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Abstract:With the electric energy consumption monitoring equipment is the foundation to carry out 
energy-saving work, strengthening the monitoring of energy consumption especially power 
consumption monitoring work in China to improve energy efficiency, realize the sustainable 
development of the energy, construction of a conservation oriented society and ease the pressure of 
energy is of great significance. This paper carried out a new electric power load energy 
consumption monitoring method non-intrusive power load research and monitoring of the 
decomposition, breaking the current status of power can only be carried out monitoring of total 
amount of power load, power monitoring, further refinement to the internal load of different 
electrical appliances, this paper presents a design method of non-intrusive noise filtering the type of 
power load decomposition. The method in the current signal from the circuit, firstly the signal of a 
series of filtering through the filter circuit is designed to filter the noise and interference, and then 
the signal of high precision analog to digital conversion, and then use Gabor filter re filtering 
operation, the signal is more stable and clean. In order to complete the non intrusive power 
detection system hardware design, to ensure the stability and integrity of current signal, and can be 
completed next to the relevant signal processing. 

Introduction 
Non-invasive monitoring of electric load of this technology, originally developed by Hart in 

1980s when raised, it is in the development of monitoring tools a basic does not have what effect, to 
provide specific data for residential users of electrical equipment power consumption for electric 
power companies[1,7]. It is essentially different from intrusive load monitoring, intrusive load 
monitoring is a load installed in each load before the electricity detection device to measure the 
electrical characteristics of a load, this method is very complicated, and very high cost, not for all 
users, can not meet the electric power company the residents and the needs of users, and non 
intrusive load monitoring can easily solve these problems, just set up a non-intrusive load 
monitoring of electrical equipment in power supply switch at the entrance, according to the 
collected total power of signal precipitation single appliances electricity information[2-4]. This 
method can make the power company to get electricity consumption information, and can carry out 
the reasonable allocation of electricity, reduce energy waste, for users, can get the power 
consumption of each load their own family, in time of high power ageing equipment replacement, 
thereby reducing power consumption and unnecessary waste[5,8,9] . 

Because of noise and interference in the circuit, there is a very serious effect on the electrical 
signal, we can make the signal for the noninvasive monitoring of electric load are more stable, the 
measured current signal is more clear, mentioned in this article, a design method for noise filtering 
of non intrusive load monitoring. The signal can be monitored, more conducive to the back related 
to signal processing, including event detection, feature extraction, cutting pattern 
classification,recognition and so on[6]. Signal processing is the key of this paper. In this paper, we 
describe in detail the process of getting the sampling signal, and can get the best stable waveform 
which is easy to handle and the noise is very little. 
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Design of Non-intrusive Electrical Load Monitoring System 
In the non-intrusive load monitoring system, data sampling design is the most important part of 

the bottom, it is related to the acquisition of the signal switching event monitoring, feature 
extraction and a series of operations, signal acquisition can make stable data more reliable and give 
the guarantee to complete the subsequent operation. 

The Basic Block Diagram of Hardware Design. 

 
Fig 1.Hardware design block diagram of non-intrusive load monitoring system 

Design of Low Pass Filter Circuit.In the block diagram, the design of the low pass filter circuit 
plays a key role in the hardware. The basic principle of the filter is to use the frequency 
characteristics of the circuit to realize the choice of the frequency components of the signal. 
According to the frequency filtering, the signal is regarded as the analog signal from the different 
frequency sine wave superposition, through the choice of different frequency components to 
achieve the signal filtering. Which allows the signal in the lower frequency components through the 
filter, which is called low pass filter, good low-pass filter design can make the circuit interference 
and noise is very good filter. This non-intrusive load monitoring system of low pass filter circuit 
design as shown below: 

 
Fig 2.Low pass filter circuit design 

 Circuit Filtering Effect. Circuit filtering effect will be shown in the following figures: 
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Fig 3. No-load current waveform before filtering 

Fig 4. No-load current waveform after filtering 
As can be seen from the above Fig 3 and Fig 4, after the circuit filter, the noise and interference 

in the circuit has been greatly improved, so that the current can be more stable and clear. For the 
above obtained image signal to noise ratio analysis, the signal to noise ratio before the filter is 56dB, 
after filtering the signal to noise ratio is 82dB. 

Electrical Signal Processing Based on One Dimensional Gabor Filter 
One Dimensional Gabor Filtering Algoritm.One dimensional Gabor filter is a band pass filter, 

which can be defined as a complex exponential function modulated by Gauss's function[10,11], f(t) 
is a one-dimensional current digital signal, whose Fourier transform is 

 G(f, w) = ∫ f(t)e−iwtdt∞
−∞   .                             (1) 

The obtained signal and Gauss's function 

 gσ(t) = 1
√2πσ

exp (− t^2
2σ^2

)  .                                                  (2) 
convolution,The window can be added 
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 G(f, σ, p, w) = ∫ f(t)gσ
∗∞

−∞ (t − p)e−iwtdt .                           (3) 
This is a one-dimensional Gabor filtering principle, from the above equation can be seen, when t 

get to p, Gauss function to the maximum, t extends to both sides, then f(t) value was rapidly 
weakened, the signal changes of Gabor at P point is mainly the 3*σ range of P point, and far more 
small far, P will turn to move in the timeline, you can get signal analysis in time domain, so that the 
current signal filtering in the frequency domain, the denoising effect can better improve. 

Experimental Results of Gabor Filter. Experimental results of Gabor filter will be shown in 
the following figures: 

 
Fig 5.No-load current waveform before Gabor filtering 

 
Fig 6.No-load current waveform after Gabor filtering 

From Fig 5 and Fig 6 can be seen after the one-dimensional Gabor filter effect, in the case of no-
load circuit, after Gabor filtering after the signal stability has been significantly improved, a lot of 
noise are filtered, the signal characteristics can be well reflected from the experimental results to the 
analysis, we can see have the relevant load. 
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Analysis of Experimental Results 

We grew up on power to many different load power test data acquisition design, respectively, fan, 
lamp, electric kettle, electric heating, oxygen machine etc.. Through the MATLAB tracing of 
current data obtained from the real situation, observe the depicted figures are the same and all kinds 
of electrical work, in order to determine the reliability and practicability of the non intrusive load 
monitoring system filtering method. The current digital signal collected by the electric lamp and 
electric kettle is drawn in MATLAB as shown in Fig 7 and Fig 8. 

 
Fig 7. The electric current of the electric light is drawn in MATLAB, and the horizontal coordinate 

is the sequence of data points and the current (A). 

 
Fig 8.Electric kettle of the current in the MATLAB drawing, the horizontal coordinates of the data 

point sequence, the vertical axis of the current (A). 
From the above two picture can be seen in the light and electric kettle by opening the event 

process data is very stable and reliable, the design method of the filter we completely for non 
intrusive load monitoring system, to the maximum extent reflect the current in circuit. 
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Conclusion 
Non-intrusive electrical monitoring system can be better on the ground to the user, and become 

the main development trend of the future load monitoring, the researchers are actively carry out 
research work[12]. The design method of data acquisition for this system can provide a good 
platform for filter design, through the analysis of the above experimental results, we can see that the 
data acquisition device designed by us can well reflect the real situation of all kinds of electrical 
appliances in the practical work, to ensure that the current data accuracy and stability lay a good 
foundation for the follow-up so as to extract the current signal processing, event monitoring and 
switching characteristics. 

In addition, the related design non intrusive load monitoring can save cost, reduce unnecessary 
waste of hardware costs are relatively high, economy and applicability, the implementation is very 
high, can well satisfy the non intrusive load monitoring system requirements. 
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