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ТЕХНИЧКИ ЕЛАБОРАТ	

Проблем који се техничким решењем решава: 

Introduction	and	problem	definition	

To encourage the end users to change their habits and reduce their power consumption, which would 
influence the environmental protection, giving feedback to the users on the details of their electrical 
energy usage was find promising in numerous analyses. It has been claimed that saving of up to 
12% of energy consumption can be achieved if the end users would be aware of how they are 
spending energy. 

However, traditional intrusive load monitoring approach (ILM), which requires deployment of the 
numerous sensors is non-appealing to the end users, even though it provides the necessary 
information. Therefore, the problem of non-intrusive load monitoring (NILM) has been formulated. 
The main idea of the NILM concept is providing the information on the individual household 
appliances’ consumptions non-intrusively, without disturbing the end users by introducing a large 
number of sensors, but rather disaggregating the total household consumption on the individual 
ones, as presented in Figure 1. 

Therefore, as a part of this technical solution, and build upon the previous results, models for the 
estimation of the activation and consumption of various household appliances were developed using 
real world data. Furthermore, their performances are presented in this report, as well as the 
corresponding analysis and the suggestion for the necessary future work in the field of NILM.   

Стање решености тог проблема у свету: 

State	of	the	art	solutions	
 

Definition of the NILM problem dates from the end of 20th century, when Hart [1] has presented 
his solution for energy consumption disaggregation which was based on the change in amplitude of 

Figure 1 – Non-Intrusive Load Monitoring 
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the consumption. This approach has been replaced with the Hidden Markov Models (HMMs) and 
numerous its modifications such as Factorial HMMs [2], Conditional FHMMs [3] etc. in order to 
overcome the problem of modelling continues appliances (ones whose consumption continuously 
varies through time).  
Nonetheless, these methodologies had a problem of error propagation through time and were 
neglecting the specific electrical consumption patterns, which are found to be fundamental for 
archiving high performances. Therefore, these probabilistic approaches have been replaced with the 
data driven ones, such as k nearest neighbours (kNN), linear regression (LR), support vector 
machines (SVM) etc. [4].  
Finally, currently the most popular are neural networks (NNs), especially recurrent NNs and 
convolutional NNs (CNN) [5] with the main advantage against the other methodologies having 
capability to detect specific individual appliance’s signatures. Numerous examples of NN 
application in NILM are present in literature, such as in [6], where it has been proven that NNs 
outperform HNN based methods. Taking all of previous into account, it is understandable that 
models developed as a part of this technical solution are CNN based.  

 

Опис техничког решења са карактеристикама, укључујући пратеће 
илустрације и техничке цртеже: 

Proposed	methodology	

As stated in section State of the art solutions, for the purpose of consumption disaggregation, 
Convolutional Neural Networks (CNN) are found the most appropriate, so were used for developing 

Figure 2 – Energy disaggregation service concept 
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this technical solution. The main idea was to 
implement the service that would imitate 
smart meter measurements of both activity 
and consumption, designed as shown in 
Figure 2. It can be seen that the intention was 
to provide a service that would be capable of 
estimating the appliance power consumption 
and activity status (on/off) in accordance 
with the input aggregated power 
consumption.  

Within the previous work, and as a part of 
Specification and the development of the component for the analytics of electrical energy 
consumption of the end user technical solution, the specific parameters relevant for NILM problem 
were discussed on the example of refrigerator activation classification. Therefore, it has been 
concluded that NILM models are robust to changing the smart meters sampling period, as well as 
that introducing the delay in the prediction does not bring significant increase in performance, 
leading to the conclusion that it is not justified. Therefore, as this technical solution represents the 
advancement of the previous one, previously obtained results were considered at the very beginning 
of this work. Namely, as it was claimed that the choise of the sampling period does not effect the 
perfomance dramatically, sampling period 𝑇௦ ൌ 5 s of the available data was taken as suitable. 
Furthermore, as improvement in estimation performance due to introducing the delay in the system 
improves the model’s performance just insignificantly, we have developed the NILM service to 
work as the real-time engine. Finally, the last relevant parameter, the horizon of the estimation, is 
taken to be 30 min in consistence with [7] resulting with the input aggregated sequence having 360 
samples. 

Following the previously presented discussion on parameters choice, the final model will be 
presented. As a core of the estimation engine, Convolutional Neural Networks with the architecture 
defined in Table I and based on the seq2point architecture was used [7].  

As the important factor within this research, used data are going to be presented. Their main role 
was in the training process, for which it was necessary to provide aggregated power consumption 
sequences, as well as the individual consumptions of the household appliances. What was crucial 
for this solution was that real world data was used for training, validating and testing purposes 
resulting in obtaining representative and eminent results. The data was collected from neighboring 
residential apartments in north France. As it was necessary to have both aggregated and individual 
consumptions, there was only a limited list of potential devices for which models could be trained. 
Therefore, the appliances that were covered were clothes dryer, electric boiler, fan heater, radiator 
and washing machine. For all of them, the models for activation and consumption estimations were 
developed, and results with the corresponding discussion and performances will be presented. 

In the first step of the model development, data was collected. There were numerous examples of 
corrupted data, especially in the individual appliance’s consumptions, usually due to the problems 
with the communication. Some of these situations have been detected as no change could been 
noticed in the signal or as consumption of the individual appliance was bigger than the total one. 
Therefore, the data was cleaned and the outliers were rejected.  

Furthermore, in order to ensure that training set is balanced, so that system will not favor either 
active or inactive state of the appliance, the data was filtered and so some examples were abandoned. 

Table I: NILM service architecture 
 

layer no.ker. ker.size activation ratio
Conv1D 30 10 ReLU 
Dropout  0.5
Conv1D 30 8 ReLU 
Conv1D 40 6 ReLU 
Conv1D 50 5 ReLU 
Conv1D 1024 331 ReLU 
Dropout  0.5
Dense 1 linear 
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Finally, the data was shuffled, divided into training, validation and testing set, and normalized for 
the training purposes.  

As the last step in a development phase illustrated in Figure 4, training was performed in Python 
using Keras and TensorFlow libraries, enabling the parallelization of the training process on the 
GPU (NVIDIA GTX GeForce 1080 Ti), which significantly accelerated it. The training has been 
performed for all the five above mentioned household appliances for both activity and consumption 
estimation models. Training parameters for those neural network trainings are shown in Table III, 
whilst examples of the performance evaluation through the training process for training, validation 
and testing data are shown in Figure 3. The final nets’ performances are shown in Table II.  

Figure 4 – Disaggregation service flow for each appliance 

Development  Running phase

Table III:  Common training parameters 
 

Criterion ADAM
Optimization algorithm MSE
𝜷𝟏  0.9
𝜷𝟐  0.999

Table II:  Classification performances per appliance 
 
 epochs 

class.
testing 

accuracy
epochs 
regress.

final 
MAE [W] 

Clothes dryer 44 84% 15 86 
Fan heater 76 91% 16 320 
Washing machine 12 83% 26 153 
DHW 10 88% 18 143 
Radiator 24 86% 17 153 

 

Figure 3 – Classification and regression performance through the training process 
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Performance for classification is given as the accuracy, and it can be noticed that for all of the 
appliances it is very high, from 84% to 91%. On the other hand, regression performance is given as 
the final mean absolute error (MAE) in watts. Namely, the final estimated power consumption of 
the considered appliance is given as a combination the estimated activation and consumption such 
as  

𝑦୤୧୬ୟ୪ ൌ 𝑦ୟୡ୲୧୴୧୲୷ ⋅ 𝑦୬ୣ୲ ୮୰ୣୢ୧ୡ୲ୣୢ ୭୳୲୮୳୲, 

where 𝑦ୟୡ୲୧୴୧୲୷ is estimated activity label which equals 1 if the appliance is active and 0 otherwise, 
while 𝑦୬ୣ୲ ୮୰ୣୢ୧ୡ୲ୣୢ ୭୳୲୮୳୲ is the appliance’s power consumption predicted by the net. Therefore, 
having in mind that classification is performed with high performance, the error in consumption 
estimation is drastically reduced.  

Observing the obtained results, it can be found that the biggest error corresponds to the fan heater’s 
model. This slight underperforming in comparison to the other models is justified by the lack of 
data, as the fan heater is present in only one household (e. g. electrical boilers are present in 25, and 
radiators in 24).  

Apart from the fan heater, MAEs are around 100W, which can be taken as acceptable considering 
the fact that the mean steady state consumption of the appliances is around 2000W. With the aim 
of presenting the obtained results and trained models performances properly, here will be given 
examples of specific behaviors. Regarding the electrical boilers, performance highly depends on the 
input aggregated sequence, as shown in Figure 5 and Figure 6. Namely, when the changes in the 
amplitudes are huge (e. g. 4000W), the system follows the trend, but with the huge deviations. 

Figure 5 – Example of excellent consumption estimation for electrical boiler 

Figure 6 – Example of corrupted consumption estimation for electrical boiler 
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Similar problem with following fast changes can 
be noticed in Figure 7 and Figure 8. However, 
regarding clothes dryer these changes have quite 
small amplitude so they do not affect the final 
error drastically, which is why it is only 86 W. 
On contrary, in case of radiator changes are 
bigger, which is why MSE is slightly bigger and 
equals153 W.  

	

Conclusion	

Taking all previous into consideration, the discussed performances and presented estimated time 
series, it can be concluded that the selected models perform very well in real world practice, for 
both regression and classification and so that they are an appropriate methodology for the 
disaggregation service. 

Nonetheless, what is necessary to be pointed out is that performances obtained as a part of this 
technical solution, even though collected using real world data, omit one important potential 
problem. Namely, in NILM literature, it has been claimed that generalization performance is crucial 
in order to provide solution applicable in the practice [8]. In those papers, it was required to separate 
one house for the model’s performance evaluation, whilst data from the rest can be taken for the 
training purposes. In this way, model developers are supposed to obtain more realistic 
performances, as labeled data is not available from the houses in which NILM services are tended 
to be installed. Otherwise, there would be no need for NILM.   

However, in the publicly available data sets houses with in one set are usually quite similar, as the 
data is collected from the geographically close places. Therefore, performances of the models 
trained using the publicly available data on the households of interests would be significantly lower.  

Having all of previous in mind, it is obvious that future work in the field of NILM is supposed to 
be oriented to the improving the generalization performances. As the first step, approaches 
developed for CNN generalization improvement could be suggested and analyzed. 

 

 

Figure 7 – Consumption estimation for clothes dryer

Figure 8 – Consumption estimation for radiator 
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Рецензија техничког решења: 
 

Review of the technical solution 
Specification, development and 

integration of the non-intrusive load 
monitoring system 

 
 
Within this SOFIA technical solution, the Institute “Mihajlo Pupin” has 
proposed a service-oriented method for improving the energy efficiency and 
enabling users to get a feedback on their energy usages in the non-intrusive 
way. More precisely, the Institute has developed the model for load 
disaggregation on the individual household appliances. 
 
As part of this technical solution, the Institute has developed models for 
various household appliances, proving that the chosen methodologies is 
adequate for solving the non-intrusive load monitoring problem.  
 
Additionally, as a part of future work, Institute “Mihajlo Pupin” suggested 
next research steps. 
 
In this way, the Institute “Mihajlo Pupin” provided the proof that this 
methodology is applicable in practice, and has potential for its future further 
development. 
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Рецензија техничког решења: 
 

Review of the technical solution 
Specification, development and 

integration of the non-intrusive load 
monitoring system 

 
 
Belonging to the SOFIA technical solutions, Institute Pupin has conducted 
deep analysis on SoA methodologies performance for NILM using real world 
data from France.   
 
As a part of this technical solution, Institute analyzed both classification and 
regression capabilities of the proposed model. The study included 
comparison between numerical performance indicators, as well as time 
serious one, with the goal of covering various different characteristics and 
proving that the proposed models are adequate for the application in 
practice. 
 
Additionally, relevant problem of low generalization performance has been 
pointed out followed by the guidance for the future research topics. 
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