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Abstract
This system is based on high-precision energy measurement chip ATT7053,using TI's ultra-low power microcontroller MSP430 as a control system designed single-phase power smart socket. The voltage and current instantaneous value, voltage / current rms, power, power factor and power are calculated by passing the voltage and current signals on the smart socket using the voltage transformer and the current transformer. The ATT7053 is used to calculate these values. By passing the data to the MSP430 through SPI protocol,the MCU can learning,computing and processing these information.The system can display the working state of the electrical appliances and a variety of single-phase electrical parameters on the portable terminal equipment by using wireless module on the smart socket.The system is accurate, reliable, innovative, with good development value in the future.
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Introduction
Single-phase electrical parameter measurement has great significance in the power system, by detecting the changes in single-phase electrical parametersm,the system can be used to identify the electrical working status in the circuit, and then can automatically make some decisions.For example,the system can automatically shut down  the high-power appliances when it is overloaded.The traditional single-phase electrical parameter measurement is generally realized by ADC, ADC acquisition circuit samples voltage and current signals, and then the single-chips process the two signals in real time to get the results.This mtehod requires extremely high power consumption, while bringing a lot of power problems. This paper presents a single-phase electrical parameter detection based on high-precise metering chip ATT7053 and intelligent socket implementation method, a lot of parameters will be calculated by ATT7053 .Meanwhile the control system using TI's ultra-low power microcontroller MSP430.The single-chip mainly  complete the learning and judgment of electrical status and the corresponding decision given, while completing communication between the measurement chip and  portable device remotely.

System overall design 
Block Diagram 
 The overall block diagram of the system is shown in Figure 1. Firstly,in the pre-conditioning circuit, the use of voltage transformer is 220V AC power conversion to the appropriate voltage range,and the use of current transformers on the main circuit is current conversion to the appropriate current range for power metering chip acquisition. Metering chip samples on the input voltage and current signal by AD, calculates the voltage channel, the current channel RMS and active power, reactive power and power factor. And then these features are transmitted to the microcontroller through the SPI protocol, the microcontroller to achieve the detection of electrical status function through specific algorithm based on the machine learning. On this basis, the information is transmitted to the remote portable terminal through the wireless channel, the working state of the electric appliance and various single-phase electrical parameters are displayed in the real-time interface, and the system can make the decision on the electrical appliance on the smart socket automatically according to the predetermined setting. It is also possible to manually control the operating status of each electrical appliance at the terminal. 
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                     Figure 1 :  Block Diagram
System principle
The key of this paper is to identify the working status of the electrical appliance and the ability to measure the single-phase electrical parameters. One way to achieve the required function is to extract the characteristic quantity of the electrical appliance.The system can accurately measure the single-phase electrical parameters, use machine learning to extract the electrical characteristics of each single-phase electrical parameters and store. When the smart socket trunk parameters change, the changes in the factors and storage features quickly compare, thus we can determine the work state of electrical appliance on smart socket. Therefore,the selection of the feature quantity is essential to determine the performance of the entire system. After comparison and analysis, our system uses active power, reactive power and power as the characteristic quantity. The active power has a good linearity over the entire power section, simplifies the design of the system, and the reactive power in the low power range also has a very good linearity. The combination of the two can achieve to identify electrical appliances whose current is very similar in the low power range. Using electricity as a third factor to determine, to further ensure the accuracy of identification. In addition, in order to solve the problem of accurate identification of low -power electrical appliances under the high-power electrical appliances, the system adds the harmonic analysis algorithm. The frequency range of the harmonic components of each electrical device is fixed, and the FFT is used to extract the harmonic components of current waveform and calculate the number of harmonics, so as to accurately identify the electrical working state.
Hardware circuit design
Pre-conditioning circuit 
The circuit chose model ZMT107 voltage transformer and model DL-CT03C1.0 miniature current transformer as the main device. We limit the voltage range to about 500mV, by selecting the appropriate range of current transformers (here we choose 1000: 1), the current is reduced by 1000 times for the monitoring circuit to monitor. Based on this design,the pre-conditioning circuit can withstand the maximum 100A of the mains current theoretically, but considering the wire and device heat dissipation problem, the normal working under the maximum current is generally 20A.
Metering chip circuit
As the circuit shown in Figure 2, ATT7053AU is the measurement chip, RP1 is 20k sampling resistor, the chip has two current measurement channels, a voltage measurement channel to support SPI protocol communication. One current measurement channel (V1P, V1N) and voltage measurement channel (V3P, V3N) are used here. The conditioning signal is sent to the ATT7053 through two corresponding channels. The ATT7053 samples the signals of the two channels according to the initial sampling rate and function mode, and updates the corresponding register value in real time. The microcontroller reads the register corresponding to the ATT7053 according to the processing speed, and obtains the required feature amount after correcting the register value. ATT7053 peripheral circuit is relatively simple. In addition to power supply decoupling circuit and crystal oscillator circuit, current channel peripheral circuit is necessary. Because the three channels of the ATT7053 can only sample the voltage signal, the current signal must be converted into a voltage signal by a sampling resistor. Considering the change ratio of current transformer (1000: 1) and ATT7053 signal input range (-800mv ~ 800mv), we use 5Ω resistor as the current channel sampling resistance, to ensure the sampling of the current precision and prevent the chip from burning.
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Figure 2: Metering chip circuit
Relay circuit 
Smart socket has automatic power off function. When the system detects the outlet overload or some appliances in standby mode, it can shut down the power supply all or part of circuit. In this way,we can ensure safety and reduce power consumption. Microcontroller uses the transistor to drive the relay to control the circuit. The circuit is shown in Figure 3. 
[image: image3.emf]
                     Figure 3:Relay circuit

Auxiliary power supply circuit 
    The circuit uses LM2576-5V chip, and the chip peripheral circuit is simple. What’s more, the circuit is more efficient compared with the linear regulator chip.
Software system design 
The system software part is consists of  TI's low-power microcontroller msp430f6638. The host is designed to complete the overall function of the system. In learning mode,storing the corresponding power information of   operational devices; In detection mode, the host will recognize the current loop to detect electrical changes.By  comparing with the information stored in learning mode,the system can identify electrical appliances successfully. Slave achieves human-computer interaction, and the host will transmit the matched electrical information to the slave for display through the wifi.The slave also display the current,power and other information. The program flow is shown in Figure 4.
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                Figure 4 :Software flow
 Feature quantity algorithm 
The program defines the electrical structure, each time you enter the learning mode ,the system will define a structural instance for this device, to store electrical numbers and feature quantities. When the smart socket features change, interruption will be triggered. The program will extract the change, and use the fast algorithm to compare with structural features, the electrical appliance with largest matching degree is fond successfully. Further, changes in the characteristics of the electrical appliance can determine the working status of the appliance (eg, standby, heat, heating, etc.) and the program extracts the single-phase electrical parameters to send to the portable terminal. When the matching degree is  less than 80%, then do not make a judgment, but continue to harmonic analysis of the signal.
 Harmonic analysis
The MCU prepares an array to store the current waveform data transmitted by the ATT7053, uses the FFT to obtain the frequency domain information, extracts the number of harmonics included, matches the number of harmonics stored in the electrical structure to accurately identify the working state of the electrical device. However, the harmonic analysis will increase the amount of calculation, resulting in a certain delay, so the program only do harmonic analysis when the feature quantity algorithm can not match precisely. This can reduce the processing time obviously . 

 Wireless transmission
To simplify the design of communication protocols, the system uses serial port - wireless transmission module. Through the transparent module, all the communication design can be completed only in the serial port mode,and we don’t need to pay attention to the network layer data transmission.And all the packet conversion is solved by the module automatically. To ensure that the serial communication is correct, use the following message format (The numbers in parentheses indicate the number of bytes): 
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MCU serial port interruption detects FF packet header byte to start the subsequent data byte acquisition and save the rest.MCU verifies the error to discard the data, verifies the correct  then data is saved and processed.
Test plan and test results 
Instrument 
Tektronix oscilloscope, Siglent digital multimeter, green wisdom B716B1 power meter 
Test results

After learning the state information of the No. 1-5 appliance, we monitor the electrical appliances in the case of successful detection of the working condition of the appliance. The information to be monitored is shown in Table 1 . 

Table 1. Display with electrical parameters
	No.
	1
	2
	3
	4
	5

	Current
	5mA
	28mA
	 50mA  
	1.2A
	7.8A

	Active Power
	1.65W
	4.7W
	8.2W
	64W
	1720W

	Reactive

Power
	-1.47W
	-0.88W
	-2.66W
	-85.7W
	5.1W


(Electrical appliances and their numbers:

1:MCU,2:Small electric drill,3: Desk lamp,4: hair dryer,

5: Hot kettle)

After testing, the device can be used to monitor and accurately identify the working state of electrical appliances after the study of the parameters of the electrical appliances.

Conclusion 
Through the test of a large number of electrical appliances, the error between the single-phase electrical parameters instrument and the system is less than 0.5%, When the smart socket electrical working status changes, the system can capture changes in time , and correctly show the change of the working state, the reaction time within 2s, the false positive rate less than 0.1%. In addition, when a single electrical current or trunk more than 20A, the microcontroller will control the relay disconnect the corresponding circuit to ensure security. Also, a single electrical standby more than 30 minutes ,the relay is cut off to reduce power consumption. System operating current is less than 10mA in order to achieve low power consumption. From the operation situation,the single-phase smart socket based on ATT7053 and MSP430 is stable, scalable, and has great practical value.
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