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Abstract – Vibration tests on satellites generate huge
amount of data of the order of few Giga bytes per test and
about tens of Terra bytes of data every year. This data
represents vibration levels monitored at various locations of
the satellite during the test. The files storing this huge data
are archived in the data server computer system. Presently, it
is not practical to access this mammoth data over intranet for
post processing the data at a later time. Hence, the post-
processing of vibration data encounters two challenges:
archival of huge data in server system and accessing the
mammoth data over intranet backbone of the organization.
In the present work, an efficient compression algorithm using
unique wavelets, proposed to be named as randlet, sinelet,
and shocklet. These wavelets are designed using perfect
reconstruction filter banks, to compress the satellite vibration
test data which reduces the storage requirement and access
time for retrieval of the data from the server system. A
comparison is made between the algorithms using standard
transformations such as Discrete Cosine Transform, Fast
Fourier Transform, Haar Wavelet Transformation and the
transformation using the proposed wavelets. It is concluded
in this paper that the proposed wavelets provide optimal
performance in terms of compression ratio, reconstruction
error compared to existing transformation techniques.

Keywords – Perfect Reconstruction Filter Bank, Randlet,
Shocklet, Sinelet, Satellite Vibration Data Compression,
Vibration Test, Wavelet Transform.

I. INTRODUCTION

Aerospace systems are subjected to various
environmental tests such as vibration tests, shock tests,
thermo vacuum tests and acoustic tests etc. as part of
design validation, qualification and flight acceptance
requirements. These systems are designed with optimum
design margins.  Vibration testing is one of the important
environmental tests being carried out on aerospace system
elements.

Vibration tests are being conducted using electro-
dynamic shaker systems comprising electro-dynamic
shaker, slip table, load bearing platform, power amplifiers
with auxiliary systems, control system, data acquisition
system and associated instrumentation elements. Shock
tests are being conducted using electro-dynamic shaker
systems and pneumatic shock testing machines.

Vibration and shock tests are carried out on satellites
and its subsystems to ensure that they sustain the vibration
and shock loads that are experienced during their life

cycle. Most severe vibration loads are observed during
launch phase of the satellite, as in [12].

Satellite or the subsystems to be tested is mounted on
the shaker table using a suitable fixture. Vibration
controller generates the vibration signal corresponding to
the test specifications. This vibration signal is applied to
electro-dynamic shaker through power amplifier to
increase the power level of the signal and the shaker
vibrates in accordance with this signal. This vibration test
set up is used to carry out vibration tests on satellites and
its subsystems to the required vibration levels. During the
vibration testing, it is also required to monitor and
measure the vibration levels at about 200 to 250 different
locations of the satellite. High speed data acquisition
system capable of acquiring vibration data at each of these
locations, with a maximum sampling rate of 100 KHz per
channel, is used to acquire and process the vibration
signals during the test.

Various vibration tests that are conducted on satellites
and its subsystems are sinusoidal vibration tests, random
vibration tests, and shock tests. The data acquisition
system stores the data in the proprietary format as
designed by the manufacturer of the system. It is to be
noted that in a year, tens of Terra bytes of satellite
vibration test data, acquired by various data acquisition
systems are to be archived in a suitable media for post-
processing at a later time.

The post-processing of the archived data, encounters
two challenges, as in [1]. Firstly, space required to store
vibration test data is very high and is of the order of tens
of terra bytes per year. Another challenge is that time
required to access this large amount of test data from the
data server over the intranet is very high and possess
practical difficulties.

To overcome the above mentioned challenges, this
paper proposes an algorithm to compress the test data
using wavelet transformation based on the wavelets
designed in this present study.

The algorithm designed using a unique wavelet specially
designed in the present work enables the huge amount of
vibration data to be accessed and processed efficiently.
The archival of data in compressed domain will reduce the
storage requirement and data transfer time over the
intranet. Hence, an algorithm proposed in this paper
facilitates an efficient archival system and also speeds up
the post processing activities.
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This paper covers various aspects of compression of
satellite vibration test data such as the size of satellite
vibration test data, need for compression of this data, and
the unique wavelet developed for obtaining optimal
efficiency of compression of different types of vibration
test data. This paper then explains the experiments
conducted on different sets of vibration test data, compares
the results of compression algorithm using different
standard transformations with that of the transformation
using proposed wavelet. Then observations and
conclusions are made based on the results of the
experiments conducted in the present study.

II. SIZE OF SATELLITE VIBRATION TEST DATA

Data acquisition system acquires the vibration test data
of satellites and stores the acquired time domain data in
the format designed by the manufacturer and also in the
MATLAB binary format. The size of the vibration test
data depends on various factors. These factors are test
duration (t), number of channels monitored (N), sampling
rate of acquisition (s), number of bytes to represent each
sample (b). Data Size (DS) for satellite vibration test data
can be computed using the equation, as in (1):

NbstDS  (1)
where DS is data size in bytes, t in seconds, s in samples
per second, b in bytes and N is a number.

During the vibration test on a satellite or its subsystem,
data is acquired for 240 to 600 seconds depending on type
of test. Vibration responses are monitored at about 5 to
250 locations depending on size and complexity of the
specimen being tested. The sampling rate used for
acquiring vibration data varies from 5.12 KHz to 100 KHz
and the data values are stored as double data type in
MATLAB format that uses 8 bytes to represent a data
value. Hence, the data size of a vibration test ranges from
45 MB to 110 GB depending on parameters of the test.

About 3000 to 4000 tests are carried out per year at
vibration lab of a space organization. This results in about
tens of Terra bytes of vibration tests data to be archived
for future reference.

III. NEED FOR COMPRESSION OF VIBRATION

DATA

The mammoth amount of vibration test data is to be
stored in data server systems and accessed over intranet
backbone of the organization during post-processing and
analysis of this data.  It takes several minutes to access
data from the data base server and space required to store
the data in server system is very large. By incorporating
the efficient compression algorithm, as in [2] that provides
a significant compression ratio, the space requirement and
the time required to access the data will be reduced,
resulting in reduced  storage space and faster data access
during post processing and data analysis. Hence, it is
proposed to compress the data using an efficient
compression algorithm and then archive the data in data
server systems. It is also to be ensured during development
of the proposed compression algorithm that the

reconstructed data should have error of less than 0.05 to
0.1%, which is acceptable in satellite vibration data
analysis.

IV. COMPRESSION TECHNIQUES

Compression techniques can be broadly categorized into
lossless and lossy techniques as in [11]. Lossless
techniques are used for compressing text data, where any
loss in reconstruction leads to changes in the letters of a
word, which is not accepted. Various lossless techniques
include arithmetic coding, Huffman coding and dictionary
based coding techniques. Lossy compression techniques
are again classified into three categories, as in [9]. They
are scalar quantization, vector quantization and transform
coding based compression. Scalar quantization method is
used to compress one dimensional array of data, where
each data value is mapped to predefined set of values.
Vector quantization maps a block of data values into a
predefined block of data values. Vector quantization is
most effective for multi dimensional data and when the
data values along the dimensions of the space are
correlated, as in [6]. The transform coding techniques
transforms the input data into a different domain, as in [5],
which can further be compressed using entropy coding
techniques or drop certain transformed coefficients which
may not lead to qualitative loss in the reconstructed
output. Some common transformations used in design of
compression algorithms are Fourier transforms, discrete
cosine transform, wavelet transform, etc.

The performance of compression techniques are
measured in terms of error in reconstructed data and
compression ratio achieved by the algorithm. There are
hundreds of compression techniques which are developed
for various types of data. As the performance of the
compression algorithm depends largely on the
characteristics of the data, there is no single best method
for compression of all types of data. Hence, we have
different commonly used compression algorithms such as
winzip/winrar/tar for text data, MP3/WMA/WAV for
audio data, JPEG/GIF/TIFF for image data,
MPEG/DVX/MKV for video data. Similarly for different
scientific data such as seismic data, vibration data, weather
data, there are customized compression algorithms that are
developed by the researchers in those areas. Each of the
above mentioned algorithms provide the best performance
parameters for the associated data sets. One algorithm will
not be effective for the other data set.

Different vibration data sets corresponding to various
vibration environments have unique features when
compared with other data sets. Hence, there are various
algorithms being developed for variety of vibration test
data such as motor vibrations, seismic vibrations, gear box
vibrations, etc. Sufficient research is not carried out for
compressing satellite vibration test data, which is most
specific to aerospace industry. Hence, this paper proposes
an algorithm to efficiently compress the satellite vibration
test data using transform coding, based on specially
developed wavelets, which are proposed to be named as
randlet, sinelet, and shocklet.
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V. TRANSFORMS FOR COMPRESSION

ALGORITHM

A compression algorithm incorporates transformation of
the data to be compressed from one form to another form.
This transformation process uses one of the wide ranges of
transformation techniques such as discrete cosine
transform (DCT), Fourier transform, wavelet transform,
etc. In each of these transforms, as in [3], there are various
variants such as DCT I, DCT II, DCT III, DCT IV for
discrete cosine transform and FFT (Fast Fourier
Transform), STFT(Short Time Fourier Transform) for
Fourier transform. In case of wavelet transforms the
transformed coefficients are obtained by using scaling and
wavelet functions of a mother wavelet. There exists a
variety of mother wavelets like Haar, Daubechies,
Biorthogonal, coiflet, Symlet, Morlet, Maxican Hat,
meycer, etc. There exists a number of variants in each of
these mother wavelets. The existence of numerous types of
the transformation techniques indicates that each
transformation has its own advantages and disadvantages.
It is not possible to identify a single transformation
technique, which is suitable to be used in compression of
all the types of data sets. In the area of compression, the
characteristics of the data determine which transformation
provides the highest compression ratio and minimum error
in reconstructed data. In this paper, the most suitable
transformation technique is being designed for the
compression algorithm for satellite vibration test data.

VI. PROPOSED TRANSFORMATION TECHNIQUE

In this paper, it is proposed to use discrete wavelet
transformation for the compression of satellite test data, as
this is best suitable technique for the vibration data which
has transient and random behavior, as in [8]. A wavelet
transformation is nothing but dividing the data into two
sets such that one set corresponds to approximate
information and the other set corresponds to detailed
information in the signal, as in [7]. Approximate
information is extracted from the data using low pass
filtering and detailed information is obtained using high
pass filtering. Hence, wavelet transformation is process of
obtaining approximate coefficients and detailed
coefficients by using low pass filters (LPF) and high pass
filters (HPF) called analysis filters. It is also important to
have the characteristics of these filters such that all the
information in the original data should be made available
in the transformed coefficients. Also, it is very essential
that the transformed coefficients i.e. approximate and
detailed coefficients should reconstruct the original data
using reconstruction low pass and high pass filters, called
as synthesis filters with the minimum permissible error in
the reconstructed data. The analysis filter and synthesis
filters are together called perfect reconstruction filter bank,
as in [10].
These analysis and synthesis filters must have the
following characteristics, as in [14]:
 LPF and HPF together must include all the frequency

components of the data in its output.

 Reconstruction filters for these LPF and HPF must
exist to reconstruct the original data with minimal
error.

 Order (N) of both analysis and synthesis filters should
be same.

There are two parameters which decide the
characteristics and the filter coefficients of perfect
reconstruction filter bank. They are filter order and pass
band edges of the low pass and high pass filters. Since this
perfect reconstruction filter bank is a type of quadrature
morror filter, if pass band edge of LPF is a fraction, "f"
then the pass band edge of HPF will be "1-f" as in [13].

Perfect reconstruction filter bank recommended in this
paper corresponds to orthogonal filter banks which is also
known as power symmetric filter bank, which is required
in order to achieve the perfect reconstruction, as in [4].
These filters are also known as the Quadrature Mirror
Filter (QMF) bank because they use power complementary
filters. The design is carried out in MATLAB using the
function “firpr2chfb” as in [15], by assigning appropriate
value to the LPF pass band edge, ‘f’. This ‘f’ can take any
value from 0.01 to 0.49. The order of the filter has to be an
odd number, and can take the values from 3 to a maximum
number, depending on the value ‘f’. It is experimented
with all values of ‘f’ from 0.01 to 0.49, with an increment
of 0.01, and the maximum feasible value of ‘N’ (Nmax) is
estimated. ‘Nmax’ for each value of ‘f’ is given in Table I.

It may be observed that as f increases from 0.01 to 0.46
the possible maximum values of N increases from 5 to
149. Then the possible maximum value for 0.47 to 0.49
will not follow any pattern.

Table I: Maximum value of Odrer, Nmax for a given f

The design of perfect reconstruction filter bank will lead
to a pair of analysis filters for forward wavelet
transformation and another pair of synthesis filters for
inverse wavelet transformation. The transformations can
be carried out up to any number of decomposition levels,
‘L’. The maximum number of decomposition levels is

f Nmax f Nmax f Nmax f Nmax f Nmax

0.01 5 0.11 11 0.21 23 0.31 39 0.41 77

0.02 7 0.12 15 0.22 25 0.32 43 0.42 87

0.03 7 0.13 15 0.23 27 0.33 45 0.43 105

0.04 7 0.14 13 0.24 27 0.34 45 0.44 109

0.05 7 0.15 17 0.25 27 0.35 51 0.45 127

0.06 11 0.16 19 0.26 31 0.36 57 0.46 149

0.07 11 0.17 19 0.27 33 0.37 61 0.47 7

0.08 11 0.18 21 0.28 33 0.38 65 0.48 19

0.09 11 0.19 23 0.29 35 0.39 69 0.49 15

0.1 13 0.2 21 0.30 39 0.4 75 - -
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restricted by the size of the data. Since during a vibration
test, data is recorded for more than 300 seconds with a
sampling rate of 100 K Samples/sec, the number of
samples of a typical satellite vibration test data is very
large and will be more than 30 M samples. If the size of
data is ‘S’ then the maximum number of levels of wavelet
decompositions will be log2(S). Hence, for the satellite
vibration test data, the maximum number of levels of
decomposition will be about 24. It was observed that in
case of satellite vibration test data, number of levels
considered is greater than ten, there will not be any
advantage with regard to compression ratio. Hence, the
number of levels considered is up to ten in this study.

VII. PROPOSED COMPRESSION ALGORITHM

The algorithm proposed in this paper is shown in Fig. 1.
Satellite vibration data to be compressed is extracted from
the data files of the data acquisition system which will be
stored in customized format of the acquisition system. The
data values are approximated to four decimal places that
ensure the accuracy of the reconstructed data to be better
than 0.1mg, which is sufficient in the area of satellite
vibration tests. A set of unique wavelets, proposed to be
named as randlet, sinelet and shocklet used for
compressing random, sine and shock test data respectively
are designed. These unique wavelets are obtained using
perfect reconstruction filter banks with optimal filter
parameters.

Fig.1. Block diagram of the proposed algorithm

Using these unique wavelets, wavelet decomposition up
to L-levels is carried out. Number of levels, L is selected
that results in the best compression performance. The
wavelet coefficients are then preprocessed to enable them
to be coded, using arithmetic coding technique. As only
positive integers can be coded with arithmetic coding, the
coefficients are pre-processed by scaling down, rounding
off and DC level shifting to get the required form to enable

the coefficients suitable for arithmetic coding. Arithmetic
coding provides further compression and hence overall
compression is achieved in two stages, initially by optimal
wavelet transformation and then by arithmetic coding. The
resultant coded bit stream is stored and original data is
reconstructed at a later time for post-processing. The
algorithm for reconstruction is reverse of the algorithm
proposed for compression process.

VIII. EXPERIMENTS CONDUCTED

As mentioned earlier, three types of tests are conducted
on satellites. They are random, sine and shock tests. As the
performance of the compression algorithm depends on the
type of data and its characteristics, this paper proposes to
develop the compression algorithms for each of the data
types using unique wavelets designed which are named as
randlet, sinelet and shocklet for random, sine and shock
test data respectively.

These wavelets are designed for each of the data set
using perfect reconstruction filter banks. All the possible
values of f (from 0.01 to 0.49), N (all permitted odd
numbers for each value of 'f') and L (1 to 10) were
assigned and the performance of the algorithms is
monitored for each case. About 8850 different
combinations of {f, N, and L} exist for the above
mentioned range of values, and performance of
compression algorithm for all these combinations is
evaluated for each of the three vibration test data types.
The performance parameters considered are percentage
deviation of maximum and minimum values of the
reconstructed data with respect to the original data and
another critical parameter considered is the compression
ratio. Set of values of {f, N and L} are identified for each
of the test data type which provided maximum
compression ratio with and percentage deviations less than
0.01.

The performance of the proposed algorithm is compared
with that of compression algorithms using various
commonly used transformations such as DCT, FFT and
Haar wavelets. Compression algorithms using these
transformations and that of proposed algorithm were
applied on about 25 samples of each of sine, random and
shock tests data of satellites and performance parameters
in each case were analyzed.

IX. RESULTS AND OBSERVATIONS

The results of experiments conducted on each of three
types of satellite vibration test data for 8850 combinations
of {f, N and L} are analyzed and results are tabulated.

The performance results for selected combinations of {f,
N and L}, of the experiments conducted on random test
data are shown in Table II.

The performance results for selected combinations of {f,
N and L}, of the experiments conducted on sine test data
are shown in Table III.

The performance results for selected combinations of {f,
N and L}, of the experiments conducted on shock test data
are shown in Table IV.
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Table II: Performance parameters for random data

Table III: Performance parameters for sine  data

S.

No.

f
N L

%

deviation

of Max

Values

%

deviation

of Min

Values

CR

1 0.45 81 2 0.0429 -0.0697 15.5945

2 0.45 81 4 0.0109 -0.1466 19.0689

3 0.45 81 6 0.0121 -0.0631 20.2365

4 0.45 81 8 0.0234 -0.0005 20.4156

5 0.45 81 10 0.0236 -0.0004 19.9524

6 0.45 11 8 1.7689 -2.0488 14.9506

7 0.45 41 8 1.4606 -1.1536 19.6468

8 0.45 81 8 0.0234 -0.0005 20.4156

9 0.45 101 8 1.3261 -1.3211 20.5870

10 0.45 121 8 8.3860 -8.1066 20.7479

11 0.05 7 8 0.1319 -0.0938 16.3862

12 0.15 17 8 0.2894 -0.3884 17.3875

13 0.25 27 8 0.8756 -0.7854 18.1341

14 0.35 51 8 1.4302 -1.1109 18.8772

15 0.45 81 8 0.0234 -0.0005 20.4156

16 0.02 3 9 0.1288 -0.0046 15.7047

17 0.40 25 6 0.4532 -0.4804 18.4766

18 0.45 81 8 0.0234 -0.0005 20.4156

Table IV: Performance parameters for shock  data

It is observed form the experimental data that different
combinations of {f, N and L} give different results for
performance parameters. Experiments are conducted by
keeping two of the three parameters constant and identify
the pattern in performance parameters. It is noted that
though some combinations give better compression ratio
but percentage deviations of maximum and minimum
values of the reconstructed data is significant and is not
accepted in vibration test scenario. The best performing
combination is identified and it is observed that each type
of data has unique set of values for {f, N and L} that
provides optimal results i.e. minimum deviations and
maximum compression ratio.  Optimal values of {f, N and
L} are identified for each type of test data and is given in
Table. V

The mother wavelets (proposed to be named as randlet,
sinelet and shocklet) are generated using perfect
reconstruction filter banks by applying the optimal values
of {f, N}. Wavelet function and the scaling function of
randlet, sinelet and shocklet are shown in Fig.2, Fig.3 and
Fig.4 respectively.

Table V: Optimal Values of { f, N, L} for different tests
S.No. Data Type f N

1 Random 0.40 25
2 Sine 0.45 81
3 Shock 0.02 3

S.
No
.

f N L
% deviation

of Max
Values

% deviation
of Min
Values

CR

1 0.40 25 2 0.1386 -0.4163 9.9911

2 0.40 25 4 0.0982 -0.0229 10.3239

3 0.40 25 6 0.0271 -0.0058 10.3597

4 0.40 25 8 0.1984 -0.2367 10.3092

5 0.40 25 10 0.1984 -0.5108 10.0620

6 0.40 5 6 0.0483 -0.0758 10.2881

7 0.40 15 6 0.3125 -1.3901 10.3668

8 0.40 25 6 0.0271 -0.0058 10.3597

9 0.40 35 6 0.5227 -0.2238 10.3508

10 0.40 45 6 0.0482 -0.0066 10.3446

11 0.01 5 6 0.0065 -0.3528 10.3339

12 0.10 13 6 1.4774 -1.2669 10.3374

13 0.20 21 6 0.6728 -0.1362 10.3471

14 0.30 25 6 0.7822 -0.1583 10.3588

15 0.40 25 6 0.0271 -0.0058 10.3597

16 0.02 3 9 0.0667 -0.1554 10.3095

17 0.40 25 6 0.0271 -0.0058 10.3597

Sl
No.

f N L
% deviation

of Max
Values

% deviation
of Min
Values

CR

1 0.02 3 1 0.0757 -0.1980 38.0654

2 0.02 3 3 0.0353 -0.2239 76.6278

3 0.02 3 5 0.1028 -0.0882 155.2823

4 0.02 3 7 0.0771 -0.0237 242.2275

5 0.02 3 9 0.0681 -0.0484 283.5840

6 0.02 3 9 0.0681 -0.0484 283.5840

7 0.02 5 9 0.1405 -0.4155 275.7051

8 0.02 7 9 0.3382 -0.0039 264.6887

9 0.02 3 9 0.0681 -0.0484 283.5840

10 0.12 3 9 0.0158 -0.3667 278.0542

11 0.22 3 9 0.2249 -0.1223 205.1134

12 0.32 3 9 0.0826 -0.8180 134.5217

13 0.42 3 9 0.8162 -2.1785 176.2733

14 0.49 3 9 1.4961 -2.2992 44.4532

15 0.45 81 8 -9.4502 -2.0275 9.0213

16 0.40 25 6 0.0270 -0.0058 10.3597

17 0.02 3 9 0.0681 -0.0484 283.5840
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Fig.2. Wavelet and scaling function of Randlet

Fig.3. Wavelet and scaling function of Sinelet

Fig.4. Wavelet and scaling function of Shocklet

Table VI: Comparison of performance parameters of
proposed wavelets and that of DCT, FFT and Haar

wavelet

To evaluate the efficiency of the proposed wavelets,
they are applied in the proposed compression algorithm.
The performance results are compared with that of
compression algorithm employing DCT, FFT, Haar DWT.
The results of the comparison are illustrated in Table VI. It
is observed that discrete wavelet transforms using randlet
and shocklet provided best performance both in terms of
compression ratio and deviation compared to other
transforms. It is also observed that DCT performed better
in terms of compression ratio compared to sinelet but the
errors and deviations were high and not acceptable for
satellite vibration data. Hence, sinelet is preferred over
DCT as with the algorithm using sinelet, the deviations in
reconstructed data were very benign and resulted in
significant compression ratio.

Experiments are also conducted to find the advantage of
compression algorithm over the commonly available ZIP
and RAR compression utility tools. Comparison of the
storage space required for original data file, compressed
data files using ZIP and RAR utilities, and compressed
data files using the algorithms proposed in this paper is
shown in Table VII. The test data files containing data of a
single channel is taken for carrying out this experiment. It
is observed that the algorithm developed in this paper
provides better compression ratio compared to the general
purpose compression tools such as WINRAR and
WINZIP.
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Randlet: Wavelet Function-Randlet: Perfect Reconstruction FB: f=0.4N=25
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Table VII: Comparion of proposed algorithm with
ZIP/RAR utility tools

S.No. File Description
File Size

of Random
Data

File Size
of Sine
Data

File Size
of Shock

Data

1
Matlab binary file
containing original data

4527 KB 4663 KB 219 KB

2

Matlab binary file
containing original data
after compressing using
WINZIP utility

4483 KB 4602 KB 212 KB

3

Matlab binary file
containing original data
after compressing using
WINRAR utility

4491 KB 4600 KB 211 KB

4

Matlab binary file
containing original data
after compressing using
algorithm developed in
the present study

1035 KB 95 KB 147

X. CONCLUSION

From observation made based on the results of the
experiments conducted, following conclusions are made:
 It is required to compress the mammoth satellite

vibration test data for easing the process of archival
and access of the data from the data server over
intranet backbone of the organization.

 Compression algorithms must adopt unique
transformation for each of the random, sine and shock
satellite vibration test data.

 For random, sine and shock test data, compression
using wavelet transformation based on randlet, sinelet
and shocklet (designed and realized in the present
work) provides minimum deviations in the
reconstructed data and maximum compression ratio
compared to that of commonly used transformations
such as DCT, FFT, and DWT using Haar wavelets.

 The proposed algorithm also provides better
compression ratio compared to generic compression
tools such as ZIP and RAR utilities.
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