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Abstract

This paper presents a robust frequency control by heat pumps (HP) and plug-in hybrid electric vehicles
(PHEV) in a smart microgrid with wind farm. The intermittent power generation from wind farm causes
frequency fluctuations in the microgrid. To alleviate frequency fluctuations, the power charge control of
HP and PHEV can be applied. The proportional-integral-derivative (PID) structure is selected as the
power charge controller of HP and PHEV. The PID parameters optimization problem is formulated based
on a mixed H,/Hy control. The particle swarm optimization (PSO) is used to solve for PID parameters.
Simulation results confirm that the proposed HP and PHEV controller is much superior to the

conventional controller in terms of control performance and robustness against system parameters

variation.
. {
Keywords: Smart microgrid, Heat pump, Plug-in hybrid electric vehicle, Load-frequency control, Mixed

H,/Hy control, Particle swarm optimization



wiagdlasinis .

ﬂmmnmmﬂ'«w wazandraysasduni
ﬂﬁmuu ﬂmmamaiamau'ﬂm@mnmiﬂamﬂaaUmmsauns anmaﬂsmnsvlﬂw'm'l"n

L"Brammﬂs:mﬂwaacﬁa TTUUIUE [3941UgaRIANTIN udwiu nalhiRanansznuduavadig
wussdesnwueday anuiuagrainysd fiau aTegia aaaaaumsalszine aaiualan
selwanuaulatanndamsuddymiannzlandou ldinzdunshutwbndandsny msly
ﬂ%’Wﬂﬁnswﬁumuamaﬁqmm I@ﬂLawwzathdﬁon’m’noqﬂﬁmaﬂiﬁlamtméawé’aa’mﬂmmu LU
wgsafiad sy undoiirwaidn Fauna Tarawustu udu iondalivhdrodranluszun it
fsr dmsulsznalnein iwhnusmelduswiawindinunauns 15 didmualasnsznsg
waasu falud 2556 Tnfanasnulildenundonaanunuuny 5608 MW ""éﬁhﬂ%qu"u%aﬁ
dszanm 1,752 MW aghglsiiena Lﬁaamddwé'amuﬂmmuﬁﬁmnamm:uaﬂmﬁmf%aﬁ’lé'd'lwﬁ'lﬁnﬁﬂ
Toiuduagivsmmaimeaiisasoumsuda idanlussudisnndu ssildifadgymene gluszuy
W saale i Naﬂiz"(m@iaﬂ'ISL‘lJSEJ%.LL‘UE!G"UE]GQ’J’]N%‘EI'S:UU, Qmmwmaaﬁﬁéﬂwﬁ’l, usaauilal
aiaualussurdimiing, suiesenstussasasiinds, Msslwihdseslussuy, wissmwoas
seuy (uan .

pndaihalymmansznuiiiadulug T izuuvlwﬁ'lﬁﬂﬁ'waau,@ia:ﬂs:mﬂluqkﬂﬁym%amia
fatusmpdndosloailiszuy Ivmatlasnauiuivualngann venanilssiinsdads
wnasiraiasinidronasnunaunulagianizagreanasomaduswanaanlaslaldiaioy
mnasnsiiaaanansznUYauRiIws s uaudaszuuiadreine Sesenaliiiadynidra gluaaan
uin Twind 4 woedmen 9 2006 TaiAe lvhauiduusi mn o lal ‘[ﬂnmqumﬂﬁafmﬁ'@mn
nmsmaasiuamazasinat vhiindaldanuasuand et ldnn Lﬁ‘aﬁmms‘imwiaatﬁ@ifu’@m:nu
JolinuugyEaedosnwdunaliAalurhdy Gt ludegtiudszmaluglsfaduaaninasms
#19quiataanunaniuaiosniwszunliinniu gnsolssinavansiin ﬂq%a;ﬁummmaa
matlidhiindaldnnundiondinuaiiszusaifadiifins 3.5 MW Wsz 32 MW awdau
nemmanasnusindithnineme ldunuianwasmmauny 15 inlud 2565 asliimnas v
NRANMAIN 800 MW Uaz WadlFIafindagn 500 MW usasliifuinansznugasunasdgnds
aima:ummﬁmﬁdasxuuvlwﬁwﬁm‘iwfuﬁuuﬂﬁmgai‘fu‘l,uamﬂ@ Fedasdimsdnmdgminansznuvag
undanasauidmasivd ldsinavamaiiiomanasmiassiudymdasfatuluszuuadie
23999 uana’mfnuﬂs:mﬁvlﬂUﬂ'\iﬁumaﬁwm@ﬂaum:awaQn”ﬁﬁs:mmﬂuu?nmn’i‘m%ommm
wanlfuslamilunmnaaiwaninle wingunsnuImanuazauqy datnefidsz@nsnw

lunsasenudiu ﬁm%’umaﬁm;ﬂlﬂwﬁwfu ANATNITENS LR aaTanuTuiauar st
m3dszn ﬁ'@wﬁ‘amuuazmsaﬂmsﬂdaUﬁ"’]fnﬁaun?anvl.@'fﬁaanmLﬁuﬁ'm'mmniﬂﬂmﬂi‘ﬁ uananit
deiinsaiuayunisiduaziaguniallssndandsnudia g ﬂuﬂiwaﬂﬁmwmmu sfuntuanudan
soldlavsa dudn Lﬁaamnqﬂnmﬁ%muuanmnLﬂuumnuaaLL'maanLm’momu'lmmuqu
sl dsudluldsndqe ﬁammvlﬁ"i']qﬂnmfm5i1€'fﬁ]:ﬁi‘hmmﬁumni{u'luamﬂm



iaufdgmidn giezfeduluszuniwvhmailuewan 5\1'1@1”5u,mﬁmlumsmuqm:nu‘lwﬁﬁﬁﬁé’a
ati'mﬂzyamm‘fuiﬂUgsmnWSLnﬂIuIaSIﬂsaﬁwumod’m%‘amsiagmmuaaamd (Two  Ways
Communication  Network), Lﬂ‘%adﬁ’lLﬁ@lWﬂﬂLLUUﬂi:mU‘ﬁ'ﬂ’mﬂ&lv[ﬁ (Controllable  Distributed
Generators), qﬂninf Flexible AC Transmission Systems (FACTS) LLa:LLUﬂLﬂaémujﬂ‘l%{g%d
Uszgndlfinaluladfinansafindriag mi’mn”uﬁ’mur?uqﬂnsm“[ﬁamauj‘lﬂwﬁw unssannlwn

a SAad

v Qs . £=3 A o Qs @ d' V&, 1 A
mﬂwaamuﬂmmuvnuauLLa:LLaammﬁmmaﬂwwm‘lwuagnuamwmmﬁ Fauuirdaitnaanis
o i v ¥ o a a . & o )
sralasstieszuusslwhdaaSozniasuninnia (Smart grid) Auaniivias _
- ! ) [ a =3 [l i d'
lwnuilpilasRasanuanTenurawnaInaIalLazissafaddamsfsuutasanudszuuly
ado 4 e a Y d o, v o = 4 a & o

nsmﬂmmumsaammm"l%l%lmm%mnmuqumwn (Load Frequency Control, LFC) Ti@aadatlu

Y . aa & an . oa P o ay ¥ @ a €% dao
seuv i assind liiosnalur meiunassnamas e nnaiasuazuasafadinidsuiu

4 ' o 4 —) & aw Ao a f
N LHaTIBULUNANTE AT waRaTa It ita W LFC suddpiintauanuiaalnilunns
ﬂizqnmﬂﬁqﬂnszﬂﬂacﬂﬁmmmﬂ’mﬂuﬁﬁé'avlwvxl’lvlﬂ“'lm:um‘i'mﬁ'lr_lm‘i’auﬁ'uﬁuaﬁmmwmmﬁmm
sy vindadas: lagasRasanngulnaadnan saldvhlasSauuudandu (PHEV) usztuanu
%/ v Qr " d' 3/ 41 & ) : =Y e cx' A ) W Qs
Fau (HP) lﬂLﬂuTwmamsuzﬂﬂauQu‘lm iasngunsnlmanftueniniduiiasiuReuiadauusag

3 o ¥ AS.V v Lt v =3 . & 0 av o o c: !

mansaauquiasivhasuga ldlddnda waadadnsolmdriaziiwnivanniulueuina
Qma"nwm:’uaaqﬂnsnfmmﬁlumsﬁwmﬁs:qn@ﬂ’ﬁ'muqummﬁ

Jandseasrzaslasens
1. Lwamuaammm%’lmlumswmmaﬂni:ﬂv\amﬂmuammaﬂwwﬂﬁLﬂﬂmmaamwmmu
JTUURNISNNSA Iﬂa'lunumwmsmqm"l,w'Nﬂammmuﬂanauuawﬂummsau [atin
_ Lanmmwmwﬁ‘lus:nuvlwwﬂﬁ'lﬁ'\aSas:ﬁﬁuﬁdddﬂﬂwé’wm%guﬁnuﬁwﬁ@\ﬁﬂé'avlww'fl&i
; ¥ & a & .
sigue launnfuwa 9 mantazwasy laren
A o aal [ s . .
2. ek iawe ITaaNUULINNTAILANIINARULURING (Coordinated Robust Control) szninslnad

©“ a 4 o A Y A > v A a 4 ° = - P=i
aamn:ua:msadmmﬂvl,wwm‘l’ﬁ‘lumﬂmwmuQum’mn walglunmsvinedosmwanud

asdanailusiianadrnzldoinlassnisise
1. nadszgndltlnaadaasus laur solwhlausauuuyansu, dueusan Lﬁav’hmﬁusmwmq
mmmLLuumﬂulus*uu"lﬂwwmammmemmemumm’muﬂ"lmml.aua _
2. 'mmiﬂ'mﬂmmnuumlmswmwsnvlwﬂﬂamﬂmeJanauLLawﬂumqmau Lwammnmmw
nsanaiiuuamuluszuyivnidsdass

<1 At Qv
FELUHUIDIIY .
’ a Y o aa =] . 1Y a o A & 4 o a W 4
1. Arsanianszuniwvhidsdassdulsznavludnasasiuiialv LEC wSasiuilaila

swsnauguias i le undsemadldhdldwainusuuszussanfiad Inaa PHEV, EV
uazlnaailsnd



2. AnHNIRTILLLIRIARAMEATY aau,@ia:qﬂnsm’luszuuﬁm%’um‘sﬁ%aﬁmmwmammﬁ
lasanizlnan PHEV was HP

3. Ansuundaasenuliwiveuluszuy switasunanniswdaiasiivhsuitasananuns
unssuaLAzLEIaRad mstdouudasaslnaad lauisnaaianld wavasiass
Lﬁaomnmé?amsﬁaga ludu lasyszynaldngufnmsauauuunaim

4. L§an‘[ﬂna{wﬁ'smuqummﬁ“?'imm:auﬁm%’um‘%‘aaﬁuﬁmvlwﬁ'\ LFC, PHEV uaz HP

5. a%“'mﬂvrymmsﬁﬂﬁmmzauéjﬁ%'uwmﬁmas"uaw”'amuqummF{I@ﬂﬁmsmwamadmm
asnudaanulimivauluszuy

6. Anwisnuuidymnsilwimnzaudeitissdndeutdymmamniinesuasa
muquﬁmm:au '

7. NAROUNANSHLED mmwmawﬁmuquﬁ aanuuUnle gn1Iaamwaaniimaimalans
adssunauszunuazany hitiuaneng 9lussuuin madassudasis iwfiiiaann
WAIIUANLALURIDAAAE ﬂuvlﬂﬁoﬁqé’avl,vlﬁ'\ﬁim@‘[@uLﬂ%’ﬂuLﬁmn"m"mauquﬁl’ﬁmuﬁ'uagj

8. angNanwsﬁnvﬁﬁhlﬁatﬁuumuiﬁ'ﬂLﬁad\m'rsﬂs:'qu%mmi'szd'ummma

HRIIADE

M3y NI TINIITEAUWIWIZIG

Chalotorn Rattanapornchai, Issarachai Ngamroo and Sitthidet Vachirasricirikul

“Robust frequency fcontrol in the smart microgrid by heat pump and plug-in hybrid electric Vehicle"
Proceedings of IASTED Technology and Management Conferences 2010, Power and Energy Systems,
(AsiaPES 2010), 24-26 November 2010, Phuket, Thailand, no. 701-146.

mslsegairnIizaume

#la5s SAUNTTL, Baszto nung, Indl lwosTw ues angiay inasdina

“msmm)‘ummﬁ'ati'mﬂumulus:uuamqs‘ﬂ"luiﬂsn?ﬂiﬂU'L"fﬂqhmm'a‘"auua:invlwﬂ"\ﬂa"';lau"lau?m“
ywispsudgman i nsuszmdsmsimnssuluihesofn 33 (EECON 33) 1 - 3 Tuna

2553 ifdlwai .

Nuitsnesad launuBlunnanuin



o ~ = o w A ot ot K
ﬂ"li‘ﬂ’]Lﬁﬂﬂiﬂ’]ﬂﬂ'ﬂ&lmLiJ‘lJﬂdYI%sl%S:iJiJ‘lﬂW'ln’ladaaiz‘n&uma\‘m'\ﬂ

wéi’amumguﬁﬂ%ﬁl&iasjﬁLauaéﬁﬂnwiﬂauqméauﬁ%ﬂaaTwamé’aa‘%ﬂ:

1. UNA

ﬂ“%qﬂ’u s:uﬂﬂmn?@iﬁ%’ummau'lﬁlatmgu'lummﬁﬂﬁwa“’a"lvlﬁnﬁ%aimlﬁ'n”u‘[ﬁadu
aoufids lsansadatnfsrzurindiammanle Tasvialuszuulalasniadsznauliee
Lﬂ%‘aaﬁmﬁ@wﬁw%ﬁhnﬁwé’ovlwﬁﬁ'mn”nmeoiawé’amu%uuﬁﬂuvﬁuauuammmﬁm‘f L udw
WasaniaslWrifgdsnunsnd s uauuas u,aammuuuvlmmmuamm’lmn@]mmma
gasanudduluszuule (1)

mu’l,umusi’lfn'"lwwmu uLLquumluamﬂmm umi@mmaﬂnsmﬂs REANS I
ﬂsvamﬁmwmLLavLﬂuum@laaam@aaumu ﬂummsau (HP) Ltazmvlﬂmﬂanauvlaum
(PHEV) WRuaniu qﬂnsmmmmﬂuadﬂﬂs:naumﬂtylmzuﬂwﬁqﬁ'\ﬁdé’ﬁ)%‘%y:ﬁaam{w
3@ [2] 189310 HP uas PHEV ﬁﬂmauu‘“ﬁﬁmmsnmummﬁuﬁwﬁa‘lﬂﬂwmns:uu Faiusa
mmsmh~Uﬂ@l’l"naﬂnimmmuvl,ﬂmammumwnmaaruﬂ@

:nu'mnumLaumﬁmsmuﬂumsiumaﬂwwwao HP WAz PHEV mmmamluﬂamwn
a'muLwa‘lﬁ“lumsaﬂn'mtmaﬂ'nunazm‘numu‘lm:nuamiwvlu'[ﬂsnmfnmﬂmw'\sumv\mu
lufiilizmnnalassssdrmugunisiumdtiiiues HP uaz PHEV iluuuydilad Tumsa
ﬂuzymmsﬁﬂﬁmm:aumaw\"ﬁmuquﬁ"l,aﬁfmz’tﬁ’wﬁ”ﬂmsmuqmau HylHe [3] Wasua 96U
ammuzmsmuquLtazmnmumu@iam’mvl,&il,uiuau‘lm:uu mMInaeTA laanlnane a9z
ar1wiTnduaunia (PSO) [4] HAMTIIaaINIRuRLtaaTuaa liAndn daaruqaniITy
faslWvimas HP uay PHEV ﬁﬁwLauafuuanawna:ﬁaussnu:galumimuqummﬁuﬁa 9l

mwwummiamﬂﬂﬁwuﬂmwwswﬁmafmaﬁ:uumﬁan'jnﬁamuqmﬂ%ﬂmﬁﬂu '

2. seuuldhissidnsasuuusiaassEuy

‘ gﬂﬁ 1 waasszuululasniadase [5) ﬁlﬁ'ﬁnm%aﬂsénaud’aﬂLﬂ%‘aoﬁﬁLﬁ@‘lWﬁqﬁH’muqu
a1ufle (Load frequency control, LFC) 2179 20 MW, WASuRIwHay 6 MW, ﬂ@l&'lIﬁa(ﬂ 17 MW
'lunajuﬂ’mw“ﬂmﬁ'ﬂﬁmsﬁmﬁ HP fRRATNa9e18 4.4 KW ¥I%3a 400 aadaiiin 1.76 MW uaz
PHEV fifitarnaasang 5 kW vawaa 720 dadailiu 3.6 MW sauRiamainas HP uaz PHEV
mnuadn 536 MW dasnnmasinvhaldsdsredatsaindifuiinuasuaznns
wWasnuwlaslnaarnlwiiansunisvesanuilusuy iResan1sunisasaanad AudaIugu
nmaﬁmﬁf'\ﬁéaé’ryry'lmmuqumﬁuﬁ'\é’dvlwﬁ'whuﬁma%é’m“sﬂ:%?aamfﬂﬁmm‘ uaaaaaaly

Qs

69 HP uaz PHEV lunaudsadugudaiuquizsdygmaiuquhindininquanuddeda

[

Qs dl o r-9 v A Qo o Qs A v U
asagnuaIasiniie nuNalsuias nwhaeanlfinanzaudae

U4



d‘ o a
mimmma"lﬁﬁw ,
g AUEAILAY ~ ngulvian

M1 vhsuan

ﬁu]iﬂulﬂﬂi '

----

v 4 %
UUIMaaag
<p T 2
AINANN

Tnsavemag

Invh

® GBRGLE

e G

<
UUALAD Y

v < d
Undnmny

gannuieun

91INMIAN AN

13U

gﬂﬁ 2 (a) Yuanuian (b) sovhuanawlavia



a [ A €l e v P P VL o a
317 2 (a) uFAIRANNTUBY HP [6] mLﬂuqﬂnsm"nl’ﬁmﬂawuiauawnnqmmqumw Ungaumnilg
mmsnﬂﬂm‘l‘xﬁﬂ'aﬁwmiuﬁ”aw?aﬁwmg:u"l@T HP 5\1Lﬂuqﬂnmfﬁmminﬁowﬁimumms’auﬁ

N ar “ & a v v [ v [ v ‘
aglummﬁiaummLﬂuLauauL"ﬁamemlmﬂamwsaﬂﬂU'lmaaamoﬂﬂmaumnmnm

4« A’ =Y Qs Q‘: Qs Qs L2 v [l
Tndvasdaiwdslasass a9t wanain HP auﬂuqﬂnsrﬁﬂi:mmﬂwaw’mummmﬂa@mnm:
Tansaudndae wann1srenuzay HP ﬁm%”um%aoﬁwﬁm;uﬁaHP a:gﬂmms“aumnmmﬁ

<o v ° a A o val
Mauanaun 80 % uazldlinh 20 % &wsusuueauwssmasneluiiasaannelwi
A X 9 s @ o a Vo v o & 4 « o a .
oD iigaln m‘lﬁ‘l@m’miauwamﬂnumaanml"nmmummawmmuaalum Tasnalinng
1’3"lwv~hmad HP wuazasiinmar ivhAine d1mstlunuwdsoil mauummnaumnnmsaaaﬂ‘lu
mmuuuuﬂsmmtwmwanumﬂmmmaasﬂ‘ﬁ muumaa"lﬂ%l'msumu“n,wa'l’nmmu mmau
Semansaaewudasle u,aymsﬂauqumsiumaﬂwwwaon@&f[mﬂ HP amomm:aum‘lvx
[ d. L2 A 1% A I “ b1
mwavlﬂmqumwmaﬁ:uuvlm UM 2(b) ugalasigihives PHEV Samansaansaiias i
L7 d' U e 1 ‘? L 73 v A v P9 d' a s A’d A — 1
Wuuaaa leaaunisaadanwigrid s luiwa umﬂ@ﬂl‘ﬁ‘lummaﬂuﬂamawmsmmqmaa
° 4 a & ' v P @ a
PHEV mmumn‘nmﬂmag‘lumu;&"lﬁ"’lﬂ%?amamnaamm: (Smart park) Iﬂu,mimuqums
g3arad WAL LA eTYeY  PHEV Y;nﬂ“uasiﬁdtiam:au launsols PHEV luge
P v
auguanuhvasszuyle

v
as

31]17{ 3 uamszuu'luiﬂsn%@a%mi”umsmuqummﬁ%aﬁmm HP 4 Ta9az 100 GIuse
PHEV 3 70 98z 240 §1 lasunuuuuinags HP uaz PHEV dawsntudinlansuaunileiiien
VIRINIAD 7, =T =02 sluﬂumﬂu@‘[ﬂioaﬁwaommuaumﬁumaavl.wmmaa HP' (&
PHEV (lluuyudled W HP uss PHEV vinawsianuszuuniwi (Turbine, TB) uazlninasuad
(Governor, GOV) ﬁﬁﬂ@ﬁiaﬂﬂumﬂéadﬁ%ﬁﬂvLWJW \fiasan HP wag PHEV fisaanassaiasnia
fMIAAIAIVEY TB 1A(7; = 25) 39 LaiflanAvas TB uaz Gov lumsesnuuudinIngu HP uaz
PHEV uwdafildlunseanuuudaly HP -uaz PHEV ‘n'mm'naﬂmwnlmm'zwmﬂwmmn
w3l TB uaz GOV MsamAanmanmuilugniazaic mniﬁﬂ 3 SUNTORIFUMTHOIUS
(State equation) wasszULAlifiaHa TB Wa2GOV Iatunesnuiuet k. x

PHP > > [HP> KDHP ! TDHP

fNTU HP Hae x K

PPHEV> "X IPHEV? KDPHEV’ TDPHEV

§MIU PHEV eauday .

3. msaJ%'mhﬁ‘laﬁﬁmmzauﬁ‘mmsmnqunau "HjHy
B [ ar A
JadszasdvsImMIsanuuUdmugui lafifa ,
¥ o . ¢ Pz P
1. Wdraruquilanununiugsdannaliuinansasszuuiitesniannnsidonutas
wWiditnasand gluszuy
o P o P
2. Widauauiiausmusgelumsaeanudssuuanud ar
Lwalﬂnssavtﬂmaamﬂﬂ?a\m mmmﬂdﬂmmn'lsﬂmﬂ'lwvla@lmv\m*amam&anmsmuau

¢ s

W& H,/Hy, uRzd ﬁﬂau anRM ﬂ‘D\‘l adun ilvlﬂ mu



-y

LFC Generator He——o>F,
Speed droop L
Power
Integrator . lpu system .
Governor turbine Af\
L & ! > ! /> >+ P L -
p T,s+1 Ts+1 J Ms+D
0pu D
N\VNT/777 7 =1 E
Controllers : HP
! 10.022 pu M
K +KIHI’ + Kopgps UHPli 1 i /B PHPl
PHP s Tpup S +1 W MR\ ;_/ >+
1 HP 18 x b
| 10.022 pu
K +_K1Hp.+—KDHPs Urs : 1 = PHP2
PHP > 7 N
Y e | Typs +1 OJ Pyp
| o
| i -
I 1 0.022 pu P
K up K pup UHP 3! 1 i
Kopyp + + T S % : >l
i £l B RS 7)7 :
I
I i P
| £0.022
K pr K pp s U”P4 i —1_ q O/— 4 HP[L
Koppp + + T " : +
s Topst (P S BN 7
| - i 0
f————— il
Uppgry! 1 006 pu
K + K ipray 1 K ppusy S o iJ/_ >+
tPHEY s Tpergy s +1 | T ‘
s+1] P
I L= PHEV i 0 PHEV 1
] H
U ’ ¢ 0.06 pu
K + K ipugy + K ppriy S PHEV Z_L ]' l /_ -l
PPHEV Lol IEJ
Tpprtgr s +1 ! S i _/
i Loy +1 0 Lerzvs || Prugy
U ! i 0.06 pu
K + K py + K perieys PHEV}l 1 A -
PPHEV s TDPHEVS+1 | T s + 1 :_/ P 1+
| L_PHEV® _ | 0 PHEV3 “
PHEV

4 ° a v a d4a &
zﬂ‘ﬁ 3 LLlJ‘iJi]'laﬂdL"H\‘lLﬁu‘izﬂﬂvliliﬂiﬂiﬂ‘ﬁdﬂﬂﬂd HP waz PHEV




3.1 VANMSAIUANHEN H,lHy

uuusraesnnu e T wags

A d N

" S K[ Gl RN

nvan sy

1 A o da « A
zﬂﬁ 4 TZUUﬂ'JUﬂ‘SJ'IJauﬂaﬂﬂuﬂﬁququkluuawlﬂmﬂﬂﬂm

o & o o . ' v o e a .
wmsrms::uuﬂaunaumLmuﬂ'a'mvlmmuaulm:uummmumaaqmwvlmmuaumma

ar a da a P ’ a .

a4 [3] muam‘lugﬂw 4 lap G \dussuunwanTun K Lﬁummuquwaammu A, daanaly
LLliuauluS:UUL%dwa@‘m (Multiplicative uncertainty) mnnqwﬁa“m'mmwmmﬁn (Small gain

. a a [ PrF v o a
theorem) &13NTOTUTDIRDUTNINAIUANMUNUNULBITEUL (Robust stability) lanaatila

8l <1t o)) =11, (M

| & v ¢ X N ] o & ..& o 0w & v & P
o ENBATUDTUDUUER (Inﬁmte norm) "ua\‘iwan‘numﬂiau muumaﬂﬂ%ﬂ’mamauu@ Jiy

i

m@"hqaﬁazﬁﬂﬁ%:uuﬁdmﬁaLaﬁﬂinWWﬂuﬂnu (Robust stability margin) daanulaiusiwanly

szuuldgiga _
Lﬁaﬁ'flﬁm”amuquﬁammu:ga‘lumsmuqumwﬁ' xRN Aanataraiaang e

@ as v a

. P 1a v oea o &
wievinn y nudygnmseds ridlelifanavas A, wsz 2 aldvaidudalaudsit

E(s)=(I+G(s)K(s)) " R(s) - (2)

(Y .
lunifazRnsanswiaves E(s) 30 -

5= lEG @

v .
e~ & q & 1 a 3

Wa [+, unuuatuzas (Two norm) vasWsrtuaalon ainw dvilweny, Jadgafiasyinld

1 '

' P ' { o v
AANULL BN Luuﬂ’l'lalﬁﬂ'l q@ [lh|

A o Y s l‘/’ -~ ' o v vV s A’
Lwaml‘mmmuquﬁm’xu'numuua:ammu:gﬁamﬂrymmsm’lﬁ maneau ldaad



Minimize J, +J, ' (4)

Subject to 0.0001< K, ,K,,K, <5

D=

0.0001<7, <1 .

a’meﬁmuqmﬂ‘%uuLﬁuuﬁm:ﬁwmiﬂ{ummamﬂumsﬁﬂﬁmﬁﬂwamé’uu“ﬂ»{vﬁe

a a < d;d vn‘:d«‘;"(vv 'c‘vv:
8ufinia (Integral absolute error, IAE) 189 Af fidiga asuudsaansnsuIaquzaislansis

Minimize , = f|af ()l )

0

P . P o o a P A 2 “ v i’ -
lagfiGaulyuidoinuiuaunmn @) lwwisaiiinsld PSO 4] WWaundgwiaunisi (4)

uaz (5) Inlamwladiminzasiiga

3.235nananna (PSO)

{ a ~ ! ad
35U 5 NANNT UAZUWIAANKIIUBIIT PSO

5% Pso ldiianailuassusnlay Kennedy uaz Eberhart (4] uil a.¢. 1995 dald3uuse
vuaralannnwgdnssumsagranudunduuesdad i doun wiagadan udu  dauaa
hqﬂﬁ 5 3% PSO WuiTmImdfimanzay Tﬂumﬁ”nmsd’umuuuna"uﬂs:mns (population)
udazadLiiuns (5undn auna (particle) Fagunsaedendrodunile agmm{a:ﬂueﬁ
nwidunga u,a:ﬁuag;'lumamwﬁefaomsﬁum luizmwﬁmfmwia:m‘tmm:msamhu

° . o v a o ' @ ° ' v o da v
@nll“uJIﬂUa']ﬁﬂﬂ'\?a"lﬂaﬁﬂqllﬂuﬁma\lﬂ'llad LLﬁ:ﬂ']I.L“ud’ﬂa\la\*ﬂ']ﬂlﬂalﬂﬂdﬂuuﬂ'\u”'\uﬂ')

10



a v a P o 1 L o {ct 2] L9 v v A
waldnifianinmneieudaly awninezdunudinounange deansazdunudadiies wia
aunalndifins uaz3t Pso dimansafiashldszygndldlunal fidldhe wedamdnwus

¢ e ° . a a o <
ﬂ']i%L‘lﬂﬁ'lﬂ']@lE]U {convergence characteristic) LLQZﬂi:ﬂ'ﬂﬁ.ﬂ’IW‘UE]Gﬂ’]iﬂ'lu'lmﬂaiﬂﬂ ) '

3.2.1 asAlsznauuasis PSO _
~ ad - L2 [} A’
Nuaztisauadasflsznauis PSO RS laaddaluit
frual

a . 3 R . [y
g A8 Ua (dimension) VIV ULIVANABINITABAN

. . d .
xj =(x)1.%; 2,0 %) g ) WNUMURILITRIBYMAN

o & o ar P .
v = (Vi1 V207, ) WNBEATIANUTEMTUAYMAT
. P — . 4 .
pbest; =(pbest;,. pbest ..., pbest; ¢ ) uWnuduwibianganduniaudvasaumai
o ' o v o et &l <
ghest, unuduniirasaumaniduwmidaeulddngaanaynaninug

o & ] = o ' . ! o v
AIUUNILURIUANNLT LLﬂzﬂqllﬂudmadLL@ﬂzaH’ﬂqﬂ a’]ll']'inﬂ']u']mvl@inﬂ

vS-t’Z,l) = a).vsf’)g +cp.rand )( phest , —xﬁ?g)+cz.Rand ( )( gbest, —xS-")g) ©(B)
Hie) =S o
Tasfi '
. fa Hrwavaygnialunga
m a9 Srwauaauls
t 20 ﬂ%:ﬁﬁﬁmiﬁ'uwl (iteration)
v%, fa ﬂ’J’]&lL%’J"IJENE]'%ﬂ’]ﬂ‘I"J] i lusavdt ¢ Toodt
R < e '
@ do uwlnmaiminanauday (inertial weight factor)

¢, e A8 AAINTBIBATILIY (acceleration constant)
rand( ), Rand() @8 nfildanmagulugg [0,1]

A i 0) g A o
) fa dunshadaaiuwesayman ; lusau ¢

' ' ' ~ o Y ' a ° o P o o
a7 glunsmdranuasidsauaddiaan mﬁmmnmuvlﬂa]:mlmgmﬂuumum@mmﬁ
o (v oA @ a & . o ' ° Vo A a e &
ngaly meumuazlmu‘lﬂnmaa:ﬂumvlumauaqumlﬁ"lmamauw"l,am AINUIINNINARDL

v ° . . o ar e w o,
VWA V™™ @avaziruaandszunns 10-20 % Tasr9n Tl feundadludutsudazan

LA Y. . . C e e

el o URT c; UNWINRIENVBIAMULTIVRIUANZERNANNUAIURID pbest UST ghest, T
fisndaemanll lunsr‘iﬁagmﬂarijm\‘mnﬁ'nmmuhmnﬂﬁmw;ﬁummﬁauﬁaqumﬂ e
fidnanafinlufionvesinthuthwangly dsvudr ¢ uaz ¢, nmmasauinud? arsaaly
a1 2.0

S De

11



MIRBNAT o NHUIZTRUNUB W 1910

Omax = O
max min ; .
W= Wy — — ——— - X iter (8)

iter .y

lagviadldusen o Mwanzauda w,, = 0.9 Uz o, = 0.4

3.2.2 AwAAUNTEUTIRITUNDIIE PSO

suflouduaaunsdninusadds  PSO LLa'mvlﬂ"@Tagﬂﬁ 6 Tuaaun1Id v uses 33
Pso atusldassialuil
Fwaanii 1 AmuadinTinefiSuduninuaas PSO Lm:ﬁﬁmiéuﬂ'ﬁL%Tlm'fumaa'ﬁ‘hmu
UszmnIsvasusnzaynia Taoasen iteration = 1 '
Anaand 2 ﬁﬂmsﬁ'\mmm@hw}ﬁfui‘ﬂqﬂs:mﬁﬁm%ﬁLL@ia:agmﬂ
fuaaui 3 ﬁﬁmsm%umﬁﬂm‘hLthdﬁﬁ'qﬂﬁﬁummuﬁwaaLwia:ag.mﬂ ( pbest ) uaziRan
Aunilizay agmﬂﬁﬁumﬁmau‘lﬁﬁﬁqﬂmn agmﬂﬁ‘f‘mu@ (gbest)
Fnaani 4 ma”mwmmL%’Jz%'m%'umi,mmi,@iamﬁ MNFNATIT (6) uazFnnsiAsuduniiivas
aumeausazdl lagldmumaf 7) -
dnaaud 5 R wawsanlunstun Tageien iteration = iteration + 1
Twaand 6 m'zaaauLf‘fauvlmm'mqm'hﬁumi i liasemudenly Waunsulivinduaaud

2 LANATIANYLT A 1 lﬁ%q@ﬁnﬁums

12



a y
13UAU

° ' a da v o )
MHHAMWITUAB B NAUTTIHNAYDI PSO
uazihimsgumBuauvasd ulszIng
YaIuAazayMn JAfIn iteration = 1

>¢

0 ° v daos o ) d
mmsinnammianiuinglszasa
MuSuunazaymn

v

winsnfisuieusmundsdigaidursnudveudazeyma
(pbest) azippNA WHHIVEWYNIANRMNAIADY

Yo D
ladfigasineymatianing (gbesr)

i

WIATANMTINMSUaYMANAaz A 11AaNNsH (6)
o d' ) o T I U 9 d'
uazihimsidagudhuniaveseumauaaze Taeldaunish (7)

}

N HIusaulunsAur 1audan iteration = iteration + 1

NUINTOU >

SuseLINnga 2

31l%1 6 FuaaumIdiinanadt PSO

13




° a ¢
4. AaN1TANRBINSABNNILABS

~ ar i o ve g
NamsaammummuquﬁmLaummmvlm J%

. 775 ' 9
K, (s)=1.5393 4+ 138 077365 : ©)
0.04255+1
15139 0.8971s (10)
Koo =1.8979+ + '
ruee (5) =1.89 0.04625 +1 :

g o o o = < a ‘ a A o @
luﬂuQZﬂqﬂWSQ']aaﬂﬂqdﬂﬂNW'J La E]gl.w ?JL'i.h'fJUL'Y]Ulliz'ﬁ?']ﬂ@l'lﬂflﬁqu‘nuqLauallazﬂ')

P Y N Vi = o @ o f ° 4 o alt
ausuMliudeInaunT (5) U9 7 uaz 8 usasiias W bisiiauaniasisanwhSunsuas

o ° ar ° a o ° 4 4 a
wazmaURouudaanias iiwizaslnae a1ud1au Nan1IsiaaalaliinsidRauutag
a [ PR . “ (el A i -
vmmmai‘maas:nmmmmgﬂw 9 wAwindallfl HP waz PHEV aztfiansunisvasainad
. v o . A o - & . B
BEITULTT lunsassdnu ARV HP uay PHEV AdnaRaLA S U UL BRI RUTTOUS

lumsaadianuiigsiuuanudlalnsiasenis

gﬂﬁ' 10 usasaNnuBsuuauilunsdifien 7 (@aasaii T, (@a1aedaln
1nasuas), D (fi'maﬁmmv\m\i) uaz M (@hﬂaﬁmwmaaﬂ) Lﬂﬁiguuﬂm"l,ﬂ -40 % nend
ﬁ]zLﬁuiqm”aﬂaquLﬂ%ﬂmﬁmuvleﬁuNans::vmmnwwwﬁmai‘ﬁ‘m5&1u"lﬂﬁwlﬁ'amsnuzn’ﬁmuqa
mmﬁaaaqlmm:ﬁvﬁmuquﬁﬁ,’]LzmaU”aﬂomuqmmwﬁvlei"ammumu gaumaslivai
U89 HP Uz PHEY LLam@"’ogﬂﬁ 11 uaz 12 aiudey Wedsnfnananumusasan
muqmﬁmﬁu zRMTIaIa s s uusaaMuisenItTRa IR LILY 8IA LA

WuaIgums

:
f(x)=ﬁexp[—%(xo_ﬂ)} . N
\dia 7G) ﬁawe:‘lrfjﬁ;umﬁwmLLﬁ,umaamﬂmwuﬂmmummanLmﬂnﬁ, aﬁaduﬁmmu
NI, x Aemiivnsgumluiinanetar ez u fasniady 3UN 13 waz14 usasnaridu
ﬂ'nm'sw:l,ﬂumaw“'m'mqmﬂ‘?ﬂuLﬁmmm:ﬁﬁuaua audey iatiantsildsuuiag
wnfeefszun T, T, D usg, M wiaaiuvonae 1% -10%, -20%, -30% usz -40% N4
Und %:Lﬁuvlé’thé'amuquLﬂ%‘ﬂmﬁﬂuﬁmﬂﬂ?{wuﬂmvlﬂasmmn'l.umm:ﬁmaaﬁ"m’mquﬁ
siawasiuuny i Fouuasias Nanﬁsé’mmﬁLLa@alﬁ’Lﬁufjm”faﬂﬁuquﬁmLauauanmnaz'ﬁ
ammu:uﬁa{Taﬁhfnuﬂumu@iamsm§ﬂuLLﬂmmﬁﬁma'ﬂm:uuqan’i'wT'JmnanLﬂ%'ﬂmﬁﬂu

14



0.25 : . . ; .
. y f
5 /; rl\
% 0.2+ /JM\{\\) m x'bh‘[“ V'
a " 7 '}
2 o1sp ‘A‘ f ]
2
0'10 260 460 660 860 1000 1200
Time (s)
35U 7 M dhaldansiunadiuay
0.88
S 0.6
&
]
2 064
a
el
(1]
S 082
0.8 1 1 1 1 L
0 200 400 600 800 1000 1200
Time (s)
3u# 8 hasvinvhwasinae

I — - without control

PR TR (PN ERANE TS VR ) [P - conventional controller

-.% - proposed controller

5 Al \Wﬁ@@%ﬁm‘%ﬁ@@@

- L4 bl e ey

(&) Y

=

[¢]

=

o

e

w ; i ! ; .
J : H U x1 i ¥ wall R P i
0o - 200 400 600 800 1000 1200

Time (s)

o = a4 | a &
31‘1’] 9 ﬂ'l']&lUJFJ\'iL'Uu:ﬂ'l']lmlﬂavl»&lLﬂaﬂuLLﬂaﬂW”ﬁ’luL@’laiizUU

0.03 T T T

' - conventional controller
0.02f ; oM | proposed controller

0.011
i

-0.01

Frequency deviation (Hz)

0.02f : I 1

-0.03

1 i 1 1 1
0 200 400 600 800 1000 1200
Time (s)

~ A a4 A A &
311 10 anadssuuanudidaw fuundaininieeszuy



o
o
@

conventional controller
——— proposed controller

o o
8 <
R

HP charging power (pu)
o
o

0.04
0.03 E
0.02 1 1 1 1
400 600 800 1000 1200
Time (s)
1 o o Y da ) a a a
7 11 MWW ATUWYa9 HP WaRuuwwindieaszuy

o
-
N

T T T T T

conventional controller
| — proposed controller

=4
L

o
o
@

PHEV charging power (pu) #é

0 200 400 600 800 1000 1200
Time (s) 2

4 6 @ Y o do e ~ o a
gﬂﬁ 12 fas wWhAsudaes PHEVLGa Rswnisidiiaasssuy

.40 . : T . T : . T T

2 — without variation

£ 5l At Tg :Tt:M:D -10% |
S e L UL e Y/ SRR\t Tg :Tt:M:D-20%
2 5l Y Tg:Tt:M:D-30% |
g t — Tg:Tt:M:D -40%
:;—:‘T 101 ~
r

a vy = %,

0 1 L g <l i .5 . L
-0.025 -0.02 -0.016 -0.01 -0.0056- 0 0.005 0.01 0.015 0.02 0.025

Frequency devation (Hz)

31113 vloff"ﬁ'umwu'mzl,ﬂumad@"'zmuquLﬂ%'ﬂmﬁﬂu

__ 60 . ' . : . :
e\‘.:, sol —— Without variation |
.% ----- Tg:Tt:M:D-10%
S 40r S Tg:Tt:M: D -20% A
£ a0l it Tg:Tt:M:D-30% |
% ——Tg:Tt:M:D -40%
> 20} IN
8 10t 4
[}
n- 0 1 L e 1 i L 1

4 3 2 -1 0 1 2 3 4

Frequency deviation (Hz) X1 0-3

31l 14 Noﬁ‘ﬁ'uﬂ’mlﬁ'mtﬂmawﬁmuquﬁmmua



[ o
dilnvedyANaN HITTOIAMAIANTSIN

5. 831
N a o J, A' . o s o Qs - 8
mmawmLauamimuquﬂ:ﬂwnama’numumUmsmuqumswmaa'lwwwaaﬂumw
v v & oA a a 49 ve . o “ v,
fauuarsaliwrdandulauSaluszuvuaurinlulasnIadalasuaansenuatndias v wq s
; d' a L ar d' v &' dd ar v v v aa .
minavafindaanvhiuniduan saaruquiildiduunuiledddiualdininsaudsitngy
2/ s A o v 1 1 [} 1
apmalaslinannIaIuuHEy HyfHe, tiavhlisursouzuaznumudeanaliuiuaueds 9lu
& L v o - [ i
zuy wansAnu duguldhausnuslunisarsquanuiiuazannanuniudanisilfsuuag
a a d e & . e at o
wWniieafIzuuredaIAILQNTEY HP  uaz PHEV filiauekugentdaniuquilisuiiioy
© v o ‘:
sanTnaUnamatiaualdasi
ad o L . a o € Lz ° v ] r Qan &
- At ldisinesaniuaseduweuueanlal sunsadumdiasuldadsaaluidis
gzaandan s 1w
o add o v Q o [ s A ot 2/ a
- st isiduaue ldszgndlfitemdwnmiimsfuasmniuquidlesieiiriia
augle 1w srvamsuutWmimivaInee, Wle Wudu

s as

a . ot ) a f . '
- mmuq;mmLauauanmﬂﬁ]:uammu:’lumimuqugaLL YdanuainudaalInyla
LLuuau’lm:uugﬂﬁneﬁﬂ

o ad da </ o a “ v
- mmmm'maammunmLaua‘lﬂﬂszqﬂ@ﬂmanLLquﬁaﬂaaaiU:au‘ﬂm

6. LANEN5D19D9 ‘

[1]1 A. Yokoyama,“Smarter grid |,” IEEJ Journal, VVol.30, No.2, 2010.

[2] A. Yokoyama,“Smarter grid Il,” /EEJ Journal, Vol.30, No.3, 2010.

[3] D.W. Gu, Robust control design with MATLAB, Springer, 2005. 9

[4]J. Kennedy and R. Eberhart, “Particle swarm optimization,” Proc. IEEE Inter. Conf. Neural
Networks, pp.1942-48, 1995.

[B] T. Senjyu, et al., “A frequency control approach by decentralized controllable loads in small
power systems,” /EEJ Trans. Power & Energy, VVol.129, No.9, pp.1074-80, 2009.

[6] T. Yanabe, Heat pump, amaudata%uLwﬂTuTaﬁvlﬂﬂrﬁiju 2551

17

121208



e . o
N ~—

T

AAHKIN

= a s cY o - oA & O !
NANSANIBIINLATIN T AT UNITARUN AT

n'-liﬂszagu'immﬁzﬁummma'.

Chalotorn Rattanapornchai, Issarachai Ngamroo and Sitthidet Vachirasricirikul

“Robust frequency control in the smart microgrid by heat pump and plug-in hybrid electric vehicle”
Proceedings of IASTED Technology and Management Conferences 2010, Power and Energy Systems,
(AsiaPES 2010), 24-26 November 2010, Phuket, Thailand, no. 701-14%.

mMsUseraizInTIEAUIIG

Bla5T SAUNITL, BaseTe nuwg, %sgeﬁ lousssu uaz ﬁ‘nﬁmzi 1NeTAINa
“msmuqummﬁasj'm14umulus:uuau1§ﬂ'lufﬂsn§ﬂ1ﬂU‘l’ﬁﬂilmﬁm"aul,z,a:'sn‘lwﬁﬂﬂé’"ﬁé‘uvlau%ﬂ“
nwissidyaanlWdaings msussginmisiaanssuluiesi 33 (EECON 33) 1 - 3 Funan
2553 15 ealnal ‘

18



Proceedings of the IASTED International Conferentce
Power and Energy Systems (AsiaPES 2010)
November 24 - 26, 2010 Phuket, Thailand

ROBUST FREQUENCY CONTROL IN THE SMART MICROGRID BY HEAT
PUMP AND PLUG-IN HYBRID ELECTRIC VEHICLE

Chalotorn Rattanapornchai*, Issarachai Ngamroo**, Sitthidet Vachirasricirikul***
*Department of Electrical Engineering
. **Center of Excellence for Innovative Energy Systems
Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang
Chalongkrung Rd. Bangkok, 10520, Thailand
***Department of Electrical Engineering, School of Engineering, Phayao University
Tumbol Maeka Muang Phayao, 56000, Thailand
Email: offering_l@hotmail.com, ngamroo@gmail.com, sitthidetv@hotmail.com

ABSTRACT

This paper proposes a new controller design of heat
pumps (HP) and plug-in hybrid electric vehicles (PHEV)
for robust frequency control in a smart microgrid (MG)
system with wind farm. The system frequency can be
controlled by the smart power charging of  HP and
PHEV. The structure of power charge controller is a
proportional integral derivative (PID) with single input.
System uncertainties are modeled by the multiplicative
uncertainty. By taking the robust stability margin into
account, the particle swarm optimization (PSO) is applied
to optimize the PID controller parameters of HP and
PHEYV concurrently based on specified-structure mixed
H,/H,, control approach. Simulation results confirm the
superior robustness and performance of the proposed
control.

KEY' WORDS

Smart microgrid, heat pump, plug-in hybrid electric
vehicle, mixed H,/H, control, robust control, particle
swarm optimization

1. Introduction

Nowadays, the microgrid (MG) system which is a small
power system has been paid many attentions to supply
power to system load in remote areas which are not
connected to main utility grid (UG) because of the
limitation of investment costs, right of way difficulties.
The MG can be performed autonomously in an islanding
mode and also interconnected to the main UG [1].
Generally, the MG system consists of the renewable
energy sources such as wind power (WP), photovoltaic
(PV), etc. Due to intermittent power generation from WP
and PV, the unequal generation and load demand cause
the problem of large frequency fluctuation [2,3].

In the load side, there are upward trends to install the
effective devices such as heat pumps (HP) and plug-in
hybrid electric vehicles (PHEV) in the smart grid [4].

DOI: 10.2316/P.2010.701-146

This paper presents the charging power control of HP
and PHEV installed in residences for robust frequency
control in the smart MG system with wind farm. Here, HP
and PHEV are cooperated with turbine (TB) and governor
(GOV) of diesel generator. However, the dynamic
responses of HP and PHEV are much faster than TB and
GOV of diesel generator. As a result, the HP and PHEV
deal  with  suppressing the peak value of frequency
fluctuation. Also, the TB and GOV of diesel generator are
used for eliminating the steady state error of the frequency
deviation. The controller structure of HP and PHEV is the
PID. To increase. the robustness of HP and PHEV
controllers, system uncertainty model are represented by
the multiplicative uncertainty [5]. However, the robust
stability is often not adequate in the control system
design. The minimization of tracking error (i.e., H, norm)
should be taken into account [6,7].

To tackle this problem, the particle swarm
optimization (PSO) [8]-based specified-structure mixed
Hy/H,, control technique is applied to tune simultaneously
the PID control parameters of HP and PHEV. Simulation
results show the superior robustness and control effect of
the proposed HP and PHEV controllers.

2. System Modeling

" ; ial
Diesel Plant Commercial and industrial

5

Control Center

\l%\/l;eside'nce groups
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Figure 1. Smart microgrid system
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Figure 1 shows the isolated smart MG system. The
studied smart MG system includes the 20 MW diesel
generator, 6 MW wind farm, 17 MW load, 1.62 MW HP
and 2.38 MW PHEV. Due to intermittent powers from
wind power (WP) and load fluctuations, the frequency
control can be performed by controlling the smart charge
power of HP and PHEV.

To take the dynamic response into consideration, the
HP and PHEV are faster than TB and GOV of diesel
generator. Therefore, the operational tasks are assigned
according to the response speed as follows. The HP and
PHEV are responsible for damping the peak value of
frequency deviation rapidly against the abrupt load
change. Subsequently the TB and GOV of diesel
generator are utilized for eliminating the steady state error
of the frequency fluctuation. As a result, the TB and GOV
models are neglected in the control design of HP and
PHEV. The linearized model of MG system is shown in
Fig.2. System parameters are given in [2,3].
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Figure 2. Linearized model of isolated MG system

In Fig.2,
expressed as

the linearized state equations can be

AX = AAX + BAu

(N

AY =CAX + DAu )
'K Ky

Kyp (5)= Kpy + =114 2017 3

#p1 ()= Kpy P 3)
K Kp,s

Kypy (s)= Kpy +—12+ —D2 4)
s Tys+l
K Kpas

“Kyp3 (s)= Kpy + =3 4 2037 ,

a3 (s)=Kps s TS+l &)

403

K Kpas
Kppgy1 (5)= Kpy +—14 4 —24 (6)
; s Tg45+1
K Kpes
Kpugys (5) = Kps + =L+ —£3 (7

where the state vector AX = [PHPI Pyps Pyps PI’HEVI Prygy: '
A" Pupts Prpz, Prps, Peugyi and Ppygy; are the charging
power of HPI1, HP2, HP3, PHEV1 and PHEV2,
respectively. Af is the change of system frequency. The
output vector AY = [Af], the control output signal Au =
(Unpt Unpz Usps Upngyr Upngwal'. Unpr, Unpzs “Unps,s

- Upggyy and Upygy are the charging power control signals

of HP1, HP2, HP3, PHEV1 and PHEV2, respectively.
Kupi(s), KupAs), Kups(s), Kpyevi(s) and Kppgyy(s) are the
proposed PID controllers of HP1, HP2, HP3, PHEV1 and
PHEV2, respectively. The system (1) is a multi-input
single-output (MISO) system and referred to as the
nominal plant G.

3. Proposed Design Method
The proposed design method is represented as. follows:

3.1 Specified-structure mixed H, / H_, control method

Multiplicative Uncertainty
AM

Controller Nominal Plant

+

K —~ G

Figure 3. Control system with inverse output -
multiplicative perturbation and external disturbance

To improve the robustness of HP and PHEV
controllers against unstructured system uncertainties, the
inverse output multiplicative perturbation [5] is applied to
formulate the problem of optimization. The control
system with inverse output multiplicative perturbation and
external disturbance is shown in Fig.3. In Fig.3; G is the
nominal plant. K is the designed controller. (¢) is the
reference input. e(f) is the error tracking. d(s) is the
external disturbance. y(7) is the output of the system. A is
the system uncertainties such as various generating and
loading conditions, system parameters variation etc.
which is modeled by multiplicative uncertainty. Based on
the small gain theorem, for a stable multlpllcatlve
uncertainty, the system is stable if

fss (r+ k)] <1 ®



then,

ol <y +cx)| ©)

The right hand side of (9) implies -the size of system
uncertainties or the robust stability margin against system
uncertainties. By minimizing |(/ + GK)"[., the robust
stability margin of the closed-loop system is maximum.
This concept can be applled to design robust controller as
the cost function J,,

Jo=|(r+cxy (10)

£

However, not only the robust stability, but also small
tracking error is very considerable. Accordingly, the
problem of minimizing the tracking error can be defined
by the integral of the squared error (ISE) as the cost
function .J; [6,7]

. =Ie’ (e()ar =|EG)]: (11)

where e(f) = r(r) - y(¢) is the error which can be obtained
from the inverse laplace transformation of E(s) with
Ay=0and d(t)=0as

E(s)=(I +GK)™" R(s) (12)

Hence, the objective function is

Minimize -J, +J _ (13)
Subject to
Kot s min <Kpios <Kpi g me
K s min < Kpios < Kjis e
Kpi-s.min < Kpis < Kpi_s mar
Cai-smin < Tares < Tg1-§ max (14)

where Kpismin, Kit-smins Kprsmn @nd Tgp.5mn are the
minimum PID gains of HP1, HP2, HP3, PHEV1 and
PHEV2, respectively. Kp/smaxs Kitsmax» Kprsmee and
Ty1-smex ar€ the maximum PID gains of HP1, HP2, HP3,
PHEV1 and PHEV2, respectively.

3.2 PSO algorithm

The PSO algorithm [8] is explained as follows:

1. Specify the parameters of PSO. Initialize a population of
the particles with random positions and velocities.

2. Evaluate the objective function in (13) for each particle.
3. Compare the fitness value of each particle with it’s the
best position for particle (pbest). The best fitness value

among all the pbests is the best posmon of all particles in
the group (gbest).
4. Update the velocity v; and position of particle x; by

V1 =W, +¢.rand . pbest—x, ) +c,.rand (gbest %) (15)

Xig] =X FVig C (16)

W —w .
w=w, ——0% "y 17)
iter,

where ¢; and c; are the cognitive and social acceleration

factors, .respectively. rand;, and rand, are the random

numbers of range (0,1). w is the inertia weight-factor. w,,

and Wy, are the minimum and maximum of inertia weight'
factors, respectively. iter and itermax are the iteration

count and maximum iteration, respectively.

5. When the maximum number of iterations is arrived, stop

the process. Otherwise go to process 2.

4. Simulation Results

In optimization problem, the searching parameters and
parameters of PSO are set as follows:

Ky 5 €[0.0001 5], K, s €[0.0001 5],K, ;<[0.0001 5],
Ty €[0.0001 0.02], PSO sizes = 50, maximum iterations
=100, ¢; =2, ¢; =2, Wy = 0.4 and w,,,= 0.9.

Based on (12), select R(s) = 1/(s+5) instead of step as
reference input to avoid the infinite value of H, norm. By
minimizing (13), the objective function value is 1.6498.
Consequently, the proposed HP and PHEV controllers
(PHP & PPHEV) are

Ky () = 2.5772 4 2.8339 A 0.0569s

7 0.00755+1
Kypy (5)=318772+ KT, 0%8;;:11
Kups (5)=2.7380+ %‘3 349, o.%(());g:il .
Kpszpi (5) Z 374674 25655, 0%8:;‘1 1’
Kpygys (s)=3.1321+ 3'6:1'5 + 0.%(()):95ssi1 as)

To test simulation, the PHP & PPHEV is compared
with the HP & PHEV controllers called as “CHP &
CPHEV”. The CHP & CPHEV is designed by minimizing
the integral absolute error (IAE) of frequency deviation as

Minimize TﬂAf(t)dt Ca9)
0



Subject to

Kpismn <Kpis <Kpi_s men
Kiismn <Kinzs <Kposmae
Kpizs.mn < Kpios < Kpyi_s mae
Tar-s.min < Tai=s < Tiy_5 max (20)

where Af, is the system frequency change. The PID
controller parameters of CHP & CPHEV are tuned
concurrently by PSO.

In normal operation, it is assumed that the isolated MG
system is performed under the WP output and random load
change as in Figs.4-5, respectively. Frequency deviation,
HP charging power and PHEV charging power are
demonstrated in Figs.6-8, respectively.
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" Figure 5. Random load deviation

From Fig.6, CHP & CPHEV provides less damping
effect than PHP & PPHEV. This shows that the charging
power control effect is enhanced effectively by PHP &
PPHEV. In Fig.7, the HP charging power of CHP &
CPHEV is more than that of PHP & PPHEV. This
indicates that the HP power consumption of PHP &
PPHEV is lower than CHP & CPHEV. With Fig.8, the
PHEV charging power in the case of PHP & PPHEV is
higher than CHP & CPHEV. This implies that the PHEV
power is highly charged by the proposed controller.

-------- ~ CHP & CPHEV
PHP & PPHEV

Frequency deviation (Hz)

Time (sec)

Figure 6. Frequency deviation

HP charging power (pu)

Time (sec)

Figure 7. HP charging power

wsmeere CHP 8 CPHEV
PHP & PPHEV

PHEV charging power (pu)

0 200 400 600 800 1000 1200
Time (sec)

Figure 8. PHEV charging power '

Next, to investigéte the robustness of PHP & PPHEV
against the system parameters variation, the IAE of
frequency deviation (Af) under the WP output and random
load deviation in Figs. 4-5 are determined as

1200

IAE of &f = [|Afldr 1)
0
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Figure 9. [AE of frequency deviation

Figure 9 shows the IAE values of frequency deviation
while all system parameters are changed from -40% to
+40% of the normal values. In Fig.10, the [AE values of
CHP & CPHEV largely increase when system parameters
increase. On the other hand, the changes of TAE values in
case of PHP & PPHEV are lower than CHP & CPHEV.
This exhibits that PHP & PPHEV s very robust to the
variation of system parameters.

Next, in case of system parameters change, it is
supposed that the WP output and random load deviation as
illustrated in Figs.10-11 are subjected to the studied MG
system. During the simulation, it is assumed that time
constants of GOV (7,) and diesel generator (7,) are
increased by 40% from the normal values, the HPI
controller (Kyp,) and the PHEV2 controller (Kpypy,) are
disconnected unexpectedly at # = 0-s. This implies that the
capacities of HP and PHEV installed in the isolated MG
are reduced. Simulation result of the frequency deviation is
shown in Fig.12.

From Fig.12, the damping effect of CHP & CPHEV is
deteriorated. On the contrary, PHP & PPHEV is able to
suppress the frequency oscillation efficiently. This result
confirms the superior robustness and frequency control
effect of PHP & PPHEV over CHP & CPHEV.

0.26

0.24

°
N

0.2}

WP output fluctuation (pu)

0 200 400 600 800 1000 1200
Time (sec)

~ Figure 10. WP output fluctuation
(changed system parameters)

Random load deviation (pu)

0.835 2 -
0 200 400 600 800 1000 1200

Time (sec)

Figure 11. Random load deviation
(changed system parameters)

Frequency deviation (M)

0 200 400 600 800 1000 1200
Time (sec)

Figure 12. Frequency deviation
(changed system parameters)

5. Conclusion

The new robust controller design for frequency control by
HP and PHEV in the smart MG system with wind farm
has been presented. The multiplicative uncertainty is
applied to model the unstructured -system uncertainties.
The PSO-based specified-structure mixed H,/H, control
method is utilized to simultaneously adjust the PID
controller parameters of HP and PHEV. The proposed
designed PID controllers are very robust against the
variation of system parameters. Simulation results
confirm the superior robustness and frequency control
effect of the proposed HP and PHEV controllers.
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Abstract

This paper presents a robust frequency control by heat
pumps (HP) and plug-in hybrid electric vehicles (PHEV) in a smart
microgrid with wind farm. The intermittent power generation from
wind farm causes frequency fluctuations in the microgrid. To
alleviate frequency fluctuations, the power charge control of HP and
PHEV can be applied. The proportional-integral-derivative (PID)
structure is selected as the power charge controller of HP and PHEV.
The PID parameters optimization problem is fonnulatezi based ona
mixed H/Hy control. The particle swarm optimization (PSO) is
used to solve for PID parameters. Simulation results confirm that the
proposed HP and PHEV controller is much superior to the
conventional controller in terms of control performance and
Jobustness against system parameters variation.
Keywords : Smart microgrid, Heat pump, Plug-in hybrid electric
vehicle, Load-frequency control, Mixed H/He control, Particle

swarm optimization
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