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Abstract 

Through OPC UA (OPC Unified Architecture), real-time data collection is performed on 
the machining process of the Siemens 828D CNC system. Massive process data is an 
important data source for fault diagnosis, process parameter optimization, data mining 
and big data analysis, but these data occupy A large number of storage units cause a 
waste of storage resources. In order to facilitate the storage and recall of massive process 
data, this paper proposes a revolving door (SDT) algorithm with dynamic tolerance 
adjustment. By introducing data compression accuracy evaluation indicators, the ratio 
of expected compression error and actual compression error is used for negative 
feedback. Realize the dynamic adjustment of algorithm tolerance. Application results 
show that compared with the standard SDT algorithm, the improved algorithm 
maintains a high compression rate while increasing the compression accuracy by 57.3%, 
achieving good results. 
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1. Introduction 

With the continuous development of information technology, my country is stepping up efforts 
to build smart factories, speeding up the interconnection of various equipment in the factory, 
and at the same time using Internet technology to intelligently analyze, judge, self-adjust and 
automatically drive production based on real-time information. As the key equipment for 
intelligent factory construction, CNC machine tools will generate a large amount of process data 
when monitoring the CNC system in real time. These data are not only rich in variety but also 
occupy a large amount of storage space, which brings huge storage pressure to the database 
server. Therefore, it is necessary to effectively compress these data to reduce the storage space 
occupation [1, 2]. 

At present, there are three types of commonly used industrial process data methods: piecewise 
linear interpolation, vector quantization and signal transformation. Among them, the most 
commonly used in the industrial field is piecewise linear interpolation, and the SDT algorithm 
is an algorithm that compresses continuous process data by using linear fitting. The revolving 
door algorithm has high compression efficiency, high compression ratio, and compression. The 
characteristic of error controllable has been widely used in the compression of real-time data 
[3]. Therefore, it has received the attention and research of many scholars. Qu Yilin [4] realized 
the dynamic adjustment of the tolerance of the revolving door algorithm by using the method 
of automatic control precision. Yu Songtao [5] proposed an improved revolving door algorithm 
based on dynamic tolerance adjustment, which improved the compression accuracy and also 
reduced the compression error. Wang Ju [6] uses the monitoring data fluctuation size of the 
data as the basis of the tolerance adjustment to realize the automatic adjustment of the 
tolerance of the SDT algorithm, thereby improving the compression effect. 
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This paper proposes an SDT algorithm with dynamic tolerance adjustment. By introducing data 
compression accuracy evaluation indicators, the ratio of expected compression error and actual 
compression error is used for negative feedback, so as to realize the dynamic adjustment of the 
algorithm tolerance and ensure that the algorithm maintains a high compression ratio. While 
greatly reducing the compression error  

2. Principle of the revolving door algorithm  

For the SDT algorithm, the core principle is to use the straight line determined by the start and 
end points to replace other data points within the error range [7]. When a data point needs to 
be saved, the current data point, the previous data point and the numerical value of the 
corresponding time point will be saved, and the currently saved data point will be used as the 
starting point of the next compression interval [8]. The principle of SDT algorithm is shown in 
Figure 1. 
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Fig. 1 SDT algorithm principle diagram 

In Figure 1, a, b, c, d, e, and f are all data points that need to be saved, and E  is the tolerance 
(that is, the width of the door). Among them, point a is the first data point to be compressed. 
According to the tolerance, two pivot points A1 and A2 of the revolving door are constructed 
above and below point a. When there is only one data point a, the door is closed. of. As the 
number of data points increases, the door will gradually open at this time and will not close 
once it is opened for a period of time. When the sum of the internal angles of the two doors is 
less than 180°, the rotation continues. When the sum of the internal angles of the two doors is 
greater than or equal to 180°, the previous data point and time of the current data point will be 
saved at this time. As shown in Figure 1, when rotating to point e, the two doors do not meet 
the conditions for continuing to rotate, so point d and the current time point are stored, and 
point d is used as the current starting point of the revolving door, and the next Data points are 
judged. Repeat the above process until all the data is compressed and archived. 

2.1. SDT algorithm evaluation index. 

Generally speaking, indicators to measure the performance of data compression include 
compression ratio CR (Compression Ratio) and compression error CE (Compression Error). 
The compression ratio CR is used to indicate the ratio of the number of data points before 
compression to the number of data points after compression. The smaller the value, the higher 
the compression performance. The calculation formula of the compression ratio CR is shown in 
formula (1): 

n
CR

m
                                                                     (1) 

In the formula: n is the number of data points before compression; m is the number of data 
points after compression and n m . 



Scientific Journal of Intelligent Systems Research                                                                                        Volume 2 Issue 12, 2020 

ISSN: 2664-9640                

51 

Here, the average absolute error is used to define the compression error CE. The average 
absolute error is often used to measure the average absolute error between the predicted value 
and the actual value of the experimental data set. Therefore, by calculating the compression 
error CE, the degree of approximation between the data before and after compression can be 
known. The smaller the compression error CE, the more accurate the compression. The 
calculation formula of the compression error CE is shown in formula (2): 

                         
0

1 n

i i
i

CE y y
n 

                                                            (2) 

Where: n is the number of data points before compression; i
y  is the value of data points before 

compression; 
i
y   is the value of data points after the compressed data points are decompressed. 

From the description of the principle of the SDT algorithm, it can be known that the tolerance 
E  is the only parameter that can be manually intervened in the entire SDT algorithm. The 

reasonable choice of the tolerance E  determines the compression ratio and the final value of 
the compression error, and is also the key to ensuring the data compression effect. Factor [8]. 
When the tolerance E  is too large, the compression ratio will increase, but it will increase the 
compression error, resulting in a larger deviation between the compressed data and the 
original data. When the tolerance E  is too small, more original data will be retained, and a 
good compression effect will not be obtained. Therefore, in order to obtain a better 
compression effect and improve compression performance, it is necessary to dynamically 
adjust the tolerance, which has achieved a higher compression ratio and lower compression 
error [9]. 

3. Improved SDT algorithm 

3.1. Improved algorithm principle. 

In order to reduce the compression error, improve the compression accuracy. The improved 
SDT algorithm this time uses compression error CE to measure the degree of data distortion 
before and after compression, and achieves the purpose of dynamically adjusting the tolerance 
E  by solving the ratio of the original data compression error to the expected compression 

error, thereby obtaining a better compression effect. 

First, customize the desired compression error CE before data compression, and use the 
improved revolving door algorithm to compress the original data. Decompress the compressed 
data, find the compression error CE, calculate the ratio between the compression error and the 
custom compression error, and then adjust the tolerance in real time through the ratio to 
reduce the compression error. At the same time, iteratively solve the above process 
continuously, by judging whether the compression error CE of the compressed data meets the 
requirements, and dynamically adjusting the tolerance, so that the compressed data reaches 
the desired compression error, and improving the overall performance of compression. 

3.2. Algorithm steps. 

Let the tolerance be E , and its range is min max
E E E     ; T is the maximum time interval 

of the compression interval; e  represents the custom expected compression error; CE 
represents the compression error of the decompressed data after compression. 

The specific steps of the algorithm are as follows: 

Step 1: Initialize the parameters of the improved SDT algorithm, set the min
E  initial value to 

0.8, and the initial value to 0.2, that is  max min
2E E E     , the error = 0.5. 
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Fig.2 Improved SDT algorithm flow diagram 

 

Step 2: Set the time interval of the compression interval to T, obtain the data to be compressed 
with the time interval of T, and read it into the cache for the next step of SDT algorithm 
compression. 

Step 3: Perform SDT algorithm compression on the compressed data, first calculate the slopes 

up
k and 

down
k  of the two revolving doors from the most recently saved data point to the next data 

point, and repeat this step to calculate the slope 
up
k of the two revolving doors at the next data 

point And 
down
k , compare 

up
k and 

down
k  of the two data points, and keep the upper door slope 

larger value and the lower door slope smaller value. At the same time, if the upper door slope 

up
k  is greater than or equal to the lower door slope down

k , the last data point is stored and the 

current data point is used as the new data compression starting point. If the upper door slope 

up
k  is less than the lower door slope down

k  , the data point will be discarded. Repeat the above 

process until all data is compressed, and then proceed to the next step. 

Step 4: Wait for the compressed data to be compressed, and decompress the compressed data. 
Suppose the data before compression is

0 1
, ,...,

n
y y y , and the data after decompression is

0 1
, ,...,

n
y y y   , and use formula 2 to bring in the data to calculate the compression error CE value 

before and after data compression. Then calculate the ratio of the CE value to the custom 
expected error, and then proceed to the next step. 

Step 5: Use the ratio  obtained in Step 4 to dynamically adjust the tolerance E . 

(1) If 1  , the compression error calculated after decompression is considered to be greater 

than the custom expected compression error. The tolerance E E     and 

min max
E E E      should be satisfied  at the same time. 



Scientific Journal of Intelligent Systems Research                                                                                        Volume 2 Issue 12, 2020 

ISSN: 2664-9640                

53 

(2) If 1  , the compression error calculated after decompression is considered to be less 
than the self-defined expected compression error. That is to say, the tolerance E  selection is 
reasonable and does not need to be adjusted. 

Step 6: Using the adjusted tolerance E , return to step 3 to compress the data again, and 
iteratively calculate until the ratio 1  . Save the compressed data and complete the entire 
data compression process. The flow chart of the improved SDT algorithm is shown in Figure 2. 

4. Verification 

The improved SDT algorithm is mainly used to compress real-time processing data. In order to 
verify the compression performance of this improved algorithm, the improved SDT algorithm 
and the standard SDT algorithm are used to compress the data for comparative analysis. Here, 
this article mainly chooses two typical data of spindle load and X-axis position coordinate for 
experiment. Milling the workpiece, collecting real-time data of the processing process, and 
compressing the data, the results are shown in Tables 1 and 2. 

Table 1 Common SDT algorithm compression result 

Collect data items E  CR CE 

X coordinate 0.35 17.35 0.235 

Spindle load 0.5 8.35 0.506 

 

Table 2 Improved SDT algorithm compression result 

Collect data items E  CR CE 

X coordinate 0.35 17.35 0.114 

Spindle load 0.5 8.35 0.216 

Through the comparative analysis of Table 1 and Table 2, we can see that the main difference 
between the two compression results is the difference in compression error. When the 
initialization is the same, when the improved SDT algorithm is compared with the ordinary SDT 
algorithm for data compression, the compression error CE is obviously smaller, that is, the error 
of the compressed data is closer to the real data. 

At the same time, we compare the data value of the X coordinate after compression with the X 
coordinate value before compression using the improved SDT algorithm. The results are shown 
in Figures 3 and 4. 

 
Fig.3  X coordinate value before compression 
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Fig. 4 X coordinate value after compression 

It can be seen from the comparison of Figures 3 and 4 that the compressed X coordinate data 
value retains the change trend of the original data, and the algorithm can accurately record the 
key points of the data change, and then can restore the original data well. 

Through the above analysis, although the data will lose some data after being compressed. For 
real-time monitoring of CNC machine tools, the trend of changes in the value of the monitored 
variables and sudden changes in the value often indicate changes in the state of the machine 
tool. These changes are usually directly related to the failure of the machine tool and the 
abnormality of the machine tool [10]. Therefore, the improved SDT algorithm is applied in the 
system to compress the data to meet the system requirements. 

5. Conclusion 

This paper proposes an improved revolving door algorithm, which uses the negative feedback 
adjustment of the error to realize the dynamic adjustment of the revolving door algorithm 
tolerance. By collecting the typical data of the machining process of a certain part by the CNC 
machine tool, the improved revolving door algorithm is used for data compression, which 
greatly reduces the data compression error while maintaining a high compression rate. 
Applying the improved revolving door algorithm to the real-time monitoring platform of the 
CNC system saves the storage space and storage cost of the system database server, reduces the 
difficulty of recalling historical data, saves network bandwidth, and better adapts to the actual 
needs of the factory. 

References 

[1] Nie Duwei. Research and application of intelligent monitoring technology for CNC machine tools[J]. 
Modern Industrial Economics and Information, 2018,8(9):29-31. 

[2] Juras Paul, Johnson Lauren. The Road to Industry 4.0 Implementation [J]. New Finance, 2020(10):  
62-64. 

[3] Zhao Xudong, Ding Jiexiong, Bian Zhiyuan, etc. Application of SDT improved algorithm in the 
monitoring platform of CNC system[J]. Manufacturing Technology and Machine Tool, 2014(10): 
155-159. 

[4] Qu Yilin, Wang Wenhai. Automatic control precision SDT algorithm for process data compression[J]. 
Computer Engineering, 2010,36(22):40-42. 

[5] Yu Songtao, Wang Xiaokun, Zhao Liqiang, et al. Improved revolving door (SDT) algorithm based on 
dynamic tolerance adjustment [J]. Journal of Beijing University of Chemical Technology (Natural 
Science Edition), 2013, 40(03): 109-113. 

[6] Wang Ju, Fang Dingyi, Chen Xiaojiang, et al. Data compression algorithm of wireless sensor network 
in cultural relic monitoring[J]. Journal of Xidian University, 2012,39(01):157-162. 



Scientific Journal of Intelligent Systems Research                                                                                        Volume 2 Issue 12, 2020 

ISSN: 2664-9640                

55 

[7] Feng Xiaodong. Improved SDT Process Data Compression Algorithm[J]. High Technology Letters, 
2003(02):91-96. 

[8] Data Compression; Reports by F. Zhang and Co-Researchers Describe Recent Advances in Data 
Compression (Application of a Real-Time Data Compression and Adapted Protocol Technique for 
WAMS)[J]. Computers, Networks & Communications, 2015. 

[9] Shang Chengya, Bao Xianqiang, Fu Lijun, et al. Analysis of ship integrated power data compression 
technology based on improved revolving door algorithm[J]. China Ship Research, 2020,15(1):82-
88. 

[10] Liu Jinsong, Yu Dong, Hu Yi, et al. Improved revolving door algorithm and its application in the field 
of CNC machine tool monitoring[J]. Modular Machine Tool and Automatic Processing Technology, 
2018(02):81-83. 

 
 


