniuegie
desrogoniamimuaNdnanlugaseanuuuiimuaulnunnsidsuwuUUT U
annsausulUa surmnsinesldmialnaniidnisuasundas il elauisaniugy
usaulwiAdvaliasiv 800 v uarldnanouausstesszuuiad iy feduundl 4 43
tlauen1seenikuui1nIuANlnuAn1sLa ounuuUsuda Taeis uduainnisesnuuy
Armsfimedvasdamunlvuanisid eudae3snsdumuuuayidaliuda 91y
thaansdumildluafraunsdmivlfuamaimesvesiimunulngedeisnisuiu
Fulds 1l odovemsiaududaiuaulnuanisid suuuuUsudveaszuueuesusld
fifinnsan wasdomludiugaisasfunisiniauenisnrndevaussnugvasiaauey
fiuiaue ndeuriansivisuiisunaneuaueswesussduliliinddvassninedaaunuitle
LuUsBiFEaiy fauatlruanTiaey uazfimuatlnuamsAeuLUUUTUsen iR

A0TUNNSAUUPBUNLADTAEIUTENTL MATLAB/SIMULINK

4.2 A1992NLUUAIAIUANINIANISIABUAIEATNITAUNILUUNIYRUTURD

seuvguud i iisandieinislddmuaulruanisideuwuulsuduanilass

=i =

JUN 4.1 Feanguasnuin meuaulniamsideunlasunisdeseaimunlianansausudila

wnulanenuilunseuding TuvaziiesAlsznaudu ¢ vosszuudunioulnuufeliy
aa av a a s _a a Y v o ::4' a

szuunfinsanluanddeinerdnusiesuesvazBeauasuansliLaAsgun 3.1 vesuni 3

PRI
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il 1 daufl 2 daui 3
_@wwnt 0 0 _ _ _ _ __ _&dws @ _ __ —y — — dwms

r i i |

| 1 ! |

I [ , | Lon |

| 1 . | |
eq L |

| 1 I | |

| . 2008 . ] | |

—_— i

| | | i C{) - ¢ | | Fop = crrVe)|
Battery : |

I I | |

| ‘E/BAU’__: | | T Cf — I [ |

| ! .Q | |
T L= |

| 1 5 | |
(‘(1 I

I [l 1 |

| 1 T |
. |

| [ | Adaptive Sliding Mode  [& } [ |

| | | : Controller f————— l/””'/' I l I

| i | |

[ __ - ___S8 @& B®8W __ _ _ _ _ | . _ |

The considered system with Sliding Mode Controller

4 T
u(q =) G
Ugtlg éﬂ.: } P
a | [
A |
T o T ]— ) 5 e,
. P 0 T G4 crr = LepVe)
attery 8 R .
Pl Performance index calculation
i 5 .Sj: w=fLr.0, P.U and 1)
ELl — | v(;.k Constraint : ey following on
Uy 1SO 21498-1,2
by
|_ <
— i
| Sliding Mode  [¢
4 (./optroller Vﬂﬂ:f
/
ya
w
A
Tuning m ATS

JUN 4.2 ULHUNINN5e8NLUUAIAUANLINANTSIRBUMIETEMSAUMLUUAY@UTUM

N1598NWUUMAIUANIYIANISTIHBUMEITMIAUMLUUAMYBIUTUMaUNTalana
< Y - = ! ' [ (Y A (YY)
uusunmlanagui 4.2 Fsaingunudn msdegeniauimuatlransdeuluuUTue?

WLTUAUIINNTUATIEHANTOBAKUUAINTIHMBIVRIRIAIUANAIEITNTdUAT TuunT 3
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' '
a1 =

friuandiagulein fanudndudesusuasudmniinesvesiinuauidelnanvesszuy
fnsasunlas §9n3Usuddsudmidines m denadenisnoUaueIvedTEUY
wnfian dafulunuiseinednusTasuiudsumanizamnadines m Tuvaed
Wdmesdu 9 vosiamuauazivualiasanly Ae a, b waz K Tivirfu 0.00000001,
0.000000001 U@ 1.5 MNAIFU anszuIumseeniuuamnsiiaes m fMeTsmsrumuuy
pyBeusuianidunsdumamadioes m antuazendeilsiduingUszasd (objective
function) A yaudenluiniidawesszuulufingiiansanly SimPowerSystem® va4
Tusunsy MATLAB/SIMULINK sfsianafeiiuiidnivessud 4.2 ailerduinguszasddangn

lvinanouauosveussdulningdda (v, ) NazgnldlunisAnmualsituingussasd

Y
(5

(cost value: w) mawann1sUseiiiuaussaug (performance index calculation) ﬁ%uaqﬂ‘u
wWesdudnisaiu (PO.) Wedludnsvsh (RU) $ranaitus (T wagmanuinnain
Tuanmzegi (e,) Mntiud1 w AdwnildargndsluiiBnisdumuuuniyidafudadmsu
n1sAumIAINNsITmes m laeasaudunisdun m uwazaiuinnt w llis e 9
unsERREAUMIAINSees m il w fidosfiaavsonsuseunisdumagnves
Fane3iiu Ineswasdonvosusazdunauensisndnanausauansldieelud

Funeuil 1: AnuAAIN1 1R8I V09T TN1TAUNILUUAIYLTsUTURT Taud Sadl
NSAUM (radius (R)) WinAu 50 dausznaudivanarsal (D.F) AU 1.3 91UUA08Y
50UUN (number of neighbor) Winfiu 50 T8UAITAUNIGIAN (roundmax) WU 100
LAZTBULANISAUMIVRSATINITITA0S m WU 1§ 70 waziinuad oulus udy
Tunsnsvaevanssauzie nsusuilasuavaddvaniidabiliinnsds (Peen) 910 5 kw W
Ju 10 kw

Tunoudl 2: quandmeuiudu (S meluveunuesmsium Fauandldfagud 4.3

lagNFUANBULITNAY A8i38nd1 MAuLUUIAULNEaY (local solution) wagivunali

[ ' (%
v v =) v [ 1

WiniuAnauseut AN an (best neighbor) fetiuidoUssena ldudunaudIngid

a a

AunuideIngrinusazladn dmnsdines m axgnduainigluveulanisAumiiivun

Aaa

o Y < ° ¥
wazgnivualidudumneauseutnaaign



7

search space M/

best _neighbor

neighborhood

S\

JUN 4.3 gup S Twvaumnisaum

9

o '
v =

Tunoui 3: ULionAIneU (neighborhood) 971U N A1mausou 9 So aelu

v A 1Y ° v A ° Aa o ° °
YOULWAVOISALNITAUNT WagAIAUALA Si(r) A YAVDIAINDUNUAINDUINUIU N ANDY

a

= Y v & = 4 & [ { [ av a a s
Feanusauanslanesun 4.4 GNUULLI@Ui%&lﬁﬁﬂ‘ﬁﬂ?ﬂ%ﬂ@]@u@QﬂﬁW’JﬂUQ’IU’JT\]EJ'JVlEJWUWUﬁ

Y

s

2zlA71 ANNSEees m AzanduanelureunsATn1sALMT Waninuald N = 50 fatiu

Y 9

o = ! a s a {
WUAIRBUAD ATNITIUNDT m U 50 A7

search space

Si
best _neighborl

best.__neighbor

neighborhood

Neighbor # 1 2 N
UM 4.4 nsguidendinausey 9 S,

Tupauil 4: Ussiliudmeuiduasndnvesgadney Sy meaunisussifiuaussaus

Tnarfmuali S, \udmeuninianvesyadineu Si(r) &1 S, ssgnivualidudneusey

19NGNan 1 (best_neighborl) uanilanagun 4.5 luduneuilagUssiliuaunniaunves
YaA1may Si(r) warlviAnauseutenafian 1 awuilauszgndldudunaudenaninu

MAFEIMeInusagled Amsiives m Ndulnainduneun 3 wgnussliunmuauadln
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a a al

ARaUTOUT 197 AT anvesdmousey 9 Aneuiiufuneluveuwavessainisdum
FeluddinendnusarimualinisUssdiuanssaugiionsananuaneuaussvesusailiiii
Atadlolnanmaalnihasiiinmaudsunvanin 5 kw lidu 10 kw Aiban 0.5 3uil uas
wRasananIsmevaueIauaiudii 0.5 Wuduludaiegeiiuandusudl 4.6 Tng
mMsUssifluaussourazuiaiu 2 daw Ao msussludmnueranedeuluannzoginay
UseidlunaneuausaBena Tl
o msUsziuAeAdeuluanIzagsh
iiolvinanisnevaussaasssuliddvadulunuunsg 1O 21498-1,2

Famsgruaenanimualidanueaiaedsuluaniigegdilaiiu £0.375 % va3seeiu

1%
ad v A

wsssulniAgda aaewgilunsainseauusiulninagdatiawiniu 800 V asliveuwnves

= A o

[ ad v 1 v 'y} 5 I~ 1 QI d' v a 1 4‘
WP ATUAWINAU +3 V AatuRalinnudlued1989919efnaUseiliuaAnuAaInmaau

Tuanzeydiveusanulninngdva Tnsauidednerdnus nnualidiTeulefe

dnanauaueIroLs Ul AT TaiiAiauaainnd ouluanizegdiuenmiiorouiun

797-803 V agnuualian w = 10000 dadunisusulnyg Reulvsinanuanalasail

if v, 2803 & v, <797
w=10000

else
w=0

end

o  N15UTTINUNARDUANDILTING IR

wanNMsUsELIUAIAUAaIAAG auluaN 1LY LY NanaUauaTInNa T

[ o
= 1% v v =

Yol NA AT Az dRsalumIe fatulaimnusdusgadaniaaseiliunanauaund

Ly

Wanadnveusanulii1adva lnsnanauauednina1nsgnuseiiiunlgaunisuseidy

LY

AUTTOULHIFUNTN (4-1) 9T

T, PU. PO.
Wza( rec,ATS )+ﬂ ATS ATS (4_1)
T;ec,CON P'U'CON P'O'CON

1089 Tree  AD BIIETNUAD
=) 1

PU.  fo AnUasiguinisnis

PO. fo AnUesiduinisaiu

1Y

a, p, y Ao Amdudssdnsaudfgy

<
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PNaun1sA (4-1) MATeinednuslémun o, g, » Willdwiadu 0.33, 0.33
waz 0.34 muay 4 adunisuandlsiiiud IianudAgduaidesidudnisn ey
mLUa%L%uﬁmiw'w‘i’ﬂ LaggsnauFAAY q fu 10ef POy, PU. s waw T, s \Duendl
I¥91nnanevaussvosusefuliddvad ossuugnaruauisfinuauTuuansia ou
Aamsimes m 1A2INITNTAUMILUUAIYLTIUTUAT Tunausdl POy, PU.coy iy
T con LﬂumﬁlﬁmﬂwamauauawmLLﬁqﬁuIWﬂwﬁ%ﬁ’aLﬁaszwgﬂmmmé’wﬁammmﬁla
wuuseFsaiy dadudmuguitlagialudenld dmsunisesnuuuimaiuauitlouvy
AaifeatuvervsulasiuAdiduidyiada-yaduuvaesfianisaunsafinwsneasiden

WHANIAINAIANLIN 3. FIFNIT0RDNLUUAIMITITNETVBIAIAIUANNLaWUUsBISBIAY

Y 26w . AL 0> AL
la'aan Kpl:m, K, =2,0,C,, K,=—"""= uay K, =awlC, l0¢
BATT BATT

lunuddeinerdnusivualiguussduliiaden ¢ =0.85, @, =500 rad/s wazgy
nszualufinfien ¢ = 0.85, @, = 5000 rad/s wag A, = 10 fafuarld K, = 0.8513,

Ky = 1.7, K;i = 2503.7764 uag Ki = 500
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3UT 4.5 quAnseu o Sp MurneuvesynrIneuyes Si(r)
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JUN 4.6 fegremanisnevauasatsaiulnihdgdanldlunmsussiluaussous

[
[

AU U AINISITLADS m N UUILAUILAIUITA LA HANDUAUDUTINATAT i way

fifnpuaandouiian1izegdndulumunnnsgu 1SO 21498-1,2

] =] Y o Y  Aad " N = Yy A
YUABUN 5: DIAINBUIBUVNNANER 1 (best_neighbor]) UAMANIIAINBUTDUVNMN

' '
aaa !

ANan (best_neighbor) gz iuAInBUTOUT NAATAAILVNAUAINBUTBUT 1N ATIAR 1
(best_neighbor = best _neighborl) #31usanainiuazn1muali Sy = best_neighbor Way

Wiuabilusienismy (Tabu list) uansnagui 4.7 uwag 4.8 sud1du audinfneuseuds

'
= =

NANan 1 (best_neighborl) depdlsllddmpuilinuivaniign uwirnounananluwsiazsou

q

v < YV 6 ¥ o o
nsrumasiiubilusignisanyiazagliiduanaudnarsvesnsaumiuseudaly daansly

9 Y

12 '
U a

SU 4.9 91ntunszUILnsAuraznauludiunaui 3 kaganfunisgiauninazlaainaun

Y
AnannelasaUNIAUNIZIER

search space

best _ heigllbor ="
best neighborl

neighborhood
Nelgthy\
g

gﬂﬁ 4.7 fNUAA best neighbor = best_neighborl
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search space

S, = best _neighbor:

neighborhood
Neighbor #1
o\

U 4.8 Amunen S, = best_neighbor

search space

best_neighbor
of Neighbor # 1

&

best_neighbor
of Neighbor #2 i = :
Neighbor# 22—\

JUN 4.9 nszuiumsrumlusaudaly

(%
[

TURDUN 6: NTLUIUNTLAUIBUTOY (backtracking mechanism) Lazn15USUAIv9

v A

Seflvesn1sAuma (radius (R)) 10wt unoud gnii uid 130 lunsAumin iy kuus iy

Falunszuiunisiiudousesdrnauiidnignainsienisniyazgnidenuazgnivua iy

Y

AnuuANEmTUTBUMSAUMEnlY Asansluui 4.10 lagseunsAumagsgaiiazgnm

1%
o o o

AUt 1duUSUTLITINEINUS LA MUAYINAU 10 FIUNTZUIUNSRUS U aznauly

v Aaa Aaa

IANMBUNANZALUTIENITAYNFIRINAMBUNANAAL AULINNTT 10 AT FansyuIunsll

N a v A & v a Y ° % a Y]
dgunsalua EJU‘VWW]'Nﬂ']iﬂu%']IVilI‘V]LﬂULauV]'NEJuLWE)ﬂ‘LWi']PI'W]E]‘U']\‘iﬂ'J"IQ IUGUQJSL@ ganU

I =

v v A ' = U ¥ Y
NMsUSUSAINNSAUMIAD NM1SUSUARTRUANISAUMIEINITaLERSLARISUN 4.11 FIn15anas

Y

Ya95AdanunsamulIlaa1naun1sh (4-2) lnefsiusenaunisusuanasatazinny 1.3

[N AINBUNNINeLA TSNS
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search.space

back-tracking
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local found
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U7 4.10 nalnnnsiAudouses

search.space

~s = positive peak

local found _

global found

JUT 4.11 msUSuanarSail
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(4-2)

JUABUN 7: i sUSuAsuAvesannadininasslrdlaziSunssuIuNISAUMN

lugupaun 2-6 Weliaunsarumamsfiwes m luyn 9 annenisinaunieldteuly
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&dliidianfine (285 kw) Tnenisdumazaniiunsiufiazgrsazitoulunisasunlas
vesusaztauandlawal

P97l 1: YSuiasuasdsiniiheann 20 kw luidu 30 kw

¥t 2: UfurAeuanidsiuiihenn 40 kw Tuidu 50 kw

¥t 3: UfuAeuanidsiuiihenn 60 kw Tuidu 70 kw

P97l 4 YSuiasuasdsiniihann 70 kw luidu 80 kw

97t 5: UfurAeuansdsliihen 90 kw luidu 100 kw

F97t 6: USusdsuansdslniiiann 140 kw luidu 150 kw

9t 7: Usuiasuanmdsiaiinann 190 kw Ty 200 kw

F97t 8: Uusdsuasidslniiiann 240 kw Wiy 250 kw

2971 9: Usuidsueiasluihann 280 kw luidu 285 kw

1UsUN3UN1900NKUUAIAIUANITNANISIA DUAIEIT NITAUNILUUAIYBIUTUR
4131150931882 88ALANAAKUIN 4. WAENANITNARUAUMINITITADT m MEITNMTAUM
WUUAIYLTIUSTUAITIUIN 5 AT v uAarY9n15iUABuLUaIR1 Pop @ansag baann
AMARLIN 2. AeludleduannszuIumssladmsiives m vewiaiuaulrANIsaauaIN
ad v a v Y v e" U o Aaa
TNIAUMLUUMYTIUTURILERS AR 15197 4.1 wagnsn1sguiiAmneunangaves

A1 w hanslanagui 4.12

0.06

0.055

0.05

2 0.045 1 purpieterine 1

0.04 hkkEERER

0.035

0.03

Round

JUT 4.12 Mgiinvesan w
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M3NN 4.1 HANSAUMIAINITIERDS m ALFANITNTAUMWUUAYTIUTUST

mMsasunUasen Peps AMNTENOS m AW
5 kW to 10 kW 56.0895 0.0364
20 kW to 30 kW 19.7998 0.0552
40 kW to 50 kW 11.8473 0.0552
60 kW to 70 kW 8.3302 0.0662
T0kW to 80 kW 7.2454 0.0589
90 kW to 100 kW 5.6883 0.0626
140 kW to 150 kW 3.5862 0.0699
190 kW to 200 kW 2.5407 0.0773
240 kW to 250 kW 1.9050 0.0994
280 kW to 285 kW 1.5933 0.0699

Ql' 1 4‘ 1 o v} v a1 QI dy 1 a 6
NANS1N 4.1 WU LI9ANNARAAINANAIFITANANLINTY ATNISITLNDS m

a0 = 1 an v ° ) Y] @ A
ilAnanas Jananisaunmitladaggnihlulddmsunisesnuuuiinivaulnuanisiioy
LUUUSUAIN AN as m @1u1satlasunvadtamueivaalnani dn1sula suwlas

1Y) a a Yo ° v v a
faseazidunnazlasunisiausluiiven 4.3

43  m3eenuuufAUANivaANIRBULUUUTURdE 3T M sAumMIUUATY
Weuiuda
MsoonLUUFIAUALTMIANNTIA UL LU UAsEIB N IRUMLUUAT YT ST UM

Fudushonaiamsines m veausazaidsliiidlsianniBnsfumuuunyBsuiush

Famaedt 4.1 Wahadunsmanuduiusszninaamddlwivesvaniidslniiasiuas

ANNTIENET m BanTAInaLanlafsgun 4.13
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T
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B
T

20 —

1 1 1} 1 | 1 1 1
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CF’L(

JUN 4.13 n9AUEUTUETENINg Pepr UavAmsniliies m

mﬂgﬂﬁ 4.13 9NUI1 @105V INTINANUAUWUS 58U 19 Pepr ha Y
ANMNNSITLR0S m 99U 2 919 AILANIAIBELUTEALAT Taee99 1 1utenenngaludin
UoUNIMMTOMITY 70 kKW (P <70 kW) 6?'7@Lﬁmmﬂﬁmm%’maamwﬂqw%ﬂﬁnﬁa

a A2 v | | a & a v a a
A5 UABULUAUBY Pepr NANUUAINARDNISITLADS m NABUVIMEDY PUVUSNYIT 2
vuraneamaelddruannaa 70 kw Tdaudearmasldd i dna 285 kw
(70 kW < P, < 285 kW) Fafuaneil Pepr finsiasunlasinn wanisndines m

a | v v % S = a a v a ’ v v v
n1swdgunlasroutadey drewadiudunanad 1uideinednusliuusdoya

v U o \ & | A o w = % A &
ANFuusAIna1 eonlu 2 939 weihdayanlalulilunisaiwaunisvesmsidives m
Paursaususdasulaaualunannasliinaesa Tagauni1saanaiaIuIsads19ne
snsuTuidulaenldaun1siigs (power function fitting) ¥edl3UkuUYBIANNTTAD
y=a- x’+c Meazduansliil

o %97 1 AnaskiWdesnIInI oAU 70 kW @1U15085198UN15UD
N15150t0935 m NUSULUA sulamua luannia sl 1asf 1@ saunisy (4-3) way

nFANNFNTUSTLAINaUNISAINaIRanslafagUn 4.14



m=(1.748 x10%) - Pay* —2.061

JUN 4.14 n13a519aunsveemnsiiwes m NUudilalugng P, <70 kW

m=(1.748x10%)- P25 _2 061

CPL

86

(4-3)

o it 2 Arrdalndunnndn 70 kW auierndalaiinfiafice 285 kW au1sa

A319aun159990wwes m NUSulasulennuA luannidslwineefiifeaun1si (4-4) wa

nsmaNudLTusTlanaun1saanananslasgun 4.15

m=(4.909x10")-

80 100 120 140 160 180 200 220

Ul 4.15 msadaumsvesmsiiwes m iusuialdlutag 70 kW< B, <285 kW

m=(4.909x10%)- P27° —0.6899

CPL

(4-4)
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naunsh (6-3) wazaunsii @-6) Juaunsvesnisifiwes m 7 aunseuusivasy
Igmualnanmddluiinaeia A nsWasunlasaudsanmdslaifidnvesssuu dadu
Mnseasduanisoenuuud ldvnausunianua azldganisnfinedvesianiua
Tnuan1sideusuulufdmsussuususudliiuunnes ifesan #e @ = 0.00000001
b = 0.000000001 was K = 1.5 waziidn1susuiud sumuaridsluiadaodeulafe
il epamaslndrveslnandaidosndand oty 70 kW Aanas1ines
m=(1.748x10°)- P25 _2 061 luvmgdiarmdslni1vedluanddruinnin 70 kw

ATNNTIENDS m = (1.748x10%)- P 2 061 FaRauludanaiiuanslaneil

if P, <70 kW
m=(1.748x10)- P> —2.061

else
m=(4.909%10")- P, —0.6899
end

' < =~ < A v o o v o a o
aglsfianuiiaidunistuduiafmuauluuanisideuwuudsudiniiaueauise
ruAuLsaiulin AT UElia7 800 V wazinameuauasdulunuinnsgiu 150 21498-1,2
NUITHINYNUSTIANTUNITATIVADVANTTOULVDIFIAIVANAING1IFIUNITTIA 0

A0TUNNSAUUPBUNANDS FIANUTOLAANTIEALLDEALIRIIITDN 4.4

4.4 ﬂ’]ﬁﬂ3’Jﬁlﬁ€lUﬂﬁJiiﬂu$°lla\1ﬂu’Jﬂ'JUﬂ}lﬁ”)&] n1591a99da1un15ed

UNABNNILADS

sdeiidunsnseseuanssouzvnsinuaulnunnisd eunuuduf iduaue
A msussuusususliwunmes Tifiasandasnisaesdaunsaiuuneuiuneslagld
yaudenlilinidsly SimPowerSystem® vp3lUsuns3 MATLAB/SIMULINK @
yavudonlwinidsvesszuuluiuazdaiuaui farsanaiuisagseazidealdain
manwan v, Inglunsnsaaeuaussauzazutaioulveandu 2 nsdl fseazdundeluil

ns@A 1: n15s1assaniunIsaln1eldn1sUa sunlasamasliiraeslvan
wuututle (step response) 91n 10 KW (3.51% wosiiin) lUidiu 71.25 kw (25% vesiida)
TUidu 142.5 kW (50% aeeiinn) LUy 213.75 kW (75% voeiinn) wazidu 285 kW
(100% vosiiin) Wonaniulunng 0.5 Funit edaesanzmaianuvessugudliily

aa a a v A o a aal v a .
ATUNLNANITIUA EJULLTJENLLUUWUWWUI@Vﬁ@ﬂﬁmWLa'Jﬁ']EJWq@ (worst-case scenario)
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TnguenanIznsIvaeUansInurreaianuauinuansd suLuUUIUA L asUTeufioy
nanouaueseLsUlWi AT Talo sz uugnAUANFefmuatinuanTAou faruau
wuuitlowuusioBestu uazimuatlnuansideuluuliuing Ssansdiassaaunisnl
uandldfaguft 4.16 §99n3Uaznudn drauaulnuanisid suluuusudnas
FrmuauilenuuseFsatuaunsanuauussduliinAgdaliasia 800 v 1 uagli
wamimauauaqﬁL{]ulﬂmummgm 1ISO 21498-1,2 lednnqe Iummsﬁ'ﬁ’ammu
Tnuansdeudidmsiwesoenuuuldainisnisdueilianunsaniuguussiuliinddva
Tasiimuidosnisuazidulunaumnnsgin 150 21498-1,2 16 TnenileIsuiiisuaussaus
LAYNANITABUAUBITYNT 19AIAIUANINNANITLE puLUUUST UR LAz AR uA LT Lo
wuusieiSssiuansnasUnansiSsuiouldfenisned 4.2 dsarnmsanandliisiugig
nanoUaussvesusIfuliihAdTaloszuugnAuAN B mUAtnuaMsRsuLUUUS U
fhnaueazdisnaiiuiafiiatu 61.57% Siesdudnsysdnfidesas 43.29% waed
WedidudniswaAutiosas 100% vieldfimaviaiuiaiu dewFeudsuiuiemunuuuy
filonvusioBsstu fufudsdusulddn Mmuaulnuansdeunuuuiufiiaussousdiani

fAuANTilowuUsBIS By

850 -

1SO 21498-1.2 R OO A

B0 f T T T R [ e e (U N R——
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3
%
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Sliding Mode Controller
Cascade PI Controller
Adaptive Sliding Mode Controller

JUN 4.16 wansnevausveswssiuliihagvadislnaniinsudsundasuuriuniviule
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NSE? 2: nsTrassanIun1saiuuuesauaslugunield nsiud suutas
ardsliiivedwanuuuatndes (ramp response) Fauduanunsaiilndfestuniside
eusudlaiiiunne3ni (realistic scenario) Insrmualsianidsluihasivanfistuags
o enadoutueusudluinfnisssanusegeseid osaudsaiidn aniy
simualiaidslninanasedsdeiiesndoiueusudlinfinisanaraniasaunsesi
wyadls (Liu et al., 2023) laguonainazfuduaussousvesdaaruaulnuanisid ou
LuuUsuiudvzUTsuisunanevaussvesuset uliNAT TS o5 uUg nAIUA LY
HmuauuuuiileuvuseEssiu waziauaulvuansdounuuliuiie Jsmanisdans
anunsaiandlddasguil 4.17 Faainguaznuin damuaulnunnisidounuuliudanas
frmuauitlenvuseissatuaiusamuauusetuli AT Ualvasin 800 v wayls
wansneuauesdulununnasgu 10 21498-1,2 Iiensne Tnewleiisuifieuaussousuay
NANNIMBUALDITENINIMUANINIANISA BULUUUTUR A fmuaulauuusBIT ey

aunsaazunanisiSeuiieulanewisnd 4.3

350 ; T
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< 250
= 200+
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Cascade Pl Controller
Adaptive Sliding Mode Controller

"1'1SO 21498-1,2

Time(s)

JUN 4.17 nameuauaeatusaiulnihdddadelnaninsifsuwlasuuuaindes
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A5 4.3 HANSIUSUTBUANTIOUEYRWIAIUANMENITTIABIEAUNITAlULABNNIADS

TunsaliMuaniinisidsuslasivanmduluuainides

wWasidud
fnugulvunnsiAou AanuANLe GHERMIE
HUUUSUAD LUUABISENNY Tngsau
finna
99015008 suulas 92901508 suwlatann 429015008 sunlasain
ArAaalai W ud uiduanasves W udutduanatves
Araslih (u Sunfiit 1.9)  erdelnih (u Suniidi 1.9)
faraa1¥us (ms) 6.2 16.6 62.65%
Wasidudniswaiu (%) 3.0608 4.1385 26.04%
wWaeddudnisiei (%) 0 0 0%

ANMNLAANRLAARULY
annzagi (Juluny v v -

1INTTIU)

9119197 4.3 uandliifudn nanevausesussiuliinATvalesruugnAUAY
Fesmunulnuansideusuuliusiitiauslursnmasuuamniutuduanases
Arddlati o Buniid 1.9 axdidnsnaniiudaiidtu 62.65% Sesidudinmiaduiidenas
26.04% ilawFsuiflsuiufmuauuuuilowuudodssty fuuiedusulddn demueu
Inuanisid sunuvududadiaussougfianitdimuauitlonvudoif sy feusinazidu
anumsalitlndiAssfumslianususudliiuunneiase

SUT 4.18 uaninan1sneuausIvonsesuliiddvaelnanius sunuag
wuutuiiulalunsalfmmualsd Ve fanddsuutasaindia 662 V 10y 630 v dadu
nsinaesanunsailunsd NN s ngAnIsuYeILUnLAes luLdvesn15IUa suulas
AaauznTUTEq (state of charge: SOC) FailviaussiulwiveanunnoTiudsuutas
Tngannwaitldnandliisiudn Mmugulvuanisdounuudiusanunsomuauussiuliii
Agvalasiii 800 V uaglinanisneuaussiiduluauuinsgiu 1SO 21498-1,2 14
wiagslsfinudndudeadinisfumamisiwes m lndlunn 9 annznisiaunield
Feulvuidslaindienfidn (285 kw) ansuthemanimes m vesudazarfidsluinily
83U Vaarr = 630 V lWsudumsmuisnisooniuuiiamuaulnunnisideuwuuuiusdils

Uauatielianunsaniuauszuuls F4n157feseanwuuiimIuANnuANISHoULUUUTUM
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Tmidledn Vaar wWasuudasludafudosfanesiBnsiiiausluruideineinug ey
uidelusuiandsdndudesfiansuiuuudtassveanunned inlddmiuniseenuuy
Hmuatlnanmsdeudeliausafiansand SOC vosumnneslé
FafuannansndevanssauzvesiimuauiaTsasdadisduansoagula
FaruAulnuAnI5LE ouwuuUSURIT Ulaue FeAmndined m veeiiAIuA
ansaviuasualdnudvesivaniifinsuasunlas annsomuasuseiulwinAgvaln

AR AUT §99n15 800 V wazlinanavausaduluniuuinsgiu 1ISO 21498-1,2

¥
a

Y o A o w a v v a o A o £
aglaeulunmshauiaimadniiinavesszuuls uenanidavaundiausdd

.
o o = =

aussaugNfAnIwmuANilowuudaFEeiudniY Jan1seenwuuiimuallnuanisideu
wuulsumdmsussuvgugud i uuanesaawslueanauisdagiudslaifivnddenafu
weaunsle 9 adunisludneasidunneu dwluddodugauvesnuideinerinug
! < - < [ v ! v o v o

agalsfinuiioidunissudsedud damvauluuanisid eukuuyusudiasarunsadily
TFuatadalunsJUs uideineinusdwndun1ingi9aeuanssaugyoiinIugy
o i % ° ¢ ¢ o = A vo o

AananImen1sIaeanIunsalLuuaialaslugy faseasduanazlasumsiiauelily
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JUN 4.18  wamsnevaussvadsnulihadvaiolnaniinsiudsuwlas
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4.5 &3y

dewluund 4 Sldhiauenisesnuuuimuaulvunnindounuuliuiafeisns
Fumuvumyidsiud FadenluneuduldnanissuulnihAfarsunddfaunu
Tnuamaideunuuuiui nsuldiiaueseasndenniseonuuuiinunuimunnindey
wuudiuilaeuduainniseonituumimes m vesiimuaulnunnsideusieisnig
AuruuumyIBaUsuia damannmsdunimsives m veausardensdsunuas
Ananindslnihasinildgninantdlunsaiisaunsvemnsiines m fannsauiuden
IFnuenalnanidaluiinsifiinsivasuntas lasnsadrsaumsdsnanlaendsisnis
Usuidulis uasitlewilumeuaaiedunmmiiauerannnsiiaesanunisaiuuresinmes
ionasevausInuzuaziUIsufisunanevauesvoalssiulninGgvaefinnsnugueie
fmuauuuuilenuusiavaiu fmuaulvaansdeu waziimuaulnunnsideutuy

Usus Fanaainnisirassaniunisaluansliiiu daaruaulnunnisidouluulsum

anunsomuauusiulninAddaliaeii 800 V 16 waznaneuausdluaniizegduduluau

Y
[ ' £

WA 15O 21498-1,2 Bnvisdsiinanavaussdanainiisluiivesrianarludifg i
= s s I o w | 3 4 A a X

61.57% HUasidudn1snan1desad 43.29% wavludivesidudniswaiuindu

WawSeuisuiudimuauitlanuudesesiu lunstinlvaniiniswasusUasuuiuiviule

= A a N a = & Al Y a Y] v
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%

gupudlii fMasuanlnensideuwuuliumndiausamuguussiulnihdddaliaang

800 V 1 uaziirimnunainpdsuiiannzeganduluniuuinsgiu 1SO 21498-1,2 Snvied

Y

namauauoadawaTaidluudrastanailuiafiiu 62.65% Miedfiudnsiuiudesas
26.04% ileiUssuiiisuiudmunuitleuvudeiseetu egalsnuieidunisduduin
fmueilviansideunuuyiusiildiauesiinrugniios indetio uavanansanlulday
¥93slumsU i Feiianudnduoded sildeadudumissourvesimunuinaide
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Code Composer Studio Wef#u 3.3 (CCStudio v3.3) dmiunsidisuyamdsnwdues
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(Real Time Data eXchange) wnun1Wn15dauselUswnsy MATLAB/SIMULINK (Host) fu
U9¥n DSP Ju Zdsp™ F28335 (Target) mmmuamlé’ﬁqgﬂﬁ 5.1

MATLAB/
SIMULINK

Computer RTDXs » ezZdsp F28335
[Host] < [Target]

gﬂ‘ﬁ 5.1 wnunwAs@ouselUsunsy MATLAB/SIMULINK Auussn DSP

U eZdsp™ F28335

91n3UT 5.1 n33udadeyaszwinalusinsy MATLAB/SIMULINK fuuein DSP
$u eZdsp™ F28335 riumnstasdearsuuunaniiiveun 4 nadl dwieluil

- nsdld 1 n13defeyaainlusunsy MATLAB/SIMULINK lugaussa DSP
Ju eZdsp™ F28335 ruufion RTDX Wiite wandldwsgud 5.2

- n3dlil 2 msFudeyasnnuesa DSP Ju ezdsp™ F28335 nduundaldsunsa

MATLAB/SIMULINK ’1uuaan RTDX Read LLamléféﬁgUﬁ 52

Communicate with Target via RTDX

HOST HOST
. RTDX Write RTDX Read >
ichan1 ochan1
RTDX Write RTDX Read

5U71 5.2 Ufien RTDX Read wag RTDX Write

- n5dlfl 3 nnsdsdeyanInuese DSP Tu eZdsp™ F28335 lUdslusunsy

MATLAB/SIMULINK snunisifisugaddansdunlusunsa CCStudio v3.3 il
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Uiiﬁ@lﬁ 1: RTDX_CreateOutputChannel(ochanl);
UssYiaf 2: RTDX_enableOutput(&ochani);

UsTiaf 3: RTDX write(&ochanl, ueq, nbuf* sizeof(long))

Ingussviaf 1 Ao fendudrdenisivueainsyeserdns RTDX dmiulddeteya
WgelUsunsy MATLAB/SIMULINK Us5¥in#l 2 e anduddataldanutauaidnn RTDX

dwiulddsdoyaundalusunsa MATLAB/SIMULINK wagussindl 3 Ao fleriduddadeouds
Toyaundalusinsy MATLAB/SIMULINK Hun1egaua1sing RTDX

- Asdi a n135uTeya9ntUsWNTU MATLAB/SIMULINK nduungauasa DSP

U eZdsp™ F28335 ritums@suyamdsniwnguulusunsy CCStudio v3.3 fail

USSVIAT 1: RTDX_CreatelnputChannel (ichan1);
USSRt 2: RTDX_enablelnput (&chan1);
UsTiaf 3: RTDX read(&ichanl, &Vbatt, 1 * sizeof(long));

lagussindl 1 Ao Hendumdinmsivunasiosdunn RTDX dwsuldsuteyaan
TUsunsu MATLAB/SIMULINK ussvindl 2 fia fendumdataldaudesdunn RTDX dwmsuld

¥

Futeyaainlusunsy MATLAB/SIMULINK uazussviafl 3 Ae feidudidieudoya

'
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#15Uana1nYosdunm RTDX
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aussuzvesiImugluansdsuLuuYfuignmadiassaanunsaituuaamslugy
Feagldfunminauesieazidenliluiden 5.3
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o =100 5 I —=] . Emulator |
To

eq Real-Time

Data Exchange
(To RTDX)
Host : Computer Read

F28335 Control Card
USB Port

Docking Station

Code Composer Studio' " v3.3 IDE Target : estpTMF28335 Microcontroller
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Abstract

Nowadays, power converters with their controllers are
widely used in several systems to achieve the desired outputs.
Therefore, this paper presents the sliding mode controller
design of “half_bridge bidirectional DC-DC converter having
constant power load for electric vehicle to regulate the system
DC bus voltage. The controller parameters design is based on a
trial and error method. The'intensive time-domain simulation
using SimPowerSystem™ on  SIMULINK/MATLAB is used to
examine the controller performances. The results show that the
proposed sliding mode controller can regulate the DC bus
voltage to be a constant even the constant power loads of the

system are changed. In addition, the good controller
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performances in terms of rise time, settling time, and percent

overshoot can be achieved.

Keywords: Sliding Mode Controller, Half Bridge Bidirectional

DC-DC Converter, Constant Power Load, Electric Vehicle
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Abstract

Driven by increasing concerns over greenhouse gas emissions from conventional combustion
vehicles, electric vehicles (EVs) have ﬁ ed rapid popularity. Their efficient operation
depends on a control system for the power electronic circuits integrated within the vehicle
architecture. This article presents a sliding mode controller design for a bidirectional half-
bridge DC-DC converter deployed | ‘i)\athr)' EV (BEV) systems. The design is based on
a sliding surface equation formulated as a linear combination of state variables and
a mathematical model derived from the generalized state-space averaging method for
computing the control signal equation. ]’_lie/cp”ﬂtqoller parameters are selected via a trial-and-
error approach. Simulations m;mﬁA‘B'IQMULINK demonstrate that the proposed
sliding mode controller reguﬁﬁs the DC bus j}‘oltage in' compliance with ISO 21498-1,2
standards under varying load conditions and exhibits robustness against system parameter
variations. This confirms that the electric powertrain system of the vehicle can operate
effectively.

Keywords: Sliding Model Controller, Battery Electric Vehicles, Bidirectional DC-DC
Converter, Mathematical Model, GSSA Method.

Nomenclature
BEV  Battery Electric Vehicle Varr DC voltage source
SMC  Sliding Mode Controller Repr Resistance of constant power load
L Inductance of converter d Duty cycle of the converter
Ci Capacitance of converter at DC voltage 7 Switching period
source side Ai Ripple current
Co Capacitance of converter at DC bus Avg,  Ripple voltage across C,
voltage side Ave;  Ripple voltage across C;
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S Switching frequency

Ar Amplitude of the carrier signal for
PWM

Vs Voltage reference

i Inductor current

VL Voltage across L

ic, Current through C,

ve, DC bus voltage

Icpy Current through constant power load
Pcp. Constant Power Load
u(t) The switching function of the converter

N Sliding surface equation

a Parameter a of the SMC

b Parameter b of the SMC

m Parameter m of the SMC

K Parameter K of the SMC

e The current error

e; The voltage error

e3 The integral of the current and voltage
errors

iref The reference current

Uey The control signal

Introduction ‘

Over the past decade, electric vehil
have gained global attention, as mos
policies are aimed at reducing greenh
emissions in  the transportation
Consequently, battery electric vehicles (BE'
which rely on batteries as their primary energy
source, have experienced steadily rising annual
sales (Chakraborty et al., 2019). This growth is
driven by several factors, including increased
affordability, improved efficiency, extended
driving range per charge, and, most importantly,
zero operational greenhouse gas emissions
(Malik et al., 2025).

In BEV architectures, the power converter
represents a critical component responsible for
bidirectional energy management: conversion
and transfer of electrical power from the battery
to system loads in driving mode and/or
recuperation of electrical energy from the
electric motor in the regenerative braking mode.
The power converter also plays a crucial role in
regulating the DC bus voltage thereby
maintaining a desired constant level with current
and emerging BEV architectures typically
employing an 800 V DC bus (Reimers et al.,
2019; Ehsani et al., 2021; Poorfakhraei et al.,
2021; Hemn et al., 2023; Islam et al., 2023).
Consequently, the controller of the power
converter is essential for stable DC bus voltage
regulation and efficient BEV powertrain
operation. The proportional-integral ~ (PI)
controller is commonly used in these
applications owing to its facile design and ability
to eliminate steady-state errors. However, PI

controllers may exhibit slow dynamic responses
and limited robustness against external
disturbances (Farooq et al., 2019; Mohanty et al.,
2021). Conversely, advanced control techniques,
such as hysteresis, fuzzy-logic, space vector
modulation, and neural network-based controls,
offer superior performance under disturbances
and system nonlinearities, although they
typically demand more complex designs and
computational processes (Xu et al, 2021;
Muthukumar et al., 2024). Notably, sliding
mode control (SMC) has recently emerged as an
effective approach owing to its distinct
advantages, including applicability across linear
and nonlinear systems, fast dynamic responses,
and  high robustness against external
disturbances (Mathew K et al., 2020; Wu et al.,
2022; Noor et al., 2024).

Therefore, this article presents the design
of a sliding mode controller for a bidirectional
half-bridge DC-DC converter deployed in BEV
systems. The controller is formulated using a
sliding surface equation defined as a linear
combination of state variables, ensuring design
and implementation simplicity. Additionally, the
mathematical model of the system, which is
derived  via . the generalized state-space
averaging (GSSA) method, is employed to

45 define the control signal equation. Further, a

S);{\

ial-and-error approach is adopted for parameter

ection since there is no general approach for
istch a controller. The intensive time-domain
simulations ~  were performed in
MATLAB/SIMULINK  to  evaluate  the
performance of the proposed controller. The
results reveal that the designed SMC effectively
regulates the DC bus voltage to the desired
constant value, maintaining compliance with
ISO 21498-1,2 across varying load conditions
and exhibiting robustness against system
parameter variations.

The remainder of this article is organized
as follows; Section II presents the BEV system
under consideration. Section III describes the
proposed SMC design, where the GSSA-based
model derivation is also presented in the
appropriate subsection. Section IV presents the
evaluation of the performance of the controller
viasimulations. Finally, Section V concludes the
study, outlining directions for future research.

Considered BEV System

The BEV system under consideration is
illustrated in Figure 1. It comprises three main
components: the battery, which serves as the
primary  source  of electrical  power;
a bidirectional half-bridge DC-DC converter,
which regulates the DC bus voltage and manages
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power delivery via SMC; and the EV driving
unit, which comprises the electric motor and a
controlled power converter, behaving as a
constant power load (CPL) (Emadi et al., 2006;
AL-Nussairi et al., 2017; Tang et al.,2020;
Martinez-Trevifo et al., 2021). Therefore, it is
modeled as an ideal CPL in this study.
Generally, EVs operate in two modes:
the driving and regenerative braking modes.
However, only the driving mode is explored in
this study, as it represents the primary operating
condition of the system. Further, the passive
components of the system include the inductor
(L) and capacitor (C), as illustrated in part II of
Figure 1. These elements can be designed based
on the principles of the linked-flux balance in the

inductors, the charge balance in the capacitors,
and small-signal approximation, as expressed in
(1), (2), and (3). Consequently, the resulting
parameters of the considered BEV system are
summarized in Table 1.
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Figure 1. The considered BEV system.

Table 1. The parameters of the considered BEV system

The inductances of the bidirectional half-

The input capacitance of the bidirectional
half-bridge DC-DC converter

The output capacitance of the bidirectional
half-bridge DC/DC converter

Parameters Valwes Descriptions ) PO
Vaarr y 662 V DC voltage source
Y . (fi" =hola) il bridge DC-DC converter
Ci(Ava<3V) 35.877 uF
Co (Avey <3 V) 2mF
Is TiokHz T T _Switching frequency
Ar 10

Amplitude of the carrier signal for PWM

v 800 V

Voltage reference
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SMC Design

The SMC design begins with an overview of its
operating principles, followed by the derivation
of a time-invariant mathematical model for the
BEV system using the GSSA method. The
resulting model is subsequently integrated with
the sliding surface equation to compute the
control signal equation. The details are presented
as follows.

The SMC principles are illustrated in
Figure 2. The system state variables, denoted
here as x; and x», with an initial condition at x(#),
are controlled to follow a trajectory that
converges toward the sliding surface at x(#). The
phase in which the trajectory is driven toward the
sliding surface is referred to as the reaching
phase. Once the trajectory reaches the sliding
surface, the state variables track along the
surface toward the origin, where the sliding
surface equation equals zero. This highlights the
capability of the controller to regulate the

system. Consequently, designing C
requires defining the sliding surface equ%n
and the system state variables. In this study,

sliding surface equation is defined linear

combination of the state variables;
system state variables are the inductors

(#, ) and the DC bus voltage ( Ve ) , whic
obtained from the GSSA- bascd%tn

i vﬁén(’

:

i

D
:

Figure 3. Bidirectional half-bridge DC-DC
converter operates in Mode 1

KcL

Figure 4. Bidirectional half-bridge DC-DC
converter operates in Mode 2

In Mode 1; Switches 7 and S2 are turned ON
and. OFF, respc-ctiilely as shown in Figure 3,
whereas.in‘Mode 2,57 and 52 are turned OFF
nd: ON, respectively as shown in Figure 4.
pplying Kirchhoff’s voltage and current laws

mathematical model of the bidirectional ha]f‘ ~1to the analysis of the circuit in each mode yields

bridge DC-DC converter.

The time-invariant model derivation begms
with formatting the switched model * by
analyzing the circuit operation m each mode.

X
Sliding surface )
X[,
Reaching phase
< >
Slidiug phase  ©
With chattenng
X0 e
Figure 2. Concept of SMC

the differential equations governing the inductor
current ( i 1) and the DC bus voltage (v, ) for

Modes 1 and 2, as expressed in (4) and (5),
respectively.

BATT
4
V. = PCI‘I ()
i
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R 1
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Thereafter, {; and V.. for each mode are

combined using a validation functions (h;). As
the circuit under consideration operates in two
modes, two validation functions, h; and
h2 = 1 — hy, are utilized, with the following
specific conditions;
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S1ON and S2 OFF: h;=1and h>=0
S1OFF and S2 ON: h; =0 and h>=

Therefore, i, and V. are expressed in (6)

in validation function forms.

;1 1H-1)
I =ZVINIT +(u(
(). Py @
Vo =———i-———

i . C”v(:

l, 0<t<dl
where u(t)= i

0, dT, <t <ﬁ
Subsequently, equation (6) is converted

into a bilinear form of the switche 1 by
replacing the validation functions “s ©
switching function (u(?)), where u(t)
hy=1=hy= 1~ u(t). This yields the diffe
equations expressed in terms ofithe switcl
function as shown in (7), still representing a
time-varying model. Directly Mploying this
model to design an SMC complicates the
procedure. Therefore, the GSSA method is
employed to eliminate the switching effects and
realize a time-invariant model. An overview is
given as follows; -

Generally, any periodic signal f{t) with a
period T can be expressed in the form of a
complex Fourier series (Gamelin, 2001), as
shown in (8).

|
¥

e e,

fa@y= AZ (x) e ®)

where o = ZT” and (.\')‘ (1) is the complex

Fourier coefficients.

The GSSA method employs the (x), (1) of
the signal to represent the system state variables.
The (x), (1) is obtained as follows.

L s s
(,\-)‘(1)=F;rr_/(1)e dt )

The essential properties of the complex
Fourier ~ coefficients  for  deriving  the
mathematical model of power converters
(Sanders et al., 1991) can be summarized in three
points:

Property 1: The time-derivative property,
which can be expressed as shown in (10).

{8 me o

E dt

Property 2 : The property of the
multiplication relationship, which can be
expressed as shown in (11).

) =2, ) (an

Property 3: Assuming f{?) is a real value,
the complex Fourier coefficients for negative &
can be expressed using (12).

("'>,k = (x)k = (\)l (12)

Index kvin(8) and (9) indicates model
accuracy. - The'-model error becomes zero
assuming & approaches infinity. For signals not
exhibiting notable oscillations, k can be set to

",iejo, and _ this , iis~ called the zero-order

roximation. (Mahdavi et al., 1997; Emadi

al.5.2004)..If the signal exhibits oscillations,
k can be set to -1, 0, 1, which is known as the
first-order approximation (Mahdavi et al., 1997;
Emadi et al., 2004). In this study, the zero-order
approximation (k = 0) is applied based on the
assumption that the passive components of the
considered system are designed to produce
negligible signal ripple, allowing for the neglect
of the effects of such ripples. Therefore, under
the zero-order approximation of (8), the state

variables, iL and l'JC“ , of the model can be

expressed by distributing the terms of the
complex Fourier series as shown in (13) and
(14), respectively.

i, =i, ); (13)

Following (7), applying Property 1 of the
complex Fourier coefficients and considering
k=0 can transform the expression into (15).
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(15)

(‘1:. )0 = %(’l )o B C”I(,(‘TL ) = j(0)o, <'}i. )o

(X

Additionally, from (9), the complex
Fourier coefficient of u(t) for k = 0 is derived in
(16).

o=dT,

{u =Ti[']u =i (16

where  d denotes the duty cycle

Consequently, based on (13) to (16), the
GSSA-derived time-invariant mathematical
model of the considered BEV can be obtained in
(17).

ol (1-d)

W=7V~ Ve,
y L

V. =_(]_d),' Ko W)

G, 5 L C"V‘.‘

o

By analyzing the sliding surface e
which is defined as a linear combination
variables, the equation can be wrizrlas (1

§'=ae, +be, tme, l- (18,

the SMC.

where a, b, and m are th{ parameters of
. \
\
Based on (18), ¢; and e>denote the current
and voltage errors, respectively, and e;
represents the integral of e; and ez, which are

obtained from (19).

Szl B 1
0= -aK[ (",N ,L——q‘l’;"J—a[sz.ﬁ

+m[(K +l)[V.,’d ey 1-i,]

[aLK +bLYiyv, =[aLK 4 bL1Fy 4 aC.Vy Ve

&=V -v, (19)
e =J [e, +e,])dt

where the reference current (i) is
determined using (20), with K denoting the gain
OfeL

by =K| V7 v | 20)

In SMC, the ideal system behavior is to
move along the sliding surface toward the point
where the sliding surface equation is zero
(S =0). This state consequently yields a zero
derivative of the sliding surface (§ = 0). This
condition ensures the system enters the control
regime. Consequently, deriving the sliding
surface for the proposed controller using (18) in
conjunction with (19) and (20) allows the
derivative to be expressed as (21).

e W Fref g
S=ai, —ai, +bV" —bv.

; y . 21
Enl(RADIYS —ve 1-1,]

Notably, (Ziv) réveals that the system state

I (Tigﬁables of the BEV, under consideration, i,

aXN“: \i(“ ., appear in the equation. These
variables can be substituted using the proposed
model as given in (17). This substitution yields
(22) under condition $ = 0, and by setting the
duty cycle to be equal to the control signal
(d = teg).

By rearranging (22), the control signal for
regulating the DC bus voltage of the BEV
system using the proposed SMC is obtained as
expressed in (23).

(l:m—l)v Ly (]_""’}i ~ P
L G, "G 22

—aCy; =mLCy [(K+DV 7 = 1-i,] (23)

u

bl [aLK +bLYi, v —aCy;.
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Half-Bridge Bidirectional DC-DC Converter

Constant Power Load

DC Source

Siiding Mode Controller

ofta

According to (23), the SMC parameters .
therejis no~ effectively “maintain the DC bus voltage at
general design method, these parameters are # :

(a, b, m, and K) must be define

The results ifidicate}ﬂmt all three values of b

V. J

determined in this study via ﬁale:*r:d-eléror ~ '+ Design of the parameter m

approach. The performance of the co
evaluated via intensive time-domain simulaigons
using the SimPowerSystem® blockset in
MATLAB/SIMULINK. The bldck diagram of
the BEV system is illustrated in Figure 5. To
assess the performance, the CPL step change
from 10 kW to 10.5 kW is applied at = 0.5 s.,
and the transient system response is examined.
The  resulting  controller  parameters
configuration is detailed as follows:

*  Design of the parameter ¢

The performance of the controller obtained
by setting parameter « to 0.0000001,
0.00000001,  and  0.000000001  while
maintaining b = 0.000000001, m = 55, and
K =25 is shown in Figure 6. The result reveals
that at @ =0.00000001, the controller effectively
maintains the DC bus voltage value of 800 V.
Conversely, for « = 0.0000001 "and
0.000000001, the controller fails to regulate the
DC bus voltage at the 800 V point.

*  Design of the parameter b

The performance obtained by setting
parameter b to 0.0000001, 0.000000001, and
0.000000005 while maintaining a = 0.00000001,
m =55, and K = 25 is illustrated in Figure 7.

olleris

The performance of the controller obtained
by varying parameter m to 30, 55, and 70 while
maintaining a = 0.00000001, 5 = 0.000000001,
and K = 25 is shown in Figure 8. The results
indicate that at m = 55, the controller effectively
regulates the DC bus voltage at the 800 V
setpoint. Conversely, at m = 30 and m 70,
the controller fails to maintain the DC bus
voltage at 800 V.

810 ——r——————

0 01 02 03 04 05 06 07 08 08 1
Time(s)

Figure 6. Design results of the parameter a
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Figure 7. Design results of the parameter b
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The above design procedure reveals that
parameter a exerts the strongest influence on the
system response. The control signal equation
given in (23) reveals that @ appears almost across
all terms and is multiplied by all system
parameters. Consequently, the following SMC
parameters are selected for the considered BEV
system: a = 0.00000001, 5 = 0.000000001,
m= 55, and K = 25. The control performance of
the system under load variations, using the
designed parameters, is evaluated and presented
in the next section.

Simulation Results

This section evaluates the control performance
under load variations via simulation. The
evaluation is performed under three cases, as
described in the following.

Case I - Step change in load power (worst-case
scenario): The test conditions are defined by a
CPL decrease from 9.5 kW to 9 kW at1=0.5s.,
followed by increases from 9 kW to 10 kW at
t=1s and 10 kW to 11 kW at 1 = 1.5 s.
The evaluation results are shown in figure 10.
As observed from the DC bus voltage response
(Ve ), the proposed SMC effectively regulates

" the voltage of the considered BEV system at the

A F ¢ desired value of 800 V. The controller also

-
Figure 8. Design results of thgparameter m

——K= 10

| ——k=25

806 ——r—————————————— ,__I

Ve V)

794 | et

Time(s)

Figure 9. Design results of the parameter K

+  Design of the parameter K

The performance of the controller obtained
by varying parameter K to 10, 25, and 35 while
maintaining « = 0.00000001, 4 = 0.000000001,
and m = 55 is shown in Figure 9. The results
reveal that all three K values effectively regulate
the Ve, at the desired 800 V setpoint. However,

the K = 25 case yields the smallest steady-state
error.

"delivers excellent dynamic performances, with a

"'Qoovery time of only 0.6 ms. and almost 0%
undershoot  and  overshoot. ~ Additionally,
the controller maintains the DC bus voltage
within the ranges specified by 1SO 21498-1,2,
the standards that designers and manufacturers
of EV systems must follow, even under varying
load conditions.
Case II - Gradual power variations: A realistic
EV operating scenario is simulated, where
acceleration increases the power demand of the
electric motor, whereas deceleration reduces the
required power (Liu et al., 2023). Accordingly,
the simulation conditions are defined such that
the vehicle accelerates from 1 s. to 2 s., resulting
in a gradual increase in load power. Afterward,
the vehicle operates at a constant speed until
4 s, followed by-a deceleration phase until 6 s.,
reducing the load power. The simulation results
in Figure 11 indicate that the proposed sliding
mode controller effectively regulates the DC bus
voltage at 800 V, maintaining compliance with
the ISO 21498-1,2 standards despite the gradual
load power variations.
Case [II - Robustness: The controller
performance is evaluated under constant load
power variations similar to Case I, whereas the
system parameters, L and C,, are varied by +20%
from their nominal values. The simulation
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results shown in figure 12 indicate that the
proposed sliding mode controller effectively
regulates the DC bus voltage at 800 V despite
parameter variations. These results maintain
compliance with the ISO standards, confirming
the robustness of the proposed sliding mode
controller.

7 T T

95 kW Y

Consequently, it can be confirmed that the SMC
design  based on the GSSA-derived
mathematical model and the trial-and-error
parameter  selection approach effectively
regulates the DC bus voltage to meet the
required standards, thereby ensuring the
efficient operation of BEV powertrain systems.

1TEW

3
Time(s)

Figure 11. Simulation result for the proposed controller performance evaluation (Case II)
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Figure 12. Simulation result for the proposed controller performance evaluation (Case I1I)

Conclusion

This article presents the design of a SMC

bidirectional half-bridge DC-DC  converter
within a BEV system. The design is
sliding surface defined as a linear com
of state variables in conjunction with a
derived time-invariant mathematical mo

L8 bl’ ~
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s

NNSAUAUDIVRITEUVTUIIUTI T8I NI NUS a1 L1507 LASIEM bR RINANNIST (A-1)

Deaunsn (A-3) sasaluil

Tnen

X

o))}
©

Db
©

o))}
©

Ax=|x1—x2| (@-1)
%A.X:gX100% (ﬂ-Z)

X
Ave = v (6)=ve, (1) (7-3)

Avniwesvesimuaulnunnisdeuivilissuuaiuisa
auaNussfuliadUaliaeia 800 v defmunaliidu
ANNTILADTINDS
Amsdmesvesinuaulnuansideuiiuuasuly

NAF 195893 19A N3 T 1neT 6198 s uA NS T ined T
Usudeuly
Woeslduireiwaniszninamsinesonsdaiuamsfines
fusuiasuly
wanevauawaswulwih AT Tadlelr s dwed x,
namouauevassulniAdvadelddmsdwes x,

nassvassTuliATUalslgA W dilees x, was x,

N1TIATIEIHANTENUVDIAINTNTLABT VR UANLANABOUAI NN RN AN

ARl (sensitivity) vosussnulni1addanenisiUd suluasvesAinisitnesves

AamuANAEun1Ta (p-4) JanndaranuhigawansitAmdwesdidudmansenuse

NIMUALDBITTUURYslTud Ay TunsndudumniiaiauhailansinaInisimes

(%
v o 1

FINUANNANTENUADNITHOUAUBIVDITZUULDY

. Av,
sensitivity = ” - (P-4)
OAX
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fruanmeandenildesuisdiwiuausouansiogninisinsginanssnuues
Avniimesveshmugulmndeuiifinarensneuaussosssuulddwieluil

definnsandmnsfined « filfannsesnuuusieisnsguauaznisnsaasy
amiaumam‘"smuqmLﬁaiwaﬂfi’wé’qlw%mﬁaﬁmLﬁmﬁuQWﬂ 10 kw Ty 20 kw #iaan
0.5 il uazfiansmanisnouaussRaAnng 0.5 Jufiusily Fsanisoenuuuuandld
Faguit a1 aewudn dlefinmsusuidsudimsidives o Whfindu (Fudung) 91nA1d193s
(WuFitu) avdmaliussulnihAdvaiauiutuinnnt 800 v wandiolinszsiuanszny

a s o a = Ql' P
VBNINWITNULEBDT a I@f‘.l@']ﬂﬁ]ﬁlmrﬁw (A-1) egun1sN (A-4) %VLMW

920 — -
a
l a
900 1 — g = 0,00000
896.5 \
30
. 860}
2,
')u 40
20
800 V
800 L N
B o3 w | |
780 " A . . . A
0 0.1 0.2 03 04 05 06 07 08 09
Time(s)

JUT A.1 nan1sesniuuAIsfiwes a Welnsusudeuluanain 10 kw Tl 20 kw

Aa = |0.00000001 —0.000000 1| =0.00000009

|0.00000001-0.0000001]
YoAa = x100% = 900%
0.00000001

Av, =[800-896.5|=96.5

Av
c,  96.5 011

o

%Aa  900%

sensitivity =

[
LY

fatuazlam1A1 1l yiAU 0.11 FanuiedInwis1imes a dnisiasundasly

WUULANANNNNTY 1% zdsnayinlinsenulnirfddadsusdastl 0.11 V
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Tuviussnaunulladn1sUsulasuanisiwes a 1ianas (Eudnn) 31NAN91999
(EuFUNRY) zdwalrusulnifFvalintanadlaeni 800 V Fl0 AT 1ZRNANTENUVD

A I P P =3 P v
W157905 @ AIEEUNISA (A-1) Deaun1sh (A-4) azlen

Aa = |0.00000001 —0.00000000 1| =0.000000009

0.00000001—0.000000001]

%Aa = x100% =90%
0.00000001
Av. =[800-789.7|=10.3
Av,
sensitivity = —= = 103 =0.11

%Aa  90%

Faduazlaainnulaiafu 0.11 Fanunefanisfimes ¢ Sn15Ua sunvasly
wuvanmtiosas 1% vzdawaviiliusaulninagvaudsuudasty 0.11 v

dmumsesnuuuAmnsfiaes b, m uay K Ailddauandlusui a.2 faguil aa
MBI 1031 ERNANTENUTDINISIUABULUASAIMS TN DS AEN1TN B UALBBISTUY

Tuvhueadeaiuikanssvasdend msuamIsiiines a ausoasunanIsinTeiilagg

AN A1 LATHAITI9N A.2

b = 0.0000001
b = 0.000000001 |
|=——b =0.000000005

3 800 V' 800 V'

Ve )

800

798

7983V

796

794

792

790 A A A A " " A A A J
0 0.1 02 03 04 05 06 07 08 09 1
Time(s)

U7 7.2 HansesniuuAmmIsilwes b Welinisusuasulnanain 10 kw luidu 20 kw
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820 .
m=20
m=29
m =39

815} T 1T ]

810
8059V

800

795 796.7V

790 . . ~ . L . . . .
0 0.1 0.2 03 04 05 06 0.7 08 09
Time(s)

U7 A.3 nanseenuuuAITIEWes m Welimsuiuilasulnanain 10 kw Tudu 20 kw

820

815

VCO(V)

j
800.3 V
- 1799.7 V
|

785} X

780

0 01 02 03 04 05 06 07 08 09 1
Time(s)

JUT A.4 nan1seenuuLAIMTIEWes K iefin1susuidsulanann 10 kw Tl 20 kw

vananidefvuadeulalilnaniidslniiasiafaninduain 20 kw Tl
30 KW tilananinily 05 Junft wasfinsansanisnouauosausing 0.5 Junfidusly 3
waniseenuuULandlidsg Uil a5 faguil a.8 1eTingrinansenuvesnsasuLlaq
Amndines non1sneuauetuessruUfITIsaztd sad utausludaduayldagy

a ¢ v a e{'
NANITIATIZVAINITINN A1 LLASAITNN A.2
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920

vCo(V)

800

780

a =0.0000005
a =0.00000005
a = 0.000000005

921V

800 V.

786.3 V

0.2
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0.5
Time(s)

0.6

07 08 09
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JUT A.5 nanseenuuuAINIIEiWes a Welimsuiuiasulnanain 20 kw Tuidu 30 kw

U

a
N

815

810

805

VeolV)

795

790

b = 0.0000005
b = 0.000000005

800 V800 V

796.9 \.

[=——.b =0.0000000005 |

0

0.1

0.2
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Time(s)
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07 08 09

1
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JUT A.7 nansesnuuuAmsfiwes m efimsuiuiaesulnanain 20 kw luidu 30 kw

815

810

805

VCO(V)

800

____1//

L

|
|.
795
I

i /
: | so¢.5 v
800 V
‘ | 799.5 V

L s s 4

790

K=1

6

0 01 02 03 04 05 06 07

Time(s)

0.8

0.9 1

JUT 7.8 nan1seRNKUUATTEWeS K Wedinsusuwdeulnanain 20 kw Ty 30 kw

[
o a

AU UIINHANITTLATIZYINANTENUVDIATINITITLABSVDIAIAIUAY

TRUANISLA BUTN U NANDNISHBUAUDIVBISTUUNARINITIIN A.1 LATAITIN A.2

wanslifiiudn nMsusuasurmnsimes m daraubuiniign nande nsusuasy

AMNINTNOT m ANANTENUABNITNDUAUDIVBITEULNINTIEA AIuIAdeIneinusiala

wnsusuidsuamsiwes m lWldlunmsiauisazdesondudimuaulnunnisideu

LUUUSUAAIIEEURswasdea I luun 4



M50 A.1 HANITIATIVHANTENUVBIMN TS VRwAIUANnIANTTEaUaNN1sUTUAsuA T e s IR LTRAINAN 1989

WISARDS X, X, Ax %Ax Ve (x,)() Ve x)(V) Av, ) Sensitivity (V /%)
a (20 kw) 0.0000001 0.00000001 0.00000009 900 896.5 800 96.5 0.11

a (30 kw) 0.0000005 0.00000005 0.00000045 900 921 800 121 0.13

b (20 kw) 0.0000001 0.000000001 0.000000099 9900 798.3 800 1.7 0.0002

b (30 kw) 0.0000005 0.000000005  0.000000000495 9900 796.9 800 3.1 0.0003

m (20 kW) 39 29 10 34.48 796.7 800 3.3 0.10

m (30 kw) 110 97 13 13.40 798.1 800 1.9 0.14

K (20 kw) 5 1.5 35 233.33 799.7 800 0.3 0.0013

K (30 kw) 6 2 4 200 799.5 800 0.5 0.0025

M3 .2 HANTIATIEINANTENUVBINNTITLRDTVRIMIAIUALINEANITEaUERINTUTULUA AT TWN T l1ana 1N 191984

W151AMa3 X, X, Ax %Ax Ve ()T) v (x)() Av. (V) Sensitivity (V | %)
a (20 kw) 0.000000001 0.00000001 0.000000009 90 789.3 800 10.3 0.11

a (30 kW) 0.000000005 0.00000005 0.000000045 90 786.3 800 13.7 0.15

b (20 kw) 0.000000005 0.000000001 0.000000004 400 800 800 0 0

b (30 kw)  0.00000000005  0.000000005 0.00000000045 90 800 800 0 0

m (20 kW) 20 29 9 31.04 805.9 800 5.9 0.19

m (30 kW) 80 97 17 17.53 803.1 800 3.1 0.18

K (20 kw) 0.5 1.5 1 66.67 800.3 800 0.3 0.0045

K (30 kw) 1 2 1 50 800.5 800 0.5 0.01

vl
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LUSUNTUNNTEDNLUUMAIUANIMUANITE O UMUUUTUMIMEIT N SAUMUUUAIYTRU U

TUsunsy

L = 0.663e-3;

Ci = 35.877e-6;

Co = 2e-3;

a = 0.00000001;

b = 0.000000001;

K=15

%function
[count,best_error,best_neighbor,best_error list]=ATS Bidirectional(round)

round = 100;

N=1: % N g 91UIUNSITMDSNAADINITAUNN
xlimit=[70; % K71 1 ¥89 xlimit A9 VBUWAUUIBINISILLNDST

1]; % W 2 Y89 xlimit Ao YVOUWAUUVBINISITLHBS
for r=1:50

S(r,)=((xtimit(1,:)-xtimit(2,:).*rand(1,N))+xtimit(2,:);

End %gUANOU SO BuAUNElUYRUANITAUMTDY

Y

AR M WeiagdITIuIU 50 99
for k=1:size(S,1)

g=TestW(S(k,1));

costvalue(k,1)=g;

end % Uszdiummeuisudumeilanduingusyasd

=

[best_error,index]=min(costvalue); % mmﬂqﬁeﬁui’mqﬂszmﬁﬁﬁaawqﬁflu costvalue
waztAulilu best error

S0=S(index,:); % iuANTIwmasIVi il AtuIngUszasd

tfouianlilu o

max_count=round; % AMUATIUIUTOUGIEALUNITAUMN
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best neighbor=50;

neighbor list=zeros(6,N);

radius=50;

Number neighb=50;
overall_best error=best error;
overall_neighbor=best neighbor;
n=0;

t=0;

tt=0;

ttt=0;

count=0;

n_backtracking=0;

tic;

% 3ulUsUNSY ATS
t=t+1;

tt=tt+1;

ttt=ttt+1;
local(t,1)=count;

local(t,2:5)=best_neighbor;
local(t,6)=best_error,
tabu_list(tt,1)=count;

tabu_list(tt,2:5)=best_neighbor;

tabu_list(tt,6)=best_error;

% iuAnafiwesivilienilaiduingUszasAtien
Uoeiian

% SiwmAty neighbor list

WrmunsaTinsAumBuEuN U
%imuaNITAuANALALS

% USuA overall best error = best_error

% U5uA" overall neighbor = best neighbor
% FINUAABUHLYBITILIUNTTVBIFRBY
% vunfLdeudmsy local

% fvunAdLdeud iy tabu_list

% fviunadLdeudmsu best error list

% AVUARASUAUTBITILIUTBUNITAUW

% MPUAAISNALYBIIUINASSEnNalnnIs

WUgoUToY

% BUAUAILIUNATUNITAUIN

% USuLfinansadeudmsu local

% USuiiurudeudmiu tabu List

% USuLiinandaideudmsu best_error lis

% 1fiuen count Tilunedunifi 1 ves local

% LfiuAn best_neighbor liluneduiif 2 &1 22 ves
local

% \fiuen best_error ilunaduiif 23 va4 local
% \fua count 1luneduiid 1 vea tabu_List
% \fiud best_neighbor Vilupaduidl 2 s 22
U8y tabu_list

% \fiudn best_error lunedinidl 23 ves

tabu_list
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best_error_list(ttt,1)=count; % \fiue count Wlunedutii 1 veq
best error_list
best_error list(ttt,2:5)=best_neighbor; % ifiufn best neighbor 1iluaaduidl 2 s 22
U3 best_error_list
best_error_list(ttt,6)=best_error; % ifiuAn best_error 1ilunadunifl 23 ves

best error_list

for count=1:max_count
Sl=random neigh(Number neighb,radius,xlimit,S0);

% Fenlilusunsu random neigh Liloduen
IndlAgesaudney SO meludigiimsaumdagiu
% Suwmmaq‘wmmmﬁda Number_neighb, radius,
xlimit, wag SO
% 1@WNA Fia ATlnALALa (S1) Iwuwihiuduau
Number neighb (50 #7)

[best_errorl,best neighborl,best error,best neighbor]=objective1(S1,best_error,S0);
% Fonldlusunsy objectivel wioUuszifiuen
TndAeaitduls
% Bunmuaslusunsuiie S1, best_error, way SO
% Lmﬁwmﬁa best errorl, best neighborl,
best error, g best neighbor

neighbor list(k,1:size(S0,2))=[best_neighborl];
% \iuFmTwesvilreilaiduinguszasddan
taeignneluvigiinisiumiagiulilunedunid
1 wae 2 983 neighbor _list

neighbor list(k,size(S0,2)+1)=best_errorl;

% uAilsiduinguszasasialesiian

melutiginisfumagiuliluredinid 3 ves

neighbor _list

if (count>1)
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if (tabu_list(count,6)>best_error)
n=n+1;

else

n=0;

end

end

tt=tt+1;
tabu_list(tt,1)=count;
tabu_list(tt,2:5)=best_neighborl,

tabu_list(tt,6)=best_errorl;

ttt= ttt+1;

best error_list(ttt,1)=count;

best_error_list(ttt,2:5)=best_neighbor;

best_error_list(ttt,6)=best_error;

disp([count tabu_list(count,6) best_error n n_backtracking J)

% Sunalnnsusuansad
rsys=1.3;
if best_error<=1 && radius>10

radius=radius/rsys;

% pyvdeUNTEvRsFReUlneMSIUSEULiEU
3814 best_errorl wag best error Efimsdhues
Afmeu WU n

% USuLfinAndadeudmsu tabu list

% wAiuAn count Viluneduiifl 1 ves tabu_list

% \fiud best_neighborl 1ilunedinidl 2 & 5
U8y tabu_list

% \fiuAn best errorl Hlupaduiifi 6 ves
tabu_list

% UsuLfisAndadendmsu best error list

% \fiudn count 1luneduti 1 veq

best error_list

% \UA best neighbor Tiluaeduiif 2 fs 5 veq
best error_Llist

@ 1 v ea
% iue best_error Wilupaduin 6 ves

best _error_list

% WAAIAN count, tabu_list(count,6), best_error,

n Az n_backtracking % Funalnnisusuaniail

% Woulun 3) 61 best_error <= 1 Uag

radius > 10 TranuunasATlag
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end

if (best error<0.0001) % ATadeUNMEINIsgRNMIAUNLElD best _error <
0.0001

t=t+1; % USuifiumsideudmsu local

tt=tt+1; % USuifiuAdLdeud sy tabu_list

disp([count best_error overall best error])
% WAAIA count, best error, Waz
overall_best error

local(t,1)=count; % LAUAT count 1lunedutifi 1 ves local

local(t,2)=tabu_list(count,2); % LAUAN tabu_list vesmedNLTl 2 w8a count 13lu
AOdULT 2 a4 local

local(t,3)=tabu_list(count,3); % LAUAN tabu_Llist YpIARANYT 3 va9 count bilu
AOSUNT 3 989 local

local(t,4)=tabu_list(count,4); % LAUAN tabu_Llist 2pIRRANUN 4 vea count by
ABdLIT 4 vod local

local(t,5)=tabu_list(count,5); % LAUA tabu_list YesmedwuLdl 5 909 count 1ilu
ARSI 5 v89 local

local(t,6)=tabu_list(count,6); % LAUAT tabu_list Y89ADRNT 6 Va4 count 13y
AO&UT 6 B4 local

break: % &ANTAUN

end

% Bunalnmsiudouses

if n>=15 % axvhemuilesiuaunissivesinou (n) Sl
Faus 15 Fuly

radius=2; % SimAnSel

n_backtracking=n_backtracking+1; 9% A n_back tracking

TEMP=tabu_list(count-3:count+1,?); % ¥N330&a18U (ranking) Aflenduingusvasa
waEAINNTIEWeT 5 Yagavinenaulin1ssenly
nalngausosnIsAUM
% TEMP aziumilantuinguszasd waz

AMSIEWRS 5 YAFAVINUNoWIINITINAIU
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[MAX,INDEX] =

RANK(5,:) = TEMP(INDEX,:);

TEMP(INDEX,6)=0;

[MAX,INDEX] =

RANK(4,:) = TEMP(INDEX,:);

TEMP(INDEX,6)= 0;

[MAX,INDEX] =

RANK(3,:) = TEMP(INDEX,:);

TEMP(INDEX,6)=0;

[MAX,INDEX] =

RANK(2,:) = TEMP(INDEX,:);

max(TEMP(;,6));

max(TEMP(;,6));

max(TEMPC(:,6));

max(TEMP(;,6));

% MmAlantuingUszasngaan wasdiuiives
Wanduinguszasdasan

% %’@éflﬁumﬂqﬁ%’ufmﬂiymﬁ“ RGNGT

39
wazAmsiwestidugisud 5 Tu RAN

% wnuAilaiduingUsyasdiifiang qqsﬂ,u TEMP
MeAug

% slatillu TEMP vaiviiozimdesniaidu

Tngusvasaiiies 4 A

% vAileduingUsrasigegn uavafuiives
ArilanduingUszasdasan

% SadsuarilerduingUsrasdiinngega uaz
AmnTineslidudiud 4 Tu RANK

% wuAilsiduingUszasdndaigegalu TEMP
el

% dviauly TEMP vauflazindorileddu
IngUszasALiies 3

% AilsrduingUssasAgegn uavafuives

I (Y (3
AflanduingUsyasngsgn

Amnsmesidussui 3 1'14 RANK

fr1gsanty TEMP

Y

% UnuAIeATUIngUIEaIRT
muAud
% Fatiuly TEMP vauriiozmaeailesau
TrgUszasALiies 2 A

(3 o v A

% meflanduingUszasdgegn uasadu

Y 9

U

Ailanduinguseasdasan

sala 1

% Q@ﬁ?ﬂUﬂWﬁﬂﬂ%uﬁmﬂﬂi”aﬂ ANUAFIER LA

Y 9

A fiwestiiduddud 2 Tu RANK
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TEMP(INDEX,6)= 0;

[MAX,INDEX] = max(TEMP(:,6));

RANK(1,:) = TEMP(INDEX,:);

TEMP(INDEX,6)= 0;

neighbor=RANK(5,2:5);

SO=neighbor,;

if best_error<overall best error

overall_best error=best_error;

% wyueniladduinguszasAniagsanlu TEMP
AEAUE

% aiaily TEMP vausdlazdonilerdidu
IngUszasALiios 1 en

% AilsrduingUsasdgean uazdiuTives

Ailanduinguseasdasan

AIsIwasindudisun 1 Tu RANK

% unuanilanduinguszasaniaasaaiy TEMP
meAud

% daulu TEMP vnriiazlaifianiledduingusvasd
Tivinsdnasudnsialy

% WA neishbor feAmsfiwesddiud 5 Tu
RANK Zaiudmsnfimesivilveileddy
InguszasAunndnsanamaeuiisnanigaiie
Wloufudn 4 drsuiimdolu RANK

% USUA1 SO = neighbor

overall_best neighbor=best neighbor;

t=t+1;
local(t,1)=count;

local(t,2:5)=best_neighbor;

local(t,6)=best_error,

end

% 01 best_error < overall best error T#Usus1
overall_best_error lngunuan overall_best_error
M98 best_error WaZUNUAINITIALMDS
overall_best neighbor ¢n& best neighbor

% USuiituensaidoudmiu local

% fiuAn count Wlumeduidl 1 ve9 local

% iuen bestneigshbor 1lupaduiid 2 & 5 veq
local

% LA best_error 1iluaaduiyl 6 94 local
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best_error=RANK(5,6);

n=0;

else

SO=best neighbor;
best _error=best_error;

end

end

if overall best error<best error

best _error=overall best error;

% e best_error mpAlanduingUseasd
S¢ud 5 Tu RANK Bauaniladduingusvasdi
uanenAfIneufisanniandlefisuiusn 4
dduTimdslu RANK

% USuA1n =0

% Talitutiuudn

% WA SO F8 best neighbor

% WYUAT best error AaY best error

best neighbor=overall_best neighbor; % U5uA1 best_error

end
time=toc;

m=best_neighbor(1);

figure(1)
plot([0:1:count],best_error_list(;,6))
xlabel(' Round')

ylabel('W")

return

% 01 overall_best error < best_error
T9unue best_error Ae
overall_best_error WazhnuAIMIIINAOS

best neighbor A8 overall best neighbor

% LAMIANNISINLMDS M

% WaEANTINTEWIN count A’ U best_error_list
% uansouny x U Round
% wansawAu y 1Wu W

% navgilusunsunGenldiandu
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1Usunsu random_neigh.m
function Sl1=random_neigh(Number_neighb,radius,xlimit,S0)
% lUswnsu random neigh tdulusunsuguen

ThalAgasauamau SO

(%
&

% Suwmaﬂﬂmmuﬁﬂa Number_neighb, radius,
xlimit, wag SO
% LAnnfRAtNALAL (S1) Tuauiiu
Number neighb
for u=1:Number neighb
for k=1:size(xlimit,2)
S1(u,k)=S0(1,k)+(radius*(xtimit(1,k)-xlimit(2,k))*rand 1(-1,1));
% yimsduelnairedlassenidlusunsy randl
Toglviviinisduentugae -1 84 1
while ( S1(u,k)>xtimit(1,k) | S1(u,k)<xtimit(2,k) )
% anlndiAssidulfazsesegmeluveuwnuuuas
YoUARNIwIAMNIIADS dnelndiApaiiguls
fAnAuvoUAULLAz B UWAA TR MUl
guentnafeslu
S1(u,k)=S0(1,k)+(radius*(xtimit(1,k)-xlimit(2,k))*rand 1(-1,1));
end
end

end

return % naugmihlusunsunSenldilaidu

TUsun3% rand1.m

function x=rand1(a,b) % TUsunsu rand1 \ulusunsuduainisfines
Tutsfinmue
% Bunnuedlusinsy AD YBUALUYBINNTITLAES
a ULagvauLnaNNUINITIEwes b
% Lo PNRYelUNTY AD NaYRINTEY

ANMNSINLMDSIUTe a D4 b
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x=a+rand*(b-a);

return

TUsunsy objectivel.m

% duarmsilineslageduauduiug a rand b

% naugnilusinsunisenldleivy

function[best_errorl,best neighborl,best error,best neighbor]=objective1(S1,

best_error,S0)

error=[J;

for k=1:size(S1,1)
g=TestW(S1(k,1));

error(k,1)=g;
end

[best_errorl,index]=min(error);

best neighborl=S1(index,:);

if best_errorl<best error

best_error=best errorl,;

best_neighbor=S1(index,:);

else
best neighbor=50;
end

return

% TUswnsx objective WWulusunsuuseiliuen
TndAssiidalésou SO

% Suwmaﬂﬂmﬂiuﬁﬁa S1, best_error, Wag SO
% Lmﬁwmﬁa best errorl, best neighborl,

best error, Way best neighbor

% s error @nusRITUATNATUIngUIEAR

vadAlnaLAsantaaInngy

% Uszdiumlnatmedly S1 ereflsiduingussasa
Tulusunsy Testw
% snuilsiduingUszasdvosalndifesianue

P

% menflanduingUszasrnteignluussni
mlnalAgsuwaztnulilu best errorl

2 a 3 i Y a Ao v 5 o
% IUANN T BsURIATINALABI NI Te ATy

[

NIRRT

9

ﬁﬁﬁ’lﬁaaﬁ?jﬂiﬂu best neighborl
% USuA" best error
% 91 best_error1 < best_error
% lyiunue best error 978 best errorl
% LAZLNUANNITELNDS best neighbor e
Si(index;:)
% laiutiuudy

% WNUAT best neighbor A8 SO

% naugmilusunsuidienlditandu
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TUsunsu TestW.m
function ¢ = TestW(var1)

AIUAN

m_a = varl;
clg

assignin('base’, 'm', m_a);

sim('ASMC', [0 11);

P = ans.P;

V_out = ans.vC.Data;
time = ans.vC.Time;
| = ans.iL;

t = 0:1e-5:1;

N = length(t);

Vref = 800;

tr ov =0;

V_Co = [V_out,time];
t min = 0.6;

t max = 1;

% Tsunsusudunem 1 A1 A9 W1sEwes m v

TWUANSRBU

%aarn m_a U Workspace Tudasuus 'm'
wielir Simulink (ASMC1) wesuiuuaziiluld
% FeSulad Simulink vesszUUTIRaTAN

o 'ASMC faudnan 0 8 1 3undl

% f9A P (Power)

% fapsanulNAnAZUa (VCo)

% A9AIAN

% RaANNszuAT AR LTt

% A319NNO3KIA191984 (sampling time 1e-5)
% MIIUTeLa

% ANUUARILIIRUD19BY 800V

% ﬁmummﬁ'uﬁmamm recovery time

% @310UNINTTILTIRULATIALIReY

% fNNUATISIAT Steady state (0.6 83 1 JuN)

V ripple = V_out(t >= t min &t <=t max); % fsAsanuenzlugsnatuu

% ATUIUANLSIAUNG?
Vmax = max(V_ripple);

Vmin = min(V_ripple);

ripple = (Vmax - Vmin) / 2) + 0.2;

AT

o

% AmuAAYIIYeRIRIALAaIARaaUluan1zegisansuld

if all(Vmin >= Vref - ripple & Vmax <= Vref + ripple)

w = 0;
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% WARIATLIITUNG?
disp(['Ripple = +', num2str(ripple)]);
disp(['Vref min ="', num2str(Vref-ripple)l);

% fmuatnadmiunsiunaUefidudnisae
tmin = 0.5;

tmax = 0.6;

index_time = (t >= tmin) & (t <= tmax);

% 1111 V_out ﬁﬁwﬁqdumnmﬁﬁmum

V_out_min = min(V_out(index_time));

disp(['Vmin ="', num2str(V_out _min)]);

index_of min = find(V_out == V_out_min);

% ATI19EBUIAMATAAYRY V_out Hueglurrsanimuniswmialil

index_of min_in_range = index_of min(index_time(index_of min));

% vnniivaneen TaenuAeniniignves V_out #ausn
if ~isempty(index_of min_in _range)
i = index_of min_in_range(1);
time at_min =V Co(i,2); % Aernamnannasduidl 2 vewiuls V_Co a fuvi
Aduefirinfianues V_out

disp(['L’Ja’lﬁ Vout ﬁﬂﬁ@iusﬁjﬂ ' num2str(tmin), -, num2strtmax), ' Ae: ',

a

num2strtime_at_ min)l), % LLamnmLLasmﬁﬁmqmm V_out
else % Talitutiuudy
disp(laiwusn Vout fishasiutisnaiiimun); % uansderuiilinuiloliwe
Afidfigaues V out

end
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% FAumyanadviunsewuAnUesdudn sy
index_range = (t >= time_at_min) & (t <= tmax);
% AumMANNaAYed V_out tawizlurasiiimue
V_out_max = max(V_out(index range));
disp(['Vmax = ', num2str(V_out_max)]);
% Anaefidudnsisivesssuy
if V_out_min <= Vref-ripple
PU = (100*abs(Vref-V_out_min))/Vref;
else
PU = 0;

end

% AMALUBITUANTNAUTBITEUY
if V_out_max >= Vref+ripple

PO = (100*abs(Vref - V_out _max))/Vref;
else

PO = 0;

end

% ALAITInATUEIYEITEUY
for i = size(V_Co,1):-1:1
c =V Cofj,1);
d =V Cofi,2);

if ¢ <= Vref - ripple | ¢ >= Vref + ripple
disp(['Vs =, num2str(c)]);
disp(['tr_ov =", num2str(d)]);
tr ov =V _Col(i,2)- 0.5;

end
if tr ov~=0
break;

end
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end

% fvunAduUsEAVSdmIuMIUTURN
Tr_ov_w = abs(tr_ov / 0.009240000000000);
PO_w = abs(PO / 0.0000000000000001);
PU w = abs(PU/ 0.398622836139623);

w=Tr ov.w*0.34 + PO w*0.33+ PU_w*0.33;

§=Ww

end




ANANUIN 3.
N1599NLUUAIAIUANT LBWUUABITINUAIMTUTZUUE B UA LT

LUALADINNAISEUN



164

JEULEUEUA T LuawmeI T Taledmsldiaiunuilanuuie S usiuuansla

' [
= A

Aa3UM 3.1 §991n3U8NUI Aarruauillanvunassanuwnula g undind Tuvued
29AUTENOUDU 9 Y89t UL unilouiuufsnussuu N T luuIdeInednusy

gduesazBauazkanliluguil 3.1 vosuni 3

dui 1 dowdl 2 dui 3
T Y | e 1
| g i
| : | | :

Tr |
: | : 22 | : '
| | A + I |
| T — Ly, | ]
| l CO T Ve Fep, =1, ("."Lv("ul
I Battery | | (N & | I I
+
: Vasrr T |: C’ f : : |
LSVI ke
| | T L—" | :
| a |
||
T

Current controller Voltage controller
Cascade PI Controllers

N3UT 2.1 azmuin smuauiileuuuseesiuaziinisnunt 2 gu Ae quauax
nszualifiuazgumunuussiuliiin lngguauauusaiulniiiagliemnnsiiwes K, K,
Tuwariigumuaunseudlufireedidmsidnes K, K, A5 ududesldfunisesnuuy
FanseenuuuAmineifinamannsadidunsidlaemaTeudisuilsidudieleuves

guustafuiladdudieloussutimsgusudu 2 Tasannsofnwneazdeaiiufuldain
UNANNYRY YUyl dd18 wazamy (2567) wazunAI1UYBY Seesamlee et al. (2026)

F9NNNSANYITNUALLDYNNINAIVLIAFUNITDDALUUAINIT LN DT AT
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_ 2§ia)niArL

pi
VBA T

va = 2§va)nvco

2
_w, AL
i
VBA T

_ 2
Kiv - a)nv Ca

Tnglunuiddeinerdnuslamuualiguussiulniindian ¢ =085, @, =500 rad/s
wazgunszualniiniien £, = 0.85, @, = 5000 rad/s uay A, = 10 fatuazld Kpi= 0.8513,
Kpv= 1.7, Kii = 2503.7764 uaz Ky = 500 SsfamuauiilonvusdeiFesiuazgnianldly

nswWssuifisuiuimuaulnunnisideunuudiumldnieasideniiinausluuni 4



AAKUIN 2.
HANISNATIUAUNIWITIAABS M A8TTNMTAUNILUUAYBIUTUAT

Yp9ufazdINIsiUasuRUaYe9A Pcrr
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HANITNATRUAUMINIT AT M AI8ATNITAUNIUUUNIYRBIUTUR?
NUITEINegNUs LA ndunITAUMINITINWeT m A8TTNITAUNIUUUATY
FeuSuiivatuaazyl9n1silasunlasa Pepr Wnewsazdalaniiunisvingn 5 Ase wile

(% (3

AsvdeuNsgivesdnauLaglvlaf i silines m Alvieilsiduinguszasd (w) Ndee

nan FeazgnilveenuuudimuaulnianiIsid suwuuUsual JaHanIsnaaauLans

eazdunlaeasalUil

A5 2.1 N1svageuAumNITTWes m YUfURNUIN Pepr = 5 kW Tuiu 10 kw

Avad w ATNYELRRS m
1 0.0451 54.8821
2 0.0364 56.0534
3 0.0364 56.1020
q 0.0364 56.0896
5 0.0364 56.0895

MISNT 2.2 NINAFOUAUMINTITNOT m FUJTRIUN Pepy = 20 kW LUl 30 kw

ASsd w ANsELRRS m
1 0.0629 19.6970
2 0.0589 19.8369
3 0.0585 19.7701
4 0.0552 19.7998
5 0.0589 19.8369
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MI5NT 2.3 NsVAdeUAUMNITTWES m FUFTRNUIIN Pepr = 40 kW T8 50 kw

ASai w ATNN5ELNRS m
1 0.0810 11.7809
2 0.0552 11.8473
3 0.0662 11.7586
q 0.0662 11.8429
5 0.0552 11.8473

A5 2.6 NMSVAFEUAUMNITTNES m FUHTRNUIN Pepr = 60 kW T8 70 kw

ASsi w ATNELNRS m
1 0.0773 8.3285
2 0.0736 8.3199
3 0.0626 8.3247
q 0.0662 8.3125
5 0.0662 8.3302

MI5NA 2.5 NINAFBUAUMINITITMOT M FRUJURIUN Pepr = 70 kW LUl 80 kw

ASedi w ATNNELARS m
1 0.0662 1.2367
2 0.0662 1.2376
3 0.0589 7.2454
4 0.0662 1.2367
5 0.0662 71.2376
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A5 2.6 NMsuAgeUAUMNITTWMES m PURURNUIN Pepr = 90 kW TUidu 100 kw

ASsi w ATNNELRRS m
1 0.0883 5.6705
2 0.0773 5.6822
3 0.0626 5.6883
q 0.0736 5.6716
5 0.0883 5.6705

MI5NT 2.7 NSVAFBUAUMNITTRDS m FUFURMUIN Pepr = 140 kW TiTu 150 kw

Avad w ATNIELNRS m
1 0.0699 3.5862
2 0.1104 3.5893
3 0.0920 3.5891
q 0.1104 3.5860
5 0.0736 3.5891

A5 2.8 NsVAdEUAUMNITTMET m FUFTRMUIN Pepr, = 190 kw Tuidu 200 kw

ASsd w ATNNSALNRS m
1 0.0957 2.5404
2 0.0773 2.5407
3 0.0957 2.5394
q 0.0846 2.5389
5 0.0883 2.5375
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A5 2.9 NMsVAdeUAUMNITTNES m FUFURNUIN Pepr = 240 kW TUidu 250 kw

ASsi w ATNNELRRS m
1 0.1067 1.9066
2 0.1325 1.9035
3 0.0994 1.9050
q 0.1067 1.9066
5 0.1325 1.9035

AT 2.10 N1TNAFBUAUMINITITLAT m YU URIUIIN Pepr = 280 kW TUiTu

285 kW
ASsi w ATNNELNRS m
1 0.0846 1.5945
2] 0.0699 1.5933
3 0.0699 1.5933
q 0.0699 1.5933
5 0.0699 1.5933

AITUAINNITANTUNITNAADUT9AUIE LAAINIS 1 Tm S m Rz lgd sy

N1390NLUUAIAIUANIUANISIRBULUUUTUAILARIAINITIN .11 Al

A5 2.11 NaN1SAUMATNSIEWRS m NHANTINITAUMIBUUATYBUTUGA

AsiasuwUasan Pepr

ANITTLNOT m AW
5 kW to 10 kW 56.0895 0.0364
20 kW to 30 kW 19.7998 0.0552
40 kW to 50 kw 11.8473 0.0552
60 kW to 70 kW 8.3302 0.0662
TOkW to 80 kW 7.2454 0.0589




M3T 2.11 HaN1SAUMANMTIEWES m NAIINTBTNNTAUNRUUAYTIUSURS (si0)

AslasuLUaIAN Pepr

AMNITIELNOT m A W
90 kW to 100 kW 5.6883 0.0626
140 kW to 150 kw 3.5862 0.0699
190 kW to 200 kW 2.5407 0.0773
240 kW to 250 kW 1.9050 0.0994
280 kW to 285 kW 1.5933 0.0699
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Junaun1saNleslusunsy MATLAB/SIMULINK Auuasn eZdsp™ F28335
1. Wouloswondurs MATLAB fluuasn ezdsp™F28335
AnSuronds MATLAB fianunsavhaudeslesfuvesa ezdsp™ F28335 Ao

gonfiag MATLAB nesdud 2011 3ulU uarlusunsy CCStudio v3.3 Ay deulosuanss

48

a
Un .1

MIATAY  CCSielio w3 Siaiup
(CCSinvelie) w2434

U7 .1 wewsilas MATLAB wazTusunsa CCStudio v3.3

dmsumadesloslsunsa SIMULINK fuueda DSP u eZdsp™ F28335 azdieq
fufiunmsideulowensuag MATLAB fuuesn eZdsp™F28335 fow deanunsasiiiunisld
TneSuanideusrevesn ezdsp™F28335 dniuneufiumasienesn USB wazidalusunsy
MATLAB 91ntiuidelusunga Code Composer Studio Setup wagidenuafalinseiuud

Tunegun v.2 Tu uaznma Save & Quit

P Code Composer Studio Setup ol o=
File Edit View Help
ISys(em Configuration Available Factory Boards :‘I’“"Y ”:III‘“‘""‘ ||§|r;d """"""" i F28335 XDS100 Emulator
W F2812 XDS560 Emulator C28x xds560 em... * Configuration File Location:
= - F28335 XDS100 USB Emulator g F28232 XDS100 Emulator poven «ds100usb .. * C\CCStudio_v3.3MCU\driversiimportf28335_xds*
A TMS320C2800_0 I 22232 XDS510 Emulator 2t xdsS10em.. * B i cured Boord Den
(S s N e— €28 s en. ] One THS320F28335 DSP connected to a XDS100
I 28234 XDS100 Emulator €28 xds100usb ... * configured for /O port 0x0
I 22234 XDS510 Emulator Cotnx xds510 em... *
I 22234 XDS560 Emulator [=™ xdsS60 em... *
I 22235 XDS100 Emulator 28 xds100usb .. *
g 22235 XDS510 Emulator 28 xds510 em... *
g F28235 XDS560 Emulator €28 xds560 em... *
I 22332 Device Simulator 2t simulator
I 722332 XDS100 Emulator 2o xds100usb .. *
I 22332 XDS510 Emulator 28 xds510em... *
I 22332 XDS560 Emulator (e xds560 em... *
W% F28334 Device Simulator C28ux simulator
I 22334 XDS100 Emulator ot xds100usb .. *
W F28334 XDS510 Emulator C280x xds510 em... ©*
2t xds560 em... *
Cotnx simulator *
C280c xds100usb .. *
0S5 Coan xds510em... *
W F28335 XDS560 Emulator C28xx xds560 em... *
I F22 Simulator Tutorial 2t simulator
;
B Factory Boards | P8 _Custom Boards | #% Create Board F—

Save & Quit move Remove /

Drag a device driver to the left to add a board to the system.

gﬂﬁ 7.2 11309ANLUITINTN Code Composer Studio Setup

LY

ddudalusniunisdonloswensiuag MATLAB fuvedn eZdsp™F28335 de

o e

ASAEAIAY cc = ticcs UUMLNENY Command Window U849aWiws MATLAB f9adaa1nae
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M ztangseandeniiviieng Command Window #3il wfinvesiauszanana fe
TMS320C28xx (Processer type: TMS320C28xx) YovossaUszuiana fe 0 (Processer
name: 0) MUBLAYYDIVDTA eZdspTMF28335 Ao cpu_0 (Board number: cpu_0) uag
nu8LavveIR1UTEAIaNa A 0 (Processer number: 0) @071UgN15Y119 1 UTOILUTLATY
SIMULINK Tunasdu Ao Tsunsuldldviau (Running?: No) nardmdunissians
aorunsal Ineunfagivndu 10 s (default CCStudio running timeout: 10.00 secs) Lag
Fruauresdearsuuunataie Ald3unasdsdoyaszmnalusunsy SIMULINK fuvede
eZdsp™F28335 luvairiiu Wi 0 Yo (RTDX channels: 0) 31 siwazidendiuansdianan

Y a a

lignimualagusyndudn Sneuananiugn1sifeudeunlusunsy Code Composer

Y

Studio v3.3 uaneieguil 9.3 andeyaninaivensduls MATLAB laWeulesduuesa

eZdsp™F28335 sunslusunsuy CCStudio v3.3 Wunadisaudn

=10) ~d
5] »
Nami =
1§ /F28335 XDS100 USB Emulator/TMS320C2800_0 - TMS320C28 - Code Composer Studio - [Disassembly] [E=28cR <"
[ File £t View Project Debug GEL Option Profile Tools DSP/BIOS Window Help & x
C28xx 8@ N B Y X2
€2300_0 —
X — 9 &
Rl oBRIEHELE P
2050088 ®FFFocE 28 @SP, #0x000
t 10.00 secs Files. 3F OBJMODE
s | | = @ ceLfies \DE
> MOMIMAP

@) Projects

»
EE

L E

PaFom w

HALTED For Help, press F1
Connected to target

o4

U7 4.3 wihsinawenlsinas MATLAB aslusunsy CCStudio v3.3

2. msiouleslusunsy SIMULINK fiuuasn eZdsp™F28335
dlesndunisdeuloswenduns MATLAB fuuesa ezdsp™F28335 d15audn
ndusiiunisdenleslusunsy SIMULINK fuuesa ezdsp™F28335 Tneiiuannda

TUsunsu SIMULINK Aidusguulniihifiansandsgud v.4
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RTDX

communication

via RTOX1

DC Source

=L oc vetass

Serps RLC Branc]

SUN 4.4 szuulnihnfiansandmiunisdtassaniunisaluuuesauaslugy

mnﬁfuﬁmumﬁ'mmamiﬁaamw‘unmaﬁﬁm%’uma%f*uLLazﬁﬂ%’a%aiwdwiﬂiLLﬂm

[

SIMULINK fiuuasa eZdsp™F28335 Inasigazideanismuuaianslasadl

nsali 1 nsdsteyanlusunsy SIMULINK lugsuesa DSP $u eZdsp™ F28335
suuden RTDX Write dwsuszuuliiiniifionsanaziteyadidesdsludsuesa DSP fu
ezdsp™ F28335 siaviun 5 yadoya IduA usatunnasouunasarelwilinszuanss (Vaarp)
Wousieiriuuden RTDX Write 1 1 uazimunamsiiitiesudenduwadu in1 nszuad
vasudmienth (i) Weusehiiuuden RTDX Write 71 2 wagimundmisifiinosuden
Sunmdu in2 usadulwinddva (ve,) Weusdewdhfuudon RTDX Write i 3 uazr1vug
Amnswesudsndunmiu in3 nsvuanlnanuluanmdslnfinneia (epr) Wourodiv
uden RTDX Write 71 4 wazfmuas s ilnosudondunmdy ind uazussiuluiingneds
(Vi) Wonsioiinfuuden RTDX Write 1 5 wazimusdmisifinosudendunmdy ins

WARRFUN .5



HOST
RTDX Write
ichant

.

RTDX Write

HOST

RTDX Write
ichan2

3
&

9

RTDX Write1

HOST
RTDX Write
ichan3

;

RTDX Write2

HOST

RTDX Write
ichand

.

RTDX Write3

HOST
RTDX Write
ichan

v

RTDX Writed

Gl

RTOX Write (mask) (link)

Use specified RTDX channel to write data to the running target
5P,

Parameters
Channel name
ichan1

JUT 9.5 nMsmnuasmsfimesudendunn RTDX Write
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nsdlii 2 Mssudoyavedlusunsu SIMULINK a9nuasa DSP §u eZdsp™ F28335

N1UUE 0N RTDX Read @1 uszuUINA 9 Wa15aunaedv oy an s odasuann

Uasn eZdsp™ F28335 fip dyny1auAIuANTRIFIMIUANINUANISIEOUMUUUTURT (ieg) oY

° ' a s & ¢ v oA ' ¢ &
Muuad1MsIilnes udenteina laun Jevesteuoiinn (Channel name) WWu outt

Fraanlunistndiedie dmsunissudeya (Sample time) 1u 1e-5 (10 ps) wuavestoya

fidenannuesn ezdsp™F28335 (Output dimensions) 1iu [1 1] uazyiiavesteya (Data

type) 18u double LLamﬁqgﬂﬁ 9.6

HOST

RTDX Read D

ochant

RTDX Read

al

RTDX Read (mask) (link)
Use specified RTDX channel to read data from the running target
DSP.

Parameters
Channel name
ochant

Sample time

1es
Output dimensions
(11]

Frame-based

Data type ‘double

oK Cancel Help

JUT 9.6 nMsimuasmsfimesudeniandnn RTDX Read

NTUas19NAlUSNA N UA NS U 8 U TUTLASUNEINTUN1TINEDIANIUNTAILUU

gnfawdialuguuulusunsy CCStudio v3.3 fsguil %.7 (nseSurelusunsuudmiunmsdnaes
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an1un1saliuuasauasaluguaielusunsy MATLAB/SIMULINK saufiuuasa DSP ju

eZdsp™ F28335 au1509laannaiaNuIn %.)

¢ o|[@] =
SR~ RE| 0 T RAR AR SN GEeE wgige ElAVAS| ¢
| re—ry ~][Detbos EICT-TEIE.E AN P
Blér ODMEHEAL
Y [T e o
V| |® 22 ceL fles
S 3 Projects
= g rtdxsumdiff.pjt (De!

eMason vy

RIDX_CreateInputChannel (ichanl):
RIDX_CreateInputChannel (i
RIDX_CreateInputChannel (i

RTDX_CreateOutputChannel (o

void main()

TARGET_INITIALIZE():

KIDX_enableInput (
RIDX_enablelnput (
RIDX_enablelnput (

“DJ 4] — RIDX_enableInput (

X o0 HALTED File: C\CCStudio v3.3MCU\MyProjects\MATLAB HIL OLD\rtdx sumdiffRRR.c Ln 55, Col 31

]

JUN 9.7 WWsunsudwmsunsdnaesaniunisaiuuussawasatugUuulusunsy CCStudio v3.3

Tnesivandenlulndlusiandnudmsuifeuyard snividassianivay
Tvuansidounuudsuduulusunsy CCStudio v3.3 Ysznoumemsideuilaiduynds
ABAMTUNITTURAEA 100y asenT19lUTUNTN SIMULINK f'uuesa DSP fu
eZdsp™ F28335 fun3difl 3 waz 4 fil

nsdlii 3 msdsdoyaanuesa DSP Ju ezdsp™ F28335 U8 TUsunsu SIMULINK
W1un13 T BugRed sn1w13uulusunsy CCStudio v3.3 €Imsuuesa DSP Ju
eZdsp™ F28335 vxiidfeyaiifosdsludilusunsa SIMULINK Ao dyanumunuuessimiuny

P

IUANSRBURUUUTUR (eg) Teanansadeuyamdantsdlasail

RTDX_CreateOutputChannel(outl);
RTDX_enableOutput (&outl);
RTDX write( &outl, &ueq, 1 * sizeof(long) );
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nsali 4 nsfudeyavesuedn eZdsp™ F28335 1nTUsLNTN SIMULINK W1
M3Teuynmdsnuduulusunsa CCStudio v3.3 dmiuuesn eZdsp™ F28335 aziidoya
figossuarniusunsy SIMULINK siaviun 5 gadaya ieldidmiunisussinanavasianiugy
Tvnnsideunuuuiui 1aun

Y

o ussrupnaseuwrasIglinszuanss (Vpar) Weuyamasnudlassil

RTDX_CreatelnputChannel (in1);
RTDX_enablelnput (&in1);
RTDX read(&in1, &Vbatt, 1 * sizeof(long));

Y

cs' | Y = ° . = o w =) &
o nszuanlvaruiuniend (i) Wewyaadnunalanad

RTDX_CreatelnputChannel (in2);
RTDX_enablelnput (&in2);
RTDX read(&in2, &L, 1 * sizeof(long));

Y

o usaiulwihaTa (ve,) Wouyamdaniwaleail

RTDX_CreatelnputChannel (in3);
RTDX_enablelnput (&in3);
RTDX read(&in3, &VCo, 1 * sizeof(long));

o nszualuanulmandslvinasia Gepp) LG?JEJumﬁﬂél’aﬂ’]m%vLﬁﬁqﬁj
RTDX_ CreatelnputChannel (ind);
RTDX_enablelnput (&ind);
RTDX read(&ind, &CPL, 1 * sizeof(long));

o uswiulning198s (Vi) Wewyamdaniwalanadl

RTDX_CreatelnputChannel (in5);
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RTDX_enablelnput (&n5);
RTDX read(&in5, &Vref, 1 * sizeof(long));

AMAvdnlUaziTUnAINISITmasYaalUskNSY SIMULINK dusunisdeulasiuuasn
DSP 3u eZdsp™F28335 fivil

3. psfvuaAInsinefvedlusunsy SIMULINK dwsunisidiealesiuuadn
eZdsp™F28335
msfvuaenimesuedlusunsy SIMULINK dwiunisideslesfuuesa DSP
U eZdsp™F28335 Fudusipsinuadnisfives 2 ngu Ao nguANIITnesAuaUTR
YB9UBTA DSP U eZdsp™F28335 (target preference) wagnguaAIn1Idmasd My
nssaesantunsaiLuueiawaslugy (simulation configuration parameters) fsil
AANNITIABTA 1 A1sAIMuARINIInes A uanUAvesuasa DSP fu
eZdsp™F28335 Tulusunsu SIMULINK @ansavinlalaenisidauden Target Preference
mﬂﬁ?uﬁmumf-ﬁmﬁﬂﬁLmas‘ﬂmamﬁ’ﬁﬁuawai‘@ (Board properties) sisii fvualsk Broad: SD
F28335 eZdsp (dm3uuesn DSP 3u eZdsp™F28335) Fafiusuvesuasn DSP filfidoules
AUTUsWASH SIMULINK Tagndeaininnunjueeduesaudd win1svesuden Target
Preference agUsINAMANTAMNS 9 VBIUDTA eZdsp ™MF28335 wuudnlusifa Lewn

Processer: F28335 way CPU clock: 150 MHz é’mamiugﬂﬁ 3.8

guration Parameters:

* Commonly Used Parameters = All Parameters
Select: Tool Chain Automation ~ Target Hardware Resources
Solver Target Resources
Data Import/Export . -
> Optimization IDE/Tool Chain: Texas Instruments Code Composer Studio
> Diagnostics Board  Memory  Section
|~ Hardware Implementation 1 -BO; d ;ro;er;es ------------------------
Model Referencing 1
Simulation Target 1 Board: SD F28335 eZdsp
v Code GeTkraign | Processor: F28335 = Add New... Delete
Report I
Comments CPU Clock: 150 MHz
Symbols e e e i
Custom Code Board Support
Interface Operating System: None
Code Style
Verification Custom Code
Templates Sourcefiles | S(SUPPORT_PACKAGE_ROOT)\src\DSP2833x_CpuTim
Include paths $(SUPPORT_PACKAGE_ROOT)\src\DSP2833x_Defaultl
Code Placement neluce p: $(SUPPORT_PACKAGE_ROOT)\src\DSP2833x_GlobalV:
Data Type Replacement > Lbraries $(SUPPORT_PACKAGE_ROOT)\src\DSP2833x_PieCtrl.c
Memory Sections Initialize functions $(SUPPORT_PACKAGE_ROOT)\src\DSP2833x_PieVect.
Coder Target Terminate functions $(SUPPORT_PACKAGE_ROOT)\src\DSP2833x_SysCtrl.c
> Coverage AICHINRANT DAAVAAE NAATAL A A REN099u ©iMalne:
> Host-Target Communication
Simscape IDE Support
9 oK Cancel Help Apply

JUN v.8 MsmvuarmMivesauaudfvesuasn DSP Ju eZdspMF28335
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naumsdeesi 2 mstmuadnlimesdniunsiassaaunsaliuuaiawns
luguvedlusunsy SIMULINK @1ansaimualaainuiiisng Configuration Parameters ¥@s
srUuTIaesanIunIsalkuuasawIsluguuulusunsy SIMULINK f30819n1301vun
Amsfnosdmivszuuliindfansanuandldfisuil 4.9 angudngn dmsfinesd
Aertesfumanainasvesnisdassaniunisaluuueniauaslugy (Solven) éun nanlu
ns91aesan1unsal (Simulation time) waggUiuumMImAmaIaay (Solver option) d1wsu
szuuliiniifiansan azdmuslinalunisdiassaniunisal Ao start time: 0 (0 s) uaz
stop time: 3 (3 s) dugURUUNITANALAAY AR Solver: discrete uay Type: Fixed-step
Fauandusuil 1 ousnand Anmimesdmiuniadenlessevinlusunsy SIMULINK waq
UesA DSP Ju eZdsp™F28335 (Host-Target Communication) laun deyavasuasn (Target
information) Wagn1sUszgnaldausauiuuese (Target application) lngn1simundaya
vesvainvzdesimunliniloufutoyavecuedn ezdsp™F28335 uansiagudl .10 Ao
Board number: cpu_0 Wag Processer number: 0 d@1un1sivuateyanisussgnaldany
Sfuveinvgdosimundeiieg veslwdlusinduazdofoglndlusunsuiiaiadulngld
Tusunsu CCStudio v3.3 dwiuluadudnendnusdagnisimuaieiiogindlusiand fe
Projectname: C:\CCStudio v3.3MCU\MyProjects\MATLAB HIL OLD\ rtdxsumdiff.pjt
LL@%%aﬁaq'i‘I/\IﬁIﬂiLLﬂiu A® Program name: C:\CCStudio v3.3MCU\MyProjects\
MATLAB_HIL OLD\rtdx_sumdiff.out é’ﬂLLamﬂugUﬁ %.10

@ Confi i r i ion (Active) - o X

* Commonly Used Parameters = All Parameters

 Select: |1 simulation time

Solver — ! Start time: 0.0 Stop time: 3
Data Import/Export I
Optimization I Solver options

Diagnostics 1 N = .
Type: Fixed-ste| ~ Solver: discrete (no continuous states;
Hardware Implementation |1 Ype: P ( )

|- Model Referencing » Additional options
Simulation Target

v Code Generation
Report
Comments
Symbols
Custom Code
Interface
Code Style
Verification
Templates
Code Placement
Data Type Replacement
Memory Sections
Coder Target

> Coverage

v Host-Target Communication
RTDX Configuration

Q OK Cancel Help Apply

JUT ©.9 msmvuasmniwesdmiunisdiaesaniumsaiuuuaniawisiugy
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@ Configuration Parameters: rtdxsumdiffdemoBB/Configuration (Active) - [u] X
% Commonly Used Parameters = All Parameters
e e e e e e e e e e e e e e e e e e e e e m—— - -
Select: I Target Information
Solver 1 Board number: 0 Select...
Data Import/Export 1
> Optimization I Processor number: 0
> Diagnostics

1 N
Hardware Implementation Target Application

Model Referencing
Simulation Target !
+ Code Generation I Program name: C:\CCStudio_v3.3MCU\MyProjects\MATLAB_HIL_OLD\rtdxsumdiff.out =~ Browse...
Report e == === === -
Comments
Symbols
Custom Code
Interface
Code Style
Verification
Templates
Code Placement
Data Type Replacement
Memory Sections
Coder Target
> Coverage
> \Host-Target Communication
Simscape

Project name: C:\CCStudio_v3.3MCU\MyProjects\MATLAB_HIL_OLD\rtdxsumdiff.pjt Browse...

9 OK Cancel Help Apply

JUN .10 nMsimusdeiiegvadlidlusiand
a9 UgA18v1n15AA Run yulusunsy SIMULINK L ed1aean1un1saliuy

s s ' a = ) @
8135 auw35 tugUuasszuului a7 Wearsen Jadunisduduaussousvediniuny

TruansiaausuuUsusmntseanwuuldtuuna 4
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LUsunsudImsun1sTiaedn Iunsalluuensauls luguvesiiniuaulvuansid sy

LUUUSUAT

%3unldlavsisvediusunsy

#include <stdio.h>

#include "SumbDiff.n"

#include <rtdx.h>

#include "target.h"

#include <math.h>

%ALY WarABUALTEI LU 9

float Vbatt;

float VCo;

float Vref;

float IL;

float ICPL;

float ueql;

float uegq;

int nbuf =16;

float L=0.000663,C=0.002, Ci=0.000035877; %A1M15 50057032995 Uasiuad Jusd
yHaUA-YaLUUaD AN

float a =0.00000001,b=0.000000001,K=1.5; %ﬂ"]‘W’liﬁﬁLGIE)%“U@Qﬁ?ﬁ?UﬂMIﬂﬁuﬂﬂ’liLa@u

float Ts = 0.00001; %A1 Sampling time d@usuldAuismAvIZUUNRIITUN

%ANNUATDIS U IUVTIATUTUATY MATLAB
RTDX_ CreatelnputChannel (in1);
RTDX_ CreatelnputChannel (in2);
RTDX_CreatelnputChannel (in3);
RTDX_CreatelnputChannel (ind);
RTDX_CreatelnputChannel (in5);
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%rnunTesdsdyuvIeantUdilusunsy MATLAB
RTDX_CreateOutputChannel(outl);

void main() {

%LUANTITITUBD IS UREY QY I8UV T
TARGET INITIALIZE();
RTDX_enablelnput (&in1);
RTDX_enablelnput (&in2);
RTDX_enablelnput (&in3);
RTDX_enablelnput (&ind);
RTDX_enablelnput (&n5);

%L UANS T UsD A QU188 N

RTDX_enableOutput (&outl);

%iTpligunsiundygransmuaNvesimumiltnnsdeuluuiun
while (1) {

%ﬁmumﬁumﬁw%’u%’mLﬁuﬁagaﬁlﬁa']ﬂs&aq Foyey1aun 1N TU TN MATLAB
RTDX read( &in1, &Vbatt, 1 * sizeof(long) );

RTDX read( &in2, &lL, 1 * sizeof(long) );

RTDX read( &in3, &VCo, 1 * sizeof(long) );

RTDX read( &ind, &ICPL, 1 * sizeof(long) );

RTDX_read( &in5, &Vref, 1 * sizeof(long) );

weulunsiUdsuaunisvesnisifivwes m ivsusale
if (VCo*ICPL) < 70000) {

m = (float)((1.748e+05 * pow((VCo*ICPL), -0.8724)) - 2.061);
}
else {

m = (float)((4.909e+05 * pow((VCo*ICPL), -0.9776)) - 0.6899); }
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%runndynnumMImuaLTesiInUatlnansdouLUUIUN

ueql = (@*L*K+b*L)*IL*VCo - (@*L*K+b*L)*(VCo*ICPL) + (a*C*Vbatt*VCo) -
(@*C*VCo*VCo) - m*L*C*VCo*(K+1)*(Vref-VCo)- IL))/((a*L*K+b*L)*IL*VCo-
(a*C*VCo*VCo));

ueq = 0.00005%ueql + 5;

%rmuadulsdmsudniudeyalilutesddyaamisenludlusinsy MATLAB
RTDX write( &outl, &ueq, 1 * sizeof(long) );

}

}
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