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Abstract‒ The energy crisis throughout the world has imposed a 

solemn duty on the energy users as well as on the utilities 

providing the energy to reassess their energy demand utilizing 

the load monitoring techniques and to introduce new means of 

energy efficiency and conservation throughout the masses. 

Energy management cannot be achieved through individual 

effort but requires the collective effort of both the energy 

provider and consumer, electricity audits have therefore gained 

an immense popularity whether it be a residential, commercial or 

industrial sector.  
Load monitoring is the building block of energy management 

plan. The advancement in communication have made it fairly 

easy to access the information even from remote areas through 

Bluetooth, satellite communication and internet. However, the 

information access is not possible without the installation of large 

number of intrusive and expensive sensors. The efficiency, 

reliability and accuracy is adversely affected by the employment 

of many sensors compared to relatively few sensors. 

Non-intrusive load monitoring technique provide an ideal 

platform for the extraction of useful information with minimum 

number of sensors that increases its reliability and lowers the 

cost of installation. Its most important feature is the use of 

various artificial intelligence techniques that can be modified 

over the time and according to needs and usage. 

This paper discusses the Non-Intrusive Load Monitoring concept 

in general laying the emphasis on the disaggregation algorithm 

technique used for the project and highlight its result. 
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I. BACKGROUND TO NON-INTRUSIVE LOAD 

MONITORING 

The concept of NILM was pioneered by George W. Hart in 

1982, a professor at Massachusetts Institute of Technology. 

Non-intrusive load monitoring is designed to monitor that  
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electrical system which has a number of individual devices 

that switch on and off independently [1-3]. 

In this way an aggregated waveform of the energy information 

is obtained via single sensor attached at the main electrical 

board. Through various refined analysis of total load NILM 

estimates the nature and number of individual loads along 

with their consumptions. Since only a single sensing point is 

available so NILM provides a convenient and effective 

method in contrast to the traditional method. There are two 

major reason for the name ‘non-intrusive’: 
1. Firstly, for the load detection no physical or electrical 

intrusion is created in the system. 

2. Secondly no intrusion in the personal territory during the 

data collection phase. 

Recently this method is gaining popularity due to the 

advancement in embedded systems as well as in field of 

digital computation. In general, NILM could be defined by 

two of its major components; appliance signature and 

classification algorithm [4]. 

The concept of NILM could be summarized in the following 

equation: 

  ( )  ∑  ( )

 

   

 

Where Pi is the total power consumed and is equal to the 

aggregate of ‘n’ individual device power Pk. the task of NILM 

is to decompose this power into its constituent devices. 

NILM has an advantage over the traditional method that it has 

a simplified hardware and complex but efficient software to 

separate out the individual load from the aggregated 

waveform [5]. 

Figure 1 aids the NILM concept which depicts total real 

power versus time for the duration of around 20 minutes. 

During this time interval the step changes of different devices 

turning on/off is evident. 

(1) 
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Fig. 1. Aggregated load waveform (obtained from original hardware) 

II. PROJECT OVERVIEW 

A. Project Hardware: 

The hardware design consists of two portions: 

 Data Collection Module: Data acquisition module is one of 

the most important parts of this project. To apply NILM 

algorithms a huge set of data is needed, therefore an 

accurate measurement circuit has to be made. Our data 

collection is done through an Arduino Energy Monitor and 

uses Emon library which measures main voltage and 

current. The key components of this energy monitor are 

CT sensor and voltage transformer, an interfacing circuit 

which interface CT
1
 and VT

2
 with Arduino due and SD 

card interfacing circuit. 

 Data storage Module: The data acquired from different 

loads plays a vital role in the implementation of this 

project and throughout the project a series of extensive 

data from numerous loads has been extracted, thus we 

needed a storage device to handle large amount of data. To 

interface SD card with Arduino due we need a SD card 

breakout. 

Figure 2 shows the hardware that was designed for the 

purpose of load monitoring. 

B. Load Selection: 

The loads selected were purely single state (on/off) loads and 

single phase. The project designed was suitable for residential 

load monitoring only. However, with the addition of further 

appliance features like harmonics, transients etc. the project 

could be alleviated for the monitoring of commercial and 

industrial building. 

The load selected were bulb (100W), hair dryer (340W), iron 

(950W) and vacuum cleaner (700W). 

 
Fig. 2. Breadboard View of hardware on Fritzing 

 

C. Appliance Signature: 

The appliance signature is the foundation of NILM because it 

is these signature on which the disaggregation algorithm is 

built upon. Signature of an appliance differentiate it from 

many other devices. There could be a number of signature of a 
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device but for our project we selected the steady-state 

signature space which comprises of the real and reactive 

power of the appliance. The appliance signature does not 

overlap. Figure 3 shows the signature space having signature 

of all selected loads. 

 

 

 

 
 

 
Fig. 3. Steady state signature space (obtained from original data) 

III. DISAGGREGATION USING K-MEANS 

CLUSTERING 

Once the data has been collected and transferred to the 

computer, the next step is to disaggregate the compiled 

waveform into individual loads using any supervised or 

unsupervised technique of artificial intelligence. 

For the purpose of our project we used the K-means toolbox 

of MATLAB and adopted the supervised learning process. In 

supervised learning there are two steps of training and testing. 

K-means is a clustering method in which the data is grouped 

into k group where k is the number of pre-chosen groups.  The 

grouping is done by minimizing the sum of squared distances 

between the collected data and the centroid. (Euclidean 

distance). Classically, the centroid means the center of mass of 

a geometric object having uniform density. But in this 

algorithm centroid is the mean vector [6]. 

K-means clustering technique have been previously used by 

many researchers following different algorithm. K-means 

under some cases could be supervised but mostly it comes 

under the category of unsupervised learning [7]. 

In MATLAB we have an inbuilt function of K-means that 

could be used to find the centroid of any cluster and saved for 

the use of further processing. The flowchart of figure 4 

explains what is happening at the back end of this function. K-

means clustering is one of the easiest clustering technique that 

simplifies large input data into smaller clusters for further 

processing. For the purpose of our project; post processing of 

the data was adopted. 

A. Weakness of K-Means: 

There are certain drawbacks of k-means that are necessary to 

consider when using this technique. They are as follows: 

 With fewer samples of data, initial grouping will 

determine the cluster significantly. 

 The number of clusters, k, must be determined 

beforehand. 
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 With fewer samples of data, inaccurate clustering can 

occur. 

 We never know which variable contributes more to the 

clustering process since we assume that each has the 

same weight. 

 The accuracy of mathematical averaging weakens 

because of outliers, which may pull the centroid away 

from its true position. 

 The results are clusters with circular or spherical shapes 

because of the use of distance. 

The possible solution to these problems could be: 

 Include as many samples of data as possible (the more 

data, the more accurate the results). 

 To avoid distortions caused by excessive outliers, the 

median can be used instead of the mode [8]. 
 

 
Fig. 4. General K-means Algorithm 

IV. DISAGGREGATION ALGORITHMS 

There are two approaches that have been followed for the 

disaggregation of waveform into its ingredient devices. Both 

the algorithm designed are based on k-means clustering and 

are tested on the project prototype and the readings are the real 

data of the devices collected through our hardware module. 

The starting of the steps is almost same in both the algorithm 

but after that different paths have been followed. The 

following is the flow chart of the code that has been designed 

using k means. 

A. First algorithm: 
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B. Second algorithm: 

 

 

 

 
 

Both the algorithm discussed above have been tested and 

worked quite satisfactorily on the aggregated load waveform. 

NO 
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The training and testing phase of k-means algorithm is 

discussed in the later section. 

V. TRAINING, TESTING AND RESULTS 

During the training phase each of the load selected was 

connected individually on separate time intervals and the 

readings were recorded and saved. Important consideration 

was given to the fact that the device already reached its steady 

state before the data was being collected. The data was then 

transferred to MATLAB using SD card. The k-means centroid 

for each load was calculated and saved for later use. Since 

only one device was connected at a time during training so the 

number of cluster was just one. 

Figure 5 shows clearly the cluster of individual devices with 

their k-means centroids marked. 

 
Fig. 5. K-Means Centroid

During the testing phase all the devices were connected at the 

same time and switched on and off in turns so as to get the 

aggregated load waveform as shown in figure 6. The complete 

data set was saved in the SD card and transferred to MATLAB 

for further processing. The data was passed through the above 

mentioned algorithm and the turning on and off time of a 

device with its name was effectively and efficiently decoded 

by the algorithm. 

Thus by the use of artificial intelligence technique it was 

possible to achieve first level of automation in the field of load 

monitoring. 

The blue waveform in figure 6 is the aggregated waveform 

and the overlapping green lines point out the step changes. 

The positive line indicates the turn on event and negative 

indicates vice versa. 

The data tips are mentioned on every step change in the 

waveform and the same results are indicated on command 

window of the MATLAB as the algorithm runs on the 

aggregated data and verifies that the results are correct. 

Table 1 shows the snapshots of MATLAB command window. 
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Fig. 6. Aggregated load waveform with edge detection 

 
Table 1: MATLAB results 
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VI. CONCLUSION 

NILM technique enchanted the domain of load monitoring for 

energy management leading to a more cost effective, reliable 

and efficient power system network. Since it suffices both the 

user and the supplier with the knowledge of electricity 

consumption patterns. This particularly benefits the sector of 

demand side management. 

The project was an integration of hardware and software. The 

employment of non-intrusive load monitoring initiated with 

the formulation of prototype comprising of data collection 

module and interfacing circuitry. The parameters computed 

includes current, voltage, active power, reactive power and 

power factor. This was followed by the selection of required 

features from the sampled data and then the application of 

NILM on them. The application of this tool however, requires 

assistance of artificial intelligence since it cannot disaggregate 

the load pattern into individual devices without it. Thus by 

using K-means the aggregate load data was separated out into 

individual devices being turned on or off. 

The project is just a globule in the field of energy audit and 

with improvised algorithms holds great potential for the future 

engineers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VII. FUTURE WORK 

Significant future work includes the development and testing 

of modified algorithms to explore various load signatures. 

Optimization can be done for the detection of constantly 

operating loads like clocks and multistate appliances such as 

washing machine. Moreover, the information from data 

collection module can be transferred to the computer via Wi-

Fi. Synchronization can be done with industry standards. The 

device can be implemented for three phase circuits providing 

feasibility to industries. This is obtainable by replicating the 

hardware twice along with few modifications in the coding. 

Currently the device is performing post processing. However, 

the incorporation of real-time software application would 

benefit in real time processing. The data will directly transfer 

to MATLAB and will be processed at the same time resulting 

in better utilization of resources. 

NILM holds smart grid compatibility with the same motive of 

two-way communication between consumer and the utility, 

thereby it would be easier to monitor and improve energy 

consumption of loads.  
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