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Abstract: In order to apply the smart meters with load identification technology into real application, a non-
intrusive load identification method using Mean-shift clustering algorithm with siamese network framework was
proposed. In this method, the load event was carried out for extracting the features, including active power and re-
active poaer. Meanwhile, working time and working duration of the load was obtained to assist the load
identification. Secondly, Mean-shift clustering was used to classify the load events into the load type, and the load
type was then identified by comparing the siamese network with the load signature database. Thus, the load type
which the load event belongs to can be obtained. Finally, through experiments on the load test data of actual
household users, the result proved that the method proposed could obtain the load kinds within the user's home,and
distinguish the load with a large coupling degree of power signatures which could provide the basis for application
in smart meter.
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XF UL AT AR R BR3P
2, Pl By LA s e Ay ) a0 A o 32 sk 1
FI7R o PR X B A B 32 A7 I L, AR 48 %5 BE 43
ALK B4




BV, % R T Mean-shift £ £ F0 25 2 W 2469 SR A X 5 AT PR %

WA 20225 H 524 F24

_[N(w.0?) )
!

e N (e, o) S i o A 5 108 8, AR 2]

oA

L

1 HREETHES R

Tab.l  Distribution of time length

251 A e IR A
MR RAE s i R
He4) 1 jﬂ\f—j%‘: %k*HXJ&ﬁ/‘E A EE/J("IT‘%EE/LZQ

JBATIFR AN E 1Y 177
Z512 AL min BLh A,
AR BEHLIE
— BN F L AT IS AT N B GE TR T 67 A
IS IR LSO P B8 AT O o AR SCAE B0 fif
SFPFAS I B B At L, 3 RS RE P 45 A far i AT v
KAy T geit, ik 2 s, s EIE EJ5 g%k
TR BT

A4 %JXL@%EE?EHL

25 HURGE T HUKEE ARG AHL BUKSE ERHL UKA
B2 ARHETT I 45 R
Fig.2 The length of statistical time of load running

ME 2 AT DUE Y 45 1A i A7 I 2 ] HL
H—E B XAk, 1 an 2 8 R K [EE AT,
B ARHL 24328 FT BT FE 2 h A2 A, T LK
A LRGN L AR AL s AT R B, AU L
min 5%+ JL min, B3R FIXT 8
1.2.2  MAfFIE TR ZIRRE

T BT ZIRRAE 5 P E R AT R 2
AR OCHE . B3 it 5 e H P 4% i fi iz
AT ZVRFIEGE TR I, B A ) 220 B2 2% 0 6.3 R
XTI B AT IR o L B i) 7 i e ke 4% 71 i
Qb T2 4IRS B B[] B, B 60 B R A Q3R 0 far 7 1%
i [e) 32 PN AR s o 9104, oK AR JLT-4b F 4
KiIsATARAS , FAOK #5380 5 7E e 1 19:00—20:00
ZIEizt7. BeAh, NETH W eT DUE 25 8 s 17
A Bt o0 [ , 4 0 7 B 22000 LU I 21k
H R RG], 3 55 P e B A [) A 5, 1 FE AR L
DU e TR AR RE s AT 3 S AN T sz B
TH P X il 215, e, 7R — K 24 h
3 R AT B, I FH AR R B3 s 78 5 B ]
Be(t,,0,) WERA S F 44k R

1 te(ty,t,)
L= (2)
0 FHfh

1=1 3R KA T i 51,20 s AR A 7 Ao
HF

. 14

HIR G - 12
Tzl - 10
LKA - g
HL R -

-6
HLAL -
ks - [ -4
BEAHL - L,

UKFE
-0
8

S8858355882282585358828

et et et e et et et et 7

P13 SAArad I 2R AR G4 R
Fig.3  Statistical running time of load
1.2.3  [H]BRPEAZ ARAEAE
BT EiR—ERRE 2 A1 i — L TAROE
R 1814 B s S BEAHL A BT e BR A I
Rl . AXER Rk B B i X
PRI A A R e R A P R e A ) ] D
1 [ EPEAE

T =
{0 AR RS 1L (3)

300

250 WM 1

2001

=

w

l:‘\«150‘

1001

501

00 40 80 120 160 200 240

t/s
I g TG e S s

Fig.4 Vairation feature of load during running
2 R FTRT A AFAES I A dm 4

IR E - R RLAT ad W B G LA, I
AP R ) R 2 o L R il LA SN RE A8 A R i e
T FERE R A BOARAE o AR SCE SR B i 1)
FAEEATSETT L S A
2.1 BEEITRKEHES R

RIS IB AT R AE AT 026, e o B4
(77 ORI AT IR AR BT R 2 O T
SE BLARBYIZAT I 20 73 2 BB 2328 B (L, AR
SOR BT ST 9384T ISR A 3 LA 3107 1%
5 0 G Ay Ff R R MR 3 TR A R R () o X
SR I BUP SR AL -

69



wAEF 2022F F£52K H244

BV FF AT Mean-shift B £ Ao 5 A M09 12 A X AT FEIR T %

[f@)dv=e (4)

HR 4 & (BRI AR, T A far fe s A T B o A T
AN A REAS ISR B (1) B far T BRSO
2[RI B4 2 B B 11
22 HFEITHZISHES R

% g B 1 far A — R s 17 i 20 B A AR
FE VAT REAFEAE 22 07 4y W) B A 7 ) e e 10 (1 I
THE) , WAETE LT TC A faris A T AR 9 (FE 1
A T AT 1] ) , DA 1M 67 765 328 47 AT 1) 430 F £ 43 Bt
ARSI R, T 2R 4 B 37 s ik 7
X5

XA [ A [ AT A A, i —
Ay i ELAAR S A sk ) B 049 s ) 55, AR SR —Fof
s A J732: , R A S 4 e o ) s ] B 5 s
Fie /D B Sk e I 0 B ) DX Rl 5 5, X B AR R
T K AN [R5 47 e 2] |49 7 g DX 43 TR o

A Ny, F 55 i A B Aar o5 FH A B ] B2, e
L~s s oA S AR B qup 2R 055, U] B A bR R FRak =X
TR

£(Ny) = min YN, (5)

T HA s KA FEREEI S, 7T LA RS
TAERE I LT, 3278 4 Tfr 38 17 B B (R #5 24
RFE—K24 h) HiBE T L ACRAEE Tz 1T, 018
RAEAEAATIBAT, 455 2 (2) AP A — R 4%
TATIE AT Z 53 A I R

ltn lt124
LT=|: "

Ity - lt,
Horp A BRI B — A TR U AR B A TR S Y
B 8] Bt , B — IR ERIZ /NI NI 17 1 1A far 2828
EBEEE 2 e, ot (1<m 1< m2< - <mi<24)/E
R 530 24 b B 20 K SR s AT I 20 0 A T
ARy WG F Ao ¢, s 47 (B (8] B v, o0

(6)

m2 — 1 24

Ny =sen( S i)+ sgn( S )+ oo+ sgn( S0n)
&)
Ao M2 A e, 24,
S S B s ()
1 0
sgn(x)= 0 ;;ﬁ (8)
H538(7) 28 (8) TS A A L (5) BT R

- mt fH
70

3 Mean-shift fi 77 FHF £ AT 4
) 4 ) 1

1E el R AR R A U BRI 5T, (e
FRIEAI R IE R A —E Y 22 M. AR SO I T]
SFIESR JH Mean-shift 2, 45 21 JH  FEAR T B (8] 4
AETF AT FH A G g7, [T ) 282 o 22 I 2% ot
S0 P B A DG C B S I T 0 £ i S AL
3.1 Mean-shift B3

Mean-shift FEEAE R —FEAE S HUL R 0Tk,
HHEA AR R AR BAS ) 75 28 1) H I S 4 5 AN [+
AR S48 BE A3 A, 38 PR BT — AR AS U B K
RGP AN I {7 & o N A=A B C D D VA I 3
AT Y S AL, 33X SO RE A iR ST Jay 0 285 B e R
ARSI, B S 3 ] — oy B doe KA A REAS A5
PO R IR R — LS . AT HAL R B E W
K-means 5.1 , Mean-shift 5.7 o 75 WiAcix & R 2
UGB, HT DURE B R o3 A S8 85 B 3 N
T HUIR IS v B0, 33X — K At R 1 7 i 28 5]
B PR A e B

8552 45 5 d 225 ()R n M AREA ST e, (=1, 00
n) , %5 [ H AT — 5 x 1) Mean-shift 52 5% [i] &2 1Y LA
YW

M=% 2 (v (9)

Hor
S, (x)={y:lly — x| <h?)
APy NTEAS A R b NI ZZ & KA n MREAS 1
T A TE DS, N BRSO Ll a SR (bl
AR e AR X
TERAE R 3% B OR W A
AT A, AR R L PO

R 1
Fexe M= Tw (10)
x, €S8,

BT RACER LR, 5 AR BREK () P,
U243 (F A B i ik B
2 K (- x)w ()]
M, (x)="2 -x (1)
2K (x - x)w(x)]
A o0 () JREA o, BB, i HAE R AN s
32 ZEARMEHIH SR E
TEREZ G AR SCR T 5 FiR 1282 1
2 1) )7 B AT AR 432




BV, % R T Mean-shift £ £ F0 25 2 W 2469 SR A X 5 AT PR %

WA 20225 H 524 F24

2P 1 IO 2% P R A 1 A R R (LR
B HA A A (X R X,) 8 A5 A 43
AT P25 P 28 (Network 1 11 Network?2 ) , 38 ¥ 74
A28 X 25 0 G540 RN S B — SRR AR R Y, EAT145
A B A SR BT 1) 5 TR BT O AR, O e
TR B AN P A AR RS ¢

4z,

Distancce<Gl(X.),G,,(X3)> |
|—G“(X|)—T T—Gu(/\’:)—|
Ngi;\?kl Ne(i\igﬂd

% T
(R EE EEoy l|

Fig.5 Siamese network framework

IR R O &5 7 B e 13 1 € AL AR s
1iE; G, FRR MBI M WFRRAGE , G, 1Y
VE RIS K v, e ANl H iR R R X ey — 4
RRAE 7] S 5 2, D) P 7 657 AR A 1) i 22 () A R
FEES BN WA BAR L

AR FH BAPE BP i 48 [ 2522 (resilient back
propagation, RPROP) 1 2y 25 4 1 28 W 28 TR ) Gy, o
BRI GN T(i=1,2, - ,p) , FADX G T4
BiA g DA W, (j=1,2, -, q) , e REAC R 2
Hhyr, D

(1)

{ xE‘jZ) xglr)] T (12)
DUARF IR S 1 A B00CH pxq , LG IR 330 S AR A iy A o
245, 1533 pxg At R

x; =[x

yi =Ly i i1t (13)
T s Ay 2R A
) A= SR 4
Y =0y Yo Yo Yoo Yo Y ¥2 Y]
(14)

R T BEARTR X AR R Y T 3 AT
A Y W PR T 25 R0 B 0 B R AR AR L A RRAIE %
SOM o, R 2R — F2 o007 ) 52 T A9 55 s
a=1"Y
=la, a, O, O, Oy O, A, @, "'apq]
(15)
BIVER i X G2 I 50 AR A N T4 — )7 H) I
P B a0 BOE 255 n A>T EHRGERY
J7 RN S 25 A B (SO E 0.90),
W E T X0 B n AR 1] 8, AT A BARRAIE 4 o
ST 5 R 2 I % A T T ELAR R A 17 Ay
), W BRI 2 rh A far SO R AT Ry 2R A b 28

q

ZRA N G A s I 4 e Y B R R
K-means 7328777 o
33 ZHHEE

K645 i T A SO BAR T FERESR . 7Ei1%
HEZR b, 15 55 X 67 far 2 3 ik e ) 5k 2R 47 2R
J& ARATAE B B G Ay 28 501) , SR T AR A R 2 )
2% B 58 17 vh 5 22 B [ I )RR 1) 4
PEATDEIE , Be A5 3 f far BRI R

— R WS S

!

| LR AE | | I} [] 47 iF |

Mean-shiftig 2

URCES
Y A

BB PHIZE % 1 HPEBPHIZ %2

I Gy(X) ¢ Gu(X) I

7o SR P2 (1 i
EHE A FRL A RRAE)

| K-means}% |

o ATy ERIEs

Fig.6  Frame chart of proposed method

4 FEBER L5 5T

T RUESC R A R AR SR
JiE FH AR SRy AR B AR 98 6 B2, 3 2 % 1% 5K JRE
JAWEIN 30 d Y B A RSN R AT S g B, JF A
A3 BT B BCH 17 far 32 A 1 R A SO | H S B A
TEBCHE e o FH P i 0 B e A 96 45 08 L L IR B
T LKA | FLRE T AL HROK B L PEAK
ML VKA o A, AR SCKEZ 9 Fh G fir VR A 5T
XPRHATHER, R 240 T A A -7
Ty Ty 2258 AF 0[] PR R M e e i AT I
B 20583 RO E 2 8 3, SCH ik B Mean-
shift 532 th B RUEE A 10 min, $ U) A 21 REEh
FH2= 30 min.
4.1 SEIEE
4.1.1  AFFEITRHS 53 B A

PR 120 RO i e BRI T
TSR, BT 45 T 5 B AR AR R 2 B 3
MG . R T HRIFEH 3 R TR, AR SO
B SRBIGIEAT Ry, OB o0 445 S P A A R 17 e
BT AL . T IR, 2, R i 43
KEE R () T =172, HEA B K

71



wAEF 2022F F£52K H244

B VA, 5 R T Mean-shift 5 £ Fo 25 4 W 2469 dEE A X 1 AT PR T %

R2 GERHERRE

Tab.2  Database of load signature
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Tab.3  Information of feature of load event
SR BAMA G Ak Rk
i /min /min w Ivar
1 24 34 83.92 -72.61
2 100 34 84.37 -74.92
3 177 35 82.67 -85.88
4 258 34 86.1 -81.08
5 339 36 81.23 -74.95
6 423 36 74.82 -82.16
7 508 36 76.48 -67.53
8 593 38 80.13 =72.1
9 937 39 85.96 -82.43
10 1023 38 85.73 -85.85
11 1 140 51 1 430.9 4.56
12 1235 14 1 436 5.32
13 1235 6 1205 10.73
14 1277 37 74.9 -63.96
15 1352 61 468.53 28.81
16 1 356 16 1 460.7 6.7
x4 AR EMFELERER
Tab.4  Information of time feature of load in matching
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Tab.5 Reuslt of Mean-shift clustering of load event

ﬁljﬂjf# &Aﬁ%ﬂ Wﬁﬁtﬁ o]

e /min /min
1 24 34 VKA, LR EE , A
2 100 34 VKA LR EE , A5
3 177 35 VKA, LR EE , 25
4 258 34 VKA, LR GE , 25
5 339 36 VKA, LR R, A5
6 423 36 VKA LR GE , 25
7 508 36 VKA, LR GE , A5
8 593 38 VKA, LR R, A5
9 937 39 VKA, AR GE , A5
10 1023 38 VKA, LR GE , A5
11 1 140 51 PO, 25
12 1235 14 25 HOK A H g
13 1235 6 KA SR T
14 1277 37 VKA LR GE 25
15 1352 61 25 PRACHL
16 1 356 16 3P UK g
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Tab.6  Matching reuslt of siamese neural network

bRy o || RS sl
1 VKA 9 UKFE
2 VKA 10 VKFE
3 UKFH 11 POk
4 UKAH 12 POk
5 VKA 13 K A
6 ] 14 VKA
7 VKA 15 G|
8 UKAH 16 POk
£ JEHER
Tab.7 Reuslts of comparsion
S5 WA Y
RPROP #i 22 4% ARSI
2= 39 0.717 9 0.923 1
AL i B 32 0.8125 0.937 5
T 5 1.000 0 1.000 0
H K A7 24 1.000 0 1.000 0
ERV R 18 0.555 6 0.944 4
FLALAL 38 0.789 5 1.000 0
POk 56 0.785 7 0.946 4
VEAHL 34 1.000 0 1.000 0
VKA 134 0.820 8 1.000 0
it

BE XS S92 B 52 T HL 37 55 b D P A T Y B e
A FEP A, SO 4 Y T T Mean-shift 28
FINZE A= 26 1 BT BE TR 5 L 2005 25 4 50 E B A
18 L1 B 110 o TR TRV (0 e B SO L AR T X Vet
A 4 iz 17 B 210 R 11 38 38 Mean-shift 271,
ARAFARBL IS TR) HRAIE 19 BT, SR R T 2824 0 284
Fr o DCBCHE IR, St e BRI 3 . SEIR 25 LIk
B, 3207 ¥k AT AT BRI R AT BT i ARk TR 25 T
5 R 0 S A BE R AR e, 72N — 0T
PEr, FAT -t K in ik R AR AN W) 52 ] P iy
AR, 4 SO SR A T AT

S 30k
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