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Abstract: Electrical parameter online measurement is used to monitor the working state of AC motor, to 
prevent the voltage being too low or the load being too large, to protect the motor safely. The paper mainly 
discusses the configuration and the principle based on Cortex-M3 for measuring the electrical parameter of 
alternating motor. The formula is given in the paper that calculates the AC signal harmonics voltage, harmonics 
current, harmonics power. Importantly the method of verification of the error measurement of power is given, 
which remarkably increases the verification efficiency of apparatus system. The paper also provides schematic 
diagram of main measurement hardware and describes its software design. According to the measurement 
results, the design achieved certain accuracy requirement, and meets the related technical requirements. 
Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

Three phase asynchronous motors overload or 
voltage is too low or too high, can lead the motor to 
overheating [1]. So electrical parameter measurement 
of motors is very important and the measurement 
system is being the necessary equipment. Many 
people were analyzed the testing principle of 
electrical parameter [3-9], and In the past few years, 
universal DSP, dedicated DSP, are used in the 
measure electrical parameters of the  
motor [10-14]. But universal DSP leads high-cost, 
and has no high embedded degree. Dedicated DSP 
has fixed-function, and engineers can’t applied 
flexibly. Recently, someone designs the test system 
based on ARM [15], but ARM7 TDMI which is fitted 
to the system has poor performance and has no 

peripheral resources enough at the same time. ARM9 
is too complicated and has too high-cost. So selecting 
a CPU is very important to design measurement 
system for the electrical Parameter of three phase 
motor. ARM Cortex-M3, STMicroelectronic 
Company produced, has much more advantage, such 
as high performance, low cost, low-power, etc. 
STM32 MCU brings opportunities and space for the 
design of electrical parameter measurement system 
for three phase AC motor. The STM32 family of 
32-bit Flash microcontrollers based on the ARM 
Cortex™-M processor is designed to offer new 
degrees of freedom to MCU users. It offers 32-bit 
product range that combines high performance, 
real-time capabilities, digital signal processing, and 
low-power, low-voltage operation, while maintaining 
full integration and ease of development. 

http://www.sensorsportal.com/HTML/DIGEST/P_2200.htm
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2. Design of the System and Working 
Principle  

 

2.1. The Design of the Overall System 
 

The measurement system is mainly composed by 
voltage sampling circuit, current sampling circuit, 
A/D conversion circuit, PLL circuit and STM32 
system circuit. The overall block diagram as Fig. 1. 

The electric parameters measurement of Three-
phase AC motor, generally, requesting measure 
three-phase wire line voltage, current, power by two 
components, frequency, power factor, 50 times 
following harmonic content and the imbalance  
extent analysis of Three-phase voltage. The level  
of accuracy is above 0.5, and the measurement 
voltage and current is provided by external 
measurement transformer. 
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Fig. 1. Overall system structure diagram. 
 
 

Sampling signal of three-phase voltage and 
current are sent to AD MAX125 which is with 14 bit 
and 6 channels A/D. Cortex-M3-STM32F103 
demand 5 V power source but MAX125 need 3 V, so 
if connect them together, a level shift IC named 
74LVC4245 is necessary. Sine wave of phase A 
should be converted into rectangle wave by the 
circuit of waveform convert circuit, then sent to PLL 
for 128 times frequency, this signal interrupts STM32 
to control AD convert circuit. This way, MAX125 do 
the work sampling 128 point equally spaced during 
one cycle, then the voltage and current instantaneous. 
Every time STM32 analyses these 128 sampling data, 
therefore voltage and current RMS, power values, as 
well as the harmonic content are obtained. 
 
 

2.2. Measurement Principle 
 

The signal waveform is discretized into [2]: 
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Harmonic amplitude for h  times: 
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Three-phase unbalance factor: 
Three-phase line voltage respectively: 
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3. Design of the System Hardware  
and Software 

 
The system hardware consists of the voltage 

sampling circuit, the current sampling circuit, display 
circuit, signal (rate) output circuits, communication 
circuit, etc. Because communication circuit, display 
circuit, key circuit using conventional circuits, 
therefore, without discourse in this paper. 
 
 
3.1. The Design of Voltage and Current 

Sampling Circuit 
 

The current sampling circuit shown in Fig. 2, the 
voltage sampling uses the same circuit, which 
convert the voltage to the current firstly. Current 
transformer with high accuracy, wide range of CT. 

When inputs current being 5 A, the current 
transformer outputs 10 mA. CT transformer in series 
resistance 100 Ω to get 1 V voltage. Behind the 
voltage amplification circuit, the input signal to the 
back of 4 V, make the system able to receive the 
impact of the current rated 120 %. 

The voltage transformer has complex structure, 
and the price is too high.  

So the voltage sampling circuit uses the same the 
current sampling circuit with series resistance in the 
current transformer. 
 
 
3.2. The Design of A/D Convert Circuit 
 

Two A/D chip named MAX125 are used in the 
measurement system, the interface circuit with 
Cortex-M3 as Fig. 3. 

 
 

 
 

Fig. 2. Current sampling circuit. 
 
 

 
 

Fig. 3. A/D and Cortex-M3 interface circuit. 
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Three phase voltage and current signals are 
converted by two MAX125, which outputs the 
highest level is 5 V. So an IC chip 74AHCT4245 is 
necessary to match the 3.3 V voltage level of STM32. 
Two 74AHCT245 are used in this circuit as level 
shifter unit. 74AHCT4245 output signals and input 
signals are connected respectively to MAX125 and 
STM32 with 14-bit DBUS.  

The control signals’ voltage level is matched just 
as data signal. Equally spaced signal that comes from 
PLL and the signal of A/D conversion completed are 
shifted by 74AHCT4245. The signals that two 
MAX125 receive respectively are Uab, Ubc, Uac, Ia, 
Ib, Ic. When calculate the unbalance factor, using 
Uac instead of Uca. 

 
 

3.3. The Design of Frequency Output Circuit 
and the Error Calibration Method 

 
3.3.1. The Design of Signal Output Circuit 
 

The accuracy of power measurement must be 
calibrated, usually, the method is getting the error by 
comparing measuring data with the standard data, 

which is very inconvenient. So the circuit that 
frequency output is designed for calibrating the 
measurement error conveniently. The circuit is shown 
in Fig. 4. In the Fig. 4, D/A converter with 12 bits is 
used. STM32 sends the value of power with 12 bits to 
D/A, then the D/A output analog signal which is 
proportional to the digital data.  

Through the follow-up circuit called U/F shift 
circuit the analog signal change to frequency signal, 
which is proportional to the analog signal. By 
sending the frequency signal to Standard Electric 
Energy Meter, the error of the measurement system  
is obtained. 
 
 
3.3.2. The Calculation of Power Constant 
 

The debug condition is in the case of power factor 
being 1, inputting rated voltage and rated current, 
though the whole process, the circuit outputs 
frequency of 5 KHz. When calibrate the system, 
divide the frequency signal to low frequency signal, 
then one low frequency signal pulse is a constant 
value, named power constant C.  

 

 
 

Fig. 4. Frequency output circuit. 
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Send the low frequency pulse into the electrical 

energy error calculator, and input the C to the 
electrical energy error calculator, the measurement 
error of the system will be obtained just as the 
Energy Meter’s. 
 
 
3.4. The Design of the Software 
 

The system software is used to complete the 
measurement of voltage, current, power, harmonic, 
unbalance factor of three-phase. The subroutines of 
Cortex-M3 function library are applied as harmonic 
calculation program.  

The main flow charts of system completes the 
system initialization, starts A/D sampling function to 
complete 128 times A/D in one voltage cycle. The 
flow chart as shown in Fig. 5. 
 
 

 
 

Fig. 5. System main flow chart. 
 

4. Measurement Error 
 

In library, the standard electric energy meter 
named 3030WT −  and three-phase testing power 
are selected to test the accuracy of this measurement 
system. Input 200 V voltage and 5 A current. The 
power testing data is as Table 1. 
 
 

Table 1. Power testing data. 
 

Voltage 
(V) 

Current 
(5A) 

Power 
factor 

Standard 
data 

Testing 
data 

200 100 % 1 1000.2 1000.3 
 80 % 1 800.1 800.2 
 50 % 1 500.1 500.2 
 10 % 1 100.1 100.2 
 100 % 0.5L 500.1 500.2 
 100 % 0.8C 866.7 866.8 

 
 

By Table 1, the error of this system is: 
 

100.1 100.2
100% 0.1%

100.2
δ −= × = −  

 
 
5. Conclusion 
 

This system is designed for three-phase  
motor parameter measurement, the experimental 
results show that the system has high accuracy,  
low cost, convenient debug, having a broad 
application prospect. 
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