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Fig. 1 Structureof non-intrusive load monitoring system
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Fig. 2 Operation data of household loads

FRME AT — BB RAE . X T A E M EB RHRIIRMG
SOME 5 P (o), e RS ¥ 5 Ho . H o H 5353
R IABE T M, M FIE M, BT X R EB 78 FL RSB SR
P K P (o) )T 90 R i AL,
H,:P(0),P(1), -+, P(t, — 1)~M,
H:P(t,),P(¢,+1),--,P(t,—1)~M, (1)
H,:P(t,),P(t,+ 1), -+, P(T,)~M,

K H 6 5 EB 3 A P (2) /Y A 58 AR
N 20 5 15F 1) D) B Az = 2, — 15 Tl SR E TR I

HI T EB #2 A B, B S8 R85 358 1 2 7 A= B 1Y
FAE S AR B EB su B B AR ST AN
AR RE O RGP K EB A S /NI AR
S — R o0 M O s, T ARSI A5 5 19 A ek A 8, L
B 1% 7 B (v S5 X6 AS () 40036 190 £ 55 G o o8 007 o Fl 5K
PR HEAE S AR R B W, X T4 Er P(r), v i#
1o 28 RUBE B/ I AR 4 kit LR AT 22 )2 Ay il L 15 EIAIR
R A o A o RS S P, (2) /N4y
%i‘]:

P ()= a,. . ()+ > d,0. () (2)
iﬁEP:zam,,qﬂm(l)ﬁﬂfﬁﬁﬁﬁ;de,,go,y,(l)%%ﬁ
G35, () a,, o 0 S RUBE eR BRI L X N 1Y R AL
RPARAT 2R B 0, (2)odd,,, 5300 Ry /0N U R 50 X6 o 17
E =Y EY i

fH559 RS ST R EE . B, s
b v AR R R S R A AR . I P () M =2 /N
AR R R A B A3 TR EB 4% A A BT
GEAF T 10 1, W N 22 RUBE /N 43 itk o A 2R B Jed s
KA AL, = 0 R BB R B E 5 R, 51E 5 W
HEALIRICR . I, 76K [A] £ 407 77 W7 2 47 78 I

SRR /DA DN AR AE 1 DR S g AR R A L B A AT AR S R A

] 22 B HT 3 R, B RR 2 78 K IR A5 5 h Sk
ZI 7 R B EB SR S A2 1k, 1) A a /) AR e A
o P, T RLE s 3 (3) AR E L B i 5 U0 B i
] 5
Ad,,=d,,..—d, >0 (3)

A, ER m R NB Y AR RO — B 22
Gys0 A, W BIE .

W 22 JUBE /NI AR e 1 TG T ) R A 5 R i 26
EB 78 B3 1R, 1T 20 i I 64 v R B0 A 2 R AE
7, o AT BRI AR Ak BE A A I A SE AR S R A
A BB HA .
1.4 ETREHEMIIREEHRERE

AR EB BCH P 2% H O A3 L s E BE A
TS fift BRI 0 20 45 ) A A T AR Ak (H R T e 2% L
(0 F U P AT SR A EB B [ A R AR S R (R
B SRRl R A [R] 450 #E 7 B2 AR b 2 5 1 EB
Bt Wb sk A B AL BER  IF o Br AR SRR . &
2(c)FE 2(d) 77 1 EB FEHL E AT /Y i
TR e IR P S S0 0 I LA A [ 8 i R 97 A )
fHH .

%I E) EB (Y B BOP k BRI BOR
B BE R B R DB AR 9 L 2 BB AR, AT 2(d)
AT LA EB S B AT D) 3R R RO F O e AR R
TR PR o A3 LR A SR AT S AR AR, 5 AR TR K
Ao A7 W Sk DX, T AR O SRR A D EB A Y
HrH e At AR

T X EB £ R A B 30 7 e G SR AR AR
HEAT A CH 9 Fn— oA R Ak R A AR ik A7 5K
X P 2 e AU HE AT A Al I R AR R R T
3L IR IR IR A F AL RE AR AR R M EB LAY
A FFAE 3% o B EB A A 651 i 45 Sy 1813 9 A
A, DA 5 4 Ak w21 45 4 1 B K40 v 4T R A 4k 3k
TR B A - TR PR AR LA -

L={d|i=1,2,+J,} (4)

S 2, 5 300 A D AT 06

LI R X B AR TU AR BE YRR A S o
JEAERRAE Z A7 AR AR B & O & P 1655 R, X
JE AR A AT AL R o K A 2 1
H BEAT R AT 0 28 T OB R AR SR LA

L~={d|i=1,2,-,J,} j=1,2,+,J, (5)
AT o 2 e 5 R RFAE R, R X T EB £
i HA e DX 23 B A9 R AR A 2

AN T 1) Ja R R AR X o 6 0 i AR AN, O T
FEIT R AR FRAE B0 3, X B 8 R AR KA, i
HAE P EZ AR . MR FHIEX T EB 4 iy

http : //www.aeps-info.com 179



2023, 47(19)

KR A FRAE Y AR B AL, DL X3
S 5 R U B R AE SE AT AU TS BAY R AL
) i Ko
K:[k19k29"',/‘3j9""k1l] (6)
2 &,y B A 8 R AR A T T ) R
R IEAE AR EB P b R B — 20, H 5 HAD
T F A R 0 X3 B U e {2
TEM 2 EB LA MR B 5 L EB B RS Fe 1
Ji iy 2 ] e S5 38 2 4 R AE 25 ) R AT — B RAE
SCea=/f(d by, dsksy =+ dibyy - dy by ) (7)
FUH  SCy o T A2 25 45 1R 9 T P38 40 2 AR
ST R RPLET 3 (1 R AL bR £
H1 T EB & A F1H B 5 B 10 45 1F 25 0] 4E 5088
e, TR s A S T 1) B G 28 ) e A A 3R B A
FRE T T [ R, SVMTE fiff R /INREAS (AR 2 1 M o 4R A5
[P B B SVM R 18 4 R &
fiff Xk S o M 0 e R Y R R RE A B I R RE
J1o HEYIZRI SVM BE R 40 26 45 X EB 11 fif 19 3t
PERRAE A 238 5 0, AT 58 i EB 5 B 28 B IAE &

2 FEEAKXEBEHMELHMA X

BT Lk EB W I B AR S0t 45 0, AR T A
S PR W R P RSB B, A MK EB AT
Sy SR ARG I 5 R B L K EB i i R A E 5 AR
PB4y o
2.1 ZKEBRBITHIHKENEREK

ARBCEE A Y EB 78 B B 15 B, 7 BN R
LT B MR EB R R . Bk, Ay
HOE TR AR AT, R /N AR 4 5 7 25 EB
BT P A ) 278 A LR SRR EB SR S
PR LR R IEIE T EB B R E .
2.1.1  FET/NIEAR A 25 EB 78 HL AT M A6

EB #: A B BB, A5 D) D155 45 25 77 5 P A 1 []
JE1] o 7 — 5 Y1 P PN A 28 78 0 o AR SR FH dbd /NI R
B A DT R A5 5 347 2 ROBE /N AR ¥, 3 3 45
J B T AR 43 AR LS EB 7 L 2 4 A 56 1 B S AR

ﬁi@

2 22 ROBE/INUE o3 fff e, X 45 )2 410 R BOR —
By 25 43, 38 320 T8 AT 7R B 2% 0 1 0 1R i 0T 58 A% A
AT L . JE T EB £ A BB B 08 A RRE M A
WAE 5 v A7 e W 2 28 (8) I AN 2 AR B 21 ¢, Fl £, W)
HH e MR EB R Fi k.
|d(t,)]> o,
d(t,)> o,
Ko d (e )R d ()55 70 A DD 545 57 ¢ Fil e, B

12*116[51,52] (8)

180

cHMHEFE -

/NG AR W AT R — B 2298 50000 MBI A d (1))
Hd () BIE

F T /N 72 48 X I IR R 0 R | BT R H =R
PE L KRR EB 78 i SR 1, ol s 2 6 fop
PRINGE BT S FE T, AR SCN EB 42 A L )5 oF AR
FE RS B A Ty oy R 8 8 0 6 e 32 4IRS T )y T X A
AN 2 SR AT A O 3

1) LAAG Ty Dy 448 15 Sy (o (1) Wy 28 735 o5 5 S 2%
EB i faf 88 A 5, BUSR AR 5500 5 m, A A9 A D) 1)
RAE B RAR SLET A A DR P, RS A DY)
RP s B INYPRE AP L (9) RS,

o Yre (9)

m,
KPS RS LR S A A T 2
Fo A AP R (10) , W] H ok 6 far 82 A A
0, << AP <o, (10)

Lo, 0, M APHY F R R IR {E .

2) M TR Bzas A7 10 far B A 01 AR AR i 4 A
A 5 B R Py 2 A B 22 A LA A L R E 1 2 AR
Mo A R (L) A S 18] 2253 47 B g, A X 5
EB i £2i2 17 R AR FF 0 [8] 2232 17 67 far 888 A S HEAT
IEE AT ST

AP(t;)— AP(1,)< o5
V(T)=V,

KA AP (1) AP (2,) 53 31 R He AN 5348w Ab Ty 58 34
50, N HIRT 2 AR SR B AHRU B ; V(TR T, 1H]
i PR A 00 28] A AL 2 A8 A AN E VO R T 2 I R 4L
5 1A .
2.1.2 ZKEBHFFHE

Sk R B R ST 2 AT Y LU R R Dk
T Ja 22y BEI, 5 2RI M AT e R S Y
[ SN ) 5 03 R (R g < NP Il =
i, B RS R A LR 0 46 AH A5 AR [R] B B 220 48
—ASEEE T L R A SR Y s R R
FIRI AR A7 A E, T4k 2 BT AR B R A,
K12 PR,

(1)

u(x)>0
u(lx—1)<<0
A cula) BE o DR SR R . DLICRAE 5T
S b6 a5 A O | H I Y SR B O
M T EB 2 A A A ik R ZE 3R B ] FF
SR 3R Oy s P B A R AR S AR I 20 1, T SR R
2 R 0T F U BT 43 A T (22) T 1 (25 )0 HR A

(12)



77'3

FEL 9 B 0 DR B AT 3 0 X (13) 45 B G ey A9 AR A B JE

WIS I (), RS R BB U (2,) W AT 4R 95

R =l NN 3 A S VAN NS S 1A

U (1) 3B 2, A7
I(t,)= L (£2)— Tion (1)
U(t,)= Uy (1)

2.2 EBATHRLINES L&

h SEELEB i far i — B R AL, B TR A REE
S AT A EB LA ffar FRAE EE U2 &H SVM 4y
Jadm  WER PR EB G far o
2.2.1 EBRSFMEM B RAE

DK JZ 5 B4

HHRE S 2 A28 B0 = e AN, S AR,
JE DL W Z BB e R . EB B far 7 S AR {4
fiE % Z i EB 1 faf (1938 B AR EVE R B E B . 4 5
MU TE B LA R B g 38 AT FLAEE b G b E i ARURR AR 5 5
RAFAE R PEMR B . i T EB fufaf LR B K &
PR AR BRIEA L S BN, % IR RE AR B A i R
(280, QN H I IR AR 3R 48 B R R R D e A
[ 4 5 L SRR AE . B0 20 2 O A S BURRE 4R B 10 1E
L, WEf s A2 AL PR .

SEARFRE S R EB A B 0 D g REbE DL P Yy
PRUESI 0. EB R IR B AT R KB AE  eE T
EBJ& TAEL kit . EB it & = BEX N, dy
ML HIF A S, Wi, H IR
P 1 f7 (non-linear, NL.) f1 & £ 1 fif (consistent
load, CL) WY A~ R¢ fiE 49 B SEARFRIE AR & Lo T A dih
EREES LT -

L=L,UL,

2) FRAEA AL il

H T S BURAE 2 Y B8R 2 4 2
ARG Z MG B ES R ML SE R,
TR RS BRI E S
25PN S 1R A SR il sk R R AE R R iR B RS
BORRIEAE o AT NS, 157 40 28 10 oy A A R AIE
mEEA N

A={Y, , Yoo, Yo, Yo ) (15)
KAV, Ja=1,2,, Asn=1,2, -, N } By i tt
AR E &, o, o BB EEARTE IR
T P TS, A, N IZ IS T REAS S, n B A
E NGBSl IS

WP, R A B far 28 51 19 S8 B0 ME 36, MOl BT A R
Tap RE A 4B 1Y S SF By i) & B

M:iRM”
n=1

(13)

(14)

(16)

AR /NI AR P 3% PR S A9 AE AR A R 3l A AT 4 S 0 I R

S M= VALY, R B 0 R R
i

LS 2K B0 0K 4 B I S, R 62K 7
O R S DA KK T B B S, 50 90

A,
S, = z[(yw —M)(Y,,—M,)"]

5.=p.s, (17)
&zEUMMfMXM—MF]
B NS A BB 4R T A
_ trace(Sy) (18)
trace( Sy )

AP s trace (X )RR RIEME X XML FoTRZ .

A 1 AR R R 2 ] DL S (Y R A
T 3 3 0T A AR R T DL SR A Y 4 R Al .
J{E AR 3 BT e A AE 19 43 S RE Mk o e, X
N7 F R R AIE G B0 R R AE AR AL A Y 2

3VFRAE AN T

M 2(d) 7T LLE A R R X EB 67 faf 1 X
Sy FEARTE . F I BGE B A6 AS R AR AE X EB i 1)
FEAE TR O 5B 4 BC A RRAE & b, SE ISR 4L EB &
AR AR RS X EB 7 ff B9 — B R AE . Hop, se ik
FEAE A R T R R A AE R LB 5 67 ey 28 0 DA T 45 /)N 17
fof 2 ST 6 9 L LA E — M TE AR E AT AR AR LA DA
FAE A o 5 B /N, 156 B IZ R AE X R A A AR
HAE 6T EB ffr oA B0 0y 2o pk 7 =R
R

X EB 7] (9 J, Bl AF 2R 47 WAL, 5 EB 1 i
HH A MRS o5 AN RRAE B 1 A, W] DL
TRFER.

1 Agg
ho=— Inf
J InA o az::lf]w nﬁu
UVja (19)
Je =3
2%
a=1

Kpej=1,2, -, Ji50, BIZR S FALR KA £
N a N REAS Y5 AR ARG LAY A5 B IR

PRI 2 R A 1 AR AT LT N R AR R R
IR

(20)

http : //www.aeps-info.com 181



2023, 47(19)

T H BT 43 BC AR AE R 58 TR N TS R AT A5 3
AN EB & FREE 3 .
2.2.2 SVM4rZasil 4k

FH AV B E B EUS B9 bR 2 R A I 5
SVM 4325 2% , il 1 4B 4 R4 @ (o) X i A 8088
HEAT WS, E AR B 0 2 A] 54 BE R B far AR AE
B B R L 2R, R DL R A
AD(x)+ B=0. A WE Wl 2 F i 2 800 L
AL S A )

2
min LA
mn
2 (21)
st vy, (A0 (x,)+B)=1 y,=1
v, (AD(2,)+B)<—1 y,=0

Kfp=1,2,, N, N, HGLFERNE A BN
B ZS 8 y, = {0, 1) MFEAR &, 9285, 08 %
“HE™Z A fr, VAR 27 g o A Ak Il B A X i
ik B H R Ly, K 2R = (22) Frows .

max przla/, — %Zapaq v,v,P(x,)@(x,)

X

N.
s.t. zapyP:O a,=0
p=1

(22)
Ko, MRS H 7.l ad — R AR 3]
a, Ji , M (23) 2 (24) 1 5 T 1 S8R B,

A:z:apypé(xp) (23)
B:y/,—z%yq@(xp)é(xq) (24)

I e 3T A o BB e B B, A K (2, 2,)=
Q(x,)@(x,)=exp(—lx,— x,[/oi ), H o5 g #
RS 50, R (22) Ak B A2

N, 1
max L, = Zap — Ezapaq vy, K(x,, 2,) (25)
p=1 g

TR S0 B A A 45 RRAE S B K 22 S TR AR
TEMRAN 2w AR A (A HEATIH — b B, N T4 o
AR X EB 1 faf 138 B K 0 — 46 i A f i
T B, HAE B EB A S I A5 0

Ak 42 A 2 R Bl e, DR, S A D
B R 20t b A R 00 BN R A A R A SR, Y
ARG RE A A, NS HEERE. /2%
W8 iz B oRORIE A5 AR AT AR 45 47 L, SE X EB
A FUORS A 45 0 6] B A T 3 31 2 22 (B0 A% S 15 B 10
AR

k1= A EB 7 faf W50 & 5 14 B R i R an 1 3
FITR o

182

cHMHEFE -

BTN e KB IR
a7 )
- SEARA PP PR
: ' —
: ¥ ' N A
Y 325 I 3 11—%:&&&*%&%%
i ﬁu/\%gﬁ?maﬂwﬁ | s
L EPMEBJCNHEAI ST (s
| %ﬁﬁﬁﬁi%‘f#ﬁ%;%éﬁz § A
: v
HERJE, ST TS R0 REL
%j:amfm%e B 257
s | /
L TR AR | R .l
3 ; (EGIET A
| W MEB S AR <@ ‘
: :
' . 25 R =3
BRI R | P RAS
3 L_lﬁ L R
L 50% 50% | WREHAP
¥ W v ‘
50% | isov ‘ - L
- E a 3‘+;%;%*Fﬁwmm&u
: \—‘_1 R 1/\\,.\\H|Jr| sﬂ/\ﬁj waill
‘ Wﬁ@%ﬁjﬁw%m L BT, ‘
: Vo N :
WK, BIETES | | ny=n? 3
; v E VY
E‘ﬂ%ﬁ;ﬁ TEFLIE A O
v
SVMSSK it WP RS
HAFE B L A
., v
JEREBISVM
: o SO RS
SR Mo R T X2
g 3 v
i BFRATR SR I T,
! AL

B3 FRAXATENRGZEEREER
Fig. 3 Overall flow chart of non-intrusive load
monitoring system
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Non-intrusive Real-time Monitoring System for Electric Bicycle Charging Based on Wavelet Detection and

Feature Graph Decision

LI Xiang', LIU Yuhang', ZHANG Qi*, WU Xin'
(1. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China;
2. National Energy Conservation Center, Beijing 100045, China)

Abstract: The illegal charging behavior of electric bicycles (EBs) in households has temporal randomness and spatial concealment,
which poses significant safety hazards and is difficult to effectively manage. A non-intrusive real-time monitoring system for EB
charging based on wavelet detection and feature graph decision is proposed, utilizing the characteristics of real-time autonomous
execution and promotion-friendly non-intrusive monitoring systems. Considering the physical structure and charging characteristics
of EB loads, the typical common characteristics of EB loads are analyzed from both transient and steady-state perspectives. The
EB proprietary feature map with strong distinguishability and universality is constructed in advance to realize consistent and
structured expression of EB steady-state common features. In the actual monitoring process, in order to reduce the computational
power demand and data transmission pressure of the system, EB specific transient phenomena with high-frequency components are
accurately located based on wavelet transform to complete EB like charging event detection. Finally, the monitoring system
extracts event waveforms and trains efficient classifiers through graphs for load identification and real-time upload. By monitoring
actual users, the effectiveness of the monitoring system has been verified, which can effectively solve the problem of charging EBs
in buildings and households.
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