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CHO LUGI DIEN MICROGRID DUA TREN THUAT TOAN PSO
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TOM TAT

Bai bdo nghién ctu chién lugc diéu phdi ndng lugng i wu cho hé thong Microgrid lai (HMG) bao gom hé thong PV (ndng lugng mat trai), hé thong BESS
(lvu trit ndng lugng), may phat dién diesel va lugi dién xoay chiéu nhdm dam béo an ninh ndng lugng tai cac khu vuc ddc thu cla tinh Quang Tri, Viét Nam.
Mdc du s6 hitu tiém ndng I6n véi cong sudt quy hoach trén 8.000MW theo Quy hoach dién VIII, Quang Tri hién van ddi mat véi thach thic vé ha tang dién
tai 26 xa bién gidi kho tiép can ludi dién qudc gia. Nghién ctiu dé xuat mot phuang phép diéu phai tich hgp nham toi da hda viéc khai thac nguon nang lugng
ti tao s&n ¢6 va 6n dinh phu tai trong moi thai diém van hanh. Giai thuat PSO dugc ting dung dé cuc ti€u hda chi phi van hanh hé théng, trong khi mé hinh
mang no-ron NARX dugc ting dung dé du bo chinh xac SR (bic xa mat troi), cung cap dit liéu dau vao tin cdy cho qua trinh diéu phdi. Két qua mé phang
cho thdy hé théng dap (ing hoan toan nhu cau phu tai thuc t€, gidm thiéu dang ké ap luc chi phi cho nha dau tu va dat do chinh xac du béo nang lugng mat
trai én ti 95%.

Tirkhéa: Diéu phdi ndng lugng, Microgrid lai, PSO, NARX, nding luong tdi tao.

ABSTRACT

This paper investigates an optimal energy management strategy for a Hybrid Microgrid (HMG) system comprising PV arrays, Battery Energy Storage Systems
(BESS), diesel generators, and the AC grid to ensure energy security in specific regions of Quang Tri Province, Vietnam. Despite a significant planned capacity of
over 8,000MW under the National Power Development Plan VIII, Quang Tri still faces major infrastructure challenges, particularly in 26 border communes with
limited access to the national grid. The study proposes an integrated coordination framework designed to maximize renewable energy utilization and maintain
load stability across all operating conditions. The Particle Swarm Optimization (PSO) algorithm is employed to minimize system operational costs, while a
Nonlinear Autoregressive Exogenous (NARX) neural network model is implemented to accurately forecast Solar Radiation (SR), providing reliable input data for
the dispatch process. Simulation results demonstrate that the system fully satisfies actual load demands, significantly mitigates financial pressure for investors,
and achieves a solar energy forecasting accuracy of up to 95%.
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Ki hiéu Y nghia

EMS Hé théng quan ly nang lugng
DERs Nguén nang lugng phan tan
ESS Hé théng luu trir nang lugng
SR Buc xa mat troi
PSO Thuat toan t6i uu bay dan
NARX M6 hinh du bao phi tuyén
OPEX Chi phi van hanh

1. GIGI THIEU

Céc cong trinh nghién ctiu va phat trién Microgrid da
dugc quan tam tu rat lau, cdc mo hinh hién hitu thuong
boc 16 su han ché vé tinh thuc tién khi ap dung cho dac
thu dia phuong, dan dén viéc chua khai thac triét dé tiém
nang nang lugng tai chd. Tai tinh Quang Tri, mot bo phan
dan cu van d6i mat véi tinh trang thiéu hut dién nang kéo
dai hoac chét lugng dién khéng 6n dinh do trd ngai vé
khodng cach dia ly [1, 2]. Trong khi d6, khu vuc nay sé hiiu
trr lugng SR déi dao va 6n dinh - mot nguén nang luong
ti tao tiém nang chua dugc tan dung triét dé [3]. Do do,
nghién clu nay dugc trién khai nham dé xuat mét giai
phép ky thuat kha thi, thic ddy an ninh nang luong va tao
déng luc phat trién kinh té bén viing cho dia ban tinh.

Microgrid t6i uu giGip van hanh én dinh tai lugi dién
yéu nhg diéu phoi linh hoat DERs, luu trit va phu tai, dong
thai hé trg chuyén déi néi lusi/déc lap dudi 20ms [4-7].
Viéc tich hgp ndng lugng tai tao giup gidm OPEX khodng
15 - 25%, giam phat thai CO, dén trén 50% va nang cao
dd tin cay cung cap dién [5, 8, 9]. Hé théng ciing duy tri
chat lugng dién nang vdi dién ap trong nguéng +5% va
kiém soat THD theo IEEE 519 [10, 11].

GRID e LOAD

Hinh 1. Cau trtic hé thdng quan Iy nang lugng trong Microgrid lai dé xuat
Nghién ctu tap trung thiét lap co s& dir liéu cho hé
EMS nham diéu phdi t6i uu cong suat gilta cac ngudn
DERs va ESS trong m6 hinh Hybrid MG. Hé théng dam bao
tinh lién tuc ctia dong nang lugng qua kha niang chuyén
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déi ché d6 van hanh (grid-connected va islanded) véi thoi
gian dap ing muot ma dudi 20ms, dong thai tich hgp
dong céng sudt hai chiéu dé gidm tén that truyén tai
xuéng duéi 5%. Viéc iing dung cac chién lugc phan hoi
phu tai khong chi nang cao chat lugng dién ndng theo
tiéu chuan IEEE ma con giup téi uu lgi ich kinh té€ cho cac
cau tric AC/DC/Hybrid quy mo6 nho [12].

Cau trdc hé théng & hinh 1 dugc cdu hinh dua trén cac
thanh phan tai nguyén nang lugng phan tan véi céc
thong s6 dinh lugng co ban nhu sau:

- Ngudn PV c6 dién tich bé mat hap thu 24m?, tich hop
bé nghich luu DC/AC két néi 1ugi va bd bién déi DC/DC
diéu khién sac;

- Hé théng BESS luu trir ndng lugng bang lithium c6
dung lugng la 2000Ah;

- Nguén Diesel 8kW la ngudn dién xoay chiéu c6 thé
cung cap truc tiép cho hé théng dién di dén cac tai. Quan
ly nang lugng EMS diéu phoi dong cong suat gilta cac
nguén DERs va phu tai théng qua bé diéu khién trung tam.

Mac du cac nghién ctu téng hgp tai bang 1 da dat
dugc nhiing tién bd dang ké trong viéc Uing dung cac
thuat toan t6i uu nhu PSO, MOPSO va QPSO, gitip giam
OPEX trung binh tir 15% dén 25%, nhung tinh kha thi thuc
tién tai cac khu vuc dac tht nhu mién Trung Viét Nam van
chua dugc ki€ém ching day dd. Cac mé hinh du bao nhu
NARX da chiing minh dé chinh xac cao véi hé s6 tuong
quan R > 0,85, tuy nhién, viéc tich hgp cac dirliéu dy bao
nay vao khung diéu phéi thoi gian thuc ctia hé théng
quan ly nang lugng EMS van con rdi rac [18, 21].

Phan 16n cac cong trinh hién nay thudng tach biét qua
trinh t6i uu va du bédo, dan dén sai sé tich Iy trong diéu
phéi cong suat, dac biét khi déi méat vai tinh bat dinh cao
cta SR (bién déng Ién dén 30 - 40% trong diéu kién thoi
tiét cuc doan). Hon nita, cac nghién ctu vé EMS da muc
tiéu hién tai thudng uu tién cuc tiéu héa chi phi ma chua
gidi quyét triét dé su can bang gilia hiéu qua kinh té va do
tin cdy cung cap dién tai cac vung bién gigi kho tiép can
Ui dien.

Do dé, ton tai mot khoang trong nghién cdu roé rang
trong viéc thiét lap mot khung diéu phéi tich hop: s
dung mé hinh NARX dé du béo cong suat PV vai d6 chinh
Xac muc tiéu trén 95%, lam dir liéu dau vao truc ti€ép cho
giai thuat PSO da muc tiéu. Hudng ti€p can nay khong chi
t6i uu chi phi van hanh ma con giam thiéu rui ro mat dién
cuc bd, mang lai gia tri dinh lugng cu thé cho viéc trién
khai cac hé théng Microgrid lai trong diéu kién khi hau
nhiét ddgi bién dong manh.
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Bang 1. Tong hop cac nghién ctiu lién quan dén t6i uu diéu phéi nang

lugng trong Microgrid
Tai ) v a. Han ché va huéng
ligu Phuong phap Két qua chinh phat trién
Dva chd yéu trén

(13,
14]

Multi-objective QPSO
cho day-ahead
scheduling grid-
connected MG (PV +
wind + battery +

grid),  toi uu
operational cost +
(0, emissions.

QPSO vugt trdi
PSO truyén thdng
(trdnh premature
convergence);
giam déang ké chi
phi va phat thai.

simulation; forecasting
renewable chua chi tiét
NARX; chua xét full
environmental pollution
(NOy, SO,). Huéng phat
trién: Tich hop NARX
forecasting + real-time
replanning.

[15]

Mo hinh NARX phan
p (tiered:
fleet/zone/site) ~ dy
bdo day-ahead cong
suatPV.

i thién 3,21%
(zone) va 5,35%
(site) so véi mod
hinh don; NRMSE
= 0,137 - 0,148;
R > 80%.

Khd thich ting véi thay ddi
thoi tiét dot ngot; hiéu
qua cao nhat khi pattern
thoi tiét 6n dinh. Hudng
phat trién: Két hgp NARX
véi (PSO) trong EMS
multi-objective.

[16]

Review toan dién

optimization  (PSO,
hybrid), power
prediction  (NARX,
LSTM, VMD-NARX...)
va VSG  trong
microgrid.

Tom tat uu diém
cdc ky thuat hién
tai; chi ra synergy
gitia prediction va
optimization.

Thiéu nghién cdu tich hgp
chdt ché NARX forecasting
vao  PSO-EMS  multi-
objective  (cost  +
emission);  uncertainty
handling va real-time con
yéu. Huéng phat trién:
Nghién ctiu hybrid NARX
+  PSO/QPSO  cho
microgrid thuc té (dac biét
regional nhu Viét Nam).

(17,
18]

Forecast-aided EMS
két hop PSO toi uu lich
charge/discharge ESS
trong industrial
microgrid (case study
Viét Nam - khi h3u
nhiét déi).

Gidm chi phi van
hanh hiéu qua,
phu hgp véi dit
liéu load thuc té
tai Viét Nam; tich
hgp forecasting
load vao PSO.

Dya trén simulation
industrial ~ microgrid;
chua tich hop day du
multi-objective (cost +
emission) va NARX cho
solar. Hudng phat trién:
Ap dung NARX du bdo

solar  +  real-time
replanning cho
microgrid Viét Nam.

2. PHUONG PHAP NGHIEN CUU

Nghién ctu sirdung bo dir liéu gébm cong suat phu tai
khu dan cu, buc xa mat trgi, nhiét &6 moi truong va trang
thai van hanh cla lugi dién. Ngoai ra, di liéu gia dién va
gia dau diesel tai Viet Nam nam 2025 dugc thu thap dé
phuc vu bai toan t6i uu chi phivan hanh. D liéu dugc thu
thap la mét nam va do phan giai la mot gid.
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D( liéu nghién ctu (hinh 2) dugc téng hgp ti cac
nguodn uy tin (Kaggle, NASA POWER). Riéng kich ban van
hanh doc lap tai vung bién gidi dugc xdy dung bang dir
liéu téng hgp (synthetic data) qua céng cu Python, mé
phong thuc té thai gian cap dién han ché tir 3 - 5
gid/ngay. Viéc phan tich kich ban cuc doan nay khéng
lam gidm tinh téng quat ma gidp khang dinh kha nang
thich Ung va tinh thuc tién ctia hé thong EMS dé xuat
trong diéu kién ha tdng nang lugng khéng én dinh. D
liéu gia dién va gia dau tai Viét Nam chiu su quan ly ca
Nha nudc nén muc do bién dong trong nam 2025 nhin
chung khong 16n. Daéi véi gia dién, nam 2025 chi ghi nhan
mot dot diéu chinh tirngay 10/5/2025 theo Quyét dinh s6
1279/QDb-BCT; trong d6, muic gia dién kinh doanh cap
dién ap dudi 6kV vao gi¢ cao diém tang tu 5.174
dong/kWh lén 5.422 dong/kWh. DBéi véi dau diesel, gia
dau diesel 0,055 dugc diéu chinh 54 ky trong nam 2025
theo chu ky diéu hanh gia xang dau. Muc gia dao dong
trong khoang 16.809 - 20.194 d6ng/lit, trong d6 gia cao
nhat ghi nhan vao ngay 23/01/2025, thap nhat vao ngay
08/5/2025, dén ky diéu hanh cu6i nam ngay 31/12/2025
giadm con 17.255 déng/lit quan sat trong hinh 3.

8iu 86 gib dbu diesel sau cbc ky didu chinh ndm 2025
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Bét ddu

Thu thap dir liéu theo thoi gian
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- Cong sudt tai
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Y
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Hinh 5 Luu do thudt toan diéu phdi ndng lugng st dung PSO két hop du
bdo NARX

Hinh 4 minh hoa phan bé muic dé buic xa mat trdi trén
toan lanh thé Viét Nam, qua dé lam ndi bat tiém nang va
lgi thé cda khu vuc nghién ctu. D€ t6i uu hda hiéu suat
van hanh va gia tang kha nang hap thu buc xa, cac tdm
pin PV dugc thiét ké l1ap dat véi mot goc nghiéng nhat
dinh so v6i mat phdng ngang. Do dé, viéc xac dinh chinh
xac lugng buc xa thu nhan trén bé mat nghiéng la can
thiét, cong thiic sau dugc sir dung dé tinh toén:

G =Gy

1+ cospf B
+Gd [Al + (1 - AJT(l + fsm3 E):l (1)
1—cosf
+G”T
Trong dé:

G, 1a buc xa trén mat phdng ndm nghiéng;
Gy, la buc xa truc tiép;

G4 1a buic xa khuéch tan;

G, la buic xa phan xa tU mat dat;

B la géc nghiéng clia tam pin;

f la hé sé di huéng.
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Bang 2. Thong s6 clia BESS

Thdi gian sac/xa 10 gid
(6ng sudt I6n nhat 2,4kW
Dung lugng luu trit I6n nhat 90%
Dung lugng luu trit nhd nhat 30%
Hiéu sudt sac xa 90%
Hiéu sudt bién tan 94%

Hé thong luu trir st dung pin lithium c6 dién ap dau
cudi 12V va dung lugng dinh mudc 2000Ah hodc 24kWh.
Pin khi sac day dugc phép sac/xa hoan toan trong 10 gig,
dan dén coéng suat dau vao/dau ra téi da la 2,4kW. Tuy
nhién, dé€ bao vé tudi tho pin, trang thai sac (SOC) dugc
duy tri trong khoang 30 dén 90%.

3. XAY DUNG HE THONG PIEU PHOI NANG LUONG
3.1. Xay dung kich ban diéu phéi khi chua c6 téi uu

Xay dung hé théng trén nguyén tac cung cap du cho
tai hoat déng trong moi tinh huéng khéng dugc dé mat
tai. Sé uu tién cac ngudn nang lugng tur hé théng nang
lugng mat troi truc ti€p sau dé dén luédi dién pin va cudi
cung la may phat dién.

- Truong hgp thi nhat khi lugi dién dang hoat dong, hé
thong uu tién khai thac nguén nang lugng tai tao. Phan
nang lugng du thira tir hé théng nang lugng tai tao dugc
sir dung dé sac pin luu trd; khi pin dat trang thai day, céng
sudt du sé dugc hoa vao ludi dién. Nguoc lai, khi cdng suat
turhé thong PV khong dap ting dt nhu cau tai, hé théng uu
tién xa pin, sau d6 mai st dung dién tur ludi, han ché téi da
viéc huy déng cac nguédn phat dién bé sung.

- Trudng hgp thi hai khi lugi dién mat dién uu tién s
dung nguén nang lugng dén ti PV tiép theo dé dén pin
va cudi cling la may phat dién.

Sau day la cong thic cap nhat trang thai cla pin qua
céac trudng hop va sau cac thai diém:

+ Cong suat phat ctia hé PV:

Epypc = G.AM (2)
+ Xét dén su anh hudng cla nhiét do:

Epypc = (1= a(Teey — 25))G. A (3)
Trong do6:

Epy pc la ndng lugng cta PV phia DG;
n hiéu suat pin;

G la buc xa mat trai;

a hé s6 suy giam nhiét;

A dién tich tam pin;

Tcey Nhiét do té bao quang dién.
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+ Nhiét d6 té bao quang dién:
NOCT—20
0,8

(4)

Tceu = Tampient T
Trong dé:
Tampbient Nhiét &6 Moi trudng;

NOCT nhiét dé dinh muc cla té bao.

+ Cong suat PV phia AC:

Epv,.ac = Epypc-Ninw )
Trong dé:

Ninw 12 hiéu suat.

+ Dung lugng pin:

Epat = Vnom- Can- 107 (6)
Trong dé:

Epqe 1a dung lugng pin (kWh);

Vom dién ap dinh muc;

C4p dung lugng pin.

+ Gidi han sac/xa theo SOC:

sac: Edis,max =min (Pbat,maxr Ebat(SOC - SOCmin)) (7)

x&: Ecymax = mint (Poatmaz Epat (S0Cmax — SOC))  (8)
Trong dé:
SOC trang thai ctia pin (0-1)
+ Cap nhat trang thai SOC:

khi x3: SOCpyq = SOC, — |El;:at.Dc| ©)

bat

Khi sac: SOC,,, = SOC, + |El];at,DC|

bat

+ Quy d6i AC/DC clia pin:
Khi sac: Epc = Ejc-Npat,inv
Khixa: Eqc = Epc-Npat,inv
Trong dé:
Nbatinv = 0,94
e Nguyén tic hoat dong
Eioaa = Epv + Ejithium + Egrid + Ejieser (13)
e (Congsuat diesel
Egieset = Eloaa — Epv — Elithium (14)
3.2. Khi c6 téi uu kinh té sir dung PSO

Quy trinh diéu phéi dugc thiét 1ap nham uu tién téi da
héa viéc khai thac nguén nang lugng tai tao va dam bao
tinh lién tuc cla phu tai Pioas:

+ Kich ban 1: PV dap (ing hoan toan nhu cau phu tai:
EPV = Eload

PV cung cap toan bo cho tai: Ppy = Pjyaq
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Phan du nap cho pin néu chua day:

Etithium = Epv — Eloaa

+ Kich ban 2: PV khong dap ung da phu tai:

EPV < Eload

Luong thi€u hut uu tién lay ti pin ra néu con xa duoc:
Ethiew = Eloar — Epv

St dung diesel va dién lugi dua trén t6i uu

Khi mat dién: Egieser = Eioaa — Epv

Khi c6 dién, thuat toan PSO dugc si dung dé téi uu
ham muc tiéu:

Cost = Z(Pgrid- pricegrig + Paiesel- pricediesel) (15)

Bién t6i uu:

X = [Pgrid(t); Pdiesel(t)] voit = 1,2,

Cap nhat van téc:

v =wv + ¢,y (pbest — x) + c,r,(ghest —x)  (16)
Cap nhat vi tri:

X=v+x (17)
Trong d6:

v 1a van téc téc dé thay d6i nghiém;

x la vi tri ctla nghiém hién tai;

w la hé s6 quan tinh;

¢, diéu khién xu hudng quay vé nghiém t6t nhat cta
chinh né;

¢, hé s6 bay dan;

71, 7> hé sé ngau nhién tranh mac ket & nghiém cuc bo;

pbest nghiém tét nhat ma no tiing dat dugc;

gbest nghiém tét nhat toan thé.
3.3. Xay dung mé hinh du bao biic xa mat troi sit dung
mo6 hinh NARX

Dir liéu dugc xtr ly bang phuong phap lam min
Savitzky-Golay nham gidm nhiéu va loai bé cac gia tri bat
thudng phat sinh tir sai s6 do clia cdm bién. Qua trinh nay
giup cai thién chat lugng dir liéu dau vao, tir d6 nang cao
d0 chinh xac cdia mé hinh dy bdo. M6 hinh dugc xay dung
dé du bao trudc 24 gi dé lap ké hoach phat va luu tri
dién [15].

Coéng thuc x ly dit liéu:

Yi = X m Ciyisj

Trong do6:

(18)

Yi+j la dirliéu dau vao;
C; hé 56 Savitzky-Golay;
¥; d{t liéu sau khi lam muat;
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m la ntfa d6 rong khoang lam mugt.
Cong thuc dy bao mé hinh NARX:
x(t—T),x(t —2T),...,x(t —nT),
v =1 ( y()t —(T), ...,})/(t - r(lT) ) ) a9
Trong dé:
n la s6 diém qua khi trong du bao;
T la s6 budc thai gian;
Ham x() va y() la dau vao anh hudng va dau vao la
chinh n¢;
Ham () I3 ham biéu dién méi quan hé phu thudc theo
thdi gian;
Cong thic tinh sai s6 mé hinh:

MAE = ~37x; — x| (20)

Trong dé: x; la gia tri du bdo va x la gia tri thuc té.
4. KET QUA MO HINH NGHIEN cUU
4.1. Két qua diéu phéi tai khi chua ap dung téi uu
Trong hinh 6 thé hién két qua khi diéu phdi tai dua
trén nguyén tac uu tién nguén nang lugng tai tao. Hinh
6a va 6¢ trinh bay két qua mo phong trong hai ngay mua
déng. Trong diéu kién buc xa mat trgi thap, hé théng
BESS khéng dugc sac day, do dé hé théng van can huy
déng thém céng sudt t lugi dién va may phat diesel dé
bdo ddm can bang cong suat.

QUAN LY NANG LUONG TRONG HAI NGAY MUA DONG
T T T T T T T

Nang Iwong(kW)
\ %
§)
<
—

L L L L L . L L L
o 5 10 15 20 25 30 35 40 45 50
Thai gian trong hai ngay (gi®)

(a) Bi€u d6 nang lugng maa dong

QUAN LY NANG LUQONG TRONG HAI NGAY MUA HE
T T T T T T

Thod glan trong hal ngdy (gio)

(b) Biéu d6 néng lugng muia he
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(c) Biéu dd trang théi pin mua dong

(d) Biéu d6 trang thai pin mua hé
| % 7%
. satery
Eoiese!
[_JGRrID

49%

(e) Bi€u d6 phan tram nang luong cung cdp mdt nam

Hinh 6. Két qua diéu phdi ndng lugng theo nguyén tic uu tién ngudn nang
ugng tai tao trudc toi uu

Két qua tai hinh 6b va 6d cho thay trong diéu kién mua
he, cong suat phat tir hé PV ting dang ké, gép phan dap
Ung phan I6n nhu cau phu tai va cai thién trang thai sac
clia BESS. O mot s6 thai diém, cong suat PV du thira c6
thé dugc sir dung dé sac pin hoac hoa ludi, cho thay kha
nang ma réng quy mé hé théng trong cac nghién ciu
tiép theo. Hinh 6e cho tng quat su phan bé cla cac tai
trong mét nam luéi dién chi cung cap 7% lugng nang
luong tiéu thu trong d6 pin va nang lugng mat trdi chiém
trén 80% ngudn cung cap nang luogng cho thay hiéu qua
st dung hé thong nang lugng tai tao nay. Tuy nhién, ty 1é
khai thac nang luong téi tao cao chua da dé danh gia toan
dién hiéu qua van hanh cta hé théng. Can xem xét thém
tiéu chi chi phi van hanh, mic d6 huy déng diesel, cong
suat mua tu ludi va trang thai SOC ctia BESS. Cac két qua
sau t6i uu bang PSO dugc trinh bay & hinh 7 nham lam r6
hiéu qua kinh té va ky thuat ciia phuong phéap dé xuat.
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4.2. Két qua (ing dung tdi uu PSO cho chi phi va NARX
dé du bao buic xa mat trai

Két qua sau khi dp dung mé hinh PSO va du bao mang
na-ron NARX (hinh 5) cho thay su cai thién ro rét vé mat
kinh té va van hanh ky thuat.

QUAN LY NANG LUONG MUA HE
T T T T
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3 ! t I
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HaUl Journal of Science and Technology | 125



CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

T T T T T T T T

Actual
Forecasted

200 I I 1 L I L 1 L
0 1000 2000 3000 4000 5000 6000 7000 8000 9000

(e) Két qua du bdo biic xa

3%

EmrV

[ Battery
[Diesel
[ 1Grid

41%

(f) Biéu d6 phan trm néng lugng

Hinh 7. Két qua diéu phdi ndng lugng sau tdi uu bang PSO va du bdo biic
Xa mat troi bang NARX

Hiéu qua van hanh va Quan ly luu trir (hinh 7a-d):
Céc biéu dé cung cap nang lugng va trang thai sac (SOC)
cla pin trong ca hai diéu kién mua déng va mua hé khang
dinh hé théng luén duy tri kha nang dap ing 100% phu
tai. Qua trinh sac/xa cla hé thong luu trir dugce diéu phoi
linh hoat, tuan thd nghiém ngat cac rang budc ky thuat
(duy tri SOC trong khodng 30% dén 90%) dé t&i uu tudi
tho thiét bi. T8i uu chi phi van hanh (hinh 7f): Viéc ing
dung gidi thuat PSO da tao ra su thay déi chién lugc trong
phan bé ngudn luc so véi kich ban truyén théng.

Do chinh xac cia mé hinh du bao (hinh 7e): M6 hinh
NARX dugc hudn luyén va kiém dinh trén bd di liéu chubi
thai gian kéo dai 8.760 gid. Trén ca s¢ d6, mé hinh dugc s
dung dé thuc hién du bdo ngan han theo cla s6 truot 24
giG tiép theo. Két qua cho thdy sai s6 trung binh clia du bédo
24 gi& dat khoadng 5%, thé hién hiéu suat cao va tinh 6n
dinh ctia m6 hinh. Mac du két qua nay chua dugc tich hgp
vao hé théng thuc té, nhung né cho thay tiém nang tng
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dung clia cac phuong phap hoc mdy trong bai toan du bao
buic xa mat trai. Viec két hgp du bdo hoc may vai thuat toan
t6i uu bay dan khong chi nang cao tinh kha thi trong diéu
phdi hé théng ma con mang lai Igi ich kinh t€ dang ké cho
cac mé hinh Microgrid tai khu vuc Quang Tri.
5.KET LUAN

Nghién ctu nay da xay dung thanh cong hé théng
quan ly nang lugng tich hgp mo hinh du bado NARX va
thuat toan t6i uu hoéa PSO cho ludi dién Microgrid lai tai
khu vuc Quang Tri. Két qua thuc nghiém cho thay hé
thong c6 kha ndang dap ting day dt nhu cau phu tai, dong
thdi gop phan dam bao an ninh nang lugng cho cac khu
vuc bién gidi khé tiép can luéi dién truyén théng. Mé hinh
du bao NARX dat d6 chinh xac khoang 95%, qua d6 ho trg
hiéu qua trong viéc lap ké hoach sac/xa pin va nang cao
tinh 6n dinh van hanh cia hé théng, dap Uing cac yéu cau
ky thuat theo tiéu chudn IEEE 519. Cac két qua dat dugc
cho thay tiém nang Ung dung thuc tién clta giai phap,
g6p phan hudng téi muc tiéu tu chd nang lugng theo
dinh huéng ctia Quy hoach dién ViIII.

LOI CAM ON

Nghién ctu nay dugc tai trg bdi HaUl trong dé tai
nghién ctu khoa hoc sinh vién 2026.
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