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Original scientific paper
The global positioning system (GPS) is a satellite navigation system in the middle distance circular orbit. It can provide accurate positioning, speed testing,
and high precision time standard in most parts of the earth's surface. Position can be quickly determined with only 3 satellites, but if want more accurate
location, more satellites should be coupled. The conventional GPS monitoring method for deformation is that the GPS receiver is installed in each
monitoring point. When there are many monitoring points, cost of the monitoring system will be quite high. In order to solve this problem, multi antenna
GPS monitoring system has been proposed. Multiple antennas are connected to a receiver according to an additional GPS signal switch. So the data
obtained in the system will be much larger than by the conventional GPS system. How to effectively process the large amount of data is a difficult
problem. In this paper, the main content is to study the data processing method for a multi antenna GPS. Data compression method in a multi antenna GPS
system with a high sampling rate is investigated. Data effective degree is used in the method to extract useful information. GPS data is coded by multi
coding methods. According to the verification, the results show that the method is valid, and it can be used in the GPS data compression.
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Analiza metode obrade podataka GPS sustava s viSe antena konstruiranog za klizista

Izvorni znanstveni ¢lanak
Globalni pozicioniraju¢i sustav (GPS) je satelitski navigacijski sustav u kruznoj putanji srednje udaljenosti. Osigurava to¢no pozicioniranje, ispitivanje
brzine i vrlo precizno vrijeme u vecini dijelova zemljine povrSine. Polozaj je moguée brzo odrediti sa samo 3 satelita, ali ako zelimo to¢niju lokaciju,
potrebno je spojiti vise satelita. Uobicajena GPS metoda pracenja deformacija sastoji se u postavljanju GPS prijemnika u svakoj kontrolnoj tocki. Kad ima
mnogo kontrolnih tocki, troSak kontrolnog sustava bit ¢e takoder prili¢no visok. Za rjeSavanje ovog problema predlaze se GPS kontrolni sustav s vise
antena. Visestruke antene su povezane s prijemnikom preko dodatnog prekida¢a GPS signala. Tako ¢e podaci prikupljeni u sustav biti mnogo veéi nego
pomocu uobicajenog GPS sustava. Veliki je problem kako ucinkovito obraditi veliku koli¢inu podataka. Bit je ovoga rada prouciti metodu obrade
podataka za GPS s viSe antena. Istrazuje se metoda sabijanja podataka u GPS sustavu s viSe antena za brzo uzimanje uzoraka. U metodi se koristi
ucinkovita koli¢ina podataka za dobivanje korisnih informacija. GPS podaci se kodiraju visestrukim metodama kodiranja. Provjera rezultata pokazala je
valjanost metode za komprimiranje GPS podataka

Kljucne rijeci: deformacija; GPS sustav s vise antena, metoda kodiranja; odron; sabijanje (komprimiranje) podataka

1 Introduction the error and the satellite position, to be fixed position, the
receiver equipment, observation time, the atmospheric
environment and geographical environment and other
factors. In view of the different error has the different
analysis and processing method [9-13].

GPS was initially used to provide more accurate
positioning, tracking marching soldiers and their
equipment in the field, navigation for naval ships,
navigation for missile flight, and navigation for military
aircraft [14-16]. In recent years, GPS is also widely used
in civilian applications, such as dynamic parameters
measurement of the lands [17-18], marine geodesy and
surveying [19]; earth plate monitoring and earth
deformation monitoring [20], engineering measurement,

The global positioning system (GPS) is a satellite
navigation system in the middle distance circular orbit,
which is researched and maintained by America
department of defense. It can provide accurate positioning,
speed testing, and high precision time standard in most
parts of the earth's surface. It also can meet the need for a
precise determination of the three-dimensional position
[1-2], three-dimensional motion [3-4] and time. This
system consists of 24 GPS satellites in space, one ground
control station, three data injection stations and 5 monitor
stations. Besides, there is also a user’s receiver. Position
and elevation of the user can be quickly determined with

only 3 satellites in the system. The more satellites can be
coupled, the more accurate decoding of the location.

The GPS system has the following advantages: the
use of low frequency signal, and signal penetration
remains fairly even if the bad weather appears; global
coverage has been obtained; high precision for the three
dimension speed and timing [5-8]; fast, time-saving, high
efficiency; wide application, multi-function; location
determination when moving; different from the double
star positioning system, receiver does not need to send
any signal in the process.

All kinds of error of GPS positioning in the process
can be divided into three categories: errors, satellite
related error related to signal propagation and error
associated with the receiver. The effects of these errors on
GPS positioning of each are not identical, and the size of

aerospace photography mapping, tracking vehicle location,
mapping the terrain deformation, and so on [21-22].

The conventional GPS monitoring method for
deformation is that the GPS receiver is installed in each
monitoring point. When there are many monitoring points,
cost of the monitoring system will be quite high. Aiming
at solving this problem, multi antenna GPS monitoring
system has been proposed [23-26]. Based on the existing
GPS receiver structure, multiple antennas are connected
to a receiver according to an additional GPS signal switch.
At the same time, a receiver can be connected to more
than one antenna according to a multi antennas
conversion switch. Deformation law of deformable body
can also be obtained by processing the GPS data. If this
method is adopted, the cost of the monitoring system can
be decreased by reducing the number of the receivers, and
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the application range will be greatly expanded. There are
many applications in the field of construction and public
facilities, such as in the dam deformation, landslide slope,
and dynamic deformation of the bridge.

However, the multi antenna GPS also has its
disadvantages [27]. Due to the only one receiver,
processing speed and efficiency will be greatly reduced,
especially in the large scale antenna arrays. This is a
particular disadvantage. Therefore, it is needed to increase
processing capacity and processing speed in data
processing. As everyone knows, processing efficiency
improving depends on the processor and processing
algorithm. When the processor is determined, processing
method will be very important.

In fact, if the processor is determined according to the
science and technology, then, the processing performance
will increase by some extent. Much more attention will be
paid to investigation on the processing method [28-29].

The data compression method is so important, and
much more attention should be paid to studying it.
Although there are many methods proposed for the GPS
data compression, there is still not enough of them for the
multi antenna GPS data. In this paper, the main aim is to

study the data processing method for a multi antenna GPS.

Data compression method in a multi antenna GPS system
with a high sampling rate is investigated, and a new
compression method has been developed. The remainder
of the paper is shown as the following: The main process
method is shown in Section 2; a data collection system
has been designed in Section 3; data compression method
is described in Section 4, which is divided into two kinds;
the verification is shown in Section 5; and the Section 6
gives the conclusion.

2 The main processing method

The multi antenna GPS system is shown in Fig. 1.
Many data compression methods have been published in
the past years. Data compression algorithm can be
classified into lossless and lossy compression. The lossy
compression means that the original data cannot be
obtained completely just according to the compressed
data, and data recovered is an approximation to distortion
degree. The coding compression algorithm is usually used
in image communication and video entertainment
equipment, and compression rate is high. The lossy
compression has been widely applied. Lossless
compression algorithm means that the original data can be
recovered completely by the compressed data without the
data distortion. The compression ratio is relatively smaller
than that of the lossy compression algorithm. Lossless
compression algorithm is widely used in text data,
procedure and all kinds of special applications.

Commonly used lossless data compression algorithms
include variety of Huffman coding algorithms, arithmetic
coding algorithm, dictionary based compression algorithm
and text data compression algorithm, and so on. GPS
positioning data belong to the test data. Due to the
characteristics of GPS positioning data, the wavelet
algorithm is also adopted to process the GPS data.

Application of wavelet analysis is able to compress
the signal, because the comparison rules signal is
composed of a low frequency coefficient for a low data

amount and some coefficients for high frequency layers.
Here, there is a demand for the selection of low frequency
coefficient: it requires low frequency coefficients selected
in a proper decomposition layer. To compress the one-
dimensional signal, the basic process is the analysis of
input signal by wavelet. The decomposed high frequency
wavelet data will be processed with quantization. After
the process, both high-frequency and low-frequency
signal will be reconstructed, and the reconstructed signal
will be output.
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Figurel Multi antenna GPS system
3 System design

Key technologies of multi antenna GPS monitoring
system are also involved in transmission of the GPS
signal. Because the monitoring area is usually wide, the
distance between the measured points may be quite far.
Therefore, GPS system with multi antenna will inevitably
encounter the problem of the long distance transmission
of signal with excessive attenuation. According to the
conclusion of experiments, when the transmission
distance reaches 30 + 60 m, signal loss will be quite large,
and even the signal can be completely lost. To solve this
problem, on one hand, the performance of the
transmission medium should be improved, such as the
using of low loss cable or fiber optic transmission; on the
other hand, appropriate signal should be enhanced, and
development of the GPS signal with low noise amplifier
should be proposed and applied.

As we know, the deformation of the side slope is
quite small at first and quite fast when the landslide
happens. So in the data collection system, we adopted the
time varied mechanism at different periods of the
landslide. At the beginning, the collection period will be
long, the data sets obtained for the second time will be
compared with those obtained at the first time. If the
position between the two data sets is of big difference, for
example the difference is 5 %, the collection period will
be shortened. The shortened percentage has a direct ratio
to the difference of the data sets collected in two adjacent
periods.
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Figure 2 GPS data collection system for a side slope of highway

Delete the head index
Mark the year

Pack the information
in the same year

Mark the month
4‘% Pack the information
for month .

in the same day

Mark the hour

. . Pack the information
Give an index for hour .
in the same hour

‘ Give an index for year

Mark the minute

Pack the information
in the same minute

Give an index for hour
Same region or not?

‘ Delete the integer part of
precision and dimension

Give an index for hour

ML

v
Add the information
for the region

Pack the time
information

‘7 Delete the end information <—‘

Pack the data

Figure 3 Chart of pre-processing to GPS data

The data compression is classified into two kinds.
Small amount data compress model is for the data
collected at the initial period, the main characteristic is the
small data quantity; the other kind is the huge amount

data compress model for the data collected at the period
when the landslide happened, the data quantity is huge.

4 Data compression method
4.1 Data compression model for small amount data

GPS data outputs in binary throttle mode, and the
data consist of a number of sentences. In order to meet the
demand of accurate calculation for long string n GPS data,
BCD code is selected for the compression.

Compared to the conventional floating-point notation,
compressed BCD code can save the numerical accuracy
and reduce the time consumption in floating-point
arithmetic in the computer. The order is as follows: the
acquisition time, latitude, longitude, speed, direction and
orientation. Multi-byte variable adopts the mechanism of
high byte in the front and low byte in the post.

According to observed output format of the GPS data,
a lot of redundant data have been found. In order to
facilitate the subsequent compression, we should pretreat
the signal with difference, as shown in Fig. 3.

The Hoffman Code is adopted as the basis,
preprocessed data will be dealt with lossless compression.
At the same time, information entropy is used as the index
to test the amount of information. This is to say that the
compressed digital rate will not be less than the entropy of
the data. The pretreated data are directly compressed by
Huffman algorithm, and the probability of occurrence of
each character is shown in Fig. 2.
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Figure 4 Chart of differential pre-processing to GPS data

Then Hoffman code is used to encode the data after
the pre-processing, the data compression code is shown in
Tab. 1.

Tablel Huffman code

Code Huffman code Code Huffman code

0 011 8 00100
1 000 9 0011

2 100 A 010100
3 110 B 0010100
4 0100 C 010101
5 1010 D 001011
6 111 E 01011

7 1011 F 0010101

Calculate the information entropy:
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H(x) ==Y P(x;)log,P(x;) =3,64. (1)
i=0

And the mean code length is:

L= Pn; =362 ()

Although lossy compression cannot completely
recover the original data, the loss of data is of small
influence in understanding the original information.
Besides, it can also get higher compression ratio.
Therefore, proper lossless compression can be used in the
compression process to further enhance the compression
ratio according to the lossless compression after
pretreatment. With high compression ratio, processing
speed and transmission quality of GPS data can be greatly
improved. Through experiment and analysis, a certain
time delay appears from the receiving and analyzing the
data to the data processing, and the delay time interval is
often stable. Therefore, a fixed time interval can be
chosen to convert the common time format.

In the following, we will take GPS data compression
as an example. For large amount of GPS data, the
processing referred to huge computation for the
compression, recovering, position calculation, speed
calculation, and map matching. So it is important to
ensure the time consumption in the compression process.
If the compression time is long, the time delay will be
long, and this is harmful for the real time monitoring.
Therefore, when the GPS data are in small amount, they
can be deeply compressed. Although the recovery time is
longer, it is allowed. When the GPS data quantity are
quite large, the compression depth should be considered
due to disadvantages of the long compression time and
recovery time.

The transfer algorithm can be described as follows:

(1) Mark the position S; as point position i in the
landslide; n is the time interval; v; is the real time speed,;
T, and T, are the starting and ending time in one period,
respectively; R, isset for ¢, and R, isset for ¢, and 7,.
Where, teR;; t,.t,€R, ,and ¢, <f,.

(2) In order to facilitate data processing as well as for
greater compression ratio, one day is divided into
numbers of time interval. At the initial time, the time
interval is 10 min. Then all the day can be divided into

144 time intervals. There will be 6 time periods in an hour.

And the time can be calculated by Eq. (3):
M
t,=H, x6+—=L. 3
m =1, 10 3
The monitor will be working all the day, and the start

0
t, =H x0+—=0, 4

tm=23x6+%=144. )

4.2 Data compression model for large amount data

The method described above is for the initial period
with small amount data. When the side slope is moving
quickly, the relationship between compression time and
recovery time should be balanced to get the highest
performance.

For the large amount data, the time period will be set
shorter, some time and positon information will not be
compressed, and the calculating method has no change.

4.3 Assessment for the compression performance
(1) The coding efficiency

The coding efficiency can be defined as the ratio of
the information entropy and code length.

n= Hix) %100 %. (6)

The compression work is mainly on 3 parts of GPS
data: data preprocessing to cut the redundancy
information, the Hoffman code to realize the lossless
compression, and transformation of data types to realize
the loss compression. Therefore, the data compression
ratio will be defined as the following:

=[S 1 o

where, L is the code length; CR represents the data
preprocessing part; HE represents the Huffman code part;
and LC means the lossy compression.

(2) The compression ratio

The compression ratio is defined as the ratio of
compression length to total code length.

c=L= 1009, (8)
(3) The effective degree
E=1-C. ©)

It means the effective information in all the data
collected, and this index will be used in the compression
algorithm.

Tabs. 2 and 3 show the initial compression results for
each step and the total compression results.

Table 2 The compression ratio

Original Pre- Huffman Style Total

data . . compression
processing code conversion .
storage ratio
395 51,41 % 8,49 13,86 % 61,69

Table 3 The compression efficiency

Original Pre- Huffman Style Total

data . : compression
processing code conversion X
storage ratio
395 49,12 % 8,18 11,83 % 58,70
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5 Experimental test
5.1 Small amount data at the initial period

Dynamic GPS data will change with the time varying.
We select a small rectangle area to verify the new method.
We have collected data for 7 periods, and the data is
processed with new method.

The test results show that, redundancy removal data
accounted is about 51,4 %, Hoffman coding compression
rate is about 8,5 %, while the style conversion of the
compression ratio is around 13,8 %. The total amount of
compression was maintained at about 61,7 %.

Table 4 Compression rate after each step for 7 periods

period Original file Total compression ratio
1 83756 61.69%
2 83523 61.68%
3 82939 61.64%
4 83232 61.67%
5 83575 61.71%
6 83347 61.68%
7 83802 61.69%
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70000 |
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2 50000
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Figure 5 Data compressed after each step for 7 periods (unit:byte)
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Figure 6 Data compressed ratio for each step for 7 periods

Fig. 5 and Fig. 6 show the data compression amount
and compress ratio of the data. Tab. 5 shows the
comparison ratio by different compression methods. It can
be shown that the new compression method can improve
the compression ratio.
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80000 - e— s . . .
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; —e—New compression method
<
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—o—o—0o —0—90 —
30000 1 1 1 1 1 1
1 2 3 4 5 6 7
period

Figure7 Compression amount with different methods (unit: byte)

According to the test results from the experiment,
least square method is used to fit the trend of compression
amount and compression ratio, as shown in Fig. 7 and Fig.
8. It can be found that the compression ratio will increase
with the increasing of the data amount.

Table 5 Comparison with other compression methods (unit: byte)

Period Original file New compression method Huffman coding Differential Huffman coding
amount amount Ratio % amount Ratio % amount Ratio %
1 83756 32084 61,69 79568 5,0 75297 10,1
2 83523 32000 61,68 79180 5,2 75338 9,8
3 82939 31811 61,64 78129 5,8 74479 10,2
4 83232 31896 61,69 78737 5,4 75000 9,89
5 83575 31999 61,71 79146 53 74967 10,3
6 83347 31937 61,68 78930 5,3 74929 10,1
7 83802 32101 61,69 79444 5,2 75254 10,2

5.2 Large amount data at the latter period

The method described above is for the initial period
with small amount data. When the side slope is moving
quickly, the relationship between compression time and
recovery time should be balanced to get the highest

performance. In the paper, when the data amount is big
enough, information will be compressed selectively. This
is to balance the compression time, recovery time, and the
motion of the landslide. If the compression and recovery
time is short, the motion of the landslide will be processed
quickly. So, in this part, if the speed is fast, the
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compression will not proceed for a minute or even hour.
Due to the landslide is not controlled; here we just
increased the sampling frequency artificially.

70

compression ratio /%
— (3] 78] e n [=))
< < (=] (=] (=] (=]

[=]

—a—New compression method
—+—Huffiman coding
—s—Differential Huffman coding

period

Figure 8 Compression ratio with different methods

Dynamic GPS data will change with the time varying.
We also have collected data for 7 periods, and the data are
processed with the new method.

Table 6 Compression rate after each step for 7 periods (unit: byte)

The test results show that redundancy removal data
accounted is about 49 %, Hoffman coding compression
rate is about 8,18 %, while the style conversion of the
compression ratio is around 11,8 %. The total amount of
compression was maintained at about 58,7 % .
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Figure 9 Data compressed after each step for 7 periods (unit: byte)

Figs. 9 and 10 show the data compression amount and
compression ratio of the data. Tab. 7 shows the
comparison ratio by different compression methods. It can

PerliOd Oréii;;t;éile Total com;;r;s;lion ratio % be shown that the new compression method can improve
> 38353 s 8’7 7] the compression ratio.
3 384939 5 8’73 According to the test results from the experiment,
7 338230 58’80 least square method is used to fit the trend of compression
3 382575 58’74 amount and compression ratio, as shown in Figs. 11 and
6 383802 58’78 12. It has the same principle as the compression for small
7 383890 58,74 amount data.
Table 7 Comparison with other compression methods (unit: byte)
. . Differential Compression
Period Original file New compression method Huffman coding Huffman coding ratio
Amount Ratio % Amount Ratio % Amount Ratio %
1 382756 158025 58.71 364384 4.8 346011 9.6
2 383523 158240 58.74 365497 4.7 347088 9.5
3 384939 158860 58.73 366462 4.8 347215 9.8
4 388232 159959 58.80 370373 4.6 351738 9.4
5 382575 157855 58.74 364594 4.7 345848 9.6
6 383802 158220 58.78 366531 4.5 347341 9.5
7 383890 158381 58.74 365847 4.7 347037 9.6
0 - 150000 -
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60 L s —8—8—g g5 n
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g 50 -
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Figure 10 Data compressed ratio for each step for 7 periods

Figurell Compression amount with different methods (unit: byte)
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Figurel2 Compression ratio with different methods
6 Conclusion

The GPS is researched and maintained by America
department of defense, which can provide accurate
positioning, speed testing, and high precision time
standard in most parts of the earth's surface. The
conventional GPS monitoring method for deformation is

that the GPS receiver is installed in each monitoring point.

When there are many monitoring points, cost of the
monitoring system will be quite high. Multi antenna GPS
monitoring system can solve the problem properly.
Therefore it is developed quickly after being proposed.
Multiple antennas GPS can realize the purpose by setting
a switch. Due to the multi antennas, the data amount in
the multiple antennas system is also large, and it is quite
important to investigate the compression method to
improve the transferring efficiency.

In this paper, we design a system to collect data and
transfer data for a side slope of highway. Due to the
deformation of the landslide, two modes have been
designed in the system. So in the data collection system,
time varied mechanism at different period for the
landslide deformation is adopted.

According to the experimental test, we get some
conclusions:

(1) In the initial periods, the data quantity is less, the
redundancy removal data accounted is about 51,4 %,
Hoffman coding compression rate is about 8,5 %, while
the style conversion of the compression ratio is around
13,8 %. The total amount of compression was maintained
at about 61,7 %. Compared with other compression
methods, the new compression method can improve the
compression ratio. Compression ratio will increase with
the increasing of the data amount.

(2) In the latter periods, redundancy removal data
accounted is about 49 %, Hoffman coding compression
rate is about 8,18 %, while the style conversion of the
compression ratio is around 11,8 %. The total amount of
compression was maintained at about 58,7 %. The
conclusion is the same with the results obtained in the
initial periods, the new compression method can improve
the compression ratio.

According to the verification results, the method is
proven to be valid and it can be used in the multi antennas
GPS.
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