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Abstract: In this paper we bring forward a new linear method of lossy data compression aiming at
effective and efficient utilization of sequential sensor signals. In the course of compression, the filtering
and encapsulation are carried out first according to the signal type and the threshold value; second, the
linear compression is conducted by comparing the maximum and minimum slopes of the sensor signal;
third, the compressed signal is archived into the historical data storage zone for later use. Conversely, the
signal is reconstructed by linear interpolation during the decompression process. The test results of a
standard sinusoidal signal and a measured dynamic pressure signal show that the proposed method has
higher compression ratio and less compression error than the spinning door transformation. It also
reveals that this method is suitable for the compression and decompression of various types of sensor
signals, especially for those containing massive data, multiple sampling, disturbance and redundancy.
Copyright © 2012 IFSA.

Keywords: Sequential sensor signal, Lossy data compression, Linear interpolation, Compression ratio,
Compression error.

1. Introduction

Accurate measurement and efficient utilization of sensor signals are of great importance to the process
control in industry such as energy, power, metallurgy, etc. Sensor signals in process industry are usually
sequential, massive, and high-frequency [1, 2]. Due to the huge amount of data, it has been one of the
most difficult problems in practical applications to handle those signals in a real-time way. Thereby it is
necessary to compress sensor signals to decrease storage space and speed up transmission efficiency.
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Since sensor signals normally has time attribute, small-scale fluctuations hardly affect the history curve.
Hence efficient compression of sensor signals can be achieved by lossy compression through discarding
partial redundant data.

Investigations on the compression of sensor signals are intensive in recent years. Langen pointed out the
importance and potential usage of sensor signals in nuclear power plants [3]. Hale and Sellers proposed
the methods of box car and backward slope [4]. When processing the sensor signals with linear drifts and
fluctuations, the compression ratio of box car was not satisfactory and the anti-noise ability was poor.
Mah et al put forward a piecewise linear trending method, which could adjust the threshold value of
compression errors automatically [5]. Gray conducted a systematical study on the method of vector
quantization [6]. MacGregor and Kourti adopted the statistical method to achieve the compression of
multivariable sensor signals [7]. Baksh and Stephanopoulos employed the wavelet method to extract
time-domain characteristics and to discern process failure, and generalized the applications of wavelets
to data compression in chemical industry [8—10]. Singha and Seborg analyzed the pattern matching
problem in data compression, and concluded that the wavelet compression had the best pattern matching
effect [12]. Imtiaz et al [12] compared the performance of spinning door transformation and wavelet in
aspect of multivariate analysis, and concluded that the wavelet method is superior. However, both the
vector and the wavelet methods need large amount of computation, thus requiring high-performance
hardware to complete real-time data compression.

The purpose of this paper is to achieve effective and efficient utilization of sequential sensor signals by a
new linear method of lossy data compression aim. As shown in Fig. 1, according to the signal type and
the threshold value, the signal is filtered at the beginning of this method, then encapsulated and stored
into a cache zone. When the cache zone is full, through comparing the maximum and minimum slopes,
the encapsulated signal is compressed and finally archived into the historical data storage zone for later
use. During the decompression process, the signal is reconstructed by linear interpolation of the data in
the historical storage zone. This method is suitable for the compression and decompression of various
types of sensor signals, especially for those containing massive data, multiple sampling, disturbance and

redundancy.

Encapsulation

I

Linear compression | Inquiring |

l

Data storage

Decompression

End End

Fig. 1. Block diagram of the linear compression and decompression method proposed.

2. Linear Compression and Decompression
2.1. Preprocessing

The preprocessing of sensor signals includes the processes of filtering and encapsulation. Generally, the
moving average algorithm is used to filter the signal. First of all, regard N sample values continuously
obtained as a queue (the length of the queue is fixed as N), calculate the average value of this queue, put
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the new data sampled each time to the tail of the queue and at the same time get rid of the data at the
original head of the queue. Then calculate the arithmetic average value of the N data in the queue and get
the filtered result. For the signals from a system with relative large delays, use the weighted recursive
average algorithm to filter the signal, which applies different weight on the data at different time. The
weight is normally larger for the data closer to the current time. After filtering, encapsulate the data that
satisfy the time interval of compression. The data encapsulated all contains the components of time
scale, data value, data characteristics, etc.

2.2. Linear Compression
The compression process of the method proposed is divided into four steps.
Step1: For a group of data to be compressed (X;, Yi) (i=1, 2, ...), establish a straight line based on the first

data (X;, y;) and the second data (X, y») plus the baseline compression threshold value (0, t). The slope
Kmax Of this straight line is regarded as the upper limit slope of the compression:

— (yz +i- yl)
kmax - (X2 . Xl) ’ (1)

where X represents time, Y is the data value at time X, and t is the threshold value of the compression.
Establish a second straight line based on the subtraction of the first data (X;, y;) and the second data (X,

y») from the compression threshold value (0, t). The slope Knin of this straight line is regarded as the
lower limit slope of this compression:

_ (yz _t_yl)
kmin B (Xz _Xl) . (2)

Step 2: Repeat step 1 using the first and third data, and get the new slopes:

o = artoy) G
max (%, —x)
, t
SR @
Define
K =m0 (K, Ko ) (5)
Koo = max (K}, Ky, ) (6)
Step 3: Compare the current values of Kyax and Kmin. If Kinay is greater than Ky, then i =1+ 1 and return to

step 2; if Kmax 1s less than or equal to Kuin, then the compression is terminated, document the current i as n,
save the data (X,_1, Yn-1) at the data point n—1 in the compression, and adjust the data value y,_; at n—1
according to the average value of K. and K, at the data point n—1. We obtain:
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kmax + kmin
Yoo = [Tj ) (Xn—l —X )+ Yi- (7)

Save the refreshed data (X1, Yn-1) to the historical data storage zone as shown in Fig. 2.

Data value

Time

Fig. 2. Principle of linear compression process.

Step 4: Process the rest part of the data to be compressed till the last one. The specific procedure is:
regard (Xn, Yn) at data point n as the first new data point, regard (Xn+1, Yn+1) at data point n+1 as the second
new data point, repeat steps 1-3 till the last data, then the whole compression process is completed.

If the last data is reached during the compression, then save this data and terminate the compression. The
linear compression process is shown in Fig. 3.

2.3. Decompression

During the decompression process, the data values at each time can be obtained through setting time step
and linear interpolation according to the time step increment Ajy.. The procedure of the decompression
process is given in Fig. 4.

3. Compression Tests and Discussion

We use a standard sinusoidal signal and a measured dynamic pressure signal as original data to test the
performance of the linear compression method proposed.

The standard sinusoidal signal contains totally 500 data points, and its period is 100 with amplitude of
10. Since the original data is a standard sinusoidal signal, it is not filtered herein. As seen in Fig. 5, when
compression threshold values are set as 5 % and 1 %, the compression ratios by the linear compression
method are 22.5:1 and 11.9:1. Note that the X-coordinate represents the data points, and the y-coordinate
represents the data values.
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Fig. 3. Block diagram of linear compression process.
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Fig. 4. Block diagram of decompression process.
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Fig. 5. Linear compression results of a standard sinusoidal signal: (a) Compression threshold value is 5%;

(b) Compression threshold value is 1 %.

Fig. 6 gives the compression result of a standard sinusoidal signal by the spinning door transformation
with a compression threshold value of 1%. Spinning door transformation is one of the most famous and
efficient lossy compression algorithms in the field of process control. The spinning door transformation
can only reach the compression ratio of 9.6:1. After decompression, compared with the original data, the
average absolute error is 0.16 using the spinning door transformation; however, the average absolute
error is 0.11 using the linear compression method proposed, which has a decrease of 31 %.
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Fig. 6. Compression result of a standard sinusoidal signal using the spinning door transformation

with compression threshold value of 1 %.
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Fig. 7 shows the compression results of a measured dynamic pressure signal using the linear method and
the spinning door transformation with a compression threshold value of 5 %. The measured dynamic
pressure signal contains both low and high frequency components, and its sampling frequency is
1000 Hz with 2000 points. The results show that the linear method and the spinning door transformation
have a compression ratio of 1.96:1 and 1.59:1, and after decompression their average absolute error are

0.12 and 0.21, respectively.
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Fig. 7. Compression results of a dynamic pressure signal using linear method and spinning door transformation:

(a) Original dynamic pressure signal; (b) Compression result of the linear compression;

(c) Compression result of the spinning door transformation.
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According to the results of the above two typical signals, it is seen that the linear compression method
has better compression performance at both original data, it not only has higher compression ratio, but
also it can keep the local characteristics of the original signal better.

4. Conclusions

This paper presents a new linear method of lossy data compression for effective and efficient utilization
of sequential sensor signals. In the course of compression, the filtering and encapsulation are carried out
first according to the signal type and the threshold value; second, the linear compression is conducted by
comparing the maximum and minimum slopes of the sensor signal; third, the compressed signal is
archived into the historical data storage zone for later use. Conversely, the signal is reconstructed by
linear interpolation during the decompression process. According to the compression results of a
standard sinusoidal signal and a measured dynamic pressure signal, it is found that compared with the
spinning door transformation, this method has less compression error and higher compression ratio at the
same compression threshold values, and moreover it can keep the local characteristics of the original
signal better.
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