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Abstract

This paper presents an algorithm identifying devices that generate observed mixed signals that are collected at main
power-supply line. The proposed algorithm, which is necessary for low cost electric power monitoring system at
appliance-level, that is non-intrusive load monitoring system, divides incoming mixed signal into multiple time intervals,
calculating difference-signals between consecutive time interval, and identifies which device is operating at the time interval
by analysing the difference-signals. Since the features of one device can remain when the time interval is short enough
and the features are independent and additive, well-known classification algorithms can be used to classify the
difference-signals with features of N individual devices, otherwise 2 features might be necessary. The proposed algorithm
was verified using data mixed in a laboratory with individual devices’s data collected from field. When maximum 4 devices
operate or stop sequentially and when features satisfy the requirements of proposed algorithm, the proposed algorithm
resulted nearly 100% success rate under the constrained test condition. In order to apply the proposed algorithm in real
world, the number devices shall increase, the time interval shall be smaller and the pattern of mixture shall be more diverse.
However we can expect, if features used follow guidelines of proposed algorithm, future system could have certain level
of performance without the guideline.

Key Words : NILM (Non-Intrusive Load Monitoring), Electric power monitoring at appliance-level, mixed power
usage pattern, difference-signal
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Table 4. Computational result of eq (11) when max-—
imum 4 devices operate and maximum 5 devices operate

A e At e A | o B EATE B
F K R T F 0.08| 0.15 0.28 | 0.10
; 014 0.12 2?2 82; K 0.09 0.05 0.15 0.01
R 029 014 005 P 0.20| 0.08| 0.09 0.16
T 018 007 | ool R 0.25] 0.10] -0.18 -0.10
T 0.13] 0.02| -0.18 | -0.03
ol¢} & dloJHE 7HAaL & Aol A AlQbeh dare]
< a9 5% 1§ 6 ]EM] Agstol 2 Hdis Hv
B 7éﬂ £ & 59 & 6 o Aeedirh & 5= 8714
AR U PCE ASIE el A7 S 05 sy
o g7k EAea AARS @ A9E wAZT. 2} A
Pk v AR BASAL AARE S BF AU 2
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Table 5 experimental result when maximum 4 devices

operate

A | ARE | A =4 | A | AR A | S| A

A | 7| 2= oAF | (3 [3A | | 2= | 9% | (BR)
1 null n’a 1 null 0
2 RCKR + n/a 2 RCKR + (0]
3 TV + n/a 3 TV + (0]

P 4 KFRGR + n/a 5 4 |KFRGR| + (0]
5 FRGR + n/a 5 FRGR + (0]
6 FRGR - n/a 6 FRGR - (0]
7 KFRGR - n/a 7 |KFRGR| - (0]
8 TV - n/a 8 TV - 0

6 Aul 5719l FA7E B4 B 49 A7 A3t
Table 6 Experimental result when maximum 5 devices
operate

A [ A% | A | F@ | Aa | AW [ A% ] A | 2] Wx
A | | 2= R | (Be) | A | 1| 3= | oy | (BQ)
1 null n’a 1 null )
2 RCKR + n/a 2 RCKR + O
3 PC + n/a 3 TV + X
4 TV + n/a 4 RCKR + X
. 5 | KFRGR + n/a ! 5 |KFRGR| + O
°" [ 6 [ FRGR | + n/a 6 | FRGR | + 0
7 FRGR - n/a 7 FRGR - o)
8 | KFRGR - n/a 8 |KFRGR| - O
9 TV - n/a 9 PC - X
10 PC - n/a 10 PC - O
1 null O 1 null O
2 RCKR + O 2 RCKR + O
3 PC + O 3 PC + o)
4 TV + O 4 PC + X
9 5 | KFRGR + O 3 5 |KFRGR| -+ O
6 FRGR + O 6 FRGR + O
7 FRGR - 9} 7 FRGR - o)
8 TV - X 8 |KFRGR| - O
9 TV - O 9 TV - O
10 PC - [0) 10 | RCKR - X
1 null O 1 null (6]
2 RCKR + O 2 RCKR + O
3 PC + O 3 PC + o)
4 PC + X 4 PC + X
4 5 TV + X 5 5 |KFRGR| + O
6 | KFRGR + X 6 FRGR + O
7 FRGR - O 7 FRGR - o)
8 | KFRGR - O 8 RCKR + X
9 RCKR - X 9 FRGR - X
10 PC - [0) 10 | RCKR - X




g-gato] Albg WS ASHA AT A3t 419 FA
7b EAell EAeta 11 gA o] EA 0] Albg dare] sl
A AARE 71Es vEEShE A, WIS AR AdedA
gh gk B AeES BT Abd dagss AA
ARgEH] Sl AA e 5 SrkekaL, ARE ke &
o, Az =9 fds oAl @ ASAA A7t
H Fasith shARE o] A Aol AR VIEs
ek SAS e, 84 32 gl njske,
47 A= Asol BAEE NILM Al2=8s 758 4 3l
S AoR Jyg

[1] AHEITAIE, “g=d 2ntEags ¥, IJ5FH
g apRte) B A FALY AfnuiT), 200998,

[2] Jeffey W. Chapman, "The Economics of Advanced
Metering Infrastructure (AMI) Market In the
United States,” 2010 World Smart Grid Forum,
201014,

[3] Jeff Lee”AMI-Lessons learnt, It is all about the
customer,” 2010 World Smart Grid Forum, 201031
4.

[4] B. Neenan and J. Robinson. “Residential electricity
use feedback: A research synthesis and economic

framework”, 7Zechnical report, Electric Power
Research Institute, 2009.
[5] Lynn Fryer Stein, "Final Report-California

Information Display Pilot Technology Assessment”,
Primen, Inc., Dec. 21, 2004.

[6] GE Energy, “Leveraging load as a resource, 2010
World Smart Grid Forum, 2010 1€

(71 9, 4Rrd ¢ 77 g RUEE Al )
o #Agt AT, SR sA/ A H SR, A204,
5%, pp. 638644, 2010:310<¥.

[8] “Nonintrusive load monitoring*, http://
en.wikipedia.org/wiki/Nonintrusive_load_monitoring

[9] George W. Hart, "Nonintrusive appliance load
monitoring,” Proceedings of the IEEE, vol. 80, no.
12, 1992.

[10] C. Laughman, S. Leeb, and Lee. Advanced non-in-
trusive monitoring of electric loads. /EEE Power
and Energy, 2003.

[11] Mario Berges, Ethan Goldman, H. Scott Matthews,
Lucio Soibelman, "Learning Systems for Electric
Consumption of Buildings,” proceedings of the 2009
ASCE International Workshop on Computing In
Civil Engineering, Austin, Texas, 2009.

N E MY RUE AlAY U ER A

= ==

&z

o

=

[12] S. N. Patel, T. Robertson, J. A. Kientz, M. S.
Reynolds, and G. D. Abowd. At the flick of a
switch: Detecting and classifying unique electrical
events on the residential power line. 9th interna-
tional confrence on Ubiquitous Computing
(UbiComp 2007), 2007.

[13] W3S, M, Rd) “7hd-8 9 RUgHE Al~8
9 A Ad dus N, G SRS H 5

2 A214, 43, pp. 407-413, 20118€.

S PN ]|

8tM 2 (Sung-Wook Park)

19954 2 AAd A3k A A}
19984 94 AAd dA3 sk whAL
2009 293 A DM 74 4

20099~ FEAFH ARF G
Zulg

A4 Hok ~ntE 18] =(NILM, Signal Disaggregation),
AXMNEY =, 2 QAF g
E-mail: swpark@gwnu.ac.kr

25 8 (Bo—-Hyeun Wang)
1987 : A g W 7]38t 3-8hAL
1990\ : Georgia Institute of Tech 38}

A AL

19913 : Georgia Institute of Tech. &3}
HhA}

19913 ~1998 : LG F387i&d YA

T4

1998 ~ : A5 5o st AAg e wg

L A5 A 228, o] Bl g, o 24] 28]
. bhw@gwnu.ac.kr

685



