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Abstract - We present DAPHNE, a client/server Java software that acquires data and serve
to CLIENTS on the Internet. The software was tested on Load Cell tranducers (cable layout
strength) and GPS (NMEA, TSIP) on board of R/V OGS-Explora. A particular application
deals with the accurate timestamp of events, by using the Acutime™ GPS receivers, especially
useful for refraction seismic.

Sommario - Viene presentato DAPHNE, un software in modalita’ client/server per la acqui-
sizione di dati e la loro distribuzione su Internet. Il software e’ stato testato con Celle di carico
(tensione di cavi) e GPS (NMEA,TSIP) a bordo della nave oceanografica OGS-Explora. Una ap-
plicazione particolare riguarda la registrazione di eventi ad alta accuratezza temporale, tramite
il ricevitore GPS Acutime™.,
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1 MATERIALS AND METHODS

Throughout the text, the terms server and client may have a context-related meaning. According
to [1], when dealing with the software context, "the client instantiates the user interface of an
application that resides on a local or remote server". In contrast, when dealing with the hardware
context, the server is the computer which handles the physical connection to the sensors, and
the client is the computer that instantiates the connection to the server, possibly being the same
server computer. To avoid confusion, we will quote in lowercase the software server and client
applications, whereas we will quote in uppercase the hardware SERVER and CLIENT computers.

Overview

Daphne is a client/server software that collects data from several RS-232 inputs, stores the
information in ASCII files with the proper timestamp and positioning data through a GPS
port, when available, and serves them on demand to local clients or CLIENTS on the Internet.
The CLIENTS may have the possibility to store data locally whenever required. The system is
configurable through a GUI, for both the server and the client .

The software is based on single-thread (server side) and multi-thread (client side) pro-
gramming models, and allows the following:

e ease of extension of instrumental capabilities
e minimization of resources required for running the tasks
e simplification of instrumental port management

e decoupling of the client GUI from raw data acquisition

The software is written in the highly portable JavaT™programming language.
g g languag

Description

Our initial goal was the acquisition of Load Cell Data (cable strength) for dredging, coring and
sampling purposes, positioning, accurate timestamping of events and other geophyisical data on
an oceanographic ship.

The positioning data were supposed to be provided through a standard NMEA GPS interface,
in particular the well known GGA, GLL and ZDA sentences, or a combination of them, or, at
least, the GGA. With a minimum overhead, the ZDA sentence can be used to synchronize the
computer clock to the UTC time of the GPS clock. This can be useful when no NTP servers
are available on the network. A Trimble TSIP interface was also made available, particularly for
the Acutime™receiver. Amongst many others instrumental interfaces we may cite for example
magnetometers, gravity meters, cable layouts, and so on. The GUI interface was designed to be
flexible enough to accommodate all the necessary parameters for each single instrument. Once
the server application is launched on a particular TCP/IP port, one client or many CLIENTS
are allowed to connect and visualize and store the ongoing data. The software can have both
the server (option —server) and the client (option —client) active, however, the server instance
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should be used only by trained personnel, since it is the core of system and it can be prone to
errors or problems if not properly programmed. The client side is much less prone to errors and
can be freely distributed to clients. A more powerful, fully featured software instance, allows
the concurrent presence on the same GUI of the server and client runs.

The acquired data are available in a user selected directory as set during the initialization
phase. They can be copied on the net using the standard Unix tools. The data arriving from each
sensor are recorded ’as-is’ on disk. The (sort) merge of the data in individual files is relatively
easy since each record have the timestamp. The unix time field can be appropiately used to
achieve this. See Appendices C containing data and some pieces of code for reading it.

Work in progress

e cable layout interface
e client plotting and presentation of navigation data

e system, GUI and port interface generalization

Planned improvements

e Data acquisition over TCP/IP network ports.

Assumptions and Requirements

The software runs on GNU/linux boxes (server side), and GNU/Linux, WIN32 and other
0.S. environments (client side). A fully functional Java®environment is required for soft-
ware development, such as the SUN’s Netbeans IDE platform. Standard-compliant run-time
Java™machines and WWW Browsers are required for data acquisition and visualization. The
distribution comes with the RXTX software suite for RS-232 serial and parallel port control.
A Java™archive file (RXTXcomm.jar) already tested on GNU/Linux and WIN32 boxes is
provided. This can be run from the command-line, or placed in a directory accessed by the
CLASS_PATH environment variable, or put in the standard directories for library extensions
in the specific Java run-time environment.

The software must be run as the root user, to avoid problems in the RS-232 port environment.
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2 USE OF THE SOFTWARE

This section presents the installation and use of the software. In particular, we will focus on
the installation onboard R/V OGS-Explora. We had the opportunity to produce the software
for the Antarctic cruises of Summer 2003-2004 of the PNRA (the Italian National Antarctic
Project). OGS-Explora is a multi-purpose research vessel owned and operated by INOGS (Tri-
este), and was chosen to run seismic (reflection/refraction), morphobathymetric (multibeam),
magnetometric and gravimetric data acquisition as well as sampling (coring/dredging).

2.1 Load Cell and GPS

The A-frame on the stern of R/V OGS-Explora have several deployment and suspension points.
Among them, the central one was served by an AEP 20 T Load Cell, whose analog data were
digitized by the AEP digital transmitter model TA5 and placed on an RS-232 line. Fig.1 shows
the Load Cell. The GPS data were provided by either a Fugro STARFIX DGPS or a ASHTECH
Aquarius GPS receivers, with the GGA (and ZDA) sentences. Fig.2 shows the system interfacing,
and Appendix A show the electrical connections from the Load Cell/Transmitter to the SERVER

Figure 1: The T20 AEP load cell on the OGS-Explora A-frame.
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DAPHNE CLIENT SERVER

DATA ACQUISITION AND DISTRIBUTION SYSTEM
ANALOG TO DIGITAL RE-232 RIV OGS—EXPLORA

% CLIENT 1
CLIENT 2 SWITCH

AEP TS5 CLIENT N
TRANSM.
AEP 20T LOAD CELL
A-FRAME
SERVER 24V
PORT 999 +

IP 140.105.67.xxx
9600/n/8/1

DB9
COMI
/dev/ttySO

DB9 DBY9
STARFIX DGPS 4800/m/8/1
NMEA U com2
GGA /dev/ttyS1
GLL DB9
ZDA COM3
/dev/ttyS2
+
COMN
RECORDING ROOM /dev/ttySN-1

ISMAR CNR Bologna

Figure 2: Block-diagram of the installation onboard of R/V OGS-Explora.

Software setting and usage

We present hereafter the —full instance of the software, which can be run only on the server
The other options —server and —client allow just single runs of the server and client . The
snapshots that follow illustrate the setting and the feature of the program.

In particular, Fig.3 to Fig.11 show the setting and start of the server , including the choice
of Load Cell and GPSNmea sensors.

The server and client instances have their own preferences:

e general, to set for example the TCP/IP port number and the verbosity
e 1/0, to select the data directory and base names

e sensors, to create and connect sensors.
Each particular sensor have their own preferences:

e general, to provide general setting, such as the data acquisition rate
e device, to control the port communication parameters

e other, to deal with specific sensor controls and settings, such as zeroing or calibrating the
Load Cell.
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Dl‘l}aphne
File Options Help
[ Log

Preferences

General prefs r 1/ O prefs rSErISDIS prefs |

Host/port: [127.0.0.1 LD

|_| werbose (show commands coming from clients)

Done

Figure 3: Server setting, general preferences. The IP number can be left untouched.

Dl‘l}aphne
File Options Help
] Log

Preferences - o
General prefs r 1/ O prefs rSErISDIS prefs |
[v Save incoming data from sensors.
Filename; ./ DATA_DAPHNE/ test |
Done

Figure 4: Server setting, I/O preferences. The user can select the directory and basename of
the acquired files. The name of the files is then constructed by adding the sensor name and an
hourly timestamp.
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Preferences * u ﬁ
General prefs r 1/ O prefs r-Serl'sm‘s prefs [
Sensols ‘Add sensor ...
GPSNMEAD
LoadcellD | gansor name Sensor type Keep [ drop =
GPSNMEAD | GPSNMEA | [l Keep sensor
LoadcellD LoadCell | ¥l Keep sensor
-]
Done

Figure 5: Server setting, sensors. LoadCell and GPSNMEA sensors are added to the system.

01| paphne
File Options Help
] Log:

Preferences °
General prefs r 1/ O prefs r-Serl'sm‘s prefs [

Se.n.snrs [¥ Save incoming data (see 1/ 0 prefs tab alsoy
* LoadCell : - =
GPSNMEA  Enable periodic queries every (nsy |1000

‘Connected sensors
Sensar name |Connected

-L General L_,Devica L Other |

Done

Figure 6: Server setting, Load Cell, general preferences.
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Dl‘l}aphne
File Options Help
[ Log

Preferences

General prefs r 1/ O prefs r-Serl'sm‘s prefs [

[ Sensors
Loadcell Unit of measure: | kgf X

GPSNMEA
| Zero calibrate |
Calibrate with weight
Reset calibration

[_General | Device | Other |

Done

Figure 7: Server setting, Load Cell, Other preferences. Note the Unit of Measure, zero and
calibrate buttons.

Dl'Baphne
File Options Help
A Log

Preferences

General prefs | I/ prefs | Sensors prefs |

( Sensors

TGRSNMEAD :
LoadcellD  Enable periodic queties every qmsi: [0 |

‘Connecied sensors

v Save incoming data (see 170 prefs tab also)

Sensor name |Connected -

LGenera_l LDeviu: LOther ‘

Done

Figure 8: Server setting, GPSNmea, general preferences.

G.Stanghellini & G.Bortoluzzi, ISMAR-CNR Technical Report N.88



01| paphne
File Options Help
] Log |

Preferences

General prefs r 1/ O prefs r-Serl'sm‘s prefs [

[ sensors _ -
"GPSNMEAD Serial port device: |/ dev/tyS1 |
LoadcellD  Speed: |9600 |
Data bits: Stop bits:
1 7 bits ® 1 bit
@ 8§ bits ) 2 bit

[ General | Deviee L_Other ]

Done

Figure 9: Server setting, GPSNmea, Device preferences.

01| paphne
File Options Help
] Log

Preferences -

General prefs r 1/ O prefs r-Serl'sm‘s prefs [

[ sensors _
"GPSNMEAD [_I'Synchronize system time to NMEA GPZDA
LoadcellD

[_General | Device | other |

Done

Figure 10: Server setting, GPSNmea, Other preferences. Note the time (UTC) synchronization
button.
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nsors threads . GPSKMEAO: started a new i/o thread
Loadcell0: started a new ifo thread.
dane, now starting TCPIP server .. Setting LoadCell to kgf ... successfull
done

Figure 11: Server instance, start.

When all is done the user should press the <go> button (the well-known triangle icon above
right in the window). To stop, the square button is pressed. The data are then acquired in the
selected directory with an hourly timestamp for each individual file (this to prevent accidental
file closure or destruction). The data have the UTC and unix timestamp as well, to make sorting
and merging easier. See in Appendix C some example of the data acquired.

Once the server was launched and started to collect and store data, the client (Fig.12)
can be used to visualize the incoming data (Fig.13).

The client instance is run from either the SERVER machine than remote ones. It shares the
same behaviour of the server , with some limitations. Once the general preferences and i/o
preferences are set, the <go> button is pressed to establish the connection with the server .
This latter sends the proper information about the sensors it is connected to, and the client sets
the main window accordingly (see Fig.14, that shows the graph of the Load Cell vs. time).

The client instance does not allow to select/create sensors, yet relaying on the server
information.
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a higl
Loadcell(: started
done, now starting

done. .
=

Stopping client ... done.
Starting TCPIP client ... done

Figure 12: Client setting, general preferences. The user must set the IP address or domain name
of the SERVER, and the port number of the server.

5] GPSNMEAD RT Display \
§GPGGA 171739,4431 4203 18,N,01120 356677,E, 1,05,2 3,67 .82,M,47 51,M,,0000*7A
§GFZDA, 171739.77,11,03,2004,-1,00*75

LoadCell {kgf ws tirne)

tarting TCPIP client ... done.

getting installed sensars from server ...

adding a new GPIMMEA with name GPSNMEAD
adding a new LoadCell with name Ic

Figure 13: The client visualizing data.
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File Options Help
] GPSNMEAD RT Displ

B Loadcell0 RT Display Window

Starting TCPIP client

getting installed sensors from server ...
adding a new GPSNMEA with name GPSMMEAD
adding a new LoadCell with name Loadcelld

Figure 14: Client instance, Load Cell with graph.The red value turns to green when lower than
the warning value set.

2.2 The Trimble Acutime™accurate event timestamping

Another class was created to interface devices that run the Trimble T'SIP Protocol. In particular
we interfaced the Trimble AcutimeT™2000 GPS (A2K) receiver and programmed in order to
capture and timestamp events such as seismic shots or similar. This task requires accuracies
of at least +/- 1ms or better. The A2K system is capable of giving accuracies of few tenths of
nanoseconds, by using an overdetermined solution to obtain better time measurements from the
highest possible number of SV available.

Figures 15, 16 and 17 show the panels for the instrumental setting. To fill the initialization
strings user must press the buttons on the rigth of the white board. The control data bytes are
reported in Appendix B. The event timestamp is triggered by pulsing the RTS line (pin 4-7) of
the RS-232 port A. The port B is used for the GPS setting. See in Fig.18 the cable roouting
and interfacing.
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File. Options Help

Log
application entering server mode;
LacutimeBwent: started a new ifo thread.

Acuul Preferences

fGeneraI prefs r I/ O prefs rSens_urs prefs |

Sensors
AcutimeEvent
AcutimelPPS  Enable periodic queries e\rew_-(ms_):
~Connected sensors-
Sensor hame |Connected

[v] Save incoming data (see 10 prefs tab also)

[4]

|_General | Device | other |

I Done

Figure 15: Acutime™event setting, general.

File: Options Help

Log
application entering server mode;
ArutimeBEwent: started a new ifo thread.
Acu“l Preferences
fGeneraI prefs r I/ O prefs rSens_ur's prefs |
Sensors
AcutimeEvent Serial port device: |/ deyv/tiy50
AcutimelPPs | Speed: 9600
Data bits: ~Stop bits: “Parity: ——
{2 7 bits ® 1 bit ) Even
(@) 8 bits ) 2 bit @) Odd
C)..N_Dne
[_General | Device | other |
I Done

Figure 16: Acutime™™event setting, device. Note also the odd parity setting.
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File. Options Help

Log
application entering server mode;
LacutimeBwent: started a new ifo thread.

Acuul Preferences -

( General prefs r 1/ O prefs | Sensors prefs

Sensors [ TSIP init strings (one full packet for row)

failable settings —

AcutimeEvent  [5e 455
: 5e.29.0,0,0,0,0,0,0,0,0,0 -
AcutimelPP5s I Acutime event

Ge,ab,0
bb,0,4,0,1,1,38,32,b8,c2,40,7F,71,ff,41,0,0,0,40,c0,0,0,1e,0,0,0,0, 0,7, 7,1, 71,17, 7]
bb,0

Ge,a5,40,0,0,0

~TSIP query strings (one full packet for row)
537

~Awailable settings

Acutime event

[_General | Device | other |

I Done

Figure 17: Acutime™event setting, other.

EVENT/TIMESTAMP RECORDING

ACUTIME m TRIMBLE ACUTIME GPS
2000 —
CLIENT 1
CLIENT 2 SWITCH
CLIENT N
CONTROL
B ‘%7 9600/0dd/8/
SYNC /dev/ttySO
NTERFACE
MODULE | TIMESTAMP
EVENT
AN ——+
L E 2]/ ond 9600/0dd/8/
/dev/ttyS1
H TTL Positive edge
SERVER
PORT nnnn (9990..9999)
140.105.67.xx

ISMAR CNR BOLOGNA

Figure 18: EVENT/TIMESTAMP cable routing and interfacing.
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2.2.1 Tests and Results

This section presents here the results obtained while testing the event timestamping with the
Acutime™

interface. We connected the event input of the AcutimeT™Synchronization Kit to a Quartz-
Controlled Time Base Generator, set to 59.2 seconds. The time differences between each times-
tamp were then plotted on a Time Series plot, as shown in Fig.19. At a first glance we are
able to see that the maximum error is about 250 microsec, to be taken into account for seismic
purposes. The signal rise side started at 2004-02-11 09:00, there was lack of data 16:30 to 17:30
and a steep descending step began at 18:00. This behaviour should be investigated further,
either on the GPS constellation management or on the TB side. In addition, there were some
spikes, both for positive or negative time differences. In spite of the above problems, we can see
that the data seem to be quite stable, and well within the AcutimeT™specification.

Feb 2004

11 12 13

59.90230

59.90225

59.90220

secC

{ 59.90215
B i e e a e oo 90210

EREEAS ARRRARRAR AR E R R T rr+ 59.90205
Figure 19: EVENT/TIMESTAMP. The time differences between events are shown.
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3 CONCLUSIONS

The software we have presented, yet in a preliminary stage, is thought to perform reliably in
data acquisition and distribution. Due to its modular concept and straightful connection to the
Internet, it is supposed to be useful for applications requiring remote control or acquisition, other
than local ones. The already available World Wide Area Network topology, and the emerging
Satellite and WiFi Communication links give the possibility of a direct connection to mobiles.
We have presented here an application on board of oceanographic ships. Even if not tested,
a CLIENT on shore may connect to the server on board, once the Internet connection was
available and established.
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A Connection of the AEP Load Cell

Fig.20 shows the electrical connections of the T20 Load Cell to the TA5 Digital RS-232 Trans-
mitter. The system was installed with a data cable length of aproximately 45 m (from the stern
A-frame to the recording room. The system worked fine with a power supply of 12.5V. However,

24 V should be preferred if available.

MO.TAS5.500.R4 TAS RS232 DIGITAL TRANSM.

S+

[L2IBIEAIGE 67O 101 [I2][3]14]
EEUE a E
- + -
S ov vV Z X B

=
o
=

white
yellow
Iblack

12/24 V

>—|

LU

@ .
ot
Q‘

CT2020TCXS5 20T LOADCELL

;

AEP MODENA

Figure 20: Electrical connections of AEP’s T20 Load cella to TA5 transmitter.

B Setting of the Acutime™

The A2K requires a proper initialization (according to the TSIP binary protocol):

e 8e,45,6select accurate positioning

e 8e,a9,0disable self survey 8e,a6,0 disable self survey

e bb,0,4,0,1,3e,32init and set the receiver bb,0 init and set the receiver

e 8e,ab5,40,0,0,0 event and 8f-adpacket on port B
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C examples of data

Hereafter the listings of the data directory is shown. Note the hourly timestamped sensor data

files.

-YW-r--r-- 1 root root 323874 Mar 10 19:59 test.2004-03-10-18.GPSNMEAO
-YW-r--r-- 1 root root 266761 Mar 10 19:59 test.2004-03-10-18.Loadcell0
-TW-T--T-- 1 root root 410400 Mar 10 20:59 test.2004-03-10-19.GPSNMEAQ
-TW-T--T-- 1 root root 338118 Mar 10 20:59 test.2004-03-10-19.Loadcell0
-rW-r--r-- 1 root root 410363 Mar 10 21:59 test.2004-03-10-20.GPSNMEAO
-YW-r--r-- 1 root root 338212 Mar 10 21:59 test.2004-03-10-20.LoadcellO
-TW-r--r-- 1 root root 410400 Mar 10 22:59 test.2004-03-10-21.GPSNMEAO
-rW-r--r-- 1 root root 338118 Mar 10 22:59 test.2004-03-10-21.Loadcell0
-rWw-r--r-- 1 root root 410437 Mar 10 23:59 test.2004-03-10-22.GPSNMEAO
-IW-r--r-- 1 root root 338118 Mar 10 23:59 test.2004-03-10-22.Loadcell0
-TW-T--T-- 1 root root 410400 Mar 11 00:59 test.2004-03-10-23.GPSNMEAQ
-YW-r--r-- 1 root root 338212 Mar 11 00:59 test.2004-03-10-23.Loadcell0
-rW-r--r-- 1 root root 410400 Mar 11 01:59 test.2004-03-11-00.GPSNMEAO
-rw-r--r-- 1 root root 338118 Mar 11 01:59 test.2004-03-11-00.Loadcell0
-YW-r--r-- 1 root root 409918 Mar 11 02:59 test.2004-03-11-01.GPSNMEAO
-rw-r--r-- 1 root root 338212 Mar 11 02:59 test.2004-03-11-01.Loadcell0
-rw-r--r-- 1 root root 410400 Mar 11 03:59 test.2004-03-11-02.GPSNMEAO
-TW-T--T-- 1 root root 338118 Mar 11 03:59 test.2004-03-11-02.Loadcell0
-YW-r--r-- 1 root root 410400 Mar 11 04:59 test.2004-03-11-03.GPSNMEAO
-TW-T--T-- 1 root root 338118 Mar 11 04:59 test.2004-03-11-03.Loadcell0
-TW-T--T-- 1 root root 410363 Mar 11 05:59 test.2004-03-11-04.GPSNMEAQ
-rw-r--r-- 1 root root 338212 Mar 11 05:59 test.2004-03-11-04.Loadcell0
-rw-r--r-- 1 gb users 5753 2004-02-10 15:59 ACUTIME_TEST/test_tb_.2004-02-10-
-rw-r--r-- 1 gb users 19823 2004-02-10 16:59 ACUTIME_TEST/test_tb_.2004-02-10-
-rw-r--r-- 1 gb users 19786 2004-02-10 17:59 ACUTIME_TEST/test_tb_.2004-02-10-
-TW-T--T-- 1 gb users 19819 2004-02-10 18:59 ACUTIME_TEST/test_tb_.2004-02-10-
-IW-r--r-- 1 gb users 19886 2004-02-10 19:59 ACUTIME_TEST/test_tb_.2004-02-10-
-YW-r--r-- 1 gb users 19892 2004-02-10 20:59 ACUTIME_TEST/test_tb_.2004-02-10-
-IW-r--r-- 1 gb users 19867 2004-02-10 21:59 ACUTIME_TEST/test_tb_.2004-02-10-
-IW-r--r-- 1 gb users 20257 2004-02-10 22:59 ACUTIME_TEST/test_tb_.2004-02-10-
-rw-r--r-- 1 gb users 19908 2004-02-10 23:59 ACUTIME_TEST/test_tb_.2004-02-10-
-rw-r--r-- 1 gb users 19935 2004-02-11 00:59 ACUTIME_TEST/test_tb_.2004-02-10-
-rw-r--r-- 1 gb users 19844 2004-02-11 01:59 ACUTIME_TEST/test_tb_.2004-02-11-
-rw-r--r-- 1 gb users 19844 2004-02-11 02:59 ACUTIME_TEST/test_tb_.2004-02-11-
-YW-r--r-- 1 gb users 19855 2004-02-11 03:59 ACUTIME_TEST/test_tb_.2004-02-11-
-IW-r--r-- 1 gb users 19870 2004-02-11 04:59 ACUTIME_TEST/test_tb_.2004-02-11-
-YW-r--r-- 1 gb users 19819 2004-02-11 05:59 ACUTIME_TEST/test_tb_.2004-02-11-

G.Stanghellini & G.Bortoluzzi, ISMAR-CNR Technical Report N.88



18

-rw-r--r-- 1 gb users 19849 2004-02-11 06:59 ACUTIME_TEST/test_tb_.2004-02-11-
-rw-r--r-- 1 gb users 19774 2004-02-11 07:59 ACUTIME_TEST/test_tb_.2004-02-11-
-rw-r--r-- 1 gb users 20147 2004-02-11 08:59 ACUTIME_TEST/test_tb_.2004-02-11-

Here below the format of the data files for the GPS sensor is presented. The data were
acquired at ISMAR Bologna. The antenna was placed in such a way that few SV were visible.
Note the one second update of the ZDA sentence, which is synchronizes to UTC. In contrast,
the GGA sentence updates synchrounously with UTC only when the position data were made
available (more than 3-4 SVs).

$GPGGA,155947,4431.423403,N,01120.369158,E,0,03,2.3,24.36,M,47.51,M, ,0000%7C
$GPZDA,160000.73,11,03,2004,-1,00%7C
$GPGGA,155947,4431.423403,N,01120.369158,E,0,03,2.3,24.36,M,47.51,M, ,0000%7C
$GPZDA,160001.73,11,03,2004,-1,00%7D
$GPGGA,155947,4431.423403,N,01120.369158,E,0,03,2.3,24.36,M,47.51,M, ,0000%7C
$GPZDA,160002.71,11,03,2004,-1,00%7C
$GPGGA,155947,4431.423403,N,01120.369158,E,0,03,2.3,24.36,M,47.51,M, ,0000%7C
$GPZDA,160003.71,11,03,2004,-1,00%7D
$GPGGA,155947,4431.423403,N,01120.369158,E,0,03,2.3,24.36,M,47.51,M, ,0000%7C
$GPZDA,160004.72,11,03,2004,-1,00%79
$GPGGA,155947,4431.423403,N,01120.369158,E,0,03,2.3,24.36,M,47.51,M, ,0000%7C
$GPZDA,160005.72,11,03,2004,-1,00%78
$GPGGA,155947,4431.423403,N,01120.369158,E,0,03,2.3,24.36,M,47.51,M, ,0000%7C
$GPZDA,160006.72,11,03,2004,-1,00%7B
$GPGGA,155947,4431.423403,N,01120.369158,E,0,03,2.3,24.36,M,47.51,M, ,0000%7C
$GPZDA,160007.72,11,03,2004,-1,00%7A
$GPGGA,160008,4431.400483,N,01120.367407,E,1,04,3.9,28.88,M,47.51,M, ,0000%74
$GPZDA,160008.78,11,03,2004,-1,0047F
$GPGGA,160009,4431.400729,N,01120.367416,E,1,04,3.9,28.81,M,47.51,M, ,0000%7F
$GPZDA,160009.75,11,03,2004,-1,00%73
$GPGGA,160010,4431.400968,N,01120.367424,E,1,04,4.0,28.74,M,47.51,M,,0000%79
$GPZDA,160010.73,11,03,2004,-1,00%7D
$GPGGA,160011,4431.401344,N,01120.367441,E,1,04,4.0,28.63,M,47.51,M, ,0000%78
$GPZDA,160011.73,11,03,2004,-1,00%7C
$GPGGA,160012,4431.401647,N,01120.367452,E,1,04,4.0,28.55,M,47.51,M, ,0000*%7A
$GPZDA,160012.71,11,03,2004,-1,00%7D
$GPGGA,160013,4431.401894,N,01120.367460,E,1,04,4.0,28.48,M,47.51,M,,0000%76
$GPZDA,160013.73,11,03,2004,-1,00%7E
$GPGGA,160014,4431.402189,N,01120.367468,E,1,04,4.0,28.39,M,47.51,M, ,0000%79
$GPZDA,160014.73,11,03,2004,-1,00%79
$GPGGA,160015,4431.402369,N,01120.367471,E,1,04,4.0,28.33,M,47.51,M, ,0000%76
$GPZDA,160015.73,11,03,2004,-1,00%78
$GPGGA,160016,4431.402544,N,01120.367473,E,1,04,4.0,28.27,M,47.51,M, ,0000%7B
$GPZDA,160016.73,11,03,2004,-1,00%7B
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$GPGGA,160017,4431.403168,N,01120.367767,E,1,04,
$GPZDA,160017.75,11,03,2004,-1,00%7C
$GPGGA,160018,4431.403368,N,01120.367774,E,1,04,
$GPZDA,160018.73,11,03,2004,-1,00%75
$GPGGA,160019,4431.403583,N,01120.367783,E,1,04,
$GPZDA,160019.73,11,03,2004,-1,00%74
$GPGGA,160020,4431.403845,N,01120.367798,E,1,04,
$GPZDA,160020.73,11,03,2004,-1,00+7E
$GPGGA,160021,4431.404077,N,01120.367810,E,1,04,
$GPZDA,160021.72,11,03,2004,-1,00%7E
$GPGGA,160022,4431.404230,N,01120.367816,E,1,04,
$GPZDA,160022.72,11,03,2004,-1,00%7D
$GPGGA,160023,4431.404372,N,01120.367818,E,1,04,
$GPZDA,160023.72,11,03,2004,-1,00%7C
$GPGGA,160024,4431.404491,N,01120.367820,E,1,04,
$GPZDA,160024.72,11,03,2004,-1,00%7B

4.0,28.48,M,47.51,M, ,0000%7E

4.0,28.42,M,47.51,M, ,0000%7B

4.0,28.37,M,47.51,M,,0000%73

4.0,28.30,M,47.51,M,,0000%73

4.0,28.25,M,47.51,M,,0000%77

4.0,28.20,M,47.51,M,,0000%76

4.0,28.15,M,47.51,M,,0000%78

4.0,28.11,M,47.51,M,,0000%7A

And here we show the data collected by the Acutime™. The codes 0x8fad and 0x8fab label
the accurate event timestamp and position records, respectively.

TSIP_0Ox8fad,event_count,799,fractional_second,O.
4,utc_flags,1
TSIP_0x8f0b,event_count,799,time_of_week,225758.
,71.90707686077803
TSIP_Ox8fad,event_count,800,fractional_second,O.
4,utc_flags,1
TSIP_0x8f0b,event_count,800,time_of_week,225818.
t,74.75267158914357
TSIP_Ox8fad,event_count,801,fractional_second,O.
44 ,utc_flags,1
TSIP_0x8f0b,event_count,801,time_of_week,225878.
t,72.7618990978226
TSIP_Ox8fad,event_count,802,fractional_second,O.
4,utc_flags,1
TSIP_0x8f0b,event_count,802,time_of_week,225938.
1t,68.6370674725622
TSIP_0x8fad,event_count,803,fractional_second,O.
4,utc_flags,1
TSIP_0x8f0b,event_count,803,time_of_week,225998.
,65.94852707907557
TSIP_0x8fad,event_count,804,fractional_second,O.

6794964328000788,utc_hour,14,utc_minute,42,ut
6794964328,date,10,month,2,year,2004,utc_offs
5817191054811701 ,utc_hour,14,utc_minute,43,ut
58171910548 ,date,10,month,2,year,2004,utc_off
48394021473359317,,utc_hour,14,utc_minute,44,v
48394021473 ,date,10,month,2,year,2004,utc_off
3861613353656139,utc_hour,14,utc_minute,45,ut
38616133537 ,date,10,month,2,year,2004,utc_off
2883760830445681 ,utc_hour,14,utc_minute,46,ut
28837608304 ,date,10,month,2,year,2004,utc_off

19060268186149187 ,utc_hour,14,utc_minute,b 47,1
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Hereafter follow the perl code to read and plot the GPSNMEA. data.

#!/bin/perl
# convert ddmm.hh and ddmmss.hh to degree
sub dmhd60 { local ($alfa)=0_;
local ($segno)=$alfa<0?(-1):1;
local ($temp)=%segno<0?7$alfa*(-1):$alfa;
local ($xd)=int($temp/100); $yd=$temp- ($xd*100);
return $segno* ($xd+$yd/60) ;
}
sub dmsd60 { local ($alfa)=Q_;
local ($segno)=$alfa<0?(-1):1;
local ($temp)=%segno<0?7$alfa*(-1):$alfa;
local ($xd)=int($temp/10000) ;
local ($yd) = int (($temp - $xd*10000)/100 );
local ($zd) = $temp - ($xd*10000.0 + $yd*100);
return $segnox ($xd+$yd/60+$zd/3600) ;

}

while (<>) {

next if not /~$GPGGA/; @A=split(/,/);
$1at=dmhd60($A[2])*($A[E] eq "S" 7 -1 : 1) ;
$1on=dmhd60($A[4])*($A[5] eq "W" 7 -1 : 1) ;
next if ($lat == $old_lat and $lon == $old_lon);
print "$lon $lat \n";

$old_lat = $lat;

$01d_lon = $lon;

}

Here follows the Perl code to read the Acutime™

#!/usr/bin/perl
while (<>) {
if (/0x8fad/) {
Q@A=split(’,?);
$event = $A[2]; $frac = $A[4];
$hh = $A[6]; $mm = $A[8]; $ss = $A[10];
$day = $A[12]; $month = $A[14]; $year = $A[16];
$sfrac = $ss + $frac;
$sec_since = $day*86400 + $hh*3600 + $mm*60 + $sfrac;
print "$event $diff $year $month $day $hh $mm $sfrac\n"
if $event !'= 0 and $count > O;
$count+=1;

G.Stanghellini & G.Bortoluzzi, ISMAR-CNR Technical Report N.88

accurate event timestamp data.



21

And finally the bash script that plots the GPS data with GMT:

#!/bin/sh
# RTOD, region, projection and Basemap grid,anot and ticks
RTOD=57.29577951308232286465
=-R11:20:20/11:20:24/44:31:23.5/44:31:27.5
J=-Ju33/1:1000 ; B=-Bglca2cf0.1cESwn
PS=GPS.ps
psbasemap $R $J $B -K -P > TMP.PS
# data files TRIMBLE ACUTIME
DATA=‘ls ACUTIME_TEST/*.AcutimeEvent ¢
for d in $DATA ; do
grep 0x8f0b $d | awk °FS=","{printf("%.6f %.6f\n", $17xA,$15*%A)}’ A=$RTOD |\
psxy $R $J -Sc0.01 -wW0.1/255/0/0 -K -0 >> TMP.PS
done
# data files TRIMBLE 4000DL
DATA=‘1s *GPSNMEAO.dat*¢
for d in $DATA ; do
perl read_GPSNMEA.pl $d | psxy $R $J -Sc0.1 -K -0 >> TMP.PS
done
echo "showpage" >> TMP.PS ; sed /setpagedevice/d TMP.PS > $PS

Fig.21 shows the plotted data.

Figure 21: GPSNMEA (Trimble 4000DL) and Acutime™ position data plotted.
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Herafter an example of Load Cell data follow. The TAb transmitter dos not provide any
internal time information, hence the timestamp is the System clock taken at the time of TA5
query by the software. That timet was also converted to Unix Time.

date ; hh:mm:ss ; unix time %%%$00+ Load

2003-12-07 ; 23:06:13 ; 1070834773646%%4$00+ 96 N
2003-12-07 ; 23:06:14 ; 1070834774647%%44$00+ 95 N
2003-12-07 ; 23:06:15 ; 1070834775648% %4300+ 96 N
2003-12-07 ; 23:06:16 ; 1070834776649%%%A$00+ 96 N
2003-12-07 ; 23:06:17 ; 1070834777650% %4300+ 95 N
2003-12-07 ; 23:06:18 ; 1070834778651%%%4$00+ 95 N
2003-12-07 ; 23:06:19 ; 1070834779652% %4300+ 96 N
2003-12-07 ; 23:06:20 ; 1070834780653%%%A$00+ 95 N
2003-12-07 ; 23:06:20 ; 1070834780957%%A$00+ 96 N
2003-12-07 ; 23:06:21 ; 1070834781958%%%A$00+ 96 N
2003-12-07 ; 23:06:22 ; 1070834782959%%%4$00+ 95 N
2003-12-07 ; 23:06:23 ; 1070834783960%% %4300+ 95 N
2003-12-07 ; 23:06:24 ; 1070834784961%%%4$00+ 96 N
2003-12-07 ; 23:06:25 ; 1070834785963% %4300+ 96 N
2003-12-07 ; 23:06:26 ; 1070834786964%%%4$00+ 96 N
2003-12-07 ; 23:06:27 ; 1070834787965% %4300+ 96 N
2003-12-07 ; 23:06:28 ; 1070834788965%%%A$00+ 96 N
2003-12-07 ; 23:06:29 ; 1070834789966%%%A$00+ 96 N
2003-12-07 ; 23:06:30 ; 1070834790967%%%A$00+ 96 N
2003-12-07 ; 23:06:31 ; 1070834791968%% %4300+ 96 N
2003-12-07 ; 23:06:32 ; 1070834792969%%%4$00+ 96 N
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