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SUMMARY

This paper first developed the GNSS antenna agegiver which can collect data in

real time, Especially studied the constructionh® tlata collection system as well as
the data decoding. Then data collection and degodmethod of antenna array

receiver was verified, It was proved that the GN&8enna array receiver data
collection system can be used to monitor deformatibdam, landslide etc., and it’s

worthy of further study.

1. INTRODUCTION

In the deformation monitoring field, it takes a ydrigh cost to establish a large
monitoring system if we use the traditional GNSSnitaring program because of
expensive measurement-based GNSS receiver, whigttlglilimits the application of
GNSS technology in deformation monitoring, thougbré are many advantages. It's
very necessary to develop a low-cost and effect@fermation monitoring instrument.
After several years’ study , We developed the GldB8t®nna array receiver which can
reduce the cost greatly.

2. THE DEVELOPMENT OF GNSSANTENNA ARRAY RECEIVER

In order to realize the GNSS antenna array datkeatmn, GNSS antenna array
receiver is specially developed. The developmerthefreceiver is divided into two
steps. The first step is to develop multi-path GN®&nna sharing device. Through
the GNSS antenna sharing device, one receiveraamect more than one antenna, so
that the cost in deformation monitoring using GNS$duced drastically. But if you
buy a commercial GNSS receiver connected one aat@specially imported receiver,
the cost is very expensive. The second step isteldp GNSS antenna array receiver
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on the basis of multi-path GNSS antenna sharingcdeBecause the commercial
GNSS receiver is very expensive, in order to furtheduce the deformation
monitoring cost, We integrated the antenna shadegice and the GNSS OEM
receiver module, then the GNSS antenna array reces\eveloped.

Overall, GNSS antenna array receiver contains aomiocessor, which controlled the
circuit and multiple antennas. With further integya of OEM receiver modules, the
observation of multiple antenna data collectioadkieved. Figure 1 shows the design
of GNSS antenna array receiver circuit diagram.
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Figure 1 Schematic diagram of the circuit design

According to the design ideas of GNSS antenna aaegiver and the actual situation,
we selected Trimble BD970 OEM GNSS receiver modoldevelop GNSS antenna
array receiver. After rigorous testing, the modcdm be run in harsh environments
with high reliability, which not only supports anety of satellite signals such as GPS
L2C, L5 and GLONASS L1/L2 signals, but also canckrahe GIOVE-A and
GIOVE-B test satellites for signal evaluation aesitt Figure 2 shows the successfully
developed GNSS antenna array receiver.

Figure 2 GNSS antenna array receiver
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3. REALIZATION OF GNSS ANTENNA ARRAY DATA COLLECTION AND
DECODING

After developing the GNSS antenna array receiveGNSS antenna array data
collection system is ready to be set up. The datieation system is an integrated
system, consisting of the hardware and softwareréonote data collection. The
hardware is made up of GNSS antenna array recelaé, transmission device (e.g.
GPRS or CDMA module, WLAN module) and the computére software consists of
system controlling, data decoding and database geament, etc.

3.1 The System Architecture of GNSS Antenna Array Data Collection

According to the demands of deformation monitoritige measuring points are
divided into base points and monitoring points. iBgithe monitoring process, we fix
the GNSS receivers on the base points which orevescconnected with one antenna,
and fix the GNSS antenna array receiver on the toong points which one antenna
array receiver connected with multiple antenna. ajapropriate data transmission
method is chosen according to the actual situatioealize remote data collection, i.e.
WLAN or GPRS/CDMA wireless transmission etc.

base station antenna antenna \ J antenna )
X \r/ S \T/

wireless LAN, GPRS or COMA communication, internet

v

Data collection centre

Figure 3 System architecture
3.2The Implementation of Antenna Array Data Collection and Decoding
The crucial part of GNSS antenna array data catlectystem is to decode the static
observation data into standard RINEX data format tfee convenience of data
processing. The GNSS antenna array receiver insygtem not only receives GPS
data, but also GLONASS data as well. When perfognstatic control surveying,
only RT17-format data will be outputted if the re@e only gets GPS data. If the data
contains GLONASS data as well, the RT27-format deithbe outputted. Both of
which are original binary data, but vary greatlyfanmat. So the static data collection
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module of the system must be able to detect tha ftatmat and call for the
corresponding decoding module. In order to achigeecorrect decoding result for
static observation data, it is necessary to exaitmaeoriginal data format on top of
understanding standard RINEX data format.
The original data for the GNSS antenna array receis binary message format,
which is received by the OEM receiver module. TH29BO OEM receiver module
used in this research has defined many binary rgessdata packets with a specific
function for every packet. The binary message #irads strictly defined, consisting
start packet header, data bytes, checksum and naoniidentification. Message
format is defined as tablel. This type of defimtgatisfies the need for asynchronous
serial communication, which is convenient for trmmenunication between GNSS
antenna array receiver and computers.

Table 1 Data Collector Format Packet structure

Byte # M essage Description
Start packet header
0 STX(02h) Start transmission
1 STAUS Receiver status code
2 PACKET TYPE Hexadecimal code assigned to the gtack
3 LENGTH Single byte# of data bytes limits dat@2%%b bytes
4-Length 3 DATA BYTES Data bytes
Begin packet trailer
Length + 4 CHECKSUM (status+type+lengths+data Byteslulo 256
Length +5 ETX(03h) End transmission

Real time data collection and decoding works atstme time when the system is
running. During data collection, original data @lected through serial ports, which
makes debugging easier during the process. Theegsauf static data collection and
decoding is introduced as below in Fig 4.
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Figure4 Satic data collection and decoding flow chart

In order to attain correct static data decodingilte# is vital to make sure that the
original data are collected properly. Thereforege tystem consist a specialized
communication serial which adopts multi thread tetbgy to make sure no
interferences happened between the stations dai@tg collection and decoding.
Once the serial port is open, the port is initedizand monitoring begins. The
message response function OnCommunication() isccalthen data collection begins.
The function also calls for the decoding moduleomatically to collect and decode
the data for the specific station. The functionsd #meir functions are described in
table2.
If observation data are sent to the local comptilmierugh the internet, we only need to
setup a correspondence between the local compuégnet port and the virtual serial
port to realize regular data collection and datzodeng.

Table2 The main function of serial interface communication

Function name Therole of thefunction
InitPort() Initialization serial
StartMonitoring() Begin monitoring
StopMonitoring() Stop monitoring
RestoreCom() Release port resources
Close() CloseComm

ReceiveChar() Receive data bytes
WriteToPort() Write data from a serial port

The realization of data transmission to the locahputer is described above. In fact,
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to guarantee the data is correct and reliablertaduchecking of the received data is
needed before decoding. Only the data which pagsesheck will be decoded.
During decoding, data packets will go through iderdtion check, such as page
check, data identification check etc, and the pgkik be denied if any check is not
passed. The decoding result will not be writter itite RINEX file if any irregular
data is found.
In the system, static data decoding are divided RIf17 and RT27 data decoding,
The system will automatically decide the specigcalding type according to the data.
Static data decoding function is shown as table 3.

Table 3 Themain function of static decoding

Function name Therole of thefunction

ReadTRIMTSIP() Read data packet

Get_cs() Checkout checksum

DecodeEph() Decode the data packets of ephemeris

DecodeGpsObs() Decode the observation data packets

GetRAWDATA() Decode RT17 observation data

GetRT27DATA() Decode RT27 observation data
WriteRinexObsEpochFile() Write epoch data into obaton file
WriteRinexNavSatFile() Write data into GPS navigatfile
WriteGRinexNavSatFile() Write data into GLONASS igation file

During observing period, the system receives messdgpm the port and starts
storing data into the buffer array after the si@dentification of the packet is checked
and confirmed by ReadTRIMTSIP() function. This nd until the whole packet is
received and passed through the function. If adlic&s are passed then decoding starts
and each station starts real-time data decodingtmdge.

4. THE EXPERIMENT OF DATA COLLECTION AND DECODING

The experiment of the GNSS antenna array dataatidifeand decoding was done on
the roof of Building No.4 of Information Technolo@ampus, Wuhan University. The
experiment was done as following: connect the Gld8@nna array receiver to two
Trimble antennas for static observation. Outpuadatset as RT27 format during the
experiment, the collected data includes GPS and NFAES data, with the elevation
angle set as 10deg, collection rate as 5s, ant®nitehing is 30min. The output
RINEX file contains the observation file, GPS natign file and GLONASS
navigation file.

Through several static observation tests, the gysgeable to output RINEX file
stably. The correctness of the collected data esqut by the system static decoding

TSO7H - GNSS Measurement Devices, 6215 6/9
Jingui Zou, Yong Li, Jian Chen and Jiangiu Kui
The Implementation of Data Collection and Decoddaged on GNSS Antenna Array Receiver

FIG Working Week 2012
Knowing to manage the territory, protect the envinent, evaluate the cultural heritage
Rome, Italy, 6-10 May 2012



module. In the test, the original data is transeditio the local computer, and in order
to check the correctness of the data, we also asether data collection software to
collect the data apart from the decoding modulee RINEX files were compared
afterwards, and it has shown that the observatmta @vas same for every epoch,
which proves the reliability of the static decodimgdule. The monitoring network
is show as Figure 5:

973

Figure 5 Static monitoring network diagram
The network consists of 5 measuring points. No.087tBie base point in the stable
area, 0976 is a monitoring point beside a smdlln@ar the dam, the rest of the three
monitoring points are on the dam. The original dowate for monitoring network is
the WGS84 coordinate. Deformation calculation starth this point, coordinates is
shown as Table 4:

Table 4 Monitoring network original coordinates

X Y 4
0971 -1762473.4665 5584950.1967 2518799.9117
0973 -1762323.8186 5585154.1127 2518627.82)72
0974 -1762454.9050 5584945.2911 2518824.0568
0976 -1763584.8240 5584548.5841 2518925.7819
0978 -1762491.2676 5584955.0112 2518776.93R7

Deformation monitoring mainly adopts automatic moring method, i.e. using the
automatic collection mode of the static measuringdate. During the monitoring
period, two different collection intervals were dséor the test the time was mostly
one hour, and two hours for later period. The l@hgeas a six hour monitoring test,
which proved the data collection module was stableugh to collect and decode the
data and output standard RINEX files. To analyzerdiiability of the collected data,
the third period data was chosen. The processifigva® was LGO, monitoring
result is calculated using least restrictive leagtares with 0973 as the starting point.
Result is shown as Table 5.

Table 5 The data processing of static measurement collection results  unit:mm
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Dot mark X coordinate Y coordinate Z coordinate ~X oY Az
(mm) (mm) (mm)
The first phase
0971 -1762473.4670 5584950.20p3 2518799.9136 -05 6 2 1.9
0974 -1762454.9060 5584945.2962 2518824.0589 10 .1 1 2.1
0976 -1763584.8229 5584548.5823 2518925.7816 11 .8 -1 -0.3
0978 -1762491.2692 5584955.0165 2518776.9321 -1.6 1 -0.6
The second phase
0971 -1762473.4676 5584950.1992 2518799.9114 11 5 2 -03
0974 -1762454.9049 5584945.2903 2518824.0565 o1 .8 -0 -03
0976 -1763584.8240 5584548.5834 2518925.7809 oo .7 -0 -10
0978 -1762491.2696 5584955.0128 2518776.9322 20 6 1 -05
The third phase
0971 -1762473.4632 5584950.1959518799.9099 2.3 -0.8 -1.8
0974 -1762454.9009 5584945.2904 2518824.0548 1.1 -0.7 -2.0
0976 -1763584.8186 5584548.5846 2518925.7822 1.4 0.5 0.3
0978 -1762491.2671 5584955.0136 2518776.9303 0.5 2.4 -2.2

The last 3 columns of the table displays the defdion amount compared to the
original data. We can see that the deformatiohriee coordinate componetis

within 3.0mm, which doesn’t exceed the limited erfidhus it can be derived that
there is very little or no deformation and the damafe. For the one hour observation,
precisions are usually in millimeters, which are ttormal circumstance, that means
the dam has no obvious deformation during the roanijy period.

5. CONCLUSION

GNSS antenna array data collection system can Igreatluce the cost of the
application of GNSS technology in deformation monitg. Using suitable data
transmission technology can realize the remote cataction and decoding of GNSS.
Through many experiments, the data which are deltkby the GNSS antenna array
data collection system is reliable and can be fmedeformation monitoring.
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