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Tém tit: Nghién ciru dé xudt mét khung phirong phdp toan dién nham ndng cao do
chinh xac dw bao tiéu thu nang lwong tir div liéu thuc 1é chira nhiéu Ioi. Trong tam la mé hinh
lai SARIMA-SVR (Seasonal AutoRegressive Integrated Moving Average - Support Vector
Regression) dwoc toi wu héa siéu tham sé bang thudt toan Firefly (FA). Phwong phdp cé ba
dong gép chinh: (1) Ky thudt ndi suy diea trén mau hinh thoi vu (theo gio, ngay, mia) dé khéi
phuc dir liéu 16i, dam bdo chat luwong dau vao; (2) Kién tric lai chat ché, sir dung dau ra dw
bao xu huwong va thoi vu tir mo hinh SARIMA lam mot dac trung wu tién cho mo hinh SVR,
cho phép SVR tap trung hoc cac thanh phan phi tuyén phire tap; (3) Ung dung FA daé tu dong
tim bo tham s6 t6i wu cho SVR, hiéu qud hon cdc phwong phdp truyén thong. Két qua thuc
nghiém trén tdp dir liéu thuc té chirng minh mo hinh lai dé xudt dat do chinh xdac vuot tréi
mét cach cé ¥ nghia so véi cdc mé hinh co s¢ nhw SARIMA, SVR thudn tiy, LSTM (Long
Short-Term Memory). Nghién civu khéng chi cung cap mot cong cu die bao khd thi cho cdc hé
théng ndng lwong ma con dong gép mét phwong phdp ludn tich hop giita tién xir 1y dit liéu,
mé hinh héa lai va t6i wu héa. Huéng phdt trién twong lai bao gom tich hop bién ngoai canh
va thiw nghiém trén cac bo dir lieu da linh vuc.

Tir khoa: dy bao tiéu thu nang luong, mé hinh lai SARIMA-SVR, thudt toan Firefly, noi suy dir
liéu ndng cao, xvr Iy div liéu 16i

I. Dit van dé trong két qua du bao néu khong duoc xir Iy

Trong bdi canh chuyén dbi s, du bao dung cach (Little va Rubin, 2019).

chinh xac nhu cau ning luong 1a nong cot
cho céac hé thong quan 1y thong minh. Tuy
nhién, dit liéu thuc té thuong chira nhiéu

nhiéu va gié tri thi€u, lam sai I¢ch nghiém

Lich sur phat trién phuong phap du
bao cho thiy su tién héa tir cac mo hinh
thong ké c¢6 dién nhu ARIMA/SARIMA
- hiéu qua véi cac miu hinh tuyén tinh

' Khoa Pién - Dién tir, Truong Pai hoc Mé Ha Noi, Ha Noi, Viét Nam
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va chu ky nhung kém linh hoat véi phi quan hé phi tuyén phirc tap. Xuit phat tir
tuyén - dén ciac mo hinh hoc may nhu d6, nghién ctru d& xuat khung phuong
SVR, LSTM c6 kha nang mo hinh hoa phap lai toan dién véi ba dong gop chinh:
phi tuyén manh nhung doi héi dit ligu 16n Péng gop 1: K§ thudt noi suy dya

va dé hoc qua muc (Smola va Schélkopf,
2004; Hochreiter va Schmidhuber, 1997).
Xu huéng phat trién moé hinh lai nhim
két hop uu diém cua ca hai truong phai
(Zhang, 2003). Tuy nhién, phan 16n cac
nghién ciru lai hién tai van tdn tai ba han
ché chinh: (1) xtr 1y dit liéu dau vao so sai;

trén mau hinh thoi vy thong minh, xir 1y
khac biét 161 ngan/dai han.

Pong gop 2: Kién trac lai SARIMA -
SVR tich hop chat ché, st dung dau ra du
bao SARIMA lam dic trung dau vao chu
chdt cho SVR.

(2) két hop mé hinh thiéu co ché tich hop Péng gop 3: Ung dung thut todn
t6i wu va ti wu siéu tham sb hiéu qua; (3) Firefly dé tu dong lua chon bo tham s6 t6i
chua can nhéc ddy dii tinh kha thi khi trién uu cho SVR (Yang, 2010).

khai thuc té (Khashei va Bijari, 2011). Vi II. Phwong phap, vat liéu
mod hinh lai SARIMA-SVR, céc nghién nghién ciru

ctru phd bién thuong st dung SARIMA
du bao so bo rdi dung SVR dy bao phﬁn
du, hodc két hop tuyén tinh hai dau ra. Cac

2.1. Téong quan vé quy trinh
nghién ciru

cach tiép can nay chua tan dung triét dé Quy trinh nghién ctru gom ba giai
kha nang hoc phi tuyén cua SVR. Phuong doan chinh: (1) Tién xir 1y dir liéu voi k§
phap dé xuét khac biét & chd dau ra dyu bao thuat ndi suy nang cao; (2) Xay dung va
ctia SARIMA dugc sir dung truc tiép nhu huan luyén mo hinh lai t6i wu; (3) Panh
mot dac trung uu tién dau vao cho SVR, gia, phan tich két qua va so sanh véi cac
cho phép SVR dong thoi hoc bd sung cac mo6 hinh tham chiéu (Hinh 1).

D@ ligu ddu vao: D@ ligu tiéu thy nang lugng thd
(chtra nhidu, thiéu dir liéu va sai léch do)

I

GIAI DOAN 1: TIEN XU’ LY DU LIEU

« Phat hién va phan loai I6i dir liéu
— L&i ngan han
~ L&i dai han
« Hoc va trich xudt mau hinh theo thi gian
— Gid trong nga:
— Ngay trong tuan
— Chu ky tudn
+ NGi suy nang cao dwa trén nglr canh

Dir liéu da lam sach & dac trung theo théi gian
‘ Két qua dy bao cubi cing
GIAI DOAN 2: MO HINH LAI VA TOI WU HOA T
Mb hinh SARIMA GIAI DOAN 3: DANH GIA VA SO SANH
«+ M hinh héa xu huéng tuyén tinh *RMSE +MAE +R?

+ M hinh héa tinh mua vy * So sanh v&i cac mé hinh co s&

] |

M5 hinh SVR
—>{ «Mé hinh héa xu huéng phi tuyén

Péc treng du béo tir md Két qua dv bdo

hinh SARIMA

! l

DPac trung ky thuat thu
cdng (Lag, Rolling
statistics, Cyclic encoding)|

Thuat toan Firefly
« Téi wu tham s6 SVR (C, v, £)

Hinh 1. So do khoi quy trinh mé hinh lai dé xudt



2.2. Thu thdp va mé ti dir liéu
nghién cvuru

Dit liéu nghién ciru 12 chudi tiéu thu
ning lugng theo gio (kWh) tir hé thong
do dém thong minh cia toa nha FPT
Complex tai Pa Nang, thu thap tir thang
01 dén thang 06/2022. Pay 1a dir li¢u thyc
té, phan anh day du cac dic tinh van hanh
va thach thac thuong gap.
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Bdng 1. Thong ké mé ta di liéu tiéu thu
nang lwong goc

Chi s6 thong ké Gia tri
Tong s6 mau 4,344

o 01/01/2022 -
Khoang thoi gian 30/06/2022
Gia tri trung binh (Mean) | 6,458 kWh
Do léch chun (Std) 8,037 kWh
Gi4 tri nho nhat (Min) 0 kWh
Gid tri 16n nhat (Max) 59,812 kWh
S6 diém dit liéu 10i 418 (9.6%)
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Hinh 2. Phén bé dir liéu

Dit liéu thé hién tinh thoi vu 10
rét theo ngdy va tuan: tiéu thu thap vao
cudi tuan va ban dém, cao vao gid hanh
chinh cac ngay lam viéc. Ty 1¢& dir liéu 16i
(~9.6%) 1a déng ké va can duoc xir 1y k¥
ludng trudce khi dua vao mo hinh dy bao.

2.3. Phwong phdp tién xir Iy di¥ liéu
va ndi suy ndng cao

Pé giai quyét van dé dir lidu 1di,
chung t6i d& xuit mot quy trinh tién xur Iy
thong minh gém ba budc chinh: Phét hién
161, hoc mau hinh va ndi suy theo ngit canh.

Phuong phap nay ké thira va phat trién tir
céc nghién ctru vé xtr 1y dir liéu thiéu trong
chudi thoi gian (Little & Rubin, 2019),
(Junninen va cdng su, 2004).

Buéc 1: Phat hién va phan loai
16i: Cac diém dir liéu 16i (gia tri 4m, gid tri
0 trong gid hanh chinh, hodc vugt ngudng)
duoc gdp thanh cum. Cym < 6 gio 1a 16i
ngan han, > 6 gio 1a 16i dai han.

Budc 2: Hoc mau hinh tiéu thu theo
mua: Tir phan dit liéu hop 1&, hé thong tu
dong hoc cac mau hinh tiéu thu & nhiéu cép
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do thoi gian, duya trén nguyén Iy phan i chudi
thoi gian (Cleveland va cong su, 1990):

Mau hinh theo gio trong ngay

Mau hinh theo ngay trong tuan

Mau hinh theo thang: Xu huéng tiéu
thu thay doi theo mua trong nam.

Viéc hoc duogc thuc hién béng cach
tinh toan gia tri trung binh va d¢ léch
chuan cho timg nhém thoi gian tuong Uing.

Vinterp =a- Vpattern +(1—-a)-

. 1 . , .
voi w; = —, d. la khoang céch
e NS A Y TR .2 A A
thoi gian tor diém 101 dén diém lan can
thu L I/pattem

tuong tng, va a 1a h¢ so can bang.

1a gia tri mau hinh theo gio

Hé s a duge xac dinh bﬁng thuc
nghiém trén 20% dir liéu hop 1€ (khong
chira 1561) bang cach mo phong cac cum 16i
ngén han vé6i do dai tir 1 dén 6 gi0, sau do
thir nghiém véi cac gia tri tir 0 dén 1.

Két qua danh gia dyua trén RMSE va
MAE cho théy 0=0,3 dat sai s6 khoi phuc
nhé nhét va bao toan tt nhat tinh thoi vu
cta chudi, do d6 duoc chon lam tham s
mac dinh cho toan bd thuc nghiém. Phuong

f = Vbefore + (Vafter
voi k 1a hé sb diéu chinh do dbc
(dat k&=12), ¢ 1a vi tri thoi gian trong cum
16i (chuén héa vé [0,1]), ¢, la diém gitta
(¢,=0.5).

Piéu chinh theo miu hinh: Piéu
chinh ting diém trén dudng co so bang hé
s6 ty 18 1y tir mau hinh theo gid dé dam
bao bao toan tinh thoi vu:

Vinar(t) = f(£) - 22 3)

Trong d6 P, la gia tri mau hinh
theo gio tai thoi diém ¢, P~ 1a gid tri trung
binh cua tat ca cac gio.

Budc 3: Ky thuat ndi suy nang cao
theo nglr canh

béi véi 16i ngén han, gia tri duoc
khoi phuc dua trén su két hop c6 trong
) gitra mau hinh va gia tri 1an can, duoc
phat trién tir phuong phép noi suy theo
khoang cach nghich d4o (Inverse Distance
Weighting - IDW) (Shepard, 1968) trong
khong gian thoi gian:
=1 (WiVneighbor,)

it wi

(1)

phap nay két hop thong tin dai han (mau
hinh) va ngin han (gia tri lan can), t6i uvu
hon so v6i noi suy tuyén tinh don thuan.

Pbi voi 16i dai han, mot phuong
phap phirc tap hon duoc ap dung, két
hop noi suy phi tuyén vé6i didu chinh theo
mau hinh:

Xéc dinh ngtr canh: Tim gia tri hgp
1& cudi cﬁng truede cum 16 g ngfore) va gia
tri hop 1€ dau tién sau cum 161 (Vq ﬁw).

Tao duong co sd: Tao mot duong
cong ndi suy phi tuyén sit dung ham
sigmoid diéu chinh, cho phép mo phong
chuyén tiép muot ma giita hai diém bién
(Han & Moraga, 1995):

1

- Vbefore) ) 1+exp (—k(t—ty)) (2)

Phuong phap dé xuét tao ra dit liéu
khoi phuc mét cach “tu nhién”, lién mach
va bao toan duoc ciu tric théng ké vén co
ctia chudi thoi gian, qua d6 khic phyc hiéu
qua cac han ché ctia phuong phap ndi suy
tuyén tinh truyén thong.

2.4. Kién triic mé hinh lai dé xudt

Kién trac lai st dung dau ra du bao
SARIMA nhu mot ddc trung ddu vao cho
SVR, cho phép SVR diéu chinh tryc tiép
dong gop cua thanh phan tuyén tinh - thoi
vu théng qua hé s hoc trong khong gian



kernel, ddng thoi giam nguy co mat thong
tin do tach mo hinh.
2.4.1. Thanh phan SARIMA

M6 hinh SARIMA (Seasonal
AutoRegressive  Integrated  Moving
Average) duoc st dung lam nén tang dé
nim bat cdu tric tuyén tinh, xu hudng
va dac biét la tinh thoi vu trong dir
ligu tiéu thu nang luogng. Mot md hinh
SARIMA cho chudi thoi gian duge
biéu dién boi phuong trinh (Hyndman &
Athanasopoulos, 2018):

8, B)D, (BII-B) (1-B)y=0,
B)6, (B,

Trong do:

B la toan tir dich chuyén lui
(Backshift operator): By =y, .

9, (B)Zl-qﬁl B-¢, BZ-...-¢p B la da
thirc tu hoi quy (AR) bac p.

0, (B)=1+0,B+0, B+.. +0 B'lada
thirc trung binh truot (MA) bac g.

D, (B°) va @Q (BS) la cac da thire AR
va MA cho thanh phan mua, vdi bac tuong
ung la Pva Q.

(B)* va (B9)” biéu thi phép liy sai
phan bac d va sai phan mua bac D dé dat
dugc tinh dung (stationarity).

s 1a chu ky mua (seasonal period),
v6i dir li€u theo gio ¢ chu ky ngay rd rét,
ching t61 dat s=24.

€ la nhidu trang (white noise) tai
thoi diem .

1
My =;Z‘i”=1 Vie-i S¢ =

véi w 1a kich thudc cira sd.

Dic trung du bdo tir SARIMA: Day
1a ddc trung then chét cho su tich hop. Gia
tri du bao y7AR™MA tir mo hinh SARIMA
duoc dua vao nhu mot dac trung, cung
cap cho SVR mot xu hudng tuyén tinh da

127

Déu ra du béo tir md hinh SARIMA,
ky hiéu 1a p74RIMA dugc xem nhu mot ddc
trung dau vao cho mé hinh SVR, vi né ma
hoa thong tin vé xu huéng, tinh thoi vy va
céc phu thudc tuyén tinh cia dir liéu.

2.4.2. Ky thudt xdy dung ddc trung
cho SVR

Dé cho phép mé hinh SVR nim bt
cac mdi quan hé phi tuyén phirc tap vuot ra
ngoai kha ndng cia SARIMA, mot tap hop
cac dac trung dugc thiét 1ap mdt cach c6 hé
thdng. Qué trinh nay duya trén nguyén 1y cho
rang viéc biéu dién t6t dir liéu Ia chia khoa
cho hiéu suit cua cac mé hinh hoc may.

Dic trung thoi gian tudn hoan: Cac
bién thoi gian roi rac (gid, ngay trong
tuan, thang) dugc chuyén do6i thanh cac
ddc trung tuan hoan lién tyc str dung phép
bién ddi sin-cos (Diaz va cong su, 2019).

Dic trung do tré: Gia tri quan sat
trong qua kht tryc tiép anh hudong dén
hién tai. Chung t6i chon cac do tré ¢ y
nghia vat ly: 1, 2, 3 gid (phu thude ngén
han), 24 gio (phu thude cung ky ngay hom
trude), va 168 gio (phu thude cung ky tuan
trudce) (Hamilton, 2020).

Lf = ye_pvoi k € {1,2,3,24,168}  (5)

Pic trung théng ké dong: Cac dic
trung ndy nim bat xu hudéng va do bién
dong cuc bd. Chung t6i tinh trung binh truot
va d6 1éch chuén truot cho cac cira sd 3, 6,
12, va 24 gio (Shumway & Stoffer, 2017).

—Y, (Ve — MY)? (6)

dugc lam sang to, giap SVR tap trung vao
viéc diéu chinh cac sai s6 phi tuyén.
2.4.3. Thanh phan SVR va Toi uu
héa bang Thudt todn Firefly
Support Vector Regression (SVR)
la mot phién ban cta Support Vector
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Machine (SVM) cho bai toan hdi quy
(Smola & Scholkopf, 2004).

Cho mot tip hudn luyén
1,y )n(x,y )}, v61 x.eR"m la vector
dac trung va la gia tri muyc ti€u, bai toan

. 1
min ., pee 5 Il w I°+CY™,

t6i vu hoa cua e-SVR dugc xdy dung dé
tim mot ham f(x)=w’ ¢(x)+b sao cho do
1éch 16n nhit so voi v lae

Bai toan tdi wu ban dau duge trinh
bay nhu sau (Smola & Scholkopf, 2004):

(§i + &) subject toy; — (W'd(x;) +b) <€+,

(7)

WIp(x) +b)—y; <e+&, .6 =20,i=1,...,n

Trong do:

#(x) 1a anh xa (mapping) dua dir
liéu vao mot khong gian dic trung chiéu
cao hon.

C>0 1a tham sb phat (penalty
parameter), can bang gitra do phang cua
ham va muc do cho phép cac diém nim
ngoai éng .

&, & 1a cac bién slack cho phép vi
pham rang budc.

¢ 1a tham s6 xac dinh do rong cﬁa
“bng” (tube) trong d6 khong tinh phat sai s.

Str dung Kernel RBF (Radial Basis
Function)  K(x,x ]) exp(-ylx-x, I|2) cho
phép SVR hoc céc quan hé ph1 tuyén
phirc tap trong khong gian ban dau ma
khong can tinh toan twong minh phép dnh
xa ¢(x) (Smola & Scholkopf, 2004). Tham
s6 y quyét dinh anh hudng cia timg diém
dir liéu huan luyén.

Hiéu nang ctia SVR phu thudc nhay
cam vao b ba siéu tham sb O=(Cyy,¢).
Thay vi str dung Grid Search, chiing t61 ap
dung thuat toan Firefly (Firefly Algorithm
- FA) (Yang, 2009), m¢t thudt toan siéu
heuristic (metaheuristic) 1dy cam hung tir

0! = 0f + By (1)) (6f

véi o 1a hé s6 nhiéu ngau nhién,

va rand 1a mot s6 ngiu nhién trong [0,1].
Qua trinh nay cho phép kham pha hiéu
qua khéng gian tim kiém va khai thac

cac vung toi uu tiém nang, dan dén viéc

tap tinh cua loai dom dom, dé tim kiém tdi
vu trong khong gian siéu tham s nay.

FA mdé phong hai hanh vi chinh:
cuong d6 anh sang va sy hap dan. Trong
ngit canh tdi uu hoa:

M&di con dom dém i dai dién cho mot
giai phap (mot bd tham s6 ©.=/C,y,¢])).

Cuong d6 anh sang /. ciia mdt con
dom doém ty 1€ nghich véi gia tri ham muc
tieu f{®) (& ddy 1a RMSE trén tap kiém
dinh chéo):

1
= e ®)

Do hap din ﬁ” gitta hai con dom
dom i va j ty 1€ nghich vd6i khoang
cach Ty gitta chung trong khong gian tham
sd va ty 1€ thuan véi chénh 1éch cuong do
sang (Yang, 2009):

2
Bij(rij) = Bo-e " (I — 1) (9)

voi f, la do hap dan tai khoang cach
0, y/f 1a hé s6 hdp thy anh sang (khac
voi y cia SVR), va y —IIQ @II Mot con
dom dém i sé& di chuyen ve phla mot con
dom dom  sang hon né (/>1) theo quy tic
cap nhat:

— 0+ a- (rand — 0.5) (10)

tim ra bo tham sé @ gan t6i uu toan cuc
mot cach hiéu qua hon so voi cac phuong
phap tim kiém ngiu nhién hodc ludi
thong thuong.



2.5. Thiét lap thwe nghiém va
danh gia

2.5.1. Phan chia dit liéu va tién xir Iy

Ap dung phuong phép phan chia
dit liéu tuan tu theo thoi gian trén chudi
dir liéu da xu ly (N = 4,344 gi0). Dir licu
duoc chia thanh ba tap:

Tap hudn luyén (70%): dung dé
udc luong tham s6 SARIMA va huin
luyén SVR.

Tap xac thuc (15%): dung dé téi uu
siéu tham s6 SVR bang thuat toan Firefly
va diéu chinh mé hinh, tranh quéa khop.

Tap kiém tra (15%): chi ding dé
danh gia hiéu niang cudi cung.

2.5.2. Thiét ldp thuc nghiém

Céc thiét 1ap chi tiét nhu sau:

Khong gian tim kiém: Ce/2¢9,21%]
(ty 1& logarit), ye/219,27], £€[0,0.5]. Mdi
c4 thé dom dom biéu dién mot bo tham sb.

Khoi tao quan thé: Kich thudc quan
thé Npgp‘=3 0. Céc ca thé duoc khoi ‘an ngﬁu
nhién déu trong khong gian tim ki€ém. Anh
séng ban dau /=1/(1+RMSE) véi tinh
trén tap kiém tra sau khi huin luyén SVR
v6i b tham sb twong ng.
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Tham s6 thuat toan Firefly: Do
hép din tai khoang cach 0: B=1. H¢ sb
hé}3 thu anh sang: V5=0.5. Hffe sO l’lhiél}
ng’s?lu nhién: a,=0.2 (giam ’dﬁn ’theo s’6
the hé theo ty 1€ 0.97). SO theé hé toi
da: T =100.

Quy trinh di chuyén: Trong mdi thé
hé, so sanh cuong dd sang cua tung cap
dom fi(’)m‘ i va j. Néu I>1, dom dom i di
chuyén veé phia j theo cong thirc (10)

Sau mdi thé hé, 4p dung giam nhiéu
theo @, =0.97-¢,,. Ca the tot nhat (co
RMSE nhd nhat trén tap kiém tra) dugc
ghi nhan va duy tri qua cac thé hé.

Ham muc tiéu va lya chon: Ham
muc ti€u la RMSE trén tap kiém tra, dugc
tinh sau khi hudn luyén SVR voi kernel
RBF. Qué trinh tdi wu 1ap lai 100 thé heé,
két qua cudi cing 13 bd (C,,¢€) clia céa thé
t6t nhat. Cac tham s nay sau dé duoc sir
dung dé huan luyén lai SVR trén toan bd
tap hudn luyén va xac thuc trude khi danh
gia trén tap kiém tra.

Bang 2 dudi day tom tat cac tham sb
chinh dugc sir dung trong quy trinh tién
xtr 1y va t6i vu héa.

Bang 2. Cdc tham sé trong thudt todn

Thanh phan Tham sb Gia tri
Noi suy 16i ngén han 0 9?3
i i S0 diém lan can n 4 (moi phia)
N X qas k 12
Noi suy 161 dai han o 0.5
Phan loai 16i Ngudng ngin/dai han 6 gi0
C 474.4683
Thuét toan Firefly tim tham s6 ti vu Y 0.0001
0.0144

2.5.3. Cac mo hinh co so so sanh

Pé xac dinh hiéu qua cua mo hinh
dé xuit, chung t6i so sanh véi cac md
hinh co s& dai dién cho cac huéng tiép
can khac nhau:

SARIMA thuén tay: M6 hinh théng ké
tiéu chuin dugc mo ta trong muc 2.4.1. Day
14 dai dién cho phuong phap thong ké c6 dién.

SVR voi Grid Search (SVR-Grid):
M0o hinh SVR véi kernel RBF, trong do bo
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siéu tham s (C, v, ¢) dugc tim kiém béng
thuat toan tim ludi (Grid Search) trén khong
gian tham sO duge xac dinh trudc. Phuong
phép nay 1a cach tiép can t6i wu truyén thong
phd bién (Hsu va cong sy, 2003).

Mang LSTM (Long Short-Term
Memory): Mot kién triic mang no-ron hdi
tiép (RNN) manh mé duoc thiét ké dé hoc
cac phu thudc dai han trong chudi thoi
gian (Hochreiter & Schmidhuber, 1997).

2.5.4. Cdc chi sé6 danh gid

Hiéu suét du bao dugc danh gia dinh
luong théng qua bon chi sd tidu chuan.
Cho 1a gia tri thuc té, 1a gia tri du bao,
va 1a s lwong mau trong tap danh gia, cic
chi sb duoc tinh nhu sau:

Sai s6 Binh phuong Trung binh Cin
bac hai (Root Mean Square Error - RMSE):

RMSE = 1S, i- 90 (D)

RMSE do luong do I¢éch trung binh
gitra gid tri du bdo va gia tri quan sat, co
tinh chit do cac sai s6 16n do sir dung binh
phuong (Hyndman & Koehler, 2006).

Sai s6 Tuyét d6i Trung binh (Mean
Absolute Error - MAE):

MAE ==Silyi =il (12)

n

MAE cung cap thudc do sai s trung
binh don gian va dé dién giai hon RMSE
(Hyndman & Koehler, 2006).

Hé sb Xac dinh (Coefficient of
Determination - R?):

Yiza i=90)°
RP=1- Z?=1EYi_y_§2 (13)
voi y~ la gid tri trung binh cua céc gia tri
thuc té. R2 do ludng ty 18 phwong sai trong
bién muyc tiéu dugc giai thich boi mo hinh.
Gia tri cang gan 1 biéu thi mirc d6 phu hop
cang cao (Chicco va cong su, 2021).

Sai s6 Phan trim Tuyét d6i Trung
binh (Mean Absolute Percentage Error -
MAPE):

n

% i=Yi
MAPE =22 Rl BT

MAPE biéu thi sai sd dudi dang
phén tram, rat hitu ich dé so sanh hiéu suit
trén cac bg dir liu c6 quy md khac nhau
(Chicco va cong su, 2021).

I11. Két qua va thio ludn
3.1. Két qua

Phan tich chi tiét du bao trong mot
ngay lam viéc dién hinh (Hinh 3) cho thay
mo hinh dé xuit bam sat duong cong tai
thue té. Sai sb tap trung & mot s6 khung
gio: 18h-21h du bao cao hon thuc té 100-
200 kWh; 00h-09h du bao thap hon 10-40
kWh, riéng 09h chénh I¢ch 200 kWh; tir
12h-18h sai s6 6n dinh 20-50 kWh. Nhin
chung, mo6 hinh thé hién kha nang dy bao
kha 6n dinh trong cac gio 6 tai trung binh
va thap, nhung van con d6 léch dang ké &
mot s6 gio cao diém hodc khi tai thay d6i
dot ngot.

Bang 3 dudi day so sanh céc chi sb
danh gi4 gitta mo hinh dé xuét va cac mo
hinh co s&. Céc chi s duoce tinh toan dua
trén cong thie tinh bon chi sb tiéu chuan
da trinh bay o trén. Két qua trong bang 2
khéng dinh mot 1an nita sy vuot troi cia
mo hinh dé xuat ngay ca trong bai toan dy
bao ngin han véi do phan giai cao (theo
gi0). Vo1 R? = 0.948, mo hinh giai thich
dugc gan 95% phuong sai cia dir liéu
thuc trong ngay, mot mirc d6 phu hop réat
cao. MAPE = 5.12% cho thay sai s twong
ddi trung binh duoc kiém soat rat tbt, dic
biét co y nghia khi dy bao cho cac khung
gid ¢ muc tiéu thu thap, noi sai s6 twong
dbi thuong bi thdi phong.
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Hinh 3. Két qua dir bdo ciia mé hinh dé xudt trong I ngdy

Bdng 3. Tong hop chi sé danh gid cho dw bdo I ngay

M5 hinh RMSE (kWh) | MAE (kWh) R? MAPE (%)
SARIMA 4127 325.4 0.862 9.85
SVR-Grid Search 356.2 2789 0.888 8.12
LSTM 332.5 260.1 0.902 7.45
Dé xuit 134.1 107.3 0.948 5.12

3.2. Thdo lugn

Két qua cho thay viéc tich hop dau
ra SARIMA lam dac trung cho SVR gitp
SVR c6 dudng co so tin cay, tap trung diéu
chinh phi tuyén. Téi uvu hoa bang Firefly
cho phép chon bo tham sb kernel phu hop,
phan Gng linh hoat & cac gid cao diém.
So v6i cac nghién ctru lai SARIMA-SVR
trude day, phuong phap dé xuat cai thién
dang ké RMSE va MAPE nho hai yéu té:
(i) chién lugc noi suy théng minh bao toan
cau trac chudi khi c6 dir liéu 13i; (ii) kién
trac lai tich hop chat voi dau ra SARIMA
lam dac trung uu tién, thay vi chi du bao
phﬁn du. Viéc str dung FA tu dong hoa
hoan toan qua trinh tim kiém siéu tham sd,
dat hi¢u qud cao hon Grid Search.

IV. Két luan

Nghién ctru dé xuat khung phuong
phap tich hop giai quyét thach thuc du
bdo tiéu thu nang lugng tir dit li¢u thuc
té chtra nhiéu 16i. M6 hinh lai SARIMA-

SVR tbi wu bang thuat toan Firefly dat
hiéu suat vuot trdi nho ba dong gop: (1)
K§ thuat noi suy dua trén mau hinh thoi
vu; (2) Kién trac lai tich hop chat ché st
dung dau ra SARIMA lam dic trung uu
tién cho SVR; (3) Ung dung tdi wu hoa
siéu heuristic bang FA. M6 hinh cung cip
cong cu du bao chinh xac, ¢6 thé ung dung
trong quan 1y nang lugng toa nha. Hudng
phat trién twong lai bao gdm tich hop bién
ngoai sinh va thu nghi¢m trén cac by dir
liéu da linh vuec.

V& ¥ nghia thuc tién, mé hinh cung
cép mot cong cu du bao chinh xac, phu
hop vé6i dit liéu thuc té, c6 thé ing dung
trong quan ly nang luong toa nha hodc
diéu do ludi dién. Nghién ctru ciing chi ra
mot ) han ché, nhu chua tich hop bién
ngoai sinh (thoi tiét, ngay 18), va dé xuét
cac hudng phat trién trong twong lai nhu
ma& rong khung mo hinh, thtr nghiém thuat
toan toi wu hoéa khac, va kiém dinh trén
cac bo dir liéu da linh vuec.
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AN OPTIMIZED HYBRID SARIMA-SVR MODEL
USING FIREFLY ALGORITHM WITH ENHANCED
INTERPOLATION FOR BUILDING ENERGY
CONSUMPTION FORECASTING

Nguyen Van Minh Duc!, Tran Van Thinh', Hoang Anh?

Abstract: This study proposes a comprehensive methodological framework to enhance the
forecasting accuracy of energy consumption from real-world data containing numerous errors.
The core is a hybrid SARIMA-SVR (Seasonal AutoRegressive Integrated Moving Average - Support
Vector Regression) model with its hyperparameters optimized using the Firefly Algorithm (FA). The
method offers three main contributions: (1) An interpolation technique based on seasonal patterns
(hourly, daily, seasonal) to recover missing or erroneous data, ensuring input quality; (2) A tight
hybrid architecture, utilizing the trend and seasonal forecasts from the SARIMA model as priority
input features for the SVR model, allowing SVR to focus on learning complex nonlinear components,
(3) Application of the FA to automatically find the optimal parameter set for SVR, proving more
efficient than traditional methods. Experimental results on real-world datasets demonstrate that
the proposed hybrid model achieves significantly higher accuracy than baseline models, including
standalone SARIMA, standalone SVR, and LSTM (Long Short-Term Memory). The research not only
provides a feasible forecasting tool for energy management systems but also contributes an integrated
methodology combining data preprocessing, hybrid modeling, and optimization. Future research
directions include integrating exogenous variables and testing on datasets from various domains.
Keywords: energy consumption forecasting, hybrid SARIMA-SVR model, firefly algorithm,
enhanced data interpolation, erroneous data handling
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