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TU KHOA

Mang luéi truyén tai va
phan phdi dién ning,

B6 diéu chinh PID,

Mang no-ron nhén tao,
Hoc tdng cuong,

Thiét bi dién tir cong suét.

TOM TAT o , ,

Bai bao danh gia thyc trang pho bién cua cac thiét bi dién tir cong suat dugc tich hop
trong mang ludi truyén tai va phan phdi dién nang theo yéu cu ciia cac phu tai va doi hoi
cai thién cht Iugng cua dién nang, dac biét khi cac nguén dién nang c6 duoc tir nang
luong tai tao dang ngay cang dugc tich hop vao Iudi truyén tai va phan phdi dién ning.
Phan tich d4nh gi4 cac cac cach quan Iy ludi truyén tai va phan phdi dién ning: quan ly
theo cach truyén thong; quan 1y theo cach tmg dung may hoc; quan 1y theo cach két hop.
Phan tich wu nhuoc diém cua timg phuong phéap va rat ra két luan vé cach tiép can méi
trong quan 1y ludi truyén tai va phan phdi dién nang 1a cach két hop PID-Rgulators c6
dién véi Mang no-ron nhan tao véi cach tiép can "Hoc tang cuong", dé duy tri dugc
ngudn cung cap dién ning chét lugng cao trong bdi canh gia tang lién tuc mirc tidu thu
dién nang.
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ABSTRACT
This paper assesses the current state of power electronic devices integrated into power

transmission and distribution networks to meet load demands and improve power quality,
especially as renewable energy sources are increasingly integrated into these networks. It
analyzes and evaluates various power transmission and distribution grid management
approaches: traditional management; machine learning-based management; and hybrid
management. The advantages and disadvantages of each method are analyzed, and
conclusions are drawn regarding a new approach to power transmission and distribution
grid management: combining classical PID-Rgulators with Artificial Neural Networks
using a "Reinforcement Learning" approach to maintain high-quality power supply in the
context of continuously increasing power consumption.
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1. Pt van dé

Pau thé ky 21 dwoc danh ddu bang nhirng kham pha
dang kinh ngac trong cac linh vuc: dién tir; khoa hoc may
tinh; diéu khién hoc; va robot. Cac nha may cong nghiép;
phuong tién giao thong; trang thiét bi k¥ thuat quan su;
phong thi nghiém; d6 thi; co so gido duc va dao tao; v.v.,
dang cho thay sy tran ngap céc thiét bi dién tir v6i nhiéu muc
dich va véi nhiéu muc cong sudt khic nhau, bao gdm ca
nhiing thiét bi tiéu thy dién véi dong dién tiéu thy phi tuyén
tinh. Do d0, ganh ning ting tai tiéu thu dién ning d6i voi
mang luéi truyén tii va phan phéi dién ning (Power
Transmission and Distribution Network “PTDN”) la ngay
cang tang.

“PTDN” s& khong con dugc coi 1a tot voi viée chi
duy tri céc chi s6 chat lugng dién ning cao ¢ mirc dién ning
tidu thy trung binh cao. “PTDN” chi dugc coi 14 tot khi thoa
mén: bl ddp duoc cho sy mat can bang tai va cac thanh phin
cong suit phan khang; thich 1’rng v6i nhitng thay ddi tai (theo
mua - theo ngay - cac thay d6i dong khac) trong mo hinh tiéu
thu dién ning; dam bao cung cdp dién niang chit lwong cao
cho céc tai tiéu thu dién nang ¢ xa cac nha may dién. Nhiing
van dé nay thuong dugc giai quyét bang cach lip dat cac thiét
bi dién tir cong suit (Power Electronics Devices” “PED”)
trong “PTDN”.

“PED” thiét bi chuyén dbi cong suit dién theo cac
cach khac nhau nham cai thién chat lugng dién ning trong
mot phan doan cu thé ciia “PTDN”. Quyét dinh sir dung loai
“PED” nao s€ tuy thudc ban chét cua tai tiéu thu dién nang
va trang thai ctia chinh “PTDN”, “PED” c6 thé 1a thiét bj can
béng [2]; bo bu cong suit phan khang [3]; thiét bi luu trir dién
nang [4]; cac thiét bi chuyén d6i dién tir cong suat khac. Viéc
sir dung “PED” gitip cai thién chét lwong dién ning theo tiéu
chi: nang cac chi sé chit lvong dién nang 1én cac gid tri chun
hoa khi khong can nang cdp dang ké cac co sé ha ting cua
“PTDN” hién hitu. Diéu nay, dén lugt “PED”, cho phép hién
dai hoa theo ké hoach va tap trung cua td hop “PTDN” cho
du voi bét ké cac van dé gi cua timg phan doan riéng 1¢ cua
“PTDN”.

Tuy nhién, & giai doan phat trién hién nay ctia “PED”
con nhitng han ché dang ké: chi phi ché tao twong dbi cao;
chét lugng chua hoan toan dap tng dwoc cic nhiém vy cin
giai quyét (nhu: bl cong suat phan khang; khic phuc su bat
dbi xtmg ciia “PTDN”; v.v). Viéc giam chi phi va cai thién
hiéu suit ciia “PED” s& mé ra kha ning sir dung rong rii hon
cac “PED”, qua do tang cac chi sé chat luong dién ning va
thiic day su phat trién bén vimg ciia “PTDN” qudc gia.

“PED” cua bat ky nao ciing c6 thé chia thanh: phan
dién dong lyc va hé théng quan ly. Phén dién dong luc 1a bao
gOm tht ca céc thanh phan vat 1y bao dam viéc truyén tai dién
nang tir ngudn dlen dong lyc dén tai tiéu thy dién nang. Hé
thdng quan 1y, vé phla n6d, dam bdo thu thap va xu Iy thong
tin tir cic cam bién, tao ra cac tac dong quan ly dé quan 1y
phan dién dong luc cua “PED” va hd trg trao dbi dir lidu véi
cac hé théng quan 1y & cdp cao hon (nhu trung tim didu do
luéi dién khu vuc hodc quéc gia; cac diém lam viéc tu dong
tai cac tram bién 4p).

Hién nay, cac phan tir cong suit cta phan dién dong
lyc ctia cac loai “PED” chinh da dugc nghién ctitu va phat
trién kha chi tiét. Tuy nhién, ngay ca nhitng nghién ctru va
phét trién chuyén siu phan dién dong luc ciing chi mang lai
nhitng cai thién tuong dbi nho vé cac chi tiéu chit lugng

(hiéu suat; chat lugng khi dap tng tirc thoi; v.v) dién ning cua
“PED”. Hon nira, ciing ¢ thé nhan thay da va dang xay ra su
cham tré trong nghién ctru phat trién cac khoa ban dan cong
sudt (duogc coi 1a yéu t c¢bt 161 cua hdu hét cac loai “PED”).

Ngugc lai véi phan dién dong luc thi hé thong quan 1y
ctia “PED” lai dugc cai thién dang ké bang cach sir dung nhiing
tién bo méi nhét trong linh vyc: khoa hoc toan hoc va thong
tin; cac cach tiép can mo hinh héa may tinh [5]; cong nghé
mang “neural” v6i sy ting cudng kha ning tiép can cho cac
chuyén gia trong nhiéu linh vyc khac nhau.

2. Muc tiéu nghién ciru va phuong phap nghlen clru

Muc tiéu nghién ctru la c6 thé dé xuat mot cach tiép can
moi trong quan 1y van hanh ludi dién truyén tai va phan phoi
dién nang véi thyc trang nhu da néu.

Phan tich nhiing tién b vé Mang no-ron nhan tao va
g dung ctia n6 dé Regulators, qua d6 xem xét kha ning tmg
dung trong quan 1y ludi dién véi cach tiép can “Hoc ting
cuong” manh mé; Phén tich sdu tinh phi tuyén tinh cta cac loai
Thiét bi dién tir cong sudt duge tich hop trong ludi dién; xem
xét cach tiép can chinh hién c6 trong quan 1y ludi dién, dé xuét
mot cach tiép can mdi dé thiét 1ap mot hé théng quan 1y c6 tinh
két hop nhing uu diém cia hai “Regulators” néu trén.

3. Ndi dung va két qua nghién ciru
3.1. Qudn Iy theo cdch "PID-Regulators" c6 dién

Cach tiép cén chinh dé quan 1y moi quy trinh cong nghé
bét ky, dac biét hoat dong cia “PID-Regulators” cua “PED”
da dugc nghién ciru sau va st dung rong rdi. Nhiém vu cua
“PID-Regulators” 1a duy tri mot vai thong sb ciia “PED” (thi
du, dién ap dau ra cua “PED”) ¢ mot muc xac dinh. “PID-
Regulators” tinh toan ra tin hidu quan 1y 1 tin hiéu tong ciia ba
thanh phén sai léch ctia bién dugc quan 1y: thanh phan ty 1&
(P); thanh phan tich phan (I); va thanh phan vi phan (D), va tao
ra tic dong quan 1y 1én di trong dugc quan 1y. Mot bo “PID-
Regulators” c6 ciu hinh dung 1a duy tri gi4 tri dugc quan 1y &
murc xac dinh trong ché d0 tinh va nhanh chong dua gia tri nay
tré vé giéi han mong mudn khi chiu tic dong cua cac loai nhiu
loan.

Biéu thirc toan hoc md ta hoat dong cua “PID-
Regulators” c6 dang nhu sau:

u(t) = Kyu(®) + K, [ e(t)dt + Kyde(t)/dt.

O day

K,; Ki; Kq 1a cic hé s6 s6 cua cac thanh phén ty 1¢;
tich phan; va vi phan ctua “Regulators” tuong Gng;

e(t) 1a gia tri tirc thoi cia sai 1éch cua gia tri dugc didu
chinh so véi gia tri cho trudc.

Bﬁng cach diéu chinh cac hé sb sb, tbe do phan rng ctia
“PID-Regulators” d6i véi nhitng thay dbi dot ngdt cua gia tri
dugc quan 1y s& dugc diéu chinh sao cho gi tri dugc quan Iy
¢6 dao dong khong doi trong ché do tinh.

“PID-Regulators” 1a cong cu manh quan 1y hé thong
bat ky nao, trong d6 c6 “PED”. Thanh phan vi phan cho phep
diéu chinh nhanh phan mg mét cach nhanh nhat voi sai léch
16n; thanh phan ty 1& giam thiéu hién tugng vugt ngudng (tbi
thiéu hoa d6 qué chinh); thanh phan tich phan dam bao sy quan
ly 6n dinh & ché d6 tinh.

Tuy duoc ding phé bién, cach tiép can ndy van c6 mot
s6 nhuoc diém:

+ Thir nhat, viéc cai dat “PID-Regulator” cho hé¢ théng
phi tuyén tinh — qua trinh phirc tap; 1ap di 1ap lai. Khong thé
tinh toan tit ca cac tinh nang cia mot hé théng thuc khi thuc
hién tinh toan va mo hinh hoa, bdi vay can phai c6 bude cai
dit tinh cho bd diéu chinh trén thiét bi thuc té trude khi dwa
vao van hanh.
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+ Thir hai, “PID-Regulators” ¢ dién khong thé thay
d6i dwoc cac hé sé khi diéu kién van hanh thay d6i. Do do,
khi ché d6 1am viéc ciia “PTDN” thay ddi va khi cac thanh
phin va linh kién bi gia hoa thi hiéu suat cua “PID-
Regulators” c6 dién s& giam sit.

+ Tht ba, dbi v6i mdi hé thdng cu thé thi cAn phai cai
dat riéng cho “PID-Regulators” twong tmg. Diéu nay dic biét
dung cho bude cai dit tinh trén thiét b thuc té. Boi vy, nhu
1a mot nguyén tac, khong thé co cau hinh “PID-Regulators”
duy nhat cho kha nang quan ly tat cac cac thiét bi cung loai.

Dé giai quyét van dé nay, nhiéu cach tiép can khac
nhau dugc st dung, nhu thuat toan tinh chon hé s6; “PID-
Regulators” tu cai dat; “Regulators” logic mo; v.v. Tuy
nhién, khong co cach tiép can ndo trong s6 nay c6 thé khac
phuc hoan toan nhimg han ché cua “PID-Regulators” cb
dién.

Du dd dugce tap trung nghién ciru phat trién, nhung
cho dén nay van chua xuét hién mot cach tiép can thay thé
hoan hao nao, vira bao dam c6 dugc sy don gian va linh hoat
cua “PID-Regulators” ¢6 dién, lai vira d& cai dat va van hanh
hon.

3.2. Quan Iy theo cdch “Artificial Neural Networks (ANN)”

Hién nay, gin lién voi sy phat trién nhanh chéng cua
cong nghé “neural” 1a kha ning tmg dung may hoc vao nhiéu
linh vuc k¥ thuat khac nhau, trong dé ¢6 hé théng quan 1y
dang duoc nghién ciru phat trién nhanh [6].

Co s6 cho g dung ciia “ANN” vao hé thdng quan
1y ndm & ban chét ciia “ANN”, “ANN” nhu 12 mot b xap xi
phd quat. Nho kién tric linh hoat va kha ning thich tmg cua
“ANN”, nén “ANN” cho phép xac dinh dugc cac ham diéu
khién c6 tinh ding v6i hiu hét ban chit va do phic tap cua
gi tri (d6i twong) dugc quan 1y. Thi du, tham chi ngay ca véi
mot “ANN” ¢c6 kién trac don gian (la mang truyén thang,
trong d6 thong tin chi dugc truyén di theo mot hudng va
khong ton tai két ndi tuan hoan), thi ciing c6 kha nang xéap xi
cic mdi quan hé phu thudc phi tuyén tinh phtc tap cia tin
hiéu quan ly cua “PED” vao céc gia tri dugc do luong khac
nhau: dong dién va dién ap tai cac nit cla phﬁn dién dong
luc cua thiét bi; tich phén va vi phan ching.

Tuy nhién, dé trién khai thanh cong cong nghé
“Neural Networks” trong tirng hé thong quan ly cta “PED”
riéng ré thi viéc chi don gian 1a thay thé “Regulators” bang
“Neural Networks” s€ 1a chua dung va chua du, vi mot
“Neural Networks” chua dugc huin luyén s€ khong thé dat
duoc hiéu suét cua “PID-Regulators” da dugc cai dat tinh
chinh x4c. Viéc hudn luyén (hay con goi 1a dao tao) “Neural
Networks™ 1a can thiét, dé thuc hién duge viée nay thi can
mot lwong 16n dir liéu, gdm: cic mang gia tri da do luong
duoc (thi dy, dong dién; dién &p); mang gia tri cac tin hiéu
dau ra; mang gia tri trang thai hé thong twong tmg. T4t nhién,
dir liéu 16n nhu vay la khong thé thu thap mot cach lién tuc
trong mang, luong dit liéu thu thap dugc s& chi 1a rét it va
chang hau nhu khong c6 dir liéu cua nhidu; ciu trac va tinh
hoan hao.

Do d6, cach duy nhat cho phép sir dung hiéu qua
“ANN” trong hé¢ théng quan 1y “PED” (duoc tich hgp vao
“PTDN” la cach tiép can “Hoc ting cuong”. Thudt todn ny
cho phép hé thong “ANN” trong “PED” dwoc huan luyén lap
di lap lai trén mo hinh may tinh, khong can dau tu thiét bi dat
tién. Bang cach “Thi-Sai” nay cho mot hé théng quan 1y, sau
mot s6 1an “Thir-Sai” x4c dinh thi hé thdng quan 1y nay sé
duoc dua vao van hanh voi dac tinh: hé $6 “Po to mo” cua
no sé& c6 gia tri nht dinh va da duoc giam bét nhidu mot cach
nhan tao, du dé no hoat dong on dinh theo thuat toan “Hoc

tang cuong” trude do.
3.3. Qudn Iy theo cich “Hé thong Qudn Iy két hop”

Nhu vay, hé thong quan ly “Neural Network” 1a mot
huéng phat trlen t6t va co nhimg wu diém hon so véi
“Regulators” ¢d dién, nhung noé ciing c6 nhitng thudc tinh
nhuoc diém, nhu: khong cé tinh hoi ty; rat phirc tap trong thu
thap dir liéu; can phai dao tao mo hinh md phong ciia “PED”.

Tuy nhién, néu két hop hé thong quan 1y ¢6 dién véi hé
thong quan 1y “ANN” s& tao ra mot hé thdng quan 1y méi cho
“PED” ¢6 nhiéu uu diém hon so v&i timg hé théng quan ly
riéng r&. Hé thong quan 1y mdi nay s& két hop trong nd: “Hoc
tang cudong” manh mé va nguyén ly tinh chinh “Neural
Networks” ctia cac hé s6 ciia “PID-Regulators” c¢6 dién.

“Hoc tang cuong” manh mé cho phép loai bé mét trong
nhiing nhugc diém dang ké cua “ANN” boc 16 rd rét khi st
dung nd vao cac thiét bi cong nghiép, d6 1a nhuoc diém: thiéu
tinh héi tu dugc dam bao cua ham quan ly. N6i chung, dang
chinh x4c ciia ham quan 1y duoc “Xép xi” boi “ANN” thi
thuong khong biét rd (hé théng nhu thé thi dugc goi la “H6p
den”), nén khong thé khang dinh rang, ham “Xép xi” nay
khong mau thuin véi luat quan 1y can thiét nao trong mot sb
mach. “Hoc ting cuong” manh mé goi y cho su chuyén sang
mot ludt quan 1y 6n dinh (mac du khong t6i wu) trong truong
hop dau ra ciia “ANN” hinh thanh mot tac dong vuot qua gidi
han cho trude, didu nay cho phép nang cao do tin cay ciia hé
thong 1én muc tin ciy ciia “Regulators” c6 dién, dong thoi van
gitt dugc tinh linh hoat cua hé théng “Neural Networks” va
loai bo nhu cau tinh toan va cai dat tinh mot cach tha cong cho
cac hé sd sd.

Viéc thay su quan 1y “Neural Networks” truc tiép bang
su quan 1y “Neural Networks” gian tiép, trong d6 “ANN”, thay
vi tu tao ra cac tac dong quan ly (tac dong diéu khién) cua
chinh né thi n6 lai tao ra cac hé s cua “PID-Regulator”, diéu
nay cho phép ting dang ké sy Hoc (huin luyén) cia “ANN”
va don gian hoa hinh thanh cac ham dugc st dung khi Hoc cia
“ANN”.

4. Thao luan

Chu d& nang cao tinh hiéu qua quan 1y cac thiét bi dién
tir cong suat dugc tich hop ¢ mic cao trong ludi truyén tai va
phan phdi dién niang (c6 tinh dén da dang ngudn cung dién
ning) di va dang 1a mot van dé dugc sy quan tim 16n cia cac
nha khoa hoc trén toan thé gidi. (Cong trinh dugc thuc hién
trong khuon kho du an “Phat trién va nghién ctru hé théng quan
1y mang “neural” thich ng cho ngudn dién lién tuc cho mang
ludi c6 tai phi myén tinh” véi su hd tro tai trg tir Pai hoc ning
luwong Moskva dé thuc hién chuong trinh nghién ctru khoa hoc
“Uu tién 2030: Cong nghé cta Tuong lai” trong giai doan
2024-2026.). Hoi thao di dén két luan rang, can phai img dung
nhiing tién bo vé khoa hoc k¥ thuat méi nhat (trong d6 c6 Al)
nhur 1d mot cach tiép can méi trong Quan 1y va van hanh luéi
truyén tai va phan phdi dién nang, dic biét ¢ nhung vung tap
trung nhiéu nha may cong nghiép 16n (noi ton tai nhiéu loai
thiét bi dién tir cong suat).

5. Két ludn

Dé dam bao tinh phat trién bén viing ctia “PTDN” thi
mdt van dé quan trong 14 phai nng cao tinh kha dung va chét
luwong lam viéc cua cac loai “PED”, trong “PED” thi thanh
phan quan trong nhat 14 hé thong quan 1y “MS” (Management
System).

Viéc phat trién va sir dung cach tiép can két hop dé quan
1y “PED” s& két hop dugc nhirng wu diém ciia ca “MS” ¢6 dién
va “Neural Networks MS”, qua d6: giam chi phi va rat ngin
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thoi gian phat trién cac “PED” méi; don gian hoa cac bude
cai dat tinh va dua vao van hanh. Cac “PED” dugc trang bi
“MS” két hop nay s& c6 kha nang thich tmg véi cac ché do
van hanh thay d6i ciia “PTDN”, v6i nguyén nhan chinh 1a sy
b sung tai tiéu thy dién ning va sy gia hoa vat Iy gay ra thay
db6i thong sé k¥ thuat cua cac linh kién. Mot “MS” két hop
duogc phat trién cho loai “PED” nhét dinh véi tap cac gia tri
dau vao va cac tac dong dau ra nhét dinh thi ¢ thé su dung
cho tét ca cac “PED” cung loai, khong can cai dat thém, tic
“MS” mang tinh phd quat.

Nhur véy, cach tiép can két hop dé quan 1y “PED” 1a
céch két hop “PID-Regulators” ¢ dién véi “ANN” va “Hoc
tang cuong” manh mé. Cach tiép can nay hira hen sé duoc
trién khai trong céc thiét bi duogc tich hop vao “PTDN”, qua
d6 cho phép duy tri ngudn cung cip dién ning chit luong cao
trong bdi canh gia tang lién tuc mirc tiéu thy dién nang.
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