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TOM TAT

Trong vai nam gan day, su phat trién va (ing dung rong rdi ctia cac bién phap tiét kiém nang luong két
hap véi chuyén ddi ki thuat s6 da gia tang dang ké trén toan cau. Trong s6 cac cdng nghé ki thuat s6, mo
hinh song sinh s6 (Digital Twins - DT) dugc xem la mot gidi phdp tiém nang trong linh vuc ndng lugng.
Nghién ctiu nay tap trung vao viéc kham pha va tng dung cng nghé DT dé quan Iy mic tiéu thu nang luong
clia phu tai dién trong thai gian thuc. Qua nghién ciiu, chiing toi da trién khai thanh cdng mé hinh DT vao
quan Iy va gidm sdt nang lugng ctia phu tai dién trong cac nha kinh ndng nghiép. M6 hinh DT khong chi
gilip cac nha quan 1y lya chon phuong phap quan Iy hiéu qua nhat ma con ho trg kiém soat miic tiéu thu
nang lugng cia phu tdi mot cach hiéu qua.

Tirkhod: Song sinh sG; tiéu thu ndng lugng; qudn ly ndng lugng; phu tdi dién; trang trai nha kinh.

ABSTRACT

During the last few years, the development and widespread application of energy-saving measures
combined with digital transformation have increased significantly worldwide. Among digital
technologies, the Digital Twins (DT) model is considered a potential solution in the energy sector. This
study focuses on exploring and applying DT technology to manage real-time energy consumption of
electrical loads. Through the research, we successfully implemented a DT model for managing and
monitoring energy consumption in greenhouse agricultural electrical loads. The DT model not only helps
managers choose the most effective management methods but also supports efficient control of energy
consumption in electrical loads.

Keywords: Digital twin; energy consumption; energy management; electrical loads; greenhouse farming.
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1. GIGI THIEU

Trong nhiing nam gan day,
cong nghé théng tin (CNTT) va
céng nghé ky thuat s6 dugc tng
dung vao linh vuc nang lugng ngay
cang gia tang trong dé cé cong
nghé DT. M6 hinh DT la ban sao do
cla hé thong vat ly, giup phan anh
hoat déng ctia thuc thé vat ly va hé
trg cho ngudi van hanh dua ra
quyét dinh. Céng nghé nay hua
hen mang lai nhiéu tiém nang
trong tuong lai, dugc xem la mét
trong nhiing giai phap cong nghé
chti chét trong linh vuc nang lugng
[1]. Khéi niém DT lan dau tién duoc
NASA dinh nghia vao nam 2010
nhu mét moé phéng tich hgp da vat
ly, da quy mé clla mét phuong tién
hodc hé théng, phan anh thuc té
thong qua mo hinh ky thuat sé [2].
Mot sé nha nghién ctu da phat
trién mo hinh DT vao linh vuc giam
sat nang lugng nhu QLNL nang
lugng cho tda nha cao tang [3].
Gidm sat nang lugng trén day
chuyén san xuat, phat hién su khéc
biét gitta d{ liéu thdi gian thuc va
song sinh s6 [4].

Nghién ctu nay tap trung vao
viéc tim hiéu cdng nghé DT va lng
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dung ctia cdng nghé trong linh vuc nang lugng. Dua trén
ki€n trdc téng quat cia mé hinh DT, cac tac gia xay dung
m& hinh DT cho viéc gidm sat, quan ly ndng lugng (QLNL)
tiéu thu cla mot trang trai néng nghiép théng minh. Giao
thic két néi truyén théng dugc phat trién thong qua
phan mém WinCC két hop véi S7-PLCSIM Advanced va
STEP 7 TIA Portal trén giao thic OPC UA (Open Platform
Communications Unified Architecture) giup mé phong
ao su hoat dong ctia hé théng. Viéc ting dung mé hinh do
trong giam sat va QLNL cho céc phu tai dién giup ngudai
van hanh cé thé thuc hién gidm sat muc tiéu thu ning
lugng Mot cach thuan Igi, ddong thoi nang cao dé tin cay
va an toan c@ia hé théng. Nhiing dong gép chinh cua
nghién cuu:

- Tim hiéu vé céng nghé céng nghé DT.

- Xay dung cau hinh DT vao giam sat nang luong phu
tai dién.

- Xay dung giao tiép trén co s& phan mém WinCC két
hop véi bod kha 1ap trinh diéu khién PLC (Programmable
Logic Controller) trén TIA Portal thong qua giao thic OPC
UA.

- Nghién cttu tng dung DT vao QLNL phu tai dién cho
mo hinh trang trai nbng nghiép nha kinh.

2. KIEN TRUC SONG SINH SO TRONG GIAM SAT NANG
LUQONG PHU TAI DIEN

mdi khia canh déng vai trd quan trong trong viéc tai tao
hoat déng ctia mé hinh vat ly trong khéng gian ao. Kién
trdc DT hé théng gidm sat va QLNL cho phu tai dién nhu
trong hinh 1. M6 hinh DT bao gom ba I6p chinh: a) cau
hinh I6p vat ly lugi dién ha dp va cac phu tai tiéu thu dién,
b) mé hinh o, ¢) Lién két dit liéu hai chiéu gilta ban sao
vat ly va ky thuat s6. Hai I6p nlta gan day da dugc thém
vao dé tao thanh cac I6p DT nam chiéu [5]. Hai I16p dugc
thém vao la d(r liéu va dich vu.
2.1.Kién tric vatly

M6t mé hinh DT lan dau tién dugc thiét 1ap dua trén
cdu hinh thuc té cta hé thong ludi dién vat ly va cac phu
tai dién. Cau hinh hé théng bao gém cac phu tai dién
(déng co, chiéu sang, hé théng sudi, tram sac xe dién,...),
ngudn phat dién, hé théng day dan két n6i nguén dién
vGi cac phu tai va cac thiét bi dién khac. Ngoai ra, hé
thdng nay bao gém cac hé théng giam sat va diéu khién
nhu bd diéu khién PLC, md dun xu ly dir liéu, cdm bién va
thiét bi IEDs dé doc thong sé clia phu tai nhu (U (V), I(A),
T(°C),...) theo thdi gian thuc.
2.2. M6 hinh do

Mé hinh 4o la ban sao cta thuc thé vat ly. Dua trén mo
hinh o, ky thuat vién theo doi sy hoat ddng cua lugi dién
va phu tai dién & cac trang thai lam viéc theo thoi gian
thuc. Cau hinh lugi dién, cac théng sé vat ly ctia hé thong

dién va phu tai dién vat ly hoat déng

song song va gui dit liéu cho mo hinh

gL ao.Duatrén cac b6 di Ii(?u nhan duac,

HO- tyénthong . NQUGT van hanh c6 thé gidam sat va

v o " quan ly nang lugng phu tai tiéu thu

I Lol Bl tp Py 880 . a AL ~ 5

\\D-".‘ Bon vi do hwomg - truyén théng Nhaﬂd.an%v.é __Giaotht'rctru ¢n thon; dl:f.'h. M.O hmh, o du’(_)’IC mOA ph?ng
phin logi d ligu yen fong bang WinCC né cho phép mo phong

Mo hinh Do ludng, thu >> Xuly > Truyén thong 1 va du bao mtc tiéu thu nang lugng

vitly thip dit liéu dir ligu dir liéu %’Wf clia phu tai dién dua trén dir liéu doc

‘% 4 tUr cdc cdm bién va thiét bi IEDs. Ngoai
_ ra, dua trén mod hinh DT c6 thé thuc

@I Ungd“"g Mohmh < Ftl;lh(?r?gi(:)l < Mb phong do W hién cac thuat toan t8i uu cho thuc

O(%’d Ulc tinh trang thdi

Ty P T—
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Phat hién bit thudmg

Hinh 1. Cau triic mo hinh DT hé théng giam sat va QLNL phu tai dién

théng s6

Nhin chung, viéc ting dung DT trong QLNL c6 thé
mang lai nhiing hi€u biét vé mé hinh tiéu thu nang lugng
va xac dinh cac co héi tiét kiém nang lugng. Cac thanh
phan chinh ctia mo6 hinh DT bao gém nhiéu khia canh,
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Tu dong
_ Bleuchmh L(’H )0}

thé vat ly. Sau khi phat trién cac thuat
toan diéu chinh tham sé kép ky thuat
s8, DT c6 thé xay dung trén dam may,
hé théng bién hoac vat ly bang cach
st dung WinCC.
2.3. Co' s& ha tang két néi dir liéu
LGp két noi thiét lap lién két truyén théng hai chiéu
gitra mé hinh 3o va thuc thé vat ly ctia lugi dién va phu tai
dién. D(rliéu nang lugng dugc thu thap tur cac IEDs va cac
cam bién tai hién trudng thong qua céc giao thic truyén

_ Giao thire
" truyén thong
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thong nhu IEC 61850, OPC UA, Modbus va Ethernet. Cac
thong sé nang lugng dugc ghi nhan qua déng ho thong
minh cé két néi mang RS 485 vai PLC S7 1200 thong qua
mo dun CM1241. Hinh 2 minh hoa méi quan hé truyén dir
liu hai chiéu gilta hé thong vat ly va moé hinh ky thuat sé.

Cac giao thuc nay giup cac thanh phan trong hé théng
do ludng tich hgp va hoat ddng mugt ma véi nhau. Giao
tiép hai chiéu gita I6p x ly dir liéu va 16p do cho phép
khéng gian do tuong tac vai Iop vat ly. Hé théng trao ddi
dir liéu hai chiéu gitra thuc thé vat ly véi mé hinh do can
phai dam bao dé tin cdy, an toan thong tin va hiéu suat cao.

Ngubn dign  Tram bién 3p
phan phoi Phy tai dién

Lw&i dién ha ap
Nong nghiép
nha kinh

Dir ligu phuy tai dién

OPC UA
# TIA PORTAL

Hinh 2. M6 hinh truyén diliéu
2.4, Giam sat va thu thap dit liéu

L&p dit liéu quan ly thong tin At liéu cda phu tai dién
bao gébm cac théng sé nang lugng cling nhu cac théng sé
moéi trudng dugc thu thap théng qua cac cdm bién. Dir
liéu nay dugc thu thap trong céc diéu kién van hanh khac
nhau va bao gom ca d liéu lich s va di liéu thoi gian
thuc. Théng qua két néi loT, dir liéu tir cac cdm bién va
thiét bi dién t&r théng minh IEDs (Intelligent Electronic
Device) dugc thu thap va truyén qua c6ng RS 485 dén bd
Xt ly trung tam (PLC) va b0 x{ ly tin hiéu. WinCC dugc si
dung dé phan tich vaxd ly dirliéu lich st ciing nhu dir liéu
thdi gian thuc bang cach ting dung céc thuat toan thong
minh. B6 d{ liéu thu thap dugc 1a co s6 dé du bao cong
suat phu tai dién bang cach st dung céac thuat toan va mo
hinh du bao.
2.5. Dich vu hé trg

LSp dich vu dugc phat trién dua trén cdc module téi
uu trong moi trudng WinCC thong qua viéc st dung thuat
toan va quy trinh hé trg ra quyét dinh. Cac dich vu nay
giup ngudi van hanh téi uu hoa cac thong sé phu tai dién.
Hinh 3 thé hién hé sinh thai t6i uu hé théng dugc phat
trién dua trén mé hinh DT.
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Dich vu dya trén DT

HE théng vat 1y Hé théng do

Hinh 3. Dich vu hé trg trén ban sao song sinh s6

Nén tadng dam may
dugc tich hgp dé cung cép
cac dich vu nhu giam sat
tiéu thu nang lugng theo
thai gian thuc, tu dong
cap nhat thong tin phu tai
_ . déng thai phan héi thong
T ~tinvan hanh.
AR ] 3. GIAO TIEP GITA MO
HINH THUC VA Ao
THONG QUA OPC UA

OPC UA dugc thiét ké
dé tao cau nai lién két cac
tng dung phan mém dua trén Windows va phan ciing
cla hé théng tu déng héa. Hinh 4 trinh bay cau tric két
néi WinCC, PLC va OPC UA.

PLC 871200

B0

R EEEE!

Phu tai dién

v

WinCC

H
RE

S :'
168012000

Siemens PLCSIM

e

Hinh 4. Cau tric két ndi giao tiép OPCUA

Giao thiic OPC UA la giao thuc truyén thong may tdoi
may (M2M) dugc ting dung cho hé thong tu dong hoda
c6ng nghiép. Giao thiic OPC UA thuc hién trao d&i dir liéu
gita hai méi trudng thuc va moi trudng do. Trong hé
thong OPC, PLC hoat d6ng nhu may chd va WinCC la may
khach. Hop cong cu OPC UA st dung dé két néi may
cht/may khach va trich xuat dir liéu. Qua trinh doc dt liéu
nang lugng tur céng to do va cdm bién théng qua bo diéu
khién PLC va mé dun truyén théng RS 485 sau d6 dit liéu
dugc truyén dén cong cu mé phong WinCC theo thai gian
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thuc. TIA PORTAL dugc dung dé tao cac khéi DB dé quan

ly théng tin nang lugng phu tai va méi trudng nha kinh.

Giao ti€p qua OPC UA cho phép trao déi dit liéu qua lai

gita PLC va WinCC.

4. NGHIEN CU'U PIEN HINH, KET QUA

4.1. Co s& tinh toan xac dinh céng suat phu tai dién
M6 hinh dé xuat dugc dp dung cho viéc giam sat va

QLNL phu tai dién trang trai ndng nghiép nha kinh. Mé hinh

phu tai dién néng nghiép nha kinh dugc thé hién trong

hinh 5. Hé théng phu tai tiéu thu dién nang chinh trong moé

hinh bao gém hé théng bom nudc tudi tiéu, hé thong sudi,

hé théng quat théng gid va hé théng chiéu sang.

g

Pin tich trir
niing lugng

H¢ théng ngudn - H¢ llh("m.g‘ B
ning lwong tdi tao . nguon dig¢n ludi
i x Y

- (¢ -
== i i

Chiéu sing

%: H{ théng swii
=

Nong nghiép nha kinh s
LN
7))

Quat théng gié

By Bom mre i ti2u
H

Hinh 5. M@ hinh trang trai néng nghiép nha kinh

Dua trén gia tri nhiét d6 va dé &m tuong ddi doc tu
cam bién moi trudng dé diéu khién hé théng bom tudi
tiéu, bam lam mat mai nha, quat lam mat, may sudi va hé
théng chiéu sang.

| Khéi tao hé théng |

|

Nhap cac tham so
va cac gia tri dat

Poc cac théng tin tie
cac cam bién

Bat quat
hat am

Bat hé théng bom
phun sirong

I
!

Hién thij trén HMI
Hién thi trén Web

Hinh 6. So d6 thudt toan diéu khién tu dong theo do am clia dat
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D{ liéu nang lugng phu tai dién va di liéu moi trudng
ndéng nghiép nha kinh dugc do thong qua déng ho théng
minh va thiét bi doc di liéu moi trudng theo thoi gian
thuc & nhing thai diém khac nhau. D liéu duoc luu trén
moi trudng TIA PORTAL. Cac két qua ban dau dugc tom
tat trong bang 1.

Khéi tao hé théng: PLC, HMI, IEDs

l

- Nhén dir liéu tir HMI, Web
-Poc cac dit lidu tir cam bién va IEDs.
- Tinh toan phan tich dit liéu cha hé théng

Ché d6 lam
viée ?

Sai

Ché d6 tw
dong

Piéu khién bang tay cac co ciu chap hanh
(bom, quat, swdi, chiéu sang)
|

i
Hién thi trén HMI; Hién thi trén Web

Hinh 7. So d6 thuat toan diéu khién hé théng

Cong suat tinh toan phu tai dién: S dung phuong
phédp hé s6 déng thdi, cong suat tinh toan phu tai theo
cong thuc (1).

Pee =Kat 'ani (M
i=1

trong dé: P 1a cong suat téng phu tai tiéu thu dién, W;
Pni la cong suat dinh thiét bi i, W; katla hé s6 déng thaoi.
Bang 1. 56 liéu tinh todn phu tai ndng nghiép nha kinh

g Mt margan| |
Thiét bi .. | S0 |dong| trong , "
11 dién suat liong | thi | ngay tinh | tiéu
’ (kw) | Ke | (h/ngay) toan | thu
(kW) | (kWh)
1 |Quat hut 063 6 | 055 2 2,079 | 4158
khong khi dm
2 (Bomphun | 065 | 1 0,31 2,2 0,215 | 0,4433
suong mai
3 |Bomnhédgiotl 0,55 | 1 0,35 24 10,1925| 0,462
4 (Bonphun | 075 | 1 0,31 2,5 10,2325 0,58125
suang trong
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5 |Bomkhudy | 0,55 2 0,32 4 0,352 | 1,408
bdn phan vi
sinh

6 |Héthongsudi 0,1 5 0,44 1 0,22 0,22

7 |Héthdng
chiéu sang

011 | 30 1 10 33 33

Nang lugng tiéu thu phu tai dién:

Ei=Puti ()

trong d6: Ei: Nang lugng tinh todn phu taii, kWh; P; [a
cong suat clia phu tai i, kW; t; 1a thai gian hoat déng clia
phu taii, h.

Vi du vé mo6 hinh trang trai néng nghiép trong nha
kinh trong cdy ca chua: Trong m6 hinh nay tiéu thu nang
lugng chl yéu la hé thong bom nudc tudi tiéu, quat lam
mat. Nhiét d6 va d6 4m bén trong nha kinh dugc xac dinh
hang gi& dua trén su thay déi khi hdu bén ngoai. Dua trén
quy dinh kich thudc va vat liéu, su tang va gidm nhiét cla
nha kinh dugc xac dinh theo tiéu chuan ky thuat ctia Hiép
hoi Néng nghiép Hoa Ky vé sugi am, lam mat va thong gié
nha kinh (ANSI - ASAE EP 406.4) [6]. Nhiét d6 sinh trudng
ly tudng cla cdy ca chua nam trong khoang 18°C dén
22°C [7]. Nhiét d6 én dinh trong nha kinh thudng 20°C,
khi nhiét d6 bén trong nha kinh thap hon 18°C qua trinh
sudi sé hoat dong, khi nhiét d6 bén trong nha kinh 16n
hon 22°C quat lam mat, bom nudc di vao hoat déng. Bo
am dat phu hgp cho cay phat trién trong khoang 60 -
80%. Nhu vay, dua trén cac diéu kién t8i uu phat trién cay
tréng thi téng tiéu thu nang lugng clia cac phu tai dién
do dugc trong mot ngay (24h) théng qua déng ho thong
minh vd&i su thay déi clia cac yéu té moi trudng nhu nhiét
dé, dé am tuong doi bén trong nha kinh.

4.2. Két qua thuc hién

-8 = cep 1 Ga | Snepshot %, i
Modbus_Config
me Data type Offser  Startval Monitor value Ret
a v satc
<= » Da Array{0_5] I~loo
<= do: ool 120 FALSE
<= buzy sool 121 TRUE
<= error Bool 12 FALSE
<= er word 140 1620000
<€) = ¥ DA “Envirom 160 g
< Real 160 38
= Real 0.0 S
< >
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# @ 0, B = °7| xeepactuslvalue: g Snapshot ™ M Copysnapshots to st [ Load [ I val ]
DOC_DULIEU
Name Data type Offset  startvalue Monitor value Retain Accessible f_. wirita...  Visible in
@~ s
als 3 00 0 =) =) =)
a 00 2270 [ v v
a 40 00 v v v
5 a 80 1620000_5C29 v V) =
a 120 75815 v v v
a 160 2260 v v v
a 200 1620000_35C3 v v v
a 240 22728 2 v v
a 280 151528 2 v v
a 320 08362812 v v v
a 360 08508437 52 v v
sla 400 08833438 v v v
¢ a 440 0.8559337 v v v
sla 480 -0.007598877 2 v v
ca 520 00 2 v 2
a 560 1680000_07C9 0 v V) )
sa 600 0.1894531 (2 v v
' a 640 00 v v v
a 680 1630000_AFFS [ v v
a 720 0.1894531 v v v
a 760 00 v v v
a 800 1620000_1E79 v v ~
‘@ 80 0.007624601 v v v
s @ 880 01901243 (2 v 2
6 @ 920 01898734 0 v v v
7@ 960 003979492 52 v v
s @ 1000 10 (2 v v
9 a 1040 1.003363 v v v
°ol@ 108.0 003990234 2 v v
a 120 5005 0 v v v
a 1160 53.45469 (52 v 2
<

Hinh 8. Dif liéu tir IEDs va cdm bién moi trudng

Thong tin vé moi trudng va théng sé nang lugng phu
tai tiéu thu dién nang dugc doc thong qua cam bién moi
trudng va cong to dién ti co két noi truyén thong RS 485
dugc luu di trén khéi dir liéu DB(Data Block) ctia PLC.
Hinh 8 khéi d liéu dugc thu thap theo thoi gian thuc
théng qua cdm bién va cac IEDs. Su thay déi nhiét dé va
dé dm theo thdi gian thuc trong ngay dugc kiém soat
thong qua cac cdm bién moi trudng trong nha kinh nhu
trén hinh 9.

Nhiét 40 méi treong trong nha kinh

Nhiét d§ (°C)

Thot gian (h)

D¢ am moi truong trong nha kinh
100
S0
80
70
60
50
40
30

Do am (%)

10

T'hén gian (h)

Hinh 9. Thong s6 mdi trudng trong nha kinh theo thi gian thuc

Thong qua giao thic OPC UA dir liéu thiét lap trén TIA
PORTAL dugc gti t6i moi truong WinCC va dugc cap nhat
trén mo hinh song sinh s6 theo thai gian thuc. Hinh 11
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mo ta vé hé thong QLNL cho cac phu tai dién néng
nghiép nha kinh.

C——1 Bom phun suong mai
[ (Jugt hit khong khi am
=3 Bom tudi nho giot
[ Bom phun swong trong
[ H; thong suoi

Nang lugng (kWh)

Thai gian (h)

Hinh 10. Biéu dé tiéu thu ndng lugng phu tai dién theo thdi gian thuc
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Hinh 11. Hé thong gidm st muic tiéu thu nang lugng va thong s6 moi truding
5.KET LUAN

Trong nghién ctu nay, tac gia da tim hiéu vé mé hinh
DT va 4p dung céng nghé DT vao linh vyc gidm sat va
QLNL. Trudc hét, ching toéi nghién clu vé cac thanh phan
cUa DT. Tiép theo, ching t6i da xay dung kién tric DT
phuc vu cho gidm sat nang lugng phu tai dién. M6t giao
thuc truyén di liéu OPC UA dé két ndi méi trudng vat ly
va moi trudng s, nang cao kha nang tuong tac va dong
b6 hoda trong hé théng giam sat diéu khién va trao déi dit
liéu. Cudi cing, mé hinh DT nay da duoc trién khai dé
giam sat muc tiéu thu dién nang cla phu tai dién trong
néng nghiép nha kinh. Nhu vay, véi viéc phat trién cong
nghé DT trong linh vuc nang lugng khong chi téi uu hoa
vé ky thuat ma con la céng cu quan trong trong viéc QLNL
moét cach hiéu qua vao cong tac quan ly ludi dién ha ap
hién nay.
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