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Abstract

In recent years, load monitoring plays an important role in energy saving and smart grid development. However, detailed monitoring of
individual loads requires a huge number of measuring devices, leading to a lot of difficulties in investment, development and management.
To solve this problem, non-intrusive load monitoring technique which apply machine learning algorithms allows to identify individual loads
consumptions base on total consumption data, thereby significantly reducing the number of measuring devices and investment costs. In this
paper, through the application of machine learning algorithms, we analyzed the energy consumption dataset of an apartment with total and
break-down consumption data. The result point outs difficulties and potentials of applied machine learning in the energy disaggregation.

Keywords: Machine Learning, Energy disaggregation, Non-Intrusive Load Monitoring.

Tém tit

Nhing nam gin day, giam sat st dung dién nang dang tré thanh yéu
t6 then chdt trong dinh huéng tiét kiém ning lwong va phét trién ludi
dién théng minh. Tuy nhién, dé giam sat va theo dai chi tiét cac phu
tai thanh phan cin mot lugng I6n thiét bi do dém, tir d6 dén tai kho
khin vé diu tu, trién khai va quan 1y. Dé giai quyét van dé nay, giai
thuat Giam sat tai khong xam nhap (NILM) ang dung k¥ thuat hoc
méy (ML) cho phép xac dinh phu tai thanh phan dua trén dit liéu do
téng tiéu thu dién, qua d6 giam dang ké s6 lugng thiét bi do dém va
chi phi du tu. Trong bai bao nay, théng qua itng dung cAc giai thuat
Machine learning, nhém nghién ctru da phéan tich b dit liéu tiéu thu
dién ning ctia mdt cin ho vé6i cac phu tai tong va thanh phan da dang.
Két qua cua bai bao da chi ra nhitng khé khin va tiém ning trong
viéc ung dung hoc may phan tach phu tai thanh phin tir tong tiéu thy
dién nang.

1. Gi6i thiéu

Nham tng phé véi bién dbi khi hau va s néng 1én toan cau,
sur dung hiéu qua nang lugng ngay cang tré thanh mot trong
cé4c tiéu chi dwoc quan tdm trong cac dy an vé ning luong.
Nhitng nam gan day, Chinh pha Viét Nam da ban hanh hang
loat cAc quyét dinh va chuong trinh qudc gia vé sir dung ning
lugng tiét kiém va hiéu qua. Dac biét, cac dong ho théng minh
va hé thong giam sat nang lugng dong mot vai trd quan trong
trong cac muc tiéu vé quan Iy, hiéu qua nang lugng. Thuc té,
viéc phan hoi cac thong tin vé tiéu thu ning lugng dén nguoi
duing c6 thé gidp tiét kiém nang lugng 1én dén hon 14% tong
luong dién nang tiéu thy [1]. Tuy nhién, viéc trién khai cac hé

thdng giam sat nang lwong theo cach truyén thong can mot sé
lwong cac thiét bi giam sat ning lwong, din dén kho khin
trong dau tu, trién khai va quan ly. Vi vay, ky thuat Giam sat
tai trong khong xam pham da ndi 1én nhw mot giai phap tot
nhat dé déap ing céc yéu td ky thuat, dong thoi giai quyét cac
van dé chi phi dau tr va quan 1y nhod s lwong diém do can
trién khai thap hon.

Giam sat tai khong xam nhap (NILM) la mot qué trinh phan
tich dir liéu dién nang tiéu thu tong va dua ra cac thong tin
tiéu thu dién cua tirng thiét bi trong hé thong dién. Trong giai
doan dao tao, mot md hinh hoc may duoc lya chon dé dao tao
v6i bo dir liéu bao gdm dir liéu tiéu thy cua tai thanh phan.
Sau d6, mo hinh da dwoc dao tao s€ sur dung dé dua ra cac du
doan vé tai tiéu thu thanh phan dua trén di liéu tiéu thu téng
dugc cung cip cho md hinh.

Trong bai bao nay, ky thuat gidm st tai khdng xam nhap dugc
nghién ctru dé du doan tiéu thu dién cua mot can ho tai Ha
Noi. Trong phan diu tién cua bai bao, phuong phap luan cua
ky thuat gidm sat tai khong xam nhap duoc dua ra. Sau do,
cac md hinh NILM s& dugc xay dung tir bo thu vién Scikit-
learn vai céc thuat toan hoc may théng dung va duoc t6i uu
hoa cac siéu tham s6 nham gia ting d¢ chinh xac cua két qua
du doan. Két qua thu dugc cho thay cac thach thirc ciing nhu
co hdi trong viéc ap dung hoc may phén tach phu tai dién.
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Hinh 3: Trich xuét dic trung [4].

2. Qué trinh thuc hién cia giam sat tai khong
xam nhap

K¥ thuat NILM dugc xac dinh ¢6 4 bude c}}inh, bao gém:
Giam sat tiéu thy, xac dinh sy kién, trich xuat dac trung va
phan loai tai [2].

2.1. Giam sét tiéu thu

Budc dau tién cua ky thuat NILM 1a thyc hién do va thu thap
dir liu. Thong tin duoc thu thap 1y twéng nhét 13 thdng tin vé
dién 4p va dong dién tiéu thu véi tan s6 cao. Tuy nhién, da
phan thiét bi thurong mai cho muc dich giam sat va quan ly
ning lugng toa nha déu c6 toc do ldy mau thap (0.2-1Hz), do
vay cac thdng tin khac nhu cong suét tac dung, cong suét phan
khang, hé s cong suat hay cac dac tinh V-1 khac ciing s& dugc
xem xét dé thu thap.

2.2. Xac dinh sw kién

MGi khi thiét bi dién trong hé thdng duoc thay ddi sang mot
trang thai khac (chuyén tir trang thai tat sang bat hoac chuyén
sang mot trang thai hoat dong méi) s& gay ra cac thay doi trong
trang thai dién. Dya trén mo ta trong Hinh 2, k§ thuat NILM
thuc hién xac dinh su kién trén bing cach phan tich cac thay
dbi trong céc thong sé do dac dwoc. Thong thudng 6 hai
phwong phap duoc st dung dé phat hién su kién [6]:

Active Power in W

Hinh 4: Phan loai tai [5].

e Phuong phdp phat hién canh la phuong phép xac dinh sy
kién thong qua nhiing thay dbi trong cac thong sé dién
nhu cong suat, dong dién, song hai,... Phuong phéap nay
doi hoi xay dung nhitng bd phat hién su kién phirc tap.
Ngoai ra bo dir liéu tan suit cao dugc khuyén nghi dé
ting mirc d chinh xac khi xac dinh céc su kién.

e Phuong phap xéac suit 1a phuong phap don gian hon
trong viéc xac dinh cac su kién. Hé théng thuc hién ghi
lai céc thay doi gié tri cong suat va tinh toan xac suat cua
thay d6i d6 ung voi tirng thiét bi cu thé. Phuong phap
ndy dugc khuyén nghi sir dung cho b di ligu tan suat
thap.

2.3. Trich xuét dic trung

M3i mét sy kién duoc xac dinh, cac théng sé dic trung cta su
kién s& dugc phan tich va dwa ra. Nhu mé ta trong Hinh 3,
thdng sé dic trung duoc trich xuat gdm hai loai: Thong sé dic
trung cho qué trinh qua do va trang thai 6n dinh [7]. Cac thiét
bi dién duoc cAu tao tir nhiéu thanh phan khac nhau va gay ra
cac thay ddi khac nhau trong tin hiéu dién va tao ra cac théng
s6 ddc trung cho qua trinh qua d6. Bé c6 thé liy dugc cac
thdng s6 nay, bo dir liéu yéu cau phai dugc thu thap ¢ tan suat
cao. CAc thong sb dic trung trang thai qua do co thé 1a cong
Suat qua do, dang séng cua dong dién khoi dong hay nhidu
dién &p. O mit khéc, céc thong so cua trang thai on dinh thi
trai nguoc lai do co thé thu thép dugc vdi bo dir liu tan s6
thip. Céc thong sé bao gom su thay ddi vé cong suét tiéu thy,
dong dién tiéu thu, nhiéu dién, ...
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2.4. Phan loai tai

Budc cudi cling cua ky thuat giam sat tai khéng xam nhap la
phan loai ra thiét bi nao da gay ra sy kién. Dya trén céc dir
liéu duoc thu thap va véi cac dic trung xac dinh dugc, cac
thuat todn hoc may s¢ thong qua cac phuong phap khac nhau
dé du doan duoc loai thiét bi gay ra cac su kién. Mot vi du
don gian 1a c6 thé phan cum cac diém dir liéu va phan loai
thong qua cac cum dir liéu do6 nhue Hinh 4. V&i cac (tng dung
cta NILM, loai thuat toan hoc may thuong duogc sir dung bao
gom hai dang:

e Hoc tap cd giam sat (Supervised learning algorithms) -
thuong dugc su dung [8].

e Hoc tap khéng giam sat (Unsupervised learning
algorithms) [9].

3. Chuong trinh NILM si dung thu vién SK-
Learn

3.1. X4y duwng chwong trinh

Scikit-learn [10] la mot thu vién duoc viét phan 16n bang Py-

thon, dugc tich hop mét loat thuat todn machine learning hién

dai duoc st dung cho cac phuong phap hoc tap c6 giam sat va

hoc tap khong dugc giam sat & quy mé trung binh. B thu vién

tap trung vao viéc dua machine learning dén nhitng ngudi

khong phai la chuyén gia bang cach sir dung ngdn ngir bac cao

va dé cao tinh dé sir dung, hiéu suat, tai liéu huéng dan va tinh

nhat quéan cua API.

Trong ndi dung bai bao, thdng qua bo thu vién Scikit-learn,

mot s6 thuat toan thong dung dwa ra va thong qua cac cong cu

bé sung cuia thu vién dé lua chon cac tham sé tdi wu cho tirng

thuat toan. Két qua hudng dén xay dung cac mé hinh dy doan

cho két qua tét nht. Céc thuat toan duoc lya chon bao gdm:
¢ Random Forest Regressor

Gradient Boosting Regressor

K - Nearest Neighbors Regressor

Gaussian Process Regressor

Multi - layer Perceptron Regressor

o~ TP
Tai dir liéu vao
chuong trinh

Di¥ligu D liéu dao tao

Thudt todn Machine
Learning
Cong cu
Grid search parameter

-

.
— Phin téch

P - Len

( Mé hinh dugc ™ Dir liéu ndng luong

S

dao tao J/
-

Tong tiéu thy

Tiéu thu thanh phan
Hinh 5. Chuong trinh NILM dya trén thu vién Sklearn

Chuong trinh hoat déng theo cac budce dugc mo ta trong Hinh
5. Bo dit liéu dwoc chuan bi bao gom dix liéu tiéu thy tong va
dir liéu thanh phan. Sau d6 s& duoc chia thanh hai bo dir lidu
dung cho muc dich huan luyén mé hinh va kiém tra d¢ chinh
xéc. Bo dit liéu dung dé huan luyén s& duoc dwa vao mé hinh
va duoc tién hanh training. Tuy nhién, trong qué trinh hun
luyén, md hinh s& duoc thay doi cac siéu tham sé dau vao
nhiam muc dich gia tang do chinh xac. Tai budc nay, chuong

trinh sir dung cong cu GridSearchCV dugc cung cap kém theo
thu vién Scikit-learn. Cong cu nay hd tro viéc thay lan luot
céc tham s trong mot bo tham sb duoc cung cap tir trude va
so sanh d6 chinh xac voi nhau.

Mb hinh ¢6 do chinh xac cao nhat s& duogc lya chon cing véi
b tham sé tuong ung. Bo dir liéu kiém tra bao gom dir liéu
tiéu thu tong s& dugc dua vao dé mo hinh tién hanh du doan
va kiém tra lai véi dir lidu tiéu thy thanh phan, tir &6 danh gia
duoc do chinh xac cua mé hinh.

3.2. Panh gia d9 chinh xac
bé dénhr gia do chinh’ xac trong vi¢c udc tinh tqiéu thu dién cua
tung thict bi, thong so RMSE duogc str dung d€ danh gia sai so

gitra gia tri cong suat dy doan dugc vai gid tri cong suat thuc
te.

1)

Vi
P;: Cong suét tac dung du doan duoc
P;: Cong suat tac dung thuc té
Ngoai ra, muc dich cua ky thuat NILM I’é du do?n muc tiéu
thu dién cua tung thiet bi, do vay sai s6 giita tong tiéu thu
dién du doan va thuc té sé dugc dua ra dé so sanh.

Sai s tiéu thy dién = x 100% 2)
~ TA
E = j P(t) x dt ©)
0
T
E = f P(t) x dt (4)
0

Vi
E: Té)ng dién nang tiéu thu dy doan.
E: Tong dién nang ti€u thy thyc te.

4. Trién khai va phan tich két qua

4.1. Péi twgng thir nghiém

Chuong trinh NILM s& duoc thir nghiém vai bo di ligu tiéu
thu dién thug té ctia mot can ho chung cu tai Ha Ngi c6 dién
tich 91m?, gom 1 phong khéach, 2 phong ngu va 1 phong lam

viéc. Dya trén dir liéu tiéu thu tong, md hinh s& du doan va
dua ra hoat dong cua cac phu tai trong cn hd.
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ow
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Hinh 6: Bo dit liéu tiéu thu dién ciia d6i tuong can ho chung cur tai Ha Noi
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Bo dir licu tiéu thu dién trong 20 ngay duoc thé hién nhu Hinh
6. Trong d6 binh néng lanh, diéu hoa Va bep tir 1a thong tin
cua thiét bi riéng biét, con lai thong tin Ve Chleu sang bao gom
cac dén duoc sir dung trong cén hg va dcamlatd hop nhiéu
thiét bi dugc st dung théng qua 6 cam.

4.2. Xay dung truwong hop thir nghiém

Bo dit liéu dugc xay dung tir toan bo dir liéu tiéu thu dién cua
can chung cu. Dit liéu tiéu thy dién tong s& dwoc tinh téng cua
c4c tai tiéu thu thanh phan. Muc tiéu cia truong hop thur
nghiém nham hudng dén danh gia do hiéu qua cta chuong
trinh vai dir liéu thyc té va tap trung di sdu vao phan tich cac
dang tai riéng l¢ trong cong trinh nhu chiéu sang, dleu hoa
khong khi, bép tir va binh néng lanh. Riéng dang tai 6 cam
thugc dang ding hdn hop caa nhiéu tai khéc nén nhom tac gia
khong ké dén dang tai nay. Dir liéu tiéu thu tong s& dugc tinh
bang téng cua cac tai dugc ké trén.

mains_1 (kw)

— train
validation
40004 —— test

3000 A
20004

10001

N LM 1 ‘ I |

22 23 24 25 26 27 28 29 30 31 dl 02 03 o4 05 06 o7 08 09 10
Aug
2020
Time

Hinh 7: Di liéu do tao va kiém tra

Bo dit liéu duoc chia 1am ba phan nhu mé ta trong Hinh 7: Dix
lieu tr ngay dau tién (ngay 22/7/2020) dén hét ngay
06/08/2020 duogc sir dung dé 1am b dir liéu dao tao cho céc
mo hinh. Phan dir liéu tiép theo dén hét ngay 08/09/2020 (3
ngay) dung lam di liéu kiém tra phuc vu cho GridSearchCV
nham t6i vu tham s6 cho md hinh. Di liéu con lai (1 ngay)
dung dé kiém tra do chinh xac cho mé hinh sau khi dwoc tdi
wu tham sd.

4.3. Panh gia két qua thir nghiém

Trong phan nay,mot s6 két qua d doan ddc trung cta cac mo
hinh s& dugc dua ra phén tich, qua d6 c6 thé danh gia mire do
chinh x&c va hiéu qua ciia mé hinh sau khi toi wu cac tham so.

Prediction vs real of air_conditioning_5
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0 1
00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00
09-Aug 10-Aug

2020

Hinh 8: Két qua du doan tai didu hoa cuaa mé hinh sir dung thuét toan Ran-
dom forest

Vi két qua tir md hinh sir dung thuat toan Random Forest thé

hién trong Hinh 8, md hinh mic du di duoc téi wu tham sb,

tuy nhién két qua sau khi dy doan van chua thuc sy chinh xac.

Trong khoang thoi gian Ic 6:00 va khoang 13:00 - 23:00 diéu

hoa duoc sir dung, mé hinh ciing di x4c dinh diéu hoa c6 tiéu
thu dién, tuy nhién md hinh cling khéng du doan dugc cac gia
tri dinh ma chi dwa ra duoc gia tri trung binh trong giai doan
tiéu thu. Ngoai ra con mot s6 thoi diém didu hoa khong duoc
sir dung, tuy nhién mé hinh ciing cho két luan phu tai c6 tiéu
thu.

Prediction vs real of air_conditioning_5
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600
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Hinh 9: Két qua du doan tai didu hoa cua md hinh sir dung thuat toan Gra-
dient Boosting

V& co ban c6 thé thay két qua du doan cia md hinh sir dung
thuat toan Gradient Boosting (thé hién trong hinh Hinh 9) cho
ra két qua twong tw md hinh sir dung thuat toan Random For-
est. Ngoai ra, md hinh dwoc cai thién mot sé thiéu sot nhu da
c6 thé xac dinh mot vai dinh tai mac du gia tri du doan chua
chinh x&c hoan toan. Mot sb thoi diém xéac dinh tai tiéu thy bi
sai dd giam nhung van chwa thé khic phuc hoan toan.

Prediction vs real of air_conditioning_5

700 — real
Pred
600
500
400
3004
200 \
100
04
00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00
09-Aug 10-Aug

2020

Hinh 10: Két qua dy doan tai didu hoa cia mé hinh sir dung thuét toan
Gaussian Process Regressor

Két qua nhan dwoc tir md hinh Gaussian Process Regressor
thé hién trong Hinh 10 kha quan hon rat nhiéu so véi cac md
hinh bén trén. Ngoai viéc c6 thé dua ra cac két qua du doan
thoi diém tai duoc sir dung kha chinh xéc va dua ra cac gia tri
trung binh, cac dinh tai ciing dugc md hinh nhan biét va dy
doan ra véi két qua tuong ddi chinh xac so véi thuc té. Ngoai
ra, cac thoi diém dy doan sai ciing xay ra it hon rat nhiéu so
véi cac mé hinh trén.

Prediction vs real of lighting_2

300 — real
Pred

250
200
150
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50 1 “
. WLJ\
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Hinh 11: Két qua dy do4n tai chiéu sang ciia md hinh sir dung thuat toan
K- Nearest Neighbors Regressor (KNN)
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Khac véi phuy tai diéu hoa, phu tai chiéu sang ¢ dic trung tiéu
thu nho hon va dugc sir dung bién thién rat nhiéu trong qué
trinh dugc str dung. Két qua thé hign trong Hinh 11 ciia mo
hinh sir dung thuat toan k-NN cho thay khoang thoi gian tir
0:00 dén 6:00 khi can ho tiéu thy nho va it dao dong, md hinh
cho ra két qua dy doan tuong ddi tot, gan nhu bam sat dugc
duong tai tiéu thy. Cac thoi diém khac mé hinh ciing du doan
dugc viéc van hanh cua phu tai. Tuy nhién, mot sb thoi diém
str dung phu tai c6 dao dong Ién, mé hinh van cé nhiing sai
s6t nhat dinh trong viéc dy bao.

Prediction vs real of lighting_2

300 1 — real
Pred
250
200
150
1004 \\ ‘
50 1 | \
! LA AN TR \
o b=t V/ l_‘__J UA \h_ U Mol
00:00 06:00 1200 18:00 00200 06:00 12100 18:00
09-Aug 10-Aug

2020
Time
Hinh 12: Két qua dy doan tai chiéu sang cua md hinh sir dung thuat toan
Multi-layer Perceptron Regressor (MLP)

Cubi cuing 1a két qua cua mé hinh sir dung thuat toan Multi-
layer Perceptron Regressor thé hién tai Hinh 12 cho thay kha
nang dy doan tai kém hiéu qua hon so véi md hinh sir dung
thuat todn k-NN. D mé hinh da ¢6 thé du doan duoc tiéu thu
cua phu tai va ciing c6 thé xac dinh duoc twong dbi cac dinh
phu tai. Tuy nhién mé hinh ¢6 mot s6 du doan sai kha nghiém
trong vao thoi diém tir 13:00 dén 23:00 khi du doan sai hoan
toan tiéu thu cta phu tai. Ngoai ra, cac cac dinh tiéu thu cta
tai cling dugc mé hinh du doan kém chinh xac hon.

Bang 1 Sai s6 két qua dy do4n cia cac md hinh sau khi duoc tbi uu tham sb

Chiéu sang | Binh néng Diéu hoa Bép tur
lanh khong khi
RMS | Saisé | RMS Sai RMSE | Saisé | RMS | Saisd
E dién E 6 Cong dién E dién
Cong ning Cong dién sudt ning Cong ning
suat suat nang sudt
Random 1.9
Forest 37 10% 157 % 70 18% 151 6.3%
Gradi-
ent 36 7.4% | 144 31 66 19% 144 10%
Boost- %
ing
k-NN 38 11% 161 3% 71 20% 156 11%
Gauss-
ian Pro- 41 34% 174 | 35% 42 29% | 167 54%
cess
MLP 41 9% 169 | 78% 77 6.4% | 158 | 13%

Bang 1 tong hop lai két qua nhan duoc tir cdc md hinh nham
so sanh dugc muc d6 hiéu qua cua cac mo hinh khac nhau. Cé
thé thiy cac dang phu tai phuc tap nhu chiéu sang hay didu
hoa khong khi déu gay ra sai s6 Ion hon (10-20%) so Véi cac
dang phu tai cé dang tiéu thu don gian (3-5%). Ngoai ra mot
s6 m6 hinh mac du cho thay kha nang du doan dinh tai tot hon
nhung xét vé tong quan lai cho sai s tong thé cao hon nhur
mo hinh Gaussian Process. Tuy nhién, xuat hién dot bién khi
mé hinh nay du doan tai diéu hoa cho két qua tot hon dang ké
(2.9%) so vai cac mo hinh con lai (~20%).

5. Két luin

Trong bai bao nay, viéc du doan tiéu thu cua tai thanh phan
dua trén dir liéu do tong ciia mot can ho chung cu tai Ha Noi
da duoc trién khai thir nghiém véi viéc ang dung céc thuat
toan machine learning théng dung dugc cung cap boi thu vién
scikit-learn. Céc thuat toan duoc lya chon dé thir nghém bao
gom Random Forest, Gradient Boosting Regressor, K- Near-
est Neighbors Regressor, Gaussian Process Regressor va
Multi - layer Perceptron Regressor. Tir so sanh cac két qua
nhan duoc tiép tuc cho thay cac thuat toan déu c6 cac uu
nhugc diém khac nhau. Cac mé hinh nhu nhu Random Forest,
Gradient Boosting hoac k-NN cho két qua sai sb tong quan
khé 4n tuong khi sai s6 cua két qua thip hon cua céc thuat
toan con lai mac di viéc dy doan ra cac dinh tai thap kém hon.
Mat con lai, thuét toan Gaussian Process Regressor va Multi-
layer Perceptron Regressor médc du cho cac két qua du doan
dugc cac dinh phu tai tot hon, tuy nhién khi xét vé c4c sai so
t6ng quan lai cho ra sai s6 cao hon cac thuat ton con lai. Nhu
vay, c6 thé thiy viéc dua ra cac trong s6 cua két qua huéng
dén s& c6 tinh quyét dinh kha Ion khi mudn lya chon thuat
toan nao trong viéc du doéan céc tdi thanh phan. Trong cac
nghién ctru sdu hon vé sau, cac cng viéc tiép theo s& tap trung
vao ning cao d6 chinh séc cua viéc du doan bao gdm sai s6
va viéc du doéan ra cac dic tinh phu tai. Ngoai ra, viéc dua vao
c4c bién phuy tro nham gia ting d6 chinh xac cua két qua du
doan s& dugc can nhic va tng dung cho cac thuat toan.
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du bao ciia caic mo6 hinh
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