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Abstract

This paper presents an electrical power monitoring system for home energy management and an automatic
appliance-identification algorithm based on the electricity—-usage patterns collected during the monitoring tests. This paper
also discusses the results of the field tests of which the proposed system was voluntarily deployed at 13 homes. The
proposed monitoring system periodically measures the amount of power consumption of each appliance with a pre-specified
time interval and effectively displays the essential information provided by the monitored data which is required users to
know in order to save power consumption. Regarding the field tests of the monitoring system, the households responded
that the system was useful in saving electricity and especially the electricity—usage patterns per appliances. They also
considered that the predicted amount of the monthly power consumption was effective. The proposed appliance-identification
algorithm uses 4 patterns: Zero-Crossing Rate(ZC), Variation of On State(VO), Slope of On State(SO) and Duty Cycle(DC),
which are applied over the 2 hour interval with 25% of it on state, and it yielded 82.1% of success rate in identifying 5
kinds of appliances: refrigerator, TV, electric rice-cooker, kimchi-refrigerator and washing machine.

Key Words : Electrical power monitoring system, Monitoring in appliance-level, Automatic appliance identification,
Electricity usage pattern, saving power consumption by appliance-level monitoring
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Fig. 1 Configuration of Electricity Monitoring System
(Left: Sensor node which is connected to power cable of
a device and equipped with wireless communication
function; Center: Sink node which receives sensed data
and forwards them to a server via USB connection;

Right: Note PC works as a server)
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Table 1. Appliances monitored at each home
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Table 2. success rate(%) in classification when T=1 (the
same model of appliance is in training set)

£3 HH M| e ks an ) AxdFn | AYHH
zc 38.5366 69.0476 71.9512 11.7021 0 0
vo 40 21.4286 43.2927 42.5532 46.6667 37.5000
SO 30 0 51.2195 20.2128 0 25.0000
DC 29.02439 23.80952 48.17073 19.14894 26.66667 5
ZC Vo 72.19512 54.7619 73.78049 78.7234 66.66667 72.5
ZC, so 54.14634 30.95238 65.85366 52.12766 33.33333 52.5
ZC VO, SO | 72.92683 57.14286 70.12195 78.7234 83.33333 76.25
ZC VO, DC | 73.17073 57.14286 72.56098 78.7234 83.33333 72.5
Zc, \II)% SO 73.17073 57.14286 68.90244 75.53191 83.33333 83.75

¥ 3. T=273% A FE(%); training setel] 5U7|7| £33+
Table 3. success rate(%) in classification when T=2
(the same model of appliance is in training set)

£3 HH M| e dxa ZXdEn | FuH
zc 46.1905 56.6667 69.4118 53.3333 10.0000 0
vo 40.9524 0 50.0000 37.1429 46.6667 40.0000
so 42.1429 3.3333 66.4706 39.0476 0 25.8824
DC 40.95238 | 6.666667 | 73.52941 | 31.42857 40 0
zc, vo 72.61905 | 43.33333 | 75.20412 | 83.80952 | 66.66667 | 65.88235
z¢, so 56.90476 40 7470588 | 59.04762 | 33.33333 | 32.94118
ZC, VO, SO | 72.85714 | 53.33333 | 80.58824 | 73.33333 | 76.66667 | 62.35294
ZC, VO, DC | 38214286 80 81.76471 80 100 80
= Y)% 0.1 77.85714 70 81.76471 | 72.38095 | 96.66667 | 72.94118

X 4. T=37% A EAFE(%); training setol] T 7|7 £33}
Table 4. success rate(%) in classification when T=3
(the same model of appliance is in training set)

53 TH MEE7| e dFn dXEYn | LYHH
zc 52.2843 83.3333 75.0000 57.2816 30.0000 4
vo 49.2386 4 57.9268 52.4272 43.3333 40.5063
SO 42.8934 4 67.6829 34.9515 4 27.8481
DC 47.96954 0 79.26829 | 46.60194 | 36.66667 0
zc, vo 70.55838 | 22.22222 | 80.4878 | 72.81553 | 66.66667 | 59.49367
ZC, so 64.72081 0 76.82927 | 70.87379 30 59.49367
2C VO, SO | 70.05076 | 5.555556 | 84.14634 | 68.93204 70 56.96203
2C VO, DC | 76.90355 | 38.88889 | 8231707 | 79.61165 | 96.66667 | 63.29114
zc \g:_: 0| 7e.64975 | 3888880 | 85.97561 | 78.64078 | 96.66667 55.6962

¥ 5. T=14% ¥ ATE(%); training setell 5L 7|74
Table 5. success rate(%) in classification when T=1
(the same model of appliance is not in training set)

EET A HE| we WEn | ZNYED | e
ZC 29.7561 23.8095 68.2927 0 0 0
Vo 27.5610 4.7619 41.4634 22.3404 0 27.5000
SO 20 4.7619 39.0244 11.7021 0 6.2500
DC 18.78049 2.380952 40.2439 10.6383 0 0
ZC, Vo 46.34146 50 50 45.74468 0 55
ZC, SO 38.78049 16.66667 50.60976 44.68085 0 33.75
ZC, VO, sO 47.31707 45.2381 47.56098 48.93617 0 63.75
ZC, VO, DC | 49.26829 42.85714 53.04878 48.93617 0 63.75
z Y)% SO, 45.60976 33.33333 45.73171 50 0 63.75
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Table 6. success rate(%) in classification when T=2
(the same model of appliance is not in training set)

53 TH Mg e d¥n dXYFn | HYHH

zc 40.2381 4 67.6471 51.4286 4 4
vo 23.8095 4 31.1765 17.1429 4 34.1176
SO 28.3333 4 51.1765 19.0476 4 14.1176

DC 32.61905 | 3.333333 | 63.52941 | 26.66667 0 0
zc, vo 45.95238 0 50 60 0 52.94118
ZC, so 39.52381 0 52.35204 | 44.7619 0 35.29412
2C, VO, SO | 43.57143 [ 48.23529 | 52.38095 [} 54.11765
26, VO, DC | 50.47619 | 6.666667 | 52.94118 | 62.85714 0 63.52941
= \g:_: 0| 4857143 | 6.666667 50 60.95238 4 62.35294

7. T=37% A FTE(%); training setoll FU7]7]A€]
Table 7. success rate(%) in classification when T=3
(the same model of appliance is not in training set)

=3 H HEt| e 9yn | ANgma | Ly
y4o 43.1472 ] 67.6829 57.2816 0 0
Vo 33.2487 0 41.4634 38.8350 0 29.1139
so 31.4721 ] 57.3171 20.3883 0 11.3924
DC 36.80203 0 65.85366 35.92233 0 0
Zc, vo 44.16244 ] 51.82927 50.48544 ] 46.83544
ZC, so 48.22335 ] 61.58537 53.39806 0 43.03797
ZC, VO, sO 43.65482 0 53.65854 54.36893 0 35.44304
ZC, VO, DC | 48.22335 ] 49.39024 71.84466 ] 44.3038
% \I{JOC' so, 43.14721 0 50 64.07767 0 27.8481
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