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Abstract 

As the industry with the largest carbon emission in China at present, the power industry 
faces great challenges and pressures in the goal of "carbon peak and carbon neutral", so 
the reform and innovation of power grid is urgent. First of all, we need to build a stronger 
smart grid and improve the capacity of absorbing new energy to cope with the instability 
of the grid caused by the increase of the proportion of new energy in the energy structure. 
Secondly, focus on the user side, strengthen load detection, reduce the waste of 
electricity on the user side through demand response, and improve the electricity 
consumption rate and energy efficiency.  In this paper, the overall framework of the 
home energy intelligent management system based on non-intrusive load monitoring is 
proposed, which is divided into two parts: the interactive device end and the data control 
center. The communication protocol is adopted between the two to carry out 
information transmission. For the interactive device end, this paper takes ADE7880 
power IC chip as the core, designs the basic hardware structure of the device in the way 
of bus layout, and realizes the functions of power information collection, display, 
transmission and reception. For the data control center, this paper adopts the 
framework based on deep learning to analyze and identify the electric energy data, 
determine the current electrical appliance usage, and return the information to the 
device end.  The current smart electricity meters installed in the power grid do not have 
the function of load identification. Meanwhile, due to the necessity of accurate load 
monitoring, the technical scheme in this paper has a strong market demand. Compared 
with the technical solutions in the market, this paper adopts the bus structure 
arrangement to achieve a balance between cost and technology. Due to the wide scope of 
extension of technical solutions, they can be extended to other energy management 
systems, such as industrial energy management systems and enterprise energy 
management systems, so as to more comprehensively assist the power grid to carry out 
fine power management and build a more strong smart grid. 
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1. Introduction 

It is an inevitable trend that the proportion of new energy in the energy structure will increase. 
The construction of smart grid is of great significance to resist the uncertainty factors brought 
by the integration of new energy. This paper proposes an intelligent household energy 
management system based on non-intrusive load monitoring for the residential power side, 
which accounts for more than one third of the total social power consumption. On the one hand, 
it can tap the regulatory potential of users to build a strong smart grid and absorb the growing 
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new energy on the power generation side. On the other hand, it can effectively reduce 
unnecessary power waste on the user side and improve electricity efficiency. 

The power industry has the highest carbon emission in China, but at the same time, the waste 
of electricity is very serious. Therefore, it is necessary to establish a more sophisticated energy 
management system, which can not only provide effective feedback for users to improve their 
own power consumption behavior, but also provide effective information for power grid 
scheduling decisions[1]. 

At present, intrusive load monitoring is often used in power grid load monitoring, which is 
complicated to deploy, difficult to repair and maintain, and difficult to popularize. Non-intrusive 
load monitoring, on the other hand, simply places a sensor in one place and uses an intelligent 
algorithm to identify the type of appliance[2]. This way greatly reduces the cost and 
maintenance difficulty, which is conducive to the wide range of promotion to the whole society.  

This paper first put forward the framework of the home energy intelligent management system 
design, and then respectively from the device end and control center two aspects of the design 
planning, and finally determine the scheme of the whole system. 

2. Home energy intelligent management system 

2.1. Overall framework 

As the core link of home energy intelligent management system: Non-intrusive load monitoring, 
algorithm accuracy and high efficiency requirements. If the identification module is deployed 
by a single user, the cost will be significant. Therefore, this paper adopts the design structure 
framework combining the hardware terminal and the data center to centrally deploy the server 
for deep learning and data analysis and identification, so as to improve the economy and speed 
of the whole system. In addition, the data of household electricity consumption can be absorbed 
in a wider range, providing a good data basis for deep learning data mining.  

The overall architecture design drawing proposed in this paper is as follows: 

 
Fig. 1 Overall framework 

2.2. Equipment design 

High performance IC chip is used to collect electricity information of users. We install a sensor 
at the entrance of the total power supply, the first complete with electric power total current 
and voltage of acquisition, the incoming energy measurement chip, the chip can be collected 
out electric power related parameters such as current, voltage, frequency, active power, 
reactive power, parameters via a serial port to master CPU, power characteristics through the 
analysis of the debug port, The type, total load and power consumption of the electrical 
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appliances used are obtained, and the working state of the electrical appliances in the whole 
system is monitored. 

The user can realize the collection of electrical energy data and state monitoring through the 
parameters displayed on the LCD screen. The working block diagram of the whole identification 
system is shown as follows: 

 
Fig. 2 Hardware design diagram 

In the following specific work, we carried out PCB design, three-dimensional modeling, and 
finally built the entire equipment and device. 

 

         
Fig. 3 PCB design                         Fig. 4 PCB 3D design drawing 

    
Fig. 5 Physical drawing of circuit board         Fig. 6 Physical drawing of equipment 
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2.3. Communication protocol 

Our high-performance chip, ADE7880, has three serial port interfaces: a fully licensed I2C 
interface, a serial peripheral interface (SPI), and a high-speed data acquisition port (HSDC). 
Since the SPI pin can be multiplexed with some of the pins of the I2C and HSDC port, the 
ADE7880 accepts two configurations: one that uses only the SPI port, and the other that uses 
the I2 port and the HSDC port in combination. After the serial interface is selected reset, the 
HSDC port is always disabled. After powering up or hardware reset, you can choose between 
I2C and SPI ports by controlling SS/HAS pins. If the SS/HSA pin remains high, the ADE7880 uses 
the I2C port until a new hardware reset is performed. 

After each successful communication with ADE7880, the address of the last register accessed 
is stored in the 16-bit LAST_ADD register (address 0xE9FE). It is a read-only register that 
updates the stored value after the next successful read or write operation is completed. The 
LAST_OP register (address 0xEA01) stores the nature of the operation, that is, whether to 
perform a read or write operation. If the last operation was a write operation, the LAST_OP 
register stores the value 0xCA. If the last operation was a read operation, the LAST_OP register 
stores the value 0x35. The LAST_RWDATA register stores data written to or read from the 
register. These registers do not reflect any unsuccessful read or write operations. When the 
LAST_OP, LAST_ADD, and LAST_RWDATA registers are read, the device values are not stored in 
themselves. 

ADE7880 supports a fully authorized I2C interface. The I2C interface is configured as a 
complete hardware slave. SDA is the data I/O pin, while SCL is the serial clock. Both of these 
pins are shared with MOSI and SCLK pins for the on-chip SPI interface. The maximum serial 
clock frequency supported by this interface is 400 kHz. Pins SDA and SCL are used for data 
transfer and can be arbitrated in a multi-host system by "wire-and-" configuration of these two 
pins. The transmission process of I2C system is as follows: when the bus is idle, the host initiates 
transmission by generating initial conditions; During the initial address transmission, the host 
sends the slave address and the data transfer direction. If the slave replies, the data transfer 
begins. The transmission continues until the host sends a stop condition, and then the bus goes 
idle. 

2.4. Algorithm framework 

With the increasing variety of household appliances, the difficulty of non-intrusive load 
monitoring is how to accurately and effectively identify the characteristics of the current 
electrical appliances. At present, the research of NILM usually adopts two methods of steady-
state characteristics and transient characteristics, and the research direction is mainly the 
steady-state and the transient is auxiliary[3]. In terms of stability and convenience of feature 
extraction, steady-state features have a good advantage, but in the face of transient household 
appliances, the recognition accuracy of steady-state features is obviously not as good as 
transient features. In the hardware part, we use ADE7780 high performance IC chip, so our 
research method is based on the combination of transient characteristics and steady-state 
characteristics. 

In most studies, basic electrical parameters such as impedance value, average voltage value and 
average current value are commonly used as data characteristics of appliances in steady-state 
characteristics. The transient characteristics usually adopt instantaneous voltage value and 
instantaneous current value, which may be converted from time domain to frequency domain 
if necessary.  

We first measure the electrical parameters of each household appliance through the designed 
equipment, and then normalize and label the data obtained. After collecting enough data sets, 
we use LSTM based deep learning model to train the data[4]. 
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3. Conclusion 

This scheme can not only be applied to the household electricity management system, but also 
to the industrial power management system and the enterprise power management system. 
Moreover, it can facilitate the flexible management and dispatch of the power grid in a larger 
scope, which is conducive to the construction of a strong smart power grid. 

At present, this type of product in the market is basically in the exploratory stage, and the smart 
electricity meters installed by power grid companies have not adopted relevant technologies to 
improve the electricity meters to further enhance the management of electric energy. At 
present, some products have appeared, because of the use of single interface single chip 
collection, resulting in high product cost. The product developed by the project can detect 
multiple interfaces through the bus and a single chip, thus achieving the balance between 
technology and cost. 
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