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Design and implementation of a non-intrusive power load monitoring system
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Abstract: An event-based non-intrusive load monitoring (NILM) prototype framework is de-
signed and presented. The improved bilateral CUSUM algorithm for sliding window, in combina-
tion with TOPSIS algorithm, is used for power load monitoring, disaggregating and identifying.
In improving monitoring efficiency and recognition accuracy, the NILM system not only has the
excellent capability in little-power load identification and mixed-load disaggregation, but also has
the ability to recognize unknown electric loads. As an on-line and real-time monitoring system, it
requires larger storage and more computing power to capture load features and then perform the
subsequent procedure. A distributed computing framework is proposed. The online NILM hard-
ware is equipped in user buildings in which equipment start-up and shut-down was observed and
analyzed on the basis of load signatures. According to edge calculating services of the distributed
NILM system, the framework can improve the monitoring efficiency and economize computing ca-
pacity. The experimental results indicate that the proposed method is a promising solution to the
issue of load monitoring with its low cost, easy installment, good real-time performance and con-
venient maintenance, which are appropriate for intensive residential household. A certain scale
pilot project has been undergoing in State Grid Corporation of China.

Key words: edge calculating; non-intrusive; load monitoring; bilateral CUSUM algorithm of slid-
ing window; TOPSIS algorithm
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Fig. 4 System working flowchart
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Tab.1 Sample library data
i H A% A IR i v 3 P SUGORM IR LUGOR K Ew.%/}iz £
#FK ME/A {H/A EX /A TEAE /A WEAE/A  IEE/A RS Frif
K AT =8| 2.59 4,42 1.71 2. 86 0.28 0.44 0.22 0.23 1
K 75 3.51 5. 90 1.68 4. 89 0.44 0. 31 0.08 0.19 0
FMW beK T 6.82 9.41 1.38 9. 65 0.23 0.06 0.05 0.03 1
FEM BeoK i 6.37 8.99 1.41 9,14 0.14 0.16 0.11 0.03 0
TR KA 5.88 8.13 1.38 8. 34 0.18 0.05 0.05 0.03 1
AR Bk 5. 84 8. 04 1.38 8.25 0.18 0.05 0. 04 0.03 0
=4 R 2.75 4.20 1.53 2.24 1. 40 0.78 0.18 0.76 1
A ke 5.45 9.68 1.78 7.46 1.63 0.71 0.29 0.25 0
FEm PRIKHL 1.21 1.67 1. 37 1.71 0.03 0.01 0.02 0.03 1
E3il] R AKHL 1.18 1.63 1.37 1.69 0.04 0.01 0.01 0.03 0
iR AL L 0.15 0.24 1. 60 0.22 0.00 0.01 0.01 0.09 1
15 LA 0. 37 0.38 1.01 0.57 0.05 0.04 0.03 0.16 0
2 MR ETEEE B
Tab. 2 Test data and test result
L3131 N N 3 N = j{j\ ﬂ‘(ﬁ\ [Z?ﬁ\ 24 SEb Y ) (Wﬁt
mig A RA RN DO ORI e e e B B woom men poas e
- = - MEAE/ A BEAE/A BR{E/A 7 0 G iR
Ko 259 2.62  4.56  1.74  2.88 0.27 0.42 0.31 0.22 1 2 2 0.9218 1
Kar 259 3.19 5.03 1.58  4.49 0.23 0.36 0.07 0.14 0 =P 2P 0.92566 1
M Bk 6.87  9.48  1.38  9.71 0.23 0.03 0.08 0.03 1 Beokar BeKar 0.9827 1
EM BKFE 6.84  9.43  1.38  9.67 0.24 0.06 0.09 0.03 1 BeKar BEokar 0.978 2 1
IR Bk 5.87  8.06 1.37  8.30 0.18 0.05 0.05  0.03 1 Bekas Bk 0.9975 1
TR keskdF 5.86  8.08  1.38  8.30  0.18  0.04  0.04  0.03 0 kEukAE BEKar 0.9981 1
R OUEYT 2.67  3.82  1.43  1.80  0.45  0.31  0.14  0.60 1 BEd Bk 0.9663 1
K22 B 5.59  10.39  1.86  7.67 1.78  0.77  0.23  0.27 0 RuEY B 0.9386 1
R MRAKHL 1.20 1.63  1.36  1.70  0.04 0.0l 0.0l  0.03 1 RAKHL HRAKHL 0.996 7 1
M Mkok#L 1.11 1.52 1.37  1.57  0.04  0.02 0.0l  0.03 0 BRUKAHL HRAKHL 0.993 7 1
WE WAL 0.26  0.35 1.33  0.39  0.04  0.04  0.02  0.23 1 ML AL 0.9514 1
WE{E ERMHL 0.37  0.36  0.97  0.56  0.02  0.04 0.02  0.11 0  EAAHL BAHL0.9909 1
23 FHAOFREIN K e HEIRAE R g F4 FHOEKW LSRN G
Tab.3 Event detection and load identification result statistics Tab. 4 Comparison of event detection results
H iy Tofe BIEEW - EHRCERE g 4 O R A WO )
7N %k ERR/ % kg /% LR AR SCRE LA R AR SR
Y8 200 185 92.5 177 88.5 259 200 169 185 84.5 92.5
BaKAE 200 195 97.5 193 96.5 eskaE 200 190 195 95.0 97.5
Uy 200 189 94.5 180 90. 0 BEH 200 172 189 86.0 94.5
YKL 200 196 98.0 192 96. 0 WoKHL 200 195 196 97.5 98.0
mAHL 200 178 89.0 166 83.0 ML 200 159 178 79.5 89.0
Mk 1000 943 94. 3 908 90. 8 Bk 1000 885 943 88.5 94.3
5 AR SR AR A 75 WA 5 AL 3R ) R A X A, 2 R R =S T AE S B
Tab. 5 C(;m[zla.r(iison?nd .Statistici of electrical H‘T{ﬁﬁﬁ{ﬂi@jﬁjﬁ , E'Fﬁﬁ%ﬁl E,(J %?J—_E 152:%% . m{@z
oad 1dentification results
1=} 1| 3% MA gk
o W MV BBVOLEE % AL EBLIR TR DD i A SR Vi B AT
BE R TRomem AX  Kmems  dx | WOZTHSUE B BT b BLEL PR 5 RO
oo WAL Sk WAL R megueshient. SECRIHRIRE, R TR
dﬁ;;;}zgjﬁ 200 ]8;9 193 94:; 96:5 %ﬁ%%ﬁﬁﬁj*:#%?iﬁﬁﬁﬁ?a%y%m? %:‘?E{EZ:
s 200 170 180 85.0 90.0 FoE R B RAR Y 7] A
WAKHL 200 185 192 92.5 96.0
RLALHL 200 150 166 75.0 83.0 5 & iE
Mk 1000 859 908 85.9 90. 8

H AL B wT LU A SOk B S 0 e 5
VA LA T HL 2 IR AR B 9000 DL BRI .
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