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TOM TAT

Tén dé tai: Nghién ciru hé théng thu thip dir lidu va gidm sdt tiéu thu di¢n bang Deep
Learning.

Sinh vién thyc hién:  Truong Cong Cuong - MSSV: 105200294
Nhan Ngoc Sang - MSSV: 105200425
Phan Dtrc Ngoc - MSSV: 105200418

Tiéu thu dién nang 1a mdt chi ) quan trong phan anh hi€u qua van hanh va mirc
d6 sir dung ning luong cua cac ho gia dinh, doanh nghiép va toan bo hé thong dién.
Trong bdi canh hién nay, khi nhu cau dién ngay cang gia tang va ap luc tiét kiém nang
lugng, gidm phat thai ngay cang ro rét, thi vi¢c gidm sat va phan tich dir li¢u ti€u thy
dién mdt cach chinh xac va lién tuc tré nén vo cung can thiét. Tuy nhién, hé théng thu
thap va xtr 1y dit liéu truyén thong con nhiéu han ché nhu d6 tré cao, thiéu kha nang phat
hién bat thuong theo thoi gian thuc, va khé mé rong véi quy moé 16n. Bé khic phuc
nhing thach thirc d6, nhom da trién khai nghién cru dé tai: “Nghién ciru hé thong thu
thap dir liéu va giam sét tiéu thu dién bang Deep Learning”. Dé tai huéng dén viéc xay
dung mot hé théng théng minh c6 kha ning thu thap, xir 1y va phan tich dit liéu tiéu thu
dién mot cach ty dong va hiéu qua. Thong qua viéc ing dung cac mo hinh hoc sau (Deep
Learning), hé théng khong chi hd trg du bdo mure tiéu thy dién ma con phat hién cac bat
thuong trong hanh vi st dung dién, tir 46 gop phan nang cao hiéu qua quan 1y ning
luong va canh bao sém céc su ¢d tiém an trong hé thong.

Dé tai “Nghién ctru hé thdng thu thap dir liéu va giam sat tiéu thu dién bang Deep
Learning” s& tap trung xay dung ba mo hinh du bao ciia thuat toan hoc sau dé du bao
chi s6 tiéu thy dién ctia khu vuc dan cu ¢ Pa N?mg. Ba mo hinh d6 la Neural Hierarchical
Interpolation for Time Series (N-HiTs), Long Short Term Memory (LSTM),
Bidirectional Long Short-Term Memory (BiLSTM). Két qua mé hinh duoc danh gia
thong qua ham Cin bac hai sai s6 binh phuong trung binh (Root Mean Squared Error -
RMSE) va ham Sai s6 phan tram tuyét d6i trung binh (Mean Absolute Percentage Error
— MAPE).

Két qua d¢é tai cho thdy rang mo hinh N-HiTs cho két qua tot nhat trong ba mo
hinh. Va vi¢c trng dung tri tu¢ nhan tao dé du bao chi sd dién va du bao bat thuong trong
ti€u thu di¢n nang 1a hoan toan kha thi.
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TT | Ho tén sinh vién S6 thé SV Lép Nganh
1 | Truong Cong Cudng | 105200294 | 20TDH1 K¥ thuat Diéu khién va
Tu dong hoa
2 Nhan Ngoc Sang | 105200425 | 20TDHCLC2 | K§ thuét Diéu khién va
Tu dong hoa
3 Phan Puc Ngoc 105200418 | 20TDHCLC2 | Kj¥ thuat Diéu khién va
Ty dong hoa

1. Tén dé tai do an:

Nghién Ciru H¢ Thong Thu Thip Div Ligu Va Gidm Sdt Tiéu Thu Pién Bing Deep
Learning

2. Dé tai thude dién: AC6 ky két thoa thudn sé hitu tri tué doi véi két qua thuwc hién

3. Cdc s6 liéu va dit lidu ban dau:

4. Ngi dung cdc phan thuyét minh va tinh todn:

a. Phan chung:

TT Ho tén sinh vién No6i dung

1| Truong Cong Cuong - Tim hiéu téng quan tiéu thu dién, tinh hinh

phat trién hé théng do dém tir xa, 1ap trinh
Python, thu thap dir liéu tur xa

2 Nhan N A Ay A
an Ngoc Sang - Nghién ctru cac mod hinh hoc sau va cong
nghé Al trong giam sét ti€u thu dién.
3 Phan Dtrc Ngoc - Tim hiéu thu vién va cong cu trién khai mé

hinh hoc sdu trén nén tang Python va web.

b. Phan riéng:

TT Ho tén sinh vién Noi dung

1 | Truong Coéng Cuong | Xy dung mé hinh dy bao LSTM va Bi-LSTM, huin
luyén, ddnh gia mé hinh, phan tich két qua

2 Nhan Ngoc Sang Xt Iy dit liéu ddu vao, xay dung mé hinh dy bao N-
HiTs, huan luyén, danh gia mo hinh, phan tich két qua




3 Phan Dirc Ngoc Xtr 1y dit lidu dau vao, Xay dung va trién khai giao
dién web tich hop mé hinh dir bao phat hién bat

thuong.
5. Cdc ban vé, do thi ( ghi ré cdc logi va kich thuéc ban vé ):
TT Ho tén sinh vién Noi dung
Truong Cong Cuong
2 Phan Btrc Ngoc
3 Nhan Ngoc Sang
6. Ho tén nguwoi hudng dan: Phan/ Néi dung:
TS. Nguyén Thi Kim Triic
Huynh Thao Nguyén
Huynh Kim Son
7. Ngay giao nhiém vu dé an:  07/03/2025
8. Ngay hoan thanh dé dn: 14/06/2025
Pa Nang, ngay  thing ndm 2025
Truwéng BO mon Ty dong héa Nguwoi hwéng dan 1
TS. Giap Quang Huy TS. Nguyén Thi Kim Tric

Nguoi huwéng din 2

Huynh Kim Son

Nguoi huwéng din 3

Huynh Thao Nguyén
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Tén dé tai DPATN: Nghién ctru hé thdng thu thap dit liéu va giam sat tiéu thu dién bang
deep learning

Ho tén nguoi HD: TS. Nguyén Thi Kim Triic

Pon vi: Truong Pai hoc Bach khoa — Pai hoc Pa Nang

Khoi lwong GVHD
da thwe hién (%) tiép tuc thuc hién (%) ky tén

Tuin| Ngay

Tim hiéu dé tai, tong quan vé
1 | 7/03/2025 |hé€ thong dién va van dé giam
sat tiéu thu dién

Lap trinh Python co ban, lam

2 14/02/202 quen vo1 moi truong Colab,
thu vién Pandas, Numpy
Thu thap va khao sat dir li¢u
3 |2V 02/ 202 \iiau thy dién tir hé théng do
xa tai Pa Nang
28/03/202 [Duyét lan 1: Panh gia khoi lugng hoan thanh % :
4 5 Puoc tiép tuc [am DPATN o Khong tiép tuc thyc hi¢n
DATN O
Tién xvr Iy dir liéu: xir Iy
5 04/0451/202 NaN, noi suy, chuin hoa, tao

dic trung thoi gian

11/04/202 |Phan chia dit li¢u thanh tap

6 5 Train, Validation, Test
18/04/202 |Xay dy:ng mo hinh N-‘HiTs
7 5 va huan luyén budc dau
25/04/202 Duyét lﬁn 2: Panh gia khéi lugng hoan thanh % :
8 5 Puoc tiep tuc lam DPATN o Khong tiép tuc thuc hién
DATN O

02/05/202 |Xay dung mo6 hinh LSTM,
9 5 Bi-LSTM va so sanh két qua




Dénh gia mé hinh bing

10 09/02/202 MAE, RMSE, MAPE — chon
mo hinh t6t nhat dé€ tri€én khai
Viét giao dién web hién thi
11 | 230372021 45 liu, dur béo va phét hién
5 X .
bat thuong
30/05/202 Duy¢t lan 3: Banh gia khoi lugng hoan thanh % :
12 s Puoc tiép tuc [am DPATN o Khong tiép tuc thyc hi¢n
DATN o
Trién khai mo hinh 1én web
13 06/02/202 (Streamlit) — thir nghiém voi
dir li€u thuc té
10/06/202 Kiémqtra, danh gia mo6 hinh
14 5 da trién khai trén web
5 14/06/202 Téng hop béo cao, hoan

5

chinh do an




LOI NOI PAU

Loi dau tién, nhom ching em xin goi 16 cam on chan thanh nhat dén TS. Nguyén
Thi Kim Tric cung céac giang vién bd mon Tu dong hoa, khoa Dién — Truong Pai hoc
Bach khoa — Pai hoc Pa Nang. Trong qua trinh hoc tip va thuc hién dd 4an tot nghiép,
chung em dé nhan duoc sy quan tim gitp d&, hudng dan rat tan hinh, tim huyét caa Co.
Bén canh d6, chiing em ciing xin chan thanh cam on anh Huynh Kim Son - Phong Diéu
D9 - Pién Lyc Pa Néng va anh Huynh Thao Nguyén - Phong Kinh Doanh Dién Luc Da
Néng cung tit ca cac anh k§ su Dién tai phong Diéu Do Dién Luc Pa Ning da gitp
chtng em rat tan tinh trong lic chiing em thuc tap ciing nhu trong sudt qua trinh 1am d6
an. Chiang em xin chan thanh cdm on cac thﬁy co trong truong Pai hoc Bach khoa — Dai
hoc Pa Ning, cung tit ca cac Thay co trong khoa Pién da truyén dat kién thirc vé cac
mon co s va cac mon chuyén nganh dé chung em c6 duoc co s 1y thuyét viing chic
dé thuc hién do an tot nghiép nay ciing nhu 1 nhitng hanh trang dé thuc hién nhiing
nghién ctru khac.

Chung em xin chdn thanh cam on!
Pa Nang, ngay 16 thang 06 nam 2025



LOI CAM POAN LIEM CHINH HQC THUAT

Em xin cam doan dé tai: “Nghién ciru hé thong thu thp div liéu va gidm sdt tiéu
thu di¢n bang Deep Learning” 13 su nghién ciru cia nhém em, dudi su huéng din cua
TS. Nguyén Thi Kim Triuc (Khoa Pién — Truong Pai hoc Bach khoa — Pai hoc Pa
Néng), anh Huynh Kim Son (Ph6 Phong Diéu B¢ - Bién Luc Pa Ning) va anh Huynh
Thao Nguyén (Phong Kinh Doanh- Pién Luc Pa Ning). Cac s6 lidu két qua chua ting
dugc cong bd trong bat ki cong trinh khoa hoc nao khac.

Toan bd thong tin tham khao phuc vu dd 4an déu duoc néu & phﬁn Tai liéu tham
khao.

Céc s6 liéu, két qua trong bao cao nay 13 hoan toan trung thie. Ching em xin chiu
hoan toan trach nhiém, ki luat ciia khoa Di¢n va Nha truong néu nhu phat hién co van
dé sao chép khong hop 18 xay ra.

Nhom sinh vién thuc hién.

Truong Cong Cuong Nhan Ngoc Sang Phan Buc Ngoc
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Pé tai: “Nghién ciru hé thong thu thdp dir liéu va gidm sat tiéu thu dién bang DeepLearning”’

MO DAU

1. Ly do chon dé tai.

Trong boi canh hién dai, nhu ciu st dung dién ngay cang tang cao, kéo theo nhirng
thach thirc trong viéc giam sat va kiém soat san luong tiéu thu. Viéc phat hién kip thoi
cac truong hop tiéu thu dién bat thuong khong chi gitip ning cao hiéu qua van hanh cua
hé théng dién ma con gop phan giam that thoat dién nang, ngin chin gian lan va toi uu
hoéa chi phi cho ca nha cung cap va khach hang.

Hién nay, nhiéu hé thong quan 1y dién vin chu yéu dua vao phuong phap truyén
théng, thiéu tinh tu dong va chua tan dung triét dé cac cong nghé hién dai nhu tri tu¢
nhan tao (AI), IoT (Internet of Things) va phén tich dit liéu 16n (Big Data). Diéu nay
din dén viéc phat hién sai 1&ch san luong ti€u thu con cham tré va kém chinh xac, gay
ton that dang ké cho nganh dién.

Do d6, dé tai "Nghién ciru hé thong thu thap div liéu va gidm sdt tiéu thu dién
bc%ng Deep Learning” duoc lya chon vdi muc ti€u xay dung mot hé théng giam sat
thong minh, c6 kha nang phan tich dir liu theo thoi gian thyc va canh bao khi phat hién
tiéu thu dién bat thuong. Hé thong nay khong chi giup nang cao hiéu qua quan 1y dién
nang ma con hd tro nguoi dung tdi wu hoa viée st dung dién, hudng té1 mot hé théng
dién thong minh va bén viing hon.

2. Muc tiéu nghién ciru.

Muc dich ctia d6 4n tot nghiép 1a tmg dung cac phuong phap Deep Learning hién
dai dé giai quyét hai bai toan quan trong trong quan Iy tiéu thu dién nang:

- Du bdo san lugng dién nang ti€u thu theo thoi gian
- Phat hién bat thudng trong tiéu thy dién nang

3. Poi twong va pham vi nghién ciru.

3.1.  Doi twong nghién cirvu:

boi tuong nghién ctru cia dd 4n 1a cac khach hang st dung di¢n va dir liéu ti€u thu
dién tai TP. Pa Ning, ciing vi mang no-ron nhan tao va cac thuat toan toi vu hoa duoc
g dung dé du bao san lugng dién tiéu thu theo thoi gian va phat hién bat thuong trong
tiéu thu.

3.2.  Pham vi nghién cuu:

Pham vi nghién ciru trong dé tai bao gom:
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- Mang noron nhiéu 16p truyén thang va cac thuat toan toi wu hoa ding dé
xay dung mo hinh dy bdo san lugng di¢n nang tiéu thu theo thoi gian va
thuat toan phat hién bat thuong trong tiéu thu dién ning

- Nghién ctru 1ap trinh tinh toan trén ngén ngir 1ap trinh Python cho viéc
huan luyén mé hinh dy bao.

- Xay dung giao dién Web dé du béo san luong dién nang ti€u thu theo thoi
gian va phat hién bat thudng trong tiéu thy dién ning.

4. Phuong phap nghién ctru.

Tim ki€ém va nghién ctru thong tin trong cac sach, cac bai bao trong va ngoai nudc

lién qua dén cac ky thuat xir 1y s6 lidu, mang noron, cac thuat toan tdi wu, 1ap trinh tinh

toan.

5. Keét cau cua de tai.

Noi dung cua dd 4n gdm 3 chuong chinh sau:

Chuong 1: Tong quan vé nang lugng dién va Cong Ty dién luc Pa Nang
Chuong 2: Hé théng thu thap dir liéu do dém tir xa

Chuong 3: Co sé 1y thuyét va giai phap du bao san luong dién tiéu thu va xac
dinh bat thuong

Chuong 4: Két qua thyc nghiém va danh gia moé hinh
Chuong 5: Xay dung giao dién web.

Chuong 6: Két luan va hudng phat trién dé tai
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CHUONG 1: TONG QUAN VE NANG LUQNG BIEN VA PHUONG
PHAP GIAM SAT TIEU THU PIEN NANG

1.1.  Giéi thiéu vé niing lweng dién.

Trong bdi canh cong nghiép hoéa va hién dai héa, nhu cau tiéu thu dién ning ngay
cang gia ting, kéo theo yéu cau vé quan 1y va giam sat hiéu qua hé thong dién. Viéc tiéu
thu dién nang khong chi anh huong dén hoat dong san xuat, kinh doanh ma con tac dong
tryc tiép dén On dinh kinh t&, an ninh ning luong va bao vé méi trudng. Mot trong nhiing
thach thirc 16n hién nay 1a 1am thé ndo dé giam sat, phat hién sém cac ddu hiéu bat
thudng trong tiéu thu dién ning, giup giam thiéu ton that va nang cao hiéu qua van hanh
hé thdng dién.

1.2.  Tinh hinh phat trién hé thong dién tai Viét Nam.

Viét Nam 12 mot trong nhitng qudc gia co tdc do phat trién kinh té nhanh trong khu
vuc Pong Nam A, kéo theo nhu cau tiéu thu dién ning ngdy cang gia ting. Theo thong
ké, tong san lugng dién tiéu thu cia Viét Nam ting trung binh khoang 8—10% mdi nam,
phan 4anh sy mé rong cua cac nganh cong nghiép, dich vu va doi séng dén cu.

Dé dap tmg nhu ciu nay, hé théng dién Viét Nam di c6 nhitng budc phat trién
dang ké v6i su mo rong clia cac ngudn phat dién, ludi truyén tai va hé thong phan phoi.
Hién nay, hé théng dién quéc gia bao g@)m cac nguén dién tr thiy dién, nhiét dién than,
nhiét dién khi, di¢n mat tro1, dién gi6 va di¢n nhap khau. Chinh phu Viét Nam cling
dang ddy manh chuyén ddi ning luong xanh nhim giam su phu thudc vao ngudn dién
hoa thach va han ché tac dong tiéu cuc dén méi truong.

Tuy nhién, ciing v&i su phat trién nhanh chong, nganh dién Viét Nam ciing d6i mit
v6i nhidu thach thire nhu qua tai ludi dién, ton that dién nang, that thoat dién do gian
1an, ciing nhu nhu cau ning cao tinh tw dong hoéa va giam sat thong minh hé théng dién.
Trong boi canh d6, viéc ung dung cong nghé hién dai, dac biét 1a tri tué¢ nhan tao (Al)
va hé thong giam sat ty dong, 1a mot xu hudng tat yéu dé ning cao hiéu qua van hanh
hé thdng dién.

1.3.  Mét s6 phwong phap dw bao
1.3.1. Mt s6 phwong phdp duw bdo sin lwong di¢n ning tiéu thu theo thoi gian
a) Phwong phap thong ké

Céc phuong phép nay dua trén mé hinh toan hoc dé phan tich xu huéng tiéu thu

dién trong qua khir va dy bdo tuong lai.
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- Phan tich hdi quy tuyén tinh: Dy bao san lugng dién duya trén cac yéu té dau
vao nhu nhiét d6, thoi gian trong ngay, ngdy trong tuan, v.v.

- Phuong phap trung binh trugt (Moving Average): Dung gia tri trung binh cua
mot s6 chu ky trude do dé dy bao gia tri tiép theo.

- Mo hinh ARIMA (AutoRegressive Integrated Moving Average): Thich hgp
cho dir li¢u c6 tinh chu ky va ¢6 xu hudng.

- Mo hinh SARIMA (Seasonal ARIMA): La mét bién thé cia ARIMA, thich hop
cho dit liéu c6 yéu té mua vu (thang, quy, nim).

b) Phwong phap tri tu¢ nhan tao

Phuong phép du bao san lugng dién ning tiéu thy theo thoi gian bang tri tué¢ nhan
tao thuong bao gém viéc st dung cac k¥ thuat nhu mang No-ron nhan tao, may hoc va
hoc siu dé tim ra mbi quan h¢ gifra cac yéu td san lugng dién tiéu thy, tr 46 dy bdo san
lugng dién trong tuong lai.

+ Mang No-ron nhan tao

Mang No-ron nhan tao 1a mot thuat toan dugc léy cam hung tir cach hoat dong cua
hé than kinh sinh hoc. O mang No-ron sinh hoc, mdi No-ron s& c6 cac dau vao, dau ra,
soi lién két vao bo st 1y tin hiéu. Cac dau vao s& nhan duoc tin hiéu tir dau ra cua cac
No-ron khéc, sau d6 truyén tin hiéu dén bo xir Iy nho soi lién két roi dua két qua téi cac
dau ra. Nhiéu No-ron lién két v6i nhau tao thanh mot mang No-ron.

So¢i nhanh (nhan tin hiéu ti cic nd-ron khéc) Dubi (két ndi vai
cac na-ron khic)

Bao mélin

Nhan Cau trdc cda mot té bao than kinh (No-ron)

Hinh 1.1: Cdu triic cia mot té bao than kinh

¢ Hoc may
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Hoc may 1a moét linh vuc trong khoa hoc may tinh va tri tu¢ nhan tao, nghién ctru
vé cac phuong phap dé cho may tinh tw dong hoc hoi tir dit 1iéu ma khong can duoc 1ap
trinh cu thé cho ting tac vu. Hoc may 1a mot cong cu quan trong dé giai quyét cac bai
toan phure tap, ddc biét la trong viéc xtr 1y dit licu 16n.

Céac mo6 hinh hoc may duogc chia thanh ba loai chinh:
e Hoc may c6 gidm sat

Hoc c6 giam sat duoc hiéu 1a sach st dung cac tap dir li¢u duoc gén nhén dé huan
luyén thudt toan phan loai hodc dy doan két qua mot cach chinh x4c.

Hoc tap c6 giam sat gitp cac to chirc giai quyét nhiéu van dé trong thuc té trén quy
mo 16n. Mot sé phuong phap dugce sir dung trong hoc c6 giam sat bao gom Mang No-
ron, md hinh phan 16p, hdi quy tuyén tinh, hdi quy logistic, Random forest va may h
trg Vector (SVM — support vector machine).

e Hoc may khong giam sat

Hoc khong gidm sat st dung cac thuat todn hoc may dé phan tich va phan cum céc
tap dir liéu khong dugc gan nhan. Céc thuat toan nay phat hién ra cdc mau hoac nhém
dir liéu an ma khong can sy can thiép cia con nguoi.

Céc thuat toan dugc st dung trong hoc tip khong giam sat bao gdm Mang No-ron,
phan cum K-means va cac phuong phap phan cum theo x4c suat.

e Hoc may ban gidm sat

Hoc tap ban giam sat 13 sy két hop hai hoa giit hoc tap c6 giam sat va khong giam
sat. Trong qua trinh dao tao, n6 st dung mét tap dir liéu c6 nhan nho hon hoc c6 giam
sat dé hudng dan phan loai va trich xuét tinh nang to mot tap dir liu 16n hon, khong
dugc gan nhan.

Hoc tap ban giam sat c6 thé giai quyét van dé trong trudng hop khong co du dir
liéu duoc gén nhan cho thuat todn hoc c6 giam sat.

+» Hoc sau

Hoc sau 1a mdt nhanh cua hoc may, tap trung vao viéc xay dung cdc mo hinh may
hoc ¢6 kha nang hoc tap va dy doan dir li€u. Cac mo hinh nay dugc xay dung dua trén
mot kién tric mang ludi No-ron nhan tao, dugc cAu thanh tir nhiéu 16p No-ron

Céac md hinh hoc sau c6 thé duoc str dung dé giai quyét nhiéu van dé khac nhau
trong cac linh vuc nhu thi gidc may tinh, nhan dang giong né1, xtr Iy ngdn ngir ty nhién,
Robotics va nhiéu tmg dung khac. Hoc sau da tao ra nhiing tién bo dang ké trong nhiéu
linh vuc img dung va dang duoc sir dung rong rai trong cac san pham va dich vu.
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Céc kién tric mang No-ron trong hoc sau duoc xay dung dua trén cac thuat toan
lan truyén nguogc va phan loai, bao gdm:

e Mang No-ron tich chap (Convolutional Neural Network — CNN)

e Mang No-ron hdi quy (Recurrent Neural Network - RNN) & LSTM (Long
Short-Term Memory)

e Mang No-ron tu dong ma hoa (Autoencoder Neural Network — AE)
e Mang No-ron hoc tang cuong (Reinforcement Learning Neural Network)
e Mang No-ron Feedforward ( Neural Hierarchical Interpolation — N-HiTs)
1.4. Phan loai va muc dich cia giam sat tiéu thu dién
1.4.1 Phan loai

Hé thdng gidm sat tiéu thy dién c6 thé duoc phan loai theo nhiéu tiéu chi khac
nhau:

Theo pham vi gidm sat:
- Giam sat ho gia dinh: Theo doi muc ti€u thu dién cua tung ho dan, gitp
nguoi dung quan 1y chi phi dién hiéu qua.
- Giam sat khu vuc: Po luong va phan tich muce tiéu thu dién tai cac khu vuc
nham t6i wu héa van hanh.
- Giam sat lu6i dién: Theo ddi hé thong truyén tai va phan phdi dién nham
phat hién bat thuong, tranh sy cb méat dién trén dién rong.
Theo phuong phép gidm sat:
- Giam sat theo thoi gian thuc: St dung cam bién va hé thong do xa dé thu
thap dir li€u lién tuc, cho phép phan ing nhanh voi céac su cd.
- Giam sat theo chu ky: Phan tich dit liéu theo ting khoang thoi gian nhat
dinh (gio, ngdy, thang) dé phat hién xu hudéng va du bao.
- Giam sat thong minh bang AIl: Ung dung tri tué nhan tao dé phat hién bat
thuong va dua ra canh bao tu dong.
1.4.2. Muc dich
Viéc giam sat ti€u thu di€n c6 vai tro quan trong trong viéc dam bao hoat dong on
dinh va t8i wu hoa hiéu suét caa hé thé)ng dién. Mot sd muc tiéu chinh cua giam sat tiéu
thu dién bao gém:
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- Phat hién va canh bao sém céc bat thuong trong ti€u thu dién: Gitp nhan dién
nhanh chéng céc hanh vi bat thuong nhu ro ri dién, gian lan dién, hodc cac su cd ky
thuat.

- T6i uu hoéa van hanh va giam ton thit dién nang: Cho phép nganh dién c6 céac
bién phap diéu chinh hop 1y dé nang cao hiéu suat sir dung dién.

- Dy bao nhu cau tiéu thu dién: Giup 1ap ké hoach cung cép dién hop 1y, tranh tinh
trang qua tai hé thong.

- Tang cuong quan 1y va tiét kiém dién: HO trg doanh nghiép va ho gia dinh theo
doi, kiém soat luong dién tiéu thy dé giam chi phi va tiét kiém nang luong.

- Cai thién dich vu khach hang: Cung cip cic bao cdo tiéu thu dién chi tiét, giup
khach hang hiéu r& va diéu chinh hanh vi str dung dién hop 1y hon.
1.5. Két luin chwong 1

Chuong nay di trinh bay tong quan vé tinh hinh phat trién cta hé thong dién tai
Viét Nam, cac phuong phéap du bao ti€u thu dién va h¢ théng giam sat hi¢n tai. Qua do
cho thay rang, cac phuong phép truyén théng van con ton tai nhiéu han ché trong viéc
phat hién bat thudng va tdi wu héa quan 1y dién ning. Viéc ung dung cong nghé Deep
Learning la can thiét nham cai thién do chinh xac va hiéu qua giam sat, tao nén tang cho
cac giai phap s& duoc trinh bay trong cic chuong tiép theo.
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CHUONG 2: HE THONG THU THAP DU LIEU PO PEM TU XA

2.1. H@ théng thu thap sb liéu cong to diu ngudn tir xa DSPM

Nguyén ly hoat dong:

- Mdi tram bién ap 110 kV lip dat may tinh cong nghiép (RTU) hoat dong 24/24
c6 két ndi véi cong giao tiép RS485, cong giao tiép nay két ndi voi cac RS232 hoic
RS485 clia cong to dé thu thap sb liéu. S6 liéu file thu thap duogc tir cong to (file tho)
duge luu trit vao RTU, dong thoi théng qua mang Internet dé truyén vé Server dit tai
Cong ty.

- File thu thap duoc tir cong to (file thd) duoc giai ma, bién dich dé day vao co so
dir liéu thong qua phan mém HES DSPM.

- Thong qua phan mém DSPM do CPCiT viét dugc cai dat trén cic may tinh s&
cho phép hién thi cac thong sb cua cong to, hién thi biéu dd phu tai, xem danh sach céc
tram mat tin hiéu, tong hop phu tai cac Pién luc, phan quyén truy cap.

- Cai dat phan mém DSPM: http://113.160.224.170:8000/mdms/publish.htm

- Bia chi may chu hién nay : 10.123.96.3; data : MDMS.

- Tan suét thu thap hang ngdy : hang gio, 24 1an/ ngay.

131 [] Server ' a2 []

Hinh 2.1: Nguyén ly hoat ddng hé thong thu thap dau nguon tir xa DSPM
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- Pbi voi cac TBA 220kV/ 500 kV thudc truyén tai dién quan 1y, dit liéu do xa
dugce dong bd vé Tong Cong ty Dién luc Mién Trung, sau d6 ddng bo vé PC Da Ning.
2.2. Hg thong do xa GPRS/3G

- Thoi gian trién khai: tir ndm 2013, PC Pa Néng hop dong voi Cong ty C6 phan
Tu van Pau tu Phét trién Ha ting Vién thong (IFC) cung cép dich vu do xa.

- Péi tuong : cac TBA cong cong, chuyén dung, cac khach hang co san luong tir
5.000 kWh/thang tr¢ 1én. Pay 13 d6i tuong duoc lip cong to dién tir 3 pha nhiéu biéu
giad da churc nang.

- Nguyén 1y : tai mdi diém do, cong to dién tir dwgc gin modem lip sim di dong,
s6 liéu cong to duoc thu thap qua dudng truyén GPRS/3G, tan suét thu thap 30 phat/ 1an
(48 1an/ ngay).

- S6 lugng hién nay : 5.114 diém do. Ty 18 online trén 99%.

- Céc thong sb dugc thu thap : chi sb (timg thoi diém, chét thang); thong sd van
hanh 3 pha (cong sut, dong dién, dién ap, tan s, cosj); biéu dd phu tai 30 phut; sy kién
(mat dién, mat pha, ...).
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Hinh 2.2: M6 hinh hé thong do xa GPRS/3G
Hé thong do xa GPRS/3G gom c6 02 thanh phan co ban sau:
Tai cac diém ranh 2161 hodc khach hang:
- Cong to dién tir d duoc tich hop sin cong giao tiép RS232/485
- Modem GPRS: dé truyén dit liéu vé Trung tim OMC.
Trung tim Thu thap va Xir 1y S6 liéu (OMC):
- Servers + Hé diéu hanh OS.

- Phan mém quan ly két no61 va doc dir li€u cong to.
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- Phan mém xtr 1y dit liéu: chuyén dir liéu dang HEXA sang dang ASCII.

- Phan mém béo céo sb liéu.
2.3. H@ thong do xa cong nghé RF-SPIDER

- Thoi gian trién khai: Tt thang 6/2013, PC Pa Ning d3 lya chon va dua vao sir
dung cong nghé doc chi sb cong to dién tir tir xa bang song RF qua thiét bi may tinh cam
tay Handheld Unit (HHU); dén 2016, chuyén sang cong nghé ty dong RF-Spider do
Trung tam san xuét thiét bj do dién t Pién luc mién Trung tu van cung cép thiét bi
(cong to RF, cong to Mesh, DCU, Router).

- bbi tuong: dugc lép dat tai cac cong to dién tir RF cua khach hang sau tram bién
ap cong cong. Cong nghé nay duoc ap dung d6i v6i khu vuce dan cu, noi ma tap trung
phén 16m khach hang st dung dién muyc dich sinh hoat.

- Nguyén 1y: Tai mdi tram bién ap cong cong, s& ¢ 1 bo tap trung DCU, c6 cac bd
khuéch dai song RF Router, hodc cong to c6 chirc nang Mesh lam nhi€ém vu thu thap
céc cong to RF xung quanh theo mo hinh mat ludi (mang nhén) mot cach thong minh,
tuy dong theo thoi gian duogc 14p trinh sin. Uu diém cua RF-Mesh 1a sir dung song RF
mién phi, nhu cau chi can thu thdp mot vai thong s6 co ban nhu chi sb, dién ap, dong
dién dé tinh héa don cho khach hang sinh hoat, kiém tra phat hién trom cép dién. Toan
bo dit liéu thu thap duogc tai luu trit bd tap trung DCU, s€ dugc gui vé server qua song
di dong nho cod gén sim card. Lich doc chi sé duoc thuc hién tu dong hé“tng ngay trén cac
phan mém trén may tinh. Dit lidu chi s6 thu thap dugc xuét ra file xml, sau d6 file xml
s& duoc cap nhat vao chuong trinh CMIS dé tinh héa don cho khach hang. Tan suit thu
thap hién nay 13 6 gio/ 1an (4 1an/ ngay).

- S6 lugng hién nay: do xa Spider 1a 355.091 diém do véi 2106 DCU, 13.614
Router, 62.800 cong to Mesh. Ty 1¢ online hi¢n nay trén 99%.

- Cac thong sb dugc thu thap: chi sb; dién ap, dong dién (chi thu thap duoc dbi voi
chung loai DTO1P80-RF.

Sinh vién thyc hién: Truong Cong Cuong Huéng dan: Ts. Nguyén Thi Kim Triic
Nhan Ngoc Sang
Phan Pirc Ngoc

10



Pé tai: “Nghién ciru hé thong thu thdp dir liéu va gidm sat tiéu thu dién bang DeepLearning”’

In giay
Thong bas tien
. dign
Tra com tinh hinh
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Hinh 2.3: M6 hinh hé théng do xa RF-Spider
2.3.1. DCU (Data Collection Unit)

DCU la thiét bj chinh ctia hé thong, duogc tich hop sdn modem GPRS/3G. DCU thu
thap chi s6 tir xa cho tit ca cac cong to co trang bi RF trong pham vi khai béao, giri dix
lidu thu thap vé Server trung tim thong qua duong truyén dir liéu GPRS/3G

Hinh 2.4: DCU

2.3.2.  Router

La thiét bj dinh tuyén nhim quan 1y, thu thap dir liéu ctia mot sé luong cong to
nhét dinh, dir liéu duoc gui vé DCU khi ¢c6 yéu cau. Router con co chirc nang chuyén
tiép dir liéu tir goi tin tir DCU dén cong to tich hop RF-Mesh. Nho ¢6 ma DCU chi 1ay
s6 lidu tir Router ma khong can lién lac truc tiép dén cac cong to trong ving phu séng
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ctia Router. Router lién lac v6i cac RF-Mesh thong qua song vo tuyén, lién lac véi cac
cong to qua séng vo tuyén. Chuyén dit liéu dén DCU qua mang di dong GPRS/3G.

Hinh 2.5: Router
2.3.3. Congto

e T

Hinh 2.6: Cong to

a) Cong to RF-Mesh

La san pham do dém dién ning c6 tich hop khdi thu phat song vo tuyén (RF), bén
canh nhitng chirc ning do dém ctia Cong to dién tir thong thuong, cong to RF-Mesh ¢o
kha nang tu tim dudng nho giai thuat dinh tuyén thong minh, ty thiét 1ap nén mang lwosi
RF-Mesh, chuyén thong tin cua tt ca cic cong to trong pham vi phii séng cta n6 vé dén
vo thu thap tap trung DCU.

b) Cong to RF

Sinh vién thuc hién: Truong Cong Cuong Hueéng dan: Ts. Nguyén Thi Kim Triic
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Céc cong to RF khac do CPC EMEC san xuat déu c6 kha ning hoat dong tuong
thich voi hé thong RF-Mesh trién khai co CPC

Céc loai cong to ciia cac nha san xuit khac nhu Elster, Landis+Gyr... c6 thé két
nbi voi hé théng RF-Spider néu dugc gian thém module RF-Elster, RE-Multimeter ctia
CPC EMEC.

¢) Server

MG&i cong ty dién luc s& duoc cung cdp 1 Server dé van hanh chuong trinh thu thap
chi s6 theo nguyén tic:

- DCU két ndi véi Server qua giao thirc TCP/IP

- Server lay thong tin ctia khac hang tir Application Server dé thuc hién kham pha,
thu thap céc chi sd va thong s van hanh ciia cong to khach hang.

- Server thuc hién doc chi sb van hanh chuyén vé Application Server dé phan tich
dir liéu va luu trir vao Database Server.

Cac ung dung trién khai trén Application Server bao gom: Web RF-Spider, cung
cap webserver cho hé thdng khai thac s liéu.

2.4. Kétluin chuong 2

Trong chuong ndy, nhém da trinh bay tong quan chi tiét vé ba hé thong thu thap
dir liéu do dém tir xa dang duogc trién khai tai PC Da Ning, bao gdm: hé théng DSPM,
hé thdng do xa GPRS/3G va cong nghé RF-Spider. M&i hé thdng ¢ dic diém k§ thuat
va d6i tuong ap dung riéng, gop phan nang cao tinh tw dong hoéa va do chinh xéac trong
viéc thu thap dit liéu cong to dién. Tuy nhién, diém chung ctia cac hé thong hién tai 1a
chi tap trung vao vi¢c thu thap va luu trit dir liéu, chua tich hgp cac chic ndng gidm sat
thong minh hodc phat hién bat thuong ti dong. Diéu ndy giy han ché trong viéc phat
hién sém cac van dé nhu thét thoat dién, trom cap dién hay tiéu thy dién khong binh
thudng cua khach hang. Chinh vi vy, trong chuong tiép theo, nhom s& dé xuét giai phap
xay dung hé théng giam sat tiéu thu dién thong minh dua trén cong nghé hoc siu (Deep
Learning). Cac mo6 hinh s€ dugc xay dung dé dy bao san lugng ti€u thu dién va phat
hién bt thuong trong dir liéu, gop phan nang cao hiéu qua giam sat va van hanh h¢
thong dién.
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CHUONG 3: COSOLY THUYET VA GIAI PHAP DU BAO SAN LUQNG
PIEN NANG TIEU THU VA XAC PINH BAT THUONG

3.1. Giéi thi¢éu phwong phap
Hién nay c6 rat nhiéu phuong phép dé thuc hién du bdo san lugng dién tiéu thu
nhu di trinh bay & chuwong 1. Mdi phuong phap ¢ dic diém va tmg dung khac nhau,
tiy thudc vao muc dich sir dung va tinh chat ciia dir liéu. Trong d6 4n tot nghiép nay,
chung em sé& sir dung phuong phap tri tué nhan tao dé thuc hién du béo san lugng dién
nang tiéu thu va xac dinh bat thuong.

MACHINE
LEARNING

_L_'.Zf—~_:-‘i'»;.“‘lv D E E P

LEARNING
DA DA
A

i ' b " I

1950's 1960's 1970's 1980's 1990's 2000's 2010's

Sunce an early flush of cotmizm in the 1950s, smaller subsats of artificsal intelligence - first maching (earning, then

deep learming, 4 subise! of miching learning - have created ever larger disruptions

Hinh 3.1: Cac giai doan phat trién cua tri tué nhan tao
3.2. Mang No-ron phi hdi quy va hdi quy.
3.2.1. Mang No-ron phi héi quy Neural Hierarchical Interpolation — N-HiTs

M6 hinh N-HiTs (Neural Hierarchical Interpolation for Time Series Forecasting)
dugc gidi thiéu 1an dau vao nam 2023. Ban dau, N-HiTs dugc phat trién nham cai thién
hiéu qua du bao chudi thoi gian véi kién trac phan cap st dung co ché ndi suy phi tuyén.

Trong nganh k¥ thuat dién (KTD), N-HiTs ngay cang dugc tng dung phd bién cho
cac bai toan nhu du bao tai dién, phat hién bat thuong trong ti€u thu nang luong, va dac

Sinh vién thuc hién: Truong Cong Cuong Huéng dan: Ts. Nguyén Thi Kim Triic
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biét 1a dy bao chi sé cong to dién thong minh. Nho kha ning xtr 1y tot dit liéu chudi da
bién vé6i clu trac phurc tap va tinh phi tuyén, N-HiTs gitup nang cao d6 chinh x4c trong
du bao cling nhu kha nang nhan dién sém cac hanh vi tiéu thu bat thuong.

- Kién triic mo hinh:

Model Tupmt Staek Tyt Block Inpur

: v >4 MLP Stack
Rlock 2
Stack 2 4 & AMLP ALY
& @
Block B -
i - Do

Hinh 3.2: M6 hinh N-HiTs

Kién trac ciia mo hinh N-HiTs bao gom nhiéu khéi Stack khac nhau, trong mdi
khéi Stack bao gdm nhiéu khdi ndi suy phan cép (hierarchical interpolation blocks), mdi
khéi tap trung vao quy mo thoi gian khac nhau. M6 hinh N-HiTs sir dung mét cau tric
phan cip, trong d6 mdi khdi thap trung vao mot quy mé thdi gian khac nhau. Piéu nay
cho phép mé hinh nim bat cac mau thoi gian ¢ nhidu quy mé, tir cac bién dong ngan
han dén cac xu hudng dai han.

- Nguyén ly hoat dong

N-HiTs thyc hién cac phép chiéu phi tuyén cuc bo 1én ham co sé thong qua nhiéu
kho1, moi khoi bao gdm mot multilayer perceptron (MLP) hoc cach tao ra h¢ so cho
dau ra backcast va forecast. Cac khoi dugc nhom thanh cac Stack, moi Stack hoc mot
dac diem khac nhau cua dir liéu. Dau vao cua toan bd mang la chudi tin hiéu y, ,, tu
L d tré.

Lay mau tin hi¢u da ty 1¢: Tai dau vao ciia moi khoi ¢, mot 16p MaxPool véi kich
thudc kernel %, duoc stir dung d€ phan tich cac thanh phan tin hiéu & mét ty 1€ cu the.
Kich thudc k, 16n hon cét b6t cac thanh phan tin sé cao, gitp khéi tap trung vao phan
tich cac nd1 dung quy mo 16n hon. Bleu nay gitp giam s6 lwong tham s6 can hoc, giam
thiéu overfitting va duy tri truong tiép can ban dau.

yt(pL) 1,0 - Maxpoal(yt—L:t,f > kf)
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Hbi quy phi tuyén: Sau khi 1dy mau, mdi khéi thyc hién hdi quy phi tuyén dé tao
ra cac hé s6 MLP tién va lui. Cac hé sb nay duogc sir dung dé tong hop dau ra backcast
va forecast ctia khdi. Qua trinh ndy gitp tao ra du bao chinh x4c hon bang cach st dung
céc phép tinh phi tuyén

h, = MLPF, (yt(fL):t,f
0] = LINEAR (h,)
0, = LINEAR" (h,)

Noi suy phan cAp (Hierarchical Interpolation): N-HiTs str dung noi suy thoi gian.
Céc h¢ so ndi suy duogc xac dinh theo ty 1¢ biéu dat (expressiveness ratio) », diéu chinh

s6 luong tham s6 trén mdi don vi thoi gian dau ra, 0/ =[rH]. Pé khoi phuc lai téc do

ldy mAu ban dau va dy bao tit ca H diém trong tim nhin, ching ta sir dung ndi suy thoi
gian thong qua ham hoi suy g:

,=g(r,0)\\Yre{t+l,. . t+H},
=g(7,0)),Vre{t—L,..1}.

3.2.2. Mang No-ron hoi quy.
Mang No-ron hdi quy (Recurrent Neural Network — RNN) 12 mot loai mang No-
ron nhan tao duoc thiét ké dé xir 1y va phan tich cac chudi dit licu.

Dua trén s luong xtr 1y cta chudi dau vao va chudi du ra, nguoi ta chia mang
RNN thanh 4 loai chinh:

Trong mang RNN, trang thai 4n tai mdi budc thoi gian s& dugc tinh toan dua vao
dir liéu dau vao tai bude thoi gian twong Gng va cac thong tin cé duoc tir bude thoi gian
trudc do, tao kha nang ghi nh¢ cac thong tin da dugce tinh toan ¢ nhitng budc thoi gian
trudc cho mang.

a) Mo hinh LSTM (Long Short-Term Memory)
Co ché hoat dong ctia mang LSTM:

LSTM la mét phién ban mé rong ciia mang RNN, duoc dé xuat vao nim 1997 bai
Sepp Hochreiter va Jurgen Schmidhuber. LSTM dugc thiét ké dé giai quyét cac bai toan
vé phu thudc xa (Long-term dependencies) trong mang RNN do bi anh hudng boi van
dé Gradient bién mat.

Khi cdc mang RNN hoat dong, thong tin trudc d6 duoc ghi nhd va sir dung lai dé
xtr 1y cho dau vao hién tai. Tuy nhién thi mang RNN khong thé ghi nhd thong tin & cac
budc c6 khoang cach kha xa trude d6 do van dé vé Gradient bién mat. Do d6 nhiing
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phan tir dau tién trong chudi dau vao khong c6 nhiéu anh hudng dén cac két qua tinh
toan du doan phan tir cho chudi dau ra trong cac budc sau. Mang LSTM véi cac két ndi
phan hdi (feedback connection) giup khic phuc nhuge diém nay.

he
Ceoa (- . 1\ S
G
I "F’C,i o,r-}.l
ne ISR T e

Hinh 3.3: Mot cell cua mo hinh LSTM
Budc dau tién trong LSTM s& quyét dinh xem thong tin ndo ching ta s& cho phép
di qua 6 trang thai (cell state). N6 dugc kiém soat boi ham sigmoid trong mot tang goi
1a tang quén (forget gate layer). Pau tién nd nhan dau vao 12 2 gia tri 4,_, va X, va tra
vé mot gia tri nam trong khoang 0 va 1 cho mdi gia tri ciia 6 trang thai ¢,_; . Néu gia tri

bang 1 thé hién “giir toan bd thong tin” va bang 0 thé hién “bo qua toan bo chung”.

ft — U[:‘I,f'[htﬂl,.'l't] == ])f_)

Hinh 3.4: Tdng cong quén
Budc tiép theo ching ta s& quyét dinh loai thong tin nao s& duoc luu trit trong 6
trang thai. Budc ndy bao gébm 2 phan. Phan dau tién 1 mot tAng 4n ctia ham sigmoid
dugc goi 1a tang cong vao (input gate layer) quyét dinh gia tri bao nhiéu s& dugc cip
nhat. Tiép theo, tﬁng an ham tanh s& tao ra mot véc to ciia mot gia tri trang thaiméi 7,
ma c6 thé duoc thém vao trang thai. Tiép theo két hop két qua cua hai tang nay dé tao

thanh mot cap nhat cho trang thai.
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i, — r‘f(”',;-[_hf [..IT{] + [),)
Cy = tanh(We-[hy—1, 2] + be)

Hinh 3.5: Cdp nhat gid tri cho 6 trang thai

bay la thoi diém dé cap nhat moét 6 trang thai cii, ¢,_; sang mdt trang thai méi ¢, .

Nhitng budc trude d6 di quyét dinh 1am cai gi, va tai ddy budc nay chi can thuc hién

J4

no.
Chung ta nhéan trang thai cii voi f, twong Gmg véi viéc quén nhiing thir quyét dinh
duoc phép quén sém. Phan tir dé ctr £, * 7, 1a mot gid tri méi duoc tinh toan tuong tmg

voi bao nhiéu dugc cip nhat vao mdi gia tri trang thai.

®
v

(X
IT 1c Cy= fixCr1 + 11 Gy

Hinh 3.6: O trang thdi moi

Cudi cung can quyét dinh xem dau ra s& tra vé& bao nhiéu. Két qua ¢ dau ra sé dua
trén 0 trang thai, nhitng s€ 1a mot phién ban duoc loc. Dau tién, ching ta chay qua mot
tangS sigmoid noi quyét dinh phan nao ctia 6 trang thai sé ¢ dau ra. Sau do, 6 trang thai
dugc dua qua ham tanh (dé chuyén gia tri vé khoang -1 va 1) va nhin né véi dau ra ca
mot cong sigmoid, do d6 chi tra ra phan ma chung ta quyét dinh.
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(),—(T(”", :h( ]..I'(: { [)(,‘)

hy = o = tanh (C})

Hinh 3.7: Piéu chinh théng tin ¢ dau ra théng qua ham Tanh

Nho céc co ché cac cong, LSTM c6 kha niang xir 1y cac chudi dir liéu dai va phirc

tap, gitp cai thién hiéu suit ciia mang No-ron hdi quy trong nhiéu ing dung.
b) Mo hinh Bi-LSTM (Bidirectional Long Short-Term Memory

Co ché hoat dong va cAu trac md hinh Bi-LSTM:

Bi-LSTM (Bidirectional LSTM) 14 phan mé rong ctia mang LSTM truyén thong.
Thay vi chi xir Iy chudi theo mot chiéu thoi gian (tir qua khtr dén hién tai), Bi-LSTM sir
dung hai LSTM song song:

e Mot LSTM theo chiéu thuin (forward),
e Mot LSTM theo chiéu nguoc (backward).

Két qua dau ra tai mdi budc thoi gian 1a sy két hop thong tin tir ca hai huéng, nhd
d6 mang c6 thé hiéu rd hon ngir canh day du — khong chi tir qué khir ma ca tir twong lai
(trong pham vi chudi diu vao). Bi-LSTM dic biét hiéu qua trong bai toan ma ngit canh
& ca trude va sau déu quan trong, nhu: du bao chudi cé tinh chu ky nhu dit liéu dién
nang tiéu thu.

3.3. Giai phap dé xuit va thuec thi bai toan di bao sin lwong dién ning tiéu
thu
3.3.1.  Gioi thiéu cong cu thwe hién

Trong qua trinh thyc hién dé tai, nhom str dung ngon ngit 1ap trinh Python va moi
truong Google Colaboratory dé xdy dung, huan luyén va trién khai cdc mo hinh hoc sau.
Mot sb thu vién va cong cu chinh dugc sur dung bao gém:

Python: Ngon ngir chinh dé phat trién toan bo pipeline xur 1y dit liéu, xdy dung mo
hinh, d4nh gi4 va trién khai két qua.
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Google Colab: Mbi truong Jupyter Notebook truc tuyén hd tro GPU mién phi, gitp
thuan tién trong viéc huin luyén mo hinh.

TensorFlow & Keras: Dung dé xdy dung va huin luyén cac mé hinh mang no-ron
sau nhu LSTM, Bi-LSTM.

NumPy & Pandas: HO trg thao tac vé&i dit lidu, xu ly chudi thoi gian va théng ké
co ban.

NeuralForecast: Thu vién chuyén dung cho du bao chudi thoi gian bang cac md
hinh hoc sau nhu N-HiTs, N-BEATS, DeepAR, v.v.

3.3.2.  Qui trinh thuc hién du bdo sdn lwong di¢én nang tiéu thu
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Hinh 3.8: Dir liéu thu thap

Quy trinh thuc hién trong Hinh 3.8 mé ta cac budc chinh trong hé théng du bao
chi s6 cong to dién va phat hién bat thuong. Dau tién, dir liéu duoc thu thap, tién xur 1y
va chia thanh céc tap dit liéu phu hop, sau d6 dugc chuan héa dé dam bao tinh dong
nhét. Tiép theo, ba mo6 hinh du bao khac nhau gém N-HiTs, LSTM va Bi-LSTM duoc
ap dung song song. Sau khi Iya chon mé hinh phu hop, qua trinh huin luyén duoc thuc
hién va mé hinh dugc danh gia bang tap dir liéu kiém tra. Két qua du bao dugc sir dung
dé xac dinh cac diém bat thuong, tir d6 tinh toan sai s6 va danh gia hiéu sut ciia mo
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hinh. Cudi cung, cac két qua duoc so sanh va tong hop dé dua ra két luan vé chat luong
du bao va kha ning phat hién bat thudong
3.3.3.  Thu thap dit li¢u.

Dit liéu dugc thu thap tir cac cong to dién tir thong qua cac giao thirc truyén thong
duogc giri vé va luu trit trong co s dit liéu cia trung tam diu khién cong ty Dién luc Da
Néng. Dir liéu thu thap bao gdm 271121 mau 7 tinh ning tir 26/12/2024 dén 22/4/2025
ctia 559 don vi khach hang trong khu vuc vé6i tan suat 1dy mau 4 1an 1 ngay.

MA_DVIQLY MA_TRAM NGAYGIO MA_DIEMDO SO_CTO IMPORT_KWH EXPORT_KWH
0 PP0900 FCS53FFRU 26/12/2024 00:16 PP09000904667001 2002350862 99964.2920 0.0000
1 PP0900 FCS3FFRU 26/12/2024 00:24 PP09000819619001 17333956 21626.2200 0.0000
2 PP0900 FCS3FFRU 26/12/2024 00:25 PP09000832892001 2200281931 7441.7000 0.0000
3 PP0900 FCS3FFRU 26/12/2024 00:25 PP09000832824001 2200160241  20711.5400 0.0000
B PP0900 FCS3FFRU 26/12/2024 00:25 PP09000833025001 2200161889 6640.3000 0.0000

27117 PP0S00 FCS3FFRU 22/04/2025 12:00 PP09000927611001 16041420 114573.3132
271118 PP0900 FCS3FFRU 22/04/2025 12:00 PP09000927611001 16041420 114573.3132
271119 PP0900 FCS3FFRU 22/04/2025 23:55 PP09000927611001 16041420 114580.3476
271120 PP0900 FCS53FFRU 22/04/2025 23:55 PP09000927611001 16041420 114580.3476

271121 PP0900 FCS3FFRU 22/04/2025 23:55 PP09000927611001 16041420 114580.3476

S6 lugng ma diém do khac nhau: 559

Hinh 3.9: Dit liéu thu thap
Trong do:
MA DVIQLY: Ma don vi quan li cong to
MA TRAM: Ma tram
NGAYGIO: Thoi gian ghi dit li¢u tir cong to
MA_DIEMDO: Mi diém do
SO CTO: Sb cong to dai dién chd mdi khach hang
IMPORT KWH: San lugng dién ti€u thu
EXPORT _KWH: Sén lugng dién phat ra
3.3.4.  Tién xuw Iy div li¢u.

Tién xir 1i dir liéu (preprocessing) 1a qua trinh xir Iy va chuan bi dit lidu trudc khi
ap dung cic mo hinh phan tich. Tién xt 1i dit liéu dong vai trd quan trong trong viéc
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dam bao chinh x4c va hiéu qua ciia cac mo hinh, dong thoi ciing gitp cho cic nha phan
tich dir liéu c6 thé hiéu va phén tich dit liéu mét cach d& dang hon.

Tir bang dit lidu thu thip duoc, tinh ning ma ching ta quan tim nhit 13
IMPORT KWH (san luong dién tiéu thy duoc dong ho dién tir ghi lai). Sau day 1a 1 s6
dd thi vé murc tidu thu dién ctia 1 sb diém do:

Mrc tiéu thy dién cla cong to 2200161889

7200 A
7100 A

7000 - e

IMPORT_KWH
o
o
o
=)

6800 - —n

6700 A1

5 & & o > o > V'
) > N - S N ) ~
& & N v & & & &
“ o g o A o g o
o ~ o o o ) o o
Thai gian

Hinh 3.10: Muec tiéu thu dién
Vi dit liéu duogc thu thap tir ddong ho dién tr vay nén dit liéu mang tinh tich liy,
vay nén can tao ra 1 tinh ning méi “value delta’ vé lugng tiéu thu dién qua khoang thoi
gian ldy mau.

Cac budc tien xur li dugce ap dung cho bai toan nay nhu sau:

a) Loc ra cac dir licu c6 cung MA DIEMDO, SO CTO, MA TRAM,
MA DVIQLY
b) Xir li cac gia tri bi thiéu
¢) Sir dung céc ki thuat nhu Differencing, Lagged value dé tao cac tinh ning
ma&i1 phu hop vé1 muc dich cta bai toan
d) Loai bd cac gia tri outlier
Nhu ta thay tir dir liéu thu thap, mac du tan suat ghi dir liéu trung binh 14 4 1an/ngay,
nhung céc mbc thoi gian léy mau khong déu va tham chi bi lap lai trong cung mat
khoang thoi gian. Piéu nay gay kho khin cho cic mé hinh hoc siu (Deep Learning),
v6n hoc hiéu qua hon trén dit lidu c6 tinh chu ky va phan bd déu theo thoi gian.
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Vi dy, c6 nhitng cong to ghi dir liéu tai 00h10, nhung lai tiép tuc ghi thém tai 00h20
trong cung mot gid, dan dén céc gid tri bi chdng chéo.

Vi vdy, dé chuin hoa dir liéu thoi gian, ta tién hanh 1am tron cac moc thoi gian
theo quy tic: néu sb phit nho hon 30 thi lam tron xudéng dau gid, néu 16n hon hoic bang
30 thi lam tron 1én dau gio tiép theo va chi luu gia tri dit liéu do & thoi gian dau tién
trong cung mdt gid.Nho do, dir li¢u s€ co cAu tric 6n dinh va déu din hon vé mit thoi
gian, gitp mé hinh hoc tét hon.

Vi IMPORT KWH chi la gia tri tich lliy, n6 khong phan anh muac do tiéu thu tai
ting thoi diém. Viée tinh tv delta gitip ta chuan héa dit liéu theo thoi gian, tao dau vao
pht hop hon cho cic mé hinh phan tich, du bao hodc phat hién bat thudng.

Pic biét hiru ich khi khoang cach giira cac lan ghi dit liéu khong c¢d dinh (khong

déu dan).

Nén can tao ra 1 tinh nang maoi 'tv delta’ béng cach thyc hién ki thuat differencing,

lay gia tri “value delta’ gitta 2 gid tri do lién tiép chia cho chénh léch thoi gian ldy mau.

O day ‘tv delta’ c6 nghia 1a toc do tiéu thu dién ning theo thoi gian ciia khach hang sir

dung di¢n.

MA_DVIQLY  MA_TRAM NGAYGIO MA_DIEMDO SO_CTO IMPORT_KWH EXPORT_KWH Time Delta value import

0 PP0900 FCS3FFRU 2024-12-26 02:00:00 PP09000912959001 13102373 28627.81 0.0 NaN NaN

1 PP0900 FCS53FFRU 2024-12-26 08:00:00 PP09000912959001 13102373 28629.01 0.0 6.0 1.20

2 PP0900 FCS3FFRU 2024-12-26 13:00:00 PP09000912959001 13102373 28629.86 0.0 5.0 0.85

3 PP0900 FC53FFRU 2024-12-26 20:00:00 PP09000912959001 13102373 28631.61 0.0 7.0 1.76

4 PP0900 FCS3FFRU 2024-12-27 02:00:00 PP09000912959001 13102373 28634.13 0.0 6.0 2.52
264101 PP0S00 FCS53FFRU 2025-04-21 18:00:00 PP09000836981001 2500017751 74.04 0.0 6.0 1.70
264102 PP0900 FCS3FFRU 2025-04-22 00:00:00 PP09000836981001 2500017751 77.24 0.0 6.0 3.20
264103 PP0S00 FCS53FFRU 2025-04-22 06:00:00 PP09000836981001 2500017751 79.06 0.0 6.0 1.82
264104 PP0S00 FCS53FFRU 2025-04-22 12:00:00 PP0S000836981001 2500017751 80.30 0.0 6.0 1.24
264105 PP0S00 FCS53FFRU 2025-04-22 18:00:00 PP09000836981001 2500017751 82.74 0.0 6.0 244

264106 rows x 10 columns

Hinh 3.11: Dir lieu sau khi xu Iy thoi gian va tinh tv delta
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Mrc tiéu thy dién theo chu ky - Cong to 2200161889
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Thoi gian

Hinh 3.12: Muc tiéu thu dién cua cong to 2200161889
3.3.5.  Ngisuy dir liéu
Noi suy tuyén tinh theo thoi gian 13 phuong phap wéc luong gia tri bi thiéu dwa
trén thoi diém xay ra cua cac gia tri da biét.
Cong thue tinh ndi suy nhu sau:
Gia st ¢6 2 diém da biét:
- 1, y, 1a thoi gian va gia tri trude gia tri can dy béo
- 1,, y, la thoi gian va gid tri sau gia tri cAn dy bao

- ¢, y 13 thoi gian va gid tri can dy bao

t—t
y=y+,=y)—
t2_tl

3.3.6.  Phdn chia dir liéu

Trudc khi xay dung mé hinh dy bao, ching ta can phai phan chia tap dit liéu thanh
tap hudn luyén va kiém tra. Phan chia tap dit liéu giup ching ta danh gia hiéu qua cua
mo hinh trén cac tap dir li¢u khac nhau va tranh tinh trang Overfitting. Overfitting 1a
hién twong mé hinh huin luyén qua tot v6i nhitng dit 1iéu huin luyén nhung khong tot
v6i dit liéu méi. Khi mot mé hinh qua tap trung vao dir liéu huan luyén, né c6 thé bi mat
kha ning tong quat hoa, khong thé ap dung vao cac dir liéu méi va khong nhan dién
dugc cac miu méi ma né chua ting thay trude do.
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B0 dit lieu

‘ 20%

Huan luyén Kiém tra

80%

Hinh 3.13: Chia bo dir liéu

Chung ta s€ chia b dir liéu theo ti 1€ 8:2, 80% dit li¢u dung dé huan luyén mo hinh,

20% dit liéu con lai dé kiém tra mé hinh.
3.3.7.  Loai bo outlier va noi suy lai dir liéu trén tdp Train

Viéc loai bo outlier 1a rat can thiét trong qua tri xu ly dé dua dir liéu vao du béo.
Tién hanh loai bo outlier dé dit liéu trd nén mém hon va c6 thé d& hoc hon. Z-score 1a
d6 léch giita gia tri xem xét dén d6i véi gia tri trung binh theo don vi d6 1éch chuan
(standard deviation).

- x:la gia tri hién tai

- u : trung binh

- o : d6 1éch chuén (standard deviation)

Néu d6 16n ctia z 16n hon threshold thi gia tri d6 dugc xem 1a oulier

Muc dich cua viéc ndi suy lai cac gia tri oulier bi loai bo trong tap train dé dix liéu
c6 thé phu hop vé6i chuan ctia mé hinh N-HiTs.
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Hinh 3.14: Biéu do tv delta ciia mét sé cong to

3.3.8.  Chudn héa dir liéu

Trong qua trinh xtr 1y va phan tich dir li€u, viéc chuan hoa dit liéu 12 mot budc
quan trong nham dam bao rang cc dic trung va bién sb trong tap dir liéu déu nam trong
cing mot pham vi hodc phan phdi. Piéu nay gitp tao diéu kién thuan lgi cho cac phan
tich va mo6 hinh du bao hiéu qua. Trong bao cdo nay, ta sé st dung phuong phap Min-
Max Scaling.

Phuong phap Min-Max Scaling (con dugc goi la Normalization) 1a mot phuong
phap chuan hoéa dit liéu phd bién va don gian trong xir 1y dit liéu. Phuong phap nay
chuyén déi cac gia tri cuia bién sb thanh khoang gi tri mai, thudng 13 khoang [0:1]. Qua
trinh chuan hoa dir liéu theo phuwong phéap nay dugc thuc hién theo cong thirc sau:

' X = ’xmm

x X o xl’l’lll’l
Trong do6:
o X lagiatri gbc ciia dic trung can chuan hoa.
e X, la gia tri nho nhat cta dic trung d6 trong tap dit lidu.
o X.. lagiatrilon nhét cta dic trung d6 trong tap dir liu.
e X lagia tri sau khi da duoc chuan héa vé khoang 0, 1.

3.3.9. Xdy dung mo hinh

a) Yéu cau bai toan

Sinh vién thyc hién: Truong Cong Cuong Huéng dan: Ts. Nguyén Thi Kim Triic
Nhan Ngoc Sang
Phan Pirc Ngoc

27



Pé tai: “Nghién ciru hé thong thu thdp dir liéu va gidm sat tiéu thu dién bang DeepLearning”’

Bai toan dit ra: Duing mot mé hinh tong quat dé du bao mirc tiéu thu dién va phat
hién diém bt thuong trong tiéu thu cia 559 ho gia dinh trén dia ban thanh phd Pa Ning.
Dé thuc hién diéu d6, nhém di quyét dinh dung 3 mé hinh 13 N-HiTs, LSTM, Bi-LSTM
dé xay dung va du doan, tir d6 chon ra mé hinh tét nhat dé thuc hién x4c dinh bt thudng.

b) Mo hinh N-HiTs

e Xac dinh d9 dai chudi dau vao (input size): M6 hinh sir dung input_size
= 56, tic lay 56 budc thoi gian trude (twong dwong 14 ngay néu iy miu
mdi gio) dé du bao chudi tiép theo

e Xic dinh d dai chudi dw bio diu ra (forecast horizon): h = 28, twong
g véi viée du bao san lugng tidu thy dién trong 7 ngay ké tiép.

e CAiu triic cac ting downsampling: M6 hinh str dung 3 ting véi cac hé sb
kernel [4, 2, 1] twong Gng v6i mire giam tan s din qua ting ting, gitp trich
xuat dic trung ¢ nhiéu thang thoi gian khac nhau

e Xic dinh ham kich hoat: M6 hinh sir dung ham kich hoat ReLU dé ting
kha ning hoc phi tuyén trong qua trinh huan luyén.

e Sir dung dropout: Ap dung dropout tai tang du doan vé&i xic sut
dropout_prob_theta= 0.5 nham tranh overfitting trong qué trinh huan luyén.

e Tham s huén luyén: M6 hinh duoc huin luyén véi learning_rate = 0.001,
batch_size = 64 va max_steps = 1500. St dung ham t6i wu Adam, tich hop
san trong thu vién NeuralForecast

e Tin suit dir liéu: Dir liéu dau vao dugc xir 1y theo chu ky 6 gio/lan (freq
='6H"), phii hop voi tan suat 1y mau dit liéu thuc té.

¢) Mb hinh LSTM

Trong kién tric LSTM c¢6 dién, mo hinh chwa thé khai thac ddy du dic trung phan
biét giita cac ho gia dinh, do dir liéu dau vao 1a chudi thoi gian dai gdm nhiéu ho khac
nhau, dugc phan biét bang ma s cong to (SO_CTO). Piéu nay khién mé hinh kho hoc
dugc hanh vi ti€u thy dién dac thu cia tirng ho.

Dé khic phuc han ché nay, ching em dé xuat mot kién triic mo6 hinh mai b?mg cach
bd sung thém mot 16p Embedding cho SO_CTO — ID dai dién cho timg ho gia dinh. Lép
embedding nay s& hoc biéu dién dic trung riéng biét cho mdi ho dudi dang vector khong
gian lién tuc. Sau d6, embedding vector s& dugc ghép ndi véi chudi dir liéu dau vao tai
moi bude thoi gian, trude khi dua vao mang LSTM.

Sinh vién thyc hién: Truong Cong Cuong Huéng dan: Ts. Nguyén Thi Kim Triic
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Cach tiép can nay giup mé hinh khéng chi hoc dugc mdi quan hé theo thdi gian
trong dir li¢u ti€u thu dién, ma con déng thoi hoc dugc dac trung riéng biét cua tung hd
gia dinh, tir 46 cai thién hiéu qua du béo trong bai toan chudi thoi gian da ddi twong.

Mo hinh LSTM dugc xdy dung véi kién trac nhu sau:
e Xac dinh s6 chiéu cta 16p Embedding.
e Xac dinh s6 luong 16p LSTM trong mé hinh.
e Xic dinh s6 lugng don vi LSTM trong mdi 16p LSTM.
e Xac dinh ham kich hoat cho mdi 16p LSTM.
e Xac dinh cac 16p day du két néi (fully connected layer) dé thuc hién dy bao.

Céu trac m6 hinh duogc xay dung cu thé nhu sau:

Layer (type) Output Shape Param # | Connected to
household_id ( . 1) 5}

(InputLayer)

embedding ( ., 1, 16) 8,192 | household_id[@][..
(Embedding)

flatten (Flatten) ( , 16) g | embedding[e][e]
input_seq ( , 56, 11) B

(InputLayer)

repeat_vector ( » 56, 16) 8 | flatten[a][e]
(Repeatvector)

concatenate ( , 56, 27) g | input_seq[@][@],
(Concatenate) repeat_wector[8].
lstm (LSTH) ( , 128) 79,872 | concatenate[8][&]
dense (Dense) ( , 28) 3,612 | lstm[8][e]

Hinh 3.15: Kién triic mé hinh LSTM dd xdy dung

CAu tric md hinh 4p dung cho bai toan nay s& duoc ghép thong tin ho tidu thu
(household_id) dugc ma hoa bang 16p embedding, sau d6 méi dua vao mé hinh Bi-
LSTM. Piéu nay cho phép moé hinh hoc dugc cac dac trung an riéng biét cua tirng ho.
Mo hinh LSTM khong chi khai thac dugc thong tin phu thudce dai han trong chudi thoi
gian, ma con tan dung hiéu qua dic trung phan loai (household id) dé ca nhan héa du
bao cho timg h tiéu thy dién, tir 46 nang cao d6 chinh x4c va kha ning tong quat hoa
cuia mo hinh.
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d) Mo hinh Bi-LSTM

Tuong ty nhu ciu tric md hinh LSTM, kién trac cua Bi-LSTM dugc xay dung

nhu sau:
Layer (type) Output Shape Param # | Connected to
household id { , 1) 8 -

(InputLayer)

embedding ( , 1, 16) 8,912 | household id[@]][..
(Embedding)

flatten (Flatten) { s, 16) @ | embedding[@][@]
input_seq { , 28, 18) 8 -

(InputLayer)

repeat_wvector ( , 28, 16) @ | flatten[®][@]
(RepeatVector)

concatenate { , 28, 26) e input_seq[@][@],
(Concatenate) repeat_vector[8]..
bidirectional ( , 128) 46,592 | concatenate[8][@]

(Bidirectional)

dense (Dense) { , 28) 3,612 bidirectional[@]..

Hinh 3.16: Kién triic mé hinh Bi-LSTM da xdy dung
3.3.10. Ddnh gia mé hinh
Sau khi md hinh dugc huan luyén xong, chung ta s& tién hanh déanh gia moé hinh
dua trén tap dir liéu kiém tra va tap dir liéu da du bao duoc. Két qua cac sai sb gilta cong
suét thuc té va cong suat du bao s& phan anh mé hinh da xay dung c6 tét hay khong.

bé danh gia mo hinh, ta sir dung do6 do sai s6 RMSE (Root Mean Squared Error)
MAPE (Mean Absolute Percentage Error) va MAE (Mean Absolute Error). Trong do,
RMSE la phuong phat danh gia mo hinh Deep Learning pho bién nhat, MAPE la d¢ do
sai s dic biét duoc sir dung nhiéu trong bai toan du bao con MAE dic biét phu hop véi
cdc mod hinh Deep Learning do tinh don gian va kha ning phan anh sai sé trung binh
tuyét déi gitra gia tri dy doédn va thuc té.. RMSE , MAPE va MAE c6 cong thirc tinh nhu
sau:
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1 N
RMSE:\/_Z()}] _yj)2
Nj:|

MAPEZIOO%i v,
=Y ‘
1 N
MAE:NZ V=Y

=
Trong do:
-y, :la gia tri cong sut thuc té
-y, la gia tri cong suat du doan
- N :1a s lwong mau kiém tra
3.3.11.  Xdc dinh diém bt thwong
Phat hién diém bat thuong (anomaly detection) bang cach dung ngudng (threshold)

12 mot phuong phap thong ké pho bién, dua trén gia dinh rang hau hét cac diém dit liéu
déu 13 "binh thudng" va cac diém "bat thudng" s& khac biét dang ké so v6i phan con lai.

Y tudng: Gia st ban cé mot tap dit liéu cac gia tri do luong, hoac sai sb gilra gia
trj thuc té va gia tri dy bao error4 y, - Vored - Néu mét gia trj sai s6 vuot qua mot mirc
ngudng nhat dinh (threshold), ta coi d6 13 bat thuong.

Cach xac dinh ngudng dya trén thong ké chuén (z-score): Vi phan phéi Gaussian,
c6 thé tinh threshold bang:

threshold = u+k-o
Trong do
- u :1a gia trj trung binh cua sai s6.
- o :1a d6 1éch chuén cua sai sb.
- k :lamot hang s6 (k=2 )
Trudng hop phat hién bt thuong: Diém xac dinh la bat thuong néu |y,,. —v,..|>
threshold

3.4. Kétluan chwong 3
Trong chuong nay da gi6i thidu cong cu ding dé 1ap trinh chuong trinh dy bao
muc tiéu thu dién va xac dinh bat thudng trong tiéu thu. Sau khi xay dung luu dd thuat
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toan, ta sé 1an luot thuc hién xac budc tuan theo luu dd. Co 2 buéde quan trong dé co két
qua chinh xac d6 13 “Tién xur 1y dit liéu” va “Xay dung md hinh”, ta phai xt Iy dit liéu
chinh x4c dé dwa vao moé hinh, ddng thoi thay doi thong s trong mé hinh dé tim ra két
qua toi ru nhat ciia mo hinh di xay dung. Dé danh gia hiéu suat ciia mé hinh, ta st dung
cac ham sai s6 RMSE (Root Mean Squared Error) va MAPE (Mean Absolute Percentage
Error). Két qua sau khi huén luyén s& dugc trinh bay & Chuong 4.
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CHUONG 4: KET QUA THUC NGHIEM VA PANH GIA MO HINH

4.1. Két qua du bao.

Vi muc dich du bao chi sb dién va phat hién bét thuong trong tiéu thu dién, viéc
sir dung cac mo hinh khac nhau dé dy bao va st dung gia tri MAPE va RMSE dé danh
gi4 hiéu qua cua cdc mo hinh. Trong qua trinh huan luyén, mdi loai mé hinh mang No-
ron s& dugc hudn luyén nhiéu 1an véi clu tric mang khac nhau dé so sanh va tim ra ciu

tric c6 két qua tot nhat

4.1.1.  Mang No-ron phi héi quy Neural Hierarchical Interpolation N-HiTs

Ciu tric mé hinh du bio Batch RMSE MAE | MAPE
size (KWh) (kWh) (%)
N-HiTs 32 0.152 0.094 25.43
N-HiTs 64 0.154 0.095 25.6

Bang 4.1: Két qua sai s6 RMSE, MAE va MAPE ciia cdc cdu triic mang N-HiTs

Nhan xét: Mic du mé hinh dat dugc két qua du bao tuong dbi tot dbi véi phﬁn 16n
cac ho gia dinh nhu Hinh 4.1 13 két qua du bao Cong to 2002350451 nhung sai s6 tong
thé van con kha cao. Nguyén nhan chinh 1a do mé hinh dugc huan luyén chung cho toan
b tap dir liéu, bao gdm nhiéu ho gia dinh véi dic diém tiéu thu dién khac nhau. Trong
khi phén 16n cac hd ¢6 muc tiéu thu 6n dinh va theo quy luat rdé rang, mot sb ho lai co
hanh vi tiéu thy bat thudng, bién dong manh hodc khong theo mau hinh cy thé. Diéu nay
khién mé hinh kho hoc duoc dic trung phit hop cho tit ca cac trudong hop, tir d6 dan dén
sai s6 ting cao dbi v4i cac trudng hop ngoai 16.

Dy bao & B3t thuong - Cong to 200235045)
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Hinh 4.1: Két qua dir bdo Cong to 2002350451 ciia model N-HiTs

4.1.2.  Mang No-ron héi quy bp nhé dai-ngin Long Short-Term Memory (LSTM)

Két qua du bao cia mang LSTM, c¢6 cdu tric mang bao gém 1 16p LSTM, véi sb
lwong neuron trong cac 16p duoc chon 1 64,128. Dua vao Bang 4.2, chung ta thiy rang
mang LSTM véi 1 16p LSTM, trong d6 mdi 16p c6 128 no-ron cho két qua tot nhat, véi

RMSE,MAE va MAPE trung binh twong tng 1a 0.1802, 0.1154 va 40.5% trén tap dit

liéu danh gia.

Céu tric mé hinh duw bio Batch | RMSE | MAE | MAPE
size | (KWh) | (KWh) (%)
(Embedding,Input) - LSTM64 — Dense28 64 0.1770 | 0.1148 | 41.72
(Embedding,Input) - LSTM128 — Dense28 64 0.1802 | 0.1154 | 40.50
(Embedding,Input) - LSTM64 — Dense28 128 0.1820 | 0.1143 | 41.41

Bdng 4.2: Két qua sai s6 RMSE, MAE va MAPE cua cdc cdu triic mang LSTM

Nhdn xét:

Céu traic LSTM64 véi batch size 64 cho két qua RMSE thap nhat (0.1770 kWh),
cho thdy mé hinh nay c6 kha ning wéc lwong gan dung hon so véi thuc té, tic it sai léch
hon.

Tuy nhién, mé hinh LSTM128 véi batch size 64 cho két qua MAPE thap nhat
(40.50%), thé hién mo hinh nay c6 kha ning tong quat hoa tot hon theo ti 18 phan traim
sai léch.

Batch size 128 khong cho théy cai thién ro rét, tham chi c6 xu hudng giam nhe do
chinh x4c vé RMSE (cao hon 0.005-0.006) — diéu nay c6 thé do batch size 16n dan dén
mo hinh hdi ty nhanh nhung thiéu 6n dinh cuc bd trong dir li¢u chudi thoi gian.

Nguyén nhdn khién két qud chua tot:

Dir lidu dau vao bién dong manh theo thoi gian, dic biét véi dit liéu dién nang sinh
hoat thuong bi anh huéng bdi yéu té ngoai sinh (thoi tiét, hanh vi ngudi dung, ngay
1é...).

S6 lugng dit ligu cua timg ho khi dua vao md hinh con it va sé budc du béo 28
bude dau ra kha nhiéu,

S6 lugng dir 1i€u lich st st dung hoac s6 gio du bao co6 thé chua dugc toi uu.
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Ngoai ra, chi st dung don bién cling 1a mdt yéu t6 khién mo hinh khé hoc dugc

bbi canh day du.

HO thir 1

bién nang tiéu thu trong 7 ngay(kwh)

— True

Predicted

15

Thai gian

20

Hinh 4.2: Két qua dir bdo ciia mé hinh LSTM

4.1.3.

Mang No-ron héi quy hai chiéu bp nhé dai-ngin (Bi-LSTM)

Két qua dy bdo ciia mang LSTM, co cAu trac mang bao gém 1 16p Bi-LSTM, voi
sb lugng neuron trong cac 16p dugc chon la 64,128. Dya vao Bang 4.3, chung ta théy
rang mang Bi-LSTM véi 1 16p Bi-LSTM, trong d6 mdi 16p c6 128 no-ron cho két qua
t6t nhat, véi RMSE, MAE va MAPE trung binh tuong tng 12 0.177, 0.1125 va 38.45%

trén tap dir liéu danh gia.

Céu tricc md hinh dy bao Batch | RMSE | MAE | MAPE
size (kWh) | (kWh) (%)
(Embedding,Input)-BiLSTM64— Dense28 64 0.175 | 0.1091 | 39.02
(Embedding,Input)-BiLSTM128— Dense28 64 0.177 1 0.1125 | 38.45
(Embedding,Input)-BiLSTM64— Dense28 128 0.177 | 0.1144 | 41.63
(Embedding,Input)-BiLSTM128— Dense28 128 0.174 | 0.1097 | 38.47

Badng 4.3: Két qud sai s6 RMSE, MAE va MAPE ciia cdc cdu triic mang Bi-LSTM

Nhdn xét:

Sinh vién thyc hién: Truong Cong Cuong
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CAu truc Bi-LSTM128 véi batch size 64 dat két qua MAPE thap nhat (38.45%),
tirc 13 mo hinh nay c6 kha ning udc luong ty 18 sai 1éch so véi thue té tt nhét trong sb
céc cau hinh.

Céu trac Bi-LSTM64 véi batch size 64 cho RMSE va MAE thap nhat (0.175 va
0.1091 kWh), thé hién d sai léch tuyét d6i nho hon — du doan gan ding hon vé gia tri
thue té ting diém.

Tuy nhién, Bi-LSTM128 véi batch size 128 van dat RMSE thap nhat tuyét doi
(0.174) va MAPE chi cao hon rat nho (38.47%), chting to cAu hinh nay ciing rat tiém
nang.

Sai s6 van con cao do nhiéu nguyén nhan twong ty nhu mé hinh LSTM duoc giai
thich phia trén.

HO th(r 1

0.45 | — True

—— Predicted

)

0.40 A

0.35

0.30 A

0.25 A

0.20 A

Pién nang tiéu thu trong 7 ngay(kwh)

6 é lb 1I5 2I0 2l5
Thai gian
Hinh 4.3: Két qua dir bdo ciia mé hinh Bi-LSTM
4.1.4.  Nhin xét, danh gid mé hinh dw bdo.

Tir két qua d6 thi cia 3 mo hinh & trén, ta thdy mo hinh N-HiTs cho ra do thi dy
bao kha bam so vdi gia tri thuc, tuy nhién, dd thi & 2 mé hinh LSTM va Bi-LSTM lai
thé hién sai léch rat 1én. Dudi ddy 1a bang so sanh céc gia tri sai s6 ctia ca 3 mo hinh:

Ciu tric mé hinh du bao RMSE | MAE | MAPE
(kWh) | (kWh) (%)

N-HiTs 0.152 0.094 25.43
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(Embedding,Input)-BiLSTM128— Dense28 | 0.177 | 0.1125 | 38.45

(Embedding,Input) - LSTM128 — Dense28 | 0.1802 | 0.1154 | 40.50

Bang 4.4: So sanh RMSE, MAE va MAPE cua cdc cau triic mang

4.1.5. Nhin xét, dinh gid bit thwong

Tir Bang 4.4 ta chon mo hinh N-HiTs dé xac dinh diém bét thuong trong tiéu thu
dién. Bing phuong phap xac dinh bit thudng & trén ta thu duoc mot sé két qua du bao
bat thudng ciia mot céng to nhu sau:

28 1 3.6% 0.05

Dy bio tiéu thy dién & Phat hign bit thudng

Hinh 4.4: Dy bdo va phdt hién bdt thuong

Nhan xét: bang phuong phéap xac dinh diém bét thudng, cho ra d6 thi & trén ta nhan
thdy rang phuong phap xac dinh diém bat thuong cho ra két qua dung. S6 diém bat
thuong dua vao duong ngudng ma ta quy dinh.

4.2. Kétluin chwong 4

Trong chuong ndy, nhom da trinh bay két qua du bao ctia cac mo hinh hoc sau nhur
N-HiTs, LSTM va Bi-LSTM. Duya vao cac chi s6 danh gia MAE, RMSE va MAPE, m6
hinh N-HiTs cho két qua chinh x4c nhat trong ba mo hinh dé trién khai thyc té. Hé thong
da dugc tich hop 1én giao dién web, gitp hd tro giam sat dir li€u ti€u thu di€n va phat
hién bat thuong hiéu qua. Nhitng noi dung trién khai giao dién duoc trinh bay & chuong
tiép theo.
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CHUONG 5: XAY DUNG GIAO DIEN WEB

bé xay dung giao di¢n Web truc quan va than thién véi nguoi dung, nhoém da lya
chon sir dung Visual Studio Code 1am méi trudng phat trién chinh, két hop véi ngdn
ngtr 1ap trinh Python cung thu vién Streamlit — mot cong cu manh mé va don gian giap
tao ung dung web tuong tac. Giao dién Web dugc thiét ké nham hd trg truc quan hoa
dir li¢u, cho phép nguoi dung dé dang lya chon cong to di¢én, thoi gian dy bao, diéu
chinh tham s phat hién bat thuong va theo ddi két qua du bao thong qua cac biéu dd
d6ng. Nho vao su linh hoat cia Streamlit va kha ning mé rong cao cua Python, hé théng
khong chi than thién v6i ngudi ding ma con dé dang tich hop cac md hinh hoc sau, phuc
vu cho bai toan du bao va giam sat san lugng di¢n nang mot cach hiéu qua.

5.1. Muc tiéu cua giao dién Web.
e Tryuc quan héa dir li¢u ti€u thu dién tir cac ho gia dinh.
e Hién thi két qua du bao ti€u thu dién tir mo6 hinh Deep Learning.
e Giam sat, phat hién bat thuong tiéu thy dién va canh bdo nguoi dung
5.2. Yéu cau chirc niing chinh.
Yéu cau chirc ning:
e Tai va hién thi dit liéu tiéu thu dién tir tép/luu tri.
e Chon meter (ID khach hang) dé xem chi tiét.
e Hién thj biéu do: tiéu thu thyc té, dv béo, sai 1&ch.
e Phat hién bat thudng va canh bao bang mau sic.
Yéu cau phi chirc ning:
e Tinh bao mat
e Giao dién dé dung, don gian, chay trén trinh duyét.
e Thoi gian phan hoi nhanh, hd trg hién thi biéu do thoi gian thuc.
5.3. Cong ngh¢ sir dung.
e Ngon ngir 1ap trinh: Python
e Thu vién giao dién: Streamlit

e Xu ly dir li¢u: Pandas, Numpy
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e Biéu do: Matplotlib, Plotly, Streamlit Chart
e MO0 hinh hoc sau: str dung mé hinh N-HiTs
5.4. Thiét ké giao dién tong thé.
- So d6 bd cuc:
e Sidebar: chon meter, khoang thoi gian, tuy chon hién thi.
e Main view: biéu dd, bang dit liéu, két qua dy bao.
e Alert zone: thong béo bt thudng.
e Giao dién chon meter
e Giao dién hién thj bicu d6 dy bao
e Giao dién hién thi canh bao bat thudng
5.5. Cac chirc nang chinh.

Trang dang nhap: Trang dang nhap cho phép nguoi dung da dang ky tai khoan truy
cap vao hé théng bing cach nhap thong tin xac thuc nhu tén ding nhap va mat khau.

(® Ding nhap hé thdng

Hinh 5.1: Trang dang nhdap

Trang Dashboard tong quan: Hién thi tong mirc tidu thu cua cac meter.Biéu dd
duong (line chart) theo thoi gian.
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4 Dy bdo tiéu thu dién & Phat hién bat thudng

o

(2 Tharn 48 e v

@, Mt o b g

P O s b P o e 9 6

Hinh 5.2: Trang Dashboard tong quan
Trang Du bao: Hién thi két qua tir m6 hinh Deep Learning va so sanh duong du
béo va duong thyc té.

28 1 3.6% 0.05

Dy bido tidu thy dién & Phat hign bat thuding

— i 4 vk O

Hinh 5.3: Trang du bdo
Trang Phat hién bat thuong: Hién thi cac thoi diém co tiéu thy vuot ngudngva to

mau doé/canh bao
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Hinh 5.4: Trang phat hién bat thuong

Trang dit li¢u chi tiét: Co thé xem duoc thoi cu thé chinh xac dit liéu cua cong to
mudn xem, déng thoi chi ra duoc diém bat thuong tai vi tri cu thé nao

d Phan tich bat thuang 1 ™ang tin md hinh
4 ‘ .06 & h thu
403 4 4448 U h thudng
4-04 { e h thy!
) 4 [ W) h thuydn,

. M 4 noasd B h thu
9 e

‘‘‘‘‘ s podte BB h thudn
4 ( (] h thu

,,,,,, £ inh thuting

125.04-15 12 0000 05217 04125 03092 3 8nh thudag

Hinh 5.5: Trang dir liéu chi tiét

Trang thong tin md hinh: Cho biét két qua dénh gia model
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[l Ditlidu chi tist Phan tich bat thudng Bl hong tin mé hinh

Thong tin mé hinh

M6 hinh du bdo stf dung kién tric NHITS (Neural Hierarchical Interpolation for Time Series Forecasting), mot mé hinh hoc sau hié
cho du bao chudi thai gian.

Dac diém chinh:

e Kién trlic phdn cap vdi nhiéu khai ndi suy

« Khanang hoc cdc mau thdi gian & nhiéu tan s6 khac nhau

e Hiéu qua cao vdi dif liéu tiéu thu dién

Phat hién bat thudng:

e Sl dung phudng phap dua trén ngudng sai s6

»  Ngudng dudc tinh bang: Trung binh sai s6 + (D léch chuan sai s6 x Hé s6)

e HEéso cé thé diéu chinh dé thay d6i d6 nhay cta phat hién

Do chinh xac

MAE 0.0329
RMSE 0.03%0
MAPE 3.67%

Hinh 5.6: Trang thong tin mo hinh

5.6. Trién khai (deployment) irng dung Ién GitHub va chia sé cong khai
BUOC 1: Chuén b tmg dung Streamlit

Tao mdgt thu muc méi cho ing dung cua ban.
Tao file Python chinh cua tng dung

Tao file requirements.txt dé khai bao cac thu vién can cai khi deploy.

seREE

Hinh 5.7: Tao file requirements.txt

Sinh vién thyc hién: Truong Cong Cuong Huéng dan: Ts. Nguyén Thi Kim Triic
Nhan Ngoc Sang
Phan Pirc Ngoc

42



Pé tai: “Nghién ciru hé thong thu thdp dir liéu va gidm sat tiéu thu dién bang DeepLearning”’

BUOC 2: Tao va day dy an 1én GitHub
M¢ Git Bash hoac Terminal trong thu muc chira rng dung.
Khoi tao Git repository trong thu muc ing dung.

Tao mot repository méi trén GitHub (public).

Hinh 5.8: Tao mot repository moi trén GitHub

Lién két repository trén may tinh véi repository trén GitHub bang dia chi (URL)
tur GitHub.
Thém tit ca cac file va tao commit dau tién.
bit tén nhanh chinh la main (hodc master néu dung méc dinh cii).
Day toan bo ma ngudn 1én GitHub.
O R e

£ Welshe DATN

.....

.................

Add o README

Hinh 5.9: Pdy toan bé ma nguon 1én GitHub
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BUOC 3: Deploy tng dung 1én Streamlit Community Cloud
Truy cép trang https://share.streamlit.io.

Ding nhap bang tai khoan GitHub.

Nhén nit “Create app”.

Chon repository chira ing dung cia ban tir GitHub.

Chon nhanh va file chay chinh.

Nhén nat “Deploy”.

Deploy an app

Repository

Phanducngoc/Website_DATN

Branch

master

Main file path

streamlit_app.py

App URL (optional]

websitedatn Sstreamlit.app

Hinh 5.10: Deploy ung dung lén Streamlit Community Cloud
5.7. Panh gia mo hinh.
- Uu diém:
e D& trién khai, chay truc tiép bﬁng Streamlit.
e Hién thi truc quan, dé sir dung.

- Han che:
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e T61 vu cho nhiéu nguoi truy cap dong thoi.
e (Can nang cap néu trién khai thuc té trén server 16n.

5.8. Két luan chuwong 5
Trong chuong ndy, nhom di trinh bay qua trinh x4y dung va trién khai hé thong
giam sat dién ning tiéu thu thong qua giao dién web sir dung nén tang Streamlit. Giao
dién duogc thiét ké truc quan, cho phép hién thi dit liéu, du bao san lugng tiéu thu dién
va canh bdo bét thudng theo thoi gian thuc. Viée trién khai hé thdng d3 chirng minh tinh
kha thi va hiéu qua ctiia mé hinh trong tmg dung thuc té, dap tng muc tiéu dé ra cia dé
tai.
5.9. Panh gia tong thé hé thong
Hé thdng dugc xay dung trong dé tai bao gdm ba thanh phan chinh: thu thap dir
liéu tur xa, du bdo san lugng dién ti€u thy béng cac mo hinh hoc sau, va giao dién web
hién thi két qua cing chirc ning canh bao bat thudng. Viéc tich hop toan bd quy trinh
nay cho phép gidm sat ty dong san lugng dién cuia hang tram khéach hang theo thoi gian
thuc.

Dua trén tap dir liéu hon 270.000 mau cta 559 hd tiéu thu thu thap tir h¢ théng
cong to tai TP. Pa Ning, cac mo hinh hoc sdu nhu LSTM, Bi-LSTM va N-HiTS da
dugc huan luyén va so sanh. Két qua cho thiy moé hinh N-HiTS c6 d6 chinh xéc cao
nhat. Piéu ndy chirng minh rang moé hinh N-HiTS phu hop hon véi bai toan chudi thoi
gian ¢6 dao dong manh nhu dir 1iéu ti€u thy dién.

Ngoai ra, viéc trién khai hé thong du bao trén giao dién web gitp hién thi san luong
dién tig khach hang theo thoi gian, dong thoi xac dinh bat thuong néu sai sé giita du
bao va thyc té vuot qua ngudng cho phép. Pay 1a budc tién quan trong so voi hé thong
thu thap dit liéu truyén thdng von chi dung lai & viée ghi nhan chi sé cong to.

Hé thong c6 thé md rong va ap dung trong cac tram bién ap voi hang trim ho tiéu
thu. Nho vao tinh tu dong, tinh toan nhanh va c6 thé phat hién bat thudng theo thoi gian
thuc, hé thong ndy hoan toan cé tiém ning trién khai trong thuc té dé hd trg quan ly
nang lugng, canh bao soém thét thoat, gian 1an dién hodc st dung dién khong hi¢u qua.

Sinh vién thyc hién: Truong Cong Cuong Huéng dan: Ts. Nguyén Thi Kim Triic
Nhan Ngoc Sang
Phan Pirc Ngoc

45



Pé tai: “Nghién ciru hé thong thu thdp dir liéu va gidm sat tiéu thu dién bang DeepLearning”’

CHUONG 6: KET LUAN VA HUONG PHAT TRIEN PE TAI

6.1. Két lun

Trong qué trinh thyc hién dd an “Nghién ctru hé thong thu thap dir liéu va giam sat
tiéu thy dién bang Deep Learning”, nhém da nghién ctru va dé xuat mot giai phap ng
dung cong ngh¢ hoc sau dé du bao san lugng dién nang ti€u thy va phat hién bat thuong
trong dit li€u dién theo thoi gian thyuc. Dua trén dir li¢u thu thap tr hé théng do dém tur
xa tai TP. Pa Ning, nhom d tién hanh xt 1y dir liéu, xay dung cac mé hinh hoc siu nhu
N-HiTs, LSTM va Bi-LSTM, so sanh két qua du bao dé Iya chon mo hinh tbi wu, sau
d6 trién khai mo hinh vao mot hé théng giao dién web c6 kha nang hién thi va canh bao
tryc quan. Két qua thuc nghiém cho thay moé hinh N-HiTs c6 d6 chinh x4c cao nhat
trong cac mo hinh vé du bao san lugng di¢n ti€u thy, véi sai $6 thép hon so véi1 cac mo
hinh con lai theo cac chi s6 MAE, RMSE va MAPE. Viéc tich hop mé hinh vao hé thong
giao dién web gitip nguoi dung dé dang giam sat dit liéu, kiém tra xu hudng tiéu thu va
phat hién cac truong hop tiéu thy bat thudng vuot qua ngudng cho phép. Pay 1a mot
budc tién dang ké trong viéc tu dong hoa va nang cao hiéu qua coéng tac van hanh hé
théng dién tai dia phuong. Do 4an d3 thé hién dugc mot huong tiép can mai trong vige
st dung tri tué¢ nhan tao dé giam sat dir liéu do dém dién, tr 46 mé ra nhiéu kha nang
ng dung trong cac linh vuc khac lién quan dén nang luong va giam sat hé thong.

6.2. Hwong phat trién dé tai

Tuy da dat duoc nhiing két qua bude dau kha quan, dé tai van con mot s6 han ché
va co thé phat trién thém theo cac hudng sau:

Mo rong quy mo dir liéu: Dir liéu hién tai chi gidi han trong mot khu vuc, co thé
mo rong ra cac khu vuc khac va xir Iy déng thoi nhiéu loai dir liéu hon nhu dit lidu thoi
tiét, dit liéu phu tai dic biét, dé cai thién chat luong du bao.

Ty dong cap nhat mé hinh: Hién tai md hinh chua ty dong hoc tur dir li¢u maoi.
Trong tuong lai, c6 thé phat trién thém kha ning huan luyén lai dinh ky theo thoi gian
dé mo hinh thich nghi t6t hon véi sy thay dbi ctia hé thong.

Téi vu thuat toan phét hién bat thuong: Hién tai viéc phat hién bat thuong cha yéu
dira vao ngudng sai 1éch so véi du bao. C6 thé nghién ctru thém céc thuat toan Al khac
nhu Isolation Forest, AutoEncoder hoic thong ké thdng ké Bayes d¢é ting d6 tin cdy cua
canh bdo.
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Trién khai thuc té quy mé 16n: Xay dung hé théng dashboard giam sat theo cip
d6 nganh dién, 4p dung vao gidm sat nhiéu tram bién 4p, nhiéu nhom khach hang va
cung cip API tich hop vao cac hé thong SCADA, MDMS hién hanh.

Xay dung hé thong canh bao thong minh da kénh: Ngoai giao dién web, ¢ thé tich
hop canh bao qua email, SMS,... dé kip thoi thong bao bat thuong cho can bg van hanh.
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PHU LUC 1
Chuwong trinh tién xir li dir liéu
import matplotlib.pyplot as plt
import pandas as pd
import seaborn as sns
import numpy as np
df=pd.read csv ('FC53FFRU.csv")

df.head (-1)
# Gia su df la DataFrame cua ban va cdt NGAYGIO da la datetime
df ['"NGAYGIO'] = pd.to datetime (df['NGAYGIO'], dayfirst=True,

errors='coerce')
# Ham lam tron theo quy tdc 30 phut
def round nearest hour (ts):
minute = ts.minute
if minute < 30:
return ts.replace (minute=0, second=0, microsecond=0)
else:
return (ts + pd.Timedelta (hours=1)) .replace (minute=0, second=0,
microsecond=0)

# Ap dung
df ['NGAYGIO'] = df['NGAYGIO'].apply(round nearest hour)

# Loai bd cédc timestamp bi 16i néu cb
df = df.dropna (subset=['NGAYGIO'])

# Nhém theo tung sb céng to ()
def remove duplicate timestamps (group) :
# Xo& cac ban ghi cé NGAYGIO trung nhau trong cung diém do — gitt dong
dau tién
return group.drop duplicates (subset='NGAYGIO', keep='first')

# Ap dung cho tung nhém SO CTO
df cleaned = df.groupby('SO CTO') .apply (remove duplicate timestamps)

# Bo multi-index sau groupby
df cleaned = df cleaned.reset index(drop=True)

# Pam bao NGAYGIO 1la kiéu datetime
df cleaned['NGAYGIO'] = pd.to datetime (df cleaned['NGAYGIO'])
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# Sdp xép theo SO CTO va thoi gian
df cleaned.sort values (by=['SO CTO', 'NGAYGIO'], inplace=True)

# Tinh toan cho tung SO CTO
def compute tv delta(group) :

group['Time Delta'] = group['NGAYGIO'].diff() / np.timedelta64 (1,
'h') # 4dbi ra gio

group[ 'value import'] = group['IMPORT KWH'].diff ()

group['tv delta'] = group['value import'] / group['Time Delta']

return group

# Ap dung theo nhém
df cleaned = df cleaned.groupby('SO CTO'") .apply (compute tv delta)

# Xo& multi-index néu cb

df cleaned = df cleaned.reset index(drop=True)

#Xo& NAn

df cleaned = df cleaned.dropna ()

df cleaned.reset index(drop=True, inplace=True)

df _cleaned = df cleaned.drop(['MA DIEMDO', 'MA TRAM',
'"MA DVIQLY', '"EXPORT KWH'], axis=1)

def train test split by group (df, test ratio=0.2):
train val parts = []
test parts = []

for id , group in df.groupby("SO CTO") :
group = group.sort values ("NGAYGIO") .reset index (drop=True)
n_total = len (group)

n test = int(n total * test ratio)

test part = group.iloc[-n test:]
train val part = group.iloc[:-n_ test]

train val parts.append(train val part)
test parts.append(test part)

df train val = pd.concat(train val parts) .reset index (drop=True)
df test = pd.concat (test parts) .reset index(drop=True)

return df train val, df test

df train val, df test = train test split by group(df cleaned,
test ratio=0.2)

from scipy.stats import zscore
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import numpy as np
import pandas as pd

# Gid s ban da c6 df cleaned vdi cét 'tv delta'

# Tinh Z-score cho tung céng to riéng biét dé tranh sai 1lé&ch
def remove outliers and interpolate(group, threshold=3):

# Tinh z-score

Z scores = zscore(group['tv delta'], nan policy='omit')

# Panh diu cédc gid tri 13 outlier néu |z| > threshold
mask outliers = np.abs(z scores) > threshold

# Gan NaN cho céc outlier
group.loc[mask outliers, 'tv delta'] = np.nan

# NO6i suy (interpolate) lai gid tri thiéu theo thoi gian

group['tv delta'] = group['tv delta'].interpolate (method='linear',
limit direction='both')

return group

# Ap dung theo tung SO CTO
df train val =
df train val.groupby('SO CTO'") .apply(remove outliers and interpolate)
# Reset lai index néu cén
df train val = df train val.reset index (drop=True)
df=df train val
# Pam bao kiéu dung
df['SO CTO'] = df['SO CTO'].astype (str)
df [ '"NGAYGIO'] = pd.to datetime (df['NGAYGIO'], utc=True)
# 2) Ham resample + ndi suy + fill cho mdéi SO CTO
def resample and fill (group, freg='6H'):
# bit index dé resample
g = group.set index ('NGAYGIO').sort index()

# Resample gid tri gbc vé& 6H, dung ham first() dé& git tv delta &
moc théat

y = g['tv delta'].resample (freq) .first ()

# 2.2 Interpolate theo time, cad dau/cubi
y = y.interpolate (method="time', limit direction='both'")

# 2.3 Forward-fill va backward-fill dé 14p néu van con NaN
y = y.ffill() .bfill ()

# 2.4 Tra vé DataFrame vdi 2 cdt: ds va tv delta
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df out = y.reset index() .rename (columns={'NGAYGIO': ' 'NGAYGIO',

delta':'tv delta'})
df out['SO CTO'] = group['SO CTO'].iloc[0]
return df out

# 3) Ap dung cho toan bd cac SO _CTO
df interp = (
df
.groupby ('SO_CTO', group keys=False)
.apply (lambda g: resample and fill(g, freg='6H'))
.reset index (drop=True)
)
df list = []

for so cto, group in df.groupby('SO CTO'"):
group = group.sort values ('NGAYGIO'")
split idx = int(len(group) * 0.8)

train part = group.iloc[:split idx].copy ()
test part = group.iloc[split idx:].copy/()

df list.append((train part, test part))
# Ghép lai toan bdé dr 1liéu

df train = pd.concat([pair[0] for pair in df list])
df test = pd.concat ([pair[l] for pair in df list])

pd.DataFrame (df train, columns=df.columns).to csv('train.csv',

index=False)

pd.DataFrame (df test, columns=df.columns).to csv('test.csv',

index=False)

from google.colab import files
files.download('train.csv')
files.download('test.csv')
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PHU LUC 2
Chuong trinh x3y dwng va huan luyén mé hinh N-HiTs

#import cac thu vién cdn thiét

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

from sklearn.preprocessing import MinMaxScaler
from sklearn.metrics import mean absolute error,
mean absolute percentage error, mean squared error
from neuralforecast import NeuralForecast

from neuralforecast.models import NHITS

import logging

import warnings

#o——— - STEP 1: Load va chudn hoéa dit liéu tu 2 file riéng ---------

def load and preprocess(train path, test path):
train df = pd.read csv(train path, parse dates=['NGAYGIO'])
test df = pd.read csv(test path, parse dates=['NGAYGIO'])

# P6i tén cbét va chudn hdéa ds
for df in (train df, test df):
df .rename (columns={

'SO_CTO': 'unique id',
'NGAYGIO': 'ds',
'tv delta': 'y'

}, inplace=True)
if df['ds'].dt.tz is not None:

df['ds'] = df['ds'].dt.tz convert (None)
df.sort values(['unique id', 'ds'], inplace=True)
df.reset index(drop=True, inplace=True)

# Fit scaler trén train va transform ca train + test
scalers = {}
train scaled, test scaled = [], []
for uid, grp in train df.groupby('unique id'"):
g train = grp.copy ()
scaler = MinMaxScaler ()
g train['y']l = scaler.fit transform(g train[['y']])
scaler

scalers[uid]
train scaled.append(g_train)

g test = test df[test df['unique id'] == uid].copy()
if not g test.empty:
g test['y'] = scaler.transform(g test[['y']])
test scaled.append(g test)
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train scaled df pd.concat (train scaled) .reset index (drop=True)
test scaled df = pd.concat(test scaled) .reset index (drop=True)
return train scaled df, test scaled df, scalers

f Sosoossos STEP 2: Xay dung mdé hinh----—-———-—-—-
def train nhits model (train df, input len, forecast len):
nhits params = {
'h': forecast len,
"input size': input len,
'n pool kernel size': [4, 2, 1],
'n freq downsample': [4, 2, 1],
'dropout prob theta': 0.5,
'activation': 'RelLU',
'"learning rate': 0.001,

'batch size': 64,
'max_steps': 1500,
'random seed': 42

model = NHITS (**nhits params)

nf = NeuralForecast (
models=[model],
freg="'6H'

nf.fit (df=train df)

return nf

i Semmeee=o Helper: LAy lich su imput lem ¥ tEadlm ¢+ TeFE ————=—====
def get history from train test(train df, test df, unique id,
start date, input len):
train uid = train df[train df['unique id'] ==
unique id].sort values('ds')
test uid = test df[test df['unique id'] ==
unique id].sort values('ds')
full = pd.concat([train uid,

test uid]) .sort values('ds').reset index (drop=True)
if full['ds'].dt.tz is not None:
full['ds'] = full['ds'].dt.tz convert (None)

start date = pd.to datetime (start date)

# Tim index cua ngay bdt dau
idxs = full.index[full['ds'] == start date]
if len(idxs) == 0 or idxs[0] < input len:

return None
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idx = 1dxs[0]
return full.iloc[idx-input len:idx].copy ()

# - STEP 3: Rolling forecast st dung global model ----————----
def forecast for single uid(model, train df, test df, uid, start date,
input len):
history = get history from train test(train df, test df, uid,
start date, input len)
if history is None:
print (f" Khéng du lich su {input len} cho uid {uid} tai
{start date}")
return None
df input = history.copy()
df input['unique id'] = uid
try:
pred = model.predict (df=df input)
return pred
except Exception as e:
print (£" LO1 duy bdo cho uid {uid}: {e}l™)
return None
e STEP 4: Panh gid -————————-
def evaluate forecast per id(test df, forecast df, scalers):
merged = pd.merge (test df, forecast df, on=['unique id', 'ds'],
how='"inner')
if merged.empty:
print("zx Khéng cé diém chung gitta test va forecast.")
return None, None, None, None, None

results = []

[]
[]

all y true

all y pred

for uid, sub in merged.groupby('unique id'"):

scaler = scalers.get (uid)
y _true = scaler.inverse transform(sub[['y']])
y _pred = scaler.inverse transform(sub[['NHITS']])

all y true.append(y true)
all y pred.append(y pred)

mae = mean absolute error(y true, y pred)

mape mean_absolute percentage error(y true, y pred) * 100

rmse = np.sqrt(mean squared error(y true, y pred))

results.append ({
'unique id': uid,
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'MAE': mae,
'MAPE (%) ': mape,
'RMSE': rmse

})

res df = pd.DataFrame (results)

y _true all = np.vstack(all y true)
y_pred all = np.vstack(all y pred)

overall mae = mean absolute error(y true all, y pred all)
overall mape = mean absolute percentage error(y true all,
y pred all) * 100

overall rmse = np.sqrt(mean squared error(y true all, y pred all))

return merged, res df, overall mae, overall mape, overall rmse

# - STEP 5: Phat hién b&t thudng ----------
def detect anomalies (merged df, scalers, threshold std=3):
anomalies = []

for uid, sub in merged df.groupby('unique id'):

scaler = scalers[uid]

y _true = scaler.inverse transform(sub[['y']])

y _pred = scaler.inverse transform(sub[['NHITS']])
error = np.abs(y true - y pred)

th = error.mean() + threshold std * error.std()
sub['anomaly'] = (error > th).astype(int)

anomalies.append(sub[sub['anomaly'] == 11])
if anomalies:
df an = pd.concat (anomalies) .reset index (drop=True)
df an.to csv('anomalies.csv', index=False)
print (f" P& luu danh sach {len(df an)} diém bat thudng vao
anomalies.csv")
return df an
else:
print (" Khéng phat hién bt thudng.")
return pd.DataFrame ()

] S STEP 6: V& biéu db -------—-—-—-

def plot with anomalies (merged df, scalers, unique id):
sub = merged df[merged df['unique id'] == unique_ id].copy ()
scaler = scalers[unique id]
sub['y true'] = scaler.inverse transform(sub[['y']])
sub['y pred'] = scaler.inverse transform(sub[['NHITS']])
sub['error'] = np.abs(sub['y true'] - sub['y pred'])
th = sub['error'].mean() + 3 * sub['error'].std()
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sub['anomaly'] = sub['error'] > th
plt.figure(figsize=(12,5))
plt.plot(sub['ds'], sub['y true'], marker='o', label='Thuc té")
plt.plot(sub['ds'], sub['y pred'], marker='x', label='Du bao')
an = sub[sub['anomaly']]
if not an.empty:
plt.scatter(an['ds'], an['y true'], color='red', label="B4&t
thudong', zorder=5)
plt.title (f'Du bdo & Bat thudng - Céng to {unique id}")

plt.xlabel ('Thoi gian'); plt.ylabel ('Pién nang (kWh)');
plt.legend(); plt.grid(True); plt.xticks(rotation=45);
plt.tight layout(); plt.show()
# ==================== MAIN RUN ====================
if name == "' main ':

train path = '/content/train.csv'

test path = '/content/test.csv'

input len = 36

28

forecast len

# Load & preprocess
train df, test df, scalers = load and preprocess (train path,
test path)

# Train global model trén toan bd train
print (" Hudn luyén NHITS trén toan bd tap train...")

model = train nhits model (train df, input len, forecast len)

# Du bdo cho toan bd cébng to va in Top 10 céng to cé MAPE thdp nhét

all preds = []
for uid in test df['unique id'].unique():
start date = test df[test df['unique id'] == uid]['ds'].min()

pred = forecast for single uid(model, train df, test df, uid,
start date, input len)
if pred is not None:
all preds.append (pred)

if all preds:
all pred df = pd.concat(all preds)
merged all, res df, overall mae, overall mape,
overall rmse = evaluate forecast per id(
test df, all pred df, scalers

if res df is not None and not res df.empty:
# Lam tron két qua

Sinh vién thyc hién: Truong Cong Cuong Huéng dan: Ts. Nguyén Thi Kim Triic
Nhan Ngoc Sang
Phan Pirc Ngoc

57



Pé tai: “Nghién ciru hé thong thu thdp dir liéu va gidm sat tiéu thu dién bang DeepLearning”’

res df rounded = res df.copy ()

res df rounded['MAE'] = res df rounded['MAE'].round(6)
res_df rounded['MAPE (%)'] = res df rounded['MAPE

(%) '] .round(6)
res _df rounded['RMSE'] = res df rounded['RMSE'].round (6)

# In bang day du (tuy ban mubn git hay khéng)
pd.set option('display.max rows', 10) # Gidéi han sb dong in ra
(hodc bd néu ban mudn xem hét)

print (res_df rounded)

# Top cbébng to MAPE thip nhét

top mape = res df rounded.sort values ('MAPE (%) ') .head(10)
print ("\n Top 10 céng to cé MAPE nhé nhit:")

print (top mape.to string(index=False))

# Tédng quan md hinh toan bd
print ("\n Téng quan mé hinh (toan bd tédp test):")

print (":::::: ===

print (f" MAE toan md hinh
print (f" MAPE toan md hinh
print (£" RMSE toan md hinh

{overall mae:.6f}")
{overall mape:.6f} ")
{overall rmse:.6f}")

o (Temm——e ===
# Phat hién bit thuodng

df anomaly = detect anomalies (merged all, scalers)

# Nhadp tuong tac tu user dé duy bido cho tung céng to cu thé
while True:

user input = input ("Nhdp unique id va ngay bat dau du béo
(YYYY-MM-DD HH:MM:SS), cach nhau bdi diu phdy, hodc 'exit': ")
if user input.strip().lower() == 'exit':
print ("K&t thac chuong trinh.")
break
try:
uid str, date str = [s.strip() for s in

user input.split(',")]
uid = int (uid str)
start date = pd.to datetime (date str)
except Exception:
print (" Pinh dang sai. Vui long nhdp: unique id, YYYY-MM-DD
HH:MM:SS")
continue

if uid not in test df['unique id'].unique():
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print (f" unique id {uid} khdéng cé trong test set.")
continue

pred = forecast for single uid(model, train df, test df, uid,
start date, input len)
if pred is None:
continue
print (pred)

merged, res df, overall mae, overall mape, overall rmse =
evaluate forecast per id(test df, pred, scalers)

if merged is not None:
plot with anomalies (merged, scalers, uid)
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PHU LUC3
Chuong trinh xay dwng va huan luyén mé hinh LSTM va Bi-LSTM

import matplotlib.pyplot as plt
import pandas as pd

import seaborn as sns

import numpy as np

df=pd.read csv('/content/FC53FFRU.csVv")

$ - 1. Chia dit 1iéu dao tao mé hinh va phat hién bit thudng --
df ['"NGAYGIO'] = pd.to datetime (df['NGAYGIO'], dayfirst=True,
errors="'coerce')
def round nearest hour (ts):
minute = ts.minute
if minute < 30:
return ts.replace (minute=0, second=0, microsecond=0)
else:
return (ts + pd.Timedelta (hours=1)) .replace (minute=0, second=0,
microsecond=0)

df ['NGAYGIO'] = df['NGAYGIO'].apply(round nearest hour)

df = df.dropna (subset=['NGAYGIO'])
def remove duplicate timestamps (group) :

# Xo& cac ban ghi cé NGAYGIO trung nhau trong cung diém do - git
dong dau tién

return group.drop duplicates (subset='NGAYGIO', keep='first')
df cleaned = df.groupby('SO CTO'") .apply(remove duplicate timestamps)
df cleaned = df cleaned.reset index(drop=True)

df cleaned['NGAYGIO'] = pd.to datetime (df cleaned['NGAYGIO'])
df cleaned.sort values (by=['SO CTO', 'NGAYGIO'], inplace=True)

def compute tv delta(group) :

group['Time Delta'] = group['NGAYGIO'].diff() / np.timedelta64 (1,
"h)

group['value import'] = group['IMPORT KWH'].diff ()

group['tv delta'] = group['value import'] / group['Time Delta']

return group
df cleaned = df cleaned.groupby('SO CTO'") .apply (compute tv delta)
df cleaned
df cleaned = df cleaned.dropna/()

df cleaned.reset index (drop=True)

df cleaned.reset index(drop=True, inplace=True)
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df cleaned = df cleaned.drop(['MA DIEMDO', 'MA TRAM',
'MA_DVIQLY' 0 'EXPORT_KWH' 1, axis=1)

def train test split by group (df, test ratio=0.2):
train val parts = []
test parts = []

for id , group in df.groupby ("SO _CTO") :
group = group.sort values ("NGAYGIO") .reset index (drop=True)

n_total = len(group)
n _test = int(n _total * test ratio)
test part = group.iloc[-n test:]

train val part = group.iloc[:-n_test]

train val parts.append(train val part)
test parts.append(test part)

df train val = pd.concat(train val parts).reset index(drop=True)
df test = pd.concat (test parts) .reset index(drop=True)

return df train val, df test

df train val, df test = train test split by group(df cleaned,
test ratio=0.2)
train=df train val

R e 2. X 11 d 1iéu train mé hinh --——-—-——-———-
def create lag features(df, target col='tv delta', group col='SO CTO',
lags=[1, 2, 3, 4, 8, 12, 16, 20, 24, 28,56], fill method="'bfill'):
df sorted = df.sort values (by=[group col, 'NGAYGIO']) .copy/()
for lag in lags:
df sorted[f'{target col} lag{lag}'] =
df sorted.groupby (group col) [target col].shift (lag)

# X 1y NaN
lag cols = [f'{target col} lag{lag}' for lag in lags]
if fill method == 'bfill':
df sorted[lag cols] =
df sorted[lag cols].fillna(method="bfill")
elif fill method == 'ffill':
df sorted[lag cols] =
df sorted[lag cols].fillna(method="£ffill")

return df sorted

df lagged = create lag features(train, target col='tv delta',
group col='SO CTO")
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# Chia train/test theo thoi gian cia méi hd
def split by time(df, test ratio=0.3):

train parts, test parts = [], []

for id , group in df.groupby('SO CTO'"):
n_total = len (group)
n test = int(n total * test ratio)
train part = group.iloc[:-n_test]
test part = group.iloc[-n test:]

train parts.append(train part)
test parts.append(test part)
return pd.concat (train parts), pd.concat (test parts)

df train, df test = split by time(df lagged, test ratio=0.3)

e 3. Chuidn héa theo tiung hd —-—-—--—--——-
from sklearn.preprocessing import StandardScaler
def scale groupwise(df, features, group col='SO CTO'):
df scaled = pd.DataFrame (index=df.index)
scalers = {}

for so _cto in df[group col].unique() :

group_idx = df[group col] == so_ cto

scaler = StandardScaler ()

scaled data = scaler.fit transform(df.loc[group idx, features])
df scaled.loc[group idx, features] = scaled data
scalers[so_cto] = scaler

return df scaled.astype(float), scalers

feature cols = ['tv delta lagl', 'tv delta lag2', 'tv delta lag3', 'tv
delta lag4d',

'tv delta lag8', 'tv delta lagl2', 'tv delta laglé6',
'tv delta lag20',

'tv delta lag24', 'tv delta lag28','tv delta 1lagb56']

X train scaled, scalers train = scale groupwise (df train, feature cols,
group_col='S0O CTO')

X test scaled, _ = scale groupwise(df test, feature cols,
group_col='SO CTO')

S e 4. Tao LabelEncoder cho SO CTO -------—---
from sklearn.preprocessing import LabelEncoder

le = LabelEncoder ()

le.fit (df lagged['SO CTO'])

df train['SO CTO enc'] = le.transform(df train['SO CTO'])

Sinh vién thyc hién: Truong Cong Cuong Huéng dan: Ts. Nguyén Thi Kim Triic
Nhan Ngoc Sang
Phan Pirc Ngoc

62



Pé tai: “Nghién ciru hé thong thu thdp dir liéu va gidm sat tiéu thu dién bang DeepLearning”’

df test['SO CTO enc'] = le.transform(df test['SO CTO'])

f Sosoosse==s 5. Tao input output cho train/test----—-—-—-—--—-
def create dataset grouped from scaled(X scaled, y, so cto enc,
input len=56, output len=28):

X seq, y seq, house ids = [], [], []

total len = input len + output len

df tmp = pd.DataFrame (X scaled.values, columns=[f'feature {i}' for
i in range (X scaled.shape[l])])

df tmp['tv delta'] = y.values

df tmp['SO CTO enc'] = so_cto enc.values

df tmp = df tmp.reset index(drop=True)

for house id in df tmp['SO CTO enc'].unique():
df house = df tmp[df tmp['SO CTO enc'] ==
house id].reset index (drop=True)

features = df house[[f'feature {i}' for i in
range (X scaled.shape[1l])]].values
labels = df house['tv delta'].values
for i in range(len(df house) - total len + 1):
x = features[i:i + input len]

y out = labels[i + input len:i + input len + output len]
if x.shape[0] == input len and y out.shape[0] ==
output len:
X seq.append (x)
y_seqg.append(y out)
house ids.append (house id)

return np.array (X seq), np.array(y seq), np.array(house ids)

X train seq, y train seq, house ids train =
create dataset grouped from scaled(X train scaled, df train['tv
delta'], df train['SO CTO enc'])

X test seq, y test seqg, house ids test =
create dataset grouped from scaled(X test scaled, df test['tv delta'l],
df test['SO CTO enc'])

print ("X train seq shape:", X train seq.shape)

A}

print ("y train seq shape:", y train seqg.shape)

print

(
(
("X test seq shape:", X test seqg.shape)
(

print ("y test seq shape:", y test seqg.shape)

- 6. Xay dung mé hinh----------
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from tensorflow.keras.models import Model
from tensorflow.keras.layers import Input, LSTM, Bidirectional, Dense,
Embedding, Concatenate, Reshape, RepeatVector, Flatten

def build lstm model (input seq len, feature dim, output seq len,
n_households, use bilstm=False):

# Inputs

input seqg = Input (shape=(input seq len, feature dim),
name="input seqg')

household id = Input (shape=(1,), name='household id")

# Embedding ID
# Embedding output shape: (batch size, 1, embed dim)
embed = Embedding (input dim=n households,

output dim=16) (household id)

# Flatten the embedding to get shape (batch size, embed dim)
embed flat = Flatten() (embed)

# Repeat the flattened embedding across the time steps
# RepeatVector output shape: (batch size, input seq len, embed dim)
embed repeat = RepeatVector (input seq len) (embed flat)

# Concatenate embedding + input seq

# Concatenate output shape: (batch size, input seq len, feature dim
+ embed dim)

x = Concatenate (axis=-1) ([input seq, embed repeat])

# LSTM/Bi-LSTM
if use bilstm:
# Bi-LSTM output shape (return sequences=False): (batch size,
units*2)
x = Bidirectional (LSTM (128, return sequences=False)) (x)
else:
# LSTM output shape (return sequences=False): (batch size,
units)
x = LSTM (128, return sequences=False) (x)

# Output 28 budc
# Dense layer output shape: (batch size, output seqg len)

output = Dense (output seq len) (x)

model = Model (inputs=[input seq, household id], outputs=output)
model.compile (optimizer="adam', loss='mse', metrics=['mae'])

return model
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# D liéu dau vao

input seg len = X train seqg.shape[l]
feature dim = X train seqg.shape[Z2]
output seqg len = y train seqg.shape[l]
n_households = len(le.classes )

model = build lstm model (input seq len, feature dim, output seq len,
n_households, use bilstm=False)
model . summary ()

from tensorflow.keras.callbacks import ModelCheckpoint, EarlyStopping
from tensorflow.keras.models import load model

# Callbacks

checkpoint cb = ModelCheckpoint (
filepath='best model.keras',
monitor='val loss',
save best only=True,
verbose=1

early stopping cb = EarlyStopping(
monitor='val loss',
patience=5,
restore best weights=True,
verbose=1

# Fit model
history = model.fit(
x=[X train seq, house ids_ train],
y=y_ train seq,
validation data=([X test seq, house ids test], y test seq),
epochs=20,
batch size=64,
callbacks=[checkpoint cb, early stopping cb]

# Load best model
best model = load model ('best model.keras')
from sklearn.metrics import mean absolute error, mean squared error

# Du béao
y _pred = best model.predict ([X test seqg, house ids test])

# Panh gié
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y_true flat y_test seq.flatten()

y_pred flat = y pred.flatten()

mae = mean absolute error(y true flat, y pred flat)

mse mean squared error(y true flat, y pred flat)

rmse = np.sqrt (mse)

def mean absolute percentage error(y true, y pred):

mask = y true != 0
return np.mean (np.abs ((y true[mask] - y pred[mask]) /
y_true[mask])) * 100

mape = mean absolute percentage error(y true flat, y pred flat)

print (f"MAE: {mae:.4f}")
print (f"RMSE: {rmse:.4f}")
print (E"MAPE: {mape:.2f}%")

import matplotlib.pyplot as plt

for i in range(3):
plt.figure(figsize=(10, 4))
plt.plot (y test seq[i], label='True')
plt.plot(y pred[i], label='Predicted')
plt.title (£"HO thu {i}")
plt.xlabel ("Thoi gian")
plt.ylabel ("Pién nang tiéu thu trong 7 ngay (kWh)")
plt.legend()
plt.show ()
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PHU LUC4
Xay Dwng chwong trinh web

import streamlit as st

import pandas as pd

import numpy as np

import plotly.graph objects as go

from plotly.subplots import make subplots
import plotly.express as px

from sklearn.preprocessing import MinMaxScaler
from neuralforecast import NeuralForecast
from neuralforecast.models import NHITS
import os

import datetime

# BAO MAT DANG NHAP ============ #
import hashlib

# Danh sach tai khoan va mat khiu

USERS = {
"admin": "adminl23",
"userl": "passl"

def hash password(password) :
return hashlib.sha256 (password.encode ()) .hexdigest ()

def login{():

st.markdown ("## (® Ping nhap hé thbéng")

username = st.text input("Tai khoan")

password = st.text input("Mat khau", type="password")

if st.button ("Pang nhdp"):

if username in USERS and hash password(password) ==
hash password (USERS [username]) :
st.success(" bPang nhdp thanh céng!")

st.session state["logged in"] = True
st.session state["username"] = username
st.rerun ()

else:

st.error ("X Tai khodn hodc mat khiu khdédng dung.")

if "logged in" not in st.session_ state:
st.session state["logged in"] = False

if not st.session state["logged in"]:
login ()
st.stop() # Dung tng dung néu chua ding nhap
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# Ciu hinh trang
st.set page config(
page title="Electric Power Forecasting & Anomaly Detection",
page_icon="€5"
layout="wide",
initial sidebar state="expanded",

# Thiét lap theme va CSS nang cao
st.markdown ("""
<style>
/* Mau sdc chinh va phu */
croot {
——primary-color: #1E3A8A;
—-—primary-light: #3B82F6;
--primary-dark: #1E40AF;
--secondary-color: #10B981;
-—accent-color: #F59EOB;
-—text-color: #1F2937;
--text-light: #6B7280;
--bg-light: #F9FAFB;
--bg-card: #FFFFFEF;
-—anomaly-high: #EF4444;
-—anomaly-high-bg: #FEE2E2;
—-—anomaly-normal: #10B981;
—-—anomaly-normal-bg: #ECFDF5;

/* Thiét 14p chung */

.block-container {
padding-top: lrem;
padding-bottom: lrem;
max-width: 1200px;
margin: 0 auto;

/* Header va tiéu dé */
.main-header ({
background: linear-gradient (90deg, var (--primary-color), var (--
primary-dark)) ;
color: white;
padding: 1.5rem;
border-radius: 10px;
margin-bottom: 2rem;
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box-shadow: 0 4px 6px rgba(0, 0, 0, 0.1);

.main-header hl {
margin: 0;
font-weight: 800;
font-size: 2.2rem;

.main-header p {
margin-top: 0.5rem;
opacity: 0.9;
font-size: 1.lrem;

/* Sidebar */
.css-1d391kg, .css-1lv3fvcr ({
background-color: var (--bg-light);

/* Nut */
.stButton>button {

background: linear-gradient (90deg, var (--primary-color), var (--

primary-dark)) ;
color: white;
border-radius: 6px;
padding: 0.6rem 1.2rem;
font-weight: 600;
border: none;
transition: all 0.3s ease;
box-shadow: 0 2px 4px rgba(0, 0, 0, 0.1);

.stButton>button:hover {

background: linear-gradient (90deg, var (--primary-dark), wvar (-

primary-color));
transform: translateY (-2px);
box-shadow: 0 4px 8px rgba(0, 0, 0, 0.15);

/* Card metrics */
.metric-container {
display: flex;
flex-wrap: wrap;
gap: lrem;
margin-bottom: 1.5rem;
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.metric-card {
background-color: wvar (--bg-card) ;
border-radius: 8px;
box-shadow: 0 4px 6px rgba(0, 0, 0, 0.05);
padding: 1.2rem;
text-align: center;
flex: 1;
min-width: 200px;
transition: transform 0.3s ease, box-shadow 0.3s ease;

border-top: 4px solid var (--primary-color);

.metric-card:hover {
transform: translateY (-5px);
box-shadow: 0 8px 15px rgba(0, 0, 0, 0.1);

.metric-value {
font-size: 2.2rem;
font-weight: 700;
color: var (--primary-color) ;
margin-bottom: 0.3rem;
line-height: 1.2;

.metric-label {
font-size: lrem;
color: var (--text-1light);
margin-top: O;

/* Badges */

.badge {
padding: 0.25rem 0.75rem;
border-radius: 9999px;
font-weight: 600;
font-size: 0.85rem;
display: inline-block;

.anomaly-high {
background-color: var (--anomaly-high-bg) ;
color: var (--anomaly-high);

.anomaly-normal {
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background-color: var (-—-anomaly-normal-bg) ;
color: var (--—anomaly-normal) ;

/* Slider */

.stSlider {
padding-top: lrem;
padding-bottom: 1.5rem;

.stSlider > div > div {

background-color: var (--primary-light) !important;
}
/* Tabs */
.stTabs [data-baseweb="tab-1list"] {

gap: 2px;

.stTabs [data-baseweb="tab"] {
background-color: #f1f5f9;
border-radius: 4px 4px 0 O;
padding: 10px 20px;
border: none;

.stTabs [aria-selected="true"] {
background-color: white !important;
border-top: 3px solid var (--primary-color) !important;

/* Expander */
.streamlit-expanderHeader ({
font-weight: 600;
color: var (--primary-color);

/* Tooltip */

.tooltip {
position: relative;
display: inline-block;
cursor: help;

.tooltip .tooltiptext {
visibility: hidden;
width: 200px;
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background-color: #333;
color: #fff;
text-align: center;
border-radius: 6px;
padding: 5px;

position: absolute;
z-index: 1;

bottom: 125%;

left: 50%;

margin-left: -100px;
opacity: 0;

transition: opacity 0.3s;

.tooltip:hover .tooltiptext {
visibility: visible;
opacity: 1;

/* Responsive adjustments */
@media (max-width: 768px) {
.metric-card {
min-width: 100%;

}
</style>
mww unsafe_allow_html=TrUe)

# Ham cache cho viéc tai mé hinh

@st.cache resource

def load model() :
nf = NeuralForecast.load(path="'model nhits'")
return nf

# Ham cache cho viéc tai va tién xu ly dir liéu
# @st.cache data
# def load and preprocess(train path, test path):

# train df = pd.read csv(train path,

parse dates=['NGAYGIO rounded'])

# test df = pd.read csv(test path, parse dates=['NGAYGIO rounded'])
# for df in (train df, test df):

# df.rename (columns={

id 'SO_CTO': 'unique id',

# '"NGAYGIO rounded': 'ds',
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H H H H H H H FHF HH H= H H H H

H H H FHF

+H =+

'tv delta': 'y'
}, inplace=True)
if df['ds'].dt.tz is not None:
df['ds'] = df['ds'].dt.tz convert (None)
# df.sort values (['unique id', 'ds'], inplace=True)
# df.reset index (drop=True, inplace=True)

scalers = {}
train scaled, test scaled = [], []
for uid, grp in train df.groupby ('unique id'):
g _train = grp.copy ()
scaler = MinMaxScaler ()
g train['y'] = scaler.fit transform(g train[['y']])
scalers[uid] = scaler
train scaled.append(g_train)

g test = test df[test df['unique id'] == uid].copy ()
if not g test.empty:
g test['y'] = scaler.transform(g test[['y']])
test scaled.append(g test)

train scaled df = pd.concat (train scaled) .reset index (drop=True)
test scaled df = pd.concat(test scaled).reset index (drop=True)
return train scaled df, test scaled df, scalers

@st.cache data

def load and preprocess(train path, test path):

train df = pd.read csv(train path, parse dates=['NGAYGIO rounded'])
test df = pd.read csv(test path, parse dates=['NGAYGIO rounded'])

for df in (train df, test df):

df .rename (columns={

'SO_CTO': 'unique_ id',
'"NGAYGIO rounded': 'ds"',
'tv delta': 'y'

}, inplace=True)
if df['ds'].dt.tz is not None:
df['ds'] = df['ds'].dt.tz convert (None)

# Thém cot danh diu tht tu ban dau

df ['order'] = range(len(df))
scalers = {}
train scaled, test scaled = [], []

# Scale theo tung unique id
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for uid, grp in train df.groupby('unique id'):
g train = grp.copy ()
scaler = MinMaxScaler ()
g train['y'] = scaler.fit transform(g train[['y']])
scalers[uid] = scaler
train scaled.append (g _train)

g _test = test df[test df['unique id'] == uid].copy()
if not g test.empty:
g test['y'] = scaler.transform(g test[['y']])
test scaled.append(g test)

# N6i lai va s8p xép theo thit ty ban diu
train scaled df =

pd.concat (train scaled) .sort values('order') .reset index (drop=True)
test scaled df =
pd.concat (test scaled).sort values('order').reset index(drop=True)

# X6a co6t order néu khéng cin dung nita
train scaled df.drop(columns=['order'], inplace=True)
test scaled df.drop (columns=['order'], inplace=True)

return train scaled df, test scaled df, scalers

# Ham 14y lich su dit liéu
def get history(train df, test df, unique id, start date, input len):
train uid = train df[train df['unique id'] ==
unique id].sort values('ds')
test uid = test df[test df['unique id'] ==
unique id].sort values('ds')
full = pd.concat([train uid,
test uid]) .sort values('ds').reset index (drop=True)
if full['ds'].dt.tz is not None:
full['ds'] = full['ds'].dt.tz convert (None)
idxs = full.index[full['ds'] == pd.to datetime(start date)]
if len(idxs) == 0 or idxs[0] < input len:
return None
idx = idxs[0]
return full.iloc[idx - input len:idx].copy ()

# Ham du dodn cho mdét ID duy nhét

def predict single uid(model, history, uid):
df input = history.copy ()
df input['unique id'] = uid
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pred = model.predict (df=df input)
return pred

# Ham vé biéu do du bdo véi phat hién bit thuong
def plot forecast (pred df, scaler, test df, start date,
anomaly threshold=3.0):
# Két hop dir liéu du bdo va thuc té
merged = pd.merge (test df, pred df, on=['unique id', 'ds'],
how='inner')
if merged.empty:
st.warning ("Khéng cé dit 1liéu kha dung d& hién thi.")
return None, None, None

# Chuyén dbéi gia tri vé& thang do ban dau

merged['y true'] = scaler.inverse transform(merged[['y']])
merged['y pred'] = scaler.inverse transform(merged[['NHITS']])

# Tinh toan sai sb va xac dinh bat thudng

merged['error'] = np.abs(merged['y true'] - merged['y pred'])

threshold = merged['error'].mean() + anomaly threshold *
merged|['error'].std()

merged['is anomaly'] = merged|['error'] > threshold

# Tao biéu db6 védi subplot
fig = make subplots(
rows=2,
cols=1,
shared xaxes=True,
vertical spacing=0.1,
row _heights=[0.7, 0.3],
subplot titles=("Du bdo & Phat hién bat thuong", "Sai sb du
béo")

)

# Thém dit 1liéu thuc té
fig.add trace(
go.Scatter (
x=merged['ds'],
y=merged['y true'].values,
mode="'lines+tmarkers',
name='Thuc té&',
line=dict (color="#3B82F6', width=2),
marker=dict (size=06)
),

row=1, col=1
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# Thém dit 1iéu du bao
fig.add trace(
go.Scatter (
x=merged['ds"'],
y=merged['y pred'].values,
mode="'lines',
name="'Du bao',
line=dict (color="#F59E0B', width=2)
),

row=1, col=1

# Thém diém bit thudng
if any(merged['is anomaly']):
fig.add trace(

go.Scatter (
x=merged[merged['is anomaly']]['ds'],
y=merged[merged['is anomaly']]['y true'].values,

mode="markers',
name='B4t thudng',
marker=dict (color="'#EF4444', size=10, symbol='circle-
open', line=dict (width=2))
),

row=1, col=1

# Thém dudng phadn céch tai thoi diém bat dau du béo
start date pd = pd.to datetime (start date)
fig.add vline(

x=start date pd,

line width=2,

line dash="dash",

line color="#6B7280",

row=1, col=1

# Thém chtG thich cho dudong phédn céch
max y value = merged['y true'].max()
fig.add annotation(

x=start date pd,

y=max y value * 1.05,

text="Bat dau du bao",

showarrow=True,

arrowhead=1,

ax=-40,

ay=-30,
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row=1, col=1

# Thém biéu dd sai sb
fig.add trace(
go.Bar (
x=merged['ds'],
y=merged]|['error'] .values,
name='Sai sé',
marker=dict (

color=merged['is anomaly'].map ({True:

'#94A3B8'}),
line=dict (width=0)

) s

row=2, col=1

# Thém dudng ngudng bat thudng
fig.add trace(
go.Scatter (

"#EF4444",

x=[merged['ds'].min (), merged['ds'].max ()],

y=[threshold, threshold],

mode="'lines',

name=f 'Ngudng bat thuong ({anomaly threshold}o)',
line=dict (color="#EF4444', width=2, dash='dash')

) s

row=2, col=1

# Cap nhéat layout
fig.update layout (
title=dict (

text="Du bdo tiéu thu dién & Phat hién bit thuong",

font=dict (size=20, color='#1E3A8A"')
),
legend=dict (
orientation="h",
yanchor="bottom",
y=1.02,
xanchor="center",
x=0.5,
bgcolor="rgba (255,255,255,0.8) "',
bordercolor='rgba(0,0,0,0.1)",
borderwidth=1
),

hovermode="x unified",

False:
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height=700,
template="plotly white",
margin=dict (1=10, r=10, t=80, b=10),

# Cédp nhat truc x va y
fig.update xaxes (
title text="Thdi gian",
showgrid=True,
gridwidth=1,
gridcolor='rgba (0,0,0,0.1)"',
row=1, col=1

fig.update yaxes (
title text="Tiéu thu dién (kWh)",
showgrid=True,
gridwidth=1,
gridcolor='rgba(0,0,0,0.1)"',
row=1, col=1

fig.update xaxes (
title text="Thoi gian",
showgrid=True,
gridwidth=1,
gridcolor='rgba (0,0,0,0.1)"',
row=2, col=1

fig.update yaxes (
title text="Sai sb (kWh)",
showgrid=True,
gridwidth=1,
gridcolor='rgba (0,0,0,0.1)"',
row=2, col=1

# Tinh todn cédc chi s théng ké

stats = {
'total points': len(merged),
'anomaly count': merged['is anomaly'].sum(),
'anomaly percent': (merged['is anomaly'].sum() / len(merged)) *
100,
'mean error': merged['error'].mean(),
'max_error': merged['error'].max(),

'threshold': threshold
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return fig, merged, stats

# Puong dan dit liéu

train path = 'data/train.csv'’
test path = 'data/test.csv'
input len = 56

forecast len = 28

# Header chinh
st.markdown ("""
<div class="main-header">
<hl1>4> Dy bao tiéu thu dién & Phat hién bAt thudng</hl>
<p>Hé thbéng du bao va phat hién b4t thudng trong tiéu thu dién ndng
dwya trén md hinh hoc sdu</p>
</div>
""", unsafe allow html=True)

# Tai dt 1iéu va mdé hinh
train df, test df, scalers = load and preprocess (train path, test path)
model = load model ()

# Sidebar
with st.sidebar:
st.image ("image.png", width=300)

st.markdown ("### Tham sb6 dau vao")
# Chon cbng to

unique ids =
test df['unique id'].drop duplicates(keep='first').tolist()

uid = st.selectbox("Chon cdng to (unique id):", unique ids)
# unique ids = test df['unique id'].unique ()
# uid = st.selectbox("Chon cbng to (unique id):", unique ids)

# Chon thoi diém bdt dau du béo

start dates = test df[test df['unique id'] ==
uid] ['ds'].dt.strftime ('$Y-%m-%d $H:%M:%S') .tolist ()

start date str = st.selectbox("Chon thoi diém bat dau du bao:",
start dates)

start date = pd.to datetime(start date str)

# Thém slider diéu chinh ngudng phat hién bit thudng
st.markdown ("### Q Phat hién bat thuong")
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anomaly threshold = st.sidebar.slider (
"Ngudng phat hién bit thuong (sb6 1lédn d6 léch chuin)",
1.0, 5.0, 3.0, 0.1

st.markdown ("""
<div style="margin-top: 10px; font-size: 0.85rem; color: #6B7280;">
<span style="font-weight: 600;">Luu y:</span> Gia tri thip hon
sé& phat hién nhiéu b4t thudong hon nhung cé thé tdng canh bio sai.
</div>

mmon
4

unsafe allow html=True)

# NGt du bao
forecast button = st.button("cg Du bdo & Phat hién bat thudng",
use container width=True)

st.divider ()

st.markdown ("### [] Théng tin")

st.info (£f"M6 hinh su dung {input len} diém di liéu lich su")
st.info (f"bd dai du bao: {forecast len} budc")

st.info ("Du bdo 7 ngay tiép theo tu thoi diém bit dau")

# Khu vuc chinh
if forecast button:
with st.spinner ("bPang chay du bdo..."):
# Lay dit 1liéu lich su
history = get history(train df, test df, uid, start date,
input len)

if history is None:
st.error ("Khéng du dit 1liéu lich su dé du bao.")
else:
try:
# Du bao
pred = predict single uid(model, history, uid)

# V& biéu d6 va tinh toan théng ké

fig, result df, stats = plot forecast
pred,
scalers[uid],
test df[test df['unique id'] == uid],
start date,
anomaly threshold

if fig is not None:
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# Hién thi cac chi sb théng ké
coll, col2, col3, cold4d = st.columns (4)

with coll:
st.markdown (£"""
<div class="metric-card">
<div class="metric-
value">{stats['total points']}</div>
<div class="metric-label">Tdéng sb diém di
liéu</div>
</div>
""", unsafe allow html=True)

with col2:
st.markdown (£"""
<div class="metric-card">
<div class="metric-
value">{stats['anomaly count']}</div>

<div class="metric-label">S8 diém Dbat

thuong</div>
</div>
""", unsafe allow html=True)
with col3:
st.markdown (£"""
<div class="metric-card">
<div class="metric-
value">{stats['anomaly percent']:.1f}%</div>
<div class="metric-label">Ty 1é& bit
thuong</div>

</div>
W@ unsafe_allow_html=True)

with col4:
st.markdown (£"""
<div class="metric-card">
<div class="metric-
value">{stats['mean error']:.2f}</div>
<div class="metric-label">Sai sb trung binh
(kWh) </div>
</div>
""", unsafe allow html=True)

# Hién thi biéu db
st.plotly chart(fig, use container width=True)

# Tabs cho théng tin chi tiét
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tabl, tab2, tab3 = st.tabs(["[u] D& liéu chi tiét",
"4 Phan tich bat thuong", "|I| Théng tin mé hinh"])

with tabl:
# Hién thi dit 1iéu chi tiét
if result df is not None:
# Pinh dang d@ 1iéu
display df = result df.copy()
display df['ds'] =
display df['ds'].dt.strftime('3Y-%m-%d %H:3M:%S")
display df['Trang thai'] = np.where(
display df['is anomaly'],
' A\ B&t thuong',
'. Binh thuong'

# Hién thi bang d@r liéu
st.dataframe (
display df[['ds', 'y true', 'y pred’,

'error', 'Trang thai'l]].rename (
columns={
'ds': 'Thoi gian',
'y true': 'Thyc té (kWh)',
'y pred': 'Du bao (kWh)',
'error': 'Sai sb (kWh)'
1
)
use container width=True,
hide index=True
)
with tab2:

if result df is not None and
any (result df['is anomaly']):
# Phan tich bt thudng
st.markdown ("### Phan tich diém bit

thudng")
# Loc cac diém bit thuong
anomalies =
result df[result df['is anomaly']].copy ()
anomalies['ds'] =
anomalies['ds'].dt.strftime ('%Y-%m-%d %SH:%M:%S"'")
anomalies['error percent'] =
(anomalies['error'] / anomalies['y true']) * 100

# Hién thi bang b4t thudng
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st.dataframe (
anomalies[['ds', 'y true', 'y pred',
'error', 'error percent']].rename (
columns={

'ds': 'Thoi gian',

'y true': 'Thuc té (kWh) ',

'y pred': 'Du bao (kWh)',

'error': 'Sai sb tuyét dbi
(kWh) ',

'error percent': 'Sai sb phén
tram (%)

) s
use container width=True,
hide index=True

# Biéu do phan bd sai sb
st.markdown ("### Phan bd sai sé")
error fig = px.histogram(
result df,
x='error',
nbins=20,
color="is anomaly',
color discrete map={True: '#EF4444"',
False: '#94A3B8'},

labels={'error': 'Sai s& (kwh)',
"count': 'Sé luong'},
title='Phan bé sai sb du bao'
)
error fig.add vline(
x=stats['threshold'],
line width=2,
line dash="dash",
line color="#EF4444",
annotation text=f"Ngudng:
{stats['threshold']:.2f}"

error fig.update layout (
showlegend=True,
legend title text='Bat thuodng',
legend=dict (
orientation="h",
yanchor="bottom",
y=1.02,
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xanchor="right",
x=1

st.plotly chart(error fig,
use container width=True)
else:
st.info ("Khéng phat hién bit thudng nao
trong dit liéu.")

with tab3:

# Théng tin mé hinh

st.markdown ("### Théng tin mdé hinh")

st.markdown ("""

M6 hinh du bdo st dung kién trtc **NHITS**
(Neural Hierarchical Interpolation for Time Series Forecasting), mdt md
hinh hoc s&du hién dai dugc thiét k& d8c biét cho du bdo chudi thoi
gian.

**Pdc diém chinh:**

- Kién trtc phan cdp véi nhiéu khbéi néi suy

- Kha ndng hoc céc mdu thdi gian & nhiéu tan sb
kh&c nhau

- Hiéu quad cao v6i dtt 1liéu tiéu thu dién

**Phat hién bAt thudng:**
- Su dung phuong phdp dua trén ngudng sai sb
- Ngudng dugc tinh bang: Trung binh sai sé +

A

(P56 léch chuidn sai sb& x Hé sb)
- Hé sb cé6 thé diéu chinh dé& thay dbi &6 nhay
clia phat hién

nmn ")

# Hién thi théng tin vé dd chinh xé&c
st.markdown ("### DS chinh xac")

accuracy data = {
'"Metric': ['MAE', 'RMSE', 'MAPE'],
'Value': [f"{stats['mean error']:.4f}",
f"{np.sqgrt ((result df['error']**2) .mean()):.4£}",
f"{ (result df['error'] / result df['y true']).mean() * 100:.2f}%"]

}

st.dataframe (pd.DataFrame (accuracy data),
use container width=True, hide index=True)
except Exception as e:
st.error (f"L&1 khi chay du bao: {str(e)}l")
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