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TOM TAT

Du bdo nhu cdu  phu tai dién nang dong vai tro rdt quan trong trong viéc quan Iy nang luong
mot cach hiéu qua, bén vitng nhir quy hoach, dau tw phdt trién thém co so ha tang va vdn hanh hé
théng dién. Tinh chinh xdc cia dw bdo nhu cau phu tdi dién nang trong tuwong lai cang phdi dwoc
dac biét chu trong. Trong ngi dung bai bao nay, tac gia nghién ciru mot phwong phdp dy bao phu
tai moi dya trén mang No-ron hoc sau (Deep Learning Network), cu thé la mang No-ron hoi quy
(Recurent neural network - RNN) véi mé hinh cdi tién la Long Short-Term Memory (LSTM). Céu
triic mang dwoc dé xudt gom c6 4 16p la Sequence Input, LSTM, Fully Connected va Regression
Output. Phuwong phap dé xuat dwoc thuc nghiém trén dir liéu luong dién nang tieu thu trong 06
nam tir 2012 dén 2017 cua tinh Tién Giang. Két qua thwc nghiém cho thay phuwong phap du bao
dé xudt trong bai bdo phit hop véi dit liéu thuc ding kiém tra véi sai so trung binh hiéu dung la
9.6333.

T lt' khoa: Mang No-ron nhan tao;, Mang No-ron hoc sau;, Mang LSTM; Mang RNN; Dy bao nhu
cau phu tai dién nang.

ABSTRACT

Electricity demand forecasting plays a very important role in energy effectively and
sustainably management such as suitable planning, investing in developing more infrastructure
and moderate operating the electricity system. Moreover, the accuracy of the load forecasting must
be paid special attention. In this paper, we apply a load prediction model based on the Deep
Learning Network, namely Long Short-Term Memory (LSTM), an improvement model of Recurrent
Neural Network (RNN). The proposed network structure includes 4 layers: Sequence Input, LSTM,
Fully Connected va Regression Output. The proposed method was carried out on the data of power
consumption in 06 years, from 2017 to 2017, of Tien Giang province. The experiment results show
that the proposed model is suitable with Root Mean Square Error (RMSE) is 9.6333.

Keywords: Neural Network, Deep Learning; Recurent neural network, Long Short-Term Memory
networks; Forecasting of electrical load demand.

1. GIOI THIEU nhiéu sai s6 hodc can phai 6 nhiéu thoi gian
cho tinh toan. Trong thuc té, khong c6 phuong
trinh v6i nhimg tham s6 ¢ san ma chi biét
duoc gia tri gan ding hodc ky vong toan hoc.
Vi thé phai dua ra mot phuong trinh sin c6
voi nhiing tham s6 chua dugc biét, dung
phuong phap gan dung dé tim ra nhiing tham
s0 nay va nhu v@y do chinh xac s¢ giam di rat
nhiéu. Phuong phép truyén théng dugc sir
dung c6 hiéu qua chi trong cac truong hop cac
dit liéu quan hé tuyén tinh vé6i nhau, n6 khéng
thé trinh bay 10 rang cac mbi quan hé phi
tuyén, phirc tap gilra phu tai va cac tham so
lién quan. Dé khic phuc nhuoc diém cia cac

Trong nganh quan 1y nang luong, du bao
nhu cau phu tai dién ning c6 y nghia v6 cling
quan trong vi né gin lién va anh hudng truc
tiép dén doi sdng sinh hoat cta nhan dan va
cac nganh kinh té khac. Ngoai ra, du bao nhu
cau phu tai c6 y nghia quyét dinh trong viée
dam bao ché d6 1am viéc an toan va tiét kiém
cua hé thong dién, dong thoi co tinh chét
quyét dinh trong viéc hoach dinh chién lugc
phat trién hé thong. Cac phuong phap du bao
phu tai trude day thuong khong thé miéu ta
day du va chinh x4c qua trinh thuc té xay ra vi
s6 luong co so dir liéu khong ddy du va co



phuong phéap du bao phu tai truyén thong, cac
nha khoa hoc da ung dung k¥ thuat du bao
hién dai nhu: fuzzy logic, mang No-ron, phép
phan tich wavelet... Cac phuong phap du bao
hién dai trén ngay cang dugc quan tam vi két
qua du bao kha chinh xac. Néu du bao qua du
thira so vdi nhu céu sir dung thi hdu qua la
phai huy dong nguon qua lon, lam tang vbn
dau tu va cd thé gay ton that nang luong.
Nguoc lai, néu du bao phu tai qua thap so voi
nhu céu s& khong c6 du nang lugng cung cap
va tat nhién s& dan dén viéc phai cit bo mot sd
phu tai ma khong c6 ké hoach trudc gay thiét
hai cho nén kinh té. Vi vy, hién nay viéc du
bao nhu ciu phu tai dién ning da nhan dugc
su quan tam ngay cang cao, tuy nhién thyc té
ching minh day ciing la mot van dé rat kho
khan. D3 c6 nhiéu phuong phap cho bai toan
du bao, tir cac phuong phap toan hoc dén sur
dung cac thuat toan heuristic va dac biét st
dung cac phuong phap lién quan dén tri tué
nhan tao. Viéc nghién clru, ing dung cac mo
hinh, thuat todn dy bao khac nhau cho phép

tiép can toi viéc lwa chon phuong phap du bao,

danh gia mae do chinh xac cua du bdo. Trong
thoi gian gan ddy, mang No-ron nhan tao co
nhiéu vu diém hon vi 1a moét mé hinh 13 rang,
hiéu qua, dé thuc hién. Co thé noi, du bao nhu
cau phy tai 1a mot trong nhiing tmg dung
thanh cong nhét cua mang No-ron nhén tao
trong hé théng dién. Chinh vi thé, du bao phu
tai dién nang su dung ky thuat mang No-ron
nhan tao dugc nghién clru trong bai bao nay.

2.  CAC NGHIEN CUU LIEN QUAN

Du béo phu tai ngin han dé cap dén dy
béo nhu cau dién nang trén O SO hang gio, tir
01 gio dén mot vai ngay sap den Viéc phat
trién mot phuong phap du bao ngan han manh,
nhanh va chinh xac 14 can thiét cho viéc quan
1y hé thdng dién. Trong nhiéu thuat toan va
phuong phap da dugc dé xuat dé thyc hién du
béo phu tai ngan han thi mang No-ron nhan
tao (ANN) c6 nhiéu vu diém hon ca vi 1a mot
mo hinh 1 rang, dé thuc hién, chinh xac va
hiéu qua. C6 thé noéi, du bao phu tai 1a mot
trong nhitng (mg dung thanh cong nhat cua
ANN trong hé théng dién. Chinh vi vay viéc
nghién ctru ung dung cac phuong phap khac
nhau cia mang No-ron dé du bao phu tai dién

ning 1a van d& quan trong can dugc xem xét
nghién ctru.

Mot s6 két qua nghién ciru vé du bao phu
tai da duoc cong b trong nude va ngoai nude.
Nam 2012, bai bao: “Short — term load
forecasting Using Artificial Neural Network”
cia nhom tidc gid Muhammad Bubhari,
Member, IAENG, Sanusi Sani Adamu [1] da
dugc cong bd véi mé hinh duge thiét ké trén
phan mém Matlab R2008b, v&i cong cu
Annealing Neural Network (ANN) toolbox.
Viéc xdy dung cdu tric mang, huan luyén
mang No-ron va mé phong két qua kiém tra
déu thanh cong véi mot murc do chinh xac cao.
Mot tap hop céc trong sd tdi wru va sau khi
hudn luyén mang vé6i dir liéu thu duoc tir
cac cong ty dién lyc. Tinh chinh xé&c ctua du
bdo di dugc ching minh bang cach so
sanh cac két qua mo phong tir mang véi két
qua thu dugc tor cac cong ty dién luc.
Nhiéu ciu trac mang da dugc huén luyén va
mo phong trude khi dén sai sé t6t nhat. Mot
bai bao khac “Deep Learning for Solar Power
Forecasting — An Approach Using
Autoencoder and LSTM (Long Short-Term
Memory) Neural Networks” cua cac tac gia
Andre Gensler, Janosch Henze, Bernhard Sick
and Nils Raabe, nam 2016 [2], cling trinh bay
vé thuat toan Deep Learning cho thiy hiéu
suat dy bao cao hon so véi mang noron nhan
tao cling nhu cdc mo hinh khac, cu thé béng
cach su dung céc thuat todn mang hoc sau va
mang no-ron nhan tao khac nhau, chéng han
nhu Deep Belief Networks, AutoEncoder va
LSTM, nhém tac gia da 4p dung cac thuat toan
nay trong linh vuc du bao nang lugng tai tao.
Trong cac thi nghiém, nhom tac gia trén da su
dung két hop cac thuét toan nay dé thuc hién
du bdo phu tai so voi phuong phap dung
Multi-Layer Perceptron (MLP) chudn va mo
hinh dy bdo vat ly trong dy bio san lugng
nang luong ciia 21 nha may dién mit troi. Vé
nghién ctru trong nudc, bai bao: “Ung dung
vé mang No-ron dé du bao phu tai tinh Gia
Lai” cua tac gia Pham Anh Cuong, Phan Van
Hién ciing dd dugc cong bd nam 2011. Véi
cu triic str dung 1a mang No-ron truyén thing,
bao gdm mot 16p ra, mot 16p an duoc hudn
luyén bang thuat toan lan truyén nguoc, ham
kich hoat cta cac don vi trong 16p an 1a ham



tansig, ham kich hoat cua cac don vi ¢ 16p ra
12 ham d6ng nhat purelin, s No-ron ¢ dau ra
14 24 va s6 No-ron trong 16p an 1a 23 thi mang
co ban dd dap tng duoc yéu cau cua bai toan
cu thé dat ra 1a dy bao phuy tai dién tai tinh
Gia Lai, dat sai s6 du bao 2.46% (sai s6 cho
phep < 5%). Trong cac mang No-ron truyén
thong, tat ca cac dau vao va ca dau ra la doc
lap v6i nhau. Téc 1a chung khong lién két
thanh chudi véi nhau. Nhung cac mo hinh nay
khong phu hop trong rat nhiéu bai toan. Pic
biét 1a cac bai toan vé van dé du bao, du doan.
Nhian théy duoc han ché dé cap ¢ trén, tac gia
dé xuat sir dung mang No-ron hoi quy dé giai
quyét van dé do.

3. PHUONG PHAPDU BAO PE XUAT
3.1. Mang No-ron héi quy

Mang No-ron héi quy (Recurent neural
network - RNN) la modt dang hoc sau
cua mang No-ron nhan tao, dugc phat trién
vao nhiing nam 1980, RNN co ban 1a mot
mang gom cac nut than kinh gidng hét nhau,
mbi nut két ndi truc tiép véi moi nit khéc,
Mbi niit (neuron) c6 mot kich hoat thoi gian
khéc nhau c6 gia tri kich hoat. M3di két ndi
c6 trong sb thuc ¢6 thé diéu chinh duge. Cac
nat 14 cac nat dau vao (nhan dir liéu tir bén
ngoai mang), cac nit dau ra (két qua mang lai)
hodc cac nat an (diéu chinh dit liéu trén dudng
di tir dau vao dén dau ra) [3] (Hinh 1).

Y tuéng chinh ciia mang No-ron hdi quy
RNN 14 str dung chudi céc thong tin doc lap
v6i nhau. RNN duoc goi 1a hdi quy
(Recurrent) boi 1& chung thyc hién cung mot
tac vu cho tat ca cic phan tir cia mot chudi
v6i dau ra phu thudc vao ca cac phép tinh
trudc do. Noi cach khac, RNN c6 kha nang
nh¢ céc thong tin duge tinh toan trudce do.
Trén 1y thuyét, RNN c6 thé st dung duoc
thong tin ctia mot vin ban rat dai, tuy nhién
thuc t& thi n6 chi c6 thé nhé duoc mot vai
budc trude d6 ma thdi. Vé co ban mot mang
RNN c6 dang nhu hinh 2. Trong do, X, 1a dau
vao tai budc t, s, 1a trang thai an tai bude t. No
chinh 1a bd nhé cuia mang. s, dugc tinh toan

dua trén ca cac trang thai an phia trude va dau
vao tai buse do: s, = f (U, +W, )

Hinh 1. M6 ta mé hinh mang No-ron hoi quy
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Hinh 2. M6 ta mo i{inh toan mang No-ron
hoi quy

Ham fthuong 1a mot ham phi tuyén tinh
nhu tang  hyperbolic (tanh) hay ham tuyen
tinh ReLu. Pé 1am phép toan cho phan tir an
dAu tién can khai tao thém s—1, thuong gid tri
khoi tao dugc gin bang 0.0, 1a dau ra tai
budc t.

3.2. Mang Long Short-Term Memory
(LSTM Networks)

Huan luyén mang RNN ciing tuong tu
nhu cac mang No-ron truyén théng, tuy nhién
dao ham tai mdi dau ra phu thudc khong chi
vao cac tinh toan tai budc do, ma con phu
thudc vao cac budc trude do nira. Diéu nay
dan dén viéc phu thudc lau dai ctia mang hdi
quy. Bé khic phu duoc van dé nay, mang
LSTM da dugc ra doi [4]. Long Short-Term
Memory Network - thuong dugc goi la
"LSTM" - 1a mot loai mang RNN dac biét, co
kha nang hoc cac phu thude dai han [4]. Mang
nay da duoc gidi thiéu boi Hochreiter &
Schmidhuber (1997) va da dugc tinh chinh va
pho bién boi nhidu ngudi trong cong viée ing
dung sau ndy. LSTM lam viéc rat tot trén
nhiéu vén dé 16n, va hién dang dugc str dung
rong rai. LSTM duoc thiét ké dé nham tranh
van dé& phu thudc lau dai. Ghi nhd thong tin
trong thoi gian dai 1a (mg dung thuc té cua
mang nay mang lai [5]. Tat ca cac mang than
kinh hoi quy déu c6 dang chudi lp lai mo-dun
clia mang than kinh. Trong RNNs chuan, mo
dun ldp lai nay s& c6 mot cau trac rat don gian,
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Hinh 3. M6 dun ldp lai trong mét tiéu chudn
RNN chira mét 16p duy nhat.

Hinh 4. M6 dun lép di lap lai trong mot
LSTM chira bon lop twong tac.

C'

Hinh 5. Trang thdi té bdo.

chang han nhu mot 16p duy nhét (hinh 3).
LSTM ciing c6 céu triic gidng nhu day chuyén,
nhung moé-dun 1ap di 1ap lai c6 mdt cAu trac
khac. Thay vi c6 mot 16p mang than kinh duy
nhit ma c6 nhiéu tuong tac mot cach rat dic
biét (Hinh 4) [6].

Diéu cbt 161 ciia mang LSTM 1a trang thai
té bao (cell state) - chinh dudng chay thong
ngang phia trén ctia so dd hinh v&. Trang thai
té bao 1a mot dang gidng nhu bang truyén. No
chay xuyén subt tat ca cac mat xich (cac nit
mang) va chi twong tac tuyén tinh doi chut. Vi
vay ma cac thong tin c6 thé d& dang truyén di
thong su6t ma khong s¢ bi thay doi (Hinh 5).

LSTM c6 kha nang bo di hoac thém vao
cac thong tin can thiét cho trang théi té bao,
chung duoc diéu chinh can than boi cac nhom
dugc goi 1a cong (hinh 6). Cac cong 1a noi
sang loc thong tin di qua nd, chung dugc két
hop boi mot ting mang sigmoid va mot phép

Hinh 6. Céng té bao.

Hinh 7. Tang cong quén (forget gate layer).

nhan. Tang sigmoid s& cho dau ra 1a mot sd
trong khoan [0, 1] [0,1], md ta c6 bao nhiéu
thong tin c6 thé duoc thong qua. Khi dau ra
la 00 thi c6 nghia la khong cho thong tin nao
qua ca, con khi 1a 11 thi c6 nghia 13 cho tat ca
cac thong tin di qua no6 [4].

3.3. Co sé toan hoc cia mang Long Short-
Term Memory (LSTM Networks)

Bude dau tién caa LSTM 1a quyét dinh
xem thong tin ndo can bo di tur trang thai té
bao. Quyét dinh nay dugc dua ra boi tang
sigmoid - goi la “tang cong quén” (forget gate
layer) (hinh 7). N6 s€ lay dau vao 1a h
va X, r0i dua ra két qua 1a mot sb trong
khoang [0,1] cho mdi sb trong trang thai té
bao C,_,. Dau ra la 11 thé hién rang né gitr
toan bd thong tin lai, con 00 chi rﬁng toan bd
thong tin s& bi bo di [4].



f, =o(W; [h,_,.x.]+b;) (1)

Budc tiép theo 1a quyét dinh xem thong
tin mo&1 nao s€ luu vao trang thai té bao. Viéc
nay gdm 2 phan. Dau tién 1a sir dung mc}t tang
sigmoid duoc goi la * ‘tAng cong vao” (input
gate layer) dé quyét dinh gia tri nao s& cap
nhat. Tiép theo 1a mot tdng tanh tao ra mot

véc-to cho gia tri moi Ct nham thém vao
cho trang thai. Trong budc tiép theo s& két hop
2 gia tri do lai dé tao ra mot cap nhat cho trang
thai (hinh 7) [4].

i, =o(W,[h_.x]+b;) )

C. = tanh(W, [h,_, X, ]+b) 3)

Ké tiép 1a lac cdp nhat trang thai té bé9
cii C,, thanh trang thai méi C, (hinh 7). O
C(:iC bude trude d6 di quyét dinh nhfn}g viéc
can lam. Nhan trang thai cli voi f, dé bo di
nhitng thong tin ma quyét dinh quén lc trudc.

Sau do cong thém i, *C:. Trang thai méi thu
duoc nay phu thudc vao viée quyét dinh cip
nhat moi gia tri trang thai ra sao [4].

Ct = ft *Ct—l + it *ét 4

Cubi cung, quyét dinh gia trj dau ra cai
ma s€ dya vao trang thai té bao, nhung s€ dugc
tiép tuc sang loc. Pau tién, chay mot tang
sigmoid de quyet dinh phan nao cua trang thai
te bao mudn xuét ra. Sau d6, dwa né trang thai
té bao qua mot ham tanh dé c6 gia tri no vé
khoang [-1, 1], va nhan n6 véi ddu ra cia cong
sigmoid de duoc gia tri du ra mong mudn
(hinh 7) [4].

Ot = O-(Wo [ht711xt]+bo) (5)
h =0, *tanh(C,) (6)
4. THUC NGHIEM

4.1. Gié6i thi¢u b dir licu
B dir liu ldy tir ngudn tai tiéu thu dién
nang trong 6 nam cua tinh Tién Giang tir nam
2012 dén nam 2017, tir b dir lidu nay c6 thé
du bao nhu cau phu tai dién ning trong thoi

gian tiép theo. SO lwong dir liéu khoang 2200
gia tri.

Doc chuoi dir liéu

1y

Chudn hoa dir liéu

1y

Xdc dinh cdu triic
mang

!

Huiin Iuyén mang
LSTM

U

D bio két qua

1y

So sdnh

Hinh 8. So do khéi chung.
4.2. So' @6 khoi chung
Céc phan chinh trong giai thuat (hinh 8):

- Poc chubi dir liéu.

- Chuin héa dir liéu.

- Xac dinh ciu trac mang LSTM.

- Huéin luyén mang LSTM.

- Du bao céac budc thoi gian trong
tuong lai.

- So sanh gia tri du doan va gia tri
kiém tra.

4.3. Két qua thuc nghiém tirng buwéc
4.3.1. Poc chubdi dir liéu

Nhép chudi dir liéu 1a chi sb ning luong
tai tao chira 1 chudi thoi gian don, trong d6
cac budc thoi gian la don vi ngay va céc gia
tri tuong Gng vai tai tiéu thy. D liéu nay duogc
dua vao vector hang (Hinh 9). Phan chia dir
liéu dé huin luyén va kiém tra 1a diung 80%
chudi dit liéu dé huan luyén va 20% dé kiém
tra.

4.3.2. Chuan héa dir liéu

Pé dir liéu dau vao mé hinh tot hon ciing
nhu ngédn chédn viéc bi phan ky trong qua trinh
huén luyén thi viéc chuin hoa dir liéu 1a vo
cung quan trong. Cu thé chuan héa dit liéu
huén luyén vé gia trj trung binh bang khong
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Hinh 10. Dir liéu dau vio sau khi chuan héa.

va phuong sai don vi. Chuan hoa dit licu kiém
tra cung thong s6 nhu 1a dit liéu huan luyén
(Hinh 10).

4.3.3. Huén luyén mang LSTM

CAu tric mang duoc dé xuat gom c6 4 16p
la Sequence Input, LSTM, Fully Connected
va Regression Output. Qué trinh huin luyén
dugc gioi han trong 200 chu ky va ngudng
dugce ditla 1, toc do hoc ban dau 12 0.005, toc
d6 hoc nay s& giam sau 125 chu ky huan luyén
bang cach nhan hé s 0.2 (Hinh 11).

4.3.4. Két qua du bao

Két qua du doan phuy tai dién ning cua
tinh Tién Giang dugc thé hién & hinh 12. Két
qua phu tai dién sau khi dy bdo s€ dugc so
sanh véi gia tri kiém tra trong tap dit liéu ban
dau. Tur hinh 13 nhan thay, hai két qua nay
bam sat nhau, c6 nghia 1a két qua du bao vé
phu tai dién twong dbi chinh xac véi do sai s6
hiéu dung nho, cuy thé RMSE=9.6333.

4.4. So sanh gia tri du bdo va gia tri kiém
tra khi sir dung mang No-ron truyén théng
(Fully Connected).

So d6 ctia qua trinh huén luyén cho thay,

két qua kiém tra dang c6 xu hudng bi phan ky.
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Hinh 11. Qud trinh hudn luyén.
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Hinh 12. Két qua dy bao phu tai dién nang
cua tinh Tién Giang.

The Forecast of Elecricity Powier in Tien Giang Province
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Hinh 13. So sanh két qua dy bdo phu tdi
dién nang véi gid tri kiém tra.

Diéu nay chimng to két qua du bao chi ding &
cac gia tri dau, tir nhitng gid tri sau két qua dy
bao ngdy cang c6 do sai sb 16n, dan dén viéc
du bao khong bén viing theo thoi gian. (Hinh
14). Tt hinh 15, nhan thay khi st dung mang
No-ron truyén thong thi két qua phu tai dién
sau khi du bao véi gia tri kiém tra trong tap dit
liéu ban dau khong bam sat nhau. Diéu nay co
1a két qua du bao vé phu tai dién khong c6 do
chinh xdc cao.



Best Training Performance is 0.15451 at epoch 200
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Hinh 14. Qua trinh huan luyén cua mang
No-ron truyén thong.
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Hinh 15. Két qua dy bao phu tai duoc so
sanh véi két qud kiém tra trong tdp dir liéu
ban dau khi sir dung mang No-ron truyén
thong.

5. KET LUAN

Tir cac két qua & phan 4, tac gia co thé
dua ra cac két ludn nhu sau. Mang LSTM
(Long Short-Term Memory networks) giai
quyét cac nhuge diém ma mang truyén thong
chua lam duogc. Trong bai bdo nay tac gia da
du bao nhu cau phu tai dién nang trén tap dir
li¢u thyc. Trong qua trinh nghién ctru tac gia
phan tich ly thuyét va kiém chimg thuc
nghiém trén phan mém. Qua do thay dugc
phuong phap ma tac gia dé xuét 1a dung mang
LSTM dé dy bao co do chinh xac cao hon so
V01 cac phuong phap truyén thong trude day.
Tom lai két qua cua bai bao da duara két qua
du bao kha chinh x4c vé nhu cau phu tai dién
nang, qua d6 co thé ap dung két qua nghién
clru ndy vao thuc té tai cac co quan di¢n luc
trén toan qudc.

Mic du két qua dat dugc tir nghién ciu
kha tét nhung van con nhiéu van dé ma tac
gia cn mudn cai thién. Pau tién, tac gia quan
tam dén chay trén nhiéu tap dit li¢u khac nhau
dé cho két qua chinh xac hon. Ngoai ra, diéu
chinh cdu tric mang dé cho két qua tbi uu
hon ciing la bai toan ma tac gia dang hudng
dén.
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