TNU Journal of Science and Technology 230(02): 260 - 267

A REMOTE CONTROL METHOD FOR A BAY UNIT IN UNMANNED POWER
SUBSTATIONS USING A NUMERICAL RELAY, OneATS TECHNOLOGY
AND ARTIFICIAL INTELLIGENCE

Le Tien Phong, Ngo Minh Duc, Ngo Duc Minh
TNU - University of Technology

ARTICLE INFO ABSTRACT

Received:  08/02/2025 This paper applies a remote control technique, called OneATS, to control

a bay unit in a power substation and proposes a solution to monitor

Revised:  27/02/2025 qperating states using artificial intelligence. Twenty four operating states
Published:  27/02/2025 Were introduced in this paper to make clear the control requirement of the

bay unit, including opening rules (opening circuit breaker, opening power

disconnector and closing earth disconnector) and closing rule (opening

KEYWORDS earth connection, closing power disconnector and circuit breaker). SEL

Power system automation 451 relay was used as a programmable logic controller and played an
important role to communicate with external devices by using

Circuit breaker input/output terminals and computers by OneATS software and IEC

Disconnector 61850 communication standard. Artificial intelligence was designed to
Remote control evaluate the operation process of power disconnector in real time and help
IEC 61850 to reduce error actions of dispatchers due to error devices, delayed

communication. Experimental models in ATS laboratory was designed to
verify proposed contents. Experimental results showed the feasibility, the
effectiveness of proposes with high technology to control a real bay unit,
reduce accidents caused by operating wrong instructions. Models can help
students program, test ideas before applying in real systems.

GIAI PHAP PIEU KHIEN XA CHO MQT NGAN LQ TRONG TRAM BIEN AP
KHQNG NGUOI TRUC SU DUNG RO LE SO, CONG NGHE OneATS VA
TRI TUE NHAN TAO

Lé Tién Phong , Ngé Minh Dirc, Ngd Pirc Minh

Truong Pai hoc Ky thudt Cong nghiép — PH Thai Nguyén

THONG TIN BAI BAO TOM TAT
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1. Gioi thigu

Viéc diéu khién cac thiét bi trong tram bién ap (TBA) c6 thé dugc thyc hién tai chd hodc tir
xa boi mot trung tam diéu khién (TTPK) véi khoang cach ¢ thé tir vai trim mét dén vai trim
ki 16 mét. Piéu khién xa cac TBA la viéc thuc hién diéu khién, giam sat va thu thap dit liéu van
hanh trong pham vi phan cap diéu d6. Phan tich cu thé cho mot TBA 110 kV, céc thiét b trong
TBA c¢6 thé duoc diéu khién bai nguoi van hanh tai phong diéu khién dat tai tram (thong qua
cac may tinh) hodc tir TTPK xa dit tai Cong ty dién lyc tinh [1] — [3]. Dé thyuc hién diéu khién
xa cac TBA, can thiét phai sir dung céc thiét bi dién tir thong minh (IED - Intelligent Electronic
Device), cac cong nghé truyén thong, cic may tinh c¢6 cai dat cac phan mém chuyén dung. Cac
IED c6 thé 1a cac thiét bi diéu khién ngin 16 (BCU - Bay Controller Unit) chi thuc hién nhiém
vu diéu khién hoic cac ro le (RL) thyc hién déng thoi ca nhiém vu bao vé ro le va diéu khién.
Céc IED nay hién nay déu da tich hop chuin truyén thong IEC60870 hay IEC61850 va c6 kha
nang lap trinh logic nén da duoc sur dung phd bién trong viéc dicu khién cac TBA no6i chung va
trong cac ngan 16 voi to hop may cat (MC), dao cach ly (DCL), dao tiép dia (DTD) [3] — [6].
Vi bai toan diéu khién mot ngin 16 110 kV trong TBA, nguoi van hanh va nguoi 1ap trmh bai
toan ludn phai tudn thu quy trinh nhu mét quy tic dé dam bao an toan cho nguoi vén hanh, cac
thiét bi va déc biét 1a dam bao duy tri trang thai van hanh 6 on dinh hé théng dién (HTD). Trong
d6, can phai dleu khién duang quy tic d6i v6i td hop cac thiét bi MC - DCL - DTD (quy tic
dong va quy tic cat). Viéc diéu khién co6 thé duogc thao tac bing tay tai noi dat thiét bi (thong
qua cac khoa diéu khién dit tai cac tu dién) hodc tir xa thong qua giao dién nguoi-may (HMI -
Human Machine Interface) tai phong dleu khién cua tram bién ap/trung tdm diéu khién xa; ¢6
dén hién thi trang thai 1am viéc cua td hop MC - DCL; c6 kha ning chéng thao tac nham,
khong thé dong MC khi DCL chua dong hoic DTD chua mé. Dong thoi, khong thé thao tac
v6i bat ky DCL nao khi MC chinh chua cit [6], [7].

Hién tai, Tap doan dién lyc Viét Nam (EVN) da trién khai phuong thirc van hanh TBA khong
ngudi truc. Tuy nhién, trong qué trinh thuc hién da c6 kha nhiéu su ¢b phat sinh. Vi du: RL
khong hién bao su ¢b khi tac dong cit MC, MC tu tac dong ct trong khi mang dién van hanh
binh thudng (do 16i mach nhj thir khong duge phét hién), v.v. Nhidu truong hop din dén 1am hu
hong thiét bi hodc gay mat dién ngoai du kién. Van dé nay can dwoc xtr 1y dé nhanh chong khoi
phuc két ndi SCADA hoic tin hiéu do luong, trang thai va diéu khién thao tic xa trong thoi gian
ngan nhit nhung yéu t& chii quan 1a phu thudc vao kha ning di chuyén cua doi thao tac luu dong
dén hién truong su ¢b tai TBA va sy phdi hop véi didu do vién tai TTDK [3] — [6]. Cac phan tich
trén cho thiy van dé diéu khién ngin 16 trong mot TBA can phai dugc lam rd dé cac ki thuat vién
¢6 thé hiéu vé ban chat cua qua trinh diéu khién. Pong thoi, can thiét duoc ning cao giai phap
kiém soat trang thai van hanh cta hé théng mot cach tin cdy, déng thoi gui canh bao kip thoi khi
cac thiét bi trong ngan 16 1am viéc sai/l6i, v.v.

Mot trong nhig giai phap gitip ning cao chat lugng diéu khién hién nay 1a cong nghé Al Céc k§
thuat ctia thi giac méy tinh va cac thiét bi phan ctmg phu hop c6 thé giup khic phuc cac van dé lién
quan dén tryc gidc cua con nguoi, cu thé 14 nhan dang trang thai 1am viéc cia hé théng [8], [9]. Tuy
nhién, cac RL s6 hién nay van chua duoc tich hop cac cong nghé Al nén viée giam sat diéu khién mot
BCU vén phy thudc vao ngudi van hanh. Vi vay, phan thir hai ctia bai bao sé& trinh bay mot giai phap
md&i diéu khién ngan 16 st dung ro le SEL 451, thiét bi c6 chie nang ty dong hoa va dong vai tro nhu
mdt BCU dé diéu khién mdt ngan 16 trong tram bién 4p 110 kV. Phan th ba cua bai bao dé xuét img
dung cong nghé Al vio van dé nhan dién trang thai ciia DCL va xur 1y hinh anh theo thoi gian thyc.
Phan cudi cling ciia bai bao sé trinh bay mot s6 két luan va nhimg dong gop moi.
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2. Giai phap diéu khién ngin 19 sir dung BCU c6 tich hop IEC 61850
2.1. Bai todn diéu khién ngan 1§ trong tram bién dp 110 KV

~ Xét mot ngan 16 110 kV ¢ cau trac phod bién trong thyc té nhur thé hién trén Hinh la ¢6 1 méy
cat mach chinh (171), 2 dao cach ly chinh ki€u 3 pha 2 try (171-1 va 171-7), 3 DTD ¢6 dinh (171-
15, 171-75, 171-76) nham dam bao an toan tuyét doi khi MC 171 duy tri ¢ trang thai cat [1], [6].

Huwdng quay - N ./T)L[ chinh

DCL tiep dja

Ngudn iy M 17 i
dién @ /TD | /
Thanh {
171-76 j 171-75 5171—15 gop
(a) — — — (b) I)(\;gv-l |1‘.3n.g:uz (C) Pong cor | ﬂiv?g:ul

Hinh 1. Mt ngan 16 110 kV va trang thdi lam viéc cia DCL 3 pha 2 tru: () Ngan 16 171,
(b) Trang thai da dong, (€) Trang thdi da mo

Vé6i ngan 16 trén Hinh la, quy trinh van hanh s& duogc thiét 14p qua nhiéu trang thai khac nhau.
Trong do, c¢6 thé phan biét thanh quy trinh déng MC va quy trinh cit MC. Déi quy trinh déng MC,
céc thiét bi duoc thao tac theo trinh ty nhu sau : 1- M& ba DTD, 2- bong hai DCL, 3- Bong MC.
béi quy trinh cit MC, cac thiét bi duoc thao tac theo trinh tu: 1- Cit MC, 2- M hai DCL, 3- Pong
ba DTD. Trén Hinh 1b thé hién trang thai dong/mé ddi véi DCL va Hinh 1c d6i véi DTD ludn dam
bao phan biét duoc bang mit thudng hodc Camera quan sat trong khudn vién cia TBA.

2.2. Céu tricc diéu khién

Chu trinh thao tac diéu khién ngin 16 trong tram bién 4p bao gdm cac budc theo trinh ty: phat
lénh diéu khién tai chd bang khoa diéu khién (local) hodc tir xa (remote) thong qua man hinh
HMI, xir 1y tin hiéu diéu khién tai BCU va cudi cung 1a thu thap tin hiéu phan hdi vé trang thai
lam viéc cua tirng thiét bi. O ché d6 local, BCU sir dung cac chan input dé thu thap tin hi€u diéu
khién do ngudi van hanh giri dén va tin hiéu phan hoi vé trang thai 1am viéc cua thiét bi. O ché do
remote, BCU chi sir dung cac chan input dé thu thap thong tin phan hoi vé trang thai lam viéc cua
thiét bi. Cac chan output cia BCU déng vai trd 1a cc phan tir phat tin hi¢u dé diéu khién cac thiét
bi mach lyc théng qua cac phan tir co thé chiu dong tai cao nhu ro le trung gian, cong tic to [7].
Céu truc diéu khién mot ngan 16 trong TBA st dung cong nghé OneATS trong phong thi nghiém
ATS tai TNUT duoc thé hién du6i dang so @6 khdi trén Hinh 2 [10], [14].

Phin mém OneATS Data Edit S
A mem One ata Bditor Tin higu Phan mém OncATS
FEP (Front End Tin hi¢u phan hdi | Data Server | phan hoi Grid Studio
Proccessing) dwroc ct " . a
- — duge chon ,, [EEEoanpe My tinh tai
Thu thap, trao d6i dir 1y dir ligu o N
lieWgialED)va! - theo thoi | " hicu (FmEEm D
run thm didu khign | |70 hicu didu khién [ it faicu khién o,
i hicy F May tinh cu
Tin higu Pin e A e

Wiites | |si khn winh RL
c‘?c Ab. L*:, AcSELerator
dic bié -
v Cai dat input/output va Quickset
chirong trinh diéu khién

RL SEL 451 o g
—————————————
SCHWEITZER
SAcSELERATOR,
T R
khién tryc T Output Co chu chap
tiép (Khoa B i Pong/cit | hanh (Relay |i|ilw ~ %

Yy A A PENNIPN i
diéu khién) Tin higu phan hdi mach tin higu | trung gian,
vé trang thai lam cng tac to)

viéc cua thiét b

Tiép diém phucia | .o ai o 5 o
co cdu chip hanh = Bunﬁ,’lmt
(MC, DCL, DTD) = b mach luc

Hinh 2. So do khoi hé thong diéu khién ngan 19 sir dung RL SEL 451 va cong nghé OneATS
“RL SEL 451 sir dung cc chén input dé thu thp tin higu diéu khién cia ngudi van hanh giri
dén thong qua cac khoa di€u khién dat tai thict bi va thu thap tin hi€u phan hoéi vé trang thai ctia
cac thiet bi thong qua cac tiep diém phu (MC, DCL, DTD). Bong thoi, RL SEL 451 st dung cac
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chan output dé giri cac quyét dinh diéu khién dén cac cudn day cua ro le trung gian/cong tic to,
tir ¢6 1am thay doi trang thai dong/cit cua cac thiét bi chap hanh (MC, DCL, DTD) va lam thay
d6i trang thai dong/mé ctia mach luc ma cac thiét bi chap hanh dam nhiém. Pé 1ap trinh RL SEL
451, can st dung ngdn ngir SELogic va cac ky thuat 1ap trinh logic [10]. Phan mém OneATS
Data Editor va OneATS Grid Studio dugc stir dung dé thiét lap két ndi, thu thap dir li€u va diéu
khién RL SEL 451 [11].

2.3. Két néi input/output tai BCU

Véi viée str dung bo vi xir 1y trung tim 1a RL SEL 451, tin hiéu diéu khién, tin hiéu phan hdi
duoc gan cho cac chan input va chu trinh van hanh dugc thé hién trén Hinh 3 va Hinh 4.

Lénh chon Local/Remote
(IN301 hodc IN302)

p N 171 ciit; 171-1va 171-7 mg;
, 0UT101, OUT102 [—» Péng/mé BC 171-1 AT T T s
Trang thai déng/c§1 clia 171-1 |—>» IN101, IN303 OUT301|—» E)én}yéo TB
Trang thai dong/cit cia 171-7 [ IN102, IN304 chap hanh 171-1
tang thai dong/cit cia 171 -15 [ IN103, IN305 OUT103, OUT104|—» Déng/mé 171-7 anemo T
\ 4 done/cit ciic 75—l EIEY
rang thii dong/eft cia 171 -75 (—| IN104, IN306 ouTanz|—» [ bE é:;ol??J
rang thai dong/cit cia 171 -76 ] IN105, IN307 P
Ll s OUT105, 0UT106|—> | Bing/md 171-15 F——
ouUT303|—»  Deénbio TB ¢
e || 107 chip o 171-15
RL dp Iue trong 171 |—| IN213 0UT201, 0UT202|—»/ Déng/me 171-75
Den bio TB
=
KBK (remote/local) ——#| IN301, IN302 0uT304 chép hanh 171-75
Lénh dong/ct 171-1  —»| IN201, IN202 0UT204, OUT207 —* Déng/mé 171-76
Lenh dongledt 1717 =) IN203, 1204 outaos|—»  Denbio T8
Jénh Lénh dong/edt 171-15 | IN205, IN206 b o )
riéng , OUT205|—  Déng 171
Lénh dong/cét 171-75 —» IN207, IN208 Dén bio TB
' oUT306 |—» 0040
I || v ourzse - EEGHHT
én bio T
[ e - OUTS07|—> i hank cét 171
Lénh cimg tir cac nat an Cép Padong 171-1
- - - - ethernet +
Lénh dong/ Lénh dong/ @ Céc dén chi thj dong Kiém tra 4p suat
mo171-L  ma171-7 ) hi trong MC
Lénhdong/  Lénh dong/ @ Cic dén chi thi cét -
6171-15  mg 171- )
quénhd' g m"l;:‘m“ - (@ Cic denchi i TB chip IN2LLIN213
long/mo o a a e e
' hanh dang lam vige IN106XINLO7
Lénh tir cac niit 4n trén HMI va céc dén chi thi trén HMI I
.
N p ’ o . A ) - \ A \ \ A L1 A
Hinh 3. Gdn chure nang cho cdc chan cua SEL 451 Hinh 4. Chu trinh vdn hanh toan hé thong

Trang thai lam viéc cua hé théng duoc phan biét thanh 24 trang thai nhu trén Hinh 4 cho ché
d6 diéu khién local, trong d6 trang thai 1 dén trang thai 13 thiét 1ap cho chu trinh dong MC trong
khi trang thai 14 dén 24 thiét 18p cho chu trinh cat MC. Vi ché @6 diéu khién remote, 24 trang
thai ctia hé théng van duoc thiét 1ap twong tu nhu ché do local, chi khac & 1énh diéu khién thay vi
duoc thuc hién tir cac khoa diéu khién thi dugc thuc hién boi bién remote bit trén man hinh.

2.4. Pé xuit gidi phdp diéu khién ngan 1 két hop hé chuyén gia

Hién nay, viéc ung dung cac cong nghé tién tién nhur tri tué nhan tao trong RL sO van con
nhiéu han ché do nhiing yéu ciu dic biét cua thiét bi nay. Vi thé, cAn phai co nhing giai phap
thich hop de thong minh hoa hé thong dleu khién tram. Giai phap van hanh tir xa hién nay van
con mot s ton tai nhu sau: Viée dong cit hé MC-DCL vin mang tinh thi céng (khong dugc tu
dong hoa) khién cho nhan vién didu do c6 thé thao tac sai (phat 1énh dong/cit MC va DCL sai thi
tu quy dinh). Trang thai phan hoi vé vi tri déng/md ctia DCL da dugc giri vao (IN101+IN105) va
(IN303+IN107) nhung nhiing truong hop mit két ndi gitta BCU véi trung tim diéu khién, truc
tric phan dién (dut diy mach phan hoi) hodc hu héng phin co khi (co ciu quay co thuc hién
nhung khong hét hanh trinh ma tram lai khong c6 ngudi tryc nén khong nim dwoc chinh xéac
thong tin DCL déa quay dugc dén phan nao). Trang thdi dong md ciia DCL chi duoc quan sat
bang mat thuong tai mot s goc quan sat qua camera ma khong c6 giai phap canh bao vé nhimng
trang thai dong/mé khong hoan toan ciia DCL. Piéu nay co6 thé khién ngudi van hanh ¢ nhiing
nhan dinh khéng chinh xac va c6 thé van phat 1énh chuyén dbi trang thai cta thiét bi.

http://jst.tnu.edu.vn 263 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 230(02): 260 - 267

Vén d& nay co thé dugc khic phuc bang cach giam sat, xtr Iy trang thai 1am viéc binh thuong va
bat thuong cho h¢ MC-DCL st dung coéng nghé Al, trong d6 su dung ky thudt deep learning
accelerator trén nén tang thi giac may tinh [8], [9]. Giai phap nay dugc ap dung cho hé DCL ¢6
thiét ké kiéu khoa co khi nén c6 thé xem day nhu mot gidi phap nham dép ung yéu cau dat hang
cla cdc cong ty dién lyc trong qua trinh chuyén doi s6 va ting cuong tu dong hoa TBA. Dé thuc
hién, mot trung tam didu khién, gidm sat, xir 1y trang thai 1am viéc binh thuong va bat thuong
duoc thiét lap voi cAu trc khéi nhu Hinh 5.

TRUNG TAM DIEU KHIEN XA CUA CAC CONG TY BIEN LUC

Phan mém OneATS Data Editor

Tin higu Phan mém OneATS
FEP (Front End Tin hicu phan héi | Data Server | phan hoi Grid Studio
Proccessing) duoe chon | Tinh toan, xir | May tinh tai
Thu thip, trao di dir 1y dir ligu - trung tam
liéu gitra IED vd - theo thoi < didu khién xa

Tin higu diéu khién

trung tam diéu khién gian thye
Pdng bd Tin hi¢u diéu Thong tin phin
théng tin khién quyét dinh
chuyén gia cho timg [EDs
toan hé théng trong h¢ thong tram bién ap/IEDs
TRUNG TAM CHUYEN GIA TRAM BIEN AP/IEDs

Céng nghé OneATS (Grid Studio, Data Editor)

D FEP (Front End Tin hicu Data Server

e i T T ﬁ‘
R phan hoi [ 1inh toan
May tinh tai | Th thap, tra0 d8i d | g o | 13 0 1iéu i,

Phong ligu gitra [ED va »|  theo thoi Mxiy tinh |‘_ai tram bién ap
5 1A chuyén gia | trung tim diéu Khién gian thye hogc tai céic lEl{ tai MC,
Trung tim | Che d6 vén hanh Phat lenh _ _ Thong tin RE 06 truyén thong, v.v.
diéu khién xa | (tai chd, tir xa)., diéu khién Co ciu ch:’ip hanh chuyén gia PR Co:;%u;%:e g;:gi u(gnd
toan b¢ thong|| énh dong/cat G0 4T LTC })Ién AcSELeraron.  QUiCkset Data Server
- y Tm?‘ bi déng xan d‘.’ Chuyén gia (ngudi vin hanh c6 kinh nghiém) Tinh todn, xir 1y dit ligu
O (BCU) cat mach bidu thi uséngia (ngutivin inh c6 inh i P
_aTa — Ly [Thong tin vé ép lyc ftrang thij i S '.’ — o
. Trang thii lam viéd of J.y khi SFe, hé thong dong/eat| | Trang thii vin mn‘g":ﬁ:fdo V;:ih;' 2, ALY e tngn| | phanhi
ctia cde thidt bi | bao vé role, i tri 2 cia MC | [ hinh cta cic MC Aeoi§ o duge chon
3 "'O‘q clia cée tiép diém Cuon @j\ VARE dOP“VUVIE” - - FEP (Front End Proccessing)|
TT bit thuwdng ciia DCL dong/cét g duyst dioh Thu thip, trao ddi dit liéu
Jetson | oo b L X et bi th — Output Giao dign HMI Lua chon dit giita IED va trung tam diéu
Nano Vén toc, vi T_ et. 1 thue H@i Méy tinh chuyén gia (Jetson family) liéu qua khir Khién
Computer| & tri dich . .| hién 1énh dieu truyén can str dung, Lénh diéu| Tin hiéu phan
Xung diéu khién khién dong prm— ra——— khién hdi cua thiét bi
ong Huéin luyén Huéin luyén lai Méy tinh
co khi Croarhim Cc thiét
i 3 pha Dirliéu my dgl.. bi chip i{
Tin hiéu phan héi G . ,“~ c[é‘a Dir ligu qua Dir ligu qua | Juroe chon| c@; Rt thoo hanh =
in fileu phian Lot fu L EAL Khir ban dau Khir cdp nhat thei gian thyc (CB, RE,
tiép diém phu L DCL v.v)

Hinh 5. Cdu tric diéu khién c6 hé chuyén gia sir dung cong nghé OnATS va RL SEL

Theo mo hinh nay, tat ca cac MC va RL trong ludi dién s€ dugc diéu khién boi mot IED thong
qua cic may tinh va cac tu truyén théng cap quang dé truyén thong tin di xa. Viée gui dit liéu va
nhén dir liéu duoc thuc hién theo ca hai chiéu gitta IED va TTBK. Al tich lily kinh nghiém va xu
1y van hanh véi vai tro 1a hé thong chuyén gia. Trung tdm chuyén gia s& phai 1a su két hop cia
cac may tinh chuyén dung c6 cac chuong trinh Al ¢6 kha nang tu hoc, tu thich nghi, thu thap dir
liéu hién thoi va nhan dang thong s6 van hanh hé thdng, dua ra nhitng quyét dinh vé trang thai
van hanh dua trén goi y cua AL

3. Két qua va ban luin
3.1. Két qud diéu khién ngan 1 siv dung cong nghé OneATS va RL SEL 451

M6 hinh thyc nghiém s dung RL SEL 451 va may tinh co6 cai phan mém OneATS nhu thé
hién trén Hinh 6. Giao dién HMI dugc thé hién trén Hinh 7.

Hinh 6. Tong thé cdc thiét bi trong mé hinh Hinh 7. Giao dién HMI trén may tinh diéu khién
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Chuén truyén thong dugc thiét 1ap dé két ndi gitra may tinh va RL SEL 451 1a IEC61850.
Lénh diéu khién, bao gdm 1énh chon ché do (remote hay local) va 1énh dong/mé thiét bi, dugc
thiét 1ap thong qua viéc xoay khoa diéu khién dat tai thiét bi nhu trong thuc té. Tin hiéu phan hoi
duoc thuc hién thong qua viéc xoay khoa diéu khién dé gid 1ap phan tng cia thiét bi trong thuc
té. O ché do remote, nguoi diéu khién sé thiét lap Iénh diéu khién thong qua viée 4n nat trén HMI
va quan sat trang thai 1am viéc cua timg phan tir théng qua deén trang thai cua timg phan tir. Trén
mo hinh, dén do6 ing vai trang thai thiét bi da dong thanh cong, dén vang ung voi dong co dang
quay dé thuc hién viée dong/mé MC, DCL, DTD. Céc két qua thuc nghiém thu dugc di thé hién
viéc van hanh cac thiét bi di dap ung dung cac yéu cau dit ra cua dau bai & ché do local/remote.
Céc DTD, DCL, MC di duoc dong ding quy trinh va khong thé thao tac nhiam trén man hinh
(néu thao tac vuot cip thi ddu OUT cua budc tiép theo khong duoc dong).

3.2. Két qud nhén dang trang thdi vin hanh ciia dao cdch ly sir dung cong nghé Al trén nén
tang Jetson family

Mo hinh thiét bi thuc va thuat todn van hanh duoc xay dung trong phong thi nghiém nhu trén
Hinh 8 dé klem ching kha néng nhan dang trang thai van hanh cta hé thong.

| Chup anh liy miu vé vi tri ciia DCL: 0%, 25%, 50%, 75%, 100%

Huén luyén Al dya trén tap anh mau vé vi tri cia DCL va
xuat file weight trén Jetson family

Thu thap hinh anh tir camera. Sir dung Al nhan
dién trang thai van hanh cia DCL

v
Quyét dinh vé trang thai vin hanh cia DCL: khong ¢6 18i (dong/
m@ hoan toan), ¢6 16i (m& 25%, 50%, 100%)

@ S
b
Jetson family gui tin hiéu trang thai sy ¢6 dén
b6 diéu khién chinh cia DCL
v
Bo diéu khién chinh cit tin hi¢u dong/mé va
bao cho ngudi van hanh

b) DCL dong, MC dong

lNgu{yi vén hanh dén vi tri dat DCL tim sy ¢b

Ye

¢) Thudt toan vdn hanh <>
Hinh 8. M6 hinh va thudt toan van hanh mé hinh co kha nang giam sat trang thai cua DCL
Pé mo hinh ¢6 thé hoat dong theo yéu cAu clia bai toan, cac dit liéu can thu thap theo cac
nhom riéng nhu: chua dong, dong 25%, 50%, 75% va 100% sau do huén luyén (train) cac tap di
liéu bang Pytorch dé dam bao d¢ chinh xac. Sau khi két thiic qua trinh huan luyén, c6 thé thuc
hién chuong trinh kiém tra nhan dang béng cach st dung TensorRT va ImageNet dé thuc hién
suy ludn sau d6 dua ra két qua phan loai. Vi toc d6 xir Iy 60 khung hinh trén gidy, chwong trinh
s& thuc hién dém s6 khung hinh xuit hién mdi trang thai 16i (dong 25%, 50% va 75%) dé dwa ra
quyét dinh trang thai dang van hanh c6 phai roi vao trang thai 16i that khong. Néu sé khung hinh
16i dém duogc trén 600 (twong Gmg v6i 10 s ton tai 101) thi dugc xem la DCL da roi vao trang thai
16i thuc sy va can phai sy can thiép vao bd dleu khién. Trang thai 1i trén DCL do 15i chi tiét co
khi dugc nhén dién trén Jetson Nano va guri vé canh bao trén man hinh HMI va trén dén canh bao
nhu thé hién trén Hinh 9 va Hinh 10.
Két qua trén Hinh 9 cho thay chuong trinh AI da nhan dién duoc céc trang thai lam viéc cua
DCL va hién thi lién tuc vé trang thai cia DCL 1&én man hinh HMI, gitip nguoi diéu khién xa co
nhing goi ¥ chinh xac vé trang thai thuc té. Két qua trén Hinh 10 cho thiy khi Jetson Nano phat
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hién trang thai 101 cia DCL qua camera va chuong trinh Al va phat canh béao (dén d6 nhay trong
khi dén xanh vin dang sang) khién cho nguoi diéu khién ¢ xa chi y va tim cach giai trir sy cd.
Pay c6 thé duge xem nhu mét trg 1y 4o cho ngudi van hanh. Tuy nhién, cac nghién ctru budc dau
nay van cin c6 nhiing cai tién vé thuat toan, ki thuat Al ciing nhu cac phan cimg t6t hon (ding
Jetson family véi cdu hinh cao hon, c6 camera tot hon) dé cho két qua nhan dién tot hon.

Céc két qua thu duoc cho thdy TTPK di thyc hién tot vai tro thiét 1ap cac so sanh logic, giup
tranh céc thao tac sai ciia hé MC va DCL khi két hop voi thiét ké co khi dang khoa. TTDBK c6 su
lién két voi thong tin vé trang thai cia DCL nhd sy két hop voi Al trén nén tang cia hé vi xtr Iy
Jetson family. Diéu nay da gitp ning cao d6 chinh xac, do tin cdy va ting cudng tinh tw dong hoa
trong cac TBA, qua do nang cao kha nang dap uing van hanh cac TBA khong nguoi tryc.

@)

(b)

(©

()

)

Hinh 9. Két qua nhén dién trang thdi lam viéc trén Jetson Nano: (a) Trang thdi mé hodn todn,
(b) Trang thai dong 25%, (c) Trang thai dong 50%, (d) Trang thai dong 75%, (e) Trang thai dong 100%

Hinh 10. Ké¢ qud nhan dién dong co su co
4. Két luan

Bai bao d thiét lap dugc viéc ing dung cong nghé OneATS vio bai toan diéu khién mot ngan
16 trong TBA. Bai toan da dugc phan biét thanh 24 trang thai van hang riéng biét voi bién kich
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thich 1a cac khoa diéu khién hodc bién diéu khién xa. Bo diéu khién chinh la RL SEL 451 véi chire
ning ty dong héa. Thong qua viée thiét 1ap cac cAu tric phan cimg cua ro le va quy tic logic voi
ngon ngir 1ap trinh SELogic, bai bao di thiét 1ap thanh cong chuong trinh diéu khién cho ro le tmg
vGi bai toan cong nghé dit ra cho viéc diéu khién mot ngan 16 trong tram bién 4p theo diing quy
trinh va tranh thao tac sai thong qua viéc thiét 1ap gia tri bién trén phan mém. Dong gop méi ciia bai
bdo 14 dé xudt giai phap gidm sat trang thai lam viéc binh thudng va bét thuong cho DCL trong
ngan 1. Giai phap nay ung dung Al nhan dién trang thai cia DCL theo thoi gian thuc dé canh bao
cho nhén vién van hanh tai trung tam diéu khién, tranh viée tiép tuc thao tac khi DCL dang 16i.

Bai bao da thiét 1ap mo hinh thiét bi thuc c6 kha nang phat 1énh diéu khién, gia 1ap tin hiéu phan
hoi va cac dén thé hién trang thai sir dung ro SEL 451. Pong thoi, mot mé hinh b DCL ciing da
dugc thiét 1ap dé kiém ching kha nang nhan dién trang thai van hanh. Cac mé hinh nay da duoc
thiét lap tai TNUT dé gitip viéc 1ap trinh, chinh sira chuong trinh dugc dé dang ma khong anh
hudng gi dén cac thiét bi chdp hanh thyc té. Viéc diéu khién co thé dugc thuc hién tai chd dat thiét
bi (thong qua cac khoa diéu khién) hodc tir xa thong qua HMI tai phong diéu khién cua
TBA/TTDPK. Céc két qua thu dugc tir mé hinh cho thdy viéc 4p dung thanh cong cong nghé
OneATS vao bai toan diéu khién ngin 16 trong TBA da giup diéu khién xa cac thiét bi trong tram
va kha nang ap dung cong nghé Al gitip nang cao kha nang van hanh an toan cho TBA.

Viéc 4p dung thanh cong cong nghé OneATS va cong nghé Al di tao nén mot mé hinh thiét b
thue giai quyét mot bai toan cu thé trong hé thong dién theo dung quy trinh dit ra va tao ¥ tuong
nhan dién trang thai van hanh theo thoi gian thuc hoan toan ty dong. San phém nghién cuu co thé
dugc ap dung cho tat ca cac TBA vé6i chirc nang diéu khién, giam sat va thu thap dit liéu cia cac
Cong ty dién lyc. Vi nhitng ndi dung da dat duoc, cac tac gia hy vong s& gop phan hoan thién vé
kién thirc vé& diéu khién va giam sat cho cac k¥ su tai cic cong ty Pién luc va bd sung mot giai
phap dé nang cao do tin cdy cua cong tac diéu khién xa khong nguoi truc tai cac TBA.
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