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Abstract— Viéc giam sat tinh trang hoat dong cia dén
LED chiéu sing cé y nghia quan trong trong viéc ning cao
hi€u quéa sir dung niang lugng va ddm bao sirc khée ngudi
dung. Trong nghién ciru nay, ching toéi ap dung phwong
phép giam sat tinh trang hoat dong ciia dén LED sir dung
giam sat tai khong xdm nhiap (NILM) két hop hoc may
da trén tin hiéu dong dién hi¢u dung dé giam thiéu dnh
huéng ciia nhiu méi trwrong. Phwong phap gitp xc dinh
cdc tinh huéng hoat dong ciia dén LED bao goém binh
thuong, qua nhiét (khong di dong), qua dong, bi 16i va
hong hoan toan. Mo hinh dwgc xiay dung trén tip dir liéu
do dwoec tir cac dén LED va ¢6 d chinh xac du doan Ién
dén >96% cho thiy tinh kha thi ciia phwong phap dwoc ap
dung.

Keywords: NILM, gidm sdt tdi khong xim nhdp, di
doadn loi dén LED, phdt hién l6i dén LED, giam sat tdi thiét
bi.

I. GIOI THIEU

Hién nay, dén LED duoc st dung rong rai trong chiéu
sang dan dyng va cong nghiép [1, 2]. So v6i cac hé
thong chleu sang truyén thong, dén LED c6 nhiéu wu
diém ndi bat vuot troi hon nhu tudi tho cao [3, 4], hiéu
suét chiéu sang cao [3, 6], muc tiéu thu ning lugng thip
[7, 8], chi s6 hoan mau cao [9] va phu hop véi sinh ly
con nguoi [10]. Tuy nhién, ching cling gap phai mot s6
véan dé nhu tudi tho giam dan hiéu suat chiéu sang bi
anh hudng boi nhiéu yéu td hoat dong. Khi hiéu sut
chiéu sang bi suy giam, anh sang LED s& dan tr& nén
kém chat lugng [11], doi khi kho phat hién bang mét
thuong va co thé gdy anh huong dén sirc khoe thi giac
nguoi sir dung. Piéu nay ciing dan dén lang phi nang
luong dién lon, dac biét khi hé thong chiéu sang chiém
khoang 1/5 téng nhu cau tiéu thy ning luong dién toan
cu [12]. Vi vdy, viéc giam sat dugc tinh trang hoat
dong cua dén LED dong vai trdo quan trong trong viée
t6i wu hoa str dung nang lugng va dam bao sirc khoe
nguodi dung.

Hién c¢6 nhiéu phuong phép giam sat va du doan 15
dén LED dua trén cac thong sé do luong khac nhau. Cu
thé, co thé ké dén: (1) do va phan tich thong sb dién dau
ra ctia ngudn dén LED, nhu dién 4p dong dién [13], (2)
do va phan tich chi sb quang hoc cia dén LED, nhu chi
s6 nhip nhay hodc quang thong [14], (3) do va phan tich
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nhiét do chip LED [15], (4) do va phan tich cac thong
tin tong hop tir quang hoc, nhiét d va thong sb dién cua
deén LED [16]. Tuy nhién, cdc phuong phap do quang
hoc va nhiét 6 thuong dé bi anh hudng béi moi trudng
xung quanh[17]. Trong khi d6, phwong phap do thong
sO dién dau ra ctia nguon LED thuong yéu cau can thiép
vao phan cimg ctia dén LED, 1am gian doan hé thong va
d6i khi khong thuan tién vi thiét bi do phéi dugc cai dat
trén dén LED. Viéc nay rat bat tién va trén thi truong
ciing khong ¢6 san nhiéu thiét bi do dé dap ing nhu cau
nay.

Bén canh d6, c6 mot sb nghién cuu chon hudng
giam sat khong xam nhap, st dung hoc may [18, 14].
H. Jiang va cong su da sir dung SVM dé phan loai cac
loai 16i dén LED véi do chinh x4c (Accuracy) dat
65.4% trén tap test [18]. Tuy nhién, phuong phéap con
han ché do dit liéu bi mét can bang khi liy qua céc thong
s6 nhu cuong do sang trung binh, mirc d6 duy tri lumen
va chi s6 tao mau bi anh hudng boi méi trudng. Trong
khi d6, Y. Shang va cong sy di sir dung SVM dé giam
sat cdc den LED FSL véi d chinh xac (Accuracy)
100%, cac déen LED OSRAM véi d6 chinh xac
(Accuracy) 89.3% [14] trong diéu kién 1y tuéng. Tuy
nhién, phuong phap s€& khong con hiéu qua khi gap
nhiéu anh séng hodc hé thong chiéu sang bi thay doi.

Trong nghién ctru nay, chung téi 4p dung phuong
phap giam sat tai khong xdm nhap (Non-intrusive load
monitoring - NILM) két hop hoc may dé x4c dinh tinh
trang hoat dong cua dén LED duya trén gia tri dong dién
hiéu dung do duogc tir nguén d4u vao ciadén LED nham
giam bét anh huong ciia nhiéu maéi trudng. Cac mé hinh
dugc xdy dung va déi sanh bao gdm SVM, Random
Forest va XgBoost v&i d6 chinh xac du doan > 96% va
it chiu anh huong cua nhiéu 4nh sang tu nhién hay cac
han ché cta cac phuong phap di néu ¢ trén. Cac mo
hinh thu dugc sau qua trinh training dugc sir dung dé
phan loai va danh gia tap di liéu kiém tra.

Phan tiép theo cta bai bao dugc to chirc nhu sau:
trong phan II, ching t6i miéu ta mé hinh thiét bi do dac,
cach thu thap dir li€u, moé ta dir li€u thu thap dugc.
Trong ph?m III, chiing t61 mo ta cach xay dyng mé hinh
va cac tham sé danh gia. Phan IV cung cdp cac két qua
danh gia m6 hinh. Cudi cung, chiing toi két luan bai bao
trong phan V.
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II. PHUONG PHAP GIAM SAT VA THIET LAP HE
THONG PO
A. Hé théng gidm sat khéng xam nhdp va do dac
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Hinh 2: So' do nguyén 1y ciia hé thong

Hé thong giam sat khong xam nhédp va do dac su
dung trong nghién ctu nay dugc mo ta trong Hinh 1.
Trong d6, cam bién dong SCT013-100A va IC/module
do dac BL0940 dugc su dung dé thu thap gia tri dong
dién hiéu dung vé bo xir Iy Raspberry Pi 3 dé theo doi
va luu trit dir lidu. So vé6i cac cam bién va IC cing chirc
nang, cam bién dong SCT013-100A ¢6 uu diém co do
chinh xac cao, tan s6 lam viéc 1én dén 1KHz, d& lap dit.
Trong khi d6, IC BL0940 c6 tan s6 liy mau cao, do
chinh xac cao, khong can hiéu chinh, va kha nang xu
1y nhidu tbt v6i tdc do truyén dir liu 1én dén 900 KHz.
Hé thong giam sat dwoc thiét 1ap bang cach kep cam
bién do dong vao day cip ngudn cho dén LED, ma
khong can phai tac dong vao thiét ké trude d6 cua thiét
bi. Cac linh kién do dac va chuyén d6i ngudn co gia
thanh ré hon so v6i cac san pham c6 sin trén thi truedng.
Véi kich thude nho gon, hé do ¢6 thé 1ap dat don gian
& nhiéu vi tri, phu hop dé tng dung rong réi trong cac
ho gia dinh.

Qua trinh do dac, xu 1y tin hiéu dong dién, chuén bj
dit liéu xay dyng mo hinh dugc minh hoa trong Hinh 2.
Pau tién, cuong do dong dién xoay chiéu dugc do boi
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cam bién dong. Sau do, tin hi€u dugc hiéu chinh, xt ly
trén phan cimg module BL0940. Céac budc hiéu chinh
bao gdm: (1) Tin hiéu cam bién dong dién xoay chiéu
220V-50Hz thu thap duge khuéch dai béi by PGA dé
tang cudng do tin hiéu, (2) Tin hiéu khuéch dai dugc
lay mau ADC 6 tan sb cao, (3) Dit lidu sau khi siéu roi
rac hoa duge loc boi bd loc SINC3 dé loai bo thanh
phin tan sb cao, (4) Loai bo cac thanh phan DC cua tin
hiéu, (5) Dit liéu sau khi lgc théng cao dugc nhan voi
chinh n6 dé tinh gia tri binh phuong, (6) Gia tri dau ra
duoc loc boi bo loc thong thap dé loai bo cac thanh phan
tan sb cao, (7) Gia tri sau khi loc thong thip dugc cong
v6i gia tri hiéu chuan I RMSOS, sau d6 duoc liy can
bac hai dé tinh toan RMS cua tin hi¢u, (8) Sau do, gia
tri RMS duoc tinh trung binh theo mot sé mau dé cai
thién d¢ chinh xac. Cudi ciing, hé nhing Raspberry Pi
thu dir liéu tir module BL0940 thong qua giao thirc SPL.

B. Deén LED va cdc dang tinh trang hoat dong

Peén LED c6 céu tao chinh bao gdm: ngudn LED, chip
LED, tan nhiét va vo. Céc cudc kiém tra 18i trén dén
LED cho thay dén c6 thé bj anh huong boi tudi tho boi
diéu kién hoat dong, nhiét d0 moi truong. Ta co thé
phén loai tinh trang hoat dong ctia dén LED theo cac
nhém chinh gdm: hoat dong binh thudng, anh hudng
boi nhiét 4o cao, dong dién khong du dé hoat dong cho
hiéu suét anh sang dam bao, dong dién vuot qua dong
dinh mtc va hong hoan toan. Trong nghién clru nay,
chung t61 st dung loai dén LED Model: A55N4/5W.H,
Rang Dong, ¢ thong s6 ki thuat ciia nha san xuat nhu
trong Bang 1.

BANG 1. THONG SO KY THUAT CUA PEN LED
A55N4/5W.H, RANG PONG

Théng s6 Gia tri
Cong suat SW
Dién ap hoat dong 150-220V AC
Quang théng 475Im (6500K)
Hiéu suit 4nh sang 951m/W (6500K)
Nhiét do lam viéc 10 - 40°C
Tudi tho 2000 gio (L70)
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Hinh 3: Biéu do cac micc cuong do dong dién hiéu

dung cua den LED tai cac tinh trang.
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C. Cdch thirc thu thap dir liéu

BANG 2. PHAN BO DU LIEU GIUA CAC NHAN
TRONG TAP DU LIEU PO BUQC
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Hinh 4: Do thi phdn bé dit liéu ciia cdc nhén trong tdp

dir lieu do dwoc

pé x4y dung mo hinh, chung t6i khao sat hoat dong ctia
300 bd dén LED AS55N4/5W.H, trong d6 c6 110 bo
héng hoan toan, 100 bd bi 161, 30 bo hoat dong binh
thuong, 30 bo bi anh huong qua nhiét giam dong
(truong hop nay st dung bo dén hoat dong binh thudng
trong mdi truong nhiét do khic nghiét), 60 bd bi qua
dong. Po dac trén céc thiét bi nay, ching toi thu thap
duogc 12000 dit liéu vé dong dién hidu dung tir 300 thiét
bi dén LED véi tong thoi luong 1a 30 gio. Mdi doan di
lidu c6 chiéu dai 1a 9 giay, va duoc ghi nhan mdi phat
thong qua bg do nang lugng dién. Sé lugng dir liéu cua
cac nhan duge 1y dong déu nhau nhu mé ta trong Bang
2, nhdm giam anh huéng ciia mat can bang dit liéu [19].

0.030 0.035

III. CHUAN BI DU LIEU VA MO HINH

Dit liéu thu thap sau d6 s& dugc chia mot cach ngiu
nhién thanh hai tap dir li€u bao gém tap training 72%,
tap test 18% va tap validation 10% (Budc 2), bang cach
sir dung API ctia thur vién scikit-learn [20]. Phéan bd ciia
timg tap dir liéu dugc thé hién & Bang 2, 3, cho thdy tap
dir lidu c6 tinh can bang gitra s6 lugng cac nhan.

BANG 3. PHAN BO CUA TUNG TAP DU LIEU

dir liéu Tap Tap Tap
Nhan training test validation
Bi 16i 1718 445 237
Binh thuong 1734 419 247
Qua dong 1709 454 237
Qua nhiét 1766 411 223
Hong hoan toan 1722 431 247
Tdng cong 8649 2160 1191
Ty 18 (%) 72 18 10

ISBN 978:604-80-8932-0

Céc thuét toan hoc may dugc st dung bao gém
SVM [21], Random Forest [22], va XgBoost [23]. Cac
chi s6 danh gia do hiéu qua ciia mé hinh bao gom do
chinh xéc (accuracy), precision, recall, macro F1-score
[24], va AUC [25]. Cac m6 hinh dugc xay dung st dung
thu vién scikit-learn. V& cac tham s, mé hinh SVM
duoc huan luyén véi kernel 1a Radial Basis Function
(RBF). Bdi voi Random Forest, s6 lugng cay quyét dinh
(n_estimators) dugc thiét 1ap 12 100, phwong phap danh
gi4 chat lugng cua cdy quyét dinh (criterion) dugc dat
1a “entropy”. Vi XgBoost, tham sb objective dugc dat
la “binary:logistic” va tree_methods dugc st dung la
“hist”. TAt ca cac tham sb con lai & cac méd hinh duge
thiét 1ap theo mic dinh.

IV. KET QUA VA THAO LUAN

M6 hinh sau huén luyén duoc danh gia trén tap test v6i
cac chi s6 dugc mo ta trong Bang 4. Két qua cho thay
tat ca cac md hinh déu co kha ning dy doan tt trén tap
Test voi d6 chinh xac va chi s6 macro Fl-score trong
khoang tir 91% dén trén 96%. Nguyén nhan gitp cac
mo hinh ¢6 kha ning du doan tét ¢6 thé do cac nhom di
liéu c6 sy phan tach tuong ddi 18 nhu duge minh hoa
trong Hinh 4. Trong d6, m6 hinh Random Forest c6 chi
s6 danh gia t6t nhét, voi tat ca chi so danh gia ciia md
hinh nay déu t6t hon so v6i hai mé hinh con lai.

BANG 4. KET QUA DANH GIA MO HINH

M6 hinh Random
Chi s SYM | orest | *9Boost
Accuracy 0.915 0.962 0.944
Precision 0.91 0.962 0.944
Recall 0.91 0.962 0.944
Marco F1-Score 0.91 0.961 0.944
Marco AUC 0.994 0.997 0.997

Ngoai ra, tinh trang overfitting cia cic mo hinh
ciing dugc danh gia thong qua viéc so sanh d6 16i du
doan (1 - Accuracy) cua md hinh trén ba tap dir li¢u
training, test, va validation. Két qua kiém tra dugc tong
hop trong Bang 5. Néu mé hinh c6 d6 13i trén tap test
va validation 16n hon vugt trdi so v6i do 16i trén tap
training thi mé hinh c6 kha nang bi overfitting [26].
Bang 5 cho thdy su chénh 1éch khong 16n giita test error
va training error cia cdc mo hinh va sy 6n dinh twong
dbi gitra validation error va test error. Do d6, c6 thé thay
cac mo hinh khép véi dir liéu va cho két qua dy doan
hop 1y.

BANG 5: DO LOI DU POAN CUA CAC MO HINH

M5 hinh Training Test error Validation
error error
SVM 0.091 0.085 0.104
RF 0.005 0.038 0.049
xgBoost 0.005 0.056 0.061




Hbi nghi Qudc gia 14n thir 26 v& Pién tir, Truyén thong va Cong nghé Thong tin (REV-ECIT2023)

BANG 6. SO SANH HIEU NANG MO HINH VOI
CAC NGHIEN CUU PA CO
(Env. effect: anh huong tir moi truong)

.. Env.
Precision | Accuracy offect
SVM 91.7% | 91.3%
This = pp 96.2% | 962% | Low
study
XgBoost 94.4% 94.4%
E"g‘]g ctalSVM) 1 gr0, | 654% | High
SVM -
%lg‘}‘f: ; 89.3% | High
Shang | M LED)
et al
4] | sym -
gusafm - 100% | High
LED)

Két qua du doan ciia cic md hinh trong nghién ctru
nay dugc so sanh voi hiéu qua cua cdc md hinh duogc
xdy dung mot s6 nghién ctru di trudce trong Bang 6. H.
Jiang va cong su [18] da st dung bd dir licu g(“)m cac
thong sb: cuong d6 trung binh cua chiéu sang, muc do
duy tri lumen, nhiét d6 mau (CCT) va chi s6 hoan mau
(RA) nhdm phan loai 04 trang thai 15i cia dén LED bao
gdm: 13i chip, 18i bao phi dén LED, qué nhiét va quéa
tai dién. Do céac thong s nay chiu anh huong manh tir
nhidu mai truong nén hiéu qua du doan ciia moé hinh
chua cao. Trong khi do, Y. Shang va cong su [14] da sir
dung bo dir liéu co thong s 1a dac tinh thoi gian - tan
s tir tin hiéu 4nh sang phat ra cia dén LED nhim nhan
dién cac trang thai: khong co 161, 18i loai 1, 15i loai IT véi
dén cua hang OSRAM va khong c6 16i, 16i loai IIT d6i
v6i hang FSL véi két qua do chinh xac cao trong diéu
kién thi nghiém. Tuy nhién, phuong phép nay yéu cau
dir liéu do dac tin hi¢u anh sang c6 do chinh xéc cao,
thiét bi do dac phuc tap, theo dé chiu anh hudéng manh
tir nhidu moéi trudng va kho trién khai trong thuc té.
Trong khi d6, nghién ciru nay xay dung cac md hinh
hoc may dua trén dir liéu tr dong dién hiéu dung cla
d4u vao dén LED c6 hiéu qua du doan tbt (>90%), it
chiu anh huéng ciia cac nhiéu méi truong, vi du nhu
4anh sang ty nhién, va khong doi hoi khét khe vé thiét bi
do dac khi ap dung thyuc té.
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V. KET LUAN

Trong nghién cuu nay, ching t6i da ap dung mot
phuong phap giam sat tai khong xam nhap (NILM) sur
dung hoc may dé theo ddi va dy doén tinh trang hoat
dong cua dén LED. Cac md hinh dugc huén luyén cho
kha nang dy doan t6t véi do chinh xac dat dén 96.2%
v6i md hinh Random Forest. Tuy nghién ctru méi chi
duoc thyc hién trén loai dén LED A55N4/5W.H nhung
nghién ctru ndy ciing ¢6 thé dugc ap dung trén cac loai
dén LED ciing nhu cac hé thng chiéu sang khac nhau.

Phuong phap ciia chiing t6i ¢6 kha ning dy doan tot
va it chiu anh huong boi diéu kién méi truong, khong
doi hoi cao vé phin cig. Bén canh d6, phuong phap
thé hién wu thé rd rét so voi cac phuong phap giam sat
tai 6 xAm nhép do khong can can thiép vao hé théng
phin cimg cua thiét bi chiéu sang, giam chi phi cai dit.

Véi kich thue nho gon, va dé 1ap dat, hé thong
giam sat khong xdm nhép ndy co tiém ning dugc ting
dung rong rii khong chi trong cac hé théng chiéu sang
16n ma con trong chiéu sang & ho gia dinh.
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