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A nonintrusive load identification method based on quadratic 0-1 programming

LIN Shunfu', ZHAO Lunjia', LIU Qinggiang?, LI Dongdong', FU Yang'
(1. School of Electric Power Engineering, Shanghai University of Electric Power, Shanghai 200090, China;
2. State Grid Linyi Electric Power Company, Linyi 276000, China)

Abstract: The decomposed information of power consumption of household appliances is meaningful for scheduling the
appliances and the reduction in home energy use. This paper proposes a novel load identification method based on
quadratic 0-1 programming after a brief analysis on the residents load signature, and transforms the discrete model into
continuous quadratic 0-1 programming model for overcoming the defects of complicated solving process. The power
consumption of individual household could be decomposed into load level using the proposed algorithm. The recognition
accuracy of load identification algorithms based on continuous quadratic 0-1 programming algorithm is tested, the results
reveal that the algorithm could achieve high identification accuracy with appropriate load identification index, suitable for

the NILM system of residential household.
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Fig. 1 Electrical appliance steady-state current graph

I = [ 2 iCKY n

U

al
Showo

HLI/A
HI/A

ORI

M {1« I, = max(i(k)), 0<k<N Q)

el RN I = 1’*’ 3)

A Lonss Tos Top 2000 0 R RUE S IRAE DRV
F B (Crest Factor); i(k)Z7~ 56 k N RAF s 1 FLLAE -
1.2 IR

TEPRRE S A R AR bR . SR T 1)
WS BAAEIR R =, HAA ORI S RA4H %
HRE 55 TR AR 1 ) ol PRk e L AR 48 (FFT)
W I 3k P LR 5 S 4 R B A A 5 o TR
LA PRI IR 2 3+ 5 WKIEW) . THD VLR
SR AR ZE(THDy) AF R 5 H A s RO br .
THDy U AR

H
THD, = /z I/ 4)
k=2

A Lok UGB BORIRATRUE: 1, R A
AL
1.3 PQ Hik

PQ HF ML ilIR I i v 2 Y i AT O doe 5 I IR 9
b0 2K (5) h BRIBUT] HLU B 45 A7 DO B R AN JE ) T3
UK RF

P = Z})k = ZUka COS(¢k)

/(;0 k::}) (5)
0=>0,=>UlI,sin®,)

k=0 k=0

Kb U AL 53 3R b YR L H R H A 2%
fH; @, Nk UCGBIAIN 225 k NS IREL
1.4 BRRTIhEIR 414

M7 IS )y S8 5 M W I FL P 5 5 e 37 ) ofe
B =6 s,

p(t) =u(t)xi(t) (6)

Kl 2 R FL e R AR s 2 il O o ) 1y 3 30

o ARG IE AT AFEE LT A FR AR o

5 p—rorrs
[
——POKHL
4 —— L
—— A
< o3
=
= 2
=
g 1)
0
-1 R . .
0 0.005 0.010 0.015 0.020
IR 1) /s

2 ERBIEERATIRLE
Fig. 2 Instantaneous power waveforms of typical

residential appliances



M, & JET 0-1 ZIRRI Tt i RO SR VEAIE 91 - 87 -
r T Bt M AR T I R A
IR S, =[p0d =5 2p) D) SEUVHLR SR O A
WM « P =max(p(k)), 0<k<N (8) Y =[50V | (11)
1.5 V-1 451 AR A
e 3 Ay SR L AR VT k. ACSCIRI T X =[x, 2,0, 0, ] (12)

3 WPUNTEAR TR RS VT iU A2
RN VT e B R AR ROE LR AR (v
) 1S PAT 2 P Pl T AR o

0.25 |
0.15
0.05

-0.05

0as| \/- .
025 SO 10

HL/A

PoK #s

-300 -100 100 300 -300 -100 100 300
ENIAYA ENETAY

Uil

" < 3
20
F s

HUKAT B

92
/A
Do O

-300  -100 100 300 -300  -100 100 300
L/ V GENIYAY

3 Zig& V-1 hekE

Fig. 3 V-I curves of each appliance
2 GERAIAE
2.1 0-1 ZRMRNBEARE
0-1 URMEBIEEP g ik XN
min f(x) = %xTHx +c'x

Ax<b,Ax=b, 9)
s.t. 1C(x)<0,C,(x)=0
x 40,1}
AP fx) M ZRTTHE: H nxn B FERE,
ceR". A, b, AR BbIINEM; Clx)MC(x)H
R A I pR 2
2.2 iR EE
BT 0-1 AR AR A E T 30 A g DR 5002 s
PR
CL A 2 1 i I L AR A () SR A R 1
B4y

Vi Vi = Viy
v l//.21 l/{22 I//?N (10)
Ve Yur 0 Vi

Ho:e oy, b j"(j =123, N) B&0i"( =12,
3, o, M) SURPRFPE VUG RAE: N Zom A AR

¥ PSSR L
SERFRIE 3G =1, 2,3, -, M) T FTREIRA i L51
SR X R IF X e R S I RS ]
LR RIS, x, <[00 (/1 45126
b 2 RUTPARES)

PSR BB TFE 00, TF SRR A3 50
Bl 5 I SIS 2 Y T F

Y=y ¥ o o] =X (13)

Fe T ZEEMERE Y 5 17 SR B X IR 25 B
eN

ele & -~ e, (14)

g; =(y;' _Zyjjixi) (15)

DRIk, 2 i s RIT Ay SR AR 5 HL 2 IR R
X, flif5 e /.
IR SR A ) AT LU I il R SR A

H R BB AP 7R

Y=Y'+e=¥X+¢ (16)
AP

Yxu<l x={01 (17)

Hre ¥y M x1 B e, M RN R A a3 )
RN G X A NxLEPIRES &S, N hEdEE 5
MREG e=le, 6, e, WM< E; PR
M x N By S gap R e AR B

HT Y ZILRMME, KA AR Fid
JT R AT KA R AT B2, Tifdal6) kL
fiFt, RATTRRMIANEZ T AR A AN 40 (HAT BLEE
PEITREAQ6) L., LSRR
e=[e, &, &, 1 T ER/INRIIE S BILRT
J7 REL AT 1 1) KA /IME In) 85

minJ =¢'&=

Y -vX) (Y -PX)= (18)

Y'Y -2Y'PX + %(XTY’TZY’X)

AR, yTex 5 XxTyTy Bh—
FT—BIIAERE, AT &9F 4 2y "X o

BRI b ) A0 Ry 0-1 Bk i) i, %
RN FTR .



_88 - CE R R R EEL

minJ =YY - 2Y"'¥X + %(XT'PTZY’X)

ixi <1 (19)

x, ={0,1}

HIF ARG A 0-1 BRI, PrASKRAR 13k
BRI 1) U BEF SO VR BEUE R A AR
Y FECRP P A ELRSR RO . AL ZE N T
K2 JE TG T, MITAGE BB XK
S REERF e 21 ) 2 4 g B DA, (ELBER i R
FEHER, HAHEAUMR AR R B R E A&
NS, WSk, XSRTVAN T 2 s A e
MRAF A BLLTA, i FLAR A 5t DL e Sl il
TTESA TR AAFAE F3k i) Y, Rt 1k i
T A Ay B T VR T SR A o

KA LA A x; ={0, 1} hy Bl Kl

AT LA AR B, A4 D, (x - xT) =0

0<x; <1, K19 LA KR, 115K(20)
P o
HELLA TR R IR SN

minJ:YTY—2YTY’X+%(XTY’TZY/X)
P

in <1

i=1

iai(xi -x°)=0
0<ux <1
2.3 FFREHEN

T I FFOC AR ARSI, A AT I T
SO (R A AR R R BE Y o TF ISR A
TR TR v PO i 2 2
FURFI(CUSUM)™, A SCk I CUSUM 7 ikt il JT
FFfE, CUSUM J&— R iR, & 748
AR JCJRBAT, SRR R g, Fl g,
g/: = max {0, g/:-l +x, —(u+pB)}, k=123,
g;=m%ﬂla;+n-%u+ﬁnak=hl3;~(ZD
X MR IATNZI P9 B A {5 5
IRk ROREE kAR
2.4 HiERAIRE

W AR SCHTHR I NILM G728 A BN P sty g 5 00
PeEd, DASBART It o . B 4 SR

AR .

(20)

B

TF4a

\ SR P R S B i b e \

Y

IR U S
PUMFERRAE Y

| ko). JERm
v
| smwmrensmurx |
v
[ opeRsRERENLELHE |
L 1
4 REHHRAETE

Fig. 4 Processing procedure of the recording data
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Table 1 Recognition accuracy of single identify indicator
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Table 2 Recognition accuracy of multiple identify indicators
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Table 3 Recognition accuracy of load identification algorithms

of different types of equipments
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Table 5 Power consumption measurement accuracy
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