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TOM TAT

Tén dé tai: Dy doan va toi wu hoa cong suat dién tiéu thu cho cong doan nghien xi
mang

Sinh vién thyc hién: Nguyén Phi Hung

S6 thé SV: 105200493 Lép: 20TDHCLC4
Sinh vién thyc hién: Nguyén Phuc Nguyén
S6 thé SV: 105200504 Lép: 20TDHCLC4

Trong bdi canh nganh cong nghi¢p hi¢n dai ngay cang dé cao viée st dung hi¢u
qua tai nguyén, dac biét 1a ndng lugng, tdi wu hoa dién nang ti€u thu dang tr¢ thanh mot
trong nhitng yéu cau trong tAm nham nang cao hiéu qua van hanh, giam thiéu chi phi va
dap ng cac tidu chuan vé phat trién bén viing. Nganh xi méng, voi dac thu tiéu hao
nang luong 16n trong qua trinh san xuét, dic biét & cong doan nghién, 1a mot trong nhiing
linh vuc can duoc cha trong nghién ctru va cai tién. Pay 1a cong doan khong chi anh
huong dén chat lugng san pham dau ra ma con déng vai tro quyét dinh trong tong mirc
tiéu thu ning luong cia toan nha may. Viéc trién khai cac giai phap cong nghé hd tro
giam sat, du doan va tdi wu hoa dién ning trong cong doan nay khong chi mang lai loi
ich kinh té 1 rét ma con gop phan giam ap lyc 1én hé thong dién qudc gia va giam thiéu

tac dong tiéu cuc dén moi truong.

Pé giam thiéu lang phi ning lugng va gop phan bao vé méi truong, dé tai nay duoc
trién khai v6i muc tiéu xay dung mot mo hinh thong minh két hop giita mang no-ron
tich chap, mang bd nhd dai-ngan han va thuét toan 1ay mau Latin Hypercube . M6 hinh
két hop nay khong chi c6 kha nang dy doan chinh xac dién ning tiéu thu theo chudi thoi
gian, ma con tim ra cac thong so toi uu van hanh cua hé théng, tir d6 nang cao hiéu qua
diéu hanh cong doan nghién xi mang. Két qua tir md hinh mang lai tiém ning Gng dung
thuc tién cao trong viéc tiét kiém dién ning mot cach chi dong, dong thoi gop phan thiic
day qua trinh chuyén d6i xanh, phét trién bén viing va than thién véi méi trudng cho

nganh xi mang noi riéng va toan bd linh vuc san xuat cong nghi€p noéi chung.



DAI HOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM

TRUONG DAI HOC BACH KHOA Doc 1ap - Tu do - Hanh phuc

KHOA PIEN

NHIEM VU PO AN TOT NGHIEP
TT Ho tén sinh vién Sb the SV Lop Nganh

K¥ thuat diéu khién va tu

1 Nguyén Phi Hung 105200493 | 20TDHCLC4 ) ]
dong hoa

K¥ thuat diéu khién va tu

2 | Nguyén Phiic Nguyén | 105200504 | 20TDHCLC4 A )
dong hoa

1. Tén dé tai do an:

Dy doan va t6i wu hoa cong suit dién tiéu thu cho cong doan nghién xi ming
2. Dé tai thubc dién: [ C6 ky két théa thudn sé hivu tri tué doi véi két qua thuce hién
3. Cdc s6 liéu va dit lidu ban dau:

Dit liéu duoc trich xuat tir co s dir lidu ctia hé thong quan 1y san xuat thong minh

ctia nha may xi mang ¢ mién Trung Vién Nam.
4. Ngi dung cdc phan thuyét minh va tinh todn:

a. Phan chung:

TT Ho tén sinh vién No6i dung

1 Nguyén Phi Hing Thu’ thap va tinh toan dir l\1¢u tr hé thong XHQ cua cac
thiét bi & cong doan nghién xi mang. Pua ra giai phap

2 |Nguyén Phiic Nguyén du doan va tbi vu luong dién tiéu thu

b. Phan riéng:

TT Ho tén sinh vién Noi dung

1 | Nguyén Phi Hing | Ung dung thuét toan Long Short-Term Memory dé dy
doan chudi thoi gian cho dién ning tiéu thu

2 |Nguyén Phuc Nguyén | Ung dung thuét toan ldy mau Latin Hypercube tim ra

cac thong so gitp to1 wu hod cong suat dién ti€u thy

5. Cdc ban vé, do thi ( ghi ré cdc logi va kich thuéc ban vé ):
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Ban v& nguyén 1y hoat dong cua céng doan nghién xi ming (Al: 594 mm x 841

mm).

6. Nguwoi huéng dan

Ho tén ngueoi huéng dan: Phan/ Néi dung:

TS. Nguyén Kim Anh Toan bd d6 4n

KS. Vuong Hoang Linh

7. Ngay giao nhiém vu dé dan:  24/2/2025
8. Ngay hoan thanh dé dn: 15/6/2025

Pa Nang, ngay 15 thang 06 nam 2025

Truéng Bo mén Tw dong h6a Ngwoi hwéng din 1 Ngwoi hwéng din 2

TS. Giap Quang Huy TS. Nguyén Kim Anh  KS. Vwong Hoang Linh
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KHOA DIEN

PHIEU KIEM SOAT TIEN PQ LAM PO AN TOT NGHIEP

(Phiéu danh cho nguoi huéng dan/sinh vién)

Ho tén sinh vién 1: Nguyén Phi Hung S6 thé SV: 105200493

Ho tén sinh vién 2: Nguyén Phiic Nguyén S6 thé SV: 105200504

Tén dé tai DATN: Dy dodn va toi wu hoa cong suat dién tiéu thu cho cong doan
nghién xi ming

Ho tén ngudi HD1: TS. Nguyén Kim Anh DPon vi: Khoa Pién, PHBK Pa Ning

Ho tén nguoi HD2: KS. Vuong Hoang Linh Don vi: Cong ty TNHH K§¥ thuat Cong
Nghé Dién Tu Dong Bién Pong

Khoi lwong
Z GVHD
; Ngay Tiép tuc
= Pa thuc hién (%) thuc hién ky tén
(%)
1 24/2-2/3  |Lga chon va nghién ctu dé tai (100%). (0%)
Tim hiéu téng quan hé théng nghién xi man
2| 33953 & qHan A Tone e 1o
(100%).
Tim hiéu vé cac yéu t6 anh hudng t6i tiéu thy
3| 10/3-16/3 | .. . R (0%)
dién trong cong doan nghién (100%).
Duyét lan 1: Danh gia khdi lugng hoan thanh % :
4 17/3-23/3 DPuoc tiép tuc lam DATN [ Khong tiép tuc thuc hién
DPATN [
Tim hiéu vé cac phuong phap du doan va tdi
5| 24/3-30/3 L (0%)
uu dién nang (100%).




Xay dyng mo6 hinh két hop cac thuat toan va
6 31/3-6/4 . A N (0%)
quy trinh cong doan nghién xi mang (100%).
Lap trinh trén phian mém Jupyter notebook
7 7/4-13/4 (50%)
(50%).
Duyét 1an 2: Panh gia khdi lugng hoan thanh % :
8 14/4-20/4 DPuoc tiép tuc lam DATN [ Khong tiép tuc thuc hién
DATN [
Mo phong véi tap dir li¢u tai nha may ¢ Trun
9 | 21/a27/4 | O PrOnS VOLIP QUACHE y 8 20%)
Quoc (80%).
Nhan dir li¢u tir nha may xi mang ¢ Viét Nam
10| 28/4-4/5 o (0%)
va xu li dir ligu (100%).
Hiéu chinh mé hinh phu hop véi s6 liéu thyc té
11| 5/5-11/5 N (50%)
nhan dugc (50%).
Duyét 1an 3: Déanh gid khdi lugng hoan thanh % :
12\ 12/5-18/5  |pugc tiép tuc lam DATN [ Khong tiép tuc thuc hién
DATN [
Hi¢u chinh mé hinh phtt hop v6i s6 ligu thuc té
13| 19/5-25/5 . (10%)
nhan duoc (90%).
Tién hanh md phong kiém nghiém, danh gia
14| 26/5-1/6 <. (10%)
két qua (90%).
15 2/6-8/6  [Hoan thién do 4n, bao cdo (70%). (30%)
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LOINOI PAU VA CAM ON

Sau ndm nam hoc tap va rén luyén tai Truong Pai hoc Bach Khoa — Dai hoc ba
Néng, do 4n tot nghiép nay 1a mot cot mbe quan trong, danh ddu sy truong thanh va
hoan thanh chang dudng hoc tap cia mot sinh vién dai hoc. Pay khong chi 1a san phém
hoc thudt ma con 13 minh chimg cho qua trinh tich lity kién thirc, rén luyén tu duy va

kha ning ap dung 1y thuyét vao thuc tién.

Trong sudt thoi gian thuc hién d6 an voi dé tai “Du doan va ti vu hoa cong suit
dién ti€u thu cho cong doan nghién xi ming”, nhém em da nhan duoc sy hd tro tan tinh,
nhimng 16i chi dan quy bau ciing nhu dong vién kip thoi tir quy thay co, ban bé va gia
dinh. Pic biét, sy hudng din sdu sat cua thdy Nguyén Kim Anh d3 giup nhém dinh

hudng rd rang va vugt qua nhiéu kho khan trong qua trinh thyc hién.

Do an nay khong chi 1a co hoi dé nhom em tong hop, kiém chimg nhiing kién thic
d3 hoc ma con 1a dip rén luyén ning luc tu duy phan bién, phén tich va giai quyét van
dé trong bdi canh mot dy an thye té. Qua do6, nhom nhan thirc ré hon vé tAm quan trong
ctia viée lién két gitra 1y thuyét va Gmg dung, giita hoc thuat va thuc tién san xuat cong

nghiép.

Nhom xin bay to l1ong biét on sau sic dén TS. Nguyén Kim Anh, giang vién Bo
mon Ky thuat diéu khién va Tu dong hoa, cing KS. Vuong Hoang Linh, ngudi da tan

tinh hudng din, dinh hudng va hd trg nhom trong sudt qua trinh thyuc hién khéa luan.

Chung em ciing xin gti 101 cam on chan thanh dén toan thé quy thay c6 Truong
DPai hoc Bach Khoa, dac biét 1a cac thﬁy co trong B moén Tu dong hoa, nhitng nguoi da
truyén dat kién thirc nén tang 13n chuyén nganh, tao diéu kién t6t nhat dé nhoém co thé

hoc tap va truong thanh vé moi mat.

Cubi cing, nhém xin tri 4n dén gia dinh va ban bé than thiét — nhitng nguoi luén
d6ng hanh, dong vién va tiép thém dong luc dé nhom vuot qua nhitng ap luc trong qué
trinh hoc tap va thuc hién dd an.

Do thdi gian ¢6 han va kinh nghiém thyc tién con han ché, chic chian d6 an van
con ton tai nhimg thiéu sot nhat dinh. Nhém em rat mong nhan duoc su gbp ¥, chi bao
tor quy thﬁy cd dé co thé hoan thién hon, phuc vu tdt hon cho cong viéc va hoc tap trong

tuong lai.
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LOI CAM POAN LIEM CHINH HQC THUAT

Nhom xin cam doan bao cdo P An Tét Nghiép v6i dé tai 1a “Dw doan va tdi wu
hoa cong suit dién tiéu thu cho cong doan nghién xi ming” 1a két qua tim hiéu,
nghién ctru ctia nhom dudi sy dan dit ciia TS. Nguyén Kim Anh va KS. Vuong Hoang
Linh (Cong ty TNHH K¥ thuat Cong Nghé Pién Ty Pong Bién Dong).

Nghién ctru dé tai va ndi dung do an la san pham ma nhém da dugc hoc tap tai
Truong cling nhu ty tim hi€éu nghién ctru va thoi gian di thuc tap tai cong ty. Cac so li¢u
va két qua 1a hoan toan trung thuc. Néu c6 van dé xay ra, nhom xin chiu trach nhiém va

nhan moi ky luat.

Sinh vién thuc hién 1 Sinh vién thuc hién 2

Nguyén Phi Hing Nguyén Phic Nguyén
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Du dodn va t6i wu hod cong sudt dién tiéu thu cho cong doan nghién xi mding

MO DAU

1. Ly do chon d@ tai:

Nganh cong nghi¢p xi mang 1a mot trong nhiing linh vuc tiéu thu nang luong dién
16n nhat tai Viét Nam. Trong d6, cong doan nghién déng vai trd quan trong va chiém ty
trong dién nang tiéu thu 16n nhét trong toan bo day chuyén san xuat. Tuy nhién, hién
nay phan 16n cac nha may xi ming trong nuéc van van hanh theo kinh nghiém hodc theo
cac thong so thiét 1ap sin tir nha san xudt, thiéu cac giai phap du doan va t6i wu hidu qua

nang luong mot cach c¢6 hé thong.

Trong bdi canh ngudn ning luong truyén thong ngiy cang can kiét, gia dién ting
cao va ap luc tir cdc cam két giam phat thai khi nha kinh, yéu cau tiét kiém va sir dung
nang lugng hiéu qua ngay cang trd nén cap thiét. Pac biét, cac nghién ctru gan day cho
thay viéc ap dung cac md hinh hoc mdy va thuat toan toi wu hién dai co6 thé giup giam
dang ké luong dién tiéu thu trong cong doan nghién ma khong 1am anh huéng dén chat

luong san pham.

Tur thue tién d6, nhom thuc hién dé tai “Dy doan va ti vu hoa cong suit dién tiéu
thu cho cong doan nghién xi ming” véi mong mudn xay dung mot giai phap c6 kha
nang dy doan muc dién ti€u thu va tu dong dé xuét cac thong s6 van hanh tbi wu. bay
1a huéng tiép can phu hop véi xu thé chuyén doi so trong cong nghiép, giup tiét kiém

nang luong, nang cao hi¢u qua san xuat va gdp phan bao vé moi truong.
2. Muc tiéu de tai

Pé tai hudng dén myc tiéu nghién ciru quy trinh nghién trong san xuat xi mang,
d6ng thoi phan tich cac yéu té anh hudng dén mure tidu thy dién ning trong cong doan
nay. Trén co s do, nhom xay dung mot mo hinh du doan chinh xac lugng dién ti€u thu
dua vao dir liéu van hanh va dac tinh nguyén liéu dau vao. Song song vdi d6, mot thuat
toan toi uu hoa s& dugc phat trién nham xac dinh cac t6 hop thong sé van hanh giup
giam thiéu dién nang ma van duy tri chat lugng san pham dau ra. M6 hinh s& dugc kiém
nghiém bang dit liéu thyc té tai nha may xi mang dé danh gia hiéu qua va kha ning g
dung. Ngoai ra, dé tai con hudng dén viéc xay dung mot hé théng hd tro ra quyét dinh
cho ddi ngii k¥ thuat trong qué trinh diéu chinh va kiém soat thong s6 van hanh, tir d6
g6p phan nang cao hiéu qua str dung ning luong va tdi vu hoa toan bd quy trinh san

xuat.

3. Pham vi dé tai
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Dé tai tap trung nghién ctru quy trinh nghién clinker va phu gia trong cac day
chuyén san xuat xi mang tai Viét Nam, noi ti€u thu dién ndng 16n va c6 nhiéu tiém nang
t6i wu hoa. P6i twong nghién ctru 13 cac thong sd van hanh anh huéng dén dién ning
tiéu thu nhu téc do cép ligu, tai may nghién, tdc do cr?ip nude v.v., két hop véi cac mo
hinh du bao va t6i vu hoa hién dai nhu mang no-ron nhan tao, Long Short-Term Memory
va Latin Hypercube Sampling. V& pham vi thoi gian, dé tai dugc trién khai tir thang 2
dén thang 6 nam 2025, bao gém cac giai doan khao sat, thu thap dir li¢u, xay dung mo

hinh, mé phong, danh gia két qua va dé xuat giai phap g dung thuc tién.
4. N¢i dung thuc hién

Noi dung ciia dé tai dugc chia thanh 5 phan chinh twong tng voi 4 chuong va phan

két luan trong bao céo:

Chuong 1: Tong quan vé quy trinh nghién xi mang

Chuong 2: Phuong phép luin

Chuong 3: M6 hinh du dodn va tdi vu nang luong tiéu thu cta céng doan nghién
X1 mang

Chuong 4: Thir nghiém va danh gid mo hinh
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Chwong 1: TONG QUAN VE HE THONG NGHIEN XI MANG

1.1. Giéi thiéu

Nganh cong nghiép xi ming déng vai tro then chdt trong sy phat trién kinh t& — x3
hoi ctia mdi qudc gia. Xi mang 1a vat liéu két dinh thity luc co ban, khong thé thiéu trong
xdy dung nha &, ha tang giao thong, cong trinh cong nghiép va qudc phong. Sy phat

trién manh mé& cua nganh nay phan anh nhu cau ngay cang tang vé co s¢ ha tang, dac

biét tai cac qudc gia dang phat trién va mdi noi.

- I.‘ ,?n.,‘,': _-:_"

Hinh 1.1 Nha may xi mang
Mot nha may xi mang hién dai van hanh theo chudi cong doan khép kin, bat dau
tir khai thac nguyén liéu (d4 voi, dat sét), tiép theo 1a nghién, ddng nhat héa, tién nung,
nung clinker & nhiét d6 khoang 1450°C, lam ngudi, nghién min va déng bao thanh pham.
Trong toan bd quy trinh, ning luong tiéu thu chil yéu dudi dang nhiét (cho 16 nung) va

dién (cho cac thiét bi quay, bom, may nghién...).

Trong d6, cong doan nghién xi mang dong vai trd quan trong trong viéc quyét dinh
chét luong san pham cudi cing, ddng thoi ciing 14 mot trong nhitng khau tiéu thu dién
ning 16n nhit trong toan bo diy chuyén. May nghién xi ming thuong st dung dang
nghién bi, lam vi¢c vdi vat ligu c6 do cung cao va yéu cdu d6 min 16n, ddn dén muc tiéu
thu dién rat dang ké. Theo thong ké, cong doan nay co thé chiém t&i 30-40% tong luong
dién str dung trong toan nha may theo nghién ctru cua Worrell va cac cong su (2008)

Sinh vién thyc hién: Nguyén Phi Hung, Huéng dan: TS. Nguyén Kim Anh,
Nguyén Phic Nguyén KS. Vuong Hoang Linh 3



Du dodn va t6i wu hod cong sudt dién tiéu thu cho cong doan nghién xi mding

[1]. Ngoai ra, hiéu suit nghién con bi anh huéng béi ton hao co hoc, rung dong va ché
d6 van hanh chua t6i wu duoc néu 1én nghién cru ctia Madlool va cac cong sur (2011)
[2].

Trong bdi canh gia dién ngay cang ting, ap luc cat giam phat thai CO: theo cac
cam két khi hau toan cau nhu COP26, va xu thé chuyén dbi sang mo hinh phat trién
xanh thé nén viéc t6i wu héa van hanh may nghién xi mang dé tiét kiém dién tré thanh
yéu cau cap thiét. Khong chi nham giam chi phi san xuat, day con 13 yéu t6 séng con dé

dam bao canh tranh va phat trién bén vitng cho doanh nghiép.

Gan day, nhiéu nghién ciru di chi ra tiém ning 16n cta viéc mg dung cac phuong
phap hi¢n dai nhu tri tu€ nhan tao (Al), hoc may, hoc sau (deep learning), két hop véi
céc thuat toan toi wu hoa (tién hoa, béy dan, tbi wu hoa Bayes...) dé nang cao hi¢u suat

van hanh may nghién.

Chang han, nghién ctru cta Sivanandam va cac cong su (2017) [3] di chting minh
rang viéc tng dung mang no-ron nhén tao két hop véi cc thuit toan téi wu trong méd
hinh héa va diéu khién qué trinh nghién xi mang c6 thé giup giam dén 5-10% murc tiéu
thu dién ning ma van dam bao chat luong san pham dau ra. Tuong tu, trong tong quan
hé théng nha may xi mang cua Oguntola va cac cong su (2024) [4], cac tic gia da chi ra
réng viéc trién khai cac hé théng diéu khién thong minh tng dung tri tu¢ nhan tao tai
cac nha may xi mang khong chi gitp tiét kiém hang triéu kWh dién mdi nim ma con
nang cao do 6n dinh van hanh va giam phat thai khi nha kinh. Nhiing két qua nay cho
thdy rd vai tro quan trong va tinh kha thi cao ctia viéc t6i wu hoa tiéu thy nang lugng tai

cong doan nghién xi mang thong qua cic giai phap cong nghé tién tién.

1.2. Céau tric va nguyén li hoat dong ciia cong doan nghién xi ming

Trong chudi san xuat xi ming, cong doan nghién dong vai tro then chdt, anh hudng
tryc tiép dén chat lugng san pham cudi cung ciing nhu hiéu qua sir dung ning luong cia
toan bo diy chuyén. Nhu di trinh bay & muc 1.1, cong doan nay tiéu thu luong dién
nang lén nhét va cling la mét xich quyét dinh dén d6 min, tinh chit co 1y va do 6n dinh

clia xi mang thanh pham.

Sau khi clinker dugc hinh thanh tir qua trinh nung va lam ngudi, ching dugc dua
dén hé thong nghién — noi din ra qué trinh nghién min két hop vai thach cao va cac phu
gia khoang nhu d4 véi, xi 10 cao,... . Hé thong nghién hién dai thuong bao gém cc thiét
bi chinh nhu: phéu chira dinh lugng, may nghién ding CKP, may nghién bi, bo phan ly,

quat hat, hé théng loc bui va cac silo chira san phém.
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NLO

Hinh 1.2 Nguyén 1y hoat dong ctia cong doan nghién xi mang

Quy trinh bat dau tir cac phéu chura Clinker, Gypsum, Basalt, Lime, Xi hoat tinh,
Xi Locao mdi phéu duoc trang bi bang tai dinh luong gitp kiém soat chinh xac ty 1é
phéi trOon nguyén li¢u. Hon hop sau dinh luong duoc van chuyén dén cum cép liéu, mot
phan di qua may nghién ding CKP dé giam kich thudc hat, phan con lai c6 thé di thang
vao may nghién bi.

May nghién bi 14 thiét bi trung tdm trong hé thong, noi nguyén liéu duoc nghién
min dudi tac dong quay cua tang tréng chira cac vién bi thép. Trong qua trinh nay, hé
théng tuan hoan khi nong dugc tich hop nham kiém soat nhiét do, cung véi hé théng boi

tron dam bao van hanh 6n dinh va kéo dai tudi tho thiét bi.

Sau khi ra khoi may nghién bi, hon hop duoc dua dén bo phan ly. Tai day, san
phém dugc phan loai: phén dat do min s€ duoc thu nhan, con phén tho s€ duoc hoan luu
vé may nghién dé tiép tuc xir Iy. Qua trinh nay duogc hd tro boi hé thong quat hut ID Fan
va cac van diéu tiét nham t6i wu hoa dong khi va hiéu suat phén ly.

Khi mang theo bui min s€ di qua hé théng loc bui (loc tai hodc loc tinh dién) dé
giit lai cac hat xi mang, dam bao khi thai ra méi trudng dat tiéu chuan. Xi mang thanh
pham sau d6 duoc van chuyén bing hé thong khi nén hoic giu nang dén cac silo chua,

san sang cho qua trinh dong bao hoic xuit hang.

Vai tro va chirc nang cua timg thiét bi chinh:
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e Phéu chira va bang tai dinh luong: Chira va cap liéu chinh xéc theo ty 1& phdi tron
thiét ké.

e May nghién dig CKP: Thiét bi nghién so bd hi¢u qua, hoat dong theo nguyén 1y
ép nghién gifta con lan va ban quay, giup giam tai cho may nghién bi va tiét kiém
nang luong.

e May nghién bi: Thiét bi nghién min chu lyc, hoat dong theo nguyén 1y va dap va
ma sat cta bi thép trong tang trong quay, dam bao do min va phan b kich thuéc

hat ddng déu.

e BO phan ly: Tach san phim dat chuin khoi phan thé, c6 thé didu chinh dé kiém

soat d0 min san phém.

e Quat hat ID Fan va van diéu tiét: Duy tri luu thong khi va hd tro qua trinh phan ly
hiéu qua.

e H¢ théng loc bui (tinh dién hodc ti loc): Loai bo bui xi mang khéi khi thai, dam
bao yéu cau vé méi trudng.

e Silo chira: Luu trit xi mang thanh pham truéc khi dong géi hodc van chuyén.

C6 thé thiy, cong doan nghién khong chi dam nhiém chirc ning hoan thién san
pham ma con dong vai tro trung tm trong viéc dam bao chit lwong, dong thoi 1a co hoi
16n dé t6i wu hoa tiéu thy ning luong trong san xuit xi mang.

1.3. Tiéu thy dién va cac yéu t6 anh hwéng dén tiéu thu dién trong cong doan
nghién xi mang

Trong bdi canh nganh cong nghiép xi ming ngdy cang chu trong téi hidu qua sir
dung ning lugng va phat trién bén virng, viéc kiém soat tiéu thu dién ning trong cong
doan nghién xi ming tré nén dic biét quan trong. Nhu da dé cap & cac muc trude, diy
13 cong doan tiéu tén nhiéu dién ning nhat trong toan bo day chuyén san xuét, chiém rat
16n tong dién ning tiéu thu ctia nha may theo nghién ctru ciia Geng va cac cong sy (2016)
[5]. Vi vay, viéc hiéu rd cac yéu td anh hudng dén tiéu thu dién khong chi giap doanh
nghiép tiét kiém chi phi van hanh ma con gép phan giam phat thai khi nha kinh va nang
cao nang luc canh tranh.

C6 thé thay rang, hiéu qua hoat dong ciia ting thiét bi cling nhu sy phdi hop giita
chiung déng vai tro then chét ddi véi mure tiéu thu dién cta toan hé théng. Bén canh cac
dic tinh va thong s6 k§ thuat ban dau cua thiét bi, nhidu yéu t6 van hanh va diéu kién

thue té tai hién trudng ciing tac dong truc tiép hodc gian tiép dén luong dién ning sir
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dung. Viéc nhan dién va kiém soat nhitng yéu té nay mot cach hop 1y s& gitp toi vu hoa

hiéu suat van hanh, duy tri chat lugng san pham va giam thiéu lang phi ning luong.

Duéi day 1a cac yéu té chinh anh huong dén tiéu thy dién trong cong doan nghién

X1 mang:

Téc @6 cap lidu: La yéu td quan trong anh hudng dén cong suat hoat dong ctia may
nghién. Toc do cap liéu cao khién may phai lam viéc manh hon dé xu 1y khéi luong
vat ligu 1on, tr d6 lam tang dién nang ti€u thu. Nguoc lai, tde do qua thép dan dén

may van hanh dudi tai, gy lang phi nang luong.

Luu luong hdi vé nghién bi: Phan anh ty 18 vat liéu chua dat d6 min quay lai may
nghién. Luu luong hdi cao kéo dai thoi gian nghién va chu trinh tuan hoan, lam
tang s6 lan vat liéu tiép xuc voi bi nghién va tiéu thu nhiéu dién nang hon dé dat

chat lugng dau ra mong mudn.

Tai cia may nghién bi: La chi s6 tryc tiép thé hién muc ti€éu hao dién nang cua
may nghién. Khi tai ting, may phai van hanh & cong suat cao, din dén dién ning
tiéu thu cling tang 1én twong ung. Tai khong 6n dinh con c6 thé anh hudng dén

chat luong nghién.

Do 6n clia ngan 1 may nghién bi: D6 6n trong qua trinh nghién thuong 1a dau hiéu
cho thdy muc d6 1ap day nguyén liéu trong may nghién. Néu do 6n qua cao, muc
d6 lap day nguyén lidu dang thap va gay ra may nghién hoat dong khong 6n dinh,

cong suat tiéu thu dién ting 1én.

Ap suit sau may nghién bi: Phan anh kha ning thong thoang cua hé théng nghién.
Ap suit qua cao hodc qué thap déu c6 thé gdy can trd luu thong vt liéu, anh hudng
dén hiéu suét phan ly va lam ting dién ning tiéu thu do su qua tai hodc tic nghén

cuc bo.

Tai ctia may nghién dung CKP: Tuong tu nhu may nghién bi, tai trong ciia CKP
cang 16n thi dién ning tiéu thy cang cao. Viée kiém soat tai may hop 1y giup duy
tri hidu suat nghién ma khong gay lang phi dién ning.

Do rung cia may nghién ding CKP: Rung dong 16n thuong 13 dau hiéu cia sy mat
can béng hodc van hanh khong on dinh, dan dén tang ton hao nang lugng do ma
sat va anh huong dén tudi tho thiét bi.

Téc do cap nudc: Nude dong vai tro 1am mat va diéu hoa qua trinh nghién. Néu

cap nudc khong hop 1y (qua nhiéu hodc qua it) co thé gay ra hién tuong qua nhiét,
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két dinh vat li¢u hoac tac nghén, dan dén tang dién nang tiéu thy va giam hi¢u suat

nghién.

e Nhi¢t do bé dong co: La mot chi ) quan trong trong giam sat tinh trang lam viéc
ciia may nghién. Nhiét do ting cao bat thudng c6 thé cho thay dong co dang van
hanh qué tai hodc hé théng lam mat khong hi¢u qua, din dén tiéu thy dién vuot

murc binh thuong.

e San luong dau ra: La thudce do tong thé vé hidu suat ctia hé théng nghién. Khi san
luong ting, may nghién phai lam viéc nhiéu hon, kéo theo murc tiéu thu dién ting.
Tuy nhién, can tdi vu hoa dé dat duoc san lugng cao nhét véi lugng dién nang ti€u

thu thip nhat.
Viéc giam sat va diéu chinh kip thoi cac yéu td trén s& giup nang cao hiéu qua van
hanh ciia hé thong nghién, dong thoi dong goép quan trong vao muc tiéu tiét kiém ning

lugng va phat trién bén viing cia nha may xi mang.

1.4. Két ludn

Trong chuong ndy, bao cao di trinh bay tong quan vé vai trd, cau triic va nguyén
Iy hoat dong cta cong doan nghién trong qua trinh san xuit xi mang — mot trong nhirng
cong doan tiéu thu dién ning 16n nhét trong toan bo day chuyén. Viéc hiéu rd cau tric
day chuyén, chirc ning cia tig thiét bi (nhu may nghién bi, may nghién dimg CKP,
may phan ly...) cling nhu co ché phdi hop giita chiing 14 co s¢ quan trong dé phan tich

va danh gia hiéu qua ning luong cua toan hé thong.

Bén canh d6, chuwong ciing d lam 13 cac yéu té anh huong dén tiéu thu dién trong
cong doan nghién xi mang. Khong chi cac thong s ki thuét cua thiét bj ma con nhiéu
yéu t6 van hanh nhu téc do cap lidu, luu lugng hoi vé, do rung, nhiét do, p suat hay tai
trong... déu c6 tac dong truc tiép dén luong dién ning tiéu thy. Viéc kiém soat tot cac
yéu to nay s& gop phan nang cao hiéu qua st dung niang luong, giam chi phi van hanh
va han ché phat thai khi nha kinh nhitng muc tiéu cot 16i trong dinh hudng phat trién

bén virng cuia nganh cong nghi¢p xi mang hién nay.

Tir nhitng co s& 1y thuyét va thyc tién néu trén, chuong sau sé tap trung vao viéc
mg dung cac m6 hinh hoc may nham du doan va t6i vu hoa tiéu thu dién ning trong
cong doan nghién xi ming, huéng téi mot giai phap thong minh, hiéu qua va than thién

v&i moi trudng hon trong san xuat cong nghiép.
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Chwong 2: PHUONG PHAP LUAN

2.1. Qua trinh tiéu thu dién ning cia céng doan nghién xi ming

Nganh céng nghiép xi ming 13 mot trong nhitng nganh sir dung nhiéu ning luong nhat
trong linh vuc cong nghiép ning, v&i dién ning dong vai trd chi chdt trong toan bd qua
trinh san xuat. Trong tong muc tiéu thu ning lwong, dién chiém khoang 20-30%, anh
hudng truc tiép dén chi phi san xuat va hiéu qua kinh té ctia doanh nghiép. Dic biét,
cong doan nghién clinker dugc ghi nhén la cong doan ti€u thu dién nang lon nhét, chiém
t6i 30—40% tong lugng dién st dung trong toan nha may. Py 1 qué trinh nghién nho
clinker nong chdy thanh bot min trudce khi phéi tron voi phuy gia dé tao thanh xi mang
thanh pham. Do clinker c6 d6 clmg va tinh chét co 1y dic thi, nén yéu ciu cong suét
nghién 16m, hoat dong lién tuc va tiéu tén rat nhiéu nang luong.

PHAN BO TIEU THU })IEI’;\T I:\Agc TRONG SAN XUAT XI

Déng nhat

Phu gia

1% Péngbao

Nghién xi mang
40%

Cap liéucho lo
6%

Céap liéu nghién

1%

Hinh 2.1 Phén bé tiéu thu dién ning trong san xuit xi ming
Theo thong ké cuia B Cong Thuong va nhiéu ngudn bao chi chuyén nganh [6],

mirc tiéu thy dién trung binh cho cong doan nghién clinker tai cac nha may xi mang Viét
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Nam hién dao dong trong khoang 50—70 kWh/tan clinker, cao hon so véi mot sd nudce
trong khu vic nhu Thai Lan hoic Indonesia, noi da ap dung rong rdi cong nghé nghién
con lan ding (VRM) thay cho may nghién bi truyén théng. Trong khi dé, tai nhiéu nha
may ¢ Viét Nam, may nghién bi van duoc sir dung pho bién, du hiéu suat thap hon va
tiéu ton dién nhidu hon khoang 10-20%. Ngoai ra, hé thong quat gi6, bang tai, thiét bi
phan ly va hé thong hoi nhiét ciing gop phan khong nhé vao tong mire tiéu thy dién cua
cong doan nay.

Tang hiéu qua st dung dién trong qué trinh nghién clinker hién dang 1a mot trong
nhimg vu tién hang dau cia nhiéu doanh nghiép san xuét xi mang. Cac giai phap duoc
nghién ctru va ap dung bao gdm: nang cap thiét bi nghién (chuyén dbi tir may nghién bi
sang VRM), lép dat bién tan diéu khién téc d6 cho quat va bom, cai tién quy trinh phéi
lidu, va dic biét 1a tmg dung cac hé thdng diéu khién thong minh (DCS/SCADA) tich
hop tri tué nhan tao (Al) dé giam, du doan va téi wu tiéu thu dién theo thoi gian thuc.
Nhitng cai tién nay khong chi giup tiét kiém tir 10-30% dién ning cho mdi tin clinker,
ma con gop phan nang cao ning suat, giam chi phi van hanh va giam phat thai khi CO-
gian tiép do tiéu thu dién.

Trong bdi canh xu huéng phét trién xanh va yéu cau giam phét thai carbon ngay
cang cao, viéc kiém soat, du doan va tdi vu tiéu thu dién trong cong doan nghién clinker
1a chia khoa dé cac nha may xi mang dap ng cac tiéu chudn moi truong qubc té, giam
chi phi san xuat va nang cao nang lyc canh tranh trong dai han.

2.2. Van dé t6i wu dién niing cho cong doan nghién

Trong bdi canh gia dién ngay cang ting va ap luc giam phat thai carbon trd nén
cap thiét, viéc kiém soat va tdi wu hoa tiéu thy dién ning trong cdc nha may xi ming
khong chi 13 van dé chi phi ma con 1 yéu t6 sdng con dé dam bao ning luc canh tranh
va phat trién bén vimng. Dic biét & cong doan nghién clinker — noi tiéu thu dién 16n nhat
— bét ky cai tién nao trong quan 1y dién ning déu c6 thé mang lai loi ich dang ké vé mit
kinh t& va méi trudng.

Hién nay, phan 16n cac hé thong diéu khién trong nha may xi mang van hoat dong
theo logic ¢ dinh hodc ban tu dong, chua khai thac hiéu qua tiém nang cua dir liu san
xuét thoi gian thyc va chua thich ing linh hoat véi bién dong van hanh nhu thay doi dac
tinh nguyén liéu, do am clinker, hodc diéu kién moi truong. Trong khi do, san lugng san
xudt xi mang thuong dao dong theo mua vy, nhu cau thi truong va ké hoach van hanh,
doi hoi hé thong tiéu thy dién phai duoc diéu chinh hop 1y theo thoi gian thuc dé dam
bao hiéu qua tdi uu.

Sinh vién thyc hién: Nguyén Phi Hung, Hudng dan: TS. Nguyén Kim Anh,
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Tuy nhién, dé trién khai hiéu qua cac giai phap tiét kiém dién ning, doanh nghiép
can nam bat chinh xac cac quy luat bién dong tiéu thu dién theo thoi gian, san lugng,
diéu kién van hanh va yéu t6 méi truong. Do d6, viéc du bao chinh xac mirc tiéu thu
dién nang tré thanh budc dau tién quan trong trong qué trinh quan 1y ning luong chi
dong. Du bao gitip cac nha may dua ra cac quyét dinh van hanh phu hop, 1ap ké hoach
san xuat hop ly, dong thoi phat hién sém cac xu hudng bat thuong dan dén lang phi
dién.

Chinh vi vy, viéc du béo ti€u thy dién nang theo thot gian (time-series forecasting)
tré nén dac bi¢t quan trong. Cac mo hinh hoc may va hoc sau nhu Linear Regression,
ARIMA, ANN, LSTM dang duoc ap dung dé xiy dung cac hé théng du doan luong
dién ti€u thu trong tuong lai v&i d chinh xac cao. Du bao ti€u thu dién ndng giup nha

4

may:

e Lap ké hoach van hanh hop 1y: Du doan duoc giai doan tiéu thu dinh diém dé phan
bd ngudn lyc hodc chuyén tai cong suit.

e T6i vu hoa hiéu suét nghién clinker: Diéu chinh téc d6 nghién, tai hé théng quat,
va phan ly theo dir liéu du bao nham giam tiéu hao dién ma van dam bao chat

luong san pham.

e Ngin ngira cac tinh hudng qua tai hoic lang phi nang luong: Duya trén md hinh du
bao, hé théng c6 thé phat hién cac xu hudng bat thuong va canh bao sém dé dicu

chinh van hanh.

e Tich hop véi cac thuat toan tdi wu hoa: Tir két qua du bao, hé thong co thé phdi
hop véi cac thuat toan nhu Bayesian Optimization, Differential Evolution hay
Latin Hypercube Sampling dé tim ra t6 hop théng s6 van hanh t6i wu nhat nham

gidm muec ti€u thy dién nang trén moi tan clinker.

Khong dimg lai & di bao, cac nha may con can di xa hon: t6i wu hoéa dién ning
ti€u thu thong qua diéu chinh cac tham s6 van hanh nhu tdc d6 cép liéu, toc dd cép nudc,
ap suat, v.v., dé dat dugc hiéu qua nang lugng cao nhat. Qua trinh nay doi hoi sy két
hop gitta mo hinh dy doan thong minh va cac thuat toan t6i vru manh mé c¢6 kha ning xu
Iy bai toan nhiéu bién va rang budc phirc tap.

2.3. Cac phwong phap 4p dung dé dw bao lwong dién niing tiéu thu

Du béo chinh x4c muc tiéu thu dién ndng 1a mdt budc quan trong dé tdi vu hoa
van hanh, tiét kiém chi phi va giam phét thai trong cac nha may xi mang. Trai qua nhiéu
giai doan phat trién, cac phuong phap du bao dd mo rong tir nhitng mé hinh théng ké

Sinh vién thyc hién: Nguyén Phi Hung, Hudng dan: TS. Nguyén Kim Anh,
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don gian dén cac mo hinh hoc sau hién dai, véi kha niang xir 1y ca dir liéu tuyén tinh va
phi tuyén, ngin han va dai han. Viéc lua chon phuong phap pht hop phu thudc vao dic

diém dit lidu va muc tiéu tng dung trong timg nha may cu thé.

2.3.1. Hoi quy tuyén tinh

Hbi quy tuyén tinh (Linear Regression) 13 mot trong nhitng phuong phép du bao
co ban va phd bién nht. Bianco va cac cong su (2009) [7] da tim cach mo hinh hoa mdi
quan h¢ tuyén tinh gitra bién phu thudc (muc ti€u thu di€n) tai mot nha may & Y véi mot
hozc nhiéu bién doc 1ap (vi du: san luong xi ming, nhiét d6 moi trudng, gio trong ngay,

V.V.).

Céch hoat dong: Phuong phap nay xay dung mot dudng thang (hodc mit phang
trong trudng hop da bién) phit hop nhat véi dir liéu, nham muc dich giam thiéu tong
binh phuong khoang cach tir cac diém dit liéu dén dudng thang d6. Cong thirc tong quat

c6 thé 13 y = ax+b (don bién) hodc y =5 1a cac hé sb can tim.

Uu diém: Pon gian, dé hiéu, dé trién khai va tinh toan nhanh. Cung cap mdt cai
nhin rd rang vé mdi quan hé giira cac bién.

Nhuoc diém: Gia dinh méi quan hé tuyén tinh, c6 thé khong chinh xac d6i véi cac
dir liéu c6 quan hé phi tuyén phtrc tap. D& bj anh huong boi cac gié tri ngoai lai (outliers).
2.3.2. Autoregressive Integrated Moving Average

Autoregressive Integrated Moving Average (ARIMA) 1a mot md hinh thong ké
duoc st dung rong ri cho dit liéu chudi thoi gian. N6 dic biét hidu qua khi dit liéu co
tinh xu huéng va tinh mua vu. Nho vao cac st dung dit liéu cho chudi thdi gian bai bao
cua Parag Sen, Mousumi Roy va Parimal Pal (2016) [8] trinh bay viéc Gng dung md
hinh ARIMA dé dy bao tiéu thy ning luong va luong phat thai khi nha kinh (GHG) &
An Do, giup hd trg hoach dinh chinh sach ning luong bén viing.

Cach hoat dong: M6 hinh ARIMA duoc dic trung béi ba tham sé: (p, d, q).

e AR (p): Tu hdi quy (Autoregressive) - sitr dung cac gia tri quan sat trong qua khir
ctia chinh chudi thoi gian dé du bao gia tri hién tai.

e I (d): Tich hop (Integrated) - s6 1an khac biét hoa can thiét dé 1am cho chudi thoi
gian trd nén dimg (stationary - tirc 13 trung binh va phwong sai khong doi theo thoi
gian).

e MA (q): Trung binh truot (Moving Average) - sir dung cac sai s6 du bao trong qua

khir dé du bao gia trj hién tai.

Sinh vién thyc hién: Nguyén Phi Hung, Hudng dan: TS. Nguyén Kim Anh,
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Uu diém: Xt Iy tot cac dit liéu chudi thoi gian c6 xu huéng va tinh mua vu. Co co

so 1y thuyét virng chac.

Nhuoc diém: Yéu cau dit liéu phai 1a chudi thoi gian ding hodc ¢6 thé chuyén doi
thanh dirng. Kho khin trong viéc xac dinh cac tham sd p, d, q t6i wu. Khong hiéu qua

v6i cac moi quan hé phi tuyén phire tap.

2.3.3. Mang no-ron nhdn tgo
Mang No-ron Nhan Tao (Artificial Neural Network - ANN) la mdt mé hinh tinh
toan 14y cam htng tir cdu trac va chirc ning ctia bd ndo con ngudi. N6 bao gdm nhiéu

"no-ron" nhan tao dugc két ndi voi nhau thanh céc 16p.

Céch hoat dong: ANN hoc thong qua viéc diéu chinh trong s6 ctia cac két nbi gitra
céc no-ron. Dit liéu dau vao duoc truyén qua cac 16p no-ron, mdi no-ron thyc hién mot
phép tinh va truyén két qua dén cac no-ron & 16p tiép theo. Qua trinh nay duoc lip lai
cho dén khi dat dugc dau ra. Viéc hoc duge thue hién béng cach so sanh dau ra du doan
v6i dau ra thuc té va diéu chinh trong s6 thong qua thuat toan lan truyén nguoc dé giam
thiéu sai s6. Trong nghién ctru ctia Gifalli va cac cong su (2024) [9], phuong phap du
bao ti€u thy dién nang ngén han dugc dé xuét béng cach két hop mang no-ron nhan tao
(MLP) v6i ciac mo hinh hoi quy da thire. M6 hinh MLP dat d chinh xé4c rat cao (R? =
0.99), vuot tro1 so véi cac hoi quy bac 1-3 trong ca giai doan huin luyén va kiém ching.
Dua trén dit liéu thyc té tir cong to dién thong minh, nghién ctru nay cho thiy ANN co
tiém ning tng dung manh mé trong quan 1y ning lugng ho gia dinh va cac hé théng luéi

dién thong minh.

Uu diém: C6 kha ning mo hinh hoa cac mdi quan hé phi tuyén phirc tap ma céc
phuong phap truyén thong kho xir Iy. Hiéu qua véi lugng 16n dir lidu. C6 kha nang tu

hoc va thich nghi.

Nhuoc diém: Can luong 16n dit li€u dé huan luyén hi¢u qua. "Hop den" (black box)
- kho giai thich cach mé hinh dua ra du doan. D& bi qua khép (overfitting) néu khong

duoc ki€ém soat.

2.3.4. Long Short-Term Memory

Mang LSTM (Long Short-Term Memory) 1 mét kién tric mang no-ron hdi tiép
(Recurrent Neural Network — RNN) dugc thiét ké nhdm khic phuc nhugc diém cia
RNN truyén thdng trong viéc hoc cac phu thudc dai han trong chudi dit liéu. RNN thong
thuong thuong gip hién tuong tiéu bién gradient (vanishing gradient), khién cho mé

hinh khong thé ghi nhé duoc cac thong tin tir xa trong chudi. LSTM duoc dé xuét lan

Sinh vién thyc hién: Nguyén Phi Hung, Hudng dan: TS. Nguyén Kim Anh,
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dau bai Hochreiter va Schmidhuber (1997) [10], d4 trd thanh mot trong nhitng kién trac

nén tang trong linh vuc hoc sau lién quan dén chudi thoi gian va ngébn ngit tur nhién.
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Hinh 2.2 Cac mé-dun lap ctia mang LSTM chira bon layer
Khac véi RNN truyén théng, LSTM sir dung mot co ché 6 nhé (cell state) dong
vai trd nhu mot “dudng truyén” thong tin chinh dugc dé xuat boi Sang va cic cong su
(2024) [11], cho phép luu giir hodc loai bo thong tin thong qua ba cong diéu khién: cong
quén (forget gate), cong dau vao (input gate), va cong dau ra (output gate). Cu trac niy
cho phép mo6 hinh vira duy tri thong tin dai han, vira cap nhat linh hoat thong tin méi tur
chudi dau vao.

Gy Ct

Hinh 2.3 Té bao trang thai LSTM
Cu thé, tai thoi diém t, véi ddu vao x, , trang thai an tir budc trude h_, va trang
thai 6 nhd trude d6 C,_,, cac thanh phan trong LSTM dugc tinh nhu sau:

f=0(w, [h,, 1+b,) @.1)
[ =0(W;- [hz—l,x, 1+5) (2.2)
Sinh vién thyc hién: Nguyén Phi Hung, Hudng dan: TS. Nguyén Kim Anh,
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A

C, = tanh(W, -[h,_, . ]+b,) (2.3)
C = f,*C,, +i*C (2.4)
0,=0(w, '[ht-l,x, 1+0) (2.5)
h, = o, *tanh(C,) (2.6)

Céc phuong trinh (2.1)—(2.6) biéu dién qua trinh hoat dong cua LSTM, dugc mo
ta nhu sau: trong d6 W_va b_,(x € (f,i,c,o0))lacac ma tran trong s6 va do 1éch
lién quan dén cac cong diéu khién, dau ra /,_, tir budc thoi gian trude do va dau vao
hién tai x, dugc str dung lam dau vao cho LSTM, C, ,vaC, biéu dién trang thai 6 tai
cac budc t}léi gNian trudc do va hiél} tai, t}IO‘l’lg ung, o biéu thi ham kich hoat hinh chit S
va tanh bi€u dién ham kich hoat tié€p tuyén hypebolic.

Véi co ché kiém soat dong thong tin mot cach chi tiét va chat ché, LSTM cho phép
mo hinh hoc dugc cac moi lién hé dai han trong chudi thoi gian ma van gilt dugc tinh
on dinh trong qua trinh huan luyén. Di¢u nay dic bi¢t quan trong trong céc bai toan du
bao ti€u thu di¢n nang, noi ma cac yéu to6 dau vao cd thé cé moi lién h¢ khong tuyén tinh
va phu thuoc manh vao ngir canh lich str. Dya vao dé nghién ctru cia Palaniyappan va
cac cong sy (2025) [12] da dé xuat mot mo6 hinh LSTM dugc t61 vu hda dé du bao ngan
han muec ti€u thu dién ndng tai tram phan phéi thong minh, nham phuc vu cho chinh
sach gia dién dong theo ngay trong chuong trinh phan hoi phu tai. Bang cach diéu chinh
c6 hé thong cac siéu tham sb (batch size, learning rate, epoch, optimizer), mé hinh da
dat do chinh xac cao vdi RMSE = 0.4454 va hé s6 R?=0.9677. Két qua cho thay phuong
phap nay giap t61 uu can bang cung-cau, gidm chi phi di¢n va cai thi¢n hi¢u qua hé thong
ludi dién thong minh.

Uu diém: Cyc ky hiéu qua trong viéc xtr Iy dir liéu chudi thoi gian, nhu dy bao tiéu
thy dién theo gio, ngdy, tuan. C6 kha ning nam bat cac mau hinh phire tap va phu thudc
dai han trong dir liéu.

Nhuoc diém: Phirc tap hon ANN, can nhiéu tai nguyén tinh toan hon dé huan
luyén. Ciing 13 mot mo hinh "hop den" va kho gidi thich. D& bi qua khép néu dir lidu
khong du hodc mo6 hinh khong dugc di€u chinh dung cach.

2.3.5. Hiéu qua danh gia

Sau khi phan tich cac md hinh du béo tiéu biéu nhu hdi quy tuyén tinh, ARIMA,
ANN va mang LSTM, c6 thé nhan thay rang viéc lya chon phuong phap du bao phu hop
can phai dua trén dac diém cu thé cua tap dir 1iéu va muc tiéu ung dung trong thuc té.
Trong nhiing truong hop dir liéu dau vao don gian, s6 luong bién it va mbi quan hé giira
cac bién c6 tinh tuyén tinh rd rang (vi du nhu giita san luong xi ming va dién ning tiéu

thu), cac phuong phap c¢6 dién nhu hdi quy tuyén tinh hoic ARIMA thudng 1a Iyra chon
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hop 1y. Hoi quy tuyén tinh mang lai loi thé vé tinh don gian, dé trién khai va giai thich,
trong khi ARIMA dic biét phu hop cho cac chudi dir liéu c6 tinh xu huéng hoic tinh

mua vu ro rét.

Tuy nhién, trong bdi canh dit liéu ngay cang tré nén phirc tap, chira nhiéu bién dau
vao va cac mdi quan hé phi tuyén kho xac dinh bang mé hinh thong ké truyén thong,
cac phuong phap hoc sau nhu ANN to ra vuot troi hon. ANN c6 kha nang hoc cac mbi
lién hé phi tuyén va mo hinh hoa su twong tac gita nhiéu yéu té anh hudng dén tiéu thu
dién nang, tor d6 cho phép du bao vdi do chinh xac cao hon trong cac hé¢ théng san xuat
da bién. Pac biét, khi dit liéu co dang chudi thoi gian va chura cac quan h¢ phu thudc dai
han nhu tiéu thu dién theo gio, theo ca hodc theo ngay thi mang LSTM Ia luya chon tdi
wu. Véi ciu tric bd nhé va cac co ché cong thong minh, LSTM c6 thé ghi nhé thong tin
dai han va nim bat cac xu huéng dong trong dit liéu ma cac mé hinh khac khong xtr Iy
hiéu qua.

Dé minh hoa 5 hon cac dic diém, vu nhuoc diém ciing nhu pham vi 4p dung cta
ting phuong phap du bao da phan tich, bang 2.1 trinh bay su so sanh téng quan giita
cac mo hinh tiéu biéu bao gdm: hdi quy tuyén tinh, ARIMA, mang no-ron nhan tao va
mang LSTM. Viéc tong hop nay nham cung cip cai nhin truc quan gitip lwa chon phuong
phap phu hop véi dic diém dir liéu va yéu cau thuc tién cta bai toan du bao dién ning

ti€u thu trong cong nghiép.

Béang 2.1 So sanh céc phuong phap dy doan

M6 - o R « R A ~ qoA
. Dic diém Uu diém Han ché Dir liéu
hinh
Hoi quy | Mo hinh Pon gian, dé¢ | Khong xirly tét | Dir liéu don gian,
tuyén thong keé hiéu, dé trién | quan hé phi tuyén, | quan hé tuyén tinh
tinh tuyén tinh khai nhay vdi ngoai lai r0 rang

M6 hinh Hi¢u qua voi dir N . . o .
Can chuoi thoi Dir liéu chuoi thoi

thong keé liéu co xu , . ] ) . .
ARIMA . . . o gian dung, kho gian c6 xu huéng
chudi thoi hudéng va mua . .
) Lo chon tham so6 hoac mua vu
glan vu ro ret
. Mb hinh héa | Can dit liéu 16, Dit liéu nhiéu
M6 hinh hoc o p . X, )
ANN ; . 5 phi kho giai thich két | bi€én, moi quan hé
A £ quan h¢ phi g q
sau phi tuyén ] : s )
tuyén phuc tap, | qua, dé qua khop phurc tap
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hiéu qua voi dir

liéu 16n

Mang no-ron | Mang no-ron .. | Dt liéu chudi thoi
N N Mang no-ron hoi
hoi tiép cho hoi tiép cho " .
LSTM . . . ti€p cho chuoi thot
chuoi thoi chuoi thoi gian

gian c¢6 phu thudc

o dai, bién dong
_ N . gian dai han o
gian dai han dai han theo thoi gian

2.4. Cac phwong phap t6i wu héa ning lwong dién ning tiéu thu
2.4.1. Gradient Descent

Gradient Descent 1a mot thuat toan t6i wu hoa cb dién, duge st dung rong rai dé
tim ra gié tri nho nhét ciia mot ham muc tiéu (thuong 1a ham chi phi hodc ham mét mat).
Phuong phap nay dic biét hitu ich trong cac bai toan toi vu héa ning luong tiéu thu, khi
can diéu chinh cac tham s cua hé thdng sao cho tong niang luong sir dung 13 thap nhat.
Nghién ctru ctia Haji va cac cong su (2021) [13] di tong quan va so sanh cac k§ thuat
tdi wu hoa dua trén thudt toan Gradient Descent nhu GD, BGD, SGD, va Mini-batch
GD, cung céc bién thé tién tién nhu Adam, RMSProp, va Nadam. Muc tiéu 13 danh gia

hiéu suat, toc do hdi ty, wu nhugc di€m trong huan luyén moé hinh hoc may va hoc sau.

Gradient Descent dya trén y tuéng dich chuyén dan cac tham sé theo hudng nguoc
lai v6i gradient (dao ham bac nhat) ciia ham muc tiéu. Gradient biéu thi huéng ting
nhanh nhat ciia ham sd, do 6, di nguoc lai gradient giup dua gia tri ham sé vé diém cuc
tiéu. Thudt todn ndy duoc dé xuit 1an dau boi nha toan hoc ngudi Phap Augustin-Louis

Cauchy vao nam 1847 va hién nay la nén tang cho rat nhiéu k¥ thuat t6i uu hoa hién dai.

Thuat toan Gradient Descent dua trén quan sat rang néu mot ham nhiéu bién F(x)
c6 dao ham va kha vi trong mot ving xung quanh diém a, thi F(x) giam nhanh nhat néu
ta di theo huéng nguoc lai véi gradient ciia ham tai diém do, tic 1a theo hudng
a,—VF(a).

Cap nhat gia tri ctia tham s a,,, theo cong thic:

n+l
a,,=a,~WVF(a,) (2.7)
Trong do:

« 7 lalearning rate (tdc 6 hoc) — chi ra budc di mdi 1an cap nhat.

o VF(a )la gradient cia ham F tai a, .
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o a, lagiatri tham so tai budc n, va a , 1a gia tri tham s6 c@p nhat sau budce di.

Thuat toan Gradient Descent tao ra mot day diém XgsX(5X,,...trong do mdi diém
x, la két qua sau khi cap nhat tham sb theo huéng nguoc lai v6i gradient cia ham mét
mat tai budc trude. Day nay co tinh chit don diéu, tic 1 gia tri ham mat mat giam dan
theo ting budc:

F(x)=zF(x)=zF(x)=...

Diéu nay co6 nghia la thuat toan ludn ti€én dan dén di€ém c6 gia tri ham mat mat nho

hon hoic bang, dam bao qua trinh tdi uu dién ra dung hudng.

Hinh 2.4 Thuat toan Gradient Descent
2.4.2. Differential Evolution

Differential Evolution (DE) 1a mét thuat toan tién héa duoc sir dung dé giai quyét
cac bai toan t6i uu héa toan cuc. DAy 1a mot phuong phap t6i wu hoa dua trén quan thé
nham tim kiém gia tri ti wu bang cach lién tyc cai thién cac giai phap tng vién thong
qua cac budc dot bién, lai ghép va chon loc.

Thuét todn nay dugc gioi thi€u boi Storn va Price (2005) [14], nhiing nguoi da mo
ta DE nhu mot phuong phap heuristic méi dé tdi thiéu héa cac ham trong khong gian
lién tuc, c6 thé phi tuyén tinh va khong kha vi. Lakshminarasimman va Subramanian
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(2008) [15] da nghién ctru viéc Gmg dung thuat toan tién hoa vi sai va cac bién thé cua
n6 vao toi yu héa hé thong dién, bao gdm bai toan phan phdi kinh té, phan phéi kinh té
dong va phan phdi t6 may. Cac k¥ thuat DE duogc cai tién nham dat hiéu qua tinh toan
cao, kha nang hoi tu nhanh va xur 1y tot cac rang budc phi tuyén phirc tap. Két qua mé
phong cho thay phuong phap dé xuat vuot trdi hon so voi cac thuat toan tién hoa truyén

thong khac vé ca chi phi va thoi gian tinh toan.

Hinh 2.5 Thuat toan Differential Evolution

DE hoat dong bang cach duy tri mot quan thé gdm nhiéu nghiém tmg vién (goi 1a
agents hoic cé4 thé) trong khong gian tim kiém. Qua timg vong lap (thé hé), cac ca thé
nay duoc cap nhat thong qua qua trinh két hop, lai ghép va chon loc, nham tim ra nghiém
t8i wu (cuc tiéu toan cuc) cia ham muc ti€u.

Thuéat toan DE nhim tim cuc tiéu cia mot ham muc tiéu f:R" > R, thong qua
qua trinh lip di ldp lai viéc cai thién quan thé cac nghiém tng vién. Cac budc thuc hién
cua thuat toan dugc mo ta nhu sau:

Budc 1: Khéi tao tham sb

Trude tién, can xac dinh cac tham sd chinh cua thuét toan gém: kich thudc qu?m

thé NP, hé s6 lai ghép CR e [0,1], va hé s6 khuéch dai sai phan F €[0,2]. Trong thuc

té, cac gia tri khuyén nghi thuong dugc chon 1a NP =10n (véi n la sb6 chidu cua bai
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toan), CR=0.9va F =0.8. Cac tham s ndy anh hudng truc tiép dén toc d6 hoi tu va
kha nang kham pha khong gian tim kiém cua thuét toan.
Budc 2: Khéi tao quan thé ban dau
Quan thé ban ddu gdm NP c4 thé (vector) dugc khai tao ngau nhién trong khong
gian tim kiém. Mdi c4 thé x e R” 1a mot nghiém tng vién cho bai toan tbi wu.
Budc 3: Tién hanh vong lip t6i vu
Thuat toan 13p lai qua trinh tién héa cho dén khi théa mén diéu kién dirng, chiang
han nhu dat sb vong lap t6i da hodc ham muc tiéu dat gia tri ¢ nho. Trong mdi vong
1ap, thuat toan thyc hién cac budc sau ddi v6i timg ca thé x trong quan thé:
« Chon ngiu nhién ba c4 thé khiac nhau a,b,ctlr quan thé, dam bao khong trung
v6i ca thé x dang xét.
« Chon mot chi sb ngau nhién R e {1,2....,n} dai dién cho vi tri bat bude ap dung
phép lai.
« Tao mot ca thé méi y = (3, ,...,y,)thong qua to hop tir cac ca thé da chon. Vi

mdi thanh phan i, gia tri y, duoc tinh theo cong thirc:

a,+F-(b—c),r,<CRori=R
y, = (2.8)

b ,otherwise

1

« Trong d6 7. ~U(0,1)1a mot s6 ngiu nhién phan bb déu trén khoang [0,1]. Diéu
kién nay dam bao rang it nhit mot thanh phan trong vector y dugc ly tir to hop
sai phan.

Budc 4: Chon loc

Néu ca thé méi y co gia tri ham muc tiéu t6t hon hodc bﬁng c4 thé hién tai x (tlrc
la f(¥)< f(x)), thi x s& dugc thay thé boi y trong quan thé. Qua trinh nay gifip quan
thé dan cai thién theo huéng t6i wu.
Budce 5: Két thic thuét toan

Sau khi qua trinh 13p két thuc, ca thé co gia trji ham muc tiéu nho nhét trong quan
thé s& duoc chon lam nghi¢m t6i wu cua bai toan.
2.4.3. Bayesian

Bayesian Optimization duoc phat trién tir cac nghién ctru vé thong ké va 1y thuyét
X4c suat vao nhitng nam 1970—1980, nhung phai dén khoang dau nhitng nam 2010, thuat
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toan nay moi thyc sy pho bién trong cong dong hoc may, dac biét qua cac cong trinh
cua Jonas Mockus, Donald Jones, Eric Brochu va cong su.

Bayesian Optimization 14 mot phuong phap t6i wu hoa toan cuc cho cac ham muc
ti€u phuec tap, “hop den”, khong c6 cong thirc dao ham, va tén kém khi danh gia (vi du:
t6i wru siéu tham sb trong hoc may, diéu khién quy trinh cong nghiép,...). Nghién ctru
ctia Snoek va cac cong sy (2014) [16] da dé xuét phuong phéap bién d6i dau vao st dung
ham phan phdi tich liiy Beta nham cai thién hiéu qua cta t6i wu hoa Bayes khi xir Iy cac
ham khong dimg, giup mé hinh Gaussian Process mo ta tot hon cac bién doi khong dong
nhat trong khong gian dau vao. Phuong phéap nay ciing duoc mé rong cho bai toan tdi
uu da tac vy, mang lai két qua vuot tri va dang tin cy hon trén nhiéu bai toan khéc.
Phuong phap nay dua trén xac suit dé mo hinh hoa ham muc tiéu va chon diém danh
gi4 tiép theo dua trén thong tin da biét, nham can bang giita viéc khai thac va khdm pha

cac vung chua biét.
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Hinh 2.6 Thuat toan tdi vu Bayesian

Budce 1: Thir vai diém ban dau

Trén bé mit “lwon soéng” nhidu dinh va day nhu hinh, trude tién ta chon ngu nhién
mot vai diém trén mat nay dé “thu nghiém”, tirc 1a do gia tr1 ham muc ti€u tai cac vi tri

d6. Vi du, chim vai diém bét ky trén mit dé xem gia tri cao hay thap.

Budc 2: Dy doan toan b bé mait
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Tir cac diém da thir, Bayesian Optimization s& xdy dyng mot mo hinh dé “doan”
hinh dang toan bd bé mit, ké ca nhitng chd chua timg thir. M6 hinh nay giéng nhu mot

ban d6 dy dodn, chd nao cang chua thir thi du doan cang “md” (khong chic chin).
Budc 3: Quyét dinh thir tiép ¢ dau

Dua vao ban dd du doan nay, thuat toan dung mot cong thirc (goi 1a ham thu nhén)
dé chon ra diém tiép theo nén thir & ddu. Co thé chon nhimg ving du doan rat thap (co

thé 1a cuc tiéu), hodc ving chua timg thir (dé kham pha thém).
Budc 4: Thir diém méi va cap nhat mo hinh
Chon diém vira tim dugc dé do gid trj thuc té ciia ham muc tiéu tai do (tic 1a lai

“h6i” bé mit nay xem chd d6 cao hay thap). Sau do, cip nhat lai ban do dy doan voéi dix

liéu mdéi nay, mo hinh s€ ngay cang chinh xac hon.
Budce 5: Lap lai

Tiép tuc 1ap lai cac budc: chon diém moi, thu nghiém, cap nhat mo hinh. Cang tht

nhi€u diém, md hinh cang biét ro cho nao thap nhat trén bé mat.
Két qua cuoi cung:

Sau nhiéu lan 1dp, thuat toan s tim dugc vi tri ¢6 gia tri thap nhat trén bé mat (tirc
la diém t61 wu). Trén hinh, do s€ 1a diém ndm & day su nhat cua cac “thung liing” trén

bé mat lugn song.

Nho vao quy trinh trén Sultana va cac cong sy (2022) [17] da phét trién mo hinh
du bao phu tai dién ngan han tai Ontario bang cach két hop thuat toan t6i wu Bayesian
(BOA) voi cac md hinh SARIMAX va NARX. Két qua cho thdy mé hinh BOA-NARX
dat hiéu qua du bao 6n dinh hon véi sai s6 MAPE khoang 3%, vuot trdi so véi BOA-
SARIMAX vén c6 do bién dong 16n theo mua.

2.4.4. Thudt todn ldy méu Latin Hypercube

Thuat toan Ly Mau Latin Hypercube (LHS) 1a mot phuong phap 1dy mau ngiu
nhién dugc sir dung rong rii trong mé phong thi nghiém va tich phan sé. Puoc phat trién
tir nhitng nim 1970, phuong phap nay gitp tao ra cac tip dit liéu dai dién tét hon so véi
léy mau ngéu nhién don thuan, dic biét trong cac bai toan yéu cau phan tich d§ nhay
hozc tdi uu hoa tham s trong khong gian nhiéu chiéu. Cung véi d6 nghién ctru cua
Shields va Zhang (2016) [18] di téng quat hoa phuong phap 14y mau Latin Hypercube
thanh mot pho thiét ké 14y mau phén ting, goi 1a iy mau phan tang ting phan (PSS),
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dong thoi gidi thiéu phuong phap ldy mau phan tang Latin hoa (LPSS) nham giam

phuong sai cua ca hiéu chinh va tuong tac bién trong cac bai toan bat dinh cao chiéu.

Nghién ctru ctia Guo va cac cong sy (2020) [19] dé xuat thuat toan danh gia rai ro
an ninh hé thdng dién dua trén phuong phap 1ay mau Latin Hypercube két hop du bao
phu tai cuc dai hang ngay bang mang no-ron GRU. Két qua cho thiy phuong phap nay
dat 6 chinh x4c cao hon véi sé6 mau it hon so véi Monte Carlo, dong thoi phan anh rd

moi lién h¢ gitra bién dong phu tai va rui ro hé thong.

El B2 B3 B4 Bs il B7 E& BS BE10

Al X

Al X

A3 X

A4 X

AS

A6

AT

ASB X

A9

Alo

Hinh 2.7 Thuét toan l1ay mau Latin Hypercube
Hinh 2.7 1a m&t ma tran 10x10, véi cac hang (A1, A2, ..., A10) va cot (B1, B2, ...,
B10). Mbi 6 c6 thé dai dién cho mot t6 hop cac gia tri cta hai bién (A 13 bién thu nhét,
B 1a bién thir hai). Nhitng ddu “X” chinh 1a cac diém ldy mau dugc lya chon.

Quy trinh lay mau LHS gdm céc budc sau:
Budc 1: Chia déu khong gian tham s6

V&i mdi bién (A va B), khong gian gia tri ctia bién d6 duoc chia thanh 10 khoang

bang nhau (néu lay 10 mau).

Nhu vy, mdi hang va mdi cot trong bang tng véi mot khoang gia tri clia timg
bién.

Budc 2: Liy mau khong trung lap
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Vi mdi hang, chi chon duy nhat mot cot dé dat diu “X”, sao cho trong toan bd

bang, moi cot chi chita mot dau “X” va mo1 hang cling chi chira mot dau “X”.

bicu nay ddm bao moi khoang cia moi bién déu duge lay mau mot 1an, khong bi

trung.
Budc 3: Phan b dong déu

Két qua 1a cac diém mau (vi tri ciia cac dau “X”’) dugc phan bo déu dan trén toan

bd khong gian hai chiéu, dam bao da dang va dai dién cho khong gian tham sb.

Khong c6 hai diém nao trung hang hodc trung cot, tranh viéc cac mau bj tap trung
vao mot vung nao do.
2.4.5. Hiéu qua danh gia

Trong céc hé thong cong nghiép tiéu thy nhiéu dién ning nhu day chuyén nghién
xi mang, viéc tdi wu hoa tiéu thy dién niang khong chi gitp tiét kiém chi phi van hanh
ma con gép phan giam phét thai va nang cao hiéu suat tong thé. Dé dat dugc muc tiéu
nay, nhiéu phuong phap t4i vu hoa di dugc nghién ctru va ap dung. Cac phuong phap
nay co thé dya trén dao ham, tién hoa theo quén thé, md hinh x4c suét hodc ky thuat léy
mau khong gian tham sb. Bang 2.2 trinh bay so sanh giita mot s6 thuat toan t6i uu hoa

tiéu biéu thuong duoc sir dung trong linh vuc t6i wu tiéu thu ning luong.

Béng 2.2 So sanh cac thuét toan tdi uu

Thuit toan | Pic diém Uu diém Han ché Dir liéu yéu cau
Téi wu theo D& mic cuc tiéu
i hudng dao Nhanh, don cuc bg, phu Can dao ham
Gradient o A . . , R ) - . .
b . ham am, cap | gian, hi€u qua thudc learning hodc gradient c6
escen e tAs A 2.
nhat ting v61 ham 101. rate, can dao thé tinh duoc.
budc nho. ham.
Tién hoa
theo quan | Khong can dao P .
2 1x 2 \ . T6c do chdm khi ;A . -/
. . thé, dung t6 | ham, tim dwogc | , . Chi can danh gia
Differential . o s0 chiéu 16n, phu . .
, hop va sai cuc tri toan A . ham muc ti€u tai
Evolution A . thudc tham so . 2
phan vector cuc, dé ap tung diém.
N o (CR, F, NP).
dé tao ca thé dung.
moi.
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Dung mo
hinh xéc Hiéu qua khi Kém hiéu qua Lo
£, 22 STy . LN s Can dau vao -
. suat dé dy | s6 lan danh gia véi bai toan . oo
Bayesian L L N U dau ra cua ham
R doan va han ché, xr Iy | nhiéu chi€u, can N .
Optimization " L , . ) muc tiéu, khong
chon diém | bai toan phirc | xay mo hinh xéc N .
) N P < can dao ham.
danh gia tap tot. suat phtrc tap.
tiép theo.
Lay mau
dong déu | Phu déu khong N ) .
. A , N ) Can khoang gia
) trén khong | gian, hiéu qua N ) . o
Latin L . .2 .z .| Cankhong gian | tri cac bién, dung
glan tim khi thietkéthi | , =~ 7 . o
Hypercube s i 5 sO ligu du lén dé | dé sinh dix licu
) kiém bang nghi¢m hodc .. . .
Sampling ) _ . . to1 uu. hoac khéo sat
cach chia | huan luyén mo6 A ]
L . khong gian.
déu tirng hinh.
chiéu.

2.5. Két ludn va dinh hwéng nghién ciru

Chuong 2 da trinh bay tong quan vé thyc trang tiéu thy dién trong nha may xi
ming, cac yéu to anh hudng dén chi phi van hanh, cling nhu cac phuong phap du bao
va toi uu héa dién nang tiéu thu. Qua qua trinh phan tich, nhém nghién ctru nhan thiy
rang viéc lua chon mé hinh du bao phu hop két hop voi chién lugc téi uu hoa hiéu qua
1a yéu t6 then chdt nhdm nang cao do chinh xac trong dy béo va giam thiéu chi phi ning

luong.

Vé mé hinh du béo, nhém lua chon st dung CNN-LSTM, mot mo hinh hoc sau
két hop gita mang tich chap va mang hoi tiép dai han. CNN c6 kha ning trich xuat dic
trung tu dong tir dit liéu chudi thoi gian, trong khi LSTM gitp hoc va ghi nhé cac mdi
quan h¢ dai han trong dir li¢u. Nho d6, m6é hinh CNN-LSTM c6 thé dua ra du bao chinh
xac ngay ca khi dir liéu bién dong phtic tap, phi tuyén hodc chira nhifu — dic diém

thuong thiy trong dir liéu cong nghiép.

Dé t6i wu hoa cac dau vao cho mé hinh, nhom sir dung thuat toan Latin Hypercube
Sampling. Day 1a phuong phap Iy mau hiéu qua, dam bao phan bd déu va bao phii toan
dién khong gian tham sb. So véi cac phuwong phap do quét toan bo, LHS giup giam thoi
gian tinh toan va ting kha ning tim duoc t6 hop tham sé t6t ma khong bo sot cac ving
tiém ning.
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Nhin chung, ndi dung chwong 2 di xay dung nén tang 1y thuyét va thuc tién viing
chéc, tir 46 dinh hudng rd rang cho cac budc trién khai mo hinh, kiém thtr va dénh gia

trong cac chuong tiép theo.
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Chuong 3: MO HINH DU POAN VA TOI UU NANG LUQNG TIEU
THU CUA CONG POAN NGHIEN XI MANG

3.1. Thu thap va xit ly dit li€éu thuc nghiém

Dt li€u thuc nghiém duoc trich xuét tir co s6 dit liéu cua hé théng XHQ quan ly
san xuit thong minh ma cong ty da ap dung cho mot nha may xi ming & Viét Nam, véi
tan suét theo thoi gian thuc va do chinh xac cao. Bo dir liéu bao gdm cac thong sd k¥
thuat quan trong trong qua trinh van hanh méy nghién bi va may nghién dung, ciing nhu
cac yéu to moi truong va diéu kién hoat dong lién quan. Muc tiéu 13 du bao chinh xéc
muc tiéu thu dién ning trén mdi tAn san pham.
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Hinh 3.1 Hé théng XHQ
3.1.1. Cdc tham sé vao/ra
Viéc Iya chon cac tham sb dau vao va dau ra (myc tiéu) 1a budc co ban trong qua
trinh du bao va tdi wu cong suét tiéu thu dién cho giai doan nghién xi mang. Trong
nghién ctru nay, 11 thong s dit liéu dau vao va 1 thong sé dir liéu dau ra dic trung cho

tinh trang van hanh cua hé thong nghién dugc mé ta & bang 3.1.

Béng 3.1 Danh sach céc bién dau vao-dau ra

STT Tén bién Pon vi Vai tro
1 Timestamp Phut Thoi gian do
2 Toc dd cép liéu Tan/ gio Pau vao
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3 Luu luong hdi vé nghién bi Tan/gio DPau vao
4 Tai ciia may nghién bi kW DPau vao
5 D6 6n cia ngin 1 may nghién bi dB Dau vao
6 Ap suit sau may nghién bi MPa Dau vao
7 Tai ctia may nghién ding CKP kW DPau vao
8 D6 rung clia may nghién CKP mm/s Dau vao
9 Tbc dd cap nuée m3/gio Dau vao
10 Nhiét d6 bé dong co °C Dau vao
11 San luong Tan/gio Pau vao
12 Tiéu hao dién kWh/tn DPau ra

3.1.2. Tién xvr Iy di¥ liéu

Trong thyc té, s6 liéu thu thap c6 chira nhiéu sai s6 va chudi so liéu cé thé bi khuyét

thiéu do hé thong cam bién, thoi diém bao tri hodc ding may nén viée xtr 1y trude khi

dua vao mo hinh Ia rat can thiét. Ngoai ra, cac dac trung dau vao trong bd dir li€u co

don vi va dai gia tri rat khac nhau, vi du: toc do cap li€u c6 thé tir vai chuc dén vai tram

(T/h), trong khi d6 rung chi dao dong quanh vai don vi. Néu khong chuan hoa, cac mod

hinh hoc mdy, dic biét 14 mang no-ron, s& dé bi chi phdi boi cac dic trung cé gia tri

tuyét ddi 16n hon, din dén két qua hoc thién léch hodc cham hdi tu.

Trong nghién ciru nay, phuong phap Min-Max Scaler dugc st dung dé chuan hoa

toan bd cac dic trung dau vao va dau ra (trir cot thoi gian) vé khoang [0, 1], theo cong

thuc:

max min
trong do:
x : gia tri gbc cua bién,
X

max xmin

x': gia tri sau chuan hoa.
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Viéc chuan héa nay gitip mé hinh dé dang xtr 1y cic dic trung c6 thang do khac
nhau, tdng hi€u qua huan luyén va cai thién kha ndng hdi tu nhanh chong cta cac thuét
todn to1 vu. Ngoai ra, chuan hoéa cling gitp giam rui ro né gradient hodc mat 6n dinh

trong qué trinh huan luyén cdc mé hinh phirc tap nhu ANN hodc LSTM.
Sau khi chuén héa, dit liéu duoc phan chia theo thir tu thoi gian thanh ba tap:
e Tap huan luyén (train): dung dé huan luyén mé hinh (thuong chiém 70%).

e Tap kiém tra (validation): ding dé diéu chinh siéu tham s va tranh overfitting
(khoang 15%).

e Tap kiém dinh (test): danh gia khach quan d chinh x4c cia mé hinh trén dix
liu chua timg thay (khoang 15%).

Viéc phan chia theo trinh tu thoi gian (thay vi ngau nhién) dic biét quan trong
trong bai toan chudi thdi gian dé dam bao tinh thuc tién khi trién khai mé hinh du bao

trong tuong lai.

3.2. Xay dung mé hinh du doan dién nang tiéu thu

Sau khi hoan tit qué trinh thu thap va xir Iy dit liéu, budc tiép theo trong chudi
cong viéc la xay dung mot mo hinh du doan dién nang ti€u thu phu hop, hi¢u qua va co
kha nang khai quat tot trén dir liéu thuc té&. Muc tiéu cia mo hinh 14 du doan gia tri tiéu
hao dién nang (kWh/T) dua trén cac thong s van hanh duge do luong lién tuc tir hé¢

théng XHQ cuia nha may xi ming.

Do dit liéu dau vao c6 tinh chat chudi thoi gian (bién doi theo ting thoi diém cu
thé) va dong thoi chira nhiéu dic trung k¥ thuat da chiéu nhu téc do, tai, do rung, ap

suat..., viéc Iyra chon kién tric mo hinh phai dam bao xtr 1y tot ca hai yéu to:
e Trich xuat dugc cac dic trung khong gian — k¥ thuat gitra cac tin hi¢u dau vao ¢
mdi thoi diém,
e Nam bat dugc moi quan hé thoi gian gitra cac budce do lién tiép.

Dé dap ing yéu cau nay, nghién ctru dé xuat st dung mo hinh két hgp CNN-LSTM,

trong do:

e CNN duoc sir dung dé trich xuat cac dic trung khong gian tir dit liéu van hanh da
chiéu tai mdi thoi diém. Trong céng doan nghién, dit liéu dau vao bao gdm céc
thong s6 nhu: tdc do cép liéu, luu lugng hoi ve, tai may nghién, ap suét, do rung,
nhiét do, v.v. Nhitng bién nay thuong c6 mdi lién hé phirc tap va dong thoi anh
huong dén mure tiéu thu dién nang. CNN giup tu dong hoc duoc cac mau dic trung
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an giita cac bién nay, vi du: to hop giira 6 6n va tai may nghién c6 thé bao hiéu
may dang chay non tai.

e LSTM duoc tich hop tiép theo dé xtr 1y tinh phu thudc theo thoi gian cua di lidu.
Vi ban chat 1a chudi thoi gian, dir liéu vé tiéu thy dién tai thoi diém hién tai khong
chi phu thudc vao trang thai tirc thoi ma con bi anh hudng béi cac diéu kién van
hanh & nhiéu thoi diém truée d6 (vi du: néu tai may ting dan trong 30 phut, tiéu
thu dién co thé tdng manh & thoi diém hién tai). LSTM giup mang hoc dugc cac

xu hudng va moi lién h¢ dai han, tr 46 nang cao do chinh xac cia du bao.

Viée két hop CNN va LSTM trong mot kién trac théng nhét tan dung dugc uu
diém cta ca hai mo hinh, déng thoit cai thién do chinh xac du bao so vdi viée chi dung
LSTM hodc ANN don thuan,

3.2.1. Mang no-ron tich chap

Mang no-ron tich chap (Convolutional Neural Network — CNN) duoc dé xuat boi
Alharkan va cac cong su (2023) [20] 12 mdt loai mang hoc sau dac biét, dugc thiét ké dé
tu dong trich xudt va hoc cac dic trung tur dir licu dau vao thong qua cac phép tich chap
voi1 cac bd loc. CNN c¢6 khé nang xu 1y dit li¢u co cAu trac khong gian hodc chudi, nhu
hinh anh, tin hiéu hozc chudi thoi gian. Cac mang CNN thudng bao gém ba thanh phan
chinh: 16p tich chap, 16p gop, va 16p lién két ddy du dugc mo ta & Hinh 3.2. Céc 16p nay
két hop v61 nhau dé tu dong hoc va téng quat hoa dac trung d4u vao nhim phuc vu muc

tiéu du doan hodc phan loai.

Lop gop

-E_ﬁ

Lop dau vio Lap tich chap Lop tich chap Céc 1ép két ndi day du

Lop gop = Q

Dau ra

Hinh 3.2 Céu triic mang no-ron tich chap
Lép tich chap 1a thanh phan cdt 16i cia CNN. N6 st dung cac hat nhan tich chap
dé thuc hién thao tac ctra s6 truot trén dit liéu dau vao, cho phép mo hinh hoc dugc céac
dic diém cuc bd nhu xu hudng bién thién, mac d6 dao dong va cAu trac cua cac vung
dir liéu. Qua trinh tich chip duogc thé hién boi phuong trinh dé xuit ctia Cheng va céc
cong su (2021) [21] (3.2):
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C =f(F+X +b) (3.2)

Trong phuong trinh (3.2), hat nhan tich chap 1a F, F € R". [ 1a chiéu cao cua hat
nhan tich chap vad la chiéu rong cua hat nhan tich chap. b 1a tham s6 do léch, f 1a ham
phi tuyén tinh ReLU, X, 14 tham s chinh lién quan dén murc tiéu thu dién ning cua qua
trinh nghién, n e [1, o) 1a s6 lwong tham sd chinh, « 12 phép toan tich chap va C, 1a
két qua cta phép tinh tich chap. Cira s6 tich chap truot xudng véi kich thude budce 1a 1

dé thu duogc vecto déc trung cuc by C = (c,c,, ...,c,) cuatham so dau vao.

Vai trd ctia 16p pooling 13 14y mau két qua tich chap, giam kich thudc ciia cac vecto
tich chap va ngin ngira qua khép. TAt ca cac gid tri riéng duoc 1ay mau duoc két hop
vao ddura M =(M,, M,, ..., M,) cia CNN. Nghién ctru ndy &p dung phuong phép

MaxPooling va cé cong thirc nhu sau:
M, :Max(Q) (3.3)

Tai day, M, tham chiéu dén két qua cua viéc ap dung max pooling cho két qua tich

chaptha C, ,i€[1,n].

3.2.2. Ung dung Long Short-Term Memory

Trong mé hinh CNN-LSTM duoc dé xuat dé du béo tiéu hao dién (kWh/T) trong
cong doan nghién xi mang, dir liéu van hanh bao gém nhiéu bién nhu toc d6 cép liéu, ap
suat, d rung, taii may nghién... duoc thu thap lién tuc theo thoi gian. V&i muc tiéu du
béo tiéu hao dién trong 20 phut ké tiép, mo hinh st dung 60 phit dir liéu lich sir gan

nhat (window = 60) dé 1am co s dau vao.
Budc 1: Cong quén — bod qua thong tin khong con gid tri tir 60 phit trudc

Trong khoang 60 phiit gin nhat, khong phai moi thong tin déu can gitr lai. Vi du,
su thay d6i nho trong tai may nghién cach day 50—60 phut c6 thé d3 mat anh hudng dbi
v6i tiéu hao dién ¢ thoi diém hién tai. Cong quén ciia LSTM danh gia murc dd quan trong
clia cac thong tin ndy, va loai bo cac phan it anh hudng, giup mo hinh tap trung vao

nhiing gi c6 gia tri nhat dé du bao.
Budc 2: Céng dau vao — chon loc thong tin maéi tir hién tai dé ghi nhé

Tt dir liéu cua 60 phut g?m nhét, tai mdi thoi diém, mé hinh quan sat cac bién van
hanh nhu nhiét do ting bat thudng, toc d6 cap liéu thay doi manh... Nhirng tin hiéu nay
c6 thé 1a diu hiéu sdp xay ra ting/giam tiéu hao dién. Cong dau vao ctia LSTM cho phép
moO hinh hoc cach x4c dinh va ghi nhé nhitng tin hi¢u mai co6 gia tri.
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Budc 3: Céap nhat trang thai bd nhé — duy tri “ngtr canh” van hanh 60 phut

LSTM st dung thong tin tir cong quén va cong dau vao dé cap nhat trang thai 6
(cell state) — bo nhd ndi tai mo ta tong quan qua trinh van hanh trong 60 phit vira qua.
Trang thai nay cho phép mé hinh nim duogc “ngit canh” toan cuc: thiét bi dang hoat
dong on dinh, hay c6 dau hiéu dao dong that thuong.
Budc 4: Cong dau ra — tao dic trung thoi gian dé du bao 20 phut ké tiép

Sau khi cap nhat trang thai bd nhg, mo hinh quyét dinh phén nao trong d6 nén dugc
st dung dé dua ra du béo. Pau ra tai budc nay la mgt vector dac trung ngén gon chira
thong tin thoi gian dai han, va dugc dua vao cac 16p Dense dé tao ra 20 gia tri dau ra
tuong tng v6i 20 phut tiép theo.
3.2.3. Huén luyén va ddnh gid mé hinh
3.2.3.1. Thudt toan Adam

Trong hudn luyén mang noron, cac thudt toan lan truyén nguoc nhu Gradient
Descent truyén théng 6 thé dan dén tdc do hoi tu cham, dic biét khi gap dir 1iéu phuc
tap hodc gradient bién thién manh. Thuét toan Adam (Adaptive Moment Estimation) 13
mot phuong phap t6i uvu hoa dua trén gradient, giup cai thién dang ké toe do hoi tu bang
cach diéu chinh dong tdc d6 hoc (learning rate) cho tirng tham sb ctia md hinh. Adam 1a
su két hop gitta hai phuong phap trudc d6 13 Momentum cua Qian (1999) [22] va
RMSProp trong tai liéu cua Hinton (2012) [23], ké thira wu diém tir ca hai thuét toan
trén dugc xay dung bdi Kingma va cac cong sy (2015) [24].

Thuat toan Adam sir dung céc trung binh dong c6 trong sé dé wéc lugng moment
bac nhit (trung binh cua gradient) v moment bac hai (trung binh binh phuong cua

gradient). Cac phuong trinh cép nhat nhu sau:
e Cap nhat moment bac nhat:
m,=pf*m_ +(1-p)*g (3.4)
e Cap nhat moment bac hai:
v =Bv, +(1=B)*g (3.5)
Trong d6, g, 1a gradient tai thoi diémt, B, va f3, 1a cac hé s6 giam trong s6 thudng
dugc chon 1a 0.9 va 0.999 tuong ung.

Do m, va v, ban dau c6 xu huéng gan 0, can hiéu chinh do 1éch nhu sau:
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my =y, = (3.6)

t l_ﬂlt’t l_ﬁé

Cubi cung, tham s w dugc cap nhat theo cong thic:

= w, -l — (3.7)

e

Trong do, « la tdc d6 hoc ban dau (learning rate), va € la mot gia tri nho dé tranh
chia cho 0 (thuong lay 1078).

Thuat toan Adam c6 thé thich nghi voi ting tham sb riéng biét va tu dong diéu
chinh budc nhay, giup qua trinh huin luyén 6n dinh hon ngay ca khi gradient rat nho
hoic rat 16n. Adam ciing gitp ting toc qué trinh hoi tu, ddc biét hitu ich khi huan luyén

cac mang sau nhu LSTM, CNN hay cac mé hinh hoc sau ¢6 s6 luong tham s6 16n.

Tuy nhién, trong tu nhu thuat toan Levenberg—Marquardt, Adam ciing c6 mot s6
nhuoc diém, chéng han nhu dé hdi tu téi cuc tiéu khong tdi uu trong mot s6 bai toan
Reddi va cac cong su (2018) [25]. Ngoai ra, mdc du Adam hdi tu nhanh, nhung trong
mot s6 truong hop can hiéu chinh thém céc siéu tham s6 nhu «, B, B, dé dat hi¢u suat

tot nhat.

Mot s6 bién thé nang cao ciia Adam nhu AMSGrad, AdaBound hay AdamW da
dugc dé xuat nham cai thién do tin cay va kha nang tong quat hoa ctia mo hinh. Chi tiét
vé Adam va cac tng dung thuyc tién co thé tham khéo trong cac tai liéu huéng dan hoc
sau nhu TensorFlow, PyTorch hoac cac bao cao nghién ctru hoc thuat va Ruder cac cong
su (2016) [26].

3.2.3.2. Ham kich hoat ReLU

Mot ham kich hoat ReLU dugc 4p dung sau mdi phép toan tich chap. Him nay
gitip mang hoc dugc mdi quan hé phi tuyén tinh gitta cac dic diém trong hinh anh, do
d6 1am cho mang manh mé& hon dé xac dinh cac mau khac nhau va ciing gitip giam thiéu
cac van dé vé d6 dbc bién mat duoc dé cip boi Nair va Hinton (2010) [27]. Cong thirc

ham Relu nhu sau:

F(x) =max(0,x) (3.8)
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Output

Input

Hinh 3.3 Ham kich hoat ReLU
Ham nay khong chi giup mé hinh hoa cic mbi quan hé phi tuyén tinh trong dit liéu
ma con cé vai trd quan trong trong viée giam thiéu hién tuong gradient bién mat trong
qua trinh lan truyén nguoc duoge trich dan & sich Deep Learning (2016) [28]. Nho do,
mang co thé hoc duoc céc dic trung phtrc tap va sau hon, déng thot tang kha nang phan

biét gitta cac mau dau vao co tinh chat khac nhau.

Viéc st dung ReLU ciing giup tang toc d6 huan luyén nhd tinh don gian vé mit
tinh toan va kha nang giilr lai cac gia tri dwong, loai bo céac kich hoat am khong c6 dong
g6p hiru ich.
3.2.3.3. Ham kich hoat Tanh

Ham kich hoat Tanh (hyperbolic tangent) 1a mot trong nhitng ham phi tuyén duoc
st dung phd bién trong cac mé hinh mang no-ron nhan tao, dic biét 1a trong cac 16p an.
Ham duogc dinh nghia theo biéu thirc toan hoc:

X -X

e -e
e +e”

tanh(x) = (3.9)

Ham Tanh 12 mot ham lién tuc, kha vi trén toan mién xac dinh R, véi gia tri daura
nam trong khoang (—1,1) dugc mé ta & Hinh 3.4. Mot trong nhitng dic diém noi bat cia
Tanh 14 tinh chat 1&, ttrc 1a tanh(—x) = —tanh(x) ,cho phép dau ra ctia no-ron cé sy phan
bb d6i xtimg quanh 0. Tinh chat nay gitp giam hién twong dich trung binh (mean shift)
trong qua trinh lan truyén tin hi¢u, tir 46 cai thién hi¢u qua huan luyén cia mé hinh [28].

Trong thuc tién, ham Tanh thuong dugc sir dung trong cac kién trac mang nhu
mang no-ron truyén thang (feedforward neural networks), mang hoi tiép va dic biét 1a
trong cac khdi bd nhd cua LSTM. Khi dit liéu dd duoc chuan hoa véi trung binh gén 0,
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viéc sir dung Tanh s€ gitip mo6 hinh héi tu nhanh hon va 6n dinh hon trong qua trinh
huén luyén duoc trich trong sach Neural Networks and Learning Machines (2009) [29].
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Hinh 3.4 Ham kich hoat Tanh
3.2.3.4. Cdc chi sé ddnh gid
Trong cac cong thirc dudi day, y, gia tri thuc té, ¥, la gia tri du bao cua muc tiéu
hao dién va )71 biéu thi gia trj trung binh cia cac mau tiéu hao dién ning,i=1,2, ...,n
v6in 13 dung lugng mau.

Sai 56 tuyét doi trung binh MAE (Mean Absolute Error)

1 )
MAE:;Zb;i—yl. (3.10)

i=1

Gia tri MAE nam trong khoang (0,+o0). MAE biéu thi bién d6 trung binh cuta sai
s6 mo hinh nhung khong noi 1én xu hudng léch cua gia tri du bao va thuc té. Khi MAE
= 0, gi4 tri cia mo hinh hoan toan trung khdp véi gia tri quan trac, mo hinh dugc xem
1a “Iy tuong”. Thong thuong MAE dugce sir dung ciing véi ME dé danh gia do tin cay.
Chéng han, néu MAE cua san phém khéc biét han so v6i ME thi viéc hiéu chinh 13 hét
strc mao hiém. Trong truong hop nguoc lai, khi ma MAE va ME tuong d6i gan véi nhau
thi c6 thé dung ME dé hi¢u chinh san pham dy bio mot cach dang tin cay.

Sai 56 binh phwong trung binh MSE (Mean Square Error)

2

1 n .
MSE=;Z(y,.—yi) (3.11)

i=1
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MSE 14 trung binh ciia tong binh phwong ciia hi¢u gitra cac gia tri mé hinh va quan

trac, phan anh muac do dao dong cta sai s6. M6 hinh 13 “Ii tudong” néu MSE=0.

Sai s6 phan tram tuyét doi trung binh MAPE (Mean Absolute Pecent Error)

MaPE=1%

nio

Yo (3.12)
Y,

Sai s6 binh phuong trung binh MSE cho thdy do 16n cua sai s6 hay binh phuong
sai s6 du bao, thuong dung trong so sanh do chinh xac ciia cac mo hinh dy bao khac
nhau. Tuy nhién, dé danh gia d6 chinh xac ctia mot mo hinh ta thuong ding MAPE. Sai
s6 phan tram tuyét ddi trung binh MAPE tinh dén d6 16n twong d6i cua do léch du bao

so v&1 do 1on gia tri thyc, mo6 hinh c6 MAPE cang nhé thi du b4o cang chinh xéac.

Sai 56 binh phwong trung binh qudn phwong (RMSE - Root mean square Error)

RMSE=\/%i(y,-—ﬁ,-)2 (3.13)

Sai s6 binh phuong trung binh 12 mét trong nhiing dai lwong co ban va thudng
dugc sir dung pho bién cho viéc danh gia két qua cia mo hinh du bao. Ngudi ta thuong
hay str dung dai luong sai s6 binh phuong trung binh quan phuong (RMSE) biéu thi d6
16n trung binh cua sai s6. Pic biét RMSE rat nhay v6i nhimg gia tri sai s6 16n. Do do
néu RMSE cang gén MAE sai s6 mo hinh cang on dinh va c6 thé thuc hién viéc hiéu
chinh san phém mo hinh. Giéng nhu MAE, RMSE khong chi ra @6 1€ch gitra gia tri du
bao va gi tri thyc té. Gia tri cia RMSE nam trong khoang (0, +0). Khi so sainh MAE
va RMSE ta thdy: RMSE > MAE. Con RMSE = MAE khi va chi khi tit ca cac sai s6 co
do 16n nhu nhau: RMSE = MAE = 0.

Hé s6 xdc dinh (Coefficient of Determination)

RR=1- (3.14)

Heé s xac dinh (R?) cho phép danh gia mirc d6 phu hop ctia mé hinh dy bao so
voi tap dir ligu thuc té. Gia tri cua R? nam trong khoang tur 0 dén 1, trong d6 gia tri cang
gan 1 cho thiy mé hinh du bao cang chinh xac. R* phan anh ty 1& phuong sai cia di
lidu dau ra dugc giai thich boi mé hinh. Khi R= 1, mo6 hinh hoan toan phu hop véi dir
lidu thuc t&; nguoc lai, R* = 0 thé hién rang mo hinh khong giai thich dwogc bat ky
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phuong sai nao cta dir liéu. Gia tri R* cao chimg t6 mdi quan hé manh giira gia tri du

bao va gid tri thuc té, tir 46 khang dinh kha ning du bao hiéu qua cia md hinh.

3.2.4. Téi wu héa LHS cho thong sé vin hanh

Phuong phap Liy mau Latin Hypercube trich xuét tir nghién ctru ctia Helton va
Davis (2003) [30] hoat dong bang cach chia mién gi tri cia mdi thanh phan cia vector
mau (voi i= 1,2,3,...N) thinh M = n tip con (strata) khong giao nhau c6 xac suit
béng nhau, ky hiéu 1a (véi i = 1,2,3,...,N va k= 1,2,3,.... M ). Cac mau ciia moi thanh

phan vector dugc 1ay tir cac tap con twong tng theo cong thirc:
x, =D/(U,) v6ii= 1,23,..,N va k= 1,2,3,...M (3.15)

Trong d6, x, 1a cac miu ngiu nhién doc lap (iid - independent and identically
distributed) duoc phan phdi dong déu trén khoang véi:

Cacmau duogc tap hop lai bang cach ghép ngiu nhién cac thanh phan cua vector
d3 tao. Cu thé, mot gia tri duoc chon ngau nhién tir méi thanh phén vector (khong trung
1ap), va cac gia tri nay dugc ghép nhom dé tao thanh mot mau hoan chinh. Qua trinh nay

duoclaplai M = n lan.

Do cic thanh phan mau dugc ghép cip ngau nhién, mot tap hop LHS khéng phai
1a duy nhat, véi tong cong  t6 hop c6 thé xay ra. Vi Iy do nay, cac thuat toan LHS cai
tién thuong duoc st dung dé t6i uu hoa viée ghép cip dua trén cac tiéu chi cu thé, chang

han nhu giam twong quan giita cac bién hoidc ting cudng tinh bao phii khong gian miu.
Quy trinh 1dy mau cta thuat toan LHS:
Budc 1: Khéi tao khong gian tham sb

bau tién, khong gian khao sat dugc xac dinh dya trén hai tham s6 dau vao 1a toc
do cap liéu va toc do cap nudc. Poi véi moi mau quan sat, khodng gid tri ctia toe do cap
liéu dugc dat 1a £5 T/h so voi gia tri tai thoi diém dang xét, trong khi toc d§ cap nude

duge dat 1a +0.2 m¥h quanh gia tri tai thoi diém dang xét twong tng.
Budc 2: Phan bo déu va dnh xa vé mién thuc

Sau khi x4c dinh duoc khong gian khao sat, budc tiép theo 1a chia déu mién gia tri
ctia mdi tham s6 thanh n=100 khoang gi tri bang nhau, hay con goi 14 céc strata. Trong
mdi strata, mdt gia tri duge chon ngau nhién theo phan phéi déu. Cac gia tri ndy ban dau
nam trong khoang [0, 1], sau d6 duogc anh xa tuyén tinh tro lai mién gia tri thyc cua tung

bién thong qua ham bién ddi twong Gng. Nho d6, mbi mau sinh ra déu thudc mot khoang
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duy nhét, khong bi trung lap, ddng thi dam bao phan bd déu trén toan khong gian khao

sat.
Budc 3: Ap dung t6 hop mau vao mé hinh dy bao va danh gia két qua

Tung td hop dau vao duogc tao thanh tur cap gia tri tdc do cép lidu va toc do cép
nudc s€ dugc tich hop vao tp dit li€u van hanh tai thoi diém hién tai. M6 hinh dy bao
CNN-LSTM da dugc hudn luyén s& sir dung t6 hop nay dé uéc lwong mire tiéu hao dién
nang tuong tng. Trong qua trinh nay, mot diéu kién van hanh dugc ap dung: san lugng
dau ra khong duoc vuot qua tée d6 cap lidu dau vao. Nhirng t6 hop khong théa man diéu

kién nay s& bi loai bo nham dam béo tinh kha thi trong thyc té.
Budc 4: Lua chon t6 hop thong s6 tdi uu

Sau khi danh gi4 toan bo céc to hop hop 18, két qua du doan tiéu hao dién s& duogc
so sanh dé tim ra phuong 4n c6 gia tri thap nhat. T6 hop thong sé tuwong tmg v4i mirc
tiéu hao dién nho nhit s& duoc xem 13 phuong 4n van hanh t6i wu tai thoi diém do. Két
qua t6i uu bao gdm: tdc d6 cap lidu va téc d cap nudce twong tng, gia tri tiéu hao dién
sau toi ru, cung véi mie cai thién so voi gia tri ban dau. Viéc lya chon ndy gop phan dé
xudt cau hinh van hanh tiét kiém dién ning hon, qua d6 nang cao hiéu qua str dung ning

lugng trong nha may xi mang.

3.3. D& xuit mé hinh két hop giira du bao va t6i wu hoa ning luwong
3.3.1. Xdy dung mé hinh CNN-LSTM-LHS

Trong bdi canh t6i vu hoa va du béo tidu hao dién ning cho cong doan nghién xi
ming, khong mot thuat toan don 1& ndo co thé dap tng day du cac yéu cau vé xtr 1y dir
liéu phire tap, kha ning du bao chinh xac va tim kiém thong s6 van hanh téi uu. Viée
két hop ba thuat toan—xir Iy dir liéu, md hinh hoc sau CNN-LSTM va LHS gitip tan
dung thé manh cta timg phuong phap: xir Iy dit liéu dam bao chit luong dau vao, mo
hinh hoc sau tang do chinh xac dy b4o, con LHS hd tro viéc tim kiém va danh gia cac
t6 hop thong sb tdi vu mot cach toan dién va khoa hoc. Nho d6, quy trinh khong chi
nang cao hiéu qua du bdo ma con tdi wu hoéa duge hiéu suit van hanh cta hé théng
nghién xi méng.

Hinh 3.5 minh hoa trén trinh bay mét cach triuc quan, logic va toan dién vé quy
trinh cac bude thuc hién nghién ctru xy dung mé hinh du bao va tdi vu hoa dién ning

tiéu thy trong cong doan nghién xi mang.
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Hinh 3.5 M6 hinh d¢ xuat két hop

Quy trinh nay dugc phan chia thanh bn budc chinh, mdi bude déu déng vai tro
quan trong va bo tro 13n nhau nham dam bao tinh hiéu qua, chinh xac cua h¢ théng du
bao va ti ru héa van hanh.

Budc 1: Chuan bi dir liéu, hinh v& liét ké ddy du cac bién dau vao then cht lién
quan dén qua trinh nghién nhu: téc d6 cap liéu, luu lwong hoi vé nghién bi, tai ctia may
nghién bi va CKP, ap suat, d6 on, do rung, tde do cép nudc, nhi¢t dd dong co, san luong
va tiéu hao dién. Céc bién nay phan anh toan di¢n tinh trang van hanh thyc té cua hé
thong va 14 co s¢ dit liéu dau vao cho cac mo hinh tri tué¢ nhan tao. Dic biét, phan tién
xtr 1y dit liéu (loai bo ngoai lai, ndi suy, chuan hoa) dugc chu trong nham nang cao do
tin cdy, giam nhiéu, dam bao dir liéu dau vao sach, nhat quan va phi hop véi cac yéu

ciu toan hoc ctia mo hinh hoc may. Biéu dd minh hoa dir liéu sau xur 1y cho thiy quy
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mo, tinh lién tuc va chat luong cua tap dir li€u, gép phan nang cao dd chinh xac ctia cac
budc tiep theo.

Budc 2: Huan luyén mé hinh mé ta qua trinh xay dung mang hoc sau, két hop gitra
16p tich chap ctia CNN va LSTM. Pay 1a sy két hop wu viét: CNN ¢6 thé tu dong trich
Xudt cac dic trung quan trong tir dit liéu nhiéu chiéu, trong khi LSTM lai dic biét hi¢u
qua khi xir 1y chudi thdi gian nho kha niing ghi nhé céc trang thai trong qua kha. Sy
phdi hop nay gitip md hinh vira tin dung cac mdi quan hé phic tap giita cac bién dau
vao, vira ndm bat duoc cac xu hudng, bién dong ctia qua trinh nghién qua thoi gian. Piéu

nay gop phan nang cao déang ké do chinh xéac ctia dy béo tiéu thy dién niang.

Budc 3: Panh gia du doan sir dung nhiéu chi s6 dénh gia khach quan nhu MAPE,
MAE, RMSE va hé s6 xac dinh R2. Viéc str dung da dang cac chi sé giup danh gid toan
dién hi€éu qua mo hinh & nhiéu gbc do: sai sb tuyét ddi, sai s binh phuong trung binh
va muc do giai thich bién thién cua dir liéu thyc. Biéu d6 minh hoa so sanh giira gia tri
du doan va thyc té cho thidy muc do trung khép cao, chimg té mé hinh du bao hoat dong

hiéu qua va c6 kha nang ing dung thyc tién cao.

Budc 4: Tim s6 liéu tdi uu 1 diém nhan quan trong vé mat tmg dung, khi hai bién
van hanh quan trong nhat (téc do cép liéu va toc do cép nudc) duoc lua chon dé t6i wu
hoa. Thong qua cac thuat toan tdi wu, hé thong co thé dé xuit cac gia tri van hanh phu
hop nhat nham giam thiéu dién niang tiéu thu ma van dam bao hiéu qua san xuat. Pay 1a
budc chuyén manh mé tir dy bao thu dong sang chii dong tdi wu hoa van hanh, thé hién

1d gia tri ing dung thuc tién cta nghién ctru.

3.3.2. Gidi thudt dé trién khai mé hinh CNN-LSTM-LHS

Hé théng dugc xdy dung dua trén quy trinh nghién xi mang thuc té tai mot nha
may ¢ Viét Nam. B dit liéu st dung trong nghién ctru bao gdm 44.638 mau quan sat
lién tuc, duoc ghi nhan trong diéu kién van hanh thyc té ciia nha may. Mdi mau dir liéu
dai dién cho mot chu ky van hanh, véi thoi gian 1dy mau 1a 1 phat/lan va dugc thu thap
déu din trong sudt 1 thang, tir ngdy 1/3/2025 dén ngay 31/3/2025. Viéc thu thap dit liéu
theo phuong phap nay giip dam bdo tinh dai dién va do tin cay cua bg dir 1i€u, phuc vu

t6t cho qua trinh nghién ctru, phan tich.

Dua trén cic mau s liéu thu thap duoc, chung t61 da xay dung hé théng céc bién
dau vao va dau ra ¢ Hinh 3.6, qua d6 gitip 1am rd quy trinh van hanh trong cong doan
nghién xi mang va hd trg cho viéc phan tich, dy doan ciing nhu tdi uvu hoa hiéu qua tiéu

thu dién nang tai nha may.
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Hinh 3.6 M6 hinh CNN-LSTM-LHS dy doén tiéu thu dién dua trén dit liéu van hanh
nghién xi mang

Hinh trén mo ta mo hinh két hop giita hai phuong phap CNN-LSTM va LHS nham
t6i uu hoa va dy bao tiéu hao dién ning trong cong doan nghién xi mang. Pau vao cia
hé théng bao gom céc thong sd quan trong nhu toc do cap lidu (tan/gio), toc dd cap nudc
(m?/h), cung voi cac thong sd van hanh khac nhu do on ciia may nghién bi, do rung cia
may nghién CKP, nhiét d6 6 bi dong co, tai may nghién ding va nghién bi, 4p suét sau
may nghién bi, luu lugng hoi vé nghién bi va san luong (tAn/gid). Tat ca cac thong sb
nay dugc dua vao giai doan nghién xi mang, bao gdbm may cap liéu, may nghién, may
phan ly va silo chira xi mang. Sau qua trinh van hanh, hé thong s& thu thap céc chi s6
dau ra nhu tiéu hao dién nang (kWh/tan) va san lugng (tan/gio).

Trong mo hinh, cac thong s6 van hanh s& dugc dua vao mang no-ron CNN-LSTM
dé du bao luong tiéu hao dién twong tng véi timg diéu kién lam viéc tai cac thoi diém
khéac nhau. CNN dam nhiém vai tro trich xuat dic trung tor dir li¢u dau vao, trong khi
LSTM gitip hoc va du béo cac chudi dit lidu theo thdi gian, tir d6 nang cao d6 chinh xac
ctia két qua du bao. Song song véi d6, phuong phap LHS duoc st dung dé sinh mau va
tdi wu hoa cac thong s6 dau vao nhu tdc do cép lidu va tdc do cép nudc, dua trén cac
gi61 han k¥ thuat va diéu kién van hanh thuc té. Muc tiéu cua budc nay la tim ra cac gia

tr1 to1 wu giup gidm ti€u hao dién ndng ma van dam bdo chat lugng va san lugng dau ra.
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Két qua t6i wu héa tir md hinh LHS s& tao ra cac tap thong sd dau vao kha thi.
Nhiing tap thong sé nay tiép tuc dugc dua vao mod hinh CNN-LSTM dé dy bao hiéu qua
vé tiéu hao dién, tir d6 lya chon ra to hop thong s6 van hanh t8i wu nhét cho qué trinh
san xuét thyc té. Nhu vay, mo hinh trén khong chi giup nha may xi mang kiém soat tot
tiéu hao dién ning ma con gdp phan nang cao hiéu qua san xuat thong qua viée lya chon

cac tham soO van hanh t61 vu mdgt cach khoa hoc va ty dong.

Qua trinh xay dung mo hinh dy doan bao gém hai giai doan chinh: trich xuat dic
trung khong gian bang CNN, khai thac quan hé chudi thoi gian bang LSTM va ti wu
hoa thong qua LHS

3.3.2.1. Biéu dién dir liéu dau vao

Gia st tai thoi diém t, ta ¢ vector dir liéu dau vao gom 11 bién dau vao la: toc do
cap li¢u (tan/gio), toc d cap nudc (m?/h), dd 6n ciia may nghién bi, d0 rung ciia may
nghién CKP, nhiét d§ 6 bi dong co, tdi may nghién diing va nghién bi, ap suat sau may

nghién bi, luu luong hoi vé nghién bi va san luong (tin/gio).
Xét chudi dir liéu lién tiép qua nhiéu budc thoi gian, ddu vao c6 thé mé rong thanh:
Z={z(t—h+1),z(t—h+2),....z(¢)} (3.16)
v6i h 12 do dai chudi thoi gian dau vao.
3.3.2.2. Trich xudt dic trung béi CNN

Dir liéu Z dugc dua vao mang CNN dé trich xuét cac dic trung khong gian quan

trong. Ham trich xuat dic trung duogc biéu dién dudi dang:
p(t;) = Fou(Z) (3.17)
trong do:
e ¢(¢;) la vector dédc trung sau khi trich Xudt.
o F(Z) bao g?)m cac phép tich chap, kich hoat, chuan hoa va g0p dac trung.
3.3.2.3. Dw dodn theo chuéi thoi gian béi LSTM

Vector ddc trung ¢(¢)) tiép tuc dugc dwa vao mang LSTM dé khai thac méi quan

hé theo thoi gian, dac biét la nhitng anh hudng dai han dén mure tiéu thu dién nang trong

tuong lai.

Phuong trinh du dodn c6 dang:
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E(,) =M 5, (p(2))) (3.18)

Trong do:
e M., ham hoc dugc tor LSTM,
e E(t,)1a muc tiéu thy dién dy doan tai thoi diém tuong lai 7, .
e ¢ duoc tinh bang: ¢, =n.At (¢, > t;).
3.3.2.4. Téi wu héa thong qua LHS
Tiép theo, thuat toan Latin Hypercube Sampling s& sinh ra cic to hop bién dau
vao: {a,b}", Vvoi a,,b, 1a gia tri tham s6 OFR (toc do cap lidu), WFR (toc do cap
nudce).
Déi v6i mdi mau x, LHS,,, e »

E(t,) =M g (Fopy (X)) (3.19)

tinh gid tri tiu thu dién twong Gng:

Muc tiéu cua bai toan toi vu 1a tim t0 hgp x” sao cho:
x =argminE,(¢,)
X;
Két qua cudi cung la

E(t,) =M g, (Fiy (x) (3.20)
trong do:
e x" 1abo tham s6 OFR, WFR t4i wu tai thoi diém ¢, .
e Tai thoidiém 7, , ¢, duoc tinh b6i £, =k.A (¢, >, > 1)).

E,(,)1a gi tri tiéu thy dién nang toi wu tuong ung.
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Chuong 4: THU NGHIEM VA PANH GIA MO HINH

4.1. Qua trinh thir nghiém

Do tinh ngiu nhién von cé trong qué trinh hun luyén cac mé hinh hoc sau, mdi
mé hinh dugc danh gia 13p lai nhiéu 1an dé dam bao tinh 6n dinh va do tin cay cua két
qua. Trong nghién ctru ndy, md hinh CNN-LSTM dugc dé xuit nhim du bao tiéu hao
dién nang v4i muc tiéu ti wu d6 chinh xac va kha niang khai quat hoa.

Tbi wu hoa siéu tham s bang Grid Search

Trudce khi xac dinh kién trac cubi cing cho mé hinh CNN-LSTM, chung t6i d
tién hanh qua trinh tdi wu siéu tham s6 bang phuong phap tim kiém ludi (Grid Search).

Céc siéu tham sb duoc Iwa chon dé t6i wu bao gém:
e S6 don vi trong 16p LSTM (Istm_units)
e S 16p LSTM chong nhau (Istm_layers)
e Kich thudc 16 huan luyén (batch_size)
Pham vi khao sat cho tirng siéu tham sb dugc thé hién trong Bang 4.1.

Béng 4.1 Pham vi siéu tham s6 khao sat trong Grid Search

Tham s Gia tri khao sat
Istm_units 32,64, 128
Istm_layers 1,2,3
batch size 32,64, 128

Chung t6i st dung chi s6 R? (R-squared) trén tap xac thuc dé danh gia hiéu sut
cta timg to hop siéu tham sd. Két qua tir qua trinh tim kiém cho thay t6 hop siéu tham
sO t6i uu 1a:

e Istm_units: 64

e Istm_layers: 1

e batch size: 32
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T6 hop nay gitip mé hinh dat duge diém s6 R? cao nhat 14 0.97, cho thay kha ning
du bao chinh x4c va on dinh. Viéc chi sir dung mét 16p LSTM gitip md hinh tranh hién
tugng qua khép (overfitting), trong khi s6 lwong don vi 64 cung cap do biéu dién du
manh dé hoc céc phu thudc phurc tap trong chudi thoi gian. Kich thudc 16 32 cling cho

théy suU can béng tdt gifra tdc d6 hoi tu va do 6n dinh trong huin luyén.

Bang 4.2 1a két qua sau khi xac dinh duoc cau hinh tham s6 t6i wu, chiing ti xay
dung mo hinh CNN-LSTM véi kién triic gom hai ting Conv1D d¢é trich xut dic trung
cuc bo tir chudi dau vao, theo sau 1a mot 16p LSTM c6 64 don vi. Cac 16p Dense & cudi
dugc st dung dé du bao tiéu thu dién nang cho nhiéu budc tiép theo. Mdi 16p chinh déu

dugc xen k& v6i Dropout dé han ché quéa khop.

Bang 4.2 CAu tric mo hinh CNN-LSTM

Mo-dun Thanh phin Thong s6
ConvlD 64, 32
CNN Kich thudc hat nhan 3,2
Ham kich hoat ReLU
Units 64
Batch size 32
LSTM Cira s6 thoi gian 60
Pau ra 20
Ham kich hoat Tanh

Dit liéu dau vao duoc xtr Iy thanh chudi thoi gian c6 do dai cira s6 13 60 bude, dau
ra 14 20 budc du bao tiép theo. Tat ca cac dic trung dau vao déu duoc chuin hoa bang

MinMaxScaler dé dam bao 6n dinh khi huan luyén.

M hinh dugc huin luyén véi tdi da 50 epoch, str dung batch size = 32 nhu duoc
xéc dinh tir grid search. Dé tranh hién twong qua khép va rit ngan thoi gian huan luyén,
EarlyStopping dugc ap dung voi patience = 10, nghia 1a néu gia tri val loss khong cai
thién trong 10 epoch lién tiép, huan luyén s& dimg lai. Pong thoi, ModelCheckpoint
duogc sir dung dé luu moé hinh c6 hiéu suat tot nhat trén tap xéac thyc.

Vigce tich hop t1 wru siéu tham sd, kién trac CNN-LSTM két hop, va céac chién lugc
huan luyén hién dai da gitp mo hinh dat dugc hiéu suat cao va 6n dinh trong bai toan
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du béo tiéu thy dién nang nhiéu bude. Cac két qua dinh luong va truc quan hoa chi tiét

s& duoc trinh bay trong phan tiép theo.

Sau khi xay dung va huén luyén thanh cong mo6 hinh dy bao lugng dién ti€u thy
bang mang no-ron két hop CNN-LSTM, budc tiép theo trong qua trinh nghién ctru 1a
tién hanh t6i uu héa cac thong sé van hanh dau vao nham tim ra t6 hop diéu kién véan
hanh giup giam thiéu murc tiéu thu dién ning, dong thoi duy tri 6n dinh san luong dau
ra.

Trong pham vi nghién ctru nay, chung toi tap trung thay d6i hai thong sé dau vao
chinh, bao gdm: téc d6 cap lidu (tn/gid) va toc do cap nudc (m3/gid)

Céc thong s6 van hanh khac dugc giit nguyén khong thay d6i nham gidi han pham
vi toi wru trong khong gian tham sd quan trong nhét va phu hop vai diéu kién thyc té van
hanh tai nha may.

Dé dam bao viéc thay doi hai thong sé dau vao khong lam anh hudong dén san
luong san xuat thyc té, chiing toi da tién hanh phan tich méi quan hé giita san luong
(tén/ gio) va tbc do cép liéu dua trén bo dit liéu lich st dugce trich xuat va téng hop tir hé¢
théng XHQ. Cy thé:

« Khi san lugng dau ra duoc duy tri & mirc 270 tin/gid, toc d6 cap liéu tuong Gmg
nam trong khoang 278 — 283 tan/gid.

« Khi san lugng 1a 255 tan/gio, tbe d6 cap lidu duoc duy tri trong khoang 263 —
268 tan/gio.

Tir d6, chung toi xdy dung thuat toan tim kiém ving 14n c4n ciia cic gia tri dau vao
theo nguyén tic sau:

e Tbc do cap lidu tai mdi thoi diém s& duge mé rong +5 tan/gio so voi gid tri gdc,
tao ra mgt dai gia tri tham khdo trong pham vi an toan san XUAL.

e Tbc d6 cip nudc ciing duoc didu chinh trong khoang 0,2 m3/gid so véi gid tri
géc tai cung thoi diém. Pham vi nay dugc lua chon dya trén vige tdc do cép nudc
tir 0,08 toi 2,272 m®/gid nén trong khoang nay lay 10 % khoang van hanh thuc
té va nham dam bao khong 1am anh huong dén diéu kién nghién hoic gay mét 6n
dinh cho thiét bi.

Sau khi xac dinh khong gian tim kiém cho hai thong s6 dau vao, ching t6i tién
hanh 14y mAu ngiu nhién 100 diém trong khong gian hai chiéu d6 bang phuong phap
Latin Hypercube Sampling. Dy 1 k§ thuat 14y miu hiéu qua, cho phép phin bb dong
déu cac diém mau trong toan bo khong gian tim kiém ma khong bi trung lip, gitp ting

xac suat tim ra cac t6 hop thong so to1 uvu.
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Moi diém ldy mau tuong ing voi mot cap gi tri toc do cap lidu — tbe d6 cap nudc,
sau d6 duoc dua vao mé hinh CNN-LSTM dé huan luyén trude dé udce tinh luong dién
tiéu thy twong tng. Két qua moé phong tir 100 t6 hop dau vao s& dugc so sanh, va to hop
c6 muec ti€u thy dién nang thép nhét s& duoc lua chon lam giai phdp van hanh tdi wu cho

thoi diém dang xét.

4.2. Két qua va thao luin

Céc chi s6 danh gia mo6 hinh:

e MAE =0.62
e MSE =0.62
e RMSE=0.79

e MAPE = 1.34%
e RSE=0.028
e R2=097

Két qua thuc nghiém cho thdy mé hinh CNN-LSTM di dat dugc hiéu suat dy bao

Xuat sic trong vi¢c du doan ti€u thy dién nang. Véi hé sb xac dinh R? = 0.97, md hinh
giai thich dugc 97% bién dong cua dit liéu thuc té, thé hién kha nang du bao ¢ do tin
ciy cao. Piéu nay duoc cung cd thém béi gia tri MAPE chi 1.34%, cho thay sai s6 trong
d6i trung binh rat thip va dat chuan "rat t6t" theo thang danh gia qudc té (MAPE < 5%).

Céc chi sb sai s6 tuyét ddi ciing khang dinh tinh hiéu qua ciia mo hinh. MAE =
0.62 va RMSE = 0.79 cho thiy sai s6 trung binh giira gia tri du bao va thuc t& & mirc rat
thap. Dic biét, RSE = 0.028 (2.8%) thé hién sai sb twong ddi chi chiém mét ty 18 nho so
v6i d6 bién dong tu nhién cua chudi dit liéu, diéu ndy ching to mé hinh c6 kha ning du
béo chinh xé4c va 6n dinh.

Hinh 4.1 trinh bay su so sanh gitra gia tri thuc té va gia tri du bao muc ti€u thu
dién nang (kWh/T4n) trong khoang thoi gian tir 11 gid 22 phit dén 12 gid 11 phit ngay
28 thang 3 nam 2025, sir dung mo hinh CNN-LSTM. Tryc hoanh thé hién thoi gian theo
ngay, truc tung biéu dién muc tiéu hao dién nang. Biéu do duoc xay dung nham truc
quan hoa kha ning du bao ctia mod hinh trén tap dit liéu thoi gian thuce, dong thoi hd tro
danh gia mirc d6 twong quan giita két qua du bao va sb liéu thuc té trong qua trinh van
hanh.
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So sdnh kit qui dy bio mirc tiéw hao di¢n
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Hinh 4.1 Biéu d so sanh két qua du doan va thuc té
Phén tich tir biéu d6 so sanh cho thay dudong du bao ctia mé hinh CNN-LSTM bam
sat hoan toan véi duong gia tri thuc té trong sudt chudi thoi gian quan sat. M6 hinh
khong chi nim bat dugc xu hudng tong thé ma con c6 kha ning du doan chinh xac cac
bién dong ngin han, dong thoi khong xuat hién hién tuong tré pha trong qué trinh du
bdo. Su 6n dinh cua sai sb trong toan bd chu ky du bao, khong c6 cac diém bat thuong

16m, ching t6 tinh robustness ctia mo6 hinh qua céc giai doan khac nhau.

Hiéu suat vuot troi ndy co thé dugc giai thich boi wu diém cua kién trac lai CNN-
LSTM. Lép CNN dong vai trd quan trong trong viée trich xuat cac dic trung cuc bd va
mau lip tir dit liéu chudi thoi gian, trong khi 16p LSTM xtr 1y hiéu qua cac phu thude
thoi gian dai han va thong tin ngit canh. Sy két hop ndy tao ra moét mo hinh manh mé,
phu hgp véi dac tinh phire tap cta dir li¢u ti€u thy dién nang c6 tinh chu ky va xu hudng
bién ddi theo thoi gian. Ngoai ra, CNN gitip giam chiéu dit lidu dau vao, lam ting toc
qua trinh hudn luyén va giam hién tuong qua khép. LSTM b6 sung kha ning ghi nhé
dai han, gitp mé hinh nhan dién dugc cac mbi lién két xuyén sudt giita cac thoi diém

cach xa nhau trong chudi dir lidu.

Hinh 4.2 trinh bay biéu d6 hdi quy gifta gi4 tri tiéu hao dién ning du doan va gia
tri thuc té khi ap dung md hinh CNN-LSTM. Truc hoanh thé hién gia tri dg doan
(kWh/T4n), trong khi tryc tung biéu dién gia tri thuc té twong ing. Mdi dau chdm xanh
trong biéu d6 dai dién cho mot cap di lidu (du doan, thyc t&), qua d6 phan anh muc do
sai léch giita két qua mo hinh va sé liéu thyc té. Biéu d6 dudng 1y twong va duong hodi

quy tuyén tinh thé hién xu hudng phan bd dir liéu thuc té.
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CNN-LSTM: Biéu d6 héi quy - Tiéu hao dién du doan vs thuc té (Budc 1)
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Hinh 4.2 Biéu d6 hoi quy giita dit liéu thuc té va dy doén
Puong hdi quy tuyén tinh c6 phuong trinh y = 1.045x + (-1.954) véi hé s goc
1.045 gan bang 1, diéu nay cho thidy mdi twong quan gan nhu hoan hao gitta gia tri du
bao va thuc té. Hé sé goc 16n hon 1 mot chat (1.045) c6 thé cho thidy mé hinh c6 xu
huéng dy bao cao hon gié tri thuc té mot cach nhe nhang va khong anh huéng dang ké
dén chét luong dy bao tong thé.

Phén tich truc quan tir biéu do cho thiy cac diém dit liéu phan bd chit ché xung
quanh dudng hoi quy mau d6 va rat gan v6i duong 1y tuong y = x (dudng dit nét). Sy
tap trung cao cta cac diém xanh duong quanh duong hoi quy thé hién tinh nhat quan va
6n dinh ctia mé hinh CNN-LSTM trong toan by pham vi dy bdo. Méac du c6 mét s6 diém
dir liéu phan tan nhe, nhung khong quan sat thay cac diém outlier rd rét hay cac ving c6

sai s 16n bat thuong, chung té md hinh hoat dong 6n dinh trén toan bo mién gia tri.

Dic biét, sy phan bd dong déu cuia cac diém dir liéu tir ving gi tri thap (khoang
37-40 kWh/T) dén ving gia tri cao (khoang 60-62 kWh/T) cho thidy mé hinh c6 kha

nang du bao tot & tat ca cac muc tiéu thu dién khac nhau. Piéu nay rat quan trong trong
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ung dung thuc té khi hé théng can du bao chinh xac cho ca thoi diém tiéu thu th?ip va
cao, dam bao tinh tin cdy cua mo hinh trong cac diéu kién van hanh da dang. Hinh 4.3
duéi day thé hién qua trinh thay d6i ham mat mat (loss) ciia mo hinh CNN-LSTM theo

s6 1an 1ap (epoch) trong qua trinh hudn luyén va kiém tra (validation).

CNN-LSTM - Loss

0.014

Train

Validation
0.012

0.010 -

0.008 -

Loss

0.006 -

0.004 -

0.002 -

0.0 25 5.0 75 10.0 125 150 175
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Hinh 4.3 Biéu d6 mat mat MSE
Biéu d6 mat mat trong qua trinh huan luyén moé hinh CNN-LSTM cho thiy qua

trinh hoc dién ra hiéu qua va hoi tu nhanh. Cu thé, dudng cong loss huén luyén (mau
xanh) bat dau tir khoang 0.014 tai epoch dau tién va giam manh trong 2—3 epoch déu,
sau d6 tiép tuc giam dan va 6n dinh quanh mirc 0.001 tir epoch tht 5 trd di. Piéu nay
cho théiy mo hinh nhanh chong hoc dugc dic trung cua dit 1iéu va dat dugc trang thai
héi tu chi sau vai vong lip dau.

Tuong tu, dudng cong loss trén tap validation (mau cam) thé hién xu huéng song
hanh voi tap huan luyén, khéi dau ¢ mic khoang 0.002 va on dinh & muic ~0.0015 tir
epoch thr 3. Khoang céach giita hai dudng loss 1a rat nho va on dinh, chimg t6 mé hinh
khong c6 dau hiéu overfitting va c6 kha nang tong quat hoa t6t d6i voi dir lidu chua thay.

Sy 6n dinh cua ca hai dudng cong loss tir epoch 5 dén epoch 17 va viéc duy tri
mirc mat mat rat thap (dudi 0.002) cho thiy mé hinh da duoc huan luyén téi wu. Khong
c6 hién twong dao dong manh hay ting loss trd lai, diéu ndy phan anh qua trinh téi wu

dién ra sudn sé, va mo hinh da dat dén hiéu suat 6n dinh. Tom lai, két qua tir biéu do6
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loss khéng dinh mo hinh CNN-LSTM d3 duoc huin luyén dung cach, dat do chinh xac

cao, va san sang 4ap dung cho du bao thuc t€ ma khong can huan luyén thém.

Sau khi hoan thién viéc xay dung va huin luyén mo hinh dy doan két hop CNN-
LSTM cho h¢ théng nghién xi ming, chung téi tiép tuc trién khai giai doan tdi wu hoa
cac tham sd van hanh nham giam thiéu dién ning tiéu thy cua toan hé thong. Bude nay
¢ y nghia quyét dinh dbi véi viée nang cao hiéu qua sir dung ning luong, giam chi phi
véan hanh, dong thoi gop phan hudng téi muc tiéu san xuat xanh va bén ving trong nganh
cong nghiép xi ming — mot nganh vén tiéu tén nhidu ning lugng. Viée tdi wu hoa khong
chi mang lai loi ich kinh té rd rét ma con gop phan vao cam két giam phat thai khi nha
kinh va bado vé moi truong.

bé dat duge muc tiéu tdi vu hoa, ching t61 lya chon 4p dung thudt toan LHS mot
phuong phap 1y miu hién dai, ¢6 kha ning bao pha déu khong gian tham sd, gitp dam
bao tinh toan dién trong qua trinh kham pha cac t6 hop gia tri dau vao. Khac véi cac
phuong phap 1dy mau ngiu nhién thong thuong, LHS gitp tao ra cac mau phan b6 déu
trén toan bo mién gia tri, tr d6 nang cao xac suét tim duoc diém tbi wu vai s6 lugng mau
thir thap hon. Trong nghién ctru ndy, hai bién van hanh quan trong nhit dugc xac dinh
1a téc d6 cép lidu va toc do cép nude, von ¢6 anh huong truc tiép dén hiéu suét nghién

va muc tiéu thu nang lugng ctuia thiét bi.

Thuat toan LHS duoc trién khai dé tao ra 100 mau thir nghiém, mdi mau tuong
g v&i mot to hop gia tri cu thé cua hai bién trén. Céc gia tri nay dugc chon sao cho
bao phi toan bo khoang gia tri kha thi, tir 46 cung cip mot birc tranh diy du vé cac trang
thai van hanh c6 thé cia hé théng nghién. Nho phuong phap ndy, qua trinh tim kiém
diém van hanh tdi vu trd nén hiéu qua hon, tiét kiém thoi gian va cong stc so véi cac
phuong phap quét ludi toan dién truyén thong, trong khi van dam bao d6 chinh xéac cao.

Dic biét, nhom thuc hién da tién hanh thir nghiém téi uvu hoa tai mot thoi diém van
hanh cu thé — 19 gio 09 phut 01 gidy, ngay 25 thang 3 nam 2025. Tai thoi diém nay, hé
thong dang van hanh ¢ trang thai binh thuong, cung cap dit liéu thyc té dau vao cho mo
hinh dy doan va téi vu héa. Muc tiéu 12 tim ra t6 hop toc do cap liéu va tée do cap nudc
sao cho dién ning tiéu thy trong cong doan nghién 1a thap nhét, nhung van dam bao san
luong va chat luong dau ra. Pay 1a mot bude di chién lugc, thé hién nd lyc chuyén tir
mo hinh dy doan sang g dung thuyc tién, gitip cic nha may c6 thé chi dong diéu chinh
thong s theo thoi gian thuc dé dat hidu suat nang luong tbi wu.

Hinh 4.4 biéu dién moi quan hé giita toc do cip liéu (T/h) va muc tiéu thy dién

nang (kWh/T), trong d6 cac diém mau thé hién két qua tir cac to hop thong sd duge mod
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phong bdi mo hinh dy doan. Mau sac cua diém bicu thi muce tiéu thyu di€n, véi mau tim

tuong trng v&1 muc tiéu thu thap, va mau vang tuong ing véi muec tiéu thy cao.

ung v61 muec tiéu thu dién la 50.600 kWh/T.

Déu "X" mau do biéu thi gia tri van hanh ban dau: toc do cap liéu 12 292.633 T/h,

Dau sao mau vang bicu dién gia tri sau khi to1 vu: toc do cap li¢u dugc diéu chinh

1én 295.019 T/h, qua d6 mtc tiéu thy dién giam xudng con 49.087 kWh/T.

Tir d6 thi c¢6 thé thdy rd diém toi wu ndm trong ving tiéu thu dién thap nhat, cho

thdy hiéu qua rd rét ctia thuat toan toi wu trong viéc tim ra diéu kién van hanh hop 1y.

Téc do cap liéu va Tiéu hao dién
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Hinh 4.4 Mbi quan h¢ gitra tde do cép li¢u va ti€u thy dién nang

Hinh 4.5 thé hién phan bd tan suat muc tiéu thu dién trén toan bd tap dir liéu dau

vao. Hai duong ké doc dugc sir dung dé so sanh:

e Duong dit nét d6 tuong ung véi mirc tidu thy dién ban dau (50.600 kWh/T).

e Duong dut nét cam biéu thi mirc tiéu thyu dién sau toi uu (49.087 kWh/T).

Sau khi tién hanh danh gia so b hiéu qua cua phuong phap t6i wu hoa trén mot

diém dit liéu cu thé, nhom nghién ctru tiép tuc mod rong pham vi thi nghiém bang cach

ap dung mo hinh t6i wu cho mét tap hop gém 10 mau dit liéu lién tiép, thu thap tai thoi
diém van hanh tir 19:09:01 dén 19:18:00 ngay 25 thang 3 nim 2025. Mdi mau tuong

Sinh vién thyc hién: Nguyén Phi Hung,
Nguyén Phic Nguyén

Hudng dan: TS. Nguyén Kim Anh,
KS. Vuong Hoang Linh

52



Du dodn va t6i uu hod cong sudt dién tiéu thu cho cong doan nghién xi mang

g v6i mot thoi diém ghi nhan trong qué trinh van hanh thyc té cia cong doan nghién
X1 mang.

Trong tig mau, hai thong s6 van hanh chinh — tc d6 cap liéu (T/h) va toc do cap
nuéc (m*/h) — duge sir dung 1am bién dau vao dé t6i uu hoa, voi muc tiéu 1a tim ra t6
hop gia tri giup giam thiéu murc tiéu thy dién nang (kWh/tan clinker) cta thiét bi nghién.
Mo hinh t6i wu sir dung thuat toan hoc sau két hgp CNN-LSTM dé du doan dau ra, sau
d6 ap dung thuat toan tim kiém tham s6 dé xac dinh gia tri dau vao t6i wu.

Phan bé Tiéu hao dién
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Hinh 4.5 Phan bd tiéu hao dién sau tdi vu hoa

Hinh 4.6 thé hién so sanh muc tiéu thu dién nang gitra gia tri thuc té va gia tri sau
khi t6i uu cho tirng mau dit liéu tir M1 dén M10. Cac cot mau d6 thé hién gia tri thyc té
ghi nhan duoc tai nha may, trong khi c6t mau xanh duong biéu thi két qua dy doan mirc

tiéu thy dién twong ing sau khi 4p dung bo tham s6 t6i wu duoc mé hinh dé xuét.
« Mic tiéu hao dién niang thuc té dao dong trong khoang 50.56 dén 50.84 kWh/tan.

o Sau tdi wu, cic gia tri giam xudng con khoang 48.88 dén 49.63 kWh/tan, tuong
g véi mic tiét kiém trung binh tir 0,975 dén 1.947 kWh/tan clinker.
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So sanh tiéu hao dién: Thuyc té véi Téi uu
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Hinh 4.6 So sanh tiéu thu dién gitra gi tri thuc té va gia tri toi uvu

Két qua cho thiy rd rang md hinh t6i uu hoa khong chi hidu qua & mot vai trudng
hop don 1é, ma con mang lai két qua nhat quéan trén toan bo chudi mau thir nghiém. Piéu
nay khang dinh kha ning tong quat hoa va tinh thuc tién cao ctia phuong phap duogc dé
Xuét.

Hinh 4.7 minh hoa xu hudng tiéu hao dién nang (kWh/tan) ctia hé thong nghién xi
ming theo 10 mau dir liéu khac nhau. Mdi mau tuong Gng véi mot to hop tham sd van
hanh cu thé, bao gém tdc d6 cip lidu va tbc do cap nude. Puong mau do biéu dién murc
tiéu thu dién thuc té trong diéu kién van hanh hién tai ctia nha may, trong khi dudng
mau xanh thé hién muec tiéu thu dién sau khi ap dung thuat toan t6i wu hoa bﬁng Latin
Hypercube Sampling (LHS) két hop v6i mo hinh du doan CNN-LSTM. Dit liéu duoc
lay tai thoi diém cu thé (ngay 25/3/2025 lic 19:09:01), nham danh gia hiéu qua tiét kiém
nang lugng gitra hai phuong an van hanh.
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Hinh 4.7 Phan tich xu hudéng tiéu hao dién ning voéi 10 mau dit liéu
Hinh bén phai minh hoa xu huéng bién thién ctia mirc tiéu thy dién nang theo thoi
gian mau (M1 dén M10). Puong mau dé thé hién xu hudng tiéu thu dién thuc té, trong

khi duong mau xanh thé hién gia tri tiéu thu dién dugc dy doan sau khi tdi vu.

Ttr biéu d6, co thé thiy muc tiéu thy dién sau t6i wu hoa ludn thap hon dang ké so
v6i mire tiéu thu thyc té. Dac biét, tir mau s6 1 dén mau sé 8, duong tiéu hao ning luong
sau toi wu ¢ xu hudng giam dan va dat gia tri thdp nhat khoang 48.85 kWh/tin tai miu
sb 8, so véi muc tiéu thu thuc té dao dong khoang 50.5-50.8 kWh/tin. Su chénh 1éch
gan 2 kWh/tan cho thiy tiém ning rat 16n trong viéc giam chi phi van hanh néu ap dung
céc to hop van hanh t6i wu duoc dé xuat. Diéu nay khang dinh tinh hiéu qua va kha ning
g dung thyc tién cia mo hinh CNN-LSTM két hop v6i LHS trong bai toan tdi uu hoa

ti€u thu nang lugng trong cong nghi¢p xi mang.

Hinh 4.8 dué6i day thé hién muc d6 cai thién twong dbi (tinh theo phan trim) giita
gia tri tiéu thu di¢n nang thuc té va gia tri du doan sau khi ap dung t8i wu hoa cho tung
mau dit liéu cu thé. Trong do, cac mau M1 dén M10 tuong rng v&1 muoi thoi diém lién
tiép trong giai doan tir 19:09:01 dén 19:18:00 ngay 25 thang 3 nam 2025.
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Hinh 4.8 Murc d6 cai thién ti€éu hao di¢n nang
Trén truc tung cua biéu dd 1a ty 1¢ phﬁn tram cai thién, duoc tinh toan dua trén mirc
chénh I¢ch gifra dién nang ti€u thu ban dau va dién nang ti€u thu sau ti vu. Truc hoanh
biéu dién sb thir tw ciia cac mau dit lidu. Két qua tir biéu dd cho thy tat ca cac mau déu
dat dugc murc cai thién duong, nghia 12 phuong phap t6i wu héa da mang lai hiéu qua

tiét kiém nang lugng trén toan bd chudi dir liu.

Cu thé, mau M1 dat muc cai thién thdp nhat 13 1.9%, trong khi cic mau tir M4 tré
di ghi nhan mirc cai thién 16n hon 3%. Muc cdi thién cao nhat dat 3.8% tai mau M9, tiép
dén 1 3.6% & miu M10. Trung binh, phuong phép tdi wu giup tiét kiém khoang 3.2%
dién ning so vai thuce té, twong duong khoang 1.5 KWh cho mdi tin clinker nghién. Day
12 mét con sb cd ¥ nghia 16n trong bdi canh chi phi dién nang chiém ty trong cao trong

tong chi phi sadn xuat xi mang.

Két qua dugc dua ra & Bang 4.3 khong chi khiang dinh tinh hiéu qua ctia mé hinh
t61 uu hoa dugc dé xuit, ma con cho thiy kha ning ung dung thyc tién trong didu kién
van hanh thuc té cua nha may. Vi¢c cai thi¢n déu dan trén tat ca cac mau chirng minh
rang mé hinh c6 d6 6n dinh tét, kha ning thich timg cao va c6 thé dugce tich hop vao hé

Sinh vién thyc hién: Nguyén Phi Hung, Huéng dan: TS. Nguyén Kim Anh,
Nguyén Phic Nguyén KS. Vuong Hoang Linh 56



Du dodn va t6i wu hod cong sudt dién tiéu thu cho cong doan nghién xi mding

théng diéu khién hién tai nham hd tro ra quyét dinh hodc thuc hién diéu khién tu dong
theo thoi gian thyc. Pay 1a mot budc tién quan trong hudng toi muc tiéu ning cao hiéu

qua nang luwong va phat trién bén viing trong nganh cong nghiép xi mang.

Béng 4.3 S6 liéu két qua t6i vu héa cho 10 mau du doan

Cap B Cap | Cap | Tiéu hao )
San Cap ) ) N Du doan
liéu N nwdc | nwéc | dién thuc ..
Thoi gian | luwgng ] li¢u sau ] B toi uwu
truoc truwoc | sau te
(T/h) (T/h) (KWh/T)
(T/h) (m*h) | (m*h) | (KWh/T)
2025/03/25
284.11 | 292.633 | 289.69 | 1.082 | 0.883 50.6 49.625
19:09:01
2025/03/25
284.07 | 292.592 | 289.648 | 1.081 | 0.882 50.56 49.35
19:10:00
2025/03/25
284.13 | 298.337 | 295.393 | 1.078 | 0.879 50.62 49.189
19:11:01
2025/03/25
284.2 | 298.41 | 295.466 | 1.076 | 0.877 50.69 49.151
19:12:00
2025/03/25
284.19 | 295.558 | 292.614 | 1.073 | 0.874 50.69 49.029
19:13:01
2025/03/25
284.25 | 295.62 | 292.676 | 1.071 | 0.872 50.76 48.965
19:14:00
2025/03/25
284.2 | 298.41 | 295.466 | 1.067 | 0.868 50.72 48917
19:15:01
2025/03/25
284.21 | 292.736 | 289.793 | 1.064 | 0.865 50.73 48.88
19:16:00
2025/03/25
284.32 | 298.536 | 295.592 | 1.062 | 0.863 50.85 48.903
19:17:01
2025/03/25
19:18:00 284.31 | 298.526 | 295.582 | 1.064 | 0.865 50.84 49.006

Sau khi hoan thi¢n va danh gid moé hinh tai mgt nha mdy xi mang ¢ Vi¢t Nam,

nhom nghién ctru tiép tuc kiém tra kha ning tong quat hda clia mo hinh bang cach ap
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dung né cho dit liéu tir mot nha mdy xi mang tai Trung Quéc. BO dir liéu duoc sir dung
trong thi nghiém nay duoc trich xut tir bai bao tham khao ctia Zhang va cac cong su
(2024) [31], voi cac dic diém van hanh va diéu kién cong nghé khac biét so voi moi
truong huan luyén ban dau.

Viéc thir nghiém mé hinh trén tap dit liéu doc 1ap tir mot nha may & qudc gia khac
khong chi nham x4c minh d6 chinh x4c cia md hinh trong diéu kién thuc té khac nhau,
ma con dé danh gia tinh img dung rong rdi va muc do tin cady ciia mo hinh trong viéc du
doan tiéu thu dién ning trong cong doan nghién clinker tai cac co s san xuat xi mang

khac nhau. Két qua moé phong va so sanh duoc trinh bay cu thé trong Hinh 4.9.

Hoi quy tuyén tinh: Du doan vs Thuc té

44001 @ Du doan vs Thuc té ’

=== Dudng ly tudng ’

4200 A

4000 -

3800 -

Nang luong tiéu thu du doan (PC)

3600 -

3400 3600 3800 4000 4200 4400
Nang lugng tiéu thu thuc té (PC)

Hinh 4.9 Biéu d6 hdi quy cta nha may xi miang & Trung Qudc
Két qua cac chi s6 danh gia:
RMSE: 67.7596
MAE: 54.0664
MAPE: 1.37%
R2:0.8777
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Hinh 4.9 thé hién két qua hdi quy tuyén tinh giita gi4 tri ning luong tiéu thy thuc
té va gia tri du doan boi mo hinh trén bo dir liéu thu thap tir nha méy tai Trung Qudc.
Céc diém mau xanh dai dién cho méi quan hé giita nang lugng tiéu thu du doén va nang
luong tiéu thu thyc té, trong khi duong chidm do 1a duong 1y tuong. Quan sat hinh anh
cho thay phan 16n cac diém dir liéu nam gan duong 1y tudng, chimg to md hinh c6 kha
nang du doan chinh xac mirc tiéu thu dién ning. P6 phén tan thip quanh duong 1y tudng
cho thay sai s6 dy doan nho va mé hinh c6 d9 tin ciy cao. Diéu nay chimg minh rang
mo hinh dugc xay dung khong chi hoat dong hi¢u qua voi dir li¢u tai nha may & Vigt
Nam ma con c6 kha niang tong quat hoa va ap dung thanh coéng cho dir liéu tai mot nha
may khac.

Hinh 4.10 minh hoa su so sanh giita gia tri ning lugng tiéu thu thuc té (dudng mau
xanh) va gia tri nang luong ti€u thu dugc mo hinh du doan (dudng nét dit mau do) trén
1000 mau thudc tap dir ligu kiém tra tai nha may ¢ Trung Quéc. Co thé théiy réng hai
duong biéu dién bam sat nhau trong hau hét cac khoang thoi gian, cho thdy mé hinh ¢o
kha ning du doan twong dbi chinh xac theo xu hudng thuc té.

So sanh gia trj thuc té va dy doan trén tap kiém tra

4400 4

— Nang lupng tiéu thy thye té
=== Nang luong tiéu thu du doan

4200 4

3800 4

Nang lueng tidu thy (PC)

3600 -

3400

(=]

200 400 600 BOO 1000
Chi 56 mbu kidm tra

Hinh 4.10 Biéu d6 sanh gia tri thuc té va du doan véi 1000 mau dir liéu tai nha may
Trung Qudc
Dic biét, cac bién dong manh cta dir li¢u thyuc té cling dugc mo hinh phan anh
tuong d6i tot, chimg minh rang mo hinh khong chi du doan gia tri trung binh ma con
theo sat dugc sy dao dong cia qud trinh van hanh thuc té. Viéc mo hinh gilt dugc do
khép cao véi dir liéu thye nghiém trong mot chudi thoi gian dai va phire tap cang khang

dinh tinh 6n dinh va hiéu qua dy bdo ctia no.
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Tir két qua nay, co thé két luan rang mé hinh dugc dé xuat khong nhitng hoat dong
t6t trén dir liéu huan luyén ma con duy tri hiéu suat cao khi ap dung cho dit lidu kiém
tra chua ting thay truéc d6. Piéu nay lam ndi bat tinh kha thi va ing dung thuc tién cua
mo hinh trong viéc theo doi, dy doan va tdi wu hoa tiéu thu dién nang cho cac h¢ théng

nghién xi mang & quy md cong nghiép.
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KET LUAN

< K&ét luan chung

Trong khudn kho nghién ciru ndy, chiing t6i di xay dung va trién khai thanh cong
mé hinh dy doan két hop CNN-LSTM nham uéc lugng murc ti€u thu nidng lugng tai
cong doan nghién trong nha may xi miang. M6 hinh duoc huan luyén tir dir liéu thuc
nghiém thu thap tir hé thong van hanh, véi dau vao 1a cac thong sé van hanh nhu toc do
cép ligu, tai may nghién, do rung, nhi¢t do va ap suét... Sau qué trinh huin luyén, cac
gia tri tiéu thu dién dugc mo phong tir mo6 hinh da duogc so sanh truc tiép véi sb lidu thue

té, cho théy do sai léch thép va kha nang du doan cao.

Két qua dédnh gia mo hinh bang céc chi sé théng ké RMSE, MAE, MAPE, va h¢
sb tuong quan R? déu dat mirc cao — v4i R? dao dong tur 0,95 dén 0,98. biéu nay phan
anh kha niang mo phong chinh xac va dang tin cdy ctia mo hinh trong diéu kién dir liéu
thuc té. Mo hinh khong chi c6 kha ning mé ta tot xu hudng tiéu thu dién ning ma con
co tiém nang trd thanh mdt cong cu hd tro quyét dinh cho do1 ngii k¥ thuat trong vi¢c
giam sat, diéu chinh thong s van hanh theo thoi gian thue mot cach chu dong va hiéu
qua.

Dua trén két qua cia mo hinh dy bdo, nghién ciru tiép tuc dé& xuit va ap dung
phuong phap t6i wu hoa sir dung thuat toan Latin Hypercube Sampling nham xac dinh
t6 hop cac tham s6 dau vao phu hop nhét dé giam thiéu tiéu thu ning luong. LHS cho
phép 1ay mau ddéng déu trén khong gian tim kiém, tir d6 phat hién ra cac diém van hanh
hiéu qua nhat. Cac két qua thuc nghiém cho thay, phuong phap t6i wu hoa co thé giup
tiét kiém trung binh tir 0,975 dén 1,947 kWh/tin, twong duong giam tir 2% dén 6%
lugng dién tiéu thu so voi muc trung binh hién tai. Pay 1a mot con sé déng ké trong bbi

canh chi phi dién nang chiém ty trong 16n trong gia thanh san xuat xi mang.

Khéng nhitng vay, mé hinh CNN-LSTM dugc ap dung thir nghiém tai mot nha
may xi ming tai Trung Qudc va dat dugc hé sb tuong quan R? dao dong trong khoang
0,87 dén 0,89. Két qua nay mot 1an nita khang dinh tinh kha chuyén va kha niang ung
dung rong rdi ctia md hinh dé xuat cho nhiéu co sé san xuat khac nhau vai diéu kién van
hanh tuong tu.

Tuy nhién, nghién ctru cting nhan dién dugc mdt s6 han ché. Pau tién, mé hinh

yéu cau lugng dir liéu dau vao da dang va 16n dé c6 thé huan luyén va du dodn véi do
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chinh xac cao. Trong khuén khd nghién ctru ndy, dit liéu thu thap van con tuong ddi han
ché ca vé d6 phan giai (quy doi tir phat sang gio) 1An mtrc d6 chénh 1éch giita cac mau.
Do d6, 46 phan giai thoi gian thap c6 thé anh hudng dén kha nang mé hinh hoa cac bién
dong nho trong hé thong. Thir hai, mé hinh hién méi chi dimg lai & mic mo phong va
thir nghiém, chua dugc tich hop va trién khai trong hé théng diéu khién van hanh thyc
té (DCS/SCADA) tai nha may.

Toém lai, nghién ctru nay da chirng minh dugce hiéu qua cia moé hinh CNN-LSTM
két hop toi wu hoa LHS trong viéc du doan va giam thiéu tiéu thy nang luong cho cong
doan nghién trong nha may xi mang. M6 hinh dé xuat c6 tinh kha thi, tiém ning mo
rong va 13 mot budc tién quan trong hudng téi muc tiéu san xuat thong minh — tiét kiém
nang luong — giam phat thai — phat trién bén viing trong nganh coéng nghiép xi ming
hién dai.

*.

< Huéng phat trién

Mic du mé hinh CNN-LSTM két hop thuat toan LHS trong nghién ciru nay da
chtirng minh hiéu qua trong viéc dy doan va tdi wu hoa mic tiéu thu nang luong cho
cong doan nghién xi ming, van con nhiéu tiém ning va khong gian dé tiép tuc phat trién,
mo rong va hoan thién mo hinh nham 4p dung trong thuc tién céng nghiép vai hiéu suat

cao hon.

Trudce hét, mot hudng nghién ciru quan trong 13 ting cudng kha ning phan hoi thoi
gian thuc va tich hop hé thong diéu khién déng vong. Hién tai, mo hinh ctia chiing toi
cht yéu hoat dong theo co ché du doan va tdi wu hoa ngoai tuyén. Viéc xay dung mot
hé thong Al Recommendation Module twong ty nhu trong mé hinh diéu khién 16 nung
ctia Siemens do Balakrishnan va cac cong su phat trién (2023) [32] v6i kha ning dua ra
khuyén nghi diéu chinh tryc tiép hodc ban tu dong cho hé théng van hanh thong qua
giao dién két ndi (nhu OPC UA/DA) — sé& giup mé hinh tré thanh cong cy diéu khién
thuc sy. Pay 1a budc chuyén tir “hd tro ra quyét dinh” sang “tu dong diéu chinh”, giup

tang tinh linh hoat va hiéu qua cho day chuyén san xuat.

Thtr hai, viéc tich hop md hinh hoc sau vi tri thirc chuyén gia (hybrid Al) cling 1a mot
hudng di tiém nang. Cac mo hinh hoc may hié¢n tai chu yéu dua trén dir liéu, trong khi
cac hé théng diéu khién hién hanh tai nha may thuong dua vao kinh nghi¢m cua ky su
van hanh. Vi¢c phat trién mo hinh lai (neuro-fuzzy, rule-based + machine learning) cho
phép mo hinh vira tdn dung dugc kha nang hoc tir dir li€u, vira khai thac hi¢u qua tri
thirc chuyén mén di tich lity, dic biét hiru ich khi dit liéu bi gi6i han. Pong thoi, mo
hinh lai con gitp cai thién kha nang dién giai va minh bach hoa quyét dinh ctia hé thong
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Al tir d6 tang do tin cdy va kha nang chap nhan ciia ngudi van hanh trong méi truong

cong nghiép thuc té.

Thi ba, dé nang cao d6 chinh x4c va tinh tong quat ciia mé hinh, cAn mé rong co
so dit liéu thuc té vé van hanh & cac khung thoi gian nho hon (dir liéu theo phut hodc
gidy, thay vi gio), ciing nhu tir nhiéu nha may khac nhau dé dam bao kha ning khai quat
va tinh pho dung ciia mo hinh. Pong thoi, can dénh gia kha ning ap dung transfer
learning (hoc chuyén tiép) dé rat ngan thoi gian huan luyén khi trién khai & méi truong
moi.

Ngoai ra, hudng phat trién trong twong lai nén tap trung vao viéc xay dung nén
tang giam sat thong minh tich hgp toan nha may xi mang, két hop dit liéu tir nhiéu ngudn
(SCADA, cam bién IoT, dir liéu lich sir van hanh) dé dua ra quyét dinh diéu hanh tong
thé. Piéu nay s& khong chi gitip t6i uvu hoa timg cong doan riéng 1é, ma con cai thién
hiéu qua tong thé va dap img muyc tiéu phat trién bén viing nhu giam phat thai CO., tiét
kiém tai nguyén, va kéo dai tudi tho thiét bi.

Cubi cung, tir géc d6 van hanh va kinh té, mot hudng nghién ciru thyc tién 1a tich
hop mo hinh véi chién lugc van hanh theo gia dién thoi gian thuc (TOU pricing). Bang
cach du bao tiéu thu dién theo thoi gian va diéu chinh thong sé van hanh theo khung gio
gia thap, mo hinh c6 thé hd trg doanh nghiép t6i vu hoa chi phi ning luong mot cach

chu dong va linh hoat hon.

Tong thé, cac hudng nghién citu tiép theo can di theo xu hudng Al hudng téi san
xudt tu dong thong minh, vira dam bao hiéu suat ning lugng, vira ting cudng kha ning
kiém soat, va trén hét 13 tao ra hé thong san xuat bén viing — thong minh — thich tng

trong bdi canh chuyén d6i sé nganh cong nghiép ning hién nay.

Sinh vién thyc hién: Nguyén Phi Hung, Hudng dan: TS. Nguyén Kim Anh,
Nguyén Phiic Nguyén KS. Vuong Hoang Linh 63



TAI LIEU THAM KHAO

[1] Worrell, E., Galitsky, C., & Price, L. (2008). Energy efficiency improvement and
cost saving opportunities for cement making (LBNL-54036-Revision). Berkeley, CA:
Ernest Orlando Lawrence Berkeley National Laboratory, University of California.

[2] Madlool, N. A., Saidur, R., Hossain, M. S., & Rahim, N. A. (2011). A critical review
on energy use and savings in the cement industries. Renewable and Sustainable Energy
Reviews, 15(4), 2042-2060. https://doi.org/10.1016/j.rser.2011.01.005

[3] Sivanandam, V., Kannan, R., Srinivasan, S., & Muralidharan, G. (2017). Data driven
models for cement grinding circuit. International Journal of Advanced Intelligence
Paradigms, 9(4), 414-435.

[4] Oguntola, O., Boakye, K., & Simske, S. (2024). Towards leveraging artificial
intelligence for sustainable cement manufacturing: A systematic review of Al

applications in electrical energy consumption optimization. Sustainability, 16(11),4798.
https://doi.org/10.3390/sul6114798

[5] Geng, O., & Geng, O. (2016). Energy-efficient technologies in cement grinding. In
F. Pacheco Torgal, S. Jalali, & N. De Belie (Eds.), High Performance Concrete
Technology and Applications (pp. 115-139). Rijeka: InTech.

[6] Bao Cong Thuong, Tap chi Nang lugng Viét Nam, Bao Lao Pong, Bio Tudi Tré.
(2019-2023). Cdc bai viét lién quan dén tiéu thu dién va céng nghé nghién clinker trong
nganh xi mang. Truy cidp ngay 09/06/2025, to https://moit.gov.vn,

https://nangluongvietnam.vn, https://laodong.vn, https://tuoitre.vn

[7] Bianco, F., Manca, M., & Serra, M. (2009). Electricity consumption forecasting in
Italy using linear  regression  analysis.  Energy, 34(9), 1413-1421.
https://doi.org/10.1016/j.energy.2009.06.034

[8] Sen, P., Roy, M., & Pal, P. (2016). Application of ARIMA for forecasting energy
consumption and GHG emission: A case study of an Indian pig iron manufacturing

organization. Energy, 116, 1031-1038.

[9] Gifalli, A., Amaral, H. L. M. D., Bonini Neto, A., de Souza, A. N., Frithauf Hublard,
A. V., Carneiro, J. C., & Neto, F. T. (2024). Forecasting electricity consumption using
function fitting artificial neural networks and regression methods. Applied System
Innovation, 7(5), 100. https://doi.org/10.3390/asi7050100

[10] Hochreiter, S., & Schmidhuber, J. (1997). Long short-term memory. Neural
computation, 9(8), 1735-1780.

[11] Sang, S.; Li, L. A Stock Prediction Method Based on Heterogeneous Bidirectional
LSTM. 4ppl. Sci. 2024, 14, 9158. [CrossRef]



https://doi.org/10.1016/j.rser.2011.01.005
https://doi.org/10.3390/su16114798
https://moit.gov.vn/
https://nangluongvietnam.vn/
https://laodong.vn/
https://tuoitre.vn/
https://doi.org/10.1016/j.energy.2009.06.034
https://doi.org/10.3390/asi7050100
https://doi.org/10.3390/app14209158
https://doi.org/10.3390/app14209158

[12] Palaniyappan, B., & Ramu, S. K. (2025). Optimized LSTM-based electric power
consumption forecasting for dynamic electricity pricing in demand response scheme of
smart grid. Results in Engineering, 2025, Article 104356.
https://doi.org/10.1016/j.rineng.2025.104356

[13] Haji, S. H., & Abdulazeez, A. M. (2021). Comparison of optimization techniques
based on gradient descent algorithm: A review. PalArch’s Journal of Archaeology of
Egypt/Egyptology, 18(4), 2715-2743.

[14] Price, K. V., Storn, R. M., & Lampinen, J. A. (2005). The differential evolution
algorithm. Differential evolution: a practical approach to global optimization, 37-134.

[15] Lakshminarasimman, L., & Subramanian, S. (2008). Applications of differential
evolution in power system optimization. In Advances in Differential Evolution (pp. 257-
273). Berlin, Heidelberg: Springer Berlin Heidelberg.

[16] Snoek, J., Swersky, K., Zemel, R., & Adams, R. (2014, June). Input warping for
Bayesian optimization of non-stationary functions. In International conference on
machine learning (pp. 1674-1682). PMLR.

[17] Sultana, N., Hossain, S. Z., Almuhaini, S. H., & Diistegor, D. (2022). Bayesian
optimization algorithm-based statistical and machine learning approaches for
forecasting short-term electricity demand. Energies, 15(9), 3425.

[18] Shields, Michael D., and Jiaxin Zhang. "The generalization of Latin hypercube
sampling." Reliability Engineering & System Safety 148 (2016): 96-108.

[19] Guo, J., Feng, T., Cai, Z., Yu, Z., Gu, Y., Qian, T., ... & Tang, W. (2020, October).
Security risk assessment of power system based on latin hypercube sampling and daily

peak load forecasting. In 2020 IEEE 4th Conference on Energy Internet and Energy
System Integration (EI2) (pp. 2787-2792). IEEE.

[20] Alharkan, H., Habib, S., & Islam, M. (2023). Solar power prediction using dual
stream CNN-LSTM architecture. Sensors, 23(2), 945.

https://doi.org/10.3390/s23020945

[21] Cheng, W., Wang, Y., Peng, Z., Ren, X., Shuai, Y., Zang, S., ... & Wu, J. (2021).
High-efficiency chaotic time series prediction based on time convolution neural
network. Chaos, Solitons & Fractals, 152, 111304.

[22] Qian, N. (1999). On the momentum term in gradient descent learning
algorithms. Neural networks, 12(1), 145-151.

[23] Hinton, G. (2012). Neural networks for machine learning [lecture notes].
University of Toronto. Chapter 6: RMSProp.


https://doi.org/10.1016/j.rineng.2025.104356
https://doi.org/10.3390/s23020945

[24] Kingma, D. P., & Ba, J. (2015). Adam: A method for stochastic optimization.
Proceedings of the International Conference on Learning Representations (ICLR),
2015. Truy cap ngay 09/06/2025, tir https://arxiv.org/abs/1412.6980

[25] Reddi, S. J., Kale, S., & Kumar, S. (2018). On the convergence of Adam and
beyond. Proceedings of the International Conference on Learning Representations
(ICLR), 2018. Truy cap ngay 09/06/2025, tir https://openreview.net/forum?id=ryQu7{-
RZ

[26] Ruder, S. (2016). An overview of gradient descent optimization algorithms. Truy
cap ngay 09/06/2025, tir https://arxiv.org/abs/1609.04747

[27] V. Nair and G. E. Hinton, "Rectified linear units improve restricted Boltzmann
machines,” ICML 2010.

[28] I. Goodfellow, Y. Bengio, and A. Courville, Deep Learning, MIT Press, 2016.

[29] S. Haykin, Neural Networks and Learning Machines, 3rd ed. Upper Saddle River,
NIJ: Pearson Education, 2009.

[30] Helton, J. C., & Davis, F. J. (2003). Latin hypercube sampling and the propagation
of uncertainty in analyses of complex systems. Reliability Engineering & System
Safety, 81(1), 23-69.

[31] Zhang, D., Xiong, X., Shao, C., Zeng, Y., & Ma, J. (2024). Semi-Autogenous Mill
Power Consumption Prediction Based on CACN-LSTM. Applied Sciences, 15(1), 2.

[32] Balakrishnan, A., Chandrashekara, R. S., & Sunny, S. (2023, November). A/ Kiln
Solution For Optimized Control: How To Reduce Energy Consumption And Emissions
In The Clinker Process.


https://arxiv.org/abs/1412.6980
https://arxiv.org/abs/1609.04747

PHU LUC

1. Chwong trinh chon tham s6 LSTM

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

import tensorflow as tf

from tensorflow.keras.models import Sequential, load model

from tensorflow.keras.layers import InputLayer, LSTM, Dense, Conv1D, Dropout
from tensorflow.keras.callbacks import ModelCheckpoint, EarlyStopping

from tensorflow.keras.losses import MeanSquaredError

from tensorflow.keras.metrics import RootMeanSquaredError

from tensorflow.keras.optimizers import Adam

from sklearn.metrics import r2_score, mean_squared error, mean_absolute error
from sklearn.preprocessing import MinMaxScaler

import itertools

import time

import warnings

warnings.filterwarnings(‘ignore')

# Céc ham tién ich tir code gbc
defload and prepare data(file path):
df = pd.read csv(file path, encoding="'utf-8")
df['TimeStamp'] = pd.to_datetime(df['TimeStamp'], format='%d/%m/%Y %H:%M:%S',

errors='coerce')
df = df.reset_index(drop=True)

return df

def scale data(features, target):
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feature scaler = MinMaxScaler()

target scaler = MinMaxScaler()

scaled features = feature scaler.fit transform(features)

scaled target = target scaler.fit_transform(target.values.reshape(-1, 1))

return scaled features, scaled target, feature scaler, target scaler

defdf to X y multi var(X, y, window_size=60, forecast horizon=20):
X windows, y_windows =[], []
for 1 in range(len(X) - window_size - forecast_horizon + 1):
X windows.append(X[i:i+window_size])
y_windows.append(y[i+window_size:i+window_size+forecast horizon])

return np.array(X_windows), np.array(y _windows)

def calculate_metrics(y_true, y_pred):
"""Tinh cdc metrics danh gia"""

def mape(y_true, y pred):
y_true, y pred =np.array(y_true), np.array(y_pred)
nonzero_idx =y true !=0
if np.sum(nonzero_idx) == 0:

return np.nan

return np.mean(np.abs((y_true[nonzero idx] - y_pred[nonzero idx]) /
y_true[nonzero idx])) * 100

mae = mean_absolute error(y_true, y pred)
mse = mean_squared_error(y_true, y pred)
rmse = np.sqrt(mse)

mape_score = mape(y_true, y_pred)

r2_value =12 _score(y_true, y pred)
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return {
"MAE": mae,
"MSE": mse,
"RMSE": rmse,
"MAPE": mape_score,
"R2": 12 value

# Ham xdy dyng mo6 hinh CNN-LSTM véi tham s6 tiy chinh
defbuild cnn_Istm model flexible(window_size, n_features, forecast_horizon=1,
Istm_units=64, Istm_layers=1, dropout rate=0.2):

nmn

Xay dyng mo6 hinh CNN-LSTM véi thong s6 linh hoat

Args:
window_size: Kich thudc window dau vao
n_features: SO lugng features
forecast_horizon: S6 budc du bao
Istm_units: S units trong m&i LSTM layer
Istm_layers: SO luong LSTM layers
dropout rate: Ty 1¢ dropout

model = Sequential()

model.add(InputLayer((window_size, n_features)))

# CNN layers
model.add(Conv1D(filters=64, kernel size=3, activation="relu’, padding='same"))
model.add(Dropout(dropout rate))

model.add(Conv1D(filters=32, kernel size=2, activation="relu’, padding='same"))
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model.add(Dropout(dropout_rate))

# LSTM layers
for i in range(Istm_layers):
if i==Istm_layers - 1: # Last LSTM layer
model.add(LSTM(Istm_units))
else: # Intermediate LSTM layers
model.add(LSTM(Istm_units, return_sequences=True))

model.add(Dropout(dropout _rate + 0.1)) # Slightly higher dropout for LSTM

# Dense layers

model.add(Dense(32, activation="relu'))
model.add(Dropout(dropout_rate))
model.add(Dense(8, activation="relu'))

model.add(Dense(forecast _horizon, activation='linear"))

model.compile(
loss=MeanSquaredError(),
optimizer=Adam(learning_rate=0.001),
metrics=[RootMeanSquaredError()]

)

return model

def train_and evaluate model(X train, y train, X val,y val, X test,y test,

target scaler, window_size, n_features, forecast horizon,

Istm_units, Istm_layers, batch_size, max_epochs=30):

nmn

Huén luyén va danh gia mo hinh véi tham s6 cho truée
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Returns:
dict: Két qua danh gia va thong tin hudn luyén

print(f'Pang hudn luyén: LSTM units={Istm units}, LSTM layers={Istm layers},
Batch_size={batch size}")

# Xay dung mo hinh

model = build cnn_lstm model flexible(
window_size=window_size,
n_features=n_features,
forecast horizon=forecast horizon,
Istm_units=Istm_units,

Istm_layers=Istm_layers

# Callbacks
model name = f'model Istm{lstm units} layers{lstm layers} batch{batch size} keras'
cp = ModelCheckpoint(model name, save best only=True, verbose=0)

early stop = EarlyStopping(monitor='val loss', patience=5, restore best weights=True,
verbose=0)

# Huan luyén

start_time = time.time()

try:

history = model.fit(

X train, y_train,
validation _data=(X val, y val),
epochs=max_epochs,
batch_size=batch_size,

callbacks=[cp, early_stop],
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verbose=0 # Tt output dé giam spam

training_time = time.time() - start_time

# Tai mo hinh t6t nhat

best model = load model(model name)

# Du doan

pred test =best_model.predict(X_test, verbose=0)

# Xu ly shape cho multi-step prediction
if len(y_test.shape) == 3:
y_test 2d =y test.reshape(y_test.shape[0], y_test.shape[1])
else:
y test 2d =y test
if len(pred_test.shape) == 3:
pred test 2d = pred_test.reshape(pred_test.shape[0], pred_test.shape[1])
else:

pred test 2d =pred test

# Nghich chuan hoa
y_test original = target scaler.inverse transform(y test 2d)

pred test original = target scaler.inverse transform(pred test 2d)

# Tinh metrics cho budc diu tién

metrics = calculate_metrics(y_test_originall:, 0], pred_test original[:, 0])

# Lay thong tin tir history
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best_epoch = len(history.history['loss'])
final train loss = history.history['loss'][-1]
final val loss = history.history['val loss'][-1]

best val loss = min(history.history['val loss'])

result = {
'Istm_units': Istm_units,
'Istm_layers': Istm_layers,
'batch_size'": batch_size,
'training_time': training_time,
'best_epoch': best_epoch,
'final train_loss": final train_loss,
'final _val loss'": final val loss,
'best_val loss": best val loss,
'model path': model name,
'metrics': metrics,

'status': 'success'

# Cleanup
del model, best model

tf.keras.backend.clear session()

return result

except Exception as e:
print(f'Li khi huan luyén: {str(e)}")
return {

'Istm_units': Istm_units,
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'Istm_layers': Istm_layers,
'batch_size': batch size,
'status': 'failed’,

'error': str(e)

def grid search cnn Istm(X train, y train, X val,y val, X test,y test,
target scaler, window_size, n_features, forecast horizon):

nmn

Thuc hién Grid Search cho CNN-LSTM
# DPinh nghia grid search parameters
param_grid = {

'Istm_units': [32, 64, 128],

'Istm_layers': [1, 2, 3],

'batch_size'": [32, 64, 128]

print("=== BAT DAU GRID SEARCH CNN-LSTM ===")

print(f"Tong sd combinations: {len(param_grid['lstm_units'])

len(param_grid['lstm_layers']) * len(param_grid['batch_size'])}")

# Tao tat ca combinations

param_combinations = list(itertools.product(
param_grid['lstm_units'],
param_grid['lstm_layers'],
param_grid['batch_size']

)
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results =[]

for 1, (Istm_units, Istm_layers, batch size) in enumerate(param_combinations, 1):

print(f"\n--- Combination {i}/{len(param_combinations)} ---")

result = train_and evaluate model(
X train, y train, X val,y val, X test, y test,
target scaler, window_size, n_features, forecast_horizon,

Istm_units, Istm_layers, batch_size

results.append(result)

# In két qua ngay lap tic
if result['status'] == 'success":
metrics = result['metrics']
print(f"R? = {metrics['R2']:.4f}, RMSE = {metrics['/RMSE']:.4f}, "
f'"Time = {result['training_time']:.1f}s, Epochs = {result['best_epoch']}")
else:

print(f"FAILED: {result.get(‘error', '"Unknown error')}")

return results

def analyze results(results):

nmn

Phan tich va hién thi két qua grid search

nmn

# Loc cac két qua thanh cong

successful_results = [r for r in results if r['status'] == 'success']

Phu luc



if not successful results:
print("Khéng c6 két qua thanh cong nao!")

return None

print(f"\n=== PHAN TiCH KET QUA GRID SEARCH ===")

print(f'Sé lwong thanh cong: {len(successful results)}/{len(results)}")

# Tao DataFrame dé dé phan tich
df results = pd.DataFrame([
{
'LSTM_Units'": r['Istm_units'],
'LSTM_Layers'": r['lstm_layers'],
'Batch_Size': r['batch_size'],
'R2": r['metrics']['R2'"],
'RMSE': r['metrics']['/RMSE'],
'MAE'": r['metrics'[['MAE'],
'MAPE": r['metrics']['MAPE'],
"Training_Time'": r['training_time'],
'Best Epoch': r['best_epoch'],
'Best Val Loss": r['best val loss']
b

for r in successful_results

D

# Sép xép theo R2

df results = df results.sort values('R2', ascending=False)

print("\n===TOP 5 MO HINH TOT NHAT (theo R?) ===")
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print(df results.head().to_string(index=False, float format='%.4f"))

# Tim best model

best result = successful results[df results.index[0]]

print(f"\n===MO HINH TOT NHAT ===")
print(f"LSTM Units: {best result['lstm units']}")
print(f"LSTM Layers: {best result['lstm_layers']}")
print(f"Batch Size: {best result['batch_size']}")

print(f'R?: {best result['metrics']['R2"]:.4f}")
print(f"RMSE: {best result['metrics']['RMSE"]:.4f}")
print(f"MAE: {best result['metrics']['MAE']:.4f}")
print(f'MAPE: {best result['metrics'|['MAPE']:.2f}%")
print(f'Training Time: {best result['training_time']:.1{}s")

print(f'Best Epoch: {best result['best epoch']}")

# Phan tich theo ting tham sb

print(f"\n=== PHAN TiCH THEO THAM SO ===")

# Theo LSTM Units

print("\nTheo LSTM Units:")

Istm_units_analysis = df results.groupby('LSTM_Units').agg({
'R2": ['mean’, 'std', 'max'],
'RMSE': ['mean’, 'std', 'min'],
"Training_Time'": 'mean'’

}).round(4)

print(Istm_units_analysis)

# Theo LSTM Layers
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print("\nTheo LSTM Layers:")

Istm_layers analysis = df results.groupby('LSTM _Layers').agg({
'R2": ['mean’, 'std', 'max'],
'RMSE'": ['mean’, 'std', 'min'],
"Training_Time'": 'mean’

}).round(4)

print(Istm_layers analysis)

# Theo Batch Size

print("\nTheo Batch Size:")

batch size analysis = df results.groupby('Batch_Size').agg({
'R2'": ['mean’', 'std', 'max'],
'RMSE'": ['mean’, 'std', 'min'],
"Training_Time'": 'mean’

}).round(4)

print(batch_size analysis)

return df results, best result

def plot_grid search results(df results):

nmn

V& biéu dd phan tich két qua grid search
fig, axes = plt.subplots(2, 3, figsize=(18, 12))

fig.suptitle('Grid Search Results Analysis', fontsize=16, fontweight="bold')

# 1. R? theo LSTM Units
Istm_units 12 = df results.groupby('LSTM_Units')['R2'].agg(['mean’, 'std'])

axes[0,0].bar(Istm_units_r2.index, Istm_units r2['mean'],
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yerr=Istm_units_r2['std'], capsize=5, alpha=0.7, color="skyblue")
axes[0,0].set title('R? theo LSTM Units')
axes[0,0].set xlabel('LSTM Units')
axes[0,0].set_ylabel('R*')
axes[0,0].grid(True, alpha=0.3)

# 2. R? theo LSTM Layers
Istm_layers r2 = df results.groupby('LSTM_Layers')['R2'].agg(['mean’, 'std'])
axes[0,1].bar(Istm_layers r2.index, Istm layers r2['mean'],
yerr=Istm_layers r2['std'], capsize=5, alpha=0.7, color='lightgreen")
axes[0,1].set _title('R* theo LSTM Layers')
axes[0,1].set xlabel('LSTM Layers')
axes[0,1].set_ylabel('R*')
axes[0,1].grid(True, alpha=0.3)

# 3. R? theo Batch Size

batch size r2 = df results.groupby('Batch_Size')['R2'].agg(['mean’, 'std'])

axes[0,2].bar(batch_size r2.index, batch size r2['mean'],
yerr=batch_size r2['std'], capsize=5, alpha=0.7, color='salmon')

axes[0,2].set title('R? theo Batch Size'")

axes[0,2].set xlabel('Batch Size")

axes[0,2].set_ylabel('R*')

axes[0,2].grid(True, alpha=0.3)

# 4. RMSE theo LSTM Units

Istm_units_rmse = df results.groupby('LSTM_Units")['/RMSE'].agg(['mean’, 'std'])

axes[1,0].bar(Istm_units_rmse.index, Istm_units_rmse['mean'],
yerr=Istm_units_rmse['std'], capsize=5, alpha=0.7, color='orange')

axes[1,0].set_title('RMSE theo LSTM Units')

Phu luc 13



axes[1,0].set xlabel('LSTM Units')
axes[1,0].set ylabel('(RMSE')
axes[1,0].grid(True, alpha=0.3)

# 5. Training Time theo c4u hinh

df pivot =df results.pivot table(values="Training Time',
index='LSTM_ Layers',
columns='"LSTM_Units',
aggfunc="mean'")

im = axes[1,1].imshow(df pivot.values, cmap="Y1OrRd', aspect="auto')

axes[1,1].set_xticks(range(len(df pivot.columns)))

axes[1,1].set_yticks(range(len(df pivot.index)))

axes[1,1].set_xticklabels(df pivot.columns)

axes[1,1].set_yticklabels(df pivot.index)

axes[1,1].set xlabel('LSTM Units')

axes[1,1].set_ylabel('LSTM Layers')

axes[1,1].set title('Training Time Heatmap')

plt.colorbar(im, ax=axes[1,1])

# 6. Scatter plot R? vs Training Time
scatter = axes|1,2].scatter(df results['Training Time'], df results['R2'],
c=df results['LSTM_Units'], cmap='viridis', alpha=0.7, s=50)
axes[1,2].set_xlabel('Training Time (seconds)')
axes[1,2].set_ylabel('R*')
axes[1,2].set title('R? vs Training Time")
axes[1,2].grid(True, alpha=0.3)

plt.colorbar(scatter, ax=axes[ 1,2], label='LSTM Units')

plt.tight layout()
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return plt

# Ham chinh dé chay grid search
def main_grid search():

nmn

Ham chinh dé chay toan bo qua trinh grid search

# Thiét 1ap tham s6

WINDOW_SIZE = 60

FORECAST HORIZON =20

FILE PATH = 'D:/Download/solicul234.csv' # Thay d6i duong dan phi hop

print("=== CHUAN BI DU LIEU ===")

# Poc va chuan bi dit liéu

df =load and prepare data(FILE PATH)

# Téch dac trung va muyc tiéu
feature _cols = [col for col in df.columns if col not in ['TimeStamp']]
features = df[ feature cols]

target = df['Ti€u hao dién(KWh/T)']

# Chuén hoa dit liéu

scaled features, scaled_target, feature scaler, target scaler = scale data(features, target)

# Tao dir liéu window

X,y=df to X y multi var(scaled features, scaled target,
window_size=WINDOW _SIZE,
forecast_horizon=FORECAST_ HORIZON)
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# Chia tap dir licu

train_size = 35000

val size = 4500

X train, y train = X[:train_size], y[:train_size]

X wval,y val = X]train_size:train_size+val size], y[train_size:train size+val size]

X test, y test = X[train_size+val size:], y[train_size+val size:]

print(f"Kich thudéc dit ligu - Train: {X train.shape}, Val: {X val.shape}, Test:
{X test.shape}")

# Chay Grid Search
results = grid_search _cnn_lstm(
X train, y train, X val,y val, X test,y test,

target scaler, WINDOW _SIZE, X.shape[2], FORECAST HORIZON

# Phan tich két qua

df results, best result = analyze results(results)

if df results is not None:
# V& bieu do
plt_results = plot_grid search_results(df results)
plt results.savefig('grid search results analysis.png', dpi=300, bbox_inches='tight")

plt results.show()
# Luu két qua vao file
df results.to _csv('grid search results.csv', index=False)

print(f"\nD3 luu két qua vao 'grid_search_results.csv'")
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return df results, best result

return None, None

# Chay grid search

if name ==" main ":

df results, best result = main_grid search()

2. Chwong trinh du do4n cong suit dién tiéu thu

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

import tensorflow as tf

from tensorflow.keras.models import Sequential, load model

from tensorflow.keras.layers import InputLayer, LSTM, Dense, Conv1D, Dropout
from tensorflow.keras.callbacks import ModelCheckpoint, EarlyStopping
from tensorflow.keras.losses import MeanSquaredError

from tensorflow.keras.metrics import RootMeanSquaredError

from tensorflow.keras.optimizers import Adam

from sklearn.metrics import r2_score

from sklearn.preprocessing import MinMaxScaler

from sklearn.linear model import LinearRegression

# Thiét 1ap font Times New Roman cho tat ca cac do thi voi chir in ddm
plt.rcParams['font.family'] = 'Times New Roman'
plt.rcParams['font.size'] = 13

plt.rcParams['font.weight'] = 'bold'
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plt.rcParams['axes.labelweight'] = 'bold'
plt.rcParams['axes.titleweight'] = 'bold'
plt.rcParams['legend.fontsize'] = 13
plt.rcParams|['xtick.labelsize'] = 13

plt.rcParams|['ytick.labelsize'] = 13

# 1. Doc dit liéu va tién xur 1y
defload and prepare data(file path):
df =pd.read csv(file path, encoding="utf-8")

dff'TimeStamp'] = pd.to_datetime(df['TimeStamp'], format="%d/%m/%Y %H:%M:%S',

errors='coerce')
df = df.reset index(drop=True)

return df

#2. Chuan héa dit liéu
def scale data(features, target):
feature scaler = MinMaxScaler()
target scaler = MinMaxScaler()
scaled features = feature scaler.fit transform(features)
scaled target = target scaler.fit transform(target.values.reshape(-1, 1))

return scaled_features, scaled target, feature scaler, target scaler

# 3. Ham tao dir liéu window cho du bao chudi thoi gian
defdf to X y multi var(X, y, window_size=60, forecast horizon=20):
X _windows, y_windows =[], []
for 1 in range(len(X) - window_size - forecast_horizon + 1):
X windows.append(X[i:i+window_size])
y_windows.append(y[itwindow_size:i+window_size+forecast horizon])

return np.array(X_windows), np.array(y_windows)
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# 4. Xay dung m6 hinh CNN-LSTM véi Dropout
def build cnn_Istm model(window size, n_features, forecast horizon=1):
model = Sequential()
model.add(InputLayer((window_size, n_features)))
model.add(Conv1D(filters=64, kernel size=3, activation="relu', padding='same'))
model.add(Dropout(0.2))
model.add(Conv1D(filters=32, kernel size=2, activation="relu’, padding='same"))
model.add(Dropout(0.2))
model.add(LSTM(64))
model.add(Dropout(0.3))
model.add(Dense(32, activation="tanh"))
model.add(Dropout(0.2))
model.add(Dense(8, activation="tanh'))
model.add(Dense(forecast horizon, activation="tanh'))
model.compile(
loss=MeanSquaredError(),
optimizer=Adam(learning_rate=0.001),
metrics=[RootMeanSquaredError()]

)

return model

# 5. Ham tinh cac chi s6 danh gia
def calculate_metrics(y_true, y pred):
def mape(y_true, y _pred):
y_true, y _pred = np.array(y_true), np.array(y_pred)
nonzero_idx =y true !=0
if np.sum(nonzero_idx) == 0:

return np.nan
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return np.mean(np.abs((y_true[nonzero idx] - y_pred[nonzero idx]) /
y_true[nonzero idx])) * 100

mae = np.mean(np.abs(y_true - y_pred))
mse = np.mean((y_true -y _pred) ** 2)
rmse = np.sqrt(mse)
mape score = mape(y_true, y pred)
numerator = np.sum((y_true - y_pred) ** 2)
denominator = np.sum((y_true - np.mean(y_true)) ** 2)
rse = numerator / denominator
r2_value =12 _score(y_true, y pred)
return {

"MAE": mae,

"MSE": mse,

"RMSE": rmse,

"MAPE": mape score,

"RSE": rse,

"R2": 12 _value

# 6. Ham truc quan hoa két qua véi y-axis min/max theo 'Muc tieu thu dien'

def visualize results(actual, pred_cnnlstm, time labels, y_min, y_max, title="So sanh két qua
du bao"):

plt.figure(figsize=(12, 6))
plt.plot(time_labels, actual, 'o-', label='Gia tri thuc té', color="green’, linewidth=2)

plt.plot(time_labels, pred cnnlstm, '"*--', label='"Du bdo CNN-LSTM', color="red', alpha=0.7,
linewidth=2)

plt.title(title, fontsize=13, fontweight='bold', fontfamily="Times New Roman')

plt.xlabel("Thoi gian", fontsize=13, fontweight="bold', fontfamily="Times New Roman")
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plt.ylabel("Tiéu hao dién(KWh/T)", fontsize=13, fontweight="bold', fontfamily="Times New
Roman')

plt.xticks(rotation=45, fontsize=13, fontweight="bold', fontfamily="Times New Roman')
plt.yticks(fontsize=13, fontweight='bold', fontfamily='"Times New Roman')
plt.grid(True, alpha=0.3)

plt.legend(fontsize=13, prop={'family': 'Times New Roman', 'weight'": 'bold'})
plt.ylim([y min, y max])

plt.tight layout()

return plt

# 7. HAM VE BIEU PO HOI QUY

def plot_regression_stepl(actual values, predicted values, title="Biéu d6 hoi quy: Tiéu hao
dién du doan vs thyc té "):

nmn

V& biéu d6 hdi quy tuyén tinh

Parameters:

actual values: Gi4 tri thuc té (array)
predicted values: Gié tri dy doén (array)
title: Tiéu dé bicu do

nmn

plt.figure(figsize=(10, 8))

# V¢ scatter plot voi mau xanh duong
plt.scatter(predicted values, actual values, alpha=0.6, color="blue’, s=30,

edgecolors='darkblue', linewidth=0.5, label='Dix li¢u thuc t&")

# Tinh toan dudng hoi quy tuyén tinh

Ir = LinearRegression()
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predicted reshaped = predicted values.reshape(-1, 1)

Ir.fit(predicted reshaped, actual values)

# V& duong hdi quy mau do

x_range = np.linspace(predicted values.min(), predicted values.max(), 100)
y_pred line = Ir.predict(x_range.reshape(-1, 1))

plt.plot(x range, y pred line, color="red', linewidth=2,

label=Puong hoi quy: y = {Ir.coef [0]:.3f}x + {Ir.intercept :.3f}")

# Tinh toan trung tim dit liéu dé dudong y = x di qua giira
center x = (predicted values.min() + predicted values.max()) / 2

center y = (actual values.min() + actual values.max()) /2

# Tinh todn pham vi cho duong y = x dya trén trung tdm
data_range = max(predicted values.max() - predicted values.min(),
actual values.max() - actual_values.min())

half range = data_range * 0.6 # Mo rong mot chut dé duong line rd rang

# Vé duong y = x di qua trung tam dir licu
ideal x start = center x - half range
ideal x end = center x + half range
ideal y start = center y - half range

ideal y end = center y + half range

plt.plot([ideal x_start, ideal x end], [ideal y start, ideal y end],

'k--', alpha=0.7, linewidth=2, label='"Duong ly tuéng (y = x)")

# Tinh céc chi s6 danh gia

r2 =12 _score(actual values, predicted values)
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rmse = np.sqrt(np.mean((actual values - predicted values) ** 2))

mae = np.mean(np.abs(actual values - predicted values))

# Thém hop thong tin thong ké véi font Times New Roman in ddm

stats_text = fR? = {r2:4f}\nRMSE = {rmse:3f}\nMAE = {mae:.3f}\nS6 méiu =

{len(actual values)}'
plt.text(0.05, 0.95, stats_text, transform=plt.gca().transAxes, fontsize=13,
fontfamily="Times New Roman', fontweight="bold', verticalalignment="top',

bbox=dict(boxstyle="round', facecolor='"wheat', alpha=0.9))

# Thiét 1ap nhan va tiéu dé véi font Times New Roman in ddm

pltxlabel('Titu hao dién du doan (KWh/T)', fontsize=13, fontweight='bold',
fontfamily="Times New Roman')

plt.ylabel('Tiéu hao dién thuc té (KWH/T)', fontsize=13, fontweight="bold',

fontfamily="Times New Roman')
plt.title(title, fontsize=13, fontweight="bold', fontfamily="Times New Roman')
plt.legend(fontsize=13, prop={'family": 'Times New Roman', 'weight': 'bold'})
plt.grid(True, alpha=0.3)

# Thiét lap font cho tick labels
plt.xticks(fontsize=13, fontweight='bold', fontfamily="Times New Roman')

plt.yticks(fontsize=13, fontweight='bold', fontfamily='"Times New Roman')

# Thiét 1ap gidi han truc voi buffer nho

min_val = min(predicted values.min(), actual values.min())
max_val = max(predicted values.max(), actual values.max())
buffer = (max_val - min_val) * 0.02

plt.xlim(min_val - buffer, max_val + buffer)

plt.ylim(min_val - buffer, max_val + buffer)
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# Dam bao ty I¢ truc béng nhau

plt.gca().set_aspect('equal’, adjustable="box")

plt.tight layout()

return plt

# 8. Chuong trinh chinh

def main():
# Thiét 1ap tham sb
WINDOW _SIZE = 60
FORECAST HORIZON =20

FILE PATH = 'D:/Download/solieul234.csv'

# Poc va chuan bi dit liéu
print("Pang doc va chuén bj dit lidu...")

df =load and prepare data(FILE PATH)

# Téch dac trung va muyc tiéu
feature _cols = [col for col in df.columns if col not in ['TimeStamp']]
features = df[ feature cols]

target = df['Ti€u hao dién(KWh/T)']

# Xac dinh min, max ctia muyc tiéu dé dung cho y-axis
y_min = target.min()

y_max = target.max()

# Chuan héa dir liéu
print("Dang chuan hoéa dir licu...")

scaled_features, scaled_target, feature scaler, target scaler = scale data(features, target)
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# Tao dir liéu window

print("Pang tao dir liéu window cho du bdo...")

X,y=df to X y multi var(scaled features, scaled target,
window_size=WINDOW _SIZE,
forecast horizon=FORECAST HORIZON)

# Chia tap dir liéu

train_size = 35000

val size =4500

X train, y train = X[:train_size], y[:train_size]

X val,y val = X[train_size:train_size+tval size], y[train_size:train_size+val size]

X test,y test = X[train_size+val size:], y[train_size+val size:]

print(f'Kich thudc dir liéu - Train: {X train.shape}, Val: {X val.shape}, Test:
{X test.shape}")

# Xay dung va huin luyén mo hinh CNN-LSTM

print("nPang xdy dung va huin luyén moé hinh CNN-LSTM véi Dropout va
EarlyStopping...")

model cnnlstm = build cnn_Istm model( WINDOW_SIZE, X.shape[2],
FORECAST HORIZON)

cp_cnnlstm = ModelCheckpoint('model_cnnlstm.keras', save best only=True)
early stop = EarlyStopping(monitor='val loss', patience=10, restore best weights=True)
history cnnlstm = model cnnlstm.fit(

X train, y_train,

validation _data=(X val, y val),

epochs=50,

batch_size=32,

callbacks=[cp_cnnlstm, early stop],
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verbose=1

# Tai m6 hinh tét nhét
print("\nPang tai mo hinh tt nhat...")

best cnnlstm = load model('model cnnlstm.keras')

# Du doan trén tap test
print("DPang du bdo trén tap test...")

pred cnnlstm = best cnnlstm.predict(X_test)

# Pam bao y_test va pred_cnnlstm 1a 2 chiéu
if len(y_test.shape) == 3:

y_test 2d =y test.reshape(y_test.shape[0], y_test.shape[1])
else:

y test 2d =y test

if len(pred_cnnlstm.shape) == 3:

pred cnnlstm 2d = pred_cnnlstm.reshape(pred_cnnlstm.shape[0],

pred_cnnlstm.shape[1])
else:

pred cnnlstm 2d = pred cnnlstm

# Nghich chuan hoa cho multi-step (shape: [num_samples, 20])
y_test original = target scaler.inverse transform(y test 2d)

pred cnnlstm_original = target scaler.inverse transform(pred cnnlstm 2d)
# Danh gia mo hinh cho budc dau tién
print("\n== Chi s6 danh gia mé hinh CNN-LSTM ==")

metrics_cnnlstm = calculate_metrics(y_test original[:, 0], pred_cnnlstm_originall:, 0])
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for metric, value in metrics_cnnlstm.items():

print(f"CNN-LSTM - {metric}: {value}")

# In ra 20 gia tri dy doan du tién cho budc 1
print("\n20 gia tri du doan va thuc té cho budc du bao thir nhat (CNN-LSTM):")
for 1 in range(20):

print(f"CNN-LSTM - Sample {i+1}: Predicted = {pred cnnlstm original[i, 0]:.3f},
Actual = {y test originall[i, 0]:.3f}")

# Truc quan hoa két qua 50 mau dau tién cho bude du bao thir nhat
print("\nDang truc quan hoa két qua budc thi nhat...")

start_idx = WINDOW _SIZE + train_size + val_size

time_indices = [start_idx + i for i in range(50)] # Lay 50 mau dé tryc quan hoa

time labels = df]'TimeStamp'].iloc[time_indices].dt.strftime('%Y -%m-%d
%H:%M").to_list()

pltl = visualize results(
y_test original[:50, 0],
pred_cnnlstm_original[:50, 0],
time labels, y min, y max,
"So sanh két qua du b4do muc tiéu thu di¢n"
)
pltl.savefig('forecast comparison_cnnlstm_stepl.png')

pltl.show()

# VE BIEU PO HOI QUY
print("\nDang v& biéu dd hdi quy tuyén tinh...")
plt_regression = plot_regression_step1(
y_test original[:, 0],
pred_cnnlstm_originall:, 0],

"CNN-LSTM: Biéu dd hoi quy - Tiéu hao dién dy doan vs thuc té"
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)
plt regression.savefig('regression stepl cnnlstm.png', dpi=300, bbox_inches="tight")

plt regression.show()

# V& biéu d6 loss trong qué trinh huén luyén véi font Times New Roman in ddm
plt.figure(figsize=(6, 5))

plt.plot(history cnnlstm.history['loss'], label="Train', linewidth=2)
plt.plot(history cnnlstm.history['val loss'], label="Validation', linewidth=2)

plt.title(CNN-LSTM - Loss', fontsize=13, fontweight="bold', fontfamily="Times New

Roman')
plt.xlabel('"Epoch’, fontsize=13, fontweight="bold', fontfamily='"Times New Roman")
plt.ylabel('Loss', fontsize=13, fontweight="bold', fontfamily="Times New Roman")
plt.xticks(fontsize=13, fontweight='bold', fontfamily="Times New Roman'")
plt.yticks(fontsize=13, fontweight='bold', fontfamily="Times New Roman'")
plt.legend(fontsize=13, prop={'family': "Times New Roman', 'weight': 'bold'})
plt.grid(True, alpha=0.3)
plt.tight layout()
plt.savefig(‘training_loss_cnnlstm.png')

plt.show()

print("Qua trinh hoan tat!")
print("Cac file da dugc luu:")
print("- forecast_comparison_cnnlstm_stepl.png: So sanh du bao theo thoi gian")
print("- regression_stepl _cnnlstm.png: Biéu d6 hoi quy ")
print("- training_loss_cnnlstm.png: Biéu do loss huan luyén")
if name ==" main "

main()
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3. Chwong trinh tdi wu hoa dién ning tiéu thu
import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

import tensorflow as tf

from tensorflow.keras.models import Sequential, load model

from tensorflow.keras.layers import InputLayer, LSTM, Dense, Conv1D, Dropout

from tensorflow.keras.callbacks import ModelCheckpoint, EarlyStopping
from tensorflow.keras.losses import MeanSquaredError

from tensorflow.keras.metrics import RootMeanSquaredError

from tensorflow.keras.optimizers import Adam

from sklearn.metrics import r2_score

from sklearn.preprocessing import MinMaxScaler

from sklearn.linear model import LinearRegression

from scipy.stats import qmc

import warnings

warnings.filterwarnings(‘ignore')

# 1. Poc dir liéu va tién xir ly
defload and prepare data(file path):

"""Poc dit lidu tir file Excel va chuén bi

df =pd.read_excel(file path, engine='openpyxl')

# Doi tén cot theo md ta
column_mapping = {
df.columns[0]: 'TimeStamp', # Cot A
df.columns[1]: 'Toc_do_cap lieu', # Cot B - Tdc do cap liéu(T/h)

df.columns[8]: 'Toc_do_cap nuoc', # Cot I - Toc d6 cap nudc (m3/h)
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df.columns[10]: 'San_luong', # Cot K - San luong(T/h)
df.columns[11]: 'Tieu hao dien' # Cot L - Tiéu hao di¢n(KWh/T)

# Do tén cac cot quan trong
for old name, new name in column_mapping.items():
if old name in df.columns:

df = df.rename(columns={old name: new name})

# Chuyén d6i TimeStamp
df'TimeStamp'] = pd.to_datetime(df['TimeStamp'], errors='coerce')

df = df.dropna(subset=['TimeStamp']).reset_index(drop=True)

return df

#2. Chuan héa dit liéu
def scale data(features, target):
feature scaler = MinMaxScaler()
target scaler = MinMaxScaler()
scaled features = feature scaler.fit_transform(features)
scaled target = target scaler.fit transform(target.values.reshape(-1, 1))

return scaled features, scaled target, feature scaler, target scaler

# 3. Ham tao dit liéu window cho du bao chudi thoi gian
defdf to X y multi var(X,y, window_size=60, forecast _horizon=20):
X windows, y_windows =[], []
for 1 in range(len(X) - window_size - forecast_horizon + 1):
X_windows.append(X[i:i+window_size])

y_windows.append(y[i+window_size:i+window_size+forecast horizon])
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return np.array(X_windows), np.array(y_windows)

# 4. Xay dung m6 hinh CNN-LSTM véi Dropout
defbuild cnn_Istm model(window_size, n_features, forecast horizon=20):
model = Sequential()
model.add(InputLayer((window_size, n_features)))
model.add(Conv1D(filters=64, kernel size=3, activation="relu', padding='same'))
model.add(Dropout(0.2))
model.add(Conv1D(filters=32, kernel _size=2, activation="relu’, padding='same"))
model.add(Dropout(0.2))
model.add(LSTM(64))
model.add(Dropout(0.3))
model.add(Dense(32, activation="tanh"))
model.add(Dropout(0.2))
model.add(Dense(8, activation="tanh"))
model.add(Dense(forecast horizon, activation="tanh"))
model.compile(
loss=MeanSquaredError(),
optimizer=Adam(learning_rate=0.001),
metrics=[RootMeanSquaredError()]

)

return model

# 5. Ham tinh cac chi sb danh gia
def calculate_metrics(y_true, y pred):
def mape(y_true, y pred):
y_true, y _pred = np.array(y_true), np.array(y_pred)
nonzero idx =y true !=0

if np.sum(nonzero_idx) == 0:
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return np.nan

return np.mean(np.abs((y_true[nonzero idx] - y_pred[nonzero idx]) /

y_true[nonzero idx])) * 100

mae = np.mean(np.abs(y_true - y_pred))
mse = np.mean((y_true -y _pred) ** 2)
rmse = np.sqrt(mse)
mape_score = mape(y_true, y_pred)
numerator = np.sum((y_true - y_pred) ** 2)
denominator = np.sum((y_true - np.mean(y_true)) ** 2)
rse = numerator / denominator
r2_value =12 score(y_true,y pred)
return {

"MAE": mae,

"MSE": mse,

"RMSE": rmse,

"MAPE": mape_ score,

"RSE": rse,

"R2": 12 _value

# 6. Ham Latin Hypercube Sampling
def generate lhs samples(center toc_do cap lieu, center_toc_do_cap nuoc,
n_samples=100):

Tao cac mau LHS cho 2 thong s6

center toc _do cap lieu+5

center toc_do cap nuoc £0.2

sampler = gqmc.LatinHypercube(d=2, seed=42)
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samples = sampler.random(n=n_samples)

# Chuyén doi tir [0,1] sang pham vi mong mudn
toc_do_cap lieu range = [center toc do cap lieu - 5, center toc do cap lieu + 5]

toc_do_cap nuoc range = [center toc_do cap nuoc - 0.2, center toc_do cap nuoc + 0.2]

# Scale samples

samples[:, 0] = samples[:, 0] * (toc_do_cap lieu range[1] - toc_do cap lieu range[0]) +

toc_do_cap lieu range[0]

samples[:, 1] = samples[:, 1] * (toc_do_cap nuoc range[l] - toc_do cap nuoc_range[0]) +

toc_do_cap nuoc_range[0]

return samples

# 7. Ham t6i wu héa bang LHS cho mdt mau
def optimize single sample(model, test sample, feature scaler, target scaler,
original toc do cap lieu, original toc do cap nuoc,
san_luong, feature cols, df features):
"""T6i ru hoa cho mot mau duy nhat"""
# Tao cac mau LHS

lhs samples = generate lhs samples(original toc do cap lieu, original toc do cap nuoc,
100)

best tieu hao = float('inf")

best params = None

for new _toc _do cap lieu, new toc do cap nuoc in lhs_samples:
# Kiém tra diéu kién: san lugng < toc do cap li¢u
if san_luong >=new _toc do cap lieu:

continue
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# Tao sample md&i véi cac thong so6 to1 uu

new_ sample = test sample.copy()

# Tim index cua cac cot can thay doi
toc do cap lieu idx = feature cols.index('Toc do cap lieu')

toc _do cap nuoc idx = feature cols.index('Toc do cap nuoc')

# Cap nhat gia tri méi (chi cap nhat diém cudi cing ctua window)

new_sample[-1, toc_do_cap_lieu idx] = (new_toc_do cap lieu -
df features['Toc_do cap_lieu'].min()) / (df features['Toc_do cap lieu']l.max() -
df features['Toc_do cap lieu'].min())

new_sample[-1, toc_do_cap nuoc_idx] = (new_toc _do cap nuoc -

df features['Toc_do cap nuoc'].min()) / (df features['Toc_do_cap nuoc'].max()

df features['Toc_do cap nuoc'].min())

# Du doan v61 sample méi

pred scaled = model.predict(new_sample.reshape(1, new_sample.shape[0],

new_sample.shape[1]), verbose=0)

pred_original = target scaler.inverse transform(pred_scaled.reshape(-1, 1)).flatten()

# Lay gia tri du doan cho budc dau tién

predicted tieu hao = pred_original[0]
# Cap nhat két qua t6t nhat
if predicted tieu hao <best tieu hao:
best tieu hao = predicted tieu hao
best params = (new_toc _do cap lieu, new toc do cap nuoc)

return best_params, best_tieu_hao
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# 8. Ham ti vu héa bang LHS cho nhiéu mau

def optimize with lhs multiple(model, X test, df, train_size, WINDOW _SIZE,

feature scaler, target scaler, feature cols, df features, n_samples=10):

"""To61 vu hda cho nhi€u mau test"""

print(f"\n==BAT PAU TOI UU HOA {n_samples} MAU BANG LHS ===")

optimization_results =[]

for i in range(min(n_samples, len(X _test))):

print(f"\nTdi wu hoa mau {i+1}/{n_samples}...")

test_sample = X_test[i]

original idx = train_size +1+ WINDOW _SIZE

if original idx >= len(df):

continue
original data = df.iloc[original idx]
original toc do_cap_lieu = original data['Toc do cap_lieu']
original toc do cap nuoc = original data['Toc_do cap nuoc']
san_luong = original data['San_luong']

original tieu hao = original data['Tieu hao dien']

# Dy doan ban dau (khong tdi uu)

pred original scaled = model.predict(test sample.reshape(l, test sample.shape[0],

test sample.shape[1]), verbose=0)

pred original value = target scaler.inverse transform(pred original scaled.reshape(-1,

1)).flatten()[0]
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# Thyc hién t6i wu héa

best params, best tieu hao = optimize single sample(
model, test sample, feature scaler, target scaler,
original toc do cap lieu, original toc do cap nuoc,

san_luong, feature cols, df features

if best_params is not None:
improvement = original tieu hao - best_tieu hao

improvement percent = (improvement / original tieu hao) * 100

result = {
'sample idx":1+1,
'timestamp': original data['TimeStamp'],
'original toc_do_cap lieu': original toc do cap lieu,
'original toc_do_cap nuoc': original toc do cap nuoc,
'optimized _toc_do_cap lieu': best_params[0],
'optimized _toc_do _cap nuoc': best_params[1],
'san_luong": san_luong,
'actual tieu hao': original tieu hao,
'predicted original’: pred original value,
'predicted _optimized': best tieu hao,
'improvement': improvement,

'improvement percent': improvement percent

optimization_results.append(result)
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print(f" - Tiéu hao thuc té: {original tieu hao:.3f} KWh/T")
print(f' - Du doan ban dau: {pred original value:.3f} KWh/T")
print(f' - Du doan t6i wu: {best tieu hao:.3f} KWh/T")

print(f" - Cai thién: {improvement:.3f} KWh/T ({improvement percent:.2f}%)")

return optimization_results

#9. Ham truc quan hoa két qua tdi wu hoa cho nhiéu miu
def visualize optimization comparison(optimization_results):

nmn

"""Truc quan hda so sanh két qua toi uvu hoéa cho nhiéu mau

if not optimization_ results:
print("Khong c6 dir liéu dé tryc quan hoa!")

return

results_df = pd.DataFrame(optimization_results)

# Tao figure voi nhidu subplot

fig = plt.figure(figsize=(20, 15))

# Subplot 1: So sanh tiéu hao dién trudc va sau t6i wu (Bar chart)
ax1 = plt.subplot(2, 3, 1)

x_pos = np.arange(len(results_df))

width =0.35

bars] = ax1.bar(x_pos - width/2, results_df['actual tieu hao'], width,
label="Thuc t&', color="lightcoral', alpha=0.8)
bars2 = ax1.bar(x_pos + width/2, results_df['predicted optimized'], width,

label="Téi wu', color="lightblue', alpha=0.8)
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axl.set_xlabel('Mau sd")

axl.set ylabel("Ti€u hao di¢n (KWh/T)")

ax1.set_title('So sanh tiéu hao dién: Thuc té véi Tbi uu')
axl.set xticks(x_pos)

axl.set xticklabels([fM{i+1}' for i in range(len(results_df))])
axl.legend()

ax1.grid(True, alpha=0.3)

# Thém gia tri lén bar
for 1, (barl, bar2) in enumerate(zip(bars1, bars2)):
heightl = barl.get height()
height2 = bar2.get height()
axl.text(barl.get x() + barl.get width()/2., heightl,
f'{height1:.2f}', ha='center', va='bottom', fontsize=8)
axl.text(bar2.get x() + bar2.get width()/2., height2,

f'{height2:.2f}', ha='center', va='bottom', fontsize=8)

# Subplot 2: Buong xu hudng tiéu hao dién
ax2 = plt.subplot(2, 3, 2)
ax2.plot(range(1, len(results_df)+1), results df'actual tieu hao'],
'o-', color="red', linewidth=2, markersize=8, label='"Thuc té‘)
ax2.plot(range(1, len(results_df)+1), results_df'predicted optimized'],

's-', color="blue', linewidth=2, markersize=8, label="T4i uu')

ax2.set_xlabel('Mau s6')
ax2.set_ylabel('Tiéu hao dién (KWh/T)")
ax2.set_title("Xu huong ti€u hao dién')

ax2.legend()
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ax2.grid(True, alpha=0.3)

# Subplot 3: Muc cdi thién (%)

ax3 = plt.subplot(2, 3, 3)

colors = ['green' if x > 0 else 'red' for x in results_df['improvement percent']]
bars3 = ax3.bar(range(1, len(results_df)+1), results df['improvement percent'],

color=colors, alpha=0.7)

ax3.set_xlabel('Mau sd")

ax3.set_ylabel('Cai thién (%)")

ax3.set_title('Murc d6 cai thién (%)")

ax3.axhline(y=0, color="black’, linestyle="-', alpha=0.3)
ax3.grid(True, alpha=0.3)

# Thém gia tri lén bar
for 1, bar in enumerate(bars3):
height = bar.get_height()
ax3.text(bar.get x() + bar.get width()/2., height,

f'{height:.1f}%', ha='center', va='bottom' if height > 0 else 'top', fontsize=8)

# Subplot 6: Thng ké tong quan
ax4 = plt.subplot(2, 3, 4)
ax4.axis('off")

# Tinh toan thong ké

total samples = len(results_df)

avg_improvement = results_df['improvement_percent'].mean()
max_improvement = results df['improvement percent'].max()

min_improvement = results_df['improvement percent'].min()
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positive_improvements = (results_df['improvement percent'] > 0).sum()

stats_text = """

THONG KE TONG QUAN

S6 mau téi wu: {total samples}

Cai thién trung binh: {avg improvement:.2f}%
Cai thién tot nhat: {max_improvement:.2f}%
Cai thién thip nhat: {min_improvement:.2f}%

S6 méu cai thién: {positive improvements}/{total samples}

Ti€u hao dién trung binh:
« Trude tbi vu: {results df['actual tieu hao'].mean():.3f} KWh/T
« Sau tdi wu: {results_df['predicted optimized'].mean():.3f} KWh/T

. Tiét ki€ém: {(results_df['actual tieu hao'].mean() -
results df['predicted optimized'].mean()):.3f} KWh/T

nmn

ax4.text(0.1, 0.9, stats_text, transform=ax4.transAxes, fontsize=12,

verticalalignment="top', bbox=dict(boxstyle="round', facecolor='lightgray', alpha=0.8))
plt.tight layout()
plt.savefig(‘optimization_comparison_results.png', dpi=300, bbox_inches="tight")
plt.show()

return results_df

# 10. Chuong trinh chinh
def main():
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# Thiét 1ap tham s6

WINDOW _SIZE = 60

FORECAST HORIZON =20

FILE_PATH = 'D:/Downloads/solieul234 xIsx' # Ddi sang .xlsx

N_OPTIMIZATION SAMPLES =10 # S6 mau dé t6i uu hoa

print("=== CHUONG TRINH TOI UU HOA TIEU HAO PIEN BANG LHS (PHIEN BAN
CAI TIEN) ===\n")

# Poc va chuan bi dit liéu
print("1. Pang doc va chuan bi dit liéu...")

df =load_and prepare data(FILE PATH)

# Kiém tra cac cOt can thiét

required cols = ['TimeStamp', 'Toc do cap lieu', 'Toc do cap nuoc', 'San luong',

'Tieu_hao dien']
for col in required cols:
if col not in df.columns:

print(f'Canh bao: Khong tim thdy cot {col}")

print(f"Dit li¢u c6 {len(df)} dong va {len(df.columns)} cot")

print(f'Céc cot chinh: {required cols}")

# Tach dac trung va muc tiéu
feature cols = [col for col in df.columns if col not in ["TimeStamp']]
features = dfffeature cols]

target = df['Tieu_hao_dien']

# Chuén hoa dit liéu

print("\n2. Pang chuan hoéa dit lidu...")
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scaled features, scaled target, feature scaler, target scaler = scale data(features, target)

# Tao dir liéu window

print("3. Pang tao dit li¢u window cho du bdo...")

X,y=df to X y multi var(scaled features, scaled target,
window_size=WINDOW _SIZE,
forecast horizon=FORECAST HORIZON)

# Chia tap dir liéu (80% train, 20% test)
train_size = int(len(X) * 0.8)
X train, y train = X[:train_size], y[:train_size]

X test, y test = X[train_size:], y[train_size:]

print(f'Kich thudc dir li¢u - Train: {X train.shape}, Test: {X test.shape}")

# Xay dung va huan luyén mo hinh CNN-LSTM
print("\n4. Pang x4y dung va huin luyén mé hinh CNN-LSTM....")
model = build cnn_lstm model( WINDOW _SIZE, X.shape[2], FORECAST HORIZON)

# Callbacks
cp = ModelCheckpoint('model lhs optimization.keras', save best only=True)

early stop = EarlyStopping(monitor='val loss', patience=10, restore best weights=True)

# Split train thanh train va validation
val size = int(len(X train) * 0.2)
X val,y val =X train[-val size:], y train[-val size:]

X train, y train = X train[:-val_size], y train[:-val_size]

history = model.fit(
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X train, y_train,

validation data=(X wval, y val),
epochs=30,

batch_size=32,

callbacks=[cp, early stop],

verbose=1

# Tai m6 hinh t6t nhat
print("\n5. Pang tai mé hinh t6t nhat...")

best model = load _model('model lhs optimization.keras')

# Dy doan trén tap test dé danh gia
print("6. Dang danh gid md hinh trén tap test...")

pred test =best_model.predict(X_test)

# Nghich chuan hoa
if len(y_test.shape) == 3:
y_test 2d =y test.reshape(y_test.shape[0], y_test.shape[1])
else:
y test 2d =y test
if len(pred_test.shape) == 3:
pred test 2d = pred_test.reshape(pred _test.shape[0], pred_test.shape[1])
else:

pred test 2d = pred test

y_test original = target scaler.inverse transform(y test 2d)

pred test original = target scaler.inverse transform(pred test 2d)
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# Panh gid mo6 hinh

print("\n===DANH GIA MO HINH CNN-LSTM ===")

metrics = calculate metrics(y_test original[:, 0], pred test original[:, 0])
for metric, value in metrics.items():

print(f" {metric}: {value:.6f}")

# In ra 10 gia tri so sanh thuc té va du doan
print("\n=== 10 GIA TRI SO SANH THUC TE VA DU POAN (BUOC PAU TIEN) ===")
for i in range(10):

print(f'Mau  {i+1:2d}: Thuc t& = {y test original[i, 0]:8.3f}, Dy doan =
{pred_test original[i, 0]:8.3f}, Sai sb = {abs(y test original[i, 0] - pred test original[i,
0]):8.3f}")

# Thuc hién ti wu hoa cho nhiéu miu
print(f"\n7. Bat dau tdi vu hoa {N_OPTIMIZATION SAMPLES} miu bang LHS...")
optimization_results = optimize with_lhs_multiple(

best model, X test, df, train_size, WINDOW _SIZE,

feature scaler, target scaler, feature cols, features,

n_samples=N_OPTIMIZATION SAMPLES

if optimization_results:

print(f"\n=== KET QUA TOI UU HOA CHO {len(optimization results)} MAU ===")

# In két qua chi tiét

for 1, result in enumerate(optimization_results):
print(f"\nMau {result['sample idx']}:")
print(f* « Thoi gian: {result['timestamp']}")

print(f' ¢ San luong: {result['san_luong']:.3f} T/h")
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print(f" « Téc d0 cap lidu: {result['original toc do cap lieu]:.3f} —
{result['optimized toc do cap lieu']:.3f} T/h")

print(f" « Téc d6 cip nudc: {result['original toc do cap nuoc']:.3f} —

{result['optimized toc do cap nuoc']:.3f} m3/h")
print(f" « Tiéu hao dién thuc té: {result['actual tieu hao']:.3f} KWh/T")
print(f' * Du doan ban dau: {result['predicted original']:.3f} KWh/T")
print(f' * Du doan t6i wu: {result['predicted optimized']:.3f} KWh/T")

print(f" . Cai thién: {result['improvement']:.3f} KWh/T
({result['improvement_percent']:.2f}%)")

# Tinh toan thong ké tong quan

results df = pd.DataFrame(optimization results)

print(f"\n=== THONG KE TONG QUAN ===")

print(f'S6 mau duoc tdi wu hoa: {len(results df)}")

print(f'Cai thién trung binh: {results_df['improvement percent'].mean():.2f}%")
print(f'Cai thién tot nhat: {results_df['improvement percent'].max():.2f}%")
print(f'Cai thién thap nhat: {results df['improvement_percent'].min():.2f}%")

print(f'S6 mau 6 cai thién duong: {(results df['improvement percent'] >
0).sum()}/{len(results_df)}")

print(f'Tiét kiém dién trung binh: {results_df['improvement'].mean():.3f} KWh/T")

# Tryc quan hoa két qua
print("\n8. Pang tao biéu do so sanh trudc va sau tdi uu hoa...")

final results df = visualize optimization comparison(optimization results)

else:

print("Khong c6 két qua t6i uru hoa ndo dugc tao ral")

print("\n=== HOAN THANH TOI UU HOA ===")

print("Céc file da dugc luu:")
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print("- model lhs optimization.keras: M6 hinh CNN-LSTM d4 huan luyén")
print("- optimization comparison_results.png: Biéu d6 so sanh két qua t6i uvu hoa')

if name ==" main "
main()

4. Két qua chay Gird Search dé tim tham s6 cho LSTM

=== GRID SEARCH CNN-LSTM OPTIMIZATION ===
Thoi gian bat dau: 2025-05-03 13:04:28

Tham sd tim kiém: {'Istm_units": [32, 64, 128], 'Istm_layers": [1, 2, 3], 'batch_size": [32, 64,
128]}

Téng s6 to hop: 27

Pang doc va chuan bi di liéu...

Pang chudn hoéa dit liéu...

Pang tao dir liéu window cho du béo...

Kich thudc dir li¢u - Train: (35000, 60, 11), Val: (4500, 60, 11), Test: (5059, 60, 11)
BAT DAU GRID SEARCH

Bit dau Grid Search véi 27 t6 hop tham sb...

T6 hop 1/27: Istm_units=32, Istm_layers=1, batch_size=32

R2 Score: 0.937956

##% MO HINH TOT NHAT MOI! R2 = 0.937956 ***

T6 hop 2/27: Istm_units=32, Istm_layers=1, batch_size=64
R2 Score: 0.956973
#+% MO HINH TOT NHAT MOI! R2 = 0.956973 ***

T4 hop 3/27: Istm_units=32, Istm_layers=1, batch_size=128
R2 Score: 0.952597
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T6 hop 4/27: Istm_units=32, Istm_layers=2, batch_size=32
R2 Score: 0.937189

T hop 5/27: Istm_units=32, Istm_layers=2, batch_size=64
R2 Score: 0.956151

T6 hop 6/27: Istm_units=32, Istm_layers=2, batch_size=128
R2 Score: 0.921324

T6 hop 7/27: Istm_units=32, Istm_layers=3, batch_size=32
R2 Score: 0.943346

T6 hop 8/27: Istm_units=32, Istm_layers=3, batch_size=64
R2 Score: 0.955418

T6 hop 9/27: Istm_units=32, Istm_layers=3, batch_size=128
R2 Score: 0.923204

T6 hop 10/27: Istm_units=64, Istm_layers=1, batch_size=32
R2 Score: 0.974099
##x MO HINH TOT NHAT MOI! R2 = 0.974099 ***

T6 hop 11/27: Istm_units=64, Istm_layers=1, batch_size=64
R2 Score: 0.957098

T hop 12/27: Istm_units=64, Istm_layers=1, batch_size=128
R2 Score: 0.943086

T6 hop 13/27: Istm_units=64, Istm_layers=2, batch_size=32
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R2 Score: 0.964460

T6 hop 14/27: Istm_units=64, Istm_layers=2, batch_size=64
R2 Score: 0.949370

T6 hop 15/27: Istm_units=64, Istm_layers=2, batch_size=128
R2 Score: 0.915198

T6 hop 16/27: Istm_units=64, Istm_layers=3, batch_size=32
R2 Score: 0.935000

T6 hop 17/27: Istm_units=64, Istm_layers=3, batch_size=64
R2 Score: 0.951271

T6 hop 18/27: Istm_units=64, Istm_layers=3, batch_size=128
R2 Score: 0.928408

T6 hop 19/27: Istm_units=128, Istm_layers=1, batch_size=32
R2 Score: 0.899152

T6 hop 20/27: Istm_units=128, Istm_layers=1, batch_size=64
R2 Score: 0.943836

T6 hop 21/27: Istm_units=128, Istm_layers=1, batch_size=128
R2 Score: 0.909145

T6 hop 22/27: Istm_units=128, Istm_layers=2, batch_size=32
R2 Score: 0.963803
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T6 hop 23/27: Istm_units=128, Istm_layers=2, batch_size=64
R2 Score: 0.943623

T hop 24/27: Istm_units=128, Istm_layers=2, batch_size=128
R2 Score: 0.940233

T6 hop 25/27: Istm_units=128, Istm_layers=3, batch_size=32
R2 Score: 0.944837

T hop 26/27: Istm_units=128, Istm_layers=3, batch_size=64
R2 Score: 0.953956

T6 hop 27/27: Istm_units=128, Istm_layers=3, batch_size=128
R2 Score: 0.922759

KET QUA GRID SEARCH
Tham s6 t6i vu: {'Istm_units": 64, 'Istm_layers': 1, 'batch_size': 32}
R2 Score t6t nhat: 0.97

Hoan thanh! Thoi gian két thic: 2025-06-03 19:33:55
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