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Abstract - This work aims to achieve intelligent information collection for an automated electrical 
energy metering system. It utilizes mechatronic electric energy sensor devices to collect energy 
information from the automated metering system. By improving the spectral scale of the Discrete 
Fourier Transform (DFT) algorithm, accuracy in fundamental frequency, phase calculation, and 
amplitude calculation has been enhanced. In a simulated environment, a fusion dataset of infrared 
and visible images of transmission lines is used for harmonic detection through digital signal 
processing. Simulation results indicate that the improved DFT algorithm provides a significantly 
more accurate measurement of the fundamental frequency than the windowed interpolation 
algorithm. The improved DFT algorithm also outperforms the windowed interpolation algorithm in 
terms of calculating the phase of the fundamental frequency and each harmonic. Besides, in a digital 
signal processing hardware environment, it demonstrates higher accuracy in amplitude calculation 
than the windowed interpolation algorithm. This work achieves information collection for 
mechatronic electric energy sensors, providing crucial support for the management of automated 
electrical energy metering systems. 
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1. Introduction 
 
Currently, the consumption of smart meters in the 
power supply areas of State Grid Corporation of 
China accounts for half of the world's total, and the 
power information acquisition system has become 
the world's largest automatic energy metering 
system [1]. However, because of the intensive, 
refined, standardized and automated environment 
requirements of marketing management and the 
pilot requirements of the power users’ power 
information acquisition system, the existing power 
information acquisition system has been difficult to 
meet the needs of development [2]. The lack of 
unified technical standards and coding standards for 
system information restricts the scale and healthy 
development of the system. Containment of power 
purchase enterprises is used as a marketing 
technology to support the power system to play its 
role [3]. Moreover, due to the restriction of power 
information data acquisition and power metering 
processing capacity, power workers cannot 
accurately grasp the power metering information in 
a timely manner, and the existing power metering 
system cannot meet the requirements of multi-

aspect management of power management business 
[4]. 

With the development of automatic information 
acquisition, some foreign developed countries have 
separated the power consumption information 
acquisition and power billing system from the power 
metering system, which provides convenience for 
power system management. Hasan et al. applied 
mechatronics technology to achieve a multi-function 
electric energy meter that can be transcribed and 
encoded [5]. Backman et al. (2019) combined 
traditional mechatronics technology with modern 
information technology to establish an intelligent 
automatic controlled steel manufacturing control 
system [6]. White et al. (2022) used mechatronics 
technology to monitor the fuel consumption of 
tractor instruments. They found that this technology 
could accurately adjust the throttle and gear and 
achieve more than 10% of the fuel-saving rate [7]. 
Regarding the research on the application of 
metering automation systems in electric energy 
metering devices, Manoharan et al. (2020) mainly 
described the application of electric energy metering 
automation technology in power consumption 
management.  
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They can be used for the service application of 

electric energy systems for power line loss, power 

system operation, and electricity quantity review [8]. 

Chen et al. (2019) can realize automatic meter 

reading, line loss statistics, power safety inspection 

and remote monitoring functions through the 

electric energy metering automation technology [9]. 

Haque et al. (2022) applied electric energy metering 

automation technology to research the application of 

the smart grid construction process and conducted 

the energy-saving transformation of the functions of 

the power automation system. It is found that using 

new technology can save the time of power supply 

service, which is more than 40% lower than the 

original time [10]. Ghasempour (2019) applied the 

automation technology of electric energy metering to 

research the electricity consumption inspection 

business and used the electricity consumption 

monitoring work in a certain area and the special 

transformer metering device in the area for case 

analysis. It is found that the application of electric 

energy metering automation technology can timely 

inspect and repair the electricity consumption 

inspection business [11].  

In the research of electronic information 

collection, Rajan et al. (2022) proposed a power 

communication network based on the Internet of 

Things. Finally, the Optimized Network Engineering 

Tool network simulation platform was adopted to 

analyze the communication bandwidth and 

information collection time of the proposed network 

communication architecture. It is found that 

excessive network bandwidth configuration in the 

communication system will significantly reduce the 

utilization efficiency of network bandwidth [12]. 

Goyal et al. (2020) studied the calculation 

management of an electronic information collection 

business. It is found that the development of modern 

information technology can accurately screen 

electronic information and reduce the difficulty of 

collection [13]. However, the utility of specific 

automation technology in electronic information 

collection has not been studied and analyzed. 

Currently, international attention to the power 

information collection and various power problems 

is high. Scholars mainly study power quality 

monitoring and the application of the machine 

learning algorithm in power monitoring, obtaining 

the quality information of power monitoring in real-

time, and realizing the effective management of 

power.  

 

 

Power monitoring is a complex project involving 

power system, communication technology and 

platform design. In order to judge whether the 

parameters meet the national standards, real-time 

and accurate acquisition of various electric energy 

monitoring parameters is required. This work aims 

to realize intelligent information acquisition of the 

electric energy metering automation system and set 

up electric energy metering and information 

acquisition terminals in the electric energy metering 

automation system. First, it explains the hardware 

foundation and software services of the electric 

energy metering automation system. Then, the 

electric energy sensor device with mechatronics 

technology is employed to collect the electric power 

information of the electric energy metering 

automation system. The Discrete Fourier transform 

(DFT) algorithm is improved using spectrum scaling. 

Finally, the fusion dataset of infrared images and 

visible images of the transmission line is adopted 

and connected to the computer's Universal Serial 

Bus (USB) interface through the simulator. The 

power acquisition harmonic detection of the 

improved DFT algorithm and windowed 

interpolation algorithm is downloaded to the digital 

signal processor for simulation testing. This work 

realizes the mechatronic electric energy sensor 

information acquisition, which is significant for 

managing electric energy metering automation 

systems. 

 

2. Research Theories and Methods 
2.1 Hardware Foundation and Software 

Service of Electric Energy Metering 
Automation System 

 
The electric energy metering automation system 

is a large-scale electric power information 
acquisition, control and management system that 
realizes multi-function. It mainly comprises a master 
station system, communication system and 
acquisition terminal. The master station system has 
functions such as an external interface. The 
communication system is adopted to realize the 
communication connection between the master 
station and the power information acquisition 
terminal. The electric power information acquisition 
terminal is to realize information acquisition and 
transmit the collected information data to the 
electric power marketing system, forming a closed-
loop management and resource sharing. Figure 1 
displays the structure of the electric energy metering 
automation system. 
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Figure 1: Structure of electric energy metering automation system ((a) Master station computer system; (b) 

Communication system; (c) Remote power station) 
 

Figure 1 reveals that the data exchange 
processing layer collects and processes the business 
data of electric power. The pre-acquisition layer 
includes communication access settings and 
acquisition server equipment. The communication 
system is used for power and public network 
communication of electric energy remote 
workstation. The remote power system includes the 
metering terminal equipment of the plant and the 
low-voltage centralized reading terminal.  

The automatic power metering system provides 

different power workers with the functions of 
monitoring the system, modifying the database, 
upgrading and repairing software and hardware, and 
managing system permissions through system 
function modules and clients. They need to ensure 
the safe and stable operation and smooth use of the 
automatic energy metering system. Power marketing 
personnel will conduct data queries, statistical 
reports and change maintenance on some open data. 
Figure 2 is the basic structure of the power 
management system. 
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Figure 2: Basic structure of power management system 
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The power management client in Figure 2 mainly 
conducts power management in advanced electricity 
meters, intelligent buildings, intelligent appliances, 
value-added services, customer power management 
systems, and demand-side management. The electric 
energy metering management system displays the 
use and consumption of each electric energy to the 
decision-making layer with more intuitive data and 
charts through the division and statistics of users' 

electricity consumption to facilitate the identification 
of unreasonable energy consumption in the electric 
energy system. Besides, it provides more accurate 
data support for the further energy-saving 
transformation of users and further upgrading of 
power information acquisition equipment. Table 1 
displays the equipment and functions of the electric 
energy metering management system. 

 
 

Table 1: Equipment and functions of electric energy metering’s automation management system 
Application equipment Model Functions 

Intelligent gateway ANet series The number of RS-485 interfaces: 2/4/8; optocoupler 
isolation; 100 Mbit/s network port; Fourth Generation 
communication; supporting recoverable data, EXtensible 
Markup Language format and Application Enablement Service 
encryption. 

High voltage important circuit, 
low voltage incoming cabinet 

APM810 Supporting Secure Digital card expansion record, Liquid 
Crystal Display (LCD) 

Low voltage connection 
cabinet and outgoing cabinet 

AEM96 Analysis of electrical parameters of 2~31 times harmonic 
wave and total harmonic content, sub-phase harmonic wave 
and fundamental wave  

Power cabinet ACR120EL LCD; full electrical parameter measurement; four quadrant 
power measurement; RS485/Modbus; optional electricity 
rate statistics and maximum demand statistics; 4DI+2DO; 
RS485 communication port 

Lighting box DDSD1352 Single phase electric parameter measurement; positive and 
negative electric energy measurement; infrared and RS485 
communication 

 

2.2 Mechatronics Technology 
 
Figure 3 is the composition and application 

framework of mechatronics technology. 

 
 Figure 3 illustrates the system composition, relevant 
technologies and specific applications of 
mechatronics technology. 
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Figure 3: The composition and application framework of mechatronics technology ((a) Composition of the 
mechatronics system; (b) Relevant technologies involved in mechatronics; (c) Application of mechatronics) 
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The fundamental difference between 

mechatronics and mechanical electrification in 

function is intelligence. The sensors used in the 

electric energy metering automation system mainly 

measure current, voltage, resistance, electric power, 

phase, electric energy and other electric gas sensors. 

Through the principle of electromagnetic action, the 

common detection methods of electrical 

measurement sensors can be made into direct 

reading electrical gas indicators. Moreover, the 

measured power is compared with the same type of 

electrical gas as the standard. The dimensions to be 

measured are determined. The working principle of 

the electric gas measurement sensor mainly includes 

magnetoelectric, electromagnetic, ferromagnetic 

electric, inductive, rectification, electrostatic and 

thermoelectric types. With the development of  

 

microprocessor technology, the new generation of 
digital sensors integrates the latest achievements of 
electronic technology and computer technology and 
the development of digital instruments based on 
traditional analog sensors. They consist of special 
chips (such as latches, drivers, and computing chips) 
of analog conditioning, analog-to-digital conversion, 
digital display, and other major components.  

The digital sensor is a kind of logic control to 
realize automatic detection, which directly displays 
the measurement results of the instrument in digital 
form through digital to analog conversion. The 
digital sensor has multiple advantages, like fast 
measurement speed, high accuracy, digital display, 
high resolution, good repeatability, and strong anti-
interference ability. It is suitable for various 
parameters’ measurement and centralized control. 
Figure 4 displays the working principle of the sensor. 
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Figure 4: Working principle of the sensor 

 
Figure 4 shows that, first, the sensor is powered 

and the crystal oscillator in the excitation circuit 
generates a squarewave. Then, the alternating-
current excitation power supply is generated 
through the power amplifier and transmitted from 
the static primary coil to the rotating secondary coil 
through the energy ring transformer. The precise 
direct-current power supply center is generated 
through the high-precision stabilized voltage supply 
center, which is composed of a reference power 
supply and dual operational amplifiers. When the 

flexible shaft is twisted, the  strain signal 

detected by the strain bridge is amplified into a   
 

strong signal through the instrument amplifier, and 
then converted into a frequency signal through the 
Voltage-to-Frequency (V/F) converter. Next, it is 
transmitted from the rotating primary coil to the 
fixed secondary coil through the signal toroidal 
transformer. By filtering and shaping the signal 
processing circuit on the shell, the frequency signal 
proportional to the torque of the elastomeric bearing 
can be obtained. It can be provided to the special 
secondary instrument or frequency meter for 
display, or directly sent to the computer for 
processing. Figure 5 presents the working principle 
of the electric energy sensor. 
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Figure 5: Working principle of electric energy sensor 
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The electric energy sensor in Figure 5 mainly 

includes a power metering chip, sampling circuit, 

working power supply, isolation circuit and optional 

microcontroller. The sampling circuit samples the 

current and voltage signals. The power metering 

chip converts the signal into a digital signal, and 

calculates the power value, voltage value and current 

value internally. The mainstream method of power 

measurement is to use professional power 

measurement chips. The chip contains a high-

precision analog-digital converter, filter and 

integrated professional power measurement 

algorithm to process the sampled signal and output 

current, voltage, power and other data through the 

interface. The microcontroller reads the output of 

the power measurement chip, and the power 

parameters are initially processed. Then, it 

communicates with the external controller through 

the isolation circuit, and the power parameters are 

transmitted to the main controller. The key 

component of the power sensor is the power 

metering chip, which is responsible for converting 

the analog information of household appliances into 

digital information. The power measurement chip 

determines the key parameters of the power sensor, 

such as measurement parameters, accuracy, and 

volume. With the development of power detection 

sensor technology, its measuring object has 

expanded to a considerable range of detection. For 

example, it can measure current as small as 10-17A, 

up to hundreds of thousands of amperes. The voltage 

ranges from 10-9V to tens of millions of volts. The 

resistance ranges from a few hundredths of a micro 

ohm to 1018Q. The frequency range is from 10-6Hz 

to 1012IIz.  

 

As time goes by, the detection range of the tested 

object will be further expanded and the performance 

will be further improved. 

 

2.3 Power Information Acquisition Process 
 

According to the provisions on the frequency 
offset in the power quality standard, the frequency 

offset is required to be within . For 

large-capacity power systems, the frequency 

deviation shall not exceed . For a small 

power system, the frequency deviation shall not 

exceed . The frequency of electric energy 

information studied here is not constant. Due to the 
offset of the system frequency, the system frequency 
fluctuates in a small range, and it is difficult to 
achieve synchronous sampling. In order to improve 
the detection accuracy under asynchronous 
sampling, the windowed interpolation method can 
be used for improvement. 

I. Windowing function 
In order to choose the windowing function, the 

frequency component of the signal must be 
estimated first. If only the major lobe frequency is 
required to be read accurately without considering 
the amplitude accuracy, a rectangular window with 
narrow major lobe width and good resolution can be 
selected, such as measuring the natural frequency of 
an object. If the narrowband signal is analyzed and 
there is strong interference noise, the window 
function with a smaller side lobe amplitude shall be 
selected, such as the Hanning and Fejer window. For 
functions with exponential decay over time, 
exponential windows can be adopted to improve the 
signal-to-noise ratio. Table 2 presents the 
performance of several commonly used windowing 
functions. 

 

Table 2: Performance of several common window functions 
Window function Major lobe Side lobe Other possible problems 

Square windows [14] Relatively 
centralized 

Relatively high Negative spectrum 

Fejer window [15] Width 2* 

rectangular box  

Relatively small No 

Hanning [16] Wide and low Significantly reduced Frequency resolution 
degradation 

Hamming [17] Wide and low A lower attenuation 
speed than Hanning. 

Frequency resolution 
degradation 

Brookman window [18] Wide Low High precision 

 
The function expression of the above windowing 

function is shown in equations 1~6: 
 

      (1) 
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   (2) 

   (3) 

  (4) 

          (5) 

     (6) 

 

In the above equations,  represents a 

rectangular window function,  represents a 

Fejer window function,  represents a Hanning 

function,  represents a Hamming function, 

 represents a Brookman window function, 

and (  represents a combined 

windowing function. (  is the 

total length of the window function, and  is the 

effective length of the windowing function. In order 
to avoid the interference caused by leakage under 
the power sensor signal and collect the real power 
signal, the windowing function is required to meet 
the major lobe's narrow width and the side lobe's 
obvious attenuation speed. Therefore, this work uses 
the Hanning function to collect and detect power 
information. The first side lobe attenuation 
parameter of the Hanning: - 32, major lobe 

bandwidth , side lobe peak attenuation -18. 

II. Windowed interpolation method 
The interpolation method is an approximate 

calculation method to approximately calculate 
unknown points from known points, that is, to 
construct a polynomial function, make it pass 
through all known points, and then use the obtained 
function to predict the location point. In some 
specific applications, fast Fourier transform (FFT) 
may have more advantages than DFT, while DFT has 
some limitations. When only the spectral lines of 
some frequency points are needed, the DFT 
operation time is greatly shortened, and the data 
memory required is also greatly reduced. Based on 
the particularity of variable frequency electricity 
measurement and the characteristics of the two 
algorithms, an electrical company used a variable 
frequency power analyzer to conduct harmonic 
analysis using high-performance embedded 
microprocessors and FFT [19]. Because of the strong 
hardware support during the algorithm test, the 

calculation amount of the DFT algorithm can be 
ensured, and the algorithm calculation speed is 
discussed. Equation 7 is the calculation of DFT. 

 

         (7) 

 

 is the input discrete signal, and  is 

the amplitude of the k-th spectral line.  represents 

the spectral line, and  is the serial number of the 

total acquisition signal. Equation 8 is the discrete 
signal input after windowing. 

 

                  (8) 

 

 is the discrete signal input before 

windowing,  is the discrete signal input 

after windowing, and  represents the Hanning 

function. In FFT, the input discrete signals shall be 
numbered in sequence first, and then the amplitudes 
of different spectral lines shall be obtained. 
Equations 9 to 12 are the spectral line amplitude and 
wavelength frequency calculated by windowed 
interpolation. 

 

                                (9) 

                                         (10) 

                             (11) 

                                (12) 

 
Equation 9 and equation 10 are the equations for 

calculating the spectral line amplitude and 
wavelength frequency when the amplitude of the 
middle spectral line is the largest and the 
corresponding amplitude of the right spectral line is 
greater than the left spectral line. In equation 9, 

, , , and 

. Equations 11 and 12 are 

derived equations for calculating the spectral line 
amplitude and wavelength frequency when the 
amplitude of the middle spectral line is still the 
largest, and the corresponding amplitude of the left 
spectral line is greater than the right spectral line. In 

equation 11, , , 

, and . .  

represents the sampling frequency, and  is the 

serial number of the total acquisition signal.  
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represents resolution,  represents spectral line 

amplitude, and  represents wavelength frequency. 

III. Improvement process of the DFT algorithm 
Improvements to the DFT algorithm are aimed at 

achieving higher precision in energy information 
collection and harmonic detection within the 
automated electrical energy metering system. Here 
is a more detailed description of the enhanced 
algorithm: 

1) Background and requirements analysis: In-
depth research is conducted initially on the 
characteristics of each user's fundamental frequency 
and harmonic signals within the automated electrical 
energy metering system. This encompasses crucial 
information such as amplitude, phase, and 
frequency. Given the paramount importance of 
highly accurate energy information collection for 
system performance, there is an urgent need for an 
algorithm capable of precisely analyzing the spectral 
features of these signals. 

2) Fine-tuning of spectral scale: The core of the 
improved algorithm involves a carefully designed 
scale transformation of the spectrum. The objective 
of this process is to ensure that the observed 
spectrum accurately appears on discrete spectral 
lines through appropriate expansion and 
contraction. This strategy not only enhances the 
accuracy of harmonic detection but also effectively 
circumvents issues caused by interpolation. 

3) Introduction of scaled Fourier Transform 
algorithm: The scaled Fourier transform algorithm 
has been introduced. If the spectrum in DFT is scaled 

 times, equation 13 is the scaled Fourier transform 

algorithm: 
 

   (13) 

 

 is the spectrum at ,  is the angular 

frequency,  is the input signal, and  is the 

multiple of spectrum expansion. This step ensures 
the capability to capture information within the 
spectrum with greater precision. 

4) Discrete implementation of improved Fourier 
transform algorithm: Further implementation of 
improved Fourier transform algorithm is achieved 
through discretization. Equation 14 is an improved 
Fourier transform algorithm through discretization: 

 

           (14) 

 

 represents the fundamental frequency,  

represents the initial phase,  represents the 

multiple of spectrum expansion, and  is the serial 

number of the total acquisition signal. This step is 

crucial for conducting spectrum analysis in discrete 
systems.  

The ultimate goal of this series of improvement 
methods is to ensure a more accurate spectrum 
analysis of electrical energy signals, particularly in 
harmonic detection. Through meticulous scale 
transformation, the aim is to enhance detection 
accuracy while effectively avoiding potential issues 
caused by interpolation. Although the improved DFT 
algorithm may exhibit a slight reduction in 
computational speed, it is firmly believed that this is 
a feasible strategy aimed at achieving an effective 
balance between performance and accuracy. 
 

2.4 Simulation Experiment 
 

First, in the practical hardware environment 
simulation testing, Code Composer Studio and a 
Digital Signal Processing (DSP) hardware simulator 
are utilized to authentically simulate the automatic 
collection testing of electrical energy measurement. 
The fusion dataset, comprising infrared and visible 
images of transmission lines, is connected to the 
computer's USB interface. This fusion dataset 
contains comprehensive information from the 
transmission lines, providing experimental data for 
subsequent electrical energy information collection. 
Subsequently, the power collection harmonic 
detection programs for the improved DFT algorithm 
and the windowed interpolation algorithm are 
downloaded onto the digital signal processor. This 
ensures that the digital signal processing segment of 
the experiment can fully utilize the proposed 
algorithm for the collection and analysis of electrical 
energy information. The windowed interpolation 
algorithm is similarly applied for power collection 
harmonic detection. By comparing the experimental 
results of the windowed interpolation algorithm and 
the improved DFT algorithm, a comprehensive 
assessment of the performance differences between 
the two algorithms in electrical energy information 
collection could be made. 

The sampling frequency is set at 128Hz, 
collecting a total of 128 power data points to ensure 
ample data coverage and a comprehensive 
evaluation of system performance. The spectral 

expansion factor is set at, 
 

with a fundamental 
frequency of f=50.1Hz, meeting the requirements of 
electrical energy measurement quality for frequency 
offset. 

Based on the foundational experiments, further 
simulation testing is conducted in a DSP hardware 
environment to more realistically reflect the 
system's performance in practical applications. The 
improved DFT algorithm and the windowed 
interpolation algorithm are employed, and detailed 
test results are meticulously recorded. 
 



Optimizing Harmonic Detection: Mechatronic Approaches for Enhanced Electric Power Information Acquisition 

 

 

International Journal of Mechatronics and Applied Mechanics, 2023, Issue 14 125 

3. Simulation Test of Improved DFT 
Algorithm and Windowed 
Interpolation Algorithm 

3.1 Simulation Test Results of the 
Fundamental Frequency 

 
Figure 6 displays the test results of fundamental 

frequency using an improved DFT algorithm and 
windowed interpolation algorithm. 

 

(a)

(b)

 
Figure 6: test results of fundamental frequency  

((a) improved DFT algorithm; (b) windowed 
interpolation algorithm) 

 
Figure 6 displays the frequency values 

calculated by the improved DFT and windowed 
interpolation algorithms. It reveals that the 
fundamental frequency measured by the improved 
DFT algorithm is 50.09142Hz, and the fundamental 
frequency measured by the windowed interpolation 
algorithm is 50.02327Hz. Compared with the 
fundamental frequency of a 50.1Hz input signal, the 
relative error of the improved DFT algorithm is 
0.017%, and the relative error of the windowed 
interpolation algorithm is 0.153%. In conclusion, the 
fundamental frequency measured by the improved 
DFT algorithm is obviously better than the 
windowed interpolation algorithm, which is more 
accurate. 

 

3.2 Simulation Test Results of Amplitude and 
Phase under Different Methods 

 
Figure 7 presents the results of amplitude and 

phase errors measured by the improved DFT 
algorithm and windowed interpolation algorithm. 

 

(b)

(a)

 
Figure 7: test results of amplitude and phase errors 

((a) amplitude relative error; (b) phase relative error) 
 
Figure 7 shows the relationship between the 

harmonic number and relative error. Figure 7(a) 

displays that with the increase of harmonic number, 

the difference in amplitude calculation between 

different algorithms is small. The improved DFT 

method is slightly better than the windowed 

interpolation algorithm in calculating fundamental 

waves and other harmonics. Figure 7(b) suggests 

that the improved DFT algorithm is obviously 

superior to the windowed interpolation algorithm in 

calculating the fundamental wave and each harmonic 

phase, and the relative error is large in calculating 

the second harmonic phase. Figure 8 shows the test 

results of the two algorithms in the DSP hardware 

environment. 
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(a)

(b)

 
Figure 8: test results of two algorithms ((a) improved 

DFT algorithm; (b) windowed interpolation 
algorithm) 

 
Figure 8 reveals that the improved DFT 

algorithm is more accurate than the windowed 
interpolation algorithm in calculating amplitude in 
the DSP hardware environment. In terms of the 
detection accuracy of amplitude and frequency 
parameters, the scaling-improved DFT algorithm is 
superior to the windowed interpolation algorithm. 

Through a comprehensive analysis of Figures 6, 
7, and 8, a series of key observations and conclusions 
have been drawn, particularly regarding the 
application of the FFT algorithm. This provides a 
deeper understanding of system performance and 
triggers profound considerations for further 
optimization and resource utilization. First, in terms 
of fundamental frequency testing (Figure 6), it is 
observed that the use of the improved DFT algorithm 
is relatively more accurate than the windowed 
interpolation algorithm, albeit with minor relative 
errors. While these small errors may not be 
considered significant in practical applications, 
addressing how to handle such minor errors in 
system design and mitigating potential cumulative 
effects during long-term operation is crucial. 
Therefore, suggestions are made to introduce 
measures such as dynamic calibration and 
correction, optimization of signal processing 
algorithms, and fault detection with fault-tolerant 
mechanisms to ensure system stability and reduce 
error accumulation.  

Then, in amplitude and phase error testing 
(Figure 7), it is noted that the improved DFT 
algorithm performs superiorly to the windowed 
interpolation algorithm in calculating the phase of 
the fundamental frequency and each harmonic. 
However, there is a relatively larger error in 
calculating the phase of the second harmonic. The 
larger error may be attributed to limitations in signal 
processing algorithms when dealing with harmonics 
of higher frequencies. Particularly in Fourier 
transform algorithms, the precise capture of high-
frequency signals may be constrained by sampling 
rates and spectral resolution, resulting in 
inaccuracies in the computed results. Additionally, 
the impact of noise in the signal may further 
complicate the identification and calculation of high-
frequency components. 

In order to address this phenomenon in 
practical systems, the dynamic range adjustment of 
the signal is considered to better adapt to harmonics 
of different frequencies. Dynamic adjustment of 
algorithm parameters allows for more flexible 
handling of performance requirements in different 
frequency bands. Simultaneously, more effective 
noise filtering strategies are implemented to reduce 
interference from possible noise in the signal during 
the calculation of high-frequency components, 
enhancing the system's resistance to interference. 
Finally, the test results in the DSP hardware 
environment (Figure 8) demonstrate the higher 
accuracy of the improved DFT algorithm over the 
windowed interpolation algorithm in calculating 
amplitudes. This result is crucial for the stability and 
feasibility of the system in practical applications. 
Therefore, future research should consider the 
computational efficiency of the algorithm and the 
adoption of higher-performance hardware to ensure 
the practical feasibility of the system in various 
application scenarios. 

 

4. Conclusions 
 
This work successfully achieves precise data 
collection of electrical energy information in an 
automated metering system using mechatronic 
electric energy sensor devices. It focuses on 
harmonic detection in energy information collection, 
simulating a fusion dataset of infrared and visible 
images of transmission lines using the scale-
improved DFT algorithm and windowed 
interpolation algorithm. Simulation results show 
that the improved DFT algorithm has a relative error 
of only 0.017%, while the windowed interpolation 
algorithm has a relative error of 0.153%. Further 
testing, including fundamental frequency, amplitude 
and phase error calculations, and simulation testing 
in a digital signal processing hardware environment, 
demonstrate the superior accuracy of the improved 
DFT algorithm in amplitude calculations. The 
precision in amplitude and frequency parameter 
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detection shows that the scale-improved DFT 
algorithm outperforms the windowed interpolation 
algorithm. However, while the improved DFT 
algorithm exhibits excellent performance in 
amplitude and frequency parameter detection, its 
impact on other indicators may be somewhat 
limited. Additionally, slight differences in algorithm 
behavior are observed in image descriptions. In 
order to better understand this phenomenon, future 
research could explore more possibilities in the field 
of image processing and analysis. It is also 
acknowledged that there is room for improvement in 
the automated metering system, especially in 
expanding the harmonic detection frequency range, 
enhancing system robustness, and optimizing 
computational resource utilization. Future research 
could focus on refining algorithms to adapt to more 
complex environments and optimizing systems to 
improve the feasibility and efficiency of practical 
applications. 
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