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Abstract. Using Computer Numerical Control (CNC) machine tools in manufacturing is 

crucial for exact processing materials. The quality of the machined product heavily relies on 

the machine's condition. Therefore, monitoring and assessing the machine's status is essential 

to ensure product quality and enhance its lifespan. However, due to cost, space, and technical 

limitations, only a few physical variables, such as acceleration, force, displacement, acoustic 

radiation, temperature, and flow conditions, can be measured. Efficient transfer and extraction 

of these data are critical for monitoring machine status using statistical methods or valuable 

signatures. Traditional measurement instruments are complex and numerous, whereas 

measurement and analysis systems based on virtual instrumentation technology collect 

necessary data from sensors and data acquisition cards, meeting the needs of test analysis. 

Virtual instrumentation utilizes computer hardware resources, modularization hardware, and 

software systems for data analysis, communication, and operation interface, providing greater 

versatility, flexibility, compatibility, and repeatability. Previous research has shown successful 

attempts at developing LabVIEW-based systems for monitoring CNC milling machines and 

analyzing cutting parameters and forces. This project aims to collect and process data from the 

CNC machining process. The main objectives include writing a LabVIEW software program, 

recording data from CNC machine programs using the provided hardware (myRIO) and 

LabVIEW program, processing the data using MATLAB software, and analyzing and 

discussing the obtained results. The report consists of four parts, starting with an introduction 

to the project's background and literature review, followed by a description of the project steps, 

methods, experiments, and data processing. The processed data graphs will be presented and 

discussed, and recommendations for future research will be provided before concluding with a 

study summary. 

Keywords: Machine Tools, Computer Numerical Control (CNC), Virtual Instrumentation, 

LabVIEW, Data Processing. 

1.  Introduction 

The use of machine tools such as Computer Numerical Control (CNC) to process materials plays a 

vital role in the modern manufacturing industry[5].; the condition of various aspects of the machine 

dramatically determines the quality of the machined product . The condition test of the machine is the 

key to ensuring product quality and extending the machine's life. It is essential to monitor their status 

and provide an appropriate assessment. Due to the limitations of cost, available space and conversion 

principles, only a few physical variables, such as acceleration, force, displacement, acoustic radiation, 
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temperature and flow conditions, can usually be measured. It is critical to transfer These data 

efficiently and extract useful information for monitoring machine status by statistical means or 

extracting functional signatures [7]. However, measurement instruments using Traditional methods are 

numerous and complex. In contrast, measurement and analysis systems  

Virtual instrumentation technology collects the necessary data from sensors and data acquisition 

cards to meet the needs of test analysis. Virtual instrumentation consists of computer hardware 

resources, modularization hardware and software systems used for data analysis, communication, and 

operation interface. Systems based on Virtual Instruments LabVIEW have greater versatility, 

flexibility, compatibility and repeatability [1]. 

Sun et al. [7] developed the system using Arduino, Bluetooth and LabVIEW and used it to monitor 

the operation of a 5-axis CNC milling machine. An et al.[1] propose a Labview-based system that is 

applied to developing and testing CNC milling machines with an open architecture and extended to 

other machines and processes. Milfelner et al. [4] select cutting parameters and measure cutting forces 

as applications to present a systematic approach to designing a condition monitoring system for 

machine tools and machining operations.  

Yeh et al. [8] developed a system to suppress cutting vibrations and control cutting torque and 

verified the feasibility of the design through experiments. The LabVIEW-based data collection 

systems and methods for data processing and analysis in these researches are exemplary attempts. 

The purpose of this project is to collect data from the machining process of the CNC and process 

the data. The main objectives of the project are:  

a) Write a LabVIEW software program. 

b) Using the supplied hardware(myRIO) and the LabVIEW program to record data from CNC 

machine programs. 

c) Processing data with MATLAB software. 

d) Analysis and discussion of data. 

There will be 4 parts in this report. It will  

begin with an introduction to the background of the project and a review of the literature. Then, 

describe the steps and methods used in the project. Then, describe the experiments and the methods 

used for the project. The following section will show and discuss the processed data graphs. After 

discussing the recommendations for future research, the report will conclude with a summary of the 

study. 

2.  Experimental methodology 

The purpose of the experiment is to use Labview to record the cutting force and torque of the industrial 

CNC machine tool in the milling process and to use Matlab for data processing. In the whole 

process, the CNC machine tool works at different spindle speeds and feed rates to process 9 holes. 

During processing, the thrust and torque parameter fluctuations of the drill bit are transmitted to the 

myRIO based on the 10,000 Hz sampling rate through the dynamometer and charge amplifier for 

recording. The experimenter needs to write and execute an FPGA program to complete the recording 

of these parameters. 

3.  Materials 

The main equipment of the experiment is a Haas VF-2SS CNC machine in Figure 1. The processed 

mould is a square carbon steel. Kistler's dynamometer (The measuring range: +/-100nm and +/-

10000n) and charge amplifier (voltage output: +/-10V) is shown in Figure 2. Figure 3 is a myRIO 

toolkit. Experimenters can use the components to design a program based on Labview and verify the 

operation of the program before the experiment. 
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Figure 1. Haas VF-2SS CNC machine. 

 

Figure 2. Kistler's dynamometer with mould (left) and charge amplifier (right). 

 

Figure 3. A myRIO 1900 toolkit. 
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In addition, a connector has been developed to transfer torque to channel A/AI0 of myRIO and 

thrust to channel A/AI1. A CNC machining program has been completed to facilitate the 

implementation of the 9 machining experiments in Table 1. 

Table 1. CNC experiment parameter. 
 

Drill Type Walter A3379XPL-8 Drill bit 

Drilling depth 1.5 times diameter of the drill bit 

% of recommended 

manufacturers guidelines 
70 100 130 

Spindle speed (rpm) 1700 2450 3190 

Feed (mm/min) 267 380 496 

3.1.  LabVIEW programming 

There are three types of rotation speed and feed rate, so there are nine total combinations of the 

process. Therefore, the myRIO device will record the data of nine holes in the experiment. 

This project uses the LabVIEW myRIO toolkit to write the DAQ programs. Since it is required to 

record the output of the CNC machine at a frequency of 10,000 Hz, the program must record  

and store data at a very high speed. Therefore, in this experiment, FPGA will be utilized for data 

acquisition. The program will be divided into two parts: the host and FPGA. In addition, to cooperate 

with high-speed data acquisition, the TDMS method, which is more efficient than the CSV file, is used 

to record the data in the program. 

The C port on the myRIO device is used in this project to connect to the CNC machine and receive 

data from the machine.  

During the recording process, the program and the CNC machine started running simultaneously, 

and the data acquisition of the nine holes was completed automatically. After the CNC machine 

completed the process, the Labview program was also manually stopped. After that, the data of the 

CNC machine will be saved in a .tdms file generated in the host for subsequent data processing. 

In the FPGA program, two FPGA I/Os are first created to receive the signals of the C port channel 

AI0 and AI1, respectively. 

 
Figure 4. FPGA I/O. 

Then a for loop was created to receive and create a single data point in a loop. In this vi, the 

loop timer is used to control the sampling frequency of the program, and a control is created to 

input the required frequency. It should be noted that uSec is entered in control instead of Hz.

 

 

 

Figure 5. Loop and timer. 
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Finally, the front panel is shown in the figure, including the control of the input frequency and the 

waveform diagram of the display input signal. 

 

Figure 6. Diagram. 

In the host program, we wrote a program to call vi in the aforementioned FPGA and save the 

data. In order to be able to save data at a high speed and accurately, the TDMS format is used in 

this program, and the operation is completed through the structure shown in the figure below. 

 

Figure 7. VI of TDMS format. 

The final program is shown in the figure below: 

 

Figure 8. LabVIEW program. 
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3.2.  MATLAB post-processing 

The data after FPGA program execution is transferred from myRIO to a personal computer and 

stored as an Excel file. MATLAB program is the main tool for data processing. The MATLAB 

program created in this project can automatically complete data import, data processing and graph 

generation. This section introduces the main content and principles of MATLAB programming of this 

project. 

3.2.1.  Processing raw data. The analogy signal during the experiment is converted into a digital 

signal. Therefore, the raw data needs to be converted into corresponding force and torque values. 

The NI myRIO-1900 User Guide and Specification indicates that the formula for converting raw data 

values into voltage is 

V = Raw Data Value × LSB Weight. 

For AI and AO channels on the MSP connectors 

LSB Weight = Nominal Range

2ADC Resolutio

 = 20

212
 .
 

The formula for calculating force (F, N) and torque (T, N*M) obtained by applying the calibration 

scale of the charge amplifier in Figure 2 is 

F = V × calibration scale = Raw Data Value × 
20

212
× 500 

T = V × calibration scale = Raw Data Value ×
20

212 ÷ 100 × 200 

In addition, it is worth noting that the obtained original data may have an offset, and the offset 

should be removed before converting the value. 

3.2.2.  Split waveform data. In order for the split force and torque graphs to correspond to each other, 

select the same data interval for both. In the nodes of Figure 9, node-b is the starting point, and node-e 

is the ending point. 

 
Figure 9. MATLAB code: Split data. 

3.2.3.  Remove noise. This project uses a MATLAB built-in command 'smoothdata' to remove 

noise. This method can process data more quickly than the three-point filtering method, and the 

resulting denoising effect is better. Since the original data has some extremely abnormal values 

(shown in the result section), the 'smoothdata' based on 'movmedian' is used for processing, because in 

this case the moving median can get more accurate results than the moving average. 

3.2.4.  Generate frequency spectrum. The code of the spectrogram of force and torque refers to the 

fast Fourier transform chapter of the official tutorial of MATLAB[1]. The signal parameters are set 

based on a sampling rate of 10000 Hz. 

3.2.5.  Other data processing. This project created a Function to calculate the mean value and 

standard deviation, and established 4 sets of curve fits based on the obtained data. 
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4.  Result and discussion 

This experiment collected a lot of data in about 48 seconds. Analysis is based on the collected data 

through the transformation of experimental data units, waveform analysis, noise analysis and noise 

elimination. Then, the experimental data were further analysed by establishing frequency graph and 

curve fit. 

4.1.  Processing raw data of thrust 

By using MATLAB to convert the collected data from voltage to thrust and torque, then raw data are 

used to drew diagram below to show with the increasing of time, how thrust and torque are changed. 

 

Figure 10. Processed row data of thrust and torque. 

Figure 10 shows the peak value of 9 holes drilled by a CNC machine at different speeds and feed rates. 

On the left-hand side, it is thrust verses time, and on right hand side is torque versus time. Under the 

condition of high speed and high feed, the maximum thrust produced is about 2000N; the maximum 

torque is around 10N*M. 

It can be clearly seen from the figure that if the speed is the same, the greater the feed, the greater 

the thrust, and the less time it takes (thinner column) to drill a hole. Torque has an increase tendency in 

value as it drills deeper. 

Similarly, this figure also shows the relationship between the maximum peak value and drilling 

time of nine groups of drilling experiments. 

4.2.  Split waveform data of thrust and torque 

By means of data slices, we magnify the time corresponding to the peak value of each group of forces, 

and obtain the following nine groups of data tables for thrust and torque respectively: 
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Figure 11. 9 sets of thrust data before processing noises 

 

Figure 12. 9 sets of torque data before processing noises. 

The data in this section was sliced and enlarged in order for not only the thrust and torque 

changes to be more clearly viewed, but also the distribution of noise and the actual measured 

values to be intuitively understood in this section. 
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There are further advantages to slicing data. For example, the stability of test results, the 

distribution of observation data, and soon. In this experiment, the data was split in order to study the 

borehole's features independently of one another. 

The same may be said about changes and relationships between distinct sets of data, which can be 

detected via the use of different data images. As a result, the effect of high speed and high feed 

output on thrust has been confirmed once again. The data collected in our experiment was not steady 

and there was a lot of noise, as described above in the description of data slices. This information 

was useful in our next step, which was to analyse the data. 

4.3.  Thrust and torque after processing noises 

According to the section diagram Fig 10, we may conclude that the measured data comprises a 

variety of noises, which may be from the power supply, the machine itself, or the lines that link the 

data acquisition equipment to the data collection device. Referring to the noise removal method in 

the experimental method, MATLAB will fit a curve through the data and plot a line, this term will 

process as much data as possible to achieve better approximation, especially when there are lots of 

noisy samples, this means will give a better approximation. The following thrust diagram after noise 

removal is obtained: 

 

Figure 13. 9 sets of thrust data after processing noise. 
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Figure 14. 9 sets of torque data after processing noises. 

At the very beginning of this experiment, we want to measure the red line in figure 13 and 14, 

which represents the stable and real signal, but what we actually measure and get is the black line in 

figure 10 which mainly because of noises. The greater the number of samples we gather and 

include in our average, the closer and better our estimate of the genuine value becomes. To achieve 

a smooth line like this, we must analyse a large number of additional samples; thus, having a pot like 

this will indicate if it is worthwhile to continue collecting data, because more data means more time 

and money. 

For noise removal, we first think of the three-point mean method, which is the following formula: 

y(n)=
y(n-1)+y(n)+y(n+1)

3
 

However, this method cannot eliminate the noise fundamentally, and will only mix the noise with 

the experimental value, so the effect is not obvious. Secondly, the three- point averaging method is 

generally only applicable to the single-frequency noise system, which is contrary to the experiment. 

So that was ruled out. 

The essence of noise removal is to retain the DC voltage, remove the AC voltage. According to 

the procedure of the experiment, finally we remove the noise and get closer to the actual 

measurement. 

4.4.  Generate thrust frequency spectrum 

The result of this experiment is the single-sided power spectrum processed by FFT. The following 

figure shows the distribution of thrust and torque power at each frequency point, reflecting the change 

of power with frequency. 
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Figure 15. Thrust frequency spectrum. 

 

Figure 16. Torque frequency spectrum. 

From the power spectrum results, it is found that the peak appears at the first 0 Hz, and then 

rapidly decreases and stabilizes. Since the power has no negative value, the power spectrum curve is 

only close to zero in the end. Thearea of the power spectrum can represent the total power of the 

signal. It is obvious that the total power of the thrust signal is much greater than that of the torque. 
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4.5.  Mean value and standard deviation of thrust 

Sample standard deviation, also known as experimental standard deviation: For sampling from a 

population, using a sample to calculate the population deviation. After calculating the mean value, 

the standard deviation equation can be established, as shown below: 

𝑆𝑋 = [
1

𝑁 − 1
∑(𝑋𝑖 − 𝑋)2

𝑁

𝑖=1

]

2

 

The following table of standard deviation and mean can be obtained from the above formula: 

 

Figure 17. Mean value and standard deviation of thrust. 

By comparing the standard deviation table before and after noise elimination, we can clearly see 

that the table after noise elimination has a higher degree of convergence. The error is almost 

negligible, within 5%. This further validates the accuracy of our noise removal, and also shows that 

the value after noise removal is closer to the actual value. 

4.6.  Curve fit 

According to the average value of thrust, we constructed linear regression equations of thrust and 

speed, thrust and feed through MATLAB. The results are as follows: 
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Figure 18. Thrust and moving rate. 

It is observed that, on the whole, as the rotational speed increases, the thrust also increases. At 

the same speed, the greater the feed, the smaller the thrust. 

The following is a linear regression diagram of feed and thrust: 

 

Figure 19. Thrust and rotating speed 

According to the linear regression diagram of thrust and feed, it can be seen that the collected 

thrust decreases with the increase of feed. 
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Figure 20. Linear regression analysis for Torque under different moving rate and rotating speed. 

Figure 20 shows under different moving rate and rotating speed , the linear regression analysis for 

torque. Torque increases with the increase of rotating speed, which shows a positive proportional linear 

correlation. On the right-hand side, torque decreases with the increase of moving rate, which means 

they have a negative proportional linear correlation. 

 

Figure 21. r2 for thrusts and toques. 

r2 represents how good the curve fitting, the closer it is to 1, the better, in this case , it is really good. 

4.7.  Compare and evaluate movmean and movmedian 

Knowing how to communicate, what methods to utilize, and what to do with the data once we collect 

it is one of the most important subjects and major reasons for carrying out this project. 

To compare and evaluate movmean and movmedian, change command from movdedian to 

movmean for thrust and torque. 
 F_sub2=smoothdata(F_sub, 'movmean'); %smoothing andNoise reduction  
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Figure 22. Movmean command for thrust. 

 

Figure 23. Movmean command for torque. 

In figure 16, the first graph on the left-hand side is the graph of thrust we got using movmean, 

right hand side is graph of thrust using movdedian. 

 

Figure 24. 1 Movmedian and movmean comparisan of thrust. 

Correspondingly, in figure 24, the first graph is the graph of torque using movmean, and second is 

graph of thrust using movdedian. 

 

Figure 25. Movmedian and movmean comparisan of torque. 

In comparisan, movdedian is a better data process approach. The slope of the curve at the 

beginning and ending are greater. In real and ideal situation, the data should change abruptly when 

the drill starts working and contact begins, graphs should go up and down vertically, so movmedian 

approach is closer which means better for processing this data. 
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Figure 26. Thrust and Torque verses time. 

The average included and processed all of the noise data, as a result, it is farther away from the 

real value. In skewed distributions, the median is a highly frequent and valuable statistic that may 

be used to compensate for the shortcomings of the mean statistic. In the case of the mean, we know 

that a change in any of the values in the sample will have an impact on the final computation, and 

that in the case of a large outlier change in one of the values(noises), the mean may fail. In figure 

above, noise data is marked and that is obviously irrelevant. The median method is more accurate 

because it eliminates the effect of those extreme values. Graphs using movdedian approach 

processed data are quite smooth. 

4.8.  Data mutation area and manufacturing process 

Figure 27(a) is a typical fluctuation in the original thrust data. It can be clearly found that a large 

fluctuation occurs when the turning tool starts to process a hole, and the back force has a slight 

decrease trend. However, after the tool is retracted, a larger reverse thrust is measured. 

Cheng.H.D studied this phenomenon and proved that the thrust of the hole is related to the 

diameter of the hole. Figure 27(b) shows that the thrust will gradually decrease when the hole 

diameter increases, and this trend is similar to they=-ln(x) curve. When the drill bit just touches the 

workpiece, the hole diameter will change from 0 to the machining diameter. Therefore, a larger 

thrust can be generated, similar to the phenomenon of stress concentration. When the drill is 

retracted, the drill will move vertically and reversely. Due to the influence of chips and processing 

dimensions, the workpiece will also have a tendency to follow the movement of the turning tool. 

Therefore, the sensor can measure a reverse thrust. 

 

Figure 27. Raw data of a thrust (a), Cheng.H.D's numerical results (b). 
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In addition, these mechanical behaviours should not exist under ideal conditions. The thrust map 

after noise removal also shows a shape similar to a square wave. These mechanical changes are 

removed, especially the reverse thrust, and the square wave is actually an ideal thrust image. 

Compared with thrust, the torque fluctuation in the original data is simpler. As the drilling 

depth increases, the torque gradually increases. Zhongliang studied the impact of drilling depth and 

feed rate on the torque of the drill bit[2]. When the drilling depth increases, the increase in friction 

caused by the residual cutting accumulation will cause the torque to increase. This is also one of 

the main reasons for the fracture of the turning tool. Therefore, it is necessary to consider the change 

of the drilling depth in the processing and manufacturing, and the tool can be retracted during the 

drilling and the chips can be cleaned to continue processing. 

5.  Future recommendations 

In the LabVIEW program part, the FPGA is used to record data at a high frequency and uses 

TDMS format to accurately record data. In terms of recording data, it is expected that the signal 

and time from the CNC machine will be recorded in one TDMS file at the same time. However, due 

to the problem of the data format, the recording time is too long, and the time recorded in the file 

exceeds the upper limit of storage and abnormal numbers (negative numbers, etc.) appear. This 

may be improved by changing the data format and optimizing the structure of the program. In 

MATLAB section, the code can be optimized by further studying. 

In addition, since the value of force recorded by the MyRio device is not a direct force value, 

some mathematical transformation is needed to convert the data into the required force. In this 

project, MATLAB was used to complete this work. Consider completing part of the primary 

transformation in LabVIEW. This may be accomplished by adding a series of operations to the host 

program. 

6.  Conclusion 

This report presents and discusses the process, methodology and results of the project in five parts. 

The first section provided the research background of the project and sets the objectives. In the 

second section, the methods used in the experimental, LabVIEW and MATLAB sections are described 

in detail. The third section showed and discussed the results after processing. The 

fourth section offered suggestions for the next steps in future work. The final section summarized the 

contents of the report. 
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