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Abstract 
 
The chatter vibration stands for a sudden relative vibration appeared between a material and a tool while processing with a machine. 

This vibration is a factor that seriously affects the quality of processed materials as well as being a factor which causes serious damages 

to the tool and the machine. This study is related to the detection and compensation of chatter vibration that can compensate chatter vibra-

tion faster and produce processed goods with more precision by autonomous compensation. The above-mentioned chatter vibration com-

pensator includes the chatter vibration sensor and the chatter compensator that estimates the compensation value according to the sensor 

detecting the chatter vibration of machine tool and the chatter vibration detected from the sensor while having a feature of being organ-

ized by interlocking with the machine tool controller.   
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1. Introduction 

While processing with machine tools, chatter vibration is 

the thing that has greatest effect on the machining precision 

next to thermal deformation. Chatter vibration is the relative 

vibration that is made suddenly between a material and a tool 

in the processes using machine tool, while this vibration a 

factor that seriously affects the quality of material to be proc-

essed and also act as the reason for causing damages the tool 

and the machine [1, 2]. 

Accordingly, it is necessary to remove the chatter vibration 

in order to secure machineability and stability. Chatter vibra-

tion created while processing with this machine tool is created 

under specific conditions. The specification conditions are the 

case where the varied frequency of cutting ability created 

while cutting and the resonant frequency of cutter gauge are 

matching with each other or the case where the variation of 

cutting ability created while cutting is matching with the fre-

quency related to the eccentricity of cutter gauge. In this case, 

the chatter vibration can be reduced by the control of spindle 

rate, feed rate and machining depth [3-5]. 

According to previous studies, chatter vibration can be re-

duced mainly by the two methods. One is to macroscopically 

check how much the tool vibrates while at work, and to build 

a database so that the chatter vibration does not occur again. 

The other is to collect data with acceleration sensor instead of 

macroscopic method to analyze the existence of chatter vibra-

tion on each processing condition to use the method of select-

ing the processing condition to prevent creating chatter vibra-

tion next time. 

However, such methods were not suitable to compensate 

the chatter vibration on a real time basis to have disadvantage 

of requiring a lot of time and effort in the compensation of 

chatter vibration because enough experiment data should be 

acquired before processing in advance to compensate chatter 

vibration based on this experiment data [6, 7]. 

In case the chatter vibration is not properly controlled on a 

real time basis, the machine tool may break down or the ma-

chined material may deteriorate in surface roughness even if it 

does not break down. In this study, the part on chatter vibra-

tion detection and prediction model will be embedded and 

made into device to be applied by implementing on the CNC 

(computed numerical controller) which is a controller for 

functions to control feed rate and speed rate in order to com-

pensate such chatter vibration.  
 

2. Analysis of chatter vibration signal and design of 

digital filter 

Chatter vibration affects machining accuracy the most next 

to thermal deformation. Accordingly, it is necessary to remove  
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the chatter vibration in order to secure machineability and 

stability. Chatter vibration is created in specific conditions. To 

clarify the conditions that create chatter vibration, acceleration 

signals were measured by the use of the acceleration sensors 

attached to ‘x’, ‘y’ and ‘z’ axes respectively as shown Fig. 1. 

Machining measures the acceleration signal of each axis by 

varying the moving speed, machining depths and spindle rates. 

2.1 Machining signal analysis 

Machining was done by varying the machining depth, feed 

rate spindle rate while chatter vibration signals were measured 

by the use of the acceleration sensors that were magnetically 

attached to the respective axes of the machine tool. The 

sampling frequency was determined at 20 KHz. Fig. 2 shows 

extracted raw signal and the frequency analysis. The signal 

was analyzed only in case where the tool was damaged by the 

excessive chatter vibration created when the spindle rate and 

the machining depth were fixed but the feed rate is altered. To 

analyze the characteristics of chatter vibration as shown Fig. 3, 

signal FFT (fast fourier transform) was analyzed at the feed 

rate of 1000, 2000 and 3000 mm/min, respectively. It was 

found that the feed rate became higher, as the frequency of 

amplitude between 0~500, 430~460 and 6000~7000 became 

broader. Also, the tool broke down at the feed rate of 3000 

 
 

Fig. 1. Basic environment to test chatter vibration. 
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(b) Frequency analysis 

 

Fig. 2. Machining signal and FFT (machining depth: 0.8 mm / spindle 

rate: 500 rpm). 

 

 
(a) 1000 rpm 

 

 

(b) 2000 rpm 

 

 

(c) 3000 rpm 
 

Fig. 3. Frequency analysis according to change of feed rate. 
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mm/min. To look into the relationship between feed rate and 

amplitude, the machined surface was examined by the laser 

sensor. The results are shown in the following figure: 

Fig. 4(a) shows the surface roughness at the machining 

depth of 0.2 mm. Fig. 4(b), (c) and (d) show the surface 

roughness measured at the feed rate of 500, 1500 and 2500 

mm/min, respectively. Spindle rate and machining depth were 

1000 rpm and 0.8 mm in all cases. 

The results show that the surface became rougher as the 

machining depth became deeper. In addition, the chatter 

vibration became increased as the feed rate became higher 

under the same machining condition. In the 3 frequency bands 

shown in Fig. 4, the band between 6000 and 7000 Hz was 

ideal to distinguish chatter vibrations. Such results imply that 

real-time data acquisition in the DSP (digital signal processor) 

should be preceded by the band-pass filter. 

  

2.2 Digital filter 

The frequency band of chatter vibration should be checked 

to determine the real-time chatter vibration from the signal 

entered from the acceleration sensor. 

In this study, the Chebyshev-type digital band-pass filter 

was used to extract the chatter vibration-related frequency 

band from the raw signal. 

The following shows the specifications of the filter: 

(i) Frequency (Cut-Off Frequency): 6 – 7 KHz 

(ii) Type: Chebyshev 

(iii) Damping Ratio: 10 dB (5500 Hz; 7500 Hz) 

(iv) Mode: Digital 

(v) Ripple: 0.1 dB 

The following is the continuous-time transfer function 

designed according to the above specifications. Formula (1) 

shows the designed filter at a continuous-time and if 

discretized through Expression (1), the basic expression of 

digital filter Expression (2) is derived. While this must be 

converted to difference equation in order to actually apply this 

to DSP, Expression (3) is the difference equation of this. 

 
11 3

6 4 5 9 4 13 3 18 2 22 27

4.61*10
( )

s  + 1.271*10 s  + 5.23*10 s  + 4.38*10 s  + 8.92*10 s  + 3.696*10 s + 4.962*10

s
G s =

 
 (1) 
 

The above filter was tested using the MATLAB. The 

following figures show the alteration of gain and phase. 

The continuous-time band-pass filter was slightly different 

from the specification in the cut-off frequency of 7000 Hz but 

its frequency band corresponded to the specification in general. 

Therefore, the continuous-time filter should be changed into 

the discrete-time filter in order to apply the filter to the DSP. 

The following formula is the discrete-time filter calculated 

using the Bilinear transform. 

         

                   (a) 1000 rpm, 0.2 mm, 500 mm/min                            (b) 1000 rpm, 0.8 mm, 500 mm/min 

 

         

                    (c) 1000 rpm, 0.8 mm, 1500 mm/min                        (d) 1000 rpm, 0.8 mm, 2500 mm/min 
 

Fig. 4. The alteration of surface roughness related to machining conditions. 
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4.78*10 z  - 1.434*10 z  + 1.434*10 z  - 4.78*10
( )

z  - 5.395z  + 12.58z  - 16.17z  + 12.08z  - 4.974z + 0.885
G z =

 
 (2) 
 

The following is the discrete equation formularized in order 

to apply the discrete-time filter to the DSP for the last time. 
 

-5 -4

-4 -5

[ ] -0.885Y[k-6] + 4.974Y[k-5] - 12.08*Y[k-4] + 16.174Y[k-3] 

           - 12.581Y[k-2] + 5.395Y[k-1] - 4.780*10 X[k-6] + 1.434*10 X[(k-4] 

           - 1.434*10 X[k-2] + 4.780*10 X[k]

Y k =

 
 (3) 
 

The above difference equation was applied to the real data 

to test the filter performance. The target signal was the raw 

signal made at the spindle rate of 1000 rpm, the machining 

depth of 0.8 mm and the feed rate of 500 mm/min. Fig. 6(b) 

below shows the result of applying the designed band-pass 

filter to (a), which is the raw signal. 

Fig. 7(a) shows the FFT of the raw signal and (b) shows the 

result of frequency analysis through the FFT conversion of 

filtered signal. The designed filter showed the almost perfect 

removal of the raw signal of 5000 Hz or lower and 8000 Hz or 

higher. In comparison with the original signal, it showed a 

slight error in the band between 6000 and 7000 Hz. It was 

because the Chebyshev-type filter was used. The Chebyshev-

type filter has a high damping ratio but difficult to be applied 

in the field requiring accurate signal levels in the frequency 

band because of its characteristics of having ripple. Instead, 

the Butterworth filter is appropriate. But in this study, the 

Chebyshev-type filter was regarded as reasonable as the signal 

pattern according to machining conditions is important. 

 

3. Development of an embedded chatter vibration-

sensing device 

Fig. 8 shows an embedded device for sensing and determin-

ing chatter vibration developed in this study. As shown in the 

 

(a) Raw signal 

 

 

(b) Result of applying the designed band-pass filter to the raw signal 
 

Fig. 6. A comparison between the raw signal and the filter signal for 

testing band-pass filter. 

 

 

(a) FFT of the raw 

 

 

(b) Result of frequency analysis after the FFT of the filtered signal 
 

Fig. 7. Frequency in transformed FFT. 

 

(a) Gain 

 

 

(b) Phase 
 

Fig. 5. The frequency response of the continuous filter. 
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bird’s-eye view, the device has the size of 175 in length and 80 in 

width. The Bluetooth shown in the front view is used for the 

wireless communication with the CNC machine tool. It was 

designed so that a new order could be communicated from Blue-

tooth to the CNC machine tool when a chatter vibration is sensed 

in the compensator. The advantage of such a wireless communi-

cation is providing efficiency in building client structure if it is 

necessary to compensate the chatter vibrations that occur simul-

taneously in many machine tools on a real-time basis. Also, in 

case of having to build a compensator within poor environment 

of actual worksite, it is something which always requires atten-

tion of workers due to short circuit or destruction of coating of 

the line connected between machine tool and compensator. And 

the connecting jack which consists of 9 pins has the function of 

connecting the power of the DSP in the device to the acceleration 

sensor signal. Fig. 9 shows the schematic diagram of the interac-

tion between the developed device and CNC machine tools. 

To sense and determine chatter vibration, a stand-alone mi-

croprocessor was designed and produced to begin with. Then 

an algorithm determining chatter vibration and a system that 

can communicate with NC machine tool in order to reduce 

chatter vibration have been built. The chatter vibration-sensing 

and reducing program, developed in line with the purpose of 

this study, was installed in the embedded device in the form of 

firmware. The Fig. 10 shows the principal structure of the 

main routine of the program installed in the form of firmware. 

 

- Initialization 

The initialization part consists of a total of 5 types including 

PLL set-up related to the DSP processing speed, A/D con-

verter set-up to sample the acceleration signal as the reference 

signal that detects the presence of chatter vibration, SCI (serial 

communication interface) set-up, internal timer set-up (the 

reference signal for sampling) and interrupter set-up directly 

related to sampling. In this study, the sampling frequency was 

set up so that it can be changed through SCI and the default 

value was set to 20 KHz. The number of A/D conversion 

channels and the level of input voltage could be adjusted while 

the signaling speed was fixed at 38400 bps. 

  

- Interrupter process 

A/D sampling is performed in the interrupter routine registered 

in the initialization. In case an interrupter is created, the main 

program checks the present condition of A/D and if the result of 

being converted to A/D exists in the buffer, this result is saved to 

internal variables. When the buffer is saturated after comparing 

the variable that counts the frequency of interrupter being gener-

ated with the buffer size, it deactivates the interrupter-related 

timer in order to stop interrupters from generating and transmits 
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New Command
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Fig. 9. The interaction between the embedded device and machine 

tools. 

 

 
 

Fig. 10. A flow chart of the main routine. 

 

 
(a) A bird’s-eye view 
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Fig. 8. An embeddable device. 
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the character, ‘>’, to the monitoring program being operated in 

the CNC machine tool. The reason why the interrupter should be 

stopped is that it takes a longer time to analyze the data in the 

real buffer compared to the interrupting cycle. To analyze data 

by the digital filter, RMS (root mean square) and the chatter 

vibration-determining algorithm, the interrupter must be stopped 

by deactivating the interrupter-related timer. And after the data 

analysis process was completed in the main program, the deacti-

vated timer should be reactivated so that the interrupter service 

routine can be performed. Fig. 11 shows this relationship. 

 

- The data handle processor 

Fig. 12 shows the signal being sampled at high speed to de-

tect chatter vibration and the process of handling this signal. 

The signal obtained through A/D conversion is saved to the 

buffer set up in the DSP. Since the capacity of the buffer was 

not so high, the size of buffer is limited. So the buffer is pre-

vented from overflowing while saving signal on a real time 

basis and the filtered signals were saved by applying the signal 

of this buffer to the difference equation which is the designed 

band-pass filter. And to evaluate the energy level of the fil-

tered signal, the root mean square was used as a criterion for 

detecting chatter vibration to evaluate the energy level of fil-

tered signal. When a sign of chatter vibration was detected, the 

machining condition is requested to the currently targeted 

machine tool through serial communication. After the ma-

chine tool sends the current machining conditions (feed rate, 

spindle rate, etc.) to DSP, the new machining conditions are 

ordered to the machine tool based on these conditions. The 

chatter vibration was compensated by such real-time repeated 

measurement and the compensation algorithms. 

 

4. The result of on-line real-time CNC-based autono-

mous compensation 

Fig. 13 shows the system environment built up to perform 

on-line real-time CNC-based autonomous compensation. The 

system consists of the sensor part that obtains the vibration of 

each spindle, the amplification part that amplifies these signals 

and removes basic noises, the DSP that obtains signals from 

the amplification part on a real-time basis, the transmission 

part that transmits the compensation signals of the DSP to the 

machine tool and the NC kernel part that implements the 

compensation signals of the DSP. 

The operating mechanism sequence is as follows: 

- The signals of the acceleration sensor are obtained using 

the A/D conversion module in the DSP. 

- A digital algorithm is used to distinguish chatter vibration 

from the obtained signals.  

- The RMS is used to determine the energy level of the fil-

tered signals. 

- If the RMS level goes beyond a specific range, it is de-

termined as chatter vibration and the value to compensate 

this gets transmitted to the RS232 module. 

 
 

Fig. 11. A flow chart of the interrupt routine. 

 

 
 

Fig. 12. A data handle flow chart for chatter vibration compensation. 

 

 
 

Fig. 13. A flow chart of the real-time reduction of cahtter vibration. 
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- The RS232 module transmits the received value to the 

Bluetooth module. 

- The Bluetooth module transmits data to the receiving ap-

paratus by wireless transmission. 

- The program which is executed in the machine tool re-

ceives this to be analyzed and calls the controller-related 

library to be executed in order to apply the compensation 

value. 

- The compensation value gets applied and chatter vibration 

gets reduced. 

 

Fig. 14 shows the flow for real-time compensation of chat-

ter vibration. To compensate the chatter vibration in the CNC, 

the ratio of the RMS threshold (created by the chatter vibra-

tion that was preceded experimentally) to currently measured 

RMS value was made as the feed rate variation ratio com-

mand of the machine tool to adopt a method of commanding 

to NC kernel. The experiment conditions are as follows: 

- Machining Frequency: 5 times 

- Spindle Rate: 1000 rpm 

- Feed Rate: 200 mm/min 

 

It is considerably difficult to extract measurement data nec-

essary in the process happening on a real-time basis in the 

DSP. In this study, only the command value of the CNC ma-

chine tool was extracted from the DSP. Then, the machined 

surface was measured by the stylus and was compared to the 

case where chatter vibration was not compensated. Fig. 15 

shows the results. The rate of performance improvement was 

calculated using the following formula: 
 

. 

 
 (4) 
 

The performance improvement rate after chatter vibration 

compensation through the experiment repeated five times was 

shown as about 5%. Fig. 16 shows the performance improve-

ment rate on each experiment. ‘Table 1’ shows the summary 

of mean of command values and mean value of surface 

roughness before and after compensation on the result of re-

peating the experiment five times. 

 

5. Conclusion 

The purpose of this study is to autonomously control the dete-

rioration of surface roughness caused by the chatter vibration 

made from the spindle rotation and the friction with the material 

to be machined to be performed according to the following 

details. A digital filter determining the existence of chatter vi-

bration was implemented after obtaining the signal of machin-

ing conditions on a real time basis. Since the acceleration signal 

is set as the basis through the design of digital filter and meas-

urement of energy level through RMS, it was possible to deter-

mine the chatter vibration signal while machining on a real-time 

basis under limitations such as high speed sampling or few 

number of samples under the environment where automated 

compensator for compensating chatter vibration is based on 

microcomputer (DSP) along with high sampling speed. These 

 
 

Fig. 14. A mechanism for real-time compensation of chatter vibration. 

 
 

Table 1. The Comparison between before and after applying chatter 

vibration compensation.  
 

 
Pre-compensation 

values (5 times avg.) 

Post-compensation  

values (5 times avg.) 

Feed rate 152-200 mm/min 152-200 mm/min 

Surface 

roughness 
4.15 um 3.11 um 

 

 
 

Fig. 15. A compensation of surface roughnesses. 

 

 
 

Fig. 16. The rate of performance improvement. 
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details were implemented as an embedded device in a form of 

firmware. The spindle rate, feed rate and machining depth, etc 

were made to be autonomously compensated on a real-time 

basis while machining by programming on the interface of CNC 

based on these things. The difference in the method of applying 

compensation is the part which enables change of machining 

conditions dynamically when chatter vibration is generated and 

independently developing a program for applying the output 

compensation value at a compensator in a form of embedded 

device. In addition, the function of machine tool being con-

trolled by chatter vibration on a real-time basis has been imple-

mented by transmitting the obtained compensation value from 

the inner controller of embedded device to the CNC which is 

the machine tool controller by wireless communication. 
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