
  

  

 

SEVENTH FRAMEWORK PROGRAMME - THEME ICT 
INFORMATION AND COMMUNICATION TECHNOLOGIES 

Underwater Acoustic Networks 

WP6 Deliverable 6.3 

Project Sea Trial Report 
UAN’11, Trondheim, Norway, May 23 – 28 2011 

PROJECT ACRONYM: UAN Grant Agreement no. 225669  

PROJECT TITLE:  UNDERWATER ACOUSTIC NETWORK 

 

Deliverable due date: 2011-07-31 Actual submission date: 2011-09-11  

Start date of project: October 1, 2008 Duration: 36 months 

Lead beneficiary for this deliverable: SINTEF Revision: 1.0 

 

Project co-funded by the European Commission within the Seventh Framework 

Programme (2007-2013) 

Dissemination Level: 

PU Public  

PP Restricted to other participants (including the Commission Services) x 

RE Restricted to a group specified by the consortium (including the 

Commission Services) 

 

CO Confidential, only for member of the consortium (including the Commission 

Services) 

 



 

Contents 

1. Introduction .................................................................................... 4 

1.1. Acronyms and abbreviations ........................................................................................... 9 

2. The system as tested ..................................................................... 12 

2.1. System components ....................................................................................................... 12 

2.2. System overview ........................................................................................................... 20 

2.3. Acoustic link frequencies used ...................................................................................... 23 

3. Deployment geometry ................................................................... 24 

4. Test diary ....................................................................................... 26 

4.1. Monday May 23
rd

 .......................................................................................................... 26 

4.2. Tuesday May 24
th

 .......................................................................................................... 27 

4.3. Wednesday May 25
th

 ..................................................................................................... 28 

4.4. Thursday May 26
th

 ........................................................................................................ 29 

4.5. Friday May 27
th

 ............................................................................................................. 31 

5. Environmental data ....................................................................... 32 

5.1. Bathymetry .................................................................................................................... 32 

5.2. Sea floor properties ....................................................................................................... 35 

5.3. Salinity, temperature and speed of sound ...................................................................... 36 

5.4. Weather ......................................................................................................................... 37 

6. Test data ........................................................................................ 38 

7. Results and evaluation................................................................... 39 

Appendix A. UAN11 Data report (CINTAL) ............................................ 40 

Appendix B. SIMO experiment May 25th (FOI) .................................... 111 

Appendix C. Sea Trial Report (KM) ..................................................... 124 

Appendix D. Networking log and evaluation (SINTEF) ........................ 131 

Appendix E. UAN11: ISME Data report ................................................ 148 

Appendix F. Command and control evaluation (Selex) ....................... 160 

Appendix G. UAN11 Bathymetry ......................................................... 164 

Appendix H. Test plan per May 23rd .................................................... 170 

Appendix I. Daily test plan revisions .................................................. 228 

 

 
 



Figure index (legends are abbreviated) 

Figure 1 Test site overview. ................................................................... 10 
Figure 2 RV Gunnerus ............................................................................ 11 

Figure 3 The STU before deployment ..................................................... 15 

Figure 4 STU as deployed for UAN11 ...................................................... 16 
Figure 5 A FNO before deployment ......................................................... 17 

Figure 6 FNOs as deployed for UAN11 .................................................... 18 
Figure 7 FNO3 photograph ..................................................................... 19 

Figure 8 Mobile nodes as used in UAN11 ................................................ 20 
Figure 9 UAN concept. Underwater components as tested. .................... 21 

Figure 10 Network layers, communications and data exchange ............. 22 
Figure 11 Geographical distribution of non-mobile nodes ...................... 25 

Figure 12 Fiberoptical cable deployment and STU with KM modem ........ 26 
Figure 13 Deployment of a Fixed Node and following a Folaga by RIB ... 27 

Figure 14 Folaga in surface position in slightly rough sea. ..................... 28 
Figure 15 Deployment of Folaga from the diver platform of Gunnerus ... 30 

Figure 16 Control room computer screens and signal received on VA .... 31 
Figure 17 Bathymetry overview. 5 m interval contour plot. ................... 32 

Figure 18 Bathymetry grid points for the main data ............................... 33 

Figure 19 Bathymetry of the test area. 5 m interval contour plot ........... 34 
Figure 20 Bathymetry close-up, from Figure 19. .................................... 35 

Figure 21 The 16 sound speed profiles, measured May 24-27 ................ 36 
 

 
Table index (legends are abbreviated) 

Table 1 Frequencies used for P2P acoustic communication .................... 23 
Table 2 APOS/HiPAP positions of nodes and fictive threats ................... 24 

Table 3 Official weather observations at Værnes ................................... 37 
 



   

1. Introduction 

The UAN project aims at conceiving, developing and testing at sea an innovative 

and operational concept for integrating in a unique system submerged sensors 
with the objective of protecting offshore and coastline critical infrastructures.  

 
The fundamental idea behind UAN is that in order to obtain a sustainable gain of 

performance the whole communication system should be able to adapt itself to 
the physical acoustic propagation conditions at that particular time and water 

volume where the system is operating. This includes the use of mobile 

underwater nodes that can position themselves efficiently for operating as relay 
nodes in the wireless network. These nodes may also carry intrusion detection 

payload, and their operation, then, must be a trade-off between the two 
objectives. The UAN concept also includes fixed nodes, communication 

networking and data management systems, and finally a Command and Control 
(C2) subsystem, i.e. integration into a wide area C2 system. 

 
The project is developing the key elements of the concept and has carried out 

several sea trials to test and improve system components. These earlier tests 
have also considered interaction between components, but not fully integrated all 

of them into a complete system. Testing of such an integrated system has been 
the overall goal of the present, final tests. The tests were carried out in 

Trondheim, Norway, on May 23-27 2011. They are denoted UAN11 in the 
following. 

 

Integration builds on the functionality of the system components, and testing of 
the system should include testing of key components. From a physical devices 

point of view, the main UAN components are: 
 

1. Subsurface Telemetry Unit (STU) comprising 
 Underwater acoustic modem from Kongsberg Maritime (KM). 

 Vertical hydrophone array (VA) 
 Vertical chain of thermistors 

 Fiberoptical cable connection to shore 
 Underwater industry-PC connected to the above devices. 

2. Fixed Nodes (FNOs), each comprising 
 KM modem as in STU. 

 Vertical chain of thermistors similar to that in the STU 
 Underwater industry-PC unit connected to the KM modems. 
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CHAPTER 1 INTRODUCTION   

3. Mobile Nodes (MNOs), each comprising 

 Folaga class Autonomous Underwater Vehicle (AUV). 
 KM modem as in the STU and FNOs. 

4. Command and Control (C2) system on shore1 
 

Section 2 describes both components and their integration, as implemented for 
UAN11, in some more detail. The UAN11 tests were defined in relation to the key 

functions of the above devices. The functional components and their testing in 
UAN11 are described as follows:  

 

 Bidirectional point to point communication (referred to as SISO-P2P) 
This is single input – single output point to point communication between 

underwater network nodes (FNOs, MNOs, STU). The SISO-P2P conveys 
information over individual network-hops between underwater nodes and 

the C2 system. The functionality is implemented in real time on KM 
modems, including both earlier communication algorithms and a new one 

based on turbo equalization. The latter has been implemented in the 
project.  

Test objective: To test the functionality of new and earlier algorithms in a 
network environment. 

Responsible: Kongsberg Maritime (KM). 
 

 Unidirectional high capacity point to point communication (referred 
to as SIMO-P2P) 

This is single input – multiple output point to point communication, 

unidirectionally from remote nodes to the vertical array (VA) of the STU. 
The VA opens for considerably higher communication capacity than the 

above SISO-P2P links. 
Test objectives: To test (1) the time reversal based SIMO algorithms 

developed during UAN, and (2) SIMO turbo equalization receiver 
algorithms. 

Furthermore (3) to verify transmission of image data to the STU/C2, related 
to a simulated threat. 

Responsible: CINTAL (1 and 3) and FOI (2). 
 

 Node adaptivity 
Folaga AUVs and KM modems have been integrated in the project, and a 

remote control system has been developed such that C2 can command the 
vehicles to move or carry out other actions. Communication between the 

vehicle and the C2 system is done via the UAN middleware (see below), 

which uses the acoustic network. When in surface position the vehicle can 
also be controlled manually over a radio link. 

                                                 

1
 or on surface vessel or permanent installation at sea 
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Test objectives: To test the integration of the AUVs in the acoustic 

network and in the high level middleware and C2 system. Specifically it 
should be verified that C2 can control the AUV through the middleware and 

the acoustic network. 
Responsible: ISME 

 
 Network protocols 

Protocols for medium access control (MAC) and multihop routing are 
necessary to reliably transfer information between source and sink nodes in 

the acoustical network. Existing protocols have been improved and 

extended during the project. These protocols have been implemented in 
real time on the KM modems. To facilitate end-to-end IP connectivity 

between high level users, an IP interface between the acoustical protocols 
and the middleware level has been implemented. 

Test objectives: (1) to test the implemented acoustical network 
functionality at sea, for both stationary and mobile nodes. (2) To verify IP 

interfacing towards high level applications. 
Responsible: SINTEF 

 
 Middleware - Database and network clients 

The MOOS1 software was chosen as middleware between the application 
level and the underwater acostic network. The middleware hides network, 

so that the clients see a simple database message exchange system. The 
clients in this respect are the C2 and the control system of each node, 

including the AUV control system. The database is centralized and co-

located with the C2 on shore. Security features have been added to the 
standard MOOS software to comply with the overall UAN vision. Specifically 

these features are integrity, authentication and encryption.  
Test objective: To verify the functionality of the middleware in the UAN 

system, especially in secure mode. 
Responsible: ISME 

 
 System integration - Command and Control 

The UAN concept aims to provide underwater surveillance as an integral 
part of a wide area surveillance system. Hence, software has been 

developed for integration of UAN in a C2 environment. For UAN11 the on-
shore C2 setup is mainly composed of a Monitoring and Control interface 

(MC). MC is able to display all the collected information on a map and to 
send commands to the integrated system. In detail, MC is able to receive 

data from and to command the underwater network, and to do the same for 

an on-shore surveillance camera and simulated wide area sensors (RADAR 
and long range optical system). 

                                                 

1
 http://www.robots.ox.ac.uk/~mobile/MOOS/wiki/pmwiki.php 
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Test objectives: To test the integration of all the above functionality into a 

wide are surveillance system. Specifically this is achieved by demonstrating 
the following use cases: (1) C2 periodically receives information about node 

position, status and enviromental data. (2) in a simulated threat situation, 
C2 commands a mobile node to move towards a threat position and the 

mobile node acknoledges and carries out the command (3) In the same 
scenario, when the mobile node is near the target, C2 asks the mobile node 

to provide an image of the target over the high capacity SIMO-P2P link (4) 
C2 controls the surveillance camera for surface scenario analysis (5) C2 is 

able to receive tracks from the simulated radar and to send command to 

the simulated long range optical system.  
The SISO P2P network carries all the underwater data traffic (items 1-3), 

except for the high rate image transfer back to C2.  
Responsible: Selex 

 
The expected outcome of UAN11 is mainly a demonstration that the UAN concept 

is feasible. This corresponds to the above system integration test objectives. As 
stated above it is necessary for a positive outcome that all of the functional test 

objectives are fulfilled, with underlying components performing sufficiently to fulfil 
the demonstration of integration.  

 
A secondary result of importance is the collection of valuable field test data, for 

further development of the UAN concept, and for research and development 
within the scientific disciplines involved. 

 

The tests as outlined above are relatively complex and are carried out to a large 
extent using lab-prototype components. Furthermore, both underwater and on-

shore equipment is included. Together this calls for a test location with on-shore 
lab, reasonably protected waters and efficient ship-support. To meet these 

criteria, the area around Storsand gård camping in the Trondheim fjord was 
chosen as test location, with support from RV Gunnerus1. Figure 1 shows the test 

area and Figure 2 the ship. On-shore labs were established at the camping, with 
the fibre cable connection to the STU extending some 900 m out from shore. 

 
A consequence of the chosen fjord location is quite challenging acoustical 

propagation conditions due to depth variability and fresh water inflow from rivers. 
Hence, the P2P communication, especially the SISO one, met challenging 

conditions during UAN11. The bathymetry is described in section 5.1 and the 
acoustical environment as measured during the tests in section 5.3. 

 

The week before UAN11 the partners were gathered to assemble equipment and 

                                                 

1
 Research vessel of The Norwegian University of Science and Technology, Trondheim. Specifications of the ship can be 

found in the Appendix H:  

Test plan per May 23rd. 
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carry out initial verifications of functionality of the UAN components.  

Demobilisation was carried out mainly on May 28th, with the last participants 
leaving on May 30th. 

 
The UAN partners responsible for different parts of the tests have made 

documents that describe individual tests and preliminary evaluations. These 
contributions constitute Appendix A to Appendix F of the present report. The main 

body of the report is an overview with much quotation from the appendices and 
leaving many details to these. The partner appendices are: 

 

 Appendix A UAN11 Data report (CINTAL): A comprehensive description of 
test hardware, geometry and the physical environment, together with 

Single Input Multiple Output (SIMO) point to point (P2P) communication 
tests and evaluation. 

 Appendix B. SIMO experiment May 25th (FOI): Description of long distance 
SIMO P2P tests carried out on May 25th.  

 Appendix C. Sea Trial Report (KM): Early evaluation of the behaviour of 
underwater acoustic network, on the level of packet communication.  

 Appendix D. Networking log and evaluation (SINTEF): Log and evaluation of 
test from the networking point of view. 

 Appendix E. UAN11: ISME Data report: Overview of tests and preliminary 
results for mobile nodes (Folagas) and the system database (MOOS). 

 Appendix F. Command and control evaluation (Selex): Evaluation of the test 
from the Command and Control perspective, and development deemed 

necessary towards a commercial product. 

 
Appendices in addition to those mentioned above are: 

 Appendix H, Test plan per May 23rd: The test plan as issued before the 
tests.  

 Appendix I, Daily test plan revisions : The collection of all the next-day 
schedule updates 

 
Consecutive page numbers through the whole report, consistent with the above 

table of contents, are printed as “Page” and the number at the bottom of each 
page. In the appendices local numbering is also shown. 
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1.1. Acronyms and abbreviations 

AUV Autonomous Underwater Vehicle 

C2 Command and control system 

CINTAL Centro de Investigação Tecnológica do Algarve, University of 

Algarve, Portugal (UAN project partner/coordinator) 

CTD Conductivity Temperature Depth sensor (sound velocity deduced) 

DB Database 

DSSS Direct Sequence Spread Spectrum (modulation) 

FN or FNO Fixed node 

FOI Swedish Defence Research Agency, Stockholm (UAN project 

partner) 

GPS Global Positioning System 

IP Internet Protocol 

ISME Interuniversity Res. Ctr. On Integrated Systems for the Marine 

Environment, University of Genova (UAN project partner) 

KM Kongsberg Maritime, Horten, Norway (UAN project partner) 

MAC Medium Access Control (wireless network component) 

MC Monitoring and Control 

MN or MNO Mobile node (Folaga) 

OBJ Object (threat simulated by C2 – arbitrarily chosen location) 

P2P Point to point (communication) 

SIMO Single input multiple output (communication, P2P level) 

SISO Single input single output (communication, P2P level) 

STU Subsurface Telemetry Unit (with cable and acoustic 
communication) 

RIB Rigid inflatable boat 

UAN Underwater Acoustic Network (project name) 

UTM 32V Universal Transverse Mercator (map coordinate system), zone 32 V 

VA Vertical Array (part of STU) 

WP Work Package 
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Figure 1 Test site overview: Test area at sea with on shore Command and 

Control (C2), connected via 1 km optical cable to Subsurface Telemetry Unit 
(STU). 

Test area 

Cable from  

C2 to STU 

On shore facility: C2 

(camping with pier) 
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Figure 2 RV Gunnerus 
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2. The system as tested 

 

The UAN system as implemented for the present tests has already been 
introduced briefly in section 1. In the following some additional details are given 

mainly on the underwater parts. Some repetition from section 1 is inevitable. 
Individual components are described first in section 2.1, followed by an overview 

of the entire system in section 2.2. Section 2.3 is an overview of frequencies used 
for the acoustic links. 

 

Note that the test-implementation aims to demonstrate the key technological 
elements and the feasibility of system integration. Hence, the implementation can 

not be claimed to be close to a commercial system, neither in component 
implementation nor in the number of underwater nodes. Furthermore, the project 

focuses on the communication system and data management, with intruder 
detection payload only being simulated. 

 
 

 

2.1. System components 

The system tested during UAN11 comprises the components described below, of 
which not all were active all the time. 

 

1. One Subsurface Telemetry Unit (STU)1  
The STU components are depicted in Figure 3 and its deployment during 

UAN11 is shown in Figure 4 which is from Appendix A2. The components are: 
 KM acoustic modem. The modem carries out bidirectional SISO P2P 

communication, together with acoustic networking functions, i.e. MAC and 
routing. The latter includes calculation of routing tables after FLOOD-based 

network discovery. The routing can also be set manually via KM’s APOS 
command system.  

 Vertical hydrophone array (VA). The array constitutes the multiple receiver 
part of the SIMO-P2P functionality. Only the STU has a VA, which means 

that the functionality is unidirectional and single hop, i.e. it is not used for 
multi-hop network communication. For UAN11 the VA has been 

implemented and test signals were transmitted both from the network 

                                                 

1
 Not limited to one in principle 

2
 The sea depths in the figure are values measured by Gunnerus during deployment, including the 

local tide 
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nodes and from dedicated transmitters hanging off Research Vessel 

Gunnerus. Receiver signal processing is carried out off line. 
 Vertical chain of thermistors. This is used to measure the vertical 

temperature distribution. The measurements are sent to C2 as input to the 
environment-database, which is used for sound propagation estimation. 

 Fiberoptical cable connection to shore, 1000 m total length. 
 Underwater industry-PC connected to the above devices. This controls and 

conveys the data traffic between the above STU components and on-shore 
devices, using the fibre cable. For the real time SISO acoustic 

communication, an IP interface is implemented to facilitate the use of the 

MOOS middleware as described in section 1. 
 

2. Two Fixed Nodes (FNO1 and FNO2) 
A FNO is depicted in Figure 5 and the deployment of both during UAN11 is 

shown in Figure 6 which is from Appendix A1. The components are: 
 KM acoustic modem, operating as in the STU, except that routing is only 

carried out, not calculated. Manual routing specification via APOS can be 
carried out, but relies on the SISO P2P connection.  

 Vertical chain of thermistors similar to the one in the STU. Measurements 
are sent to C2 via the acoustic network. 

 Underwater industry-PC as in the STU, implementing a MOOS client. 
 

3. One simplified Fixed Node (FNO3) 
FNO3 and its deployment during UAN11 is shown in Figure 7. The node is a 

KM modem only, i.e. it carries out P2P communication, MAC and routing, but 

has no MOOS client. Hence, the node has no own data to submit, but works as 
an acoustic relay station. 

 
4. Two Mobile Nodes (MNO1 and MNO2) 

The MNOs are shown in Figure 8. The components are: 
 Folaga class Autonomous Underwater Vehicle (AUV). The vehicle has a 

MOOS client implemented, that receives commands and submits 
information to C2 via the MOOS database. 

 KM acoustic modem, operating exactly as in FNO1 and FNO2. To perform 
optimally for the shallow dive vehicle, the transducer of each modem is 

rotated so as to point downwards, rather than axially as in the other nodes. 
 

5. A simulated Mobile Node (MNO3) 
This was implemented by Folaga hardware onboard RV Gunnerus, with the KM 

modem hanging off the side of the ship. This allowed a human operator to 

follow in detail the message exchange between the node and the MOOS 
database and C2. 

 

                                                 

1
 Again sea depths in the figure are values measured by Gunnerus during deployment, including the local tide. 
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6. A computer implementation of a middleware system 

This is sufficiently described in section 1. A centralized MOOS database has 
been chosen for this function, with security features added. 

 

7. A Command and Control system 
This is sufficiently described in section 1. The C2 operates as a MOOS client. 

An IP-camera represents in-air components of the wide are surveillance 
system. 

 

Devices not part of the UAN concept as such but providing supplementary 
functions and test results during UAN11 were:  

 
 Signal recording equipment on shore. 

Signals from the VA were recorded continuously throughout the test period. 
 Stand-alone transmitters used from Gunnerus, for SIMO tests. These are 

described in Appendix A. 
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Figure 3 The STU before deployment (components not connected together) 

Underwater PC 

KM modem 

Vertical array 

Fiber cable 
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Figure 4 STU as deployed for UAN11 

. 
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Figure 5 A FNO before deployment (components preliminarily tied together) 

Underwater PC 

KM modem 

Thermistor chain 
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Figure 6 FNOs as deployed for UAN11: FNO1 (upper) and FNO2 (lower) 

UAN D6.3 Project Sea Trial Report - Page 18



CHAPTER 2 THE SYSTEM AS TESTED   

 

 

Figure 7 FNO3 photograph (upper) and deployment (lower) 

Weight w/ swivel 

Modem w/floating 

collar, 2 kg 

buoyancy 

4 m 
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Figure 8 Mobile nodes as used in UAN11 

 
 

 

2.2. System overview 

An overview of the underwater components of UAN is given in Figure 9 1, and 
Figure 10 2 is an overview of data and control flow, for the complete on-shore and 

underwater system. 
 

 
 

 

 
 

 
 
 

                                                 

1
 From A. Caiti, et al., "UAN - Underwater Acoustic Network," presented at the Oceans 2011, Santander, Spain, 2011. 

2
 From Appendix A 

KM modem 

Folaga AUV 

4 m 
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Figure 9 UAN concept. Underwater components as tested. 

. 

= STU 
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Figure 10 Diagram of the UAN Project network layers, inter application 

communications and conceptual data exchange 
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2.3. Acoustic link frequencies used 

Table 1 is a simple overview of the frequency bands used for P2P acoustic 
communication. Root raised cosine pulse shaping was used for both SIMO cases, 

while no shaping was used for the SISO system. More detailed and specific 
information is given in Appendix A and Appendix B.  

 
Table 1 Frequencies used for P2P acoustic communication 

P2P system Centre frequency 
[kHz] 

Bandwidth [kHz]  
or related information 

SISO  (KM modems) 25.6 ≤ 4000 symbols/sec 

SIMO (FOI signals) 12 8.6 

SIMO (CINTAL signals) Varying: 5 – 19.6 Varying: 0.9 – 4.5 

. 
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3. Deployment geometry 

The motivation for the choice of test location is given in section 1. The STU and FNOs were 
deployed from RV Gunnerus. On May 23-25 the MNOs were deployed from shore and 
followed by Gunnerus’ RIBs. This turned out to be difficult unless the sea was calm, and on 
May 26-27 MNOs were deployed from the diver platform of Gunnerus.  
 
Based on multibeam echo sounder bathymetry scans, together with initial communication 

tests using a spare KM modem, the non-mobile nodes were placed as shown in Figure 11. 

The configuration was chosen to give fair but not too simple P2P communication 
conditions, making multihop routing a natural option. The geographical positions 

in this figure are those given by the GPS positioning system of RV Gunnerus 

during deployment of the nodes. The KM HiPAP/APOS system onboard Gunnerus 
provided more accurate position estimates using underwater acoustic positioning 

of the KM modems. These positions, as recorded on Friday 27th, are shown in 
Table 2. The table also includes positions of fictive threats define for system 

simulation. Corresponding time variable HiPAP data for mobile nodes are available 
in the APOS log files (see section 6).  

 
In addition to the configuration in Figure 11 two P2P SIMO test series were carried 

out with Gunnerus as transmitter platform and the VA/STU as receiver. Gunnerus 

then moved between several positions. These test are described in Appendix A 

(section 1.3 and 1.4) and Appendix B. Relevant bathymetry information is also 
found in Appendix G, and an illustration of the longest ship trace in Figure 17. 

 
Table 2 APOS/HiPAP positions of non-mobile nodes and  

fictive threats (OBJ1-2) - May 27th 

 

Decimal degrees UTM 32V [m] 

Unit Latitude Longitude North  East  

STU 63,44171873 10,71354497 7035949,14 585473,73 

FNO1 63,44285603 10,71539267 7036078,29 585562,49 

FNO2 63,44698453 10,72613567 7036552,58 586085,85 

FNO3 63,44524920 10,71338701 7036342,20 585455,33 

OBJ1 63,44891470 10,71229367 7036749,06 585389,89 

OBJ2 63,44618353 10,71940001 7036454,32 585752,38 

 

The vertical configuration of STU and FNOs are shown in Figure 4 and  

Figure 6 in section 2.  
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Figure 11 Geographical distribution of non-mobile nodes. From Gunnerus map 
system. OBJ 1 and 2 are fictive threats defined for system simulation. 

 

=  FNO 1. 

=  FNO 2. 
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4. Test diary 

The following diary is a brief overview. Details are found in the appendices and 

logs. 
 

SIMO signals (referred to as transparent) were transmitted from the FNOs and 
received at the STU each day (details in Appendix A). This is not mentioned 

explicitly in the following subsections.  
 

The weather is mentioned briefly for each day. More information can be found in 

section 5.4 and in Appendix A. 

4.1. Monday May 23rd 

The main activity was to deploy the STU and its fiberoptical cable connection to 
C2 on shore. The deployment is depicted in Figure 12. Basic acoustic 

communication between the STU and FNOs was verified by hanging the latter off 
the pier at the camping. 

 
A Folaga was at sea, deployed from shore and followed by a RIB from Gunnerus. 

 
The weather was calm and sunny. 

 

 
Figure 12 Fiberoptical cable deployment (left) and  

STU with KM modem overboard (right) 
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4.2. Tuesday May 24th 

Multibeam echo sounder bathymetry scans were carried out to map the test 

region. This was both for general information and to aid in choosing locations for 
deployment of Fixed Node 1 and 2. In addition a spare KM modem hanging off 

Gunnerus was used to assess candidate locations for the FNOs. FNO1 and 2 were 
deployed as described in section 2.  

 
All network layers, from the physical acoustic links via IP to the MOOS database 

were established. Different modulation schemes were tested for the Physical layer 
communication between KM modems. DSSS at 500 bits/sec worked well, but the 

Turbo equalizer did not work. The latter was true generally and is not commented 
further. 

 
The C2 system was established and demonstrated IP camera control. 

 
As Monday, a Folaga was at sea, deployed from a RIB and followed by this during 

operation. Figure 13 shows this, together with deployment of a Fixed node. 

 
The weather was fair with a little wind and waves, though picking up to a strong 

breeze with a little rain in the afternoon. 
 

 

Figure 13 Deployment of a Fixed Node (left) and following a Folaga by RIB 

(right) 
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4.3. Wednesday May 25th 

A Folaga was at sea, diving. Weather conditions were somewhat rough, and it 

was difficult to follow the Folaga by RIB, in particular to discover its position when 
surfacing. Figure 14 shows a Folaga at surface. 

 
Connectivity between C2 and Fixed and Mobile nodes was verified. MNO1 was 

used as relay between STU and FNO2 for 10-15 minutes dive. After 13 :30 the 

weather was too rough to follow the Folaga by RIB, and the vehicle was brought 
to shore. After this FNO2 was routed directly (single hop) to STU. 

 
Generally SISO P2P worked but at variable bit rate, and with time variable packet 

losses (Appendix D). In some periods there was no packet level connection to 
FNO2.  

 
A long distance SIMO P2P communication test was carried out (Appendix A and 

Appendix B), with transmission from Gunnerus, at distances from  11 down to 1 
km from the STU. Clear signals were received even at the longest distance. This 

test was carried out in parallel with the network communication tests, at lower 
frequencies. Some cross talk was seen, but this was generally not a problem. 

 
FNO1 needed to be recovered for battery recharging. The rope broke during this 

operation, and the node was lost. 

 

  

Figure 14 Folaga in surface position in slightly rough sea. 
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4.4. Thursday May 26th 

The weather was quite calm. 
 

KMs spare modem was set up as a new Fixed node, FNO3, to replace FNO1 which 
was lost Wednesday afternoon. The placement is shown in section 2. As 

mentioned in that section, FNO3 did not have the PC attached to run a MOOS 
client. Hence, it worked purely as a relay node, but with MAC and routing 

functionality included since these functions are implemented in the modem. After 

Network Discovery FNO3 was set manually to relay FNO2. 
 

Folaga-deployment was carried out from the diver platform of Gunnerus. This 
turned out much easier than using a RIB. Figure 15 shows the operation. In 

addition it was convenient to use Gunnerus to follow the AUV, since the HiPAP 
system could be used to track the attached KM modem.  

 
Control of MNO1 was lost around 11:50. The AUV dived without the acoustic 

control link activated. Its position could be followed by HiPAP. It drifted away at a 
few meters depth. The vehicle was left out of the test program and it was picked 

up in the afternoon. Other test continued. 
 

Gunnerus also served as an artificial AUV, with a cabled transducer at 20 m 
depth. In this way command and response exchange with the C2 could be 

followed in detail. 

 
All network layers and C2 connection worked, as before with time variable P2P 

communication quality. The C2 was able to request and receive high rate SIMO 
transmission from FNO2. 

 
MOOS switched from non-secure to secure mode at h15:14. 

 
FNO2 was successfully recovered in the afternoon for battery recharging. 
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Figure 15 Deployment of Folaga from the diver platform of Gunnerus 
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4.5. Friday May 27th 

The weather was calm. 
 

FNO2 was redeployed at its previous position.  
 

The network was operative with fixed and mobile nodes. Via the MOOS 
middleware, the C2 was able to control the system, including sending commands 

to AUVs and requesting high rate sensor data. MOOS was operated in secure 

mode. In total the UAN system integration was demonstrated.  
 

Figure 16 shows images from the C2 during the tests. 
 

Point to point connections were of varying quality as before. Multihop routing 
proved useful. 

 
A SIMO P2P communication test trace was run by Gunnerus (Appendix A). 

 
 

 

Figure 16 Control room computer screens (left) and signal received on VA 

(right) 
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5. Environmental data 

5.1. Bathymetry 

The bathymetry relevant for the tests is described in Appendix G, UAN11 

Bathymetry. The main data are firstly multibeam echo sounder data from RV 
Gunnerus collected May 24th, and as supplement depth information extracted 

from screen dumps of the Olex map system of the ship. Wider area bathymetry 
with limited precision is also available. The latter is shown in Figure 17 and the 

former in Figure 18 (grid points) and Figure 21 (contour plot). A close up contour 
plot is shown in Figure 20. 

 

Figure 17 Bathymetry overview. 5 m interval contour plot. 
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Figure 18 Bathymetry grid points for the main data: Multibeam echo sounder 

measurements (orange) carried out Tuesday 24th, supplemented by screen 
dump chart data from Gunnerus (black) 
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Figure 19 Bathymetry of the test area. 5 m interval contour plot. Multibeam 

data supplemented by Gunnerus screen dump data. The grid points are shown 
in Figure 18. 
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Figure 20 Bathymetry close-up, from Figure 19. 

5.2. Sea floor properties 

The sea floor is designated as clay in sea charts of the test region. Other 
information is not available. This type of ground is characteristic for the region in 

general, both on shore and at sea. It is assumed that peaks and steep hills  

indicate rocky areas. It is, however, also to be expected that rivers and tide will 
have covered much of this with mud/clay sediments. 
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5.3. Salinity, temperature and speed of sound 

RV Gunnerus carried out 16 CTD depth-profile measurements during Tuesday 

24th – Friday 27th May. The resulting sound speed profiles, together with the 
underlying temperature and salinity profiles are presented and discussed in 

section 1.3.3 of Appendix A, 
 

Figure 21, extracted from this appendix, shows all the 16 sound speed 
measurements. The profiles varied quite much with time, in particular in the 

upper 20-30 m. This layer contains low salinity water from river runoff and rain, 
both of which causing variability over time.  

 

Figure 21 The 16 sound speed profiles, measured May 24-27 
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5.4. Weather 

Weather conditions were generally calm on Monday 23rd, Thursday 26th and 
Friday 27th. On Tuesday and Wednesday conditions were a little rougher. Table 

3 shows official weather observations for May 23-27, on shore at Værnes, some 
10 km east of the test area1. More detailed wind conditions at sea are presented 

in selection 1.3 of Appendix A, together with qualitative observations of rainfall. 

Information on wind speed and direction in the appendix is obtained from 
snapshots of the continuous measurements onboard RV Gunnerus.  

Table 3 Official weather observations at Værnes about 10 km from the test area 

Date 

Temperature Rainfall Wind 

Max Min Average 
time  

07:00 - 
07:00 

Max Average 

May 23 
18,4°C 8,6°C 13,5°C 0,1 mm 9,3 m/s 3,4 m/s 

May 24 
16,3°C 10,2°C 11,6°C 0,0 mm 11,6 m/s 5,6 m/s 

May 25 
10,3°C 6,1°C 8,0°C 5,9 mm  11,6 m/s 6,1 m/s 

May 26 
12,9°C 6,7°C 9,5°C 4,1 mm 9,8 m/s 3,0 m/s 

May 27 
11,3°C 8,2°C 8,8°C 1,5 mm 6,4 m/s 

3,0 m/s 
 

 

 

                                                 

1
 http://www.yr.no/sted/Norge/Nord-Trøndelag/Stjørdal/Trondheim_lufthavn,_Værnes/statistikk.html 
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6. Test data 

All relevant test data, together with test logs and explanations, are stored in 

electronic version on the UAN11 data server:  
http://www.ua-net.eu/uan11/files/index.php?dir=/ .  

The storage and availability of the different data items is the responsibility of 
each partner. 

 
The signals from the vertical array at the STU were recorded continuously 

throughout the five days test period. This represents a huge amount of data, and 

is available separately at http://dataserver.siplab.fct.ualg.pt/UAN11/ 
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7. Results and evaluation 

It is fair to say that the overall goal of UAN11, to test and demonstrate an 

integrated UAN system, has been achieved. This includes also the underlying 
tests of key system components. The tests have provided a lot of information 

suited for detailed analysis and research. Early evaluations from the project 
partners can be found in Appendix A to Appendix F.  

 
SIMO P2P communication analyses indicate excellent results even at the longest 

distance of 11 km. 

 
The real time SISO P2P communication in UAN11 was more challenging than 

experienced during UAN10 in Pianosa. The Turbo mode (1600 bps) could not 
operate properly. 500 bps DSSS was used with success especially in the early 

hours of each day, but 200 bps was sometimes necessary in order to avoid 
frequent link “outage”.  In periods significant packet loss was experienced. A 

possible reason for the challenging and time variable conditions is the presence of 
fresh water from rivers and rain.  

 
The some times low capacity of P2P communication led to corresponding 

difficulties at the higher network layers, at times showing long queues and 
packets lost due to overflow. The network protocols would benefit from 

refinement to be more robust towards such issues, for operation under 
challenging low capacity conditions.  

 

Integration of all UAN components into a working system was demonstrated on 
Friday 27th. This includes both controlling data transmission from Fixed nodes 

and controlling the operation of the Mobile ones, all via the MOOS middleware in 
secure mode, with the underlying acoustical network invisible to the clients. In 

total it can be claimed that the validity of the overall UAN concept has been 
demonstrated, but that improvements (of course) are beneficial on the 

component level. 
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Chapter 1

UAN11: Data Report

1.1 Introduction

The Underwater Acoustic Network (UAN) project aims at conceiving, developing and
testing at sea an innovative and operational concept for integrating in a unique system
submerged sensors with the objective of protecting off-shore and coastline critical infras-
tructures. The fundamental idea behind UAN is that in order to obtain a sustainable gain
of performance both at the basic Point to Point (P2P) communication level and at the
network level (across the whole infrastructure), the whole communication system should
be able to adapt itself to the physical acoustic propagation conditions at that particular
time and water volume where the experiment takes place. Within the scope of the project,
a high data-rate unidirectional P2P communication link used to transfer sizeable data,
e.g. images, sonar signals, from an agent (e.g. fixed or mobile node) to a base station is
also considered. We consider the node employing a single transducer modem with limited
power and computation resources, while the base station employing the multi-hydrophone
array, with data acquisition system connected to a shore/ship lab via fiber optic cable
for data processing with no such constraints. Hence, an asymmetry both on the data
flow and on the complexity is expected, i.e. a high data-rate transmission from a node
to the base station, and a low data-rate transmission from the base station to a node
and that among the nodes in the network. The communication between the agent to the
array at the base station can be considered as a Single Input Multiple Output (SIMO)
communication.

The diagram of the UAN Project network layers, inter-application communications and
conceptual data exchange is shown in Figure 1.1. In the network level the various network
nodes are presented including the master node (Sub-surface Telemetry Unit (STU), refer
to the UAN deliverable 4.3 [1] for details), the 2 fixed nodes (FN1 and FN2) and the
2 mobile nodes (MN1 and MN2, where the AUVs Folaga are used as discussed in the
UAN deliverable 5.1 [2]). A Kongsberg Maritime (KM) modem is used at each node (i.e.
master, FN1, FN2, Folagas) for communications within the network and for high data
rate P2P links from the modem to the Vertical Line Array (VLA). In the Control and
Command (C2) and data processing level are presented the C2 operator and software
(purple) that also comprises the network control (light green), high-secure high-data-rate
processing (red) and acoustic propagation prediction (orange).

The network level comprises the following layers and applications:

8
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Figure 1.1: Diagram of the UAN Project network layers, inter application communications
and conceptual data exchange
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• The physical and logical network layer (black), presented as BI-SISO (Bidirectional
Single Input Single Output), this is the layer where the KM modems operate and
function, the diagram shows the possible configuration of this layer with a direct link
to the master node but also a multi-hop configuration (using MN2). The direction
of flow of data on this layer is bi-directional using the KM modem protocol.

• The High Data Rate High security layer (red), presented as Uni-SIMO (Unidirec-
tional Single Input Multiple Output), works in a star configuration where each slave
node transmits signals which are received at the STU hydrophone vertical array. The
direction of flow of data on this layer is uni-directional.

• The Network IP layer (blue), presented as PPP-IP (refer to the UAN deliverable
6.1 for details), uses the BI-SISO layer in a star-network in which the STU is the
central node and each client node exchanges data through this point independent of
lower level configuration. All client nodes establish a point-to-point IP connection
with the master where IP forwarding is performed.

• The MOOS application (green), refer to the UAN deliverable 5.2 for details, uses
the IP layer and is composed of the central database MOOS-DB with multiple client
nodes, all exchange of data occurs at this central point. All underwater nodes (STU,
FN1, FN2, MN1, MN2) have installed MOOS-clients for the transfer of temperature,
detection, equipment status, navigation status to the MOOS-DB and receive data
regarding to control and navigation. Moreover, another MOOS-client provides live
environmental data to the acoustic propagation prediction model.

The focus of this data report is to present the data collected (and logs documented)
during the UAN11 experiment, conducted at the Strindfjorden area, Trondheim, Norway
in May 23-28, 2011. In particular, the data that relates to P2P high data rate communi-
cations (responsible by CINTAL) is reported in details.

Specifically, this document contains the following information:

1. Equipment, i.e. STU, VLA, Fixed Nodes (FN1 and FN2), acoustic sources.

2. Environmental data, i.e. bathymetry, CTD data, thermistor chain data, wind in-
formation.

3. Geometry information, i.e. positions of STU, R/V Gunnerus, Folaga, Simulated
Folaga, FN1, and FN2.

4. P2P configurations, signal descriptions, and preliminary results of channel equaliza-
tion. The following P2P communications were demonstrated:

(a) KM modem to VLA (i.e. multichannel array), which was integrated in the
Underwater Acoustic Network (UAN), for high data rate ISMO communication
link.

(b) FOI source to VLA, i.e. the P2P SIMO communications from the dedicated
source.

(c) PASU to VLA, i.e. also the P2P SIMO communications from the dedicated
source.

This document is organized as follows. Section 1.2 presents equipments used in P2P
communication experiments in the UAN11 sea trial. Section 1.3 reports the environmental
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data measured during the experiment, including bathymetry, sound speed, temperature,
salinity profiles from CTD casts, and wind speed and direction. Then, geometric data
of sources and the VLA is reported in Section 1.4. Section 1.5 discusses P2P signal
descriptions, as well as, spectrograms of transmitted and received signals. Preliminary
results of channel equalization is presented in Section 1.6. Finally, conclusions is drawn
in Section 1.7. Also, the check list of available raw data is presented in Appendix A. The
logs of environmental data and UAN11 P2P experiments are presented in Appendix B,
while the software package is presented in Appendix C.

Throughout this report, latitude and longitude coordinates in both degrees and decimals
are used. Moreover, GMT time is considered, although in some log files, local time was
recorded. Also, Julian Day (JD) is adopted for date reference, where the association
between calendar date and JD is given in Table 1.1.

Calendar Date Julian Day

May 23, 2011 143
May 24, 2011 144
May 25, 2011 145
May 26, 2011 146
May 27, 2011 147
May 28, 2011 148

Table 1.1: Calendar date and Julian Day (JD)

1.2 Equipment

In the P2P communication experiment, the VLA was connected to the STU [1] that
acquires multiple received signals. Then, the signals were sent to a shore lab via a fiber
optic cable for data processing to recover the transmitted information.

On day 143, the master node, having STU, KM modem, 16-hydrophone VLA and
12-sensor thermistor chain was deployed at position 63.4417◦N, 10.7135◦E with water
column depth 90.3m (shown in Figure 1.2). In this Figure, the dimensions of the setting
are indicated, i.e. positions of 16 hydrophones which are 4m spacing, and positions of
12-sensor thermistor chain with the bottom four sensors are 8m spacing and the rest are
4m spacing. The hydrophones 16, 15,..., 1 were ordered from top to bottom, respectively.
Similarly, the thermal sensors 12, 11,...,1 were also ordered from top to bottom. Table 1.2
summarizes the STU depth information, i.e. the depths of water column, KM modem,
hydrophones, and thermal sensors.

On day 144, Fixed Nodes 1 and 2 (later referred to as FN1 and FN2) were deployed
at positions 63.4429◦N, 10.7154◦E and 63.4470◦N, 10.7261◦E, respectively. Figures 1.3
and 1.4 illustrates the moorings of FN1 and FN2, respectively. The FN1 was deployed
at water depth of 96m, together with a KM modem and the 6-sensor thermistor chain
with 4m spacing. For FN2, the hardware specifications are the same as those of the FN1.
However, the FN2 was deployed at water depth of 39m, and a 6-sensor thermistor chain
was folded, and the sensors 4, 5, 3, 6, 2, 1 were ordered from top to bottom, respectively.
The depth information associated with FN1 and FN2 are reported in Tables 1.3 and 1.4,
respectively.
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Figure 1.2: STU mooring, at position 63.4417◦N, 10.7135◦E, showing also 16-hydrophone
VLA, KM modem, thermistor chain and fiber optic cable.
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Figure 1.3: Fixed Node 1 (FN1) mooring at position 63.4429◦N, 10.7154◦E, showing also
KM modem and thermistor chain.
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Figure 1.4: Fixed Node 2 (FN2) mooring at position 63.4470◦N, 10.7261◦E. The FN2 also
consists of KM modem and 6-sensor thermistor chain.
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Case Depth Hyd. Hyd. depth Thermal Sensor depth
(m) (m) sensor (m)

Water column 90.3 1 74.1 1 73.1

KM 78.3 2 70.1 2 65.1
3 66.1 3 57.1
4 62.1 4 49.1
5 58.1 5 45.1
6 54.1 6 41.1
7 50.1 7 37.1
8 46.1 8 33.1
9 42.1 9 29.1
10 38.1 10 25.1
11 34.1 11 21.1
12 30.1 12 17.1
13 26.1
14 22.1
15 18.1
16 14.1

Table 1.2: STU depth information.

For P2P communications, the following three sources were used:

1. KM modem, refer to deliverable 3.1 [3] for details on the modem specifications. The
KM modems, attached to FN1, FN2, and Folagas, were integrated in the Underwater
Acoustic Network (UAN) and also used in high data rate P2P transmissions.

2. Broadband ITC-1007 transducer, provided by FOI with specifications and responses
presented in Table 1.5 and Figure 1.5, respectively. This is a dedicated source used
in P2P transmissions on day 145. Further details on the P2P transmissions, signal
descriptions and equalization results, refer to [4].

3. Portable Acoustic Source Unit (PASU) (refer to deliverable 4.3 [1] for details) was
used to generate acoustic signals which were then transmitted by a Lubell acous-
tic source to the STU (VLA). The specification of PASU and the Lubell source
characteristics are presented in Table 1.6 and Figure 1.6, respectively. Due to its
portability, it was easily deployed and hence used in P2P transmissions from camp-
ing Pier to the VLA even on off-hour.

Note that the signals transmitted from ITC-1007 and PASU are the same, and different
from those transmitted from the KM modem, as the modem requires specific band, format
and modulation for transmitted signals.
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(a) (b)

(c)

(d)

Figure 1.5: ITC-1007: Transducer (a), Directivity pattern (b), Open circuit receiving
response (c), and Transmitting voltage response (d)
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(a) (b)

(c)

Figure 1.6: Portable Acoustic Source Unit (PASU): Amplifier box (a) and Lubell source
(b), Frequency response (c)
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FN1

Case Depth Thermal Sensor depth
(m) sensor (m)

Water column 96 1 84.3

KM 84.2 2 80.3
3 76.3
4 72.3
5 68.3
6 64.3

Table 1.3: FN1 depth information.

FN2

Case Depth Thermal Sensor depth
(m) sensor (m)

Water column 39 1 28.3

KM 28.2 2 24.3
3 20.3
4 16.3
5 18.3
6 22.3

Table 1.4: FN2 depth information.

Property Value/Description

Type Projector/Hydrophone

Resonance frequency (fr) 11.5 kHz

Depth 1250 meters

Envelope dimensions (in.) 6.5D

TVR at fr 149 dB//uPa/V@1m

Midband OCV -188 dB//1V/uPa

Suggested band 0.01-20 kHz

Beam type Spherical

Input Power 10000 watts

Table 1.5: ITC-1007 transducer specification
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Property Value/Description

Power supply 25.9V Li-Ion battery or
external 12V power supply

Autonomy 7 hours with battery or
infinite when external power supply connected

Max. safe output voltage 20V

Max. input voltage (Mic) 400 mV

Max. input voltage (Aux) 500 mV

Frequency. response 0.2-21 Hz

Max. SPL output level 180dB re 1uPa@1m, 1kHz, 20 Vrms

Table 1.6: PASU system specification
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1.3 Environmental Data

This section reports the environmental data, mostly measured during the experiment,
with some data from archival database.

1.3.1 Bathymetry

The UAN11 experiment was conducted at the eastern part of Strindfjorden, 17 km from
Trondheim, Norway. Figure 1.7 illustrates the experimental area, covering both P2P
communication experiment (the whole area) and networking experiment (the lower right
area). The enlargement of the latter is illustrated in Figure 1.8. Note that only bathymet-
ric data, obtained during the UAN11 experiment from the multibeam echo-sounder data
and from snapshots provided by the chart-plotter ”Olex” (both available on board R/V
Gunnerus), is presented due to its high accuracy and the archival bathymetric data of the
wider area with limited accuracy is not presented. In these Figures, the locations of STU,
FN1, FN2 and P2P stations S1-S6 (from P2P communication experiment conducted on
day 145), marked by ’+’ signs, are shown. The positions of CTD casts are also illustrated.
In Figure 1.7, the blue line starting at S4 presents the path of a source (from S4) moving
towards the STU. Moreover, a black straight-line connecting the STU (with VLA) and
S2 is presented, where other stations are approximately on this line. The bathymetry
transect along this black line is illustrated in Figure 1.9, where source positions (shown
in black circles) at P2P stations S1-S6 are also presented.

1.3.2 Bottom properties

The sediment in the region is characterized by clay. The underwater hills and steep regions
are assumed to be rock, covered with mud/clay due to the influence of rivers and tides.

1.3.3 Water column properties

Water column properties, including temperature, sound speed, salinity profiles are pre-
sented in this section, where the data was obtained mainly from Conductivity Temper-
ature and Depth (CTD) measurements. However, the continuous measurements of the
temperature using thermistor chains were also conducted at STU, FN1, and FN2. The
temperature data from FN1, however, was not available due to the FN1 unsuccessful
recovery.

1.3.3.1 CTD

Temperature, salinity and sound speed were collected during the cruise with a Sea-Bird
SBE 25 profiler deployed from the R/V Gunnerus. There were 16 CTDs casted. Table
1.7 presents the log data for the CTD casts, i.e. date, time in GMT (local time -2) and
locations (obtained from CINTAL note, and Olex snapshots). The CTD text files contain
information on scan count, conductivity, temperature, etc. The complete list of such
information can be found in Annex A. Note that the local time was recorded in the CTD
files.
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Figure 1.7: CTD positions over the experimental area and P2P communication stations
S1-S5, where the blue track is for S4 (moving source).
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array depth
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Graphical locations of the CTD casts superimposed with the bathymetry of the area
are shown in Figures 1.7 and 1.8. Note that from Figure 1.7, we can see that ctd 7, 8 and
9&10, were casted at P2P stations S1, S2 and S5, respectively. In Figure 1.8, a zoomed-in
of the bottom-right area in Figure 1.7 is shown, where it can be seen that the ctd 1&14,
4&5, 15 and 11 were casted near the STU, FN1, FN2 and P2P station S6, respectively.
For casts 2-6 (reported in the comment section of Table 1.7 as ‘with KM’), the CTD
measurements were done together with a KM modem that was lowering down into the
water to a certain depth, and transmitted signals to the master modem.

Figures 1.10(a)-1.10(c) illustrate the Sound Speed Profile (SSP), Temperature Profile
(TP) and Salinity Profiles (SP) vs. depths obtained from all 16 CTDs casted during the
UAN11 experiment, respectively. The sound speed presented in Figure 1.10(a) and later
in the report is calculated using the Del Grosso formula [5] given as follows.

CSTP = C000 + ∆CT + ∆CS + ∆CP + ∆CSTP (1-3.1)

where C000 and ∆CT are the base sound speed value (in m/s) and the contribution of
temperature (T in ◦C) on the sound speed, respectively. The contributions of salinity (S
in PSU), pressure (P in kilograms per square centimeter gauge), and that of T, S and P,
are given in ∆CS, ∆CP , and ∆CSTP , respectively. The coefficients associated with these
contributions, are given in Annex B.

In Figure 1.10(c), we observe that the salinity varies significantly near the surface down
to 20m depth, where the salinity levels are lower than a usual sea-water value (around
34-35 PSU). This observation is typical for areas where there are high levels of rain and
snow melting water, as in Norway. Freshwater from rain occurred during the experiment,
was responsible for the low salinity, and a rapid change of salinity levels (discussed later
in this section), near the surface. Furthermore, in Figure 1.10(b), we observe that the
temperature profile has an unusual behavior, i.e. the temperature increases as depth
increases (below a usual thermocline). That is for the first 40m from the surface, the
temperature decreases with respect to increase of the depth, and hits the minimum at
around 40m depth and starts to increase again as depth increases. The reason for this
behavior is unclear, and requires further investigation. The influence of temperature,
salinity and pressure is contributed to the sound speed profile shown in Figure 1.10(a)
through equation (1-3.1). We observe first the negative gradient, and then the positive
gradient of the sound speed profile, with the reflecting point at around 40m.

For a closer look on the sound speed, temperature and salinity profiles, we also present
the profiles, casted for each day during days 144-147 separately in Figures 1.11-1.14. On
day 144, 6 CTD measurements were casted at positions near STU and FN1 at a large
gradient bathymetry with water depth of around 90m. Based on Table 1.7, the first 5
CTDs were casted in the morning and early afternoon, while the last cast was done in the
late afternoon. Figure 1.11 presents SSP, TP and SP for this day. Figures 1.11(a) and
1.11(b) show the SSP for the whole water depth, and for depth upto 40m, respectively. The
later is used to illustrate the surface layer, where large variations are observed. Similarly,
Figures 1.11(c), 1.11(d) and 1.11(e), 1.11(f) illustrate the temperature and salinity profiles
for the whole water depth, and for depth upto 40m, respectively. Since it was raining in
the afternoon of day 144, we observe that the salinity is lower and temperature is higher
near surface for cast 6, than other casts. The temperature profile has a negative gradient
at shallower depth, and then has a positive gradient at a larger depth, with minimum
temperature at around 30m depth. In these cases, the sound speed profile has a high
correlation with temperature profiles, and the large positive gradient of SSP at depth
below 40m is due to both the positive gradient of temperature profile and high pressure
at deeper water. Note also that in cast 6, the sound speed from the surface down to
15m, is almost constant, eventhough the salinity and temperature of the corresponding
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Figure 1.10: CTD data from all 16 casts: Sound Speed Profile (SSP) (a), Temperature
Profile (TP) (b), and Salinity Profile (SP) (c).
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Figure 1.11: CTD data casted on day 144: Sound speed profile (a), Temperature profile
(b), and Salinity profile (c)
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depth change drastically. This is due to the fact that the positive gradient of salinity has
a counter effect to the negative gradient of the temperature. Moreover, the sound speed
of cast 6 has a similar behavior than that for other casts (1-5) in which the salinity and
temperature changes only moderately.

On day 145, there was heavy rain and strong wind (refer to Table 1.8 for details of
wind speed and direction) for the whole day. There were 5 CTDs casted at various P2P
stations, i.e. cast 7, 8, 9&10, and 11 were at stations S1, S2, S5, and S6, respectively. The
distance between stations can be more than a few km apart. Figure 1.12 presents the SSP,
TP and SP for this day. Due to the rain from previous day (day 144) and this day, the
salinity levels of the near surface water are lower than those of the deeper depths as shown
in Figures 1.12(e) and 1.12(f), with sharp changes between 10-15m depth and with little
change for depth below 20m. This observation is inline with that observed in ctd cast 6.
Temperature profiles as shown in 1.12(c) and 1.12(d), illustrate the presence of a surface
layer, with a constant temperature (caused by wind) and thermocline start at around
10m with negative gradient down until 20-40m, where the positive gradient of the profile
starts, i.e. temperature increases as depth increases. Again, the similar observation as in
ctd cast 6 is seen. The sound speed profile also has a strong correlation with temperature
for water depth below 15m (where the salinity remains almost constant). At the surface
layer, both temperature and salinity influence nonlinearly the sound speed. Moreover,
as compared with ctd casts 1-6 (measured on the previous day at locations close to each
other), for ctd casts 7-11, we observe a strong variation of sound speed profiles. This may
due to the locations of the casts, that are far apart. This observation shows the space
variation of SSP in this experimental area.

For day 146, the sound speed, temperature and salinity profiles are shown in Figure
1.13. Only two CTDs were casted, not far from STU and FN1 positions. Note that
the weather was calm, with sun and light wind. We observe a small negative gradient
of the sound speed profile at the surface layer, with depth down to 40m. This small
gradient is due to the counter effect of the temperature having strong negative gradient
and salinity having strong positive gradient to the sound speed profile. For depth below
10m, where the salinity varies only slightly, the sound speed profile follows the shape of
the temperature profile, with a larger positive gradient due to contribution of not only
temperature but also pressure.

On day 147, 3 CTDs were casted. The weather was also calm, with sun and light wind.
Comparing Figures 1.13(d), 1.13(f), with Figures 1.14(d), 1.14(f), we can see that the
stable profiles of temperature and salinity (i.e. almost constant from the surface down to
10m depth, caused by rain and strong wind on days 144-145) in the upper layer, disappear.
Such behavior is responsible for the new shape of SSP observed in Figure 1.14. That is the
sound speed profile has positive gradient, then almost constant, and negative gradient,
followed by the positive gradient.

1.3.3.2 Thermistor chain data

Figure 1.15 illustrates the temperature profile, gathered from the 12-sensor thermistor
chain (shown in Figure 1.2) at the STU position. The temperature data was collected
continuously from day 143, at GMT 23:57:21 (143.99) to day 148, at GMT 06:35:08
(148.27) at water depth between 17.1-73.1m (from the surface). We observe that at
all time the temperature is higher at the lower depth, and decreases as depth increases
and reaches the minimum at around 45m depth and starts to increase again as depth
increases. This similar observation is also found in CTD data. Moreover, we observe that
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Figure 1.12: CTD data casted on day 145: Sound speed profile (a), Temperature profile
(b), and Salinity profile (c).
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Figure 1.13: CTD data casted on day 146: Sound velocity profile (a), Temperature profile
(b), and Salinity profile (c).
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Figure 1.14: CTD data casted on day 147: Sound velocity profile (a), Temperature profile
(b), and Salinity profile (c).
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the temperature generally changed smoothly with time. Only around day 145, a high
temperature (10◦C) at lower depth and an rather abrupt decrease of temperature to 7◦C
with in a few meters. Furthermore, on Julian days 147-148, the warmer temperature is
persistent down to 40-50m from the surface, spanning 10-30m below 17.1m (the shallowest
depth of thermal sensors).

Figure 1.15: Temperature data collected with the 12-sensor thermistor chain at STU
position, covering the whole durations when the STU was deployed.

Figure 1.16 presents the temperature profile, collected by the 6-sensor thermistor chain
spanning 16.3-28.3m water depths. The thermistor chain was integrated with FN2 as
shown in Figure 1.4. Note that the useful temperature data starts on day 144 at GMT
16:32:09 (144.689) when the FN2 were deployed into the water. Then, the temperature
was recorded continuously until the first recovery which occurred on day 146, at GMT
15:43:10. The FN2 was recharged over night and redeployed on day 147 at GMT 10:47:30.
During this time (FN2 in the water), the temperature was continuously recorded by the
thermistor chain, until the second recovery on day 148 at GMT 08:38:10. The temperature
recorded right before and after the deployments (usually more than 9◦C) was the dump
temperature data.
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Figure 1.16: Temperature data collected by the 6-sensor thermistor chain at FN2 position,
covering times when the FN2 was deployed (two deployments).
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CTD# Date Time Lat (N) Lon (E) Comment
(JD) (GMT) (decimal) (decimal)

1 144 8:45:05 63 26.477 10 42.751 near STU
(63.4413) (10.7125)

2 144 10:39:25 63 26.713 10 43.081 with KM
(63.4452) (10.7180) on the rope

3 144 11:25:43 63 26.596 10 42.934 with KM
(63.4433) (10.7156)

4 144 12:25:05 63 26.569 10 42.905 with KM
(63.4428) (10.7151) near FN1

5 144 12:57:19 63 26.569 10 42.905 with KM
(63.4428) (10.7151) near FN1

6 144 14:51:58 63 26.819 10 43.548 with KM
(63.4470) (10.7258)

7 145 9:25:41 63 30.71032 10 41.23444 at S1
(63.5118) (10.6872)

8 145 11:25:00 63 32.23868 10 40.64135 at S2
(63.5373) (10.6774)

9 145 12:26:50 63 29.12252 10 41.81476 at S5
(63.4854) (10.6969)

10 145 13:43:59 63 28.10301 10 42.23296 at S5
(63.4684) (10.7039)

11 145 14:34:21 63 27.03927 10 42.62963 at S6
(63.4507) (10.7105)

12 146 8:27:28 63 26.532 10 42.868 -
(63.4422) (10.7145)

13 146 11:24:26 63 26.722 10 42.862 -
(63.4454) (10.7144)

14 147 07:50:37 63 26.504 10 42.758 near STU
(63.4417) (10.7126)

15 147 10:56:23 63 26.832 10 43.511 near FN2
(63.4472) (10.7252)

16 147 16:32:48 63 26.740 10 43.157 -
(63.4457) (10.7193)

Table 1.7: CTD information, i.e. cast number, date, time and locations
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1.3.4 Wind data

Information on wind speed and direction is obtained from snapshots produced by Olex.
Table 1.8 presents the data on GMT time, wind speed, wind direction and description
of the wind as well as the Beaufort number. It was observed that on day 143, there was
only light wind in the experimental area. On day 144, it was a moderate breeze in the
morning to early afternoon, then the wind picked up to a strong breeze later in the day
together with rain. On day 145, the strong wind, up to moderate gale with directions
west, south-west, and north-west occurred together with heavy rain throughout the day.
On day 146, only light air occurred during the morning and picked up to the moderate
breeze in the mid afternoon. The weather was generally clam, and sunny with no rain.
On day 147, it was also a sunny day, with light breeze in the morning to early afternoon,
and moderate breeze in the late afternoon. Figure 1.17 illustrates the stick plot of wind
speeds and directions along time.

143 144 145 146 147 148
Julian day 

5 m/s

Figure 1.17: Wind speed and direction.

1.4 Geometric configuration

This section presents the geometry of the sources at various locations, STU (with VLA),
and range between sources and the VLA. Table 1.9 presents the positions of STU, FN1,
FN2, stations S1-S6 for P2P transmission from R/V Gunnerus, and the pier at the camp-
ing site. For station S4, where the moving source P2P transmissions was conducted, the
track of the source (towed ITC-1007) is shown in Figure 1.7 with blue line. Note that
the positions of STU, FN1, FN2(1st) are obtained from KM positioning system “HiPAP”
(for STU and FN1, the slightly different positions indicated by “note” are from CINTAL
note) and the positions of S1-S6 are from FOI note.

Figure 1.18 presents the bathymetry transect between Pier and STU (VLA), showing
also the Pier-VLA range, source depth, and array depth. We observe the range-dependent
bathymetry along this transect. The bathymetry transects of FN1-VLA and FN2-VLA are
shown in Figures 1.19 and 1.20, respectively. The almost range-independent bathymetry
is observed for the FN1-VLA transect, while the FN2-VLA transect is range-dependent.
For the bathymetry transect between S1-S6 and the VLA, it has been shown in Figure
1.9. In this figure, the station S2 was the furthest in range from the VLA (more than
10km). For station S1, two source depths were considered. The station S4 was the moving
source station, with the circle symbol marking the original of the track, and the blue line
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showing the track of the moving source. The stations S5 and S6 were closer to the VLA
with range of around 3km and 1km, respectively.
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Figure 1.18: Transect between Pier and STU (VLA), showing also the source-VLA range,
source depth, and array depth.

Table 1.10 presents the information on date, time, locations, source type (i.e. ITC-
1007, PASU or KM modem), source depth and source level for P2P transmissions for
day 143. Moreover, types of signals, i.e. transmitted by KM or dedicated sources, are
also presented in the comment section. The detailed descriptions of such signals will be
presented later in Section 1.5. Note that there was no source depth measurement (apart
from that for FN1 and FN2). Hence, the source depth data for the FOI, CINTAL sources
and simulated Folaga given in the Table 1.10, is estimated from the length of rope attached
to the source. During the towed-source P2P transmissions using FOI and KM sources,
the angle of the rope is also taken into account in the estimation of the effective source
depth, reported in this Table.

Note also that data acquired by the STU (from VLA) is recorded in binary files with
extension ‘vla’, hence referred to as vla files. Time information presented in Table 1.10 is
extracted from vla filenames since a vla filename contains date (JD) and time (in GMT)
information of data recorded from the VLA. The vla filename structure can be found in
Annex C.

The similar information on P2P transmissions for days 144-145, and days 146-148 are
presented in Tables 1.11 and 1.12, respectively.

UAN D6.3 Project Sea Trial Report - Page 73



34

0 50 100 150 200

0

20

40

60

80

100

Range (m)

D
e

p
th

 (
m

)

FN1

VLA

Figure 1.19: Transect between FN1 and STU (VLA), showing also the source-VLA range,
source depth, and array depth.

0 200 400 600 800 1000

0

20

40

60

80

100

Range (m)

D
e

p
th

 (
m

)

FN2

VLA

Figure 1.20: Transect between FN2 and STU (VLA), showing also the source-VLA range,
source depth, and array depth.
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Date Time Wind speed Direction Description
(JD) (GMT) (m/s) (degree) (Beaufort number)

143 13:12:00 1.7 229 S light breeze (2)

13:47:56 1 44 NE light air (1)

16:08:48 1.8 359 N light breeze (2)

144 8:53:15 7.2 194 S moderate breeze (4)

10:31:30 11.6 186 S strong breeze (6)

11:20:28 7.1 226 SW moderate breeze (4)

11:22:34 7.1 209 SW moderate breeze (4)

12:20:47 5.9 262 W moderate breeze (4)

12:31:40 8.8 271 W fresh breeze (5)

15:31:50 10.8 261 W strong breeze (6)

16:32:49 11.1 235 SW strong breeze (6)

145 9:13:24 9.6 246 SW fresh breeze (5)

10:00:16 9.7 242 SW fresh breeze (5)

11:22:29 12.3 277 W strong breeze (6)

11:23:22 13.9 275 W moderate gale (7)

12:21:53 11.9 274 W strong breeze (6)

13:38:09 14.3 287 NW moderate gale (7)

14:34:10 12.3 284 NW strong breeze (6)

16:20:42 10.7 282 NW fresh breeze (5)

146 7:44:21 2.2 203 S light breeze (2)

7:46:28 2.0 187 S light breeze (2)

8:06:22 1.2 285 W light air (1)

8:28:29 1.5 346 N light air (1)

9:29:51 1.4 43 NE light air (1)

11:23:43 1.6 36 NE light breeze (2)

11:57:33 3.2 5 N light breeze (2)

13:45:06 5.5 344 N moderate breeze (4)

147 7:39:33 0.9 347 N light air (1)

8:20:39 1.7 356 N light breeze (2)

9:57:18 2.8 293 W light breeze (2)

10:56:12 2.9 287 W light breeze (2)

12:05:43 2.2 304 NW light breeze (2)

13:12:06 1.8 267 W light breeze (2)

15:33:43 6.0 265 W moderate breeze (4)

16:07:12 7.3 281 W moderate breeze (4)

16:27:15 8.3 267 W fresh breeze (5)

16:31:10 7.7 275 W moderate breeze (4)

16:33:01 7.4 265 W moderate breeze (4)

Table 1.8: Wind data from ’Olex’ snapshots, i.e. date, time, wind speed and direction,
where N, NE, NW, S, SW, W denote North, North-East, North-West, South, South-West,
West directions, respectively.
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Case Latitude, N Longitude,E Distance
(Decimal) (Decimal) from VLA (m)

STU (with VLA) 63 26.50311 (63.4417) 10 42.81270 (10.7135) -
(63 26.500,63.4417,note) (10 42.820,10.7137,note)

FN1 63 26.57135 (63.4429) 10 42.92356 (10.7154) 163.5
(63 26.571,63.4429,note) (10 42.902,10.7150,note)

FN2 (1st) 63 26.8190 (63.4470) 10 43.568 (10.7261) 860.0

FN2 (2nd) 63 26.8150 (63.4469) 10 43.565 (10.7261) 852.4
recovery note recovery note

S1 63 30.708 (63.5118) 10 41.231 (10.6872) 7903.4

S2 63 32.239 (63.5373) 10 40.639 (10.6773) 10781.0

S3 63 29.123 (63.4854) 10 41.814 (10.6969) 4928.7

S4 varied varied 4509-3705
start 63 28.899 (63.4816) start 10 41.968 (10.6995) speed 2.6 m/s
end 63 28.482 (63.4747) end 10 42.156 (10.7026)

S5 63 28.098 (63.4683) 10 42.229 (10.7038) 2996.8

S6 63 27.037 (63.4506) 10 42.628 (10.7105) 1000.8

Pier 63 26.1614 (63.4360) 10 42.5765 (10.7096) 662.8

Table 1.9: Positions of STU (including VLA), FN1, FN2, P2P stations S1-S6, and Pier,
as well as distance from sources (at FN1, FN2, S1-S6, and Pier) to the VLA.
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Date Station Time Lat., N Lon., E Source Estimated Source Comment
(JD) (GMT) (decimal) (decimal) Source level

extracted depth
from vla (m)
filename

143 FN2 20:33:40 one of Image3,
Pier - 63 26.1614 10 42.5765 KM ≈ 1 173,178, QPSK,

20:35:40 (63.4360) (10.7096) 184 (dB) SR4000

FN2 20:36:10 one of Image1,
Pier - 63 26.1614 10 42.5765 KM ≈ 1 173,178, QPSK,

20:36:40 (63.4360) (10.7096) 184 (dB) SR4000

FN1 20:37:10 one of Image1,
Pier - 63 26.1614 10 42.5765 KM ≈1 173,178, QPSK,

20:37:39 (63.4360) (10.7096) 184 (dB) SR4000

FN2 20:39:09 one of Random,
Pier - 63 26.1614 10 42.5765 KM ≈1 173,178, QPSK,

20:39:39 (63.4360) (10.7096) 184 (dB) SR4000

FN2 20:40:09 one of Image2,
Pier - 63 26.1614 10 42.5765 KM ≈1 173,178, QPSK,

20:40:39 (63.4360) (10.7096) 184 (dB) SR4000

FN1 20:41:38 one of Image2,
Pier - 63 26.1614 10 42.5765 KM ≈ 1 173,178, QPSK,

20:42:38 (63.4360) (10.7096) 184 (dB) SR4000

FN2 20:44:37 one of Image1,
Pier - 63 26.1614 10 42.5765 KM ≈ 1 173,178, BPSK,

20:45:37 (63.4360) (10.7096) 184 (dB) SR2000

FN2 20:48:36 one of Image3,
Pier - 63 26.1614 10 42.5765 KM ≈ 1 173,178, BPSK,

20:59:33 (63.4360) (10.7096) 184 (dB) SR1000

FN2 21:42:21 one of Image1,
Pier - 63 26.1614 10 42.5765 KM ≈ 1 173,178, QPSK,

21:42:51 (63.4360) (10.7096) 184 (dB) SR4000

FN2 21:43:21 one of Image1,
Pier - 63 26.1614 10 42.5765 KM ≈ 1 173,178, QPSK,

21:44:51 (63.4360) (10.7096) 184 (dB) SR1000

FN2 21:44:51 one of Image1,
Pier - 63 26.1614 10 42.5765 KM ≈ 1 173,178, QPSK,

21:45:21 (63.4360) (10.7096) 184 (dB) SR2000

FN2 21:47:20 one of Image1,
Pier - 63 26.1614 10 42.5765 KM ≈ 1 173,178, QPSK,

21:47:50 (63.4360) (10.7096) 184 (dB) SR4000

FN2 21:55:48 one of Image2,
Pier - 63 26.1614 10 42.5765 KM ≈ 1 173,178, QPSK,

21:58:17 (63.4360) (10.7096) 184 (dB) SR1000

Table 1.10: P2P communication log data, i.e. date, time, source information (type,
location, power level, depth), and transmitted data, for day 143.
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Date Station Time Lat., N Lon., E Source Estimated Source Comment
(JD) (GMT) (decimal) (decimal) Source level

extracted depth
from vla (m)
filename

144 FN2 20:32:34 one of Image3
- 63 26.81906 10 43.56814 KM 28 173,178, QPSK

20:34:03 (63.4470) (10.7261) 184 (dB) SR4000

FN2 20:35:33 one of Image1 onlyfile2
- 63 26.81906 10 43.56814 KM 28 173,178, BPSK

20:36:33 (63.4470) (10.7261) 184 (dB) SR1000

FN2 20:37:32 one of Image1
- 63 26.81906 10 43.56814 KM 28 173,178, BPSK

20:38:32 (63.4470) (10.7261) 184 (dB) SR2000

FN2 20:39:02 one of Image1
- 63 26.81906 10 43.56814 KM 28 173,178, BPSK

20:39:32 (63.4470) (10.7261) 184 (dB) SR4000

FN2 20:48:29 one of Image1
- 63 26.81906 10 43.56814 KM 28 173,178, QPSK

20:48:59 (63.4470) (10.7261) 184 (dB) SR2000

FN2 20:50:29 one of Image1
- 63 26.81906 10 43.56814 KM 28 173,178, QPSK

20:50:59 (63.4470) (10.7261) 184 (dB) SR4000

Pier 22:52:27 1 set
- 63 26.161 10 42.577 PASU ≈1 ≈20 of P2P

23:02:24 (63.4360) (10.7096) (Vrms) sent

145 S1 09:50:37 water depth
- 63 30.708 10 41.231 ITC- 12 20-45 128m

10:01:04 (63.5118) (10.6872) 1007 (Vrms)

S1 10:44:53 water depth
- 63 30.708 10 41.231 ITC- 30 20-45 128m

10:55:20 (63.5118) (10.6872) 1007 (Vrms)

S2 11:35:10 water depth
- 63 32.239 10 40.639 ITC- 12 20-45 42m

11:45:37 (63.5373) (10.6773) 1007 (Vrms)

S3 12:40:23 water depth
- 63 29.123 10 41.814 ITC- 12 20-45 99.5m

11:51:21 (63.4854) (10.6969) 1007 (Vrms)

S4 13:10:16 Track Track moving
moving - shown in shown in ITC- 21 20-45 speed
source 13:20:13 Fig. 1.7 Fig. 1.7 1007 (Vrms) 2.6 m/s

S5 14:05:31 water depth
- 63 28.098 10 42.229 ITC- 19 20-45 140m

14:14:59 (63.4683) (10.7038) 1007 (Vrms)

S6 14:47:46 water depth
- 63 27.037 10 42.628 ITC- 16 20-45 127m

14:58:13 (63.4506) (10.7105) 1007 (Vrms)

Pier 22:32:31 3 sets
- 63 26.161 10 42.577 PASU ≈1 ≈ 20 of P2P

23:04:53 (63.4360) (10.7096) (Vrms) sent

Table 1.11: P2P communication log data, i.e. date, time, source information (type,
location, power level, depth), and transmitted data, for days 144-145.
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Date Station Time Lat., N Lon., E Source Estimated Source Comment
(JD) (GMT) (decimal) (decimal) Source level

extracted depth
from vla (m)
filename

146 FN2 08:46:53 one of Image1,
63 26.81906 10 43.56814 KM 28 173,178, QPSK,
(63.4470) (10.7261) 184 (dB) SR4000

FN2 11:48:42 one of Image1,
- 63 26.81906 10 43.56814 KM 28 173,178, QPSK,

11:49:12 (63.4470) (10.7261) 184 (dB) SR4000

Pier 22:31:02 3 sets
- 63 26.161 10 42.577 PASU ≈1 ≈20 of P2P

23:07:52 (63.4360) (10.7096) (Vrms) sent

147 - 12:14:15 one of Image1
- 63 26.8313 10 43.3249 KM/Fol2 15 173,178, QPSK

12:14:45 (sim) 184 (dB) SR4000

- 12:50:06 one of Image1
- 63 26.8275 10 43.1761 KM/Fol2 8.8 173,178 QPSK

12:50:36 (sim) 184 (dB) SR2000

- 12:54:05 one of Image2
- 63 26.8274 10 43.1762 KM/Fol2 8.8 173,178, QPSK

12:54:35 (sim) 184 (dB) SR4000
crosstalk

- 13:19:58 one of Image1
- 63 26.8313 10 43.1867 KM/Fol2 173,178, BPSK

13:20:28 (63.4472) (10.7198) (sim) 184 (dB) SR4000
crosstalk

- 13:36:24 one of Image1
- 63 26.8245 10 43.1788 KM/Fol2 173,178, BPSK

13:36:54 (63.4471) (10.7196) (sim) 184 (dB) SR4000

- 15:19:58 one of Random
- 63 26.860 10 42.6637 KM/Fol1 20 173,178, QPSK

15:19:58 (63.4477) (10.7111) (real) 184 (dB) SR4000

Moving 16:10:45 Track Track 14 one of Image1
source - shown in shown in KM/Fol2 173,178, QPSK

16:21:42 Fig. 1.8 Fig. 1.8 (sim) 184 (dB) SR4000

FN2 16:43:07 28 one of Image1
- 63 26.815 10 43.565 KM 173,178, BPSK

16:44:07 (63.4469) (10.7261) 184 (dB) SR2000

147-148 FN2 16:48:35 28 one of Overnight
- 63 26.8150 10 43.565 KM 173,178, Tx.

06:45:51 (63.4469) (10.7261) 184 (dB) Image1
QPSK
SR1000
SR2000
SR4000

Table 1.12: P2P communication log data, i.e. date, time, source information (type,
location, power level, depth), and transmitted data, for days 146-148.
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1.5 Signal Description

This section presents transmitted signal descriptions, as well as the spectrograms of trans-
mitted and received signals.

1.5.1 Transmitted signal

There are two sets of P2P transmitted signals used in the UAN11 experiment, one was
transmitted by the KM modem (attached to FN1, FN2, Folaga, simulated Folaga) to
the VLA, and another one was transmitted from dedicated sources, being either the FOI
ITC-1007 source or CINTAL PASU using Lubell source to the VLA.

1.5.1.1 Transparent Signal (TpS) transmitted by KM modem

The KM modem [3] use carrier frequency of 25.6 kHz, allowing symbol rates of 1000, 2000,
4000 sym/s. The KM modem uses QPSK modulation, where BPSK modulation can be
emulated using a subset of the QPSK signal constellation.

Real

Imag.

1 (00)

j (01)

(10) -1

-j (11)

0

Figure 1.21: QPSK constellation and binary mapping used in KM modem

Figure 1.21 presents the QPSK constellation points and the corresponding binary map-
pings (in parenthesis) used in a KM modem. For BPSK modulation, only 1 and -1 points
in the constellation are used.

For Transparent Signal (TpS), we consider a fixed frame size of 50,000 symbols, i.e.
50,000, and 100,000 bits per frame when BPSK and QPSK are used, respectively. The
frame structure, organized in order by PreMseq, header, payload, and PostMseq, is shown
in Figure 1.22. The PreMseq and PostMseq are preamble and postamble using different M-
sequences for frame synchronization and modulation identification, as well as for rough
Doppler estimation. Moreover, in the TpS frame, the header contains information on
modulation type, symbol rate, payload type, payload size, etc, and its structure is shown
in Figure 1.23. Payload structure is shown in Figure 1.24, where there is short M-sequence
(called Mseq) inserted every 1s for use in channel Impulse Response (IR) estimations.
These IR estimates are used in monitoring channel time evolution.
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preMseq postMseqPayloadHeader

Figure 1.22: Transparent Signal (TpS) frame structure.

Table 1.13 presents the description of M-sequences, i.e. length, generator polynomial
used in PreMseq, PostMseq and Mseq. M-sequences with length 511 (9bits) is used for
preamble and postamble, while a short M-sequence of length 127 (7bits) is used in Mseq
for the purpose of IR estimation. Matlab scripts used to generate these M-sequences are
given in Appendix C.

PreMseq PostMseq Mseq

Case Gen. Poly. Length Gen. Poly. Length Gen. Poly. Length

BPSK 100001000 511 100101100 511 1000001 127

QPSK 110011000 511 110001001 511 1000001 127

Table 1.13: M-sequence parameters for PreMseq, PostMseq and Mseq, where PreMseq
and PostMseq are preamble and postamble for use in frame synchronization, and Mseq
(embedded in payload part of the frame) is a short M-sequence for use in channel impulse
response estimation.

Figure 1.23 illustrates the header structure, containing information on data type, mod-
ulation type, symbol rate, current frame, and total frames (as there can be more than one
frame required to carry the data), and payload size for a current frame.

Table 1.14 presents the data type mapping. The first three symbols are used to deter-
mine data type, i.e. image and random sequence which are considered in this experiment.
The next five symbols are used to determine the possible different image files, or different
random sequences.

Three pre-defined image files, i.e. gray, color, and high quality color (higher quality than
the others) images (shown later in Figure 1.26), were transmitted. Multiple frames maybe
required to convey an image. The number of frames depend also on type of modulations,
BPSK and QPSK used. For an image file, Matlab is used to read such file and provides
size and color mapping information. Then, the information is transformed to the sequence
of symbols. The symbol sequence can be considered as if it is randomly generated, and is
allocated into payload part of the frame.

Type PayloadSizeMod. Symrate CurrentFrame TotalFrame

Figure 1.23: Transparent Signal (TpS) header structure
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Mseq MseqMseq Data Data ...
1s

Figure 1.24: Transparent Signal (TpS) payload structure

Type s1s2s3 s4s5s6s7s8 Comment

Image (1)(1)(1) (1)(1)(1)(1)(-1) Gray image

(1)(1)(1)(-1)(1) Color image

(1)(1)(1)(-1)(-1) High quality color image

Random (1)(-1)(1) (1)(1)(1)(1)(-1) Random generated seq.
with seed=1

Table 1.14: Data type, supported by TpS frame and used in UAN11 high data rate P2P
communication from KM modem to the VLA.
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Table 1.15 reports the symbol mapping for different modulations.

Mod. s1s2s3

BPSK (1)(1)(1)

QPSK (1)(1)(-1)

Table 1.15: Modulation type, supported by TpS frame and used in UAN11 high data rate
P2P communication from KM modem to the VLA.

Table 1.16 presents the symbol mapping for different symbol rates, i.e. 1000, 2000, and
4000 sym/s, supported by the KM modem.

Symbol rate s1s2s3

(sym/s)

1000 (1)(1)(1)

2000 (1)(1)(-1)

4000 (1)(-1)(1)

Table 1.16: Symbol Rate

Table 1.17 presents the symbol mapping for current frame information. For example,
the color image file requires 2 transmission frames when QPSK modulation is used. Hence,
in this case the current frame can be either 1 or 2.

Current Frame s1s2s3s4s5

1 (1)(1)(1)(1)(-1)

2 (1)(1)(1)(-1)(1)

...
...

25 − 1 (-1)(-1)(-1)(-1)(-1)

Table 1.17: Current frame (values from 1 to 25 − 1), supported by TpS frame and used
in UAN11 high data rate P2P communication from KM modem to the VLA.

Table 1.18 presents the symbol mapping for total frame information. Again, for the
color image file requiring 2 transmission frames when QPSK modulation is used, the total
frame is 2.

Table 1.19 presents symbol mapping for payload size information, where 16 symbols
are used so that payload size up to 216 − 1 is supported.

As discussed previously in Table 1.14, we considered two signal types, i.e. random and
images, transmitted by the KM modem. Carrier frequency (fc) of 25.6 kHz, BPSK and
QPSK modulations were used. An input required by the KM modem is a binary file
containing baseband signal without pulse shaping, and the passband shift is done inside
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Total Frame s1s2s3s4s5

1 (1)(1)(1)(1)(-1)

2 (1)(1)(1)(-1)(1)

...
...

25 − 1 (-1)(-1)(-1)(-1)(-1)

Table 1.18: Total frame (values from 1 to 25 − 1), supported by TpS frame and used in
UAN11 high data rate P2P communication from KM modem to the VLA.

Payload size s1s2s3s4s5s6s7s8s9s10s11s12s13s14s15s16

1 (1)(1)(1)(1)(1)(1)(1)(1)(1)(1)(1)(1)(1)(1)(1)(-1)

2 (1)(1)(1)(1)(1)(1)(1)(1)(1)(1)(1)(1)(1)(1)(-1)(1)

...
...

216 − 1 (-1)(-1)(-1)(-1)(-1)(-1)(-1)(-1)(-1)(-1)(-1)(-1)(-1)(-1)(-1)(-1)

Table 1.19: Payload size (values from 1 to 216 − 1), supported by TpS frame and used in
UAN11 high data rate P2P communication from KM modem to the VLA.

the modem. Note that no pulse shaping is used in the KM modem, and the transmitted
signal bandwidth is controlled by the transducer frequency response. In the followings,
the spectrogram of transmitted frames (passband signal) for random sequence and three
images are shown. The squared-root raised cosine shaping pulse with an excess bandwidth
of 50% is assumed. Hence, the the signals presented here are only the variant of the actual
transmitted signals (by the modem). However, they serve the purpose of visualizing the
signal structure, i.e. preamble, postamble, frame duration, etc.

Figure 1.25 illustrates the spectrograms of the random sequence using BPSK, QPSK
modulations, and symbol rates of 1000, 2000, 4000 sym/s. Only one frame is required
to transmit 42000 symbols (pre-defined value). Note that 42000 symbols are allocated
into only payload part of frame. PreMseq, PostMseq, header and Mseq are additionally
required to construct the transmitted frame (of fixed length 50000 symbols). With symbol
rates of 1000, 2000, and 4000 sym/s, times required to transmit a frame are 50s, 25s and
12.5s, respectively. The PostMseq can be easily observed at the end of the frame (the
red short strip at the end of the frame in Figure 1.25(a) for example). With a fixed size
frame, the available payload space is also fixed. However, the amount of data (either from
a random sequence or an image) may not fill the payload part fully, hence the empty part
of the payload is then filled with symbols 1 (of the constellation shown in Figure 1.21).
After passband shifting the signal, the sequence of symbols 1 is the sinusoid of frequency
of 25.6 kHz (fc), and is shown as a single tone (a line before the PostMseq, located at
the end of the frame) in the spectrogram. Moreover, it is noted that the Mseq is inserted
into the payload section of the frame every 1s as shown in Figure 1.24. With higher rate
(requiring shorter transmitted time), the number of Mseqs are smaller than those with
lower rate (requiring longer transmitted time). For example, with BPSK modulation and
42000 data symbols, 49 and 11 Mseqs are required when symbol rate of 1000 and 4000
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sym/s are employed, respectively. That is the payload sizes for the symbol rates of 1000
and 4000 sym/s are 49 × 127 + 42000 = 48223 symbols and 11 × 127 + 42000 = 43397
symbols, respectively, where 127 is the size of the Mseq. Hence, with the same symbol
sequence (42000 symbols) and modulation, the higher the symbol rate, the shorter the
payload part (or the larger the empty part of the spectrum towards the end of Figure
1.25(e) as compared with Figure 1.25(a)). Similar strategy concerning the number of
Mseqs is also applied to the frame structure of image files.

Figure 1.26 presents the original three images that were transmitted by a KM modem
for high data rate P2P communications. The gray, color and high quality color images
are shown in Figures 1.26(a), 1.26(b), and 1.26(c), respectively.

Spectrograms of transmitted frames of the gray image (shown in Figure 1.26(a)) are
presented in Figure 1.27 for BPSK, QPSK modulations, and all symbol rates 1000, 2000,
4000 sym/s. Figures 1.27(a), 1.27(c), and 1.27(e), present the spectrograms of this image
using BPSK modulation, with symbol rates of 1000, 2000, 4000 sym/s, respectively. Two
frames are required to transmit this image, when BPSK modulation is used. For QPSK
modulation with all symbol rates, only one frame is sufficient to transmit this image,
resulting in a shorter transmitting time as expected. Again, with symbol rates of 1000,
2000, 4000 sym/s, the corresponding frame durations are 50s, 25s and 12.5s, respectively.

Figure 1.28 illustrates the spectrograms of transmitted frames of the color image (shown
in Figure 1.26(b)) for BPSK, QPSK modulations, and symbol rate of 1000, 2000, 4000
sym/s. Figures 1.28(a), 1.28(c), and 1.28(e), present the spectrograms of this image using
BPSK modulation, with symbol rates of 1000, 2000, 4000 sym/s, respectively. Five and
four frames are required to transmit this image, when BPSK modulation and symbol rates
of 1000, and 2000, 4000 sym/s are used, respectively. For QPSK modulation, three, two,
and two frames are required to transmit this image, using symbol rates of 1000, 2000 and
4000 sym/s, respectively.

Figure 1.29 presents the spectrograms of transmitted frames of the high quality color
image (shown in Figure 1.26(c)) for BPSK, QPSK modulations, and symbol rate of 1000,
2000, 4000 sym/s. Figures 1.29(a), 1.29(c), and 1.29(e), present the spectrograms of this
image using BPSK modulation, with symbol rates of 1000, 2000, 4000 sym/s, respectively.
Using BPSK modulation, twelve and eleven frames are required to transmit this image
for the symbol rates of 1000, and 2000, 4000 sym/s, respectively. For QPSK modulation,
with all symbol rates, six frames are required to transmit this image.
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(a) (b)

(c) (d)

(e) (f)

Figure 1.25: Spectrogram of transmitted frames for random sequence using: BPSK and
Symbol Rate (SR) = 1000 (sym/s) (a), QPSK and SR = 1000 (sym/s) (b), BPSK and SR
= 2000 (sym/s) (c), QPSK and SR = 2000 (sym/s) (d), BPSK and SR = 4000 (sym/s)
(e), and QPSK and SR = 4000 (sym/s) (f).
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(a)

(b)

(c)

Figure 1.26: Images, gray (a), color (b), and high quality color (c), transmitted by KM
modem in UAN11 high data rate P2P communications.
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(a) (b)

(c) (d)

(e) (f)

Figure 1.27: Spectrogram of transmitted frames for the gray image using: BPSK and
Symbol Rate (SR) = 1000 (sym/s) (a), QPSK and SR = 1000 (sym/s) (b), BPSK and
SR = 2000 (sym/s) (c), QPSK and SR = 2000 (sym/s) (d), BPSK and SR = 4000 (sym/s)
(e), and QPSK and SR = 4000 (sym/s) (f).
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(a) (b)

(c) (d)

(e) (f)

Figure 1.28: Spectrogram of transmitted frames for the color image using: BPSK and
Symbol Rate (SR) = 1000 (sym/s) (a), QPSK and SR = 1000 (sym/s) (b), BPSK and
SR = 2000 (sym/s) (c), QPSK and SR = 2000 (sym/s) (d), BPSK and SR = 4000 (sym/s)
(e), and QPSK and SR = 4000 (sym/s) (f).
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(a) (b)

(c) (d)

(e) (f)

Figure 1.29: Spectrogram of transmitted frames for the high quality color image using:
BPSK and Symbol Rate (SR) = 1000 (sym/s) (a), QPSK and SR = 1000 (sym/s) (b),
BPSK and SR = 2000 (sym/s) (c), QPSK and SR = 2000 (sym/s) (d), BPSK and SR =
4000 (sym/s) (e), and QPSK and SR = 4000 (sym/s) (f).
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1.5.1.2 Dedicated source signals (using ITC-1007/PASU source)

Signal codes and descriptions of CINTAL PSK signals sent during P2P communication
experiments using dedicated sources are presented in Table 1.20. Let Ai, i=1,2,...,6 denote
chirp signals within 1 to 22 kHz band and B1 for a chirp signal within 13.6 to 18.4 kHz
band. The signal codes Ci for i=1,2,3,4 denote the BPSK modulated signals with carrier
frequencies, fc of 5, 10, 15 and 19.6 kHz, and transmission rates of 600, 1200, 2400, and
3000 sym/s, respectively. We use the squared-root raised cosine shaping pulse with an
excess bandwidth of 50%, hence the bandwidths of C1 to C4 signals are 0.9, 1.8, 3.6
and 4.5 kHz, respectively. The signals Mi for i=1,2,3,4 denote the BPSK, QPSK, 8PSK
and 16PSK modulated signals, respectively, with fc of 16 kHz. With squared-root raised
cosine shaping pulse with an excess bandwidth of 50%, the bandwidths of M1-M4 signals
are 3.6 kHz.

Code Type Duration Carrier Freq. Baud Start-Stop Bandwidth
T fc Rate Freq.
(s) (kHz) (sym/s) (kHz) (kHz)

A1 Chirp 0.2 - - 1-4 3
A2 Chirp 0.2 - - 4-8 4
A3 Chirp 0.2 - - 8-12 4
A4 Chirp 0.2 - - 12-16 4
A5 Chirp 0.2 - - 16-20 4
A6 Chirp 0.2 - - 20-22 2

B1 Chirp 0.1 - - 13.6-18.4 4.8

C1 BPSK 20 5 600 4.55-5.45 0.9
C2 BPSK 20 10 1200 9.1-10.9 1.8
C3 BPSK 20 15 2400 13.2-16.8 3.6
C4 BPSK 20 19.6 3000 17.35-21.85 4.5

M1 BPSK 20 16 2400 14.2-17.8 3.6
M2 QPSK 20 16 2400 14.2-17.8 3.6
M3 8PSK 20 16 2400 14.2-17.8 3.6
M4 16PSK 20 16 2400 14.2-17.8 3.6

Table 1.20: Descriptions of CINTAL PSK signals used in the UAN11 P2P communication
experiments.

The detailed structures of C1-C4 are presented in Table 1.21. The frame starts with
PreMseq followed by information data together with short Mseq (the total duration of
1s) that is repeated for 20 times to construct Ci signal (with total duration of 20s), and
ends with PostMseq. Similarly, the detailed structures of M1-M4 are presented in Table
1.22.

Table 1.23 presents the description of M-sequences, i.e. length, generator polynomial
used for PreMseq, PostMseq, short Mseq used in dedicated P2P transmissions. M-
sequences of the same length 511 (9bits) are used for both PreMseq (preamble) and
PostMseq (postamble), but with different generator polynomials. The same PreMseq and
PostMseq are used for C1-C4 and M1-M4 signals, only short Mseqs are different.
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Type PreMseq Mseq Data · · · Mseq Data PostMseq
(sym) (sym) (sym) (sym) (sym) (sym)

C1 511 63 537 repeated 18 times 63 537 511

C2 511 127 1073 repeated 18 times 127 1073 511

C3 511 255 2145 repeated 18 times 255 2145 511

C4 511 511 2489 repeated 18 times 511 2489 511

Table 1.21: Structure of C1-C4 signals (with in CINTAL PSK signal).

Type PreMseq Mseq Data · · · Mseq Data PostMseq
(sym) (sym) (sym) (sym) (sym) (sym)

M1 511 255 2145 repeated 18 times 255 2145 511

M2 511 255 2145 repeated 18 times 255 2145 511

M3 511 255 2145 repeated 18 times 255 2145 511

M4 511 255 2145 repeated 18 times 255 2145 511

Table 1.22: Structure of M1-M4 signals (with in CINTAL PSK signal).

Figure 1.30 presents the spectrograms of the P2P signal sequence, transmitted by FOI
ITC-1007 and Lubell (from PASU) sources. Figures 1.30(a) shows the spectrogram of
these signals, sent by the ITC-1007 source where the sampling frequency of 56 kHz is
used. With PASU, Figure 1.30(b) illustrates the same P2P transmitted signal sequence
(as for the ITC-1007 source) but with sampling frequency of 44.1 kHz. Figure 1.30(c)
presents the signal sequence (with ISME signal appended at the end) that was transmitted
by PASU.
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(a)

(b)

(c)

Figure 1.30: Spectrogram of P2P sequence transmitted from dedicated sources: ITC-1007
source with sampling frequency (fs) of 56 kHz (a), PASU with fs of 44.1 kHz (b), and
PASU with ISME signal (fs of 44.1 kHz) (c).
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PreMseq PostMseq Mseq

Case Gen. Poly. Length Gen. Poly. Length Gen. Poly. Length

C1 100001000 511 100101100 511 110011 63

C2 100001000 511 100101100 511 1000111 127

C3 100001000 511 100101100 511 10110010 255

C4 100001000 511 100101100 511 110011000 511

M1-M4 100001000 511 100101100 511 10110010 255

Table 1.23: M-sequence parameters for PreMseq, PostMseq and Mseq, used in CINTAL
PSK signals for dedicated P2P communications experiments.
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1.5.2 Received signal

This section presents the spectrograms of received signals, where we consider signals that
were transmitted from the KM modem and from dedicated sources, i.e. FOI ITC-1007
and PASU Lubell.

1.5.2.1 TpS signal from KM modem

Figure 1.31 presents the spectrogram of the random sequence, received at the 1st hy-
drophone of the VLA from the KM modem at FN2 hung from Pier (before the FN2 was
actually deployed). This signal was QPSK modulated, and sent with symbol rate of 4000
sym/s. This received signal spectrum corresponds well with the spectrum of the trans-
mitted signal shown in Figure 1.25(f), having center frequency of 25.6 kHz. Moreover, we
also observe the line in the spectrogram of tone signal towards the end of frame before
the PostMseq (as in Figure 1.25(f)). The reception of this signal is recorded in Table
1.10 for day 143 with the comment ‘Random,QPSK,SR4000’, where the raw data can be
found in STU0-143203909.vla and STU0-143203939.vla, as suggested by Time information
presented also in this Table.

Figure 1.31: Spectrogram of received TpS frame corresponding to random sequence with
QPSK modulation and SR=4000 sym/s, at the 1st hydrophone of the VLA. The re-
ception of this signal is recorded in Table 1.10 for day 143 with the comment ‘Ran-
dom,QPSK,SR4000’, where the raw data can be found in STU0-143203909.vla and STU0-
143203939.vla, as suggested by ‘Time’ information presented in the Table.

Figure 1.32 shows the spectrograms of two received frames (one full and one not full)
corresponding to the transmission of the gray image when the BPSK modulation was used.
Figure 1.32(a) presents the spectrogram of the signals received at the 1st hydrophone of
the 16-hydrophone VLA. The source was the KM modem at FN2 from the pier on day 143
which transmitted signals with symbol rate of 2000 sym/s. The reception of this signal is
recorded in Table 1.10 for day 143 with the comment ‘Image1,BPSK,SR2000’, where the
raw data can be found in STU0-143204437.vla-STU0-143204537.vla. Similar spectrogram
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of the received signal for the signal that was transmitted with symbol rate of 4000 sym/s
(on day 144 from FN2) is shown in Figure 1.32(b). The raw data of these frames can be
found in STU0-144203902.vla-STU0-144203932.vla. The information on source position,
source depth, etc, associated with this signal is presented in Table 1.11 for day 144, with
comment ‘Image1,BPSK,SR4000’. Note that the frame durations associated with symbol
rates 2000 and 4000 sym/s are 25s and 12.5s, respectively.

Similarly, Figure 1.33 illustrates the spectrograms of a received frame of the gray image
transmitted on day 147 from simulated Folaga using QPSK modulation. Figures 1.33(a)
presents the spectrogram of the signals received at the 1st hydrophone, when the symbol
rate of 2000 sym/s was used. Refer to Table ?? with comment ‘Image1,QPSK,SR2000’
for more information, and the vla files associated with this data are STU0-147125006.vla
and STU0-147125036.vla. For symbol rate of 4000 sym/s, the spectrogram of the re-
ceived signal is shown in Figure 1.33(b). Refer to Table ?? for day 147, with comment
‘Image1,QPSK,SR2000’ and time 12:14:15-12:14:45 for more information. The vla files
associated with this data are STU0-147121415.vla and STU0-147121445.vla.

Spectrogram of the received frames associated with the color image that was transmit-
ted with symbol rate of 4000 sym/s using QPSK modulation is shown in Figure 1.34.
Refer to Table 1.12 for day 147, with comment ‘Image2,QPSK,SR4000,crosstalk’ at time
12:54:05-12:54:35 for more information, and the vla files associated with this data are
STU0-147125405.vla and STU0-147125435.vla. We observe that signals were interfered
by networking signals from other KM modems. It is probably from the master modem
since the signal level was high, from the fact that the master modem was co-located with
the VLA.

Figure 1.35 presents the spectrum of the received frames for the high quality color
image. QPSK modulation with symbol rate of 4000 sym/s was used. Refer to Table 1.10
for day 143, with comment ‘Image3,QPSK,SR4000’ for more information, and the vla file
associated with this data is STU0-143203340.vla.

1.5.2.2 ITC-1007 and PASU

Figure 1.36 shows the spectrogram of the P2P signal sequence, received at the 1st hy-
drophone of the VLA from the ITC-1007 source at station S6. Due to a parallel trans-
mission between this P2P signal sequence and the network communications between KM
modems, the networking signals were interfere with the P2P transmissions. The interfer-
ing signals can be observed in the signal spectrum centered at 25.6 kHz, but can span
down to 15 kHz. For more information, refer to Table ?? for day 145 for station S6 at time
14:47:46-14:58:13, and the vla files associated with this data set are STU0-145144746.vla
to STU0-145145813.vla.

Figure 1.37(a) presents the spectrograms of the received P2P signal sequence, where
such sequence was transmitted from PASU. Note that this sequence included signal from
ISME, in addition to the signal shown in Figure 1.36 sent by ITC-1007. Refer to Table ??
for day 146 with the PASU source at time GMT 22:31:02-23:07:52 for more information.
The vla files associated with this data set are STU0-146223102.vla to STU0-146230752.vla.
The enlargement of CINTAL C1-C4 and M1-M4 signals is shown in Figure 1.37(b).
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(a)

(b)

Figure 1.32: Spectrogram of two received TpS frames (one full and one not full) corre-
sponding to the gray image using BPSK modulation: with SR=2000 sym/s. The reception
of this signal is recorded in Table 1.10 with the comment ’Random,BPSK,SR2000’, where
the raw data can be found in STU0-143204437.vla to STU0-143204537.vla (a) and with
SR=4000 sym/s. The reception of this signal is recorded in Table 1.11 with the comment
’Random,BPSK,SR4000’, where the raw data can be found in STU0-144203902.vla and
STU0-144203932.vla (b). These signals were received at the 1st hydrophone of the VLA.
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(a)

(b)

Figure 1.33: Spectrogram of received TpS frames corresponding to the gray image using
QPSK: with SR=2000 sym/s (refer to Table ?? with comment ‘Image1,QPSK,SR2000’
for more information, and the vla files associated with this data are STU0-147125006.vla
and STU0-147125036.vla) (a) and with SR=4000 sym/s (b), where refer to Table 1.12
for day 147, with comment ‘Image1,QPSK,SR2000’ and time 12:14:15-12:14:45 for more
information, and the vla files associated with this data are STU0-147121415.vla and STU0-
147121445.vla. These signals were received at the 1st hydrophone of the VLA.
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Figure 1.34: Spectrogram of received TpS frames corresponding to the color image using
QPSK modulation and SR=4000 sym/s, at the 1st hydrophone of the VLA. Refer to
Table 1.12 for day 147, with comment ‘Image2,QPSK,SR4000,crosstalk’ at time 12:54:05-
12:54:35 for more information, and the vla files associated with this data are STU0-
147125405.vla and STU0-147125435.vla.

Figure 1.35: Spectrogram of received TpS frames, corresponding to the high quality color
image using QPSK modulation and SR=4000 sym/s. Refer to Table 1.10 for day 143,
with comment ‘Image3,QPSK,SR4000’ for more information, and the vla file associated
with this data is STU0-143203340.vla.
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Figure 1.36: Spectrogram of received signal corresponding to the P2P sequence at the 1st
hydrophone of the VLA transmitted from ITC-1007 source. Refer to Table ?? for day 145
for station S6 at time 14:47:46-14:58:13 for more information, and the vla files associated
with this data set are STU0-145144746.vla to STU0-145145813.vla.
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(a)

(b)

Figure 1.37: Spectrogram of received P2P sequence at the 1st hydrophone of the VLA (a)
and spectrogram of received CINTAL C1-C4 and M1-M4 signals (b). Refer to Table ?? for
day 146 with the PASU source at time GMT 22:31:02-23:07:52 for more information. The
vla files associated with this data set are STU0-146223102.vla to STU0-146230752.vla.
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Figure 1.38: FSpTR-DFE scheme consisting of the FSpTR processing, the Doppler esti-
mation/compensation, the phase jump compensation, symbol and phase synchronizations,
the output normalization, and the adaptive DFE

1.6 Channel equalization: preliminary results

This section presents the preliminary results (MSE and BER) of the FSpTR-DFE al-
gorithm [6], [7] using the UAN11 data from P2P communications, transmitted by KM
modems. The FSpTR-DFE algorithm is an environmental-based channel equalization al-
gorithm (using a combined geometry-adapted passive Time Reversal (pTR) and Decision
Feedback Equalizer (DFE) technique), robust to environmental changes encountered in
time-variant underwater communications. Moreover, this algorithm has been developed
in the UAN work package 4, task 4.3 by CINTAL for high data rate P2P link [7].

Figure 1.38 presents the data processing blocks used in the FSpTR-DFE scheme. In the
FSpTR block, frequency-shifted probe IRs are used in the pTR technique. The FSpTR
output is the concatenation of slots of processed signals with maximum energy, selected
over a set of frequency shifts. When the selected frequency shifts for consecutive slots are
different, there exist phase jumps in the FSpTR output. Hence, the phase jump compensa-
tion method is considered so that a standard Phase Locked Loop (PLL) can be used after
the FSpTR processing. Figure 1.38 also presents a Doppler estimation/compensation
and symbol synchronization, a PLL for phase synchronization, followed by an output
normalization, and an adaptive DFE.

Table 1.24 presents pTR-based equalization parameters (refer to [7] for notations and
details) considered in this section. A training sequence of length 200 symbols is used.

Figure 1.39 presents the MSE and signal constellation, after the FSpTR processing,
associated with the gray image (shown in Figure 1.26(a)) using BPSK constellation with
symbol rate of 2000 sym/s. Two frames were required to transmit the gray image. Hence,
MSEs and constellations for these two frames are presented in Figures 1.39(a), 1.39(c)
and 1.39(b), 1.39(d), respectively. The averaged MSE for frame 1 is -9.25 dB and BER
is 0.044%. For frame 2, we have the MSE of -13.9 dB and BER of 0.0067%. Figure 1.40
shows the decoded image.

Figure 1.41 presents the MSE and signal constellation associated with the gray image
using QPSK constellation with symbol rate of 4000 sym/s (i.e. bit rate of 8000 bits/s).
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(a) (b)

(c) (d)

Figure 1.39: MSE and detected constellation for gray image using BPSK with SR=2000
sym/s: MSE of frame 1 (a), constellation of frame 1 (b), MSE of frame 2 (c), and
constellation of frame 2 (d)

Figure 1.40: Decoded gray image using KM modem with BPSK modulation and SR=2000
sym/s.
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Description Notation Value Usage
(refer to Figure 1.38)

PLL loop gain G 0.05 Phase sync.

RLS forgetting factor λ 0.995 Adapt. DFE

Slot duration T0 1s (f(i) selection) FSpTR
0.05s (Doppler est.) Doppler est./comp.

Set of candidate freq. shift F {−300,−275, ..., 275, 300} Hz FSpTR

Frequency jump threshold ηf 300 Hz FSpTR

Normalized energy threshold ηE 0.6 FSpTR

Num. samples used in phase Lp 7 Phase jump
PCZ jump compensation compensation

Num. samples per symbol L 4 all
except Adapt. DFE

Num of feed-forward coef. - 20 Adapt. DFE
(symbol-spaced) - (10 causal &

10 anticausal coef.)

Num of feedback coef. - 10 Adapt. DFE

Table 1.24: Parameters used in equalizers to process UAN11 data.

Figures 1.41(a) and 1.41(b) present the MSE and decoded constellation, respectively. The
averaged MSE for this case is -15.6 dB and an error-free transmission is achieved. Figure
1.42 illustrates the decoded image.

1.7 Conclusion

This report presents the equipments used in the P2P communication experiments (as a
part of the Underwater Acoustic Network experiment) and environmental data (includ-
ing bathymetry, sound speed, temperature, salinity profiles, wind) measured during the
UAN11 sea trial. Moreover, logs on P2P high data rate transmissions (i.e. transparent
signals, and dedicated source signals), either from KM modems (integrated in the under-
water acoustic network) or from dedicated acoustic sources, are also reported. Transmit-
ted signal format and descriptions are presented in details for further use in data analysis,
and received signal spectrums are also illustrated. Preliminary results of the proposed
FSpTR-DFE algorithm for use in channel equalization are discussed. The results show a
successful transmission of images with information rate up to 8000 bits/s. Note that this
report is a data report that aims only to present/describe the environmental data and the
high data rate P2P communications (a part of the UAN experiment). For data analysis,
a separate report is later expected.
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(a) (b)

Figure 1.41: MSE and detected constellation for gray image using QPSK with SR=4000
sym/s: MSE (a) and constellation (b)

Figure 1.42: Decoded gray image using KM modem with QPSK modulation and SR=4000
sym/s.
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1.8 Annex A: Data contained in CTD file

Each cast produces a text file reporting data listed in Table 1.25.

Column Data

1 Scan count
2 Depth (m)
3 Conductivity (S/m)
4 Temperature (◦C)
5 Salinity (PSU)
6 Sound velocity [Chen-Millero, m/s]
7 Pressure (dB)
8 Density (σ − θ, kg/m3)
9 Descent rate (m/s)
10 Sound speed [Delgrosso, m/s]
11 Sound speed [Wilson, m/s]
12 Flag

Table 1.25: Data contained in CTD

1.9 Annex B: Parameters used in Del Grosso’s for-

mula

Parameters used in the calculation of sound velocity using Del Grosso’s formula (1-3.1).

C000 = 1402.392

∆CT = 0.501109398873× 10T − 0.550949843172× 10−1T 2 + 0.221535969240× 10−3T 3

∆CS = 0.132952290781× 10S + 0.128955756844× 10−3S2

∆CP = 0.156059257041P + 0.244998688441× 10−4P 2 − 0.883392332513× 10−8P 3

∆CSTP = −0.127562783426× 10−1TS + 0.635191613389× 10−2TP

+0.265484716608× 10−7T 2P 2 − 0.159349479045× 10−5TP 3

+0.522116437235× 10−9TP 3 − 0.438031096213× 10−6T 3P

−0.161674495909× 10−8S2P 2 + 0.968403156410× 10−4T 2S

+0.485639620015× 10−5TS2P − 0.340597039004× 10−3TPS.

1.10 Annex C: VLA filename format

The following vla filename structure is used, STU0 − X1X2X3Y1Y2Y3Y4Y5Y6.vla, where
X1X2X3 represents a Julian day of the current year 2011, and Y1Y2Y3Y4Y5Y6 provides infor-
mation on GMT time in Y1Y2, Y3Y4, and Y5Y6 in hour, minute and second, respectively. For
example, the vla files corresponds to the first set of P2P data for day 143, during the time
20:33:40-20:35:40 (shown in Table 1.10) are STU0-143203340.vla, to STU0-143203540.vla.
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1.11 Appendix A: Raw data availability

Table 1.26 summarizes the available raw data on environmental, geometric and VLA data
which were extracted and presented in this report.

Date APOS CTD Multibeam Olex VLA
(GMT time)

143
√

N/A
√ √ √

(06:24:00-16:44:30)

144
√ √ √ √ √

(13:40:16-16:44:36)

145
√ √

N/A
√ √

(08:59:11-15:59:59)

146
√ √

N/A
√ √

(08:53:29-16:31:12)

147
√ √

N/A
√ √

(7:58:48-16:41:01)

148 N/A N/A N/A N/A
√

Table 1.26: Available raw data

APOS data provides the GPS information of the R/V Gunnerus, while the CTD casts
provide sound velocity, temperature and salinity profiles. The high precision bathymetry
of the experimental area is given by multibeam data. Olex provides snapshots of bathymetry,
R/V Gunnerus position, water depth for each of major events during the experiment. VLA
refers to the VLA raw data acquired by the STU.

1.12 Appendix B: UAN11 P2P raw data logs

Table 1.27 lists the directory names and their descriptions in DVDs made available upon
request.
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Directory Description

TpS day143 Raw TpS received signals
for day 143

TpS day144 Raw TpS received signals
for day 144

TpS day146 Raw TpS received signals
for day 146

TpS day147 Raw TpS received signals
for day 147

TpS day147 148 overnight Raw TpS received signals from overnight transmissions
during days 147-148

PASU day144 Raw P2P received signals
from PASU source
for day 144

FOIPASU day145 Raw P2P received signals
from FOI ITC-1007 and PASU sources
for day 145

PASU day146 Raw TpS received signals
from PASU source
for day 146

EnvGeo Data Environmental and geometric data, i.e. bathymetry,
CTD, Olex, GPS data from APOS

Programs Matlab scripts/programs used to read EnvGeo Data
and to generate transmitted signals and process received
signals. The descriptions of the scripts are given in Table 1.28

Table 1.27: DVDs data directories
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1.13 Appendix C: Software package descriptions

This section presents the description of Matlab scripts/programs used/produced for this
report. All programs are written in Matlab (.m files). The present version of the programs
have been tested with Matlab 2007a and 2008a using Linux operation system.

Table 1.28 presents the main Matlab programs/scripts used in signal generation and
data processing, presented in this report.

File/Directory Description

TpS gen.m TpS signal generator with format accepted
by KM modem

Cx gen.m C1-C4 passband and baseband signal generator

Mx gen.m M1-M4 passband and baseband signal generator

Msequence gen.m M-sequence generator, used in PreMseq, PostMseq
and Mseq generation

aux signal parameter.m Parameters for all data processing blocks, e.g
synchronization, Doppler estimation, equalizer, etc.

openUAN comm.m Open raw *.vla files, passband filtering/demodulating
IR estimation using M-seq. pulse compression method

FSpTR DFE UAN.m FSpTR-DFE algorithm, include also
pTR, pTR-DFE and FSpTR algorithms for comparison

run opendata equalizer.m Main script used to run aux signal parameter.m
openUAN comm.m and an equalizer program
(e.g. FSpTR DFE UAN.m and MC DFE UAN.m)
and save equalizer results in an output file.

Aux mfile Directory containing all auxiliary *.m files used in
TpS gen.m, Cx gen.m, Mx gen.m, Msequence gen.m
openUAN comm.m and equalizer programs

Table 1.28: Descriptions of Matlab programs/scripts in directory “Programs” in a DVD
made available upon request

A brief guideline for use the software package is given in steps as follows:

• Specify parameters used for all data processing blocks in file “aux signal parameter.m”,
where the short descriptions of all parameters are given in the file.

• Run script “run opendata equalizer.m”, to execute all processing blocks using pa-
rameters specified in aux signal parameter.m. The MSE and BER results, and
parameters used are saved in an output file (specified in aux signal parameter.m),
as well as some graphical results, e.g. MSE, BER, and output constellation, are
plotted in *.jpg format and saved in the current directory.
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UAN 2011 Sea trial outside Trondheim 

1.1 Introduction 

This is a report of the results from the experiment made by FOI
1
 in the Trondheimsfjord in Norway 

May 25, 2011. The experiment was a part of the sea trial made within the UAN project financed by 

EU (75%) and the UAN partners (25%).  

FOI has in previous projects developed a method for underwater communication based on turbo 

equalization. This method was licensed to Kongsberg for use in the UAN experiments but FOI also 

made separate experiments with point to point communication, the latter are reported below
2
. 

1.2 SIMO transmissions 

During the UAN sea trial in Trondheim 2011, SIMO (Single Input/Multiple Output) transmissions 

were performed on the 25:th of May. The purpose of the sea trial was mainly to demonstrate 

network communication concepts, but there was also a part for testing communication at the link (or 

physical) layer. During the SIMO sea trial the transmitter was located onboard the NTNU research 

vessel R/V Gunnerus, see figure 1, and the receiving array outside Storsand Camping. 

 

 

Figure 1. The NTNU research vessel R/V Gunnerus. 

 

One of the aims with the SIMO transmissions was to gather data in an environment of which we 

have had little experience from before. Fjords are known for impulse responses with, mainly two, 

well separated groups of signal arrivals, which also was the case here. We also used a new signal 

constellation, that would possibly give us better performance under large phase rotations – a 

common problem under water. 

Before the SIMO-experiment it was assessed that the network experiments could be performed in 

parallell with the link-layer tests, i.e. that sidelobe levels from the former would not disturb the 

latter. This proved to be the case at large, but not at all times. The network experiments were 

performed in the vicinity of the bottom-mounted vertical receiving array, and so these signals were 

generally much stronger. 

The SIMO transmissions were performed at several positions. CTD profiles were recorded at each 

measurement site and an example from the first one, approximately 8 km from the receiver array is 

given in figure 2. CTD-data will be available separately as a set of SeaBat CNV-files. 

                                                 
1
 FOI is the Swedish Defence Research Agency. 

2
 The authors want to thank the other partners in UAN and the crew of R/V Gunnerus for their great help in performing 

the experiments. 
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Figure 2. Sound velocity profile approximately 8 km from the receiver. 

 

The transmission depth was chosen using the CTD and for the transmissions at 8 km it was set to 12 

meters. At the 8 km location a transmitter depth of 30 meters was also used. This was the maximum 

depth possible, using the transmitter cable we had at our disposal. 

The transducer used was a deep water omnidirectional ITC 1007 and the sampling frequency of the 

wave-file was set to 56000 Hz. A standard laptop computer and its sound circuitry were used as 

signal source. The signal was fed to a power amplifier and subsequently to a transformer unit before 

being sent to the transducer, see figure 3. Signal levels and quality were continuously monitored 

using a multimeter and a portable oscilloscope. 

 

 

 
 

Figure 3. A standard laptop computer was used as a transmission source. Output from the 

computer was fed to a power amplifier and a transformer unit before being sent to the 

transducer. Transmission levels were monitored using a multimeter and signal quality was 

monitored using a portable oscilloscope. 
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1.3 Transmitted signals 

The SIMO signals of the FOI and CINTAL were gathered, resampled and concatenated to an 

approximately 10 minute long complete wave-file. This wave-file was then transmitted at several 

locations during the SIMO-tests. The spectrogram of the complete 10 minute file is shown in figure 

4. 

 

 

 

 

Figure 4. Spectrogram of the complete 10 minute transmission file, containing contributions 

from CINTAL and FOI. 

 

Details of the transmitted SIMO signals from the other parties can be found elsewhere, see 

documents from their respective provider. Here we only give more details about the FOI signals. 

The FOI SIMO signals can be divided into three categories. The first part consisted of channel 

probes, the second part contained several different modulation formats etc, and the third part was 

the transmission of an JPG image. The signals were created for the ITC 1007 transducer and we 

chose a center frequency of 12 kHz and a symbol rate of 5600 Hz. A root raised cosine pulse was 

used for pulse shaping, and this resulted in a bandwidth between zeros of approximately 8600 Hz. 

The part with channel probes consisted of two different types of signal. First there was a repetition 

of 500 m-sequences of length 255 chips. Using this signal we may get an estimate of how the 

channel impulse response varied over time. The second channel probe was a single longer 4095 

chip m-sequence, with which a possibly much longer impulse response could be estimated. A long 

probe also provides more energy in the water, and so weaker returns could possibly be detected. 

The second part of the FOI signals are communication signals where several parameters have been 

varied. The parameters that have been varied are the modulation format and the size of the 

interleaver in the turbo code. The information bits were encoded using a parallel turbo code 

consisting of two recursive systematic convolutional codes separated by an interleaver. The code-

rate was 1/3. 

The modulation formats used in this experiment were 4QAM, two different variants of 16QAM, 

32QAM, 64QAM and 128QAM. One of the 16QAM maps was a “standard” Gray-coded 

constellation while the other was a variant that would possibly allow us to handle more phase 

variation at the expense of the amplitude variation. Signal amplitudes take four different values 

here, but there are only four symbols on each of these rings. See figure 5 for the exact layout of this 

constellation. 

FOI signal            CINTAL PSK signal               FOI signal          CINTAL OFDM signal 
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Figure 5. The 16QAM 4-90 constellation used in the experiment. 

 

Two interleaver sizes were used, 640 and 1280. The longer interleaver gives a better coding gain in 

an AWGN-channel, but it will also result in longer codewords and hence in larger phase rotations 

over the frame. 

The third part of the FOI signals is a JPEG image encoded with a size 1280 interleaver and 32QAM 

and a coderate of ½. In this case we also added an outer Reed-Solomon code to further protect the 

data. The image file was approximately 27 kB in size and this resulted in 257 turbo-encoded frames 

for the transmission. The information rate in bits per sec. is given by: 
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=  

 

where:  

o Rc is the code rate, in this case 1/3 or 1/2. 

o NI is the interleaver length, 640 or 1280 

o M is the number of symbols in the alphabet 4, 16, 32 or 64 

o Ntr is the length of the training sequence in symbols here 255 

o Rs is the symbol rate 5600 

A summary of the FOI signals is given in table 1 below. 
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Modulation 

format, MQAM 

Interleaver 

length, NI 

Code rate, Rc Information rate, 

r [kb/s] 

640 2.95 4 

1280 

1/3 

3.30 

640 4.88 16 

1280 

1/3 

5.90 

640 5.61 32 

1280 

1/3 

7.01 

32 (for the 

image) 

1280 1/2 9.35 

640 6.23 64 

1280 

1/3 

8.01 

640 6.79 128 

1280 

1/3 

8.92 

 

Table 1 Summary of the FOI communication signals 

 

 

1.4 Signal transmission locations 

The transmission locations were situated at approximately 8, 11, 5, 3 and 1 kilometer from the 

vertical receiver array (the STU). In addition to the static transmissions a Doppler run was 

performed. This took place at a distance between 3 and 5 kilometers from the receiver and the ship 

speed was about 2.6 knots. There was periodic knocking sound in the received signals when this 

Doppler experiment was run, which caused interference to the signal. The source of this sound is 

unknown to us, but it could possibly be linked to Gunnerus, since the sound was present only when 

Gunnerus was moving. It could also quite possibly emanate from something closer to the receiving 

array. 

An example of the physical environment is shown in figure 6. 
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Figure 6. An example of the environment at the 8 km transmission position. The exact dist-

ance from the receiving array is 4.26 nm which is equal to 7.9 km. A depth profile is also 

shown which reveals a small hill at the bottom but it has most likely not interfered with the 

communication. 

 

1.5 Results 

In this section we present some preliminary results of the decoding of the SIMO transmissions. The 

results will be given in the form of matrices with bit error rates for different signal types (see table 

1) and different distances from the receiving array. There will be a matrix for each of three different 

cases; using one single hydrophone, using four hydrophones and finally using eight hydrophones. 

At the 8 km transmission point, two transmitter depths were used, 12 and 30 meters respectively. 

Note also that what is called “4 km” in the tables below is actually a measurement with Doppler, 

since R/V Gunnerus was moving at about 2.6 knots. The Doppler run was performed between the 5 

and 3 km transmission points, and R/V Gunnerus was moving towards the receiver array. At this 

speed R/V Gunnerus moved approximately 800 meters during the 10 minutes of a complete 

transmission. 

A recurring problem during the SIMO experiment was interference from the transmissions of the 

network nodes in the vicinity of the vertical linear array. It was assessed before the SIMO 

experiment that the network experiments could be performed in parallel. The network transmissions 

were using a center frequency of 26 kHz while the SIMO transmission signals were made for longer 

range, and had center frequencies around 12 kHz. However, the network transmissions were often 

quite strong and ruined the SIMO transmissions at times. This was most evident when using only a 

single hydrophone for reception, but many of the transmissions could not be decoded even when 

using eight hydrophones. 
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The channels used for the decoding were chosen using an SNR estimate for each signal. The start of 

each signal was found after bandpass filtering, and then 0.5 second intervals, before and after the 

start time, were used to estimate the noise and signal powers, respectively. Then the best 1, 4 or 8 

channels were selected for decoding. The interference from the network nodes disturbed this simple 

procedure sometimes, when there was interference in the “noise interval”. This gave sub-zero SNR 

and the signal was thrown. On other occasions many of the frames in a signal were impossible to 

decode because of low SNR due to the interference. 

The first result considers reception using a single hydrophone and is given in table 2 below. 

 

Bitrate 1km 3km 4km 5km 8km-12m 8km-30m 11 km 

2.95 0 0 0 0 0 0 0.1040 

3.30 0 0 0.1760 0 0.0540 0 0.1522 

4.88 0 0 0.2580 0.2273 0.0693 0.0113 0.3207 

5.90 0 0.0093 0.2700 0 0.1640 0.4993 0.3333 

4.88 0 0.0127 0.2467 0.0169 0.1580 0 0.3533 

5.90 0 0.1200 0.3093 0.0898 0.1747 0 0.3553 

5.61 0 0.0293 0.1320 0.0847 0.1207   NaN 0.3427 

7.01 0 0.0480 0.1587 0.0427 0.0273 0.1386 0.3493 

6.23 0 0.0227 0.1156 0.0952 0.1014 0.1285 0.2547 

8.01 0 0.1090 0.0225 0.0755 0.0929 0.1840 0.2580 

6.79 0.2380 0.3160 0.2887 0.3353 0.3373 0.3447 0.4073 

8.92 0.2447 0.3433 0.2900 0.3893 0.3420 0.3487 0.3967 

 

Table 2. Decoding results in the form of bit error rates using a single hydrophone from the 

receiving vertical linear array. For each transmission the hydrophone with the best SNR was 

selected. Information bitrates (left column) are given in kbits/second. “NaN” in the table 

means there was interference at the start of this signal that gave a negative SNR estimate, and 

thus this signal was thrown. 

 

From this table we find that only at the shortest distance do we get almost trouble-free 

communication using only a single hydrophone. The SNR obtained from only one hydrophone is 

clearly too low for the 128QAM signals (last two rows in the table). We also find that our lowest 

bitrate signal 4QAM with the short interleaver (2.95 kbits/second) gives error-free transmissions out 

to 8 km. At 11 km the SNR was too low for the 4QAM-signal to be completely error-free. With a 

little tuning of the decoder parameters (compared to the ones used in tables 2 through 4), 12 out of 

the 15 frames transmitted were decoded without errors. 

We were perhaps initially expecting all 16QAM signals of the 3 km transmissions to be error-free, 

but the “square” 16QAM signals were disturbed by the network transmissions, while the ones using 

the constellation presented in figure 5, 16QAM-4-90, were not. This perhaps indicates that this 

constellation is not as good as we had thought, but it could also depend on a less than optimal bit-

labeling for our turbo code. 

We now turn to the results using 4 receiver hydrophones, see table 3. Clearly here we get the extra 

SNR needed to have error-free communication at larger distances. The long interleaver 4QAM 

UAN D6.3 Project Sea Trial Report - Page 118



transmission (3.3 kbits/second) at 12 meters depth at 8 km is not disturbed by interference, so here 

the longer data frame, and hence larger phase rotations, is probably the cause of the errors. 

Bitrate 1km 3km 4km 5km 8km-12m 8km-30m 11 km 

2.95 0 0 0 0 0 0 0 

3.30 0 0 0 0 0.0227 0 0.0567 

4.88 0 0 0 0 0 0 0 

5.90 0 0 0 0 0 0.5000 0.0720 

4.88 0 0 0 0 0 0 0.1282 

5.90 0 0 0 0 0.0667 0 0.2153 

5.61 0 0 0 0 0 0 0.1153 

7.01 0 0 0 0 0 0 0.1407 

6.23 0 0 0 0 0 0 0.1314 

8.01 0 0 0 0 0.0065 0 0.1673 

6.79 0.0227 0.0373 0.1137 0.0890 0.1687 0.1293 0.3713 

8.92 0.0940 0.0925 0.1503 0.2687 0.2207 0.1360 0.3400 

 

Table 3. Decoding results in the form of bit error rates using four hydrophones from the 

receiving vertical linear array. For each transmission the hydrophones with the best SNR 

were selected. Information bitrates (left column) are given in kbits/second. 

 

The problems with the 5.90 kbits/sec. transmission at 30 m. depth and 8 km were caused by heavy 

interference, see figure 7. It proved impossible to synchronize here and the signal was thrown. 

 

Figure 7. Spectrogram of the 5.90 kbits/second transmission at 30 meters depth and 8 km. 

Heavy interference makes it impossible to synchronize with this signal. 

 

UAN D6.3 Project Sea Trial Report - Page 119



In summary, using four hydrophones the short interleaver variants of the 4QAM and 16QAM 

signals were error-free at all transmission distances. All but the 128QAM signals showed error-free 

or almost error-free results for all but the 11 km transmission distance. 

Finally we also ran our decoder using the eight best-SNR hydrophones, see table 4. Here we also 

get error-free transmission with the short-interleaver 128QAM signal at 1 and 3 km. At 11 km we 

get error-free transmission with the short-interleaver 32QAM signal in addition to 4QAM and 

16QAM with short interleavers. 

 

Bitrate 1km 3km 4km 5km 8km-12m 8km-30m 11 km 

2.95 0 0 0 0 0 0 0 

3.30 0 0 0 0 0 0 0.0223 

4.88 0 0 0 0 0 0 0 

5.90 0 0 0 0 0 0 0.0191 

4.88 0 0 0 0 0 0 0.0424 

5.90 0 0 0 0 0 0 0.1019 

5.61 0 0 0 0 0 0 0 

7.01 0 0 0 0 0 0 0.0293 

6.23 0 0 0 0 0 0 0.0359 

8.01 0 0 0 0 0 0 0.1032 

6.79 0 0 0.0607 0.0287 0.0227 0.0013 0.3327 

8.92 0.0147 0.0080 0.0593 0.0289 0.0467 0.0147 0.3093 

 

Table 4. Decoding results in the form of bit error rates using eight hydrophones from the 

receiving vertical linear array. For each transmission the hydrophones with the best SNR 

were selected. Information bitrates (left column) are given in kbits/second. 

 

As part of the FOI SIMO signals we also encoded and transmitted an image file. A standard JPEG 

file of size 27 kB was used. The details of the encoding can be found in section 1.3. The channel 

encoded signal contained a total of 247 turbo-coded frames. The image file has been decoded for 

two cases, at 3 km when using hydrophones 1 through 6 and for the Doppler run, approximately 4 

km from the receiver array. For the Doppler run all hydrophones were used. 

In both cases there were turbo-coded frames that did not decode correctly, but the remaining errors 

were corrected by the outer Reed-Solomon code. The received images were thus without errors, see 

figure 8. 
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Figure 8. The transmitted image file. It was received and decoded without errors at a distance 

of 3 km and using hydrophones 1-6, and at an approximate distance of 4 km during a Doppler 

run using all hydrophones. In the Doppler run R/V Gunnerus moved at a moderate speed of 

2.6 knots. The image was an 894x572 pixel JPG-coded color photo. 

 

1.6 Channel impulse response measurements 

In addition to the communication experiments we also performed channel impulse response 

measurements. Below we will show a few results from these transmissions. The probe signals were 

described in section 1.3. 

Using the probe signal containing 500 repetitions of an m-sequence we get a sampling of the 

impulse response as a function of time and lag. An example from the transmission at 3 km is given 

in figure 9. 

 

 

Figure 9. Channel impulse response over time at 3 km. Considerable variation in the 

amplitude can be seen. 
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Using the long probe at the same transmission point (3 km) we get the impulse response in figure 

10. 

 

Figure 10. Channel impulse response using the long probe at 3 km. 

 

The same figures for the transmission point at 11 km are found in figures 11 and 12 below. Here the 

results using the short probe are weak and there is also interference (red horizontal bands) from the 

network experiment conducted in parallel. Still, there is enough energy in the short probe to get 

synchronization even at this distance, and also error-free communication using several hydrophones 

as we have seen earlier. 
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Figure 11. Channel impulse response over time at 11 km. The red horizontal lines emanate 

from the network experiment interference. Very weak signals are seen using the short probe. 

 

 

Figure 12. Channel impulse response using the long probe at 11 km. 
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Appendix C.  
Sea Trial Report (KM) 
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UAN11 – KM Sea trial report 
 

The following describes the signal decoding performance of the physical layer on Friday 27th of May 

2011 from 00:00 to 07:00 local time (UTC+02:00). During this period data and signaling traffic was 

flowing between the Master and Fixed Node 2 (FNO2, KM serial number 10038). No other network 

traffic was present which could cause packet collisions and hence disrupt the performance 

evaluation. The packet success rate is measured in individual packets in the water channel received 

successfully. Retransmission functionality is not considered, i.e. if a packet must be retransmitted 

two times (a total of three transmissions) before it is received correctly counts as two lost packets 

and one successful packet transfer.  

Below are plots showing the data and signaling traffic between the Master and FNO2. The data rate 

per packet was constant for the whole period and was set to 2001 bps2 for the Master and 200 bps 

for FNO2. Green upward pointing triangles indicate successful transfer of a packet and red downward 

pointing triangles indicate that the packet was lost.  

Time represented in UTC is shown on the X-axis and the Y-axis represents the packet type. Data 

messages with byte-size over 50 Bytes must be fragmented by the sender and reassembled by the 

receiver due to limited physical layer packet size in the KM Modem.  
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ACK

RTS

CTS

Time (UTC)

S
ig

n
a
l 
P

a
c
k
e
t 

T
y
p
e

Signal Packet Transfer Success from Master to FNO2 :: 831 Received / 1188 Total (69.9% success rate)

 

Figure 1: Signal traffic from Master to FNO2 

 

                                                           
1
 200 bps was the slowest and most robustly coded transmission profile available on the KM Modems 

2
 Bits per second; burst data rate with a maximum packet duration of 2 seconds 
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Data Packet Transfer Success from Master to FNO2 :: 339 Received / 514 Total (66.0% success rate)

 

Figure 2: Data traffic from Master to FNO2 

 

25-May-2011 22:02:38 25-May-2011 23:25:54 26-May-2011 00:49:10 26-May-2011 02:12:26 26-May-2011 03:35:42 26-May-2011 04:58:58

ACK

RTS

CTS

Time (UTC)

S
ig

n
a
l 
P

a
c
k
e
t 

T
y
p
e

Signal Packet Transfer Success from FNO2 to Master :: 932 Received / 1219 Total (76.5% success rate)

 

Figure 3: Signal traffic from FNO2 to Master 
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Data Packet Transfer Success from FNO2 to Master :: 660 Received / 1021 Total (64.6% success rate)

 

Figure 4: Data traffic from FNO2 to Master 

 

The total packet loss for the whole period was approximately 30% in both directions, but the shorter 

Signal Packets have higher success rate than the Data Packets. Seen over time the packet loss in the 

direction from Master to FNO2 seems stochastically distributed. In the direction from FNO2 to 

Master however the conditions seem to change in a cyclic manner with a general time period of 1.5 

hours, where the period consisted of 1 hour with favorable conditions followed by 30 minutes with 

degraded conditions. This observation conforms with general observations during the whole UAN11 

Sea Trial; that the acoustic channel conditions changed rapidly and severely.  

The data traffic was generated by the higher layer system and the results given here may be 

compared with logs from these layers to describe the traffic performance of the whole system.  
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The following channel impulse responses were all taken from the preamble of successfully decoded 

packets (packets received with errors were not logged on the SD card of the KM Modems). Also, the 

Doppler spread was not considered. Hence these snapshots of the acoustic channel do not fully 

represent the acoustic conditions. 

The CIR’s were sampled at 8 kHz and stretches from 50 samples before the main arrival to 149 

samples after, and the main arrival was chosen as the first arrival above a preset threshold3. In the 

CIR’s from both the Master and FNO2, a few high energy arrivals can be seen. The side lode level 

varies between -10dB and -5dB relative to the main signal arrival. This suggests that the variation in 

multiple low energy arrivals mainly caused the variable acoustic channel. 
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3
 The detection threshold was set to -9dB SNIR 
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Figure 5: Channel Impulse Response from FNO2 (10038) to Master 
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Figure 6: Channel Impulse Response from Master to FNO2 (10038) 
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Appendix D. Networking log and 
evaluation (SINTEF) 
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At-shore diary concerning UAN11 network and layer 1–3  
(w/ focus on layer 3) 
Author: Arne Lie, SINTEF ICT, July 2011 

The times noted in this diary are local time, i.e. UTC+2. There is no claim that this log is complete with all 
needed information and events, and free of errors. Ping result plots are also included to ease readability 
and increase the interest. Change in Tx power (two settings available, Low and Minimum) were done 
manually through APOS, and is not mentioned in this log at all. 

The log is summarized in “Brief summary and conclusion” to give the early impressions from the sea trial 
(before detailed data analysis is performed). 

Brief summary and conclusion 
In general, the communication in UAN11 was more challenging than experienced during UAN10. The 
Turbo mode (1600 bps) could not operate properly at all, although it has been shown to perform 
superior in the Oslo fjord outside Horten: long and time varying impulse responses of the Trondheim 
fjord is the assumed explanation. 500 bps DSSS was used with success especially in the early hours of 
each day, but 200 bps was often necessary in order to avoid frequent link “outage”. So, both the average 
bit rate was lower than at Pianosa (UAN10), and the variability in channel conditions was higher than at 
Pianosa. It is believed that partial explanation is fresh water from rivers, rain and wind. The implications 
this had on the MAC and network layers were several. Due to the varying channel conditions, frequent 
bit rate change and rerouting was necessary. This was performed manually via the APOS interface. Still, 
in periods, even 200 bps at short distances could fail. While multi-hopping was tested several times, and 
proven positive functional as long as 500 bps was feasible, the capacity drop when changing to 200 bps 
mode was very noticeable in that severe traffic backlog was soon the result (the periodic MOOS traffic 
could cause overload traffic in 200 bps mode), causing the active RTT monitoring by ping script to 
experience packet drop because of exceeding the timeout period set (which was 100 s in most of the 
tests). Not only was lower bit rate causing a direct linear drop in throughput, but due to fragment 
duration limitations measured in seconds, lower bit rate also created higher number of fragments, so 
that the throughput was actually dramatically lowered. Due to CSMA/CA MAC protocol on every hop, a 
drop from 500 to 200 bps could mean a change from a (very) low traffic low to overload situation. To 
conclude, before having looked into IP layer and MOOS traffic trace data in detail, because these should 
be correlated with the ping statistics, it might be that there is an improvement potential in how the 
traffic is prioritized in overload situations. A finer granularity in bit rate change could also result in a finer 
granularity in capacity change. Also, if the modems could accept longer packets, the overall efficiency of 
the CSMA/CA would improve. Lastly, the routing protocol should perhaps be modified to better its 
performance in dynamic conditions. The “UANtun” implementation, which replaced the previous PPP 
implementation, seemed to work very well, and had less signalling in its setup phase compared to PPP 
(about 25%). 
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Lastly, some impressions on the variability of the acoustic channel in UAN11: 
The acoustic channel quality varied with different time window granularity. Before having inspected the 
data logs in detail, the observations produce the following claims: 

• Best conditions were always present before lunch than after. This could be positively correlated 
to weather conditions, since wind, and some days rain, was gaining as the days grew older. 
Perhaps it could also be correlated to the tide. 

• Shorter time window varying conditions: it could happen that after 10-15 minutes with good 
conditions, another 10-15 minutes would follow with much worse conditions, and then back to 
good again. This phenomenon seemed to “superposition” on the long time window variations 
mentioned above. 

• There were periods where typical short packets went through alright (e.g. RTS and CTS), while 
long packets were not received all right. One reason could be that the channel impulse response 
changed very fast during packet duration, and that the varying phase could be tracked 
successfully by the receiver algorithm in only very short time spans (complying to short packet 
reception ok). 

Monday, 23-05-2011 
STU placement: 63deg 26.50311N, 10deg 42.81270E 

FN1 and FN2 are located at pier, as shown in Figure 1. Testing of PHY, MAC and routing between MN1, 
and (from pier) FN1 and FN2. IP layer also tested with MOOS. Successful, link quality is a bit variable with 
FN1 and FN2. 

Ping script started 19:37 and 22:13. 

Nice tip from Fred: www.marinetraffic.com  
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Start of ping sequence against FN2: 23-May-2011 17:37:40(GMT). Ping payload: 20 bytes
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lost ping

 8:00PM  8:30PM  9:00PM  9:30PM 10:00PM 10:30PM 11:00PM
0

2

4

6

8

10

12

14

16

R
TT

 (s
)

Start of ping sequence against FN1: 23-May-2011 20:13:22(GMT). Ping payload: 20 bytes

 

 
ping RTT (s)
positive ping
lost ping
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Tuesday, 24-05-2011 
Time 13:57: 

Ping script modified to displaying MIN/AVR/MAX ping delay. 

Deplaying the FN1: Problems to find a god link between FN1 – STU. The process takes much longer time 
than anticipated. FN2 must be deployed into water before 19:00. 

FN1 tested between 15:00 and 16:00. DSSS and 500 bps is OK. Turbo option (1600 bps) is negative. 

SpareSlave test in position FN2 is OK using DSSS 500 bps, but was reachable both from STU and FN1 
directly (we hoped it should be reachable only via FN1). APOS must be used, most probably, to overrule 
the routing table obtained by Network Discovery (ND) FLOOD, to get multi-hop. Turbo is again negative. 

FN2 ballast went into water at 17:55 o’clock. 

Overview of nodes (“KM MAC” address, IP address.  lat, long): 

Spare modem: 10078 

FN1: 10039, 192.168.10.3.  63deg 26.57135 N, 10deg 42.92356 E 

FN2: 10038, 192.168.10.4.  63deg 26.81906 N, 10deg 43.56814 E 

MN1: 10040, 192.168.10.1 

MN2: 10045, 192.168.10.2 

STU: 1, 192.168.10.10. 63deg 26.50311N, 10deg 42.81270E 
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Start of ping sequence against FN2: 23-May-2011 20:15:32(GMT). Ping payload: 20 bytes

 

 
ping RTT (s)
positive ping
lost ping
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Ping script started 16:51 against FN1, all negative. 

 

Wednesday, 25-05-2011 
The plan was to move MN1 to a location between FN2 and FN1 to make a relay for the FN2-STU 
communication. MN1 should in this way relay all data from FN2 to STU. MN1 was dived down to 5 and 
10 meters depth in 10-15 minutes, the comm. was not bad, but not very good either. Wind and sea was 
increasing and the rubber-boat people went on-shore at approx. 13:30. After this the FN2 was routed 
directly to STU, and ping script started at 13:06 against FN2. Lunch.  
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ping RTT (s)
lost ping
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Figure 1 FN1 and FN2 was located at pier on Monday 23-05-2011. During Tuesday 24-05-2011 they were moved and deployed 
at positions shown on the map. 

From handwriting diary: FN2-STU link had about 45% loss at a certain time window. 

Wednesday evening: FN1 was to be surfaced for recharging. During this operation, the rope broke, and 
FN1 was lost for the remaining UAN11 operations. 

 

Figure 2 Network layout sketch for Wednesday 
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Figure 3 The FN2 - STU communication was single-hop 
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lost ping
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Thursday, 26-05-2011 

 

Figure 4 network sketch and original plan with MN1 and SimMN2 (9000) mobility 

time STU_tx 
1 
192.168.10.10 

FN2_tx 
(10038) 
192.168.10.4 

MN1_tx 
(10040) 
192.168.10.1 

FN3_tx 
(10078) 
no IP 

11:17 MN1 is deployed in water 
11:30 200 bps 200 bps 500 bps — 
   At STU, IP not ok  
11:50 MN1 drifts away. 

HiPAP used to 
localize it 

   

12:05 MN1 observed at 7m depth. Global timeout should have been trigged and surfaced, but 
has not happened. 

12:50 Plan developed to use to extra KM modems for simulated MN1 (hanging from Gunnerus), 
and as FN3 (fixed node without Linux host) 

13:30 FN3 (10078) is operating at position. After ND the routing was also set manually to force 
FN3 to relay FN2. 

 500 bps 500 bps 200 bps 500 bps 
 Ping delay reduced to 9 sec (20 byte payload) when 500 bps mode could be used (at 200 

bps the 20B pings are fragmented in two fragments) 
13:49  HiRate test from 

FN2. Was ordered 
via C2 and MOOS. 

  

     
 

time STU_tx 
1 
192.168.10.10 

FN2_tx 
(10038) 
192.168.10.4 

FN3_tx  
(10078) 
no IP 

Sim_MN2_tx 
(9000) 
192.168.10.5 

14:52 500 500 500 500 
  MOOS client OK  MOOS client OK 
 Ping script at FN2 and 

Sim_MN2 
   

15:00 Gunnerus on the move finding MN1 
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15:29 

 
16:01 200 200 200 200 
 

 
 

 

Figure 5 Last part of this ping is probably with 500 bps, while the first part is with 200 bps 
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Start of ping sequence against FN2: 26-May-2011 07:58:44(GMT). Ping payload: 20 bytes

 

 
ping RTT (s)
positive ping
lost ping
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Figure 6 MN2 is here SimMN2, i.e. 9000 with IP 192.168.10.5 
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ping RTT (s)
lost ping

12:45PM  1:00PM  1:15PM  1:30PM  1:45PM  2:00PM  2:15PM  2:30PM
0

5

10

15

20

25

30

35

40

45

R
TT

 (s
)

Start of ping sequence against FN2: 26-May-2011 12:51:12(GMT). Ping payload: 20 bytes

 

 
ping RTT (s)
positive ping
lost ping
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Friday, 27-05-2011 
Note: although changes in bit rates are given in the following table, these events are not complete, in 
that bit rate changes was issued (via APOS) even more frequent.  

time STU_tx 
(1) 
192.168.10.10 

FN2_tx 
(10038) 
192.168.10.4 

FN3_tx 
(10078) 

MN1_tx 
(10040) 
192.168.10.1 

SimMN2_tx 
(9000) 
192.168.10.5 

09:50 500   500  
10:00 Waiting for MN1 water deployment and calibration  
10:28 MN1 positive in water 
10:29    IP on, not 

verified 
 

10:38    IP on verified  
10:40 Packets are lost between STU and MN1 
10:49    FLOOD_DEL  
10:51    FLOOD_ADD  
11:16    FLOOD_DEL  
11:18    FLOOD_ADD 

manually via 
APOS 

 

 In general 10:40-11:40: MN1 is controlled by C2 (Selex), position updated twice 
11:53    Timeout C2 

mode: WLAN 
mode active. 
C2 can still 
query the 
position 

 

 3:05PM  3:10PM  3:15PM  3:20PM  3:25PM  3:30PM  3:35PM  3:40PM
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Start of ping sequence against FN2: 26-May-2011 15:05:25(GMT). Ping payload: 20 bytes

 

 
ping RTT (s)
positive ping
lost ping
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time STU_tx 
(1) 
192.168.10.10 

FN2_tx 
(10038) 
192.168.10.4 

FN3_tx 
(10078) 

MN1_tx 
(10040) 
192.168.10.1 

SimMN2_tx 
(9000) 
192.168.10.5 

12:16 Ping payload reduced to 15 bytes to force single fragment at 200 bps. MOOS traffic 
observed to be lost due to long packets (many fragments). 

    MN1 position 
about 200 m 
south of STU. 

 

12:20 Better channel conditions now. Ping observed with long delay due to MOOS traffic 
backlog. 

12:34    C2 in control 
again. New 
position 
request at VA 
(STU). 

 

12:42 Some fragments of long packets are lost. Magne info: The algorithm is so that if the 
last fragment is successfully received, and also one of the previous, then the receiver 
will request the sender for retransmission of the lost fragments. 

12:54 500 200 500 500  
12:59 (routing) — FN3 1 1  
13:01  IP layer ON.    
13:02    FLOOD_DEL  
13:03    FLOOD_ADD  
13:38     In water 
14:09 (routing) — FN3 1 Lost IP 1 
14:12 Ping OK (author guessing 27 July: Ping of SimMN2) 
14:21 Ping script active at STU against SimMN2 and FN2. MN1 IP layer seems not working at 

the moment. 
14:23 (routing) — SimMN2 1 — 1 
14:26 — 1 1 — 1 
14:30 Gunnerus in the move towards new position 300 m west of FN2 
14:55     10 m depth. 

Bad 
connection 1-
SImMN2 and 
SimMN2-FN2. 

15:00     63deg 26.827, 
10deg 43.1751 
(Gunnerus) 

15:10 — SimMN2 1 — 1 
 — 1 1 — 1 
 — FN3 1 1 1 
      
      
 

time STU_tx FN2_tx FN3_tx “MN1”_tx SimMN2_tx 
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(1) 
192.168.10.10 

(10038) 
192.168.10.4 

(10078) (10045) 
192.168.10.2 

(9000) 
192.168.10.5 

    The real MN2 
Folaga in water 
as “MN1” 

 

15:30  No connection    
15:37 — 500 200 500 500 
15:40  OK Rx from 

FN3 
OK Rx from 
FN2 

  

16:01 500 200 200 500 500 
16:40     @ 23m depth 
16:25-33 Master KM 

stop. 
Watchdog 
reset. 

    

16:47 Ping script against FN2, “MN1” and SimMN2 
17:19 Jens comments that most probably, reflected waves will cancel out each other more 

perfectly if SimMN2 is located more shallow, than deeper down (goes for SimMN2 – 
FN2 link) 

17:25 We ordered Gunnerus 200 m further west to see of this could better the 
communication 

17:29 — SimMN2 1 1 1 
17:50 Ping script stopped. 
 

General UAN11 observation: surprisingly often rerouting is required for links that has some distance, or 
is located above slanting sea floor.  
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Start of ping sequence against MN1: 27-May-2011 08:49:10(GMT). Ping payload: 15 bytes

 

 
ping RTT (s)
positive ping
lost ping
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Figure 7 MN2 is here SimMN2, i.e. 9000 with IP 192.168.10.5 

 

 

Figure 8 Parts of these results are obtained with SimMN2 relaying traffic between STU and FN2 
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Start of ping sequence against MN2: 27-May-2011 12:19:55(GMT). Ping payload: 15 bytes

 

 
ping RTT (s)
positive ping
lost ping

12:00PM 12:30PM  1:00PM  1:30PM  2:00PM  2:30PM  3:00PM
0

10

20

30

40

50

60

R
TT

 (s
)

Start of ping sequence against FN2: 27-May-2011 12:16:20(GMT). Ping payload: 15 bytes
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Figure 9 MN1 is here "MN1", which is actually real MN2 (10045) 192.168.10.2 

 

 

Figure 10 MN2 is here SimMN2, i.e. 9000 with IP 192.168.10.5 
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Figure 11 Sketch of network layout on Friday. MN1 and SimMN2 were mobile. Obj1 and obj2 was objectives for Folaga (MN1, 
SimMN2, “MN1”) intruder detection 
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Appendix E. UAN11: ISME Data 

report 
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UAN11: ISME DATA REPORT 

 

1. Introduction 

The aim of this document is to present the data collected during the UAN11 sea trial, 

conducted in the Strindfjorden area, Trondheim, Norway. 

In particular, we report: 

1)  ISME equipment, namely two Autonomous Underwater Vehicles (AUVs) 

of class eFolaga with two UAN-payload mounted at mid-vehicle. 

2)  Mobile nodes geometry information during the experiment. 

3)  Preliminary MOOS performance. 

All times used in this report are in Norwegian local time. 

 

2. ISME Equipment 

ISME equipment included two eFolaga AUVs with the UAN module mounted at mid-

vehicle; the UAN module carried the KM modem and (in one case) also a Valeport CT 

probe for environmental measurements.  

Folagas could be controlled via acoustics as mobile nodes of the network and in addi-

tion, for setting up the mission and for emergency, they could be remotely monitored 

using a radio link available when the AUVs were on surface. The two vehicles used 

during the sea trial are shown in Figure 1, and their main technical specifications re-

ported in Table I (See D51 -  for more details on eFolagas). 
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Figure 1: Folagas usd during the sea trial with KM modems and (in one case) with a Valeport CT. 

 

 

ITEM  DESCR IPT ION  

Diameter 155mm 

Length (with UAN-Payload) 2750mm 

Length (without UAN-Payload) 2004mm 

Energy Storage NiMh batteries 12V 45Ah 

Max speed 2 knots 

Endurance 6 hours at max speed 

Max operation depth 50m 
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ITEM  DESCR IPT ION  

Weight in air (without UAN-paylod 31 kg 

Table I: Folaga technical specifications 

 

3. Mobile nodes geometry information during the experiment 

Folaga vehicles were put in the water everyday from May, 23 to May, 27 and we report 

here their main objectives and the results achieved during each mission. 

May 23, Monday 

One of the Folagas was in the water for navigation tests followed by a RIB from Gunne-

rus. In addition all the networking layers and processes were activated for networking 

communications. 

May 24, Thuesady 

Folaga 2 was in the water deployed from a RIB. The aim of the test was the modem 

range verification. Several dives from 5m to 10m with a duration of 5/10 minutes. 

May 25, Wednesday 

Folaga 2 was in the water diving from 5m to 10m for 10 to 15 minutes. 

May 26, Thursday 

Folaga 1 was put in the water at about 10.30 in the morning. Drifted away at a few me-

ters depth for several hours with all the network layers running but without acoustic 

control. 

A Folaga simulated was set up on Gunnerus to emulate all the processes running on a 

Folaga AUV.  

MOOS DB switched from non-secure to secure mode (h15.14). DB-client connection 

successfully achieved with the Vertical Array (h15.14), with MN1 emulated on Gunne-

rus (h.15.16),  with C2 (h15.19) and the FNO2 (h.15.40). FNO2 was in non-secure more. 

DB received messages from the node and discarded them without allowing the node to 

connect until it was switched to secure mode. 
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May 27, Friday 

Folaga 1 was put in the water at around 10.30 and set up to be controlled via acoustic 

link. 

MOOS messages received from the Command and Control to control the Folaga loca-

tion within the UAN network. Folaga replied with position and internal status updates. 

Status information received from the other network nodes. 

A Folaga simulated was also set up on Gunnerus to allow the operator to monitor in 

real time the network and MOOS performance. MOOS client on Folaga simulated was 

active at about 14.00. First message received at 14.20. 

Folaga 2 was put in the water at about 15.00. 

Mission control commands from the C2 were received, acknowledged and successfully 

accomplished. 

Accordingly to the adaptive cooperative algorithm described in D51, Folagas were able 

to identify, from an application level point of view, abrupt interruption in the commu-

nication. In particular, Folaga 2 was able to identify its moving in an area were the 

acoustic communication was lost (no MOOS messages were received for more than 15 

minutes) and autonomously started to move towards the vertical array where the com-

munication could have been re-established. 

Figure  2 and Figure 3 show the Folaga 1 and Folaga 2 locations during the test on May 

27, 2011 
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Figure 2: Folaga 1 path during the networking test (May 27, 2011). VA is located at (N63.441718, E10.713545) 

 

Figure 3: Folaga 2 path during the networking test (May 27, 2011). . VA is located at (N63.441718, E10.713545) 

 

2.Preliminary MOOS Performance 

MOOS was tested completely during the UAN11 sea trial. At first in its non-secure form 

and then activating all the network security features on May 26, h 15.14 (see D2.1, D5.2, 

D6.3 for details on the network security features). 
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The whole MOOS middleware behaved as expected showing robustness during all the 

different phases of the communication. Interruption of any of the underneath network 

layers did not cause any problem and both the clients and the database were always to 

correctly adapt to the communication conditions. 

In addition the modification done in order to simplify the handshake phase and to 

adapt the application layer to the constraints of the other layers of the network gave 

very good results allowing for a quick establishment of the client-server connection 

with a reduced communication overhead. 

MOOS was used during the whole experiment using UDP as transport protocol without 

any problem in the data received and transmitted. 

We report in the following table results from a preliminary performance analysis with 

particular focus on May 26 and 27 where all the network layers were up and running 

and MOOS used extensively. In the left column of the table statistics obtained from the 

MOOS clients are shown, while in the right column the corresponding statistics are dis-

played as seen from the MOOSDB. 

 

Statistics from Folaga emulated on Gunnerus on May 

26, 2011. 

 

MOOSDB - Folaga emulated on Gunnerus statistics 

obtained on May 27, 2011 
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MOOSDB - FNO2 statistics obtained on May 26, 2011. 

note that after h15.00 the MOOSDB was switched to 

the secure mode while FNO2 remained for the rest of 

the day set as non-secure. Packets received from the 

DB are hence discarded as invalid and not shown in 

the picture. 

 

Statistics gathered on the MOOS client of the Folaga 1 

on May, 27, 2011 (until h14.00) 

 

MOOSDB - Folaga (MNO1) statistics obtained on May 

27, 2011 
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Statistics from Folaga 1 (afternoon) on May 27, 2011. 

 

MOOSDB - Folaga (MNO1) statistics obtained on May 

27, 2011 

 

Statistics from Folaga emulated on Gunnerus on May 

27, 2011. 

 

MOOSDB - Folaga emulated on Gunnerus on May 27, 

2011 
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MOOSDB - FNO2 statistics obtained on May 27, 2011 

 

 

UAN D6.3 Project Sea Trial Report - Page 159



 

Appendix F.     Command and 

control evaluation (Selex) 
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Command and control evaluation 

 
During Trondheim experiment the purpose of Selex-SI was to validate the Command and Control; the 
Command and Control represents the wide area context network. The validation was done by the use of two 
operating consoles.  
 
Figure 1 shows integration of the underwater network in the wide area surveillance system (see "Conclusion" 
paragraph of deliverable 6.2). The integration is performed developing a MOOS client named Network 
Control Interface able to subscribe all the MOOS topic and to publish the command to the node and the high 
rate activation message. The client communicates with the C2 through a gateway as all the other integrated 
system (RADAR, SONAR, optical system, non lethal weapon, unmanned vehicle). RADAR and optical 
system integration is demonstrated with the installation of simulators and scenario generator. A scenario is 
configured in Trondheim area with a ship moving in the area and an underwater target. Figure 2 is a picture 
of a setup with both underwater and wide area information present at the same time.   
 

 

Figure 1 C2 integration 
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Figure 2 Monitoring and control screen dump 

 
The list below describes what was validated during UAN11, with a description of the related key 
functionalities: 
 

 Receive information about underwater node positions and status 
Continuous assessment of the node positions and status 

 Move unmanned vehicles on a specific position 
Optimisation of the connectivity based on the channel evaluation performances (the 
designation point or the depth change is suggested by the acoustic propagation expert) 

 Move unmanned vehicles in order to investigate a simulated threat 
Execution of the intercept mission 

 Activate high rate channel in order to receive a pre-charged image from one node 
In response to an alarm situation it is requested the transmission of the description of the 
alarm situation for further analysis  

 Integrate in the same console the information from the acoustic channel, from a camera IP and from 
the surface protection simulation  

Reproduction of the wide area network by the use of real and simulated components 
 

From the Selex-si point of view, the main objectives were obtained and the experiment was successful, this 
can be considered true since all the key functionalities of a typical surveillance system were carried out, 
consequently also the “conceptual validation” was carried out.  
 
For development of UAN towards a commercial product it is recommended to establish a Ground Station 
concept.  This corresponds to an interoperability need. In order to give flexibility and re-use of the UAN 
network in different contexts, it must be defined a unique access point (the ground station) where will be 
installed all the specific functionalities assigned to the underwater network. These functionalities concern 
also the underwater sensors that can be included in the underwater structure. 
For these reasons, the concept of Ground Station should be refined by the use of some addition (payload, 
automatic channel evaluation and mobile node repositioning) and reallocation (Network Control Interface). 
Consequently, the Ground Station must preserve the following functionalities (different from C2): 

 
o Collect all the information from the network.  

In the experiment, this point is guaranteed by the Base Station by the use of the Moos Database and 
the High Rate image store and by the Network Control Interface 
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o Receive surveillance or investigation task from C2  
In the experiment, this point is guaranteed by the Base Station by the use of the Moos Database and 
by the Network Control Interface 

o Receive payload information and share to C2  
In a similar way as was done by the use of the High Rate image 

o Receive environmental data from the sensor in the network and analyse automatically network 
performance 

o Adapt automatically the network to the changing environment condition  
o Foresee a local interface in order to configure and monitor the network 
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UAN11 Bathymetry 

The bathymetry of the UAN11 test is given on a set of text files. These can be 

found on the UAN11 data server:  
http://www.ua-net.eu/uan11/files/index.php?dir=/ 

as specified in section 1 below. 

The bathymetry is illustrated in section 2. 

1. Bathymetry data 

Geographical coordinates are given either as latitude-longitude in degrees or as 

UTM projections to cartesian coordinates (UTM zone 32V). Conversion between 
the two formats can be carried out by the following functions from the Matlab 

File Exchange1  

 wgs2utm.m, written by Alexandre Schimel, from decimal degrees to UTM. 

 utm2deg.m, by Rafael Palacios, from UTM to decimal degrees. 

 

The two functions can be found on the UAN11 server under SINTEF/Bathymetry: 

http://www.ua-net.eu/uan11/files/index.php?dir=//SINTEF/Bathymetry 

 

The bathymetry data are: 

1. Multibeam echosounder data recorded by RV Gunnerus on May 24th 2011. 
This is the main bathymetry data to be used for positions within its region 

of coverage. 
 

The data can be found in the archive Gunnerus Data in the KM area on the 
UNN11 server (http://www.ua-net.eu/uan11/files/index.php?dir=//KM),  

in the following two files:  
▪  Gunnerus Data\Tue\Multibeam\UAN_day2\ASCII\  

    B1-256-1_Accept_10X10.xyz.ascii 
▪  Gunnerus Data\Tue\Multibeam\UAN_day2\ASCII\  

    B1-256-1_Accept.xyz_2_5X2_5.ascii 

 
Geographical coordinates are given as decimal degrees latitude-longitude. 

 

                                                 

1
 http://www.mathworks.com/matlabcentral/fileexchange/ 
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2. Data extracted from Olex screen dumps provided by Gunnerus during 
UAN11. This information can be used outside of the region of coverage of 
the above multibeam data. 

 

The data can be found in the SINTEF/Bathymetry area on the UNN11 
server 

(http://www.ua-net.eu/uan11/files/index.php?dir=//SINTEF/Bathymetry), 
in the following two files:  
▪  UAN11_UTM32_1.txt 

▪  UAN11_UTM32_1_xMultibeam_10m.txt 

where the latter is a subset of the former, that does not include the region 

covered by the multibeam data. 
 

Geographical coordinates are given as UTM, zone 32, in meters. 
 

3. Depth vs distance trace for the SIMO experiment on May 25th. This is also 
extracted from an Olex screen dump provided by during UAN111. 
 

The data can be found in the SINTEF/Bathymetry area on the UNN11 
server 

(http://www.ua-net.eu/uan11/files/index.php?dir=//SINTEF/Bathymetry), 

in the following file: 
▪  110525_FOItrace.txt 

 

In accordance with the screen dump, distance is given in nautical miles and 
depths in meters. 

4. Wider area bathymetry distributed before the tests. Note that this dataset 
has limited precisioin. 

 
The data can be found in the SINTEF/Bathymetry area on the UNN11 

server 
(http://www.ua-net.eu/uan11/files/index.php?dir=//SINTEF/Bathymetry), 

in the following file: 
▪  DepthStrindfjorden_UTM32V_cl_2.txt 

 

The geographical coverage of multibeam and screen dump data, as specified in 

points 1 and 2 above, is shown in Figure 1 below. 

                                                 

1
 25_mai_2011_09_59_32_bilde7.tif  or equivalently 26_mai_2011_07_45_28_bilde1.tif 
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Figure 1 Bathymetry data points corresponding to list items 1 and 2 above. The 
locations marked are the reference points of Friday May 27th. 
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2. Bathymetry 

The UAN11 bathymetry is shown in Figure 2, as obtained by combining list items 

1 and 2 of section 1. The depth vs distance of the SIMO experiment on 
Wednesday May 25th is shown in Figure 3. 

 

 

Figure 2 UAN11 bathymetry, combining data according to list items 1 and 2 in 
section 1. Contour plot, 5 m interval. Linear interpolation. The locations marked 

are the reference points of Friday May 27th. 
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Figure 3 Depth vis distance of the SIMO experiment on May 25th.  
Image file 26_mai_2011_07_45_28_bilde1.tif 
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Appendix H.  
Test plan per May 23rd 
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1 Introduction 

In accordance with the UAN Description of Work, the project shall conduct final tests in Trondheim. The 

team has agreed to carry out the tests in the period May 23-28, and Research Vessel Gunnerus has been 

booked for this period.  

 

 

The activity will be centred at the eastern part of Strindfjorden, based at the camping site Storsand Gård 

Camping (www.storsandcamping.no) 17 km east of the centre of Trondheim. The main reasons for this 

location are firstly the need for an on-shore facility and secondly its distance from a noisy construction 

activity taking place further west
1
. The latter is fairly large and long lasting and includes quite much 

rock-dumping into the sea from shore. 

 

The camping site offers reasonably priced accommodation.  

2 Main objectives  

The UAN concept is about communication and networking for use together with intrusion detection 

sensors to protect critical infrastructure at sea. UAN’11 aims to test each main component of the concept, 

and also the integration of these into a system. Intrusion detection sensors are not part of the tests. 

 

The test-version of the hardware includes:  

a. Two fixed nodes (FNO) on the sea floor with KM modems. See Appendix A 

b. One  

c. Two Folaga AUV vessels with KM modems. 

d. One subsurface telemetry unit (STU) with vertical hydrophone array and a KM modem. 

See Appendix B. 

e. Optical/electrical cable of length 1000m to connect the STU to shore.  

An additional 400 m cable will be available. 

f. A dedicated underwater transmitter for use with the vertical array 

g. A command and control (C2) system on shore. 

 

High level commands and messages are conveyed by a MOOS database. 

 

The following tests are planned: 

1. Point to point communication between STU and nodes on the sea floor,  

at different distances and communication rates. 

2. Point to point communication between STU and Folagas,  

at different distances and communication rates. 

3. Point to point communication from the dedicated transmitter to the vertical array,  

at different distances and communication rates. 

4. Networking functionality including both  stationary nodes and moving Folagas. 

5. Communication between the C2 and the network 

6. System integration with a simulated detection of a threat. 

It is assumed that all initial tests have been carried out before for all items on this list. 

                                                      
1
 location named Grillstadfjæra 11 km west of the camping site 
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3 Location  

 

Figure 1shows an overview of the Strindfjorden area, with a possible layout of the 1000 m cable from the 

vertical array to shore at the camping site. Figure 2 shows two close-ups at the site. The sea floor in the 

region is designated as clay in sea charts. 

 

Figure 3 shows the land station at the camping site. It includes a pierRestrictions to docking of Gunnerus 

may possibly apply especially at low tide.  Indoor facilities for a control room is be arranged by using 

two of the smallest camping cabins. These are located close to the pier but are quite small, 9 m
2
 each. 

 

 

 
Figure 1The Strindfjorden area. 100 m contour interval at sea. A possible layout of the 1000 m cable 

from shore to the vertical array is indicated. 

 

possible cable 

layout 
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Figure 2 Geographical close-up 

of the area close to the camping 

site. A possible layout of the 

1000 m cable from shore to the 

vertical array is indicated in red. 

possible cable 

layout 
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Figure 3 Shore station. The blue line indicates a 90 m cable path to the pier from an indoor control room 

in a small cabin.  

 

3.1 Bathymetry 

An overview of the bathymetry is seen in Figure 1and Figure 2. As already mentioned earlier, the bottom 

is designated as clay in the charts. The depth is shown as 3D plots in Figure 4. The underlying data 

points used in this figure are given in the file DepthStrindfjorden_UTM32V_cl.txt.This contains depth  vs 

east-north coordinates in meters (UTM 32V). The last point on the file is the outer end of the pier, at the 

midpoint between the T-arms. This point is marked by a peak and a blue circle in Figure 4. The data 

points are shown in Figure 5. 
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Figure 4 Bathymetry 3D plots. The outer end of the pier is marked by a peak and a blue circle. Upper 

figure: Main basin. Lower: Zoomed towards the pier. 
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Figure 5 The bathymetry data points DepthStrindfjorden_UTM32V_cl.txt , as  used in Figure 4. 

 

3.2 Sound speed 

 

Sound speed profiles at the test location are not available beforehand, but will be measured during the 

tests. Figure 6 shows historical data from three different locations in the fjord. Røberg and Trollet are  

deep water locations in the middle of the fjord, 37  and 21 km west of the test site respectively. The 

harbour site is more shallow, approximately 18 km west of the test site. The data are found in files 

SSP_Roeberg_080609.txt, SSP_Trollet_020604.txt and SSP_Harbour_070614.txt. 
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Figure 6 Sound speed profiles. Historical data at three different locations  (time format YYMMDD). 

3.3 Current 

 

Sea currents are expected to be moderate at the test site. Figure 7 shows ADCP current measurements 

carried out continuously for three months July-September 2010. The  maximum observed during this 

period was 42 cm/s, occurring at the surface due to strong wind. 
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Figure 7 Current velocities 9 km north-west. Continuous measurements July-September2010. 
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4 Infrastructure 

4.1 Land station 

As already mentioned, the camping site has two 9 m
2
 cabins close to the pier that can serve as on-shore 

control room. Electrical power sufficient for the relevant equipment is installed. It is possible to hire a 

larger house 400 m away that can serve as accommodation for some people and offers more work-space 

e.g. for meetings. The fjord is not visible from this house. 

4.2 Research Vessel Gunnerus 

 

RV Gunnerus is depicted in Figure 8.  

Some data: 

 21 persons maximum plus crew. 

Deck space depending on catering for 

the number of persons onboard 

 Crane (1790 kg at 14 m arm) 

 A-frame 

 Two CTD systems 

 Positioning systems  incl. KM HIPAP 500 

from 2006, i.e. not the latest version 

 Multibeam echo sounder 

 ROV at additional cost – consider this a 

backup if serious problems appear 

 MOB boat 

 

More detailed specifications are given in Appendix A. 

5 Equipment  

Two boats from Gunnerus will be available in week 21. A van is available in week 20-21. 

 

The following has been put forth from the UAN partners.  

.  

KM will contribute with the six modems as on Pianosa, whereof one will be spare. Included is also a 

20 m underwater serial line cable for operation of a modem directly from a laptop for test purposes. 

Moreover will two optional floating collars for the modems be available for quick deployment and 

recovery for link range tests without requiring the FNO setup attached. See appendix F for suggested 

deployment. The HiPAP system on Gunnerus will be upgraded to be Cymbal compatible before the 

experiments. This includes installing a new transceiver cabinet and some rewiring to be able to operate 

the system from the lab. HiPAP can be used to verify and find a more accurate position of the STU, 

FNOs and Folaga. This equipment needs an updated sound velocity profile to perform accurate.  

 

FOI can offer to contribute a wide band transmitter for the point to point communication tests. 

 

SSI C2 is composed by two 26” displays and two laptops on a desk in the cabin in order to simulate a C2 

console. An IP camera will be installed and controlled by C2 in order to display a live video. 

 

CINTAL brings one Subsurface telemetry unit (STU) with a vertical hydrophone array and a KM 

modem. In addition two Fixed nodes (FNO) for sea floor deployment are included, together with a 

dedicateted transmitter for vertical array communication. 

 

ISME brings two Folagas, and computers and other hardware necessary for their use. 

 
Figure 8 RV Gunnerus 
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6 Tests  

The UAN system is depicted below. The UAN11 tests will validate its functionality and performance. 

 
Figure 9 The UAN project network layers 

The following has been put forth from the UAN partners. Each test is given in more detail in Section 7. 
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6.1 Point to point communication  

 between stationary nodes on the sea floor 

FOI:  Transmission of a series of signals, of length approximately 1 minute, at some different 

distances up to max 8 (or 4.6 km if there will be a change of test range). 

The transducer that was used at Pianosa was a little narrow bandwidth. FOI suggests to use the 

PASU unit, or can offer to supply another. 

 between stationary nodes and Folagas 

 dedicated transmitter to the vertical array  

6.2 Acoustic networking 

These tests includes 2 sea floor units (FNO) and 2 Folagas equipped with KM modems, and one sea floor 

unit (STU) with KM modem, vertical array and cable connection to shore. The five KM modems will 

create a Bi-SISO network (bi-directional single-input single-output), with the STU KM modem acting as 

master, and the other as slaves. In this mode, the KM modems use built-in PHY, MAC and routing 

protocols. In addition, the KM modems can be used in transparent mode and send unidirectional acoustic 

signals towards the vertical array (Uni-SIMO).  

 

6.3 Messaging and node adaptivity with publish/subscribe middleware MOOS 

ISME goals for the UAN project final test are defined as follows: 

 Objective 1: Test of the MOOS middleware functionalities 

 Objective 2: Test of the MOOS network security features 

 Objective 3: Test of the integration of the UAN mobile nodes within the underwater acoustic 

network and within the wider protection system (node adaptivity) 

 

6.4 System integration – Command and control 

C2 and MOOS integration will be verified, including connection to all nodes and SISO and SIMO 

communication. Threat detection will then be simulated, with a following data transfer and node 

adaptivity. 
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7 Test details 

Gunnerus is available May 23 – 28, i.e. not for the Engineering tests. 

In section 8 time schedules for each day are shown, including initials of persons responsible.  

 

7.1 SISO P2P communication (T1) 

The focus is the communication between KM modems at bottom nodes (FNOs and STU) and Folagas. 

PHY- and Link layer performance is tested only, while the network layer in the modems is left for later 

tests. 

7.1.1 Test goal 

To demonstrate and document the performance of the Turbo equalizer as implemented in the modems. 

Second and just as important is to find suitable positions of the FNOs for the following experiments.  

7.1.2 Geometry 

Several candidate geometries will be tested in order to find the preferred positions of the two FNOs.  

Important is finding positions that enable demonstration of multi-hop routing and also emulation of bad 

links through adjustment of Tx power level. The following story-board (Table 1) with corresponding 

geometries is imagined. Note that this must be compared with the threat simulation test description in 

section 7.5.  Please note that the initial link lengths will be adapted based on the outcome of the test. 

 

Table 1 Story-board (coarse) 

Event Comment 
Start experiment FLG1 and FLG2 in initial positions (Figure 10) 

Detection of object close to FNO2 Simulated at C2C 

FLG2 moved for identification of object FLG2 moved to new position (Figure 11) 

Link between FNO1 and FNO2 degraded Emulated by reduction of TxPower level 

FLG1 moved to re-establish link FLG1 moved to new position, (Figure 12) 

FLG2 identifies and tracks object C2C receives sonar image on SIMO-link 
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Figure 10 Link set 1 - Initial network geometry 

 

 
Figure 11 Link set 2 - Network geometry with FLG2 moved for identification of object  
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FLG2 
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Figure 12 Link set 3 - Network geometry with FLG1 moved for re-establishing link 

 

7.1.3 Event test program 

The following sequences of events are proposed. It is assumed that the weather allows the Folaga to be 

followed by a RHIB and that operation after deployed is independent of Gunnerus movements. The 

deployment of the FNOs as an integral part of this test should reduce the risk of required redeployment 

of FNOs. SIMO measurements from FLG to STU can also be included in the test at convenience. The 

spare KM Modem is referred to as KMMSpare in the following. 

   

Table 2 Measurement plan SISO P2P Communication (transfer time, breaks and preparations 

when docked not included) 

Estimated Time 
Schedule 

Estimated Position 
(to be adapted as 
test progresses) 

Action Link Comment 

SISO-T0 STU Deployment of 

Folaga 

  

+00:15 STU – out of range Submerged (10m or 

more) Folaga runs 

at cruising speed ( 

~2 knots) along line 

until out of range. 

STU-FLG Position can be 

aided with HiPAP. 

This testing is 

intermittently 

stopped for the 

testing of 

KMMSpare and 

FNOs. Alternatively 

can the tests be 

STU 

FNO1 

FNO2 

FLG1 

FLG2 

OBJ 
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interleaved. 

+ 00:15 STU CTD measurement  For a quick 

evaluation of the 

propagation 

conditions. A 

comparison can be 

done if CTD 

available from the 

day before. 

+ 01:00 500 m NW of STU Deploy KMMSpare STU-

KMMSpare 

Measure if link 

stable at Min 

TxPower, if not 

reposition until 

stable. 

+ 02:00 As KMM Spare Deploy FN01 STU-FNO1 Deploy FNO1 at the 

same position. 

Synchronize clock. 

+ 03:00 1000 m NNW of 

FNO1 

Deploy KMMSpare FNO1-

KMMSpare 

Measure if link 

FN01-KMMSpare 

stable at Low power 

and somewhat 

unstable at Min 

power, if not 

reposition one more 

time.  

+ 04:00 As KMM Spare Deploy FN02 FNO1-FNO2 Deploy FNO2 at the 

same position. 

Synchronize clock. 

+ 05:00 2000 m NNW of 

KMM1 

Deploy KMMSpare FNO1-

KMMSpare 

Test to find 

maximum range 

between bottom 

nodes. If connection 

at Low power, try to 

reposition with 

increased distance 

one more time. 

+ 06:00 (End)    Retrieve Folaga 

 

7.1.4 Messages/signals 

The messages transmitted will be Link layer messages with dummy data controlled from APOS. The 

destination modem mirrors the data and transmission success/failure is evaluated in APOS. During the 

test can the TxPower level and transport format be controlled, although the Turbo equalizer profile will 

be prioritized. The size of the message will be 100 Byte.  

7.1.5 Hardware chain 

The required hardware is the full STU setup, two complete FNOs as well as one Folaga. Additionally the 

spare KM modem will be used as FNOs for testing before deployment. Gunnerus HiPAP is available for 

aiding in position of FNOs and Folaga.  
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7.1.6 Logging of results  

The APOS log will contain information on the success rate of the transmissions. In addition will some 

other key data be stored such as TxPower level settings. In the local logs at the uSDcard in the STU, 

KMMSpare, FNOs and Folaga will contain information on the local SNIR, Transport Format and 

TxPower level. 

 

7.2 SIMO P2P Tests – FOI (T2) 

7.2.1 Test goals 

The goals is to investigate the performance of the communication algorithms in  the environment that a 

typical fjord gives. We also want to collect data for later improvement of our algorithms. 

7.2.2 Test geometry 

We want to measure along a line at 0.5, 1.0, 1.5, 2, 3, 5, 8 km from the array. Of course the number of 

points can be reduced depending on available time and the results of the measurements. Both stationary 

and moving transmissions (single speed ~3 knots) would be useful. 

7.2.3 Test program 

The transducer is deployed from the deck of Gunnerus to suitable depth at each  

measurement point.  The depth is decided from the sound speed profile to  

obtain good range coverage of the communication. The signal is received at the  

array outside of the pier and stored at discs. 

7.2.4 messages/signals 

FOI will prepare signal bursts of about one minute to be transmitted at each point. 

7.2.5 Hardware chain 

The signals are stored at a laptop connected to the power amplifier (requires 220V AC), which is feeding 

the transducer (this is the equipment that FOI can provide and of course can all project members transmit 

their signals with it). At the receiving side we plan to use the same array and signal acquisition as the 

other members. We plan to provide an USB-disc to store our data. A CTD for sound speed is desirable. 

7.2.6 Logging of results 

Using the discs. 

7.3 Acoustic network protocols (T4) 

In the following the T4 Bi-SISO network performance testing is described. 

7.3.1 Test goals 

The goal of these tests is to verify that the five network nodes establish a network, including MAC, 

routing and end to end IP connectivity on top. Furthermore, that the network is working reliably as long 

as the channel conditions are satisfying, both with static and mobile nodes. This will ensure that the UAN 

applications can be used and tested (layers above the IP layer). 

 

The IP connectivity is built on top of a network layer controlled and operated by the KM modems. This 

network layer includes direct and multi-hop routing. The routing information is automatically established 

in the network discovery phase. The water channel access is controlled by the KM modems MAC 

protocol (based on CSMA/CA). 
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7.3.2 Test geometry 

T4 will use the same geometries as defined by T1.  

7.3.3 Event test program 

In Bi-SISO mode, the following functionality must be tested after modem placement (test geometry: see 

Figure 10) and power-on: 

1. Successful connection between APOS and master modem (via IP and serial line). APOS is 

needed to start the networking discovery phase, and monitor the water traffic. The STU must be 

running software to enable port 9191 “tunnelling” over the serial line. This software should be 

either NetworkComm.py (priority 1) or uan_ppp (priority 2). 

2. Start and complete network discovery (FLOOD) 

3. Inspect the resulting routing tables and link qualities. See if they comply with the anticipated 

network configuration of Figure 10. 

4. If some of the links have poor qualities, this can be improved by lowering the bit rate (the 

modems have 200, 500, and 1600 bps modes) and/or increasing the Tx power (the modems 

supports the Tx power range 168–189 dBW rel 1 µPa). 

 

The next step is to include IP connectivity end-to-end. This is enabled by scripts running in FNO and 

Folaga host computers that controls NetworkComm.py/UANtun (priority 1) or uan_ppp (priority 2) 

activity. The former solution enables IP tunnels via virtual IP interfaces between master and each slave. 

The latter establishes PPP connections between master and each slave. There will thus be created one 

TUN or PPP interface on the slaves, and multiple TUN or PPP interfaces on the master (the same type of 

software must be running on all hosts, and the number of interfaces on the master will equal the number 

of slaves in the network, i.e. 4). In case of PPP, the PPP signalling phase to establish the PPP connection 

takes approximately 15–40 seconds per peer setup, depending on the link and traffic conditions. In case 

of UANtun (TUN/TAP), there is one single call/response per master slave peer. 

 

5. (Test geometry: see Figure 10) In order to check IP connectivity, the master can now send IP 

ping packets towards each of the static located slaves. A ping reply should be received in 5–15 

seconds, depending on the link and traffic conditions, Edit pingUANnetwork.sh to have 

SLEEP=0, SIZE=20, WAIT=50. Run the following command, at master host: 
./pingUANnetwork.sh uanTestT4_1.txt 

(_1 must be changed to a new number per run!). Monitor the events with  
tail –f uanTestT4_1.txt 

Stop the script when payload size above 30 is reached. 

6. Repeat the above test with SIZE=200. Stop the test when payload size 210 is reached. 

7. (Test geometry: see Figure 11 and Figure 12) The previous tests shall be repeated after FLG1 

and FLG2 has sent FLOOD_DEL, been repositioned and sent FLOOD_ADD messages 

(Alternative 1, ref. D6.1 Part II). 

8. (Test geometry: see Figure 11 and Figure 12) The previous tests shall be repeated while the 

Folaga is moving and periodically sending FLOOD_ADD_light (Alternative 2, ref. D6.1 Part II). 

This test shall be executed only if the engineering test of FLOOD_ADD_light in week 20 is 

positive. 

 

7.3.4 Define and prepare message signals 

Objective: to send IP ping packets to each of the slaves from the master (STU) to test IP connectivity. 

 

A bash script named pingUANnetwork.sh is made, and is listed with user instructions in  

Appendix F. This is used to test different IP packet sizes and traffic load performance. 
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7.3.5 Results logging for scientific analysis 

Ping logging: 

This is performed using the bash script as described in the previous section. 

 

UANtun logging: 
The UANtun application performs the Linux IP network interface creation. Packets received or sent on 

this interface are individually logged and encoded in a timestamped human readable logfile using the 

hexadecimal format. In case IP header compression is active the new compressed packet is logged, a 

separate line includes statistics with before and after compression/decompression packet length. The 

same happens for full packet compression/decompression with full statistics included. Every time a 

UANtun is started a new timestamped logfile is created. 

 

The NetworkComm.py (python script) performs the interface between the available IP layer applications 

(pppd / UANtun) and the Kongsberg Maritime cNode modem. Every byte stream sent and received from 

the modem is logged, with CRC verification specific for the modem. Also logged is every byte stream 

sent/received from the IP layer application. All data lines are individually timestamped. A post-

experiment replay of communications is possible, with analysis of packet-loss at a level below IP ping. 

(ex: it is possible to verify that a ping packet was received by the node but the reply to that ping never 

got through, something which ping by itself does not tell us). 

 

Both applications (UANtun and NetworkComm.py) are needed to work the UAN IP layer interface. 

 

7.4 Node Adaptivity (T5) 

7.4.1 Prerequisites and partner support 

To achieve all the proposed objectives all the network layers below the MOOS application layer should 

be working correctly, and in particular it is required that: 

• Physical layer (modems) is able to establish the acoustic communication; 

• TUN or PPP layer is able to establish the IP connection (Support from SINTEF and CINTAL 

might be required);  

• MOOSDB installed and configured on the land station (CINTAL support to integrate the 

MOOSDB in the land station); 

• MOOS clients installed and configured on each UAN node (support from CINTAL will be 

necessary for FNO and STU; support from SSI to configure the C&C MOOS Client) 

All the tests will be performed using UDP as transport protocol.  

Note that the same tests may be performed using TCP. In any case, during the final test UDP will be 

preferred since it has been tested extensively both in the lab and in the water with good performance and 

robustness. For this reason, test with TCP may be done only after all the previous objectives are achieved 

using UDP. In this case all the nodes should be reconfigured with the new transport protocol. 

During all tests two rubber boats will be required to operate the Folagas safely: one to remotely monitor 

the vehicles and one to follow them, ready for intervention in case of necessity. One Folaga control 

station installed on a laptop computer with additional batteries will be used on board one of the rubber 

boats. One laptop computer will also be taken onboard as a spare to be used in case of failures or 

emergencies. 

7.4.2 ISME equipment 

ISME equipment includes two eFolaga AUVs with the UAN module at mid-vehicle; the UAN module 

carries the KM modem and (in one case) also a Valeport CT probe for environmental measurements. In 

addition to the vehicles, ISME will bring laptops and radio modem antennas and batteries for 

communication with the vehicles when at surface.  
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In Figure 1 the two eFolagas are depicted on the deck during an engineering test. In the top picture the 

Folaga carries the KM modem and the Valeport CT. The bottom picture shows one of the UAN-module 

with the KM modem mounted at mid-vehicle. The other Folaga is unmounted. The Folaga control station 

is also visible behind the vehicles. eFolaga main technical specifications are shown in Table I. 

 

Figure 13: Folagas with KM modems and (in one case) with a Valeport CT. 

 

 

 

 

 

 

Item Description 

Diameter 155 mm 

Length (without UAN-payload) 2004 mm 

Length (with UAN-payload) 2750 mm 

Energy storage  NiMh batteries 12 V 45 Ah 

Max speed (without UAN payload) 2 knots 

Endurance  6 hours at maximum speed 

Max operation depth 50m 

Weight in air (without UAN-payload) 31 kg 
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Communication from surface  2.4 GHz radio link 

Table III: Folaga technical specifications 

 

 

7.4.3 Data logging 

The MOOS clients automatically save all the MOOS messages received and sent in the 

“/home/moos/messages.uan” file. 

All the client execution is also logged in two separate files (e.g. each fixed node will log on 

fixedagent.log and fixedclient.log - the first file represents the application log, the second one is the 

middleware log). 

Please note, that the stdout and stderr should also be redirected to separate log files to be sure that the 

complete execution information is saved. 
 

7.4.4 Objective 1 

7.4.4.1 Test of the MOOS middleware functionalities 

During this test all the fixed and mobile nodes should connect to the MOOSDB located on the land 

station. 

The connection between a MOOS client and the MOOSDB server is achieved through a handshake phase 

in which the client authenticates itself and asks the database for messages of interest (topic registration). 

The expected behavior of fixed and mobile nodes during the test is slightly different and it is reported in 

what follows for completeness: 

 Fixed nodes: automatically send status messages reading battery and temperature from the available 

onboard sensors. This information is sent once every 121 seconds (T=121 s, f=0.0082 Hz). They 

subscribe to broadcast messages (MOOS Topic = B) and private messages (MOOS Topic = fixed node 

name). According to the MOOS paradigm they receive one MOOS packet every “comms_tick”, a user-

decided parameter that will be set to two minutes (T=120 s, f=0.0083 Hz). Note that a MOOS packet can 

be composed by more than one message depending on the communication frequency set. 

They will be also subscribed to the UAN test topic (MOOS Topic = U) to send and receive test 

messages. 

 

Finally, if necessary they can detect a threat and send an alarm (message sent in MOOS Topic = T) to the 

Command and Control station. 

 Mobile Nodes: mobile nodes do not send any message unless they are requested to. As the fixed 

nodes, they subscribe to broadcast, public and test messages (MOOS Topic = B, mobile node name, U). 

In addition they subscribe to status messages (MOOS Topic = S) to receive status updates from the other 

network nodes. If requested (set-up of a Folaga mission) they can send periodic messages on their status 

or test messages. The communication frequency of the mobile nodes will be set to about two minutes  

(T=120 s, f=0.0083 Hz). 

 

7.4.4.2 Event test program: 

To test the previously described behaviour the following tasks should be performed: 

• EVENT 1: Deployment of fixed nodes as indicated from previous communication tests. 

• EVENT 2: Deployment of eFolaga 1 and subsequently of eFolaga 2 to create, if possible and in 

dependence on the FNOs location, a star-shaped network. Both Folagas will stay in hovering 

mode, indicative depth 15m, at approximately 200 meters from the vertical array. 
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• EVENT 3: Test of MOOS functionalities with all the nodes in position. 

- Fixed nodes will send periodic status messages; 

- C2 will ask for status updates periodically; 

- Mobile nodes will send a status updates when a request is received; 

- C2 will receive status updates. 

• EVENT 4: Test of MOOS functionalities as in EVENT 3, with more complex network 

topologies: Folagas moving and exchanging position. 

 

7.4.5 Objective 2 

7.4.5.1 Test of the MOOS network security features 

The MOOS network security features to be tested are: 

• Integrity; 

• Authentication; 

• Encryption; 

To perform this test all the network nodes should be re-configured to enable the security algorithms. 

This operation can be done manually, physically recovering and changing the MOOS mission files, or 

automatically if the nodes are acoustically reachable from the land station. A specific Linux script able to 

enable/disable the network security should hence be installed both on the fixed and the mobile nodes. 

CINTAL support for script installation on fixed nodes will be required. 

 

7.4.5.2 Event test program: 

To test the previously described behaviour the following tasks should be performed (note that events 2 to 

5 coincide with events of Objective 1).  

• EVENT 1: Enabling of network security algorithms on all the network nodes 

• EVENT 2: Deployment of fixed nodes as indicated from previous communication tests. 

• EVENT 3: Deployment of eFolaga 1 and subsequently of eFolaga 2 to create, if possible and in 

dependence on the FNOs location, a star-shaped network. Both Folagas will stay in hovering 

mode, indicative depth 15m, at approximately 200 meters from the vertical array. 

• EVENT 4: Test of MOOS functionalities with all the nodes in position: 

- Fixed nodes will send periodic status messages; 

- C2 will ask for status updates periodically; 

- Mobile nodes will send a status updates when a request is received; 

- C2 will receive status updates. 

• EVENT 5: Test of MOOS functionalities as in EVENT 4, with more complex network 

topologies: Folagas moving and exchanging positions. 

 

 

7.4.6 Objective 3 

7.4.6.1 Test of the integration of the UAN mobile nodes within the underwater acoustic 
network and within the wider protection system (node adaptivity) 

This objective is focused on the mobile nodes integration within the UAN system. The mobile nodes are 

expected to receive commands from the C2 and to move accordingly in order to reach a better position in 

terms of communication or protection requirements. 
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7.4.6.2 Event test program: 

• To test the previously described behaviour the following tasks should be performed  

• EVENT 1: Deployment of fixed nodes and mobile nodes 

• EVENT 2: MOOS connection established 

• EVENT 3: Test of mobile nodes adaptivity 

- C2 will ask for status updates 

- Folagas send status updates 

- C2 asks for a Folaga re-positioning in order to follow a threat or to enhance the 

communication between any two nodes of the network 

- Mobile nodes moves to the new requested position (leaving and re-entering in the 

network if necessary and depending on the task requested) 

- C2 will receive status updates. 

o (the story board proposed by KM fits the requirements of EVENT 3). 

 

7.5 System integration – Command and control (T6) 

7.5.1 Test goals 

Test 6 goal is to test the underwater component contribution within the wide area network. Due to 

this consideration the objectives of the test will be the representation of the underwater information 

mixed with the information delivered by the above water components. Considering the system 

architecture, we identified the following steps in order to test the effectiveness of the system 

integration:  

 Operator is notified by Fixed Node 1 that there is a possible threat 

 Operator confirm that is an underwater threat (no information from RADAR/optical system 

simulation and no target in IP camera video) 

 Operator sends to Fixed Node 1 Uni-SIMO high data rate link activation message 

 Operator analyze sonar image from Fixed Node 1  

 Operator assign the threat level to the track in accordance with image analysis   

 If it’ evaluated as hostile, C2 operator designates Folaga 1 on the threat 

 Folaga 1 will inform C2 on its changing status 

 

7.5.2 Test geometry 

The C2 must be connected with the base station of the underwater components and with the wide 

area sensors (simulated sensors and IP camera). C2 will interact with the underwater components 

only with the base station to send commands and receive position and information. For this reason, 

no constraints are required by C2 on fixed node and Folaga position in the scenario. Specifically in 

the test the C2 requirement on the geometry is that the network is running in all the test phase.  

 

7.5.3 Event test program 

 

 Test name Test description Planning 

    

T6.1  Simulated surface 

protection  

 Simulated RADAR track will be visible 

in C2.  

 C2 will be able to cue electro- optical 

simulator on the track.  

 C2 will be able to change threat level 

This test can be scheduled 

independently 
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T6.2  IP camera control and 

image visualization 

C2 will be able to move the IP camera and 

display the video. 

This test can be scheduled 

independently 

T6.3  Status,  position and track 

message from Vertical 

Array and Fixed Node 

Position is configured in a configuration 

file, status and track updated from MOOS. 

 

24th (test is conveniently 

scheduled during test T1 

and T2)   

T6.4  High rate speed message 

request test  

 

 Test on Fixed Node 1  

 Test on Fixed Node 2  

24th (test is conveniently 

scheduled during test T1 

and T2)   

T6.5  UniSimo image 

visualization  

 

UniSimo image will be transferred from the 

addressed node to the Base Station and then 

to the C2. 

24th (test is conveniently 

scheduled during test T1 

and T2)   

T6.6  Status and position 

message from Folaga 1 and 

2 received by C2  

 Test on Folaga 1 e Folaga 2  25th (test is conveniently 

scheduled during test T4 

and T5)   

 

T6.7  Surface and subsurface 

navigation commands  

 

 Test on Folaga 1  

 Test on Folaga 2 

25th (test is conveniently 

scheduled during test T4 

and T5)   

T6.8  All node test The previous tests are performed jointly to 

prepare the target scenario. 

26th  

T6.9  Scenario test The entire scenario test will be performed. 27th  

 

7.5.4 Messages/signals 

 
 

 Input to C2 through Base Station (not from Selex components): 
o Position and status from all the nodes 

o Underwater track from Fixed Node 

o UniSimo Image from Fixed Node 

 Output from C2: 
o Commands to Folagas realized by propagation expert through Network Control Interface 

o High rate message request 

 

7.5.5 Hardware chain 

C2 and Base Station will be connected through an Ethernet cable. We have ten meter long cable (to 

be verified if the distance between the two cabins).  

 

7.5.6 Logging of results 

 
Selex will record C2 displays in order to allow the test presentation.  
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8 Test programme 

The schedulign part of the information is also found in the file  UAN11_Schedule_v6.xlsx 

8.1 Monday 23rd 

 
 

Comments 

 Rubber boat inspection by ISME at 8:00 

 Radios from Gunnerus must be available on rubber boats and on shore 

 STU and Folaga positions must be given to C2 

 Note that 3 persons from Gunnerus are needed for STU deployment 

 Bathymetry scan for FNOs: Candidate ranges from STU 250 m, 500 m (main candidate), 750 m, 

1000 m 

 

 

On Gunnerus In boats (Folaga) On shore

08:00 Loading equipment onto Gunnerus

08:30 Toolbox briefing Brattørkaia (SOL): AS, SJ, TH, TAR, 

09:00 HSE.20 min. Time schedule 40 min.  CM, AM, VC, EC

09:30 Reeling of optical cable onto Gunnerus (AS) AS, CM, Gu

10:00 Transit to Storsand

10:30

11:00 Bathymetry scan: Locations for STU and optical cable (AS) AS, TH, SJ

11:30

12:00 Lunch

12:30 Optical cable deployment (AS) AS, SJ, CM CM, AM, VC pull cable 

13:00 Winch Gu CM transf to Gu AL, FZ, MC, AM

13:30 STU deployment (AS) Platform: AS, CM FZ

14:00 according to Test plan Appendix B Sides: TH, Gu

14:30  Deck: SJ, TAR

15:00 Crane Gu

15:30 Winch Gu

16:00

16:30 Break

17:00 STU acoustic connection verif (AS). PASU and KM off GunnerusAS, TH CM, AM, EC FZ, MP, AL Network establishment test, all layers (AL)

17:30 CTD at STU Gu, VC, NN(TAR) SIMO operation in network (AS) Needs all layers for Folaga

18:00 Bathymetry scan (AS) AS, TH Folagas at sea, 

18:30 Wide scan over potential deployment araea for FNOs STU, FNOs off pier

19:00 Gunnerus transit to Trondheim Plan meeting.    General issues +

19:30 Decide FNO locations based on bathymetry + CTD

Persons involved
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Geometry 

 

The STU approximate target position is shown in the below figure. The blue circle indicates its 

maximum distance from the pier. The two lines indicate echo sounding paths for identification of the 

FNOs. Folaga locations for the network establishment test are indicated by FLG1 and FLG2. 

 

 
 

FNO1 

FNO2 

FLG1 

* 

FLG2 

* 

STU 
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8.2 Tuesday 24
th

 

 
 

Comments 

 Radios from Gunnerus must be on available on rubber boats and on shore 

 FNO and Folaga positions must be given to C2 

 

On ship In boats (Folaga) On shore

08:00 Gunnerus transit/ briefing of plans for the day AS, CM, SJ AM, FZ, MP

08:30 TAR, TH

09:00 Identify location of FNO1 (AS) + CTD. Folaga (20m) Gu, AM, EC MC, RM, AN C2 surface protection tests (MC)

09:30 Verification of location by KMM spare Test Events 6.1, 6.2

10:00 KMMspare hanging from Gunnerus. Pos By HIPAP Simulated surface protection and IP camera control

Check FNO-2 loc. If time available

11:00

11:30 Lunch

12:00 Deploy FNO1 (AS)

12:30 According to Appendix A

13:00

13:30 Identify location of FNO2(AS) + CTD. Folaga (20m) Gu, AM, EC FZ, MP, AL, MC Verify FNO1 from STU (FZ). Time share with Folaga

14:00 Verification of location by KMM spare C2 Node status test (MC). Test Event 6.3 and 6.6: 

14:30 KMMspare hanging from Gunnerus. Pos By HIPAP Status, position and track to C2 from STU, FNO

15:00 Deploy FNO-2

15:30 Star shaped network

16:00 SIMO communication to C2  if time left

16:30 Break FZ Verify FNO2 from STU + break

17:00 Test Event 1.1 (TH) . Communication max range identification Gu, AM, EC FZ, AL, MP, MC Test Event 6.7. Full network tests with 2 Folagas at sea

17:30 KMMspare off Gunnerus communicating with STU CM, VC RM, Move folagas from C2

18:00 CTD at STU and FNO1 (Gu)

18:30

19:00 Gunnerus transit to Trondheim TÖ, MP FOI acoustica compatibility with KMM

19:30 Plan meeting. 

20:00

FN
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Persons involved
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Geometry 

The overall geometry is same as on the previous day (section 8.1), but now with FNOs deployed. 

 

 
 

 

FNO1 

* 

FNO2 

* 

FLG1 

* 

FLG2 

* 

STU 
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8.3 Wednesday 25
th

 

 
 

Comments 

 Highest priority to on shore program, including Folagas. 

 Folaga control station and the 2 Folagas will be on rubber boat 1 (RB1).  

Support personnel on RB2. Folagas will be positioned to maintain the star-shape network and 

multihop for Test Event 4.1. For the latter test, both Folagas will be close to FNO1. 

 Multihop part of Test Event 4.1 may if necessary be omitted, as it is part of Thursdays 

programme. 

 Radios from Gunnerus must be on available on rubber boats and on shore 

 

Geometry needs discussion: Based on the same as Tuesday: Folagas, their control and positions.  

 

 

On Gunnerus In boats (Folaga) On shore

08:00 Gunnerus transit/ briefing of plans for the day TÖ, BN AL, FZ,MP Test Event 4.1 Acoustical protocols (AL)

08:30 HSE for FOI personnel CM, SJ?, TAR, TH FLOOD incl. moving nodes, MAC, routing

09:00 CTD in STU/FNO regions 2 FNOs - Star shaped network

09:30 Test Event 2.1 SIMO (TÖ)   Geometry initial proposal ? CM, SJ?, TAR, TH CM, AM, EC 2 Folagas when rubber boats available:

10:00 - Stationary source (Gunnerus) Gu, VC, TAR - Moving nodes:  Between STU and FNOs

10:30 - Moving source (Gunnerus) - Multihop geometry with Folagas beyond FNO 1

11:00 SIMO: CINTAL and FOI signals     (can b next day)

11:30 CTDs underway

12:00 Lunch

12:30 Test Event 2.1 SIMO continued CM, AM, EC MC, FZ, VC Node adaptivity: Test Event 5.1 and 5.3 (AM)

13:00 Gu, , TAR 2 Folagas

13:30 - MOOS Middleware functionality

14:00 - MOOS adaptivity/C2 integration. Coincides with

14:30   Test Event 6.7, 6.3

15:00

15:30

16:00 Break

16:30 FNOs recovery for recharge CM, TAR, TH, SJ? Gu on crane and winch Available time

17:00 Gu in addition close 

17:30

18:00

18:30

19:00 Gunnerus transit to Trondheim

19:30 Plan meeting. 

20:00

Persons involved
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8.4 Thursday 26
th

 

 
 

Comments 

 FNO deployment needs crane but  not winch 

 Radios from Gunnerus must be on available on rubber boats and on shore 

 FNO and Folaga positions must be given to C2 

 

Geometry initial proposal is KM figure (section  7.1.2) needs depth adjustment 

 

 

On Gunnerus In boats (Folaga) On shore

08:00 Gunnerus transit/ briefing of plans for the day TÖ, BN

08:30 CM, SJ?, TAR, TH

09:00 FNO1 Verification of location by KMM spare off Gunnerus

09:30 First candidate: Same pos as first deployment

10:00 Deploy FNO1 (CM) FZ replace AS. 

10:30

11:00

11:30 Identify location of FNO2. Folaga (20m) . Line network Verify FNO1 from STU. Time share with Folaga

12:00 Lunch

12:30 FNO2 Verification of location by KMM spare off Gunnerus Gu, AM, EC VC Setup Secure MOOS (AM)

13:00

13:30 Deploy FNO-2 (CM)

14:00 Line shaped network

14:30

15:00 CTDs and P2P  (TÖ) TÖ, BN FZ Verify FNO2 from STU. 

15:30 AL, MP Test Event 4.2 Acoustical protocols. Line shaped/multihop (AL)

16:00 Break Start as early as possible

16:30 CTDs P2P Gu, AM, EC VC 2 FNOs along line + 2 Folagas

17:00 CM, TAR Nodes reconfig. for security ?

17:30 Node adaptivity: Tests Event 5.2 - security (AM)

18:00 MOOS security features/ coincides w. C2 integration 6.3 6.7

18:30 2 Folagas

19:00 Gunnerus transit to Trondheim

19:30 Plan meeting. 

20:00

Persons involved
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Figure 14 Link set 2 - Network geometry with FLG2 moved for identification of object  

 

STU 

FNO1 

FNO2 

FLG1 

FLG2 

OBJ 
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8.5 Friday 27
th

 

 
Comments 

 Radios from Gunnerus must be on available on rubber boats and on shore 

 FNO and Folaga positions must be given to C2 

 

Geometry initial proposal is KM figure (section  7.1.2) needs depth adjustment 

 

On Gunnerus In boats (Folaga) On shore

08:00 Gunnerus transit/ briefing of plans for the day Test event 6.8 C2 system config/verification (MC)

08:30 According to Test plan section 7.6

09:00 CTDs Gu, AM, EC VC, MC, FP, RM Folagas included when Gunnerus arrives

09:30 CM, TAR Test Event 6.9 C2 Simulated threat (MC)

10:00 C2 vertical array connectivity verification (temperature) MOOS

10:30 C2 and fixed node connectivity (status, position and track)

11:00 High rate test with Fixed Node 1 (without Folaga)

11:30

12:00 Lunch

UV propagation 

simulation

C2 and Folaga 1 available for connectivity verification since 

Folaga 1 is deployed in its garage point (point 1)

12:30 CTDs Optimization of connectivity between Fixed Node 1 and 2 using Folaga 1 (change position and depth from C2)

13:00

13:30

14:00

C2 and Folaga 2 available for connectivity verification since 

Folaga 2 is deployed in its garage point (point 2)

14:30 C2 move Folaga in surface to poin 3 and profiler mode (depth Z)

15:00 Fixed Node 1 simulates a track in point 4 and C2 activate UniSimo (image to C2) 

15:30 Folaga 2 is designated to point 4

16:00 Break

16:30 CTDs

17:00

17:30

18:00

18:30

19:00 Gunnerus transit to Trondheim

19:30 Plan meeting. 

20:00 for recovery and packaging for home-transport

Persons involved
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8.6 Saturday 28
th

 

 

On Gunnerus On shore

08:00 Gunnerus transit/ briefing of plans for the day Prepare for transport

08:30 Send if possible

09:00 STU recovery first

09:30 equipment transfer to shore

10:00 Completely dry

10:30

11:00

11:30

12:00

12:30 Lunch

13:00 FNO2 recovery

13:30 equipment transfer to shore

14:00

14:30 FNO1 recovery

15:00 equipment transfer to shore

15:30

16:00 Break

16:30 Gunnerus transit to Trondheim

17:00 Optical cable reeling and packaging

17:30

18:00

18:30

19:00  

19:30

20:00 last shipment Monday afternoon 

Persons involved
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9 Personnel 

 

 
 

 

 

 

 

Mon Mon Mon

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Friedrich Zabel x x x x x x x x x x x x x x x

Celestino Martins x x x x x x x x x x x x x x x

António Silva x x x x x x x x x

Usa Vilaipornsawai x x x x x x x x x x

Sérgio Jesus x x x x x x x x

Matteo Cresta x x x x x x x x x x x

Riccardo Massimelli x x x x x x x x x

Andrea Nigro x x x x x x

Tommy Oberg late x x

Bernt Nilsson late x x

Ilkka Karasalo x

Magne Pettersen x x x x x x x x

Thor Husøy x x x x x x x x

Andrea Munafo'  x x x x x x x x x x x x x x

Vincenzo Calabro'  x x x x x x x x x x x x x x

Enrico Clerici x x x x x x

Tor Arne Reinen x x x x (x) (x) x x x x x x x

Arne Lie x x x x x x x xSI
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Appendix A. Fixed nodes – Configuration and mooring 

 

INTRODUCTION 

The following describes the procedures required to deploy and recover the Fixed Nodes (FNO). 
The system, depicted in Figure 15, is designed to be moored at the sea floor with its 

components distributed along a vertical line. The minimum system height is about 30m and it 
can be deployed up to 150m depth. A surface buoy is used to locate the system and is 
attached to a recovery line. 

 

  
Figure 15 Fixed node with two alternative subsurface buoyancy configurations  
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The FNOs system (figure 1 an 2) includes: 

 Ballast: 100kg to 150kg weight; 

 Polyester / Kevlar rope (red line in figure): 8mm diameter, 70m maximum length, 

1350kg maximum load, Cousin Mistral brand; 

 Subsurface Buoy (FNO1): 21.4kg buoyancy, glass sphere; 

 Subsurface Buoy (FNO2): 26kg buoyancy, glass sphere; 

 Surface buoy: 30kg buoyancy, common use inflatable buoy; 

 Fixed Node (FNO): 0.3m diameter, 1m length, 6kg weight in water; 

 Kongsberg Marine Modem (KMM): 0.1m diameter, 0.6m length, 3kg weight in water; 

 Temperature Array: 24m length, 20mm diameter, 1 kg weight in water, 6 thermistors; 

 Miscellaneous: Stainless steel 316L Shackles, waterproof tape, self-amalgamating 

tape, plastic ties. 

  

UAN D6.3 Project Sea Trial Report - Page 208



 

 

 

 

39 of 57 

 

OPERATION REQUIREMENTS: 

 Vessel: 

o Dynamic positioning (if possible); 

o A-frame, with one sheave; 

o 1 x Drum Winches (or analogous equipment): for the polyester rope (small 

drum); 

 Personnel: 5 persons for the vessel aft-deck operations. 
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DEPLOYMENT PROCEDURES 

PREPARATION: 
A. Set the fixing points at the polyester rope with loop knots at specified positions. Two 

points for the STU plus one for the subsurface buoy. 

B. Transfer the polyester rope to the small drum winch. This should be done only after a 

decision is made about the exact location of the mooring, since the rope must be 

prepared for the mooring. 

C. Execute a detailed bathymetry survey of the deployment area to select the best location 

for the mooring – the selected location should be a 10x10 meters flat square (around 

the selected location) with a water column depth up to 65m 

 

VERTICAL LINE DEPLOYMENT: 
A. Check if the FNO is ready and connected to the thermistors array and to the KMM. 

B. Pass the polyester rope through the A-frame sheave and attach the top end to the 

ballast, on deck. 

C. Hoist the ballast with the small winch and lower payout N1m of polyester rope using the 

winch. 

D. Attach the FNO in the polyester rope, at the predefined fixation points, with shackles. 

E. Attach the KMM to the polyester rope just above the STU, using metal clamps protected 

with rubber. 

F. Payout slowly 24m of polyester rope with the small winch and simultaneously attach the 

array to it using waterproofs tape at regular distances. 

G. Payout slowly N2m of polyester rope with the small winch. 

H. Attach the subsurface buoy to the polyester rope at the predefine fixation point. 

I. Payout the polyester rope until the ballast reaches the bottom. 

J. Unroll all the polyester rope from the sheave, attach a surface buoy to it and drop it in to 

the water. The rope section between the subsurface buoy and the surface buoy must be 

long enough to avoid any tension in this section in any circumstance. Pay attention to 

the tide. 
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RECOVERY PROCEDURES 

VERTICAL LINE RECOVERY: 
A. Go to the mooring position with the vessel and the rubber boat. 

B. Recover the surface buoy with the rubber boat and send it to the vessel. 

C. Pass the polyester cable through the A-frame’s sheave and send it to the small winch. 

D. Start raising the vertical line with the small winch, removing the subsurface float, the 

array, the KMM, the FNO and finally the Ballast. 
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Appendix B. Subsurface telemetry unit (STU) – configuration and mooring. 

 

INTRODUCTION 

The following describes the procedures required to deploy and recover the Subsurface 
Telemetry Unit (STU) System. The system, depicted in Figure 16, is designed to be moored at 

the sea floor with its components distributed along a vertical line and with a 1000m underwater 
cable link to shore. The minimum system height is about 50m and it can be deployed up to 
150m depth. A surface buoy is used to locate the system and is attached to a recovery line. 

 

 
Figure 16 Subsurface telemetry unit
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STU SYSTEM COMPONENTS 

The STU system (figure 1) includes: 

 Electro-optic underwater cable: 1000m length, 20mm diameter, 193mm static 

minimum bending radius, 290mm dynamic minimum bending radius, 445kg/km weight 

in air, 145kg/km weight in seawater, 500kg maximum traction load, polyurethane 

outside sheath; 

 Auxiliary rope (AR1): 12mm diameter, 100m length, to attach the Electro-optic 

underwater cable to the ballast; 

 Ballast: 150kg to 200kg weight; 

 Hose: 4m length, 25mm inner diameter, sturdy material, with a longitudinal opening; 

 Dyneema/Kevlar rope (red line in figure): 8mm diameter, 120m maximum length, 

3800kg maximum load; 

 Subsurface Buoy & Swivel: 52kg buoyancy, low drag torpedo like; 

 Surface buoy: 30kg buoyancy, common use inflatable buoy; 

 Subsurface Telemetry Unit (STU): 0.3m diameter, 1m length, 6kg weight in water; 

 Kongsberg Marine Modem (KMM): 0.1m diameter, 0.6m length, 3kg weight in water; 

 Sensors Array: 64m length (32m if bended), 40mm diameter, 10kg weight in water, 16 

hydrophones, 16 thermistors, 2 pressure sensors; 

 Backup Kevlar rope (green line in figue 1): 6mm diameter,  1160kg maximum load , 

inside the sensors array; 

 Miscellaneous: Stainless steel 316L Shackles, waterproof tape, self-amalgamating 

tape, plastic ties. 
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OPERATION REQUIREMENTS: 

 Vessel: 

o Dynamic positioning; 

o A-frame, with one sheave; 

o 2 x Drum Winches (or analogous equipment): on the ship’s aft deck, one for the 

electro-optic underwater cable (large drum), one for the dyneema rope (small 

drum);  

 Motorized Rubber Boat (RIB) 

 Equipment 

o 8 surface float buoys: aprox. 8 kg buoyancy each; 

o Auxiliary Rope (AR2): 12mm diameter, 10m length, for deployment; 

o Surface buoy with a pole: 40kg minimum buoyancy, 2m height pole, to keep 

the electro-optic cable connector above water in the event of an emergency 

equipment recovery. 

 Personnel: 5 persons for the vessel aft-deck operations, 2 persons for the RIB, 2 

persons in land; 
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DEPLOYMENT PROCEDURES 

PREPARATION: 
D. Wound the electro-optic cable onto the large drum winch, with the dry end on top. This 

operation should take place in the day before the mooring operation. 

E. Set the fixing points at the dyneema rope with loop knots at specified positions. Two 

points for the STU plus one for the subsurface buoy. 

F. Transfer the dyneema rope to the small drum winch. This should be done only after a 

decision is made about the exact location of the mooring, since the rope must be 

prepared for the mooring. 

G. Execute a detailed bathymetry survey of the deployment area to select the best location 

for the mooring – the selected location should be an approximately 10x10 meters flat 

square (around the selected location) with a water column depth between 55 and 90 

meters, inside a 700m radius from the pier. 

 

ELECTRO-OPTIC UNDERWATER CABLE DEPLOYMENT: 
A. Move both the vessel and the rubber boat to a location as close to the peer as possible. 

B. Unroll 100m of electro-optic cable from the drum, arrange it in a small 8-shape at the 

ship aft-deck, and transfer it to the rubber boat. The electro-optic cable does not go 

through the A-frame sheave. 

C. The rubber boat takes the 100m electro-optic cable to the pier and the large drum winch 

payout the required electro-optic cable. At the aft-deck surface buoys (8kg buoyancy) 

are attached to the electro-optic cable every 50m. Attention should be taken to keep the 

rubber boat movement synchronized with the cable delivery, from the drum. 

D. After delivering the cable at the peer, remove all the surface buoys attached to the cable 

with the rubber boat, starting from shore to the ship. If required, the large drum winch 

payout more electro-optic cable. 

E. Move the vessel to the mooring location, with the large winch feeding the necessary 

electro-optic cable to the sea bottom. A route should be selected in such a way that the 

amount of electro-optic cable left in the drum at the mooring position is slightly higher 

than the current depth. 

F. Keep the vessel in position using the dynamic positioning system. 

G. Unroll all the electro-optic cable from the drum to the aft-deck. 

H. Pick-up the electro-optic cable connector and test the cable. Use a flash-light to test the 

fiber optic and an ohmmeter to test the electrical cables. 

I. Connect the electro-optic cable to the STU and make a test. 

J. Cover the connector with self-amalgamating tape plus waterproof tape. 

VERTICAL LINE (Array and STU) DEPLOYMENT: 
K. Check if the STU is ready and connected to the sensors array and to the KMM. 
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L. Pass the dyneema rope through the A-frame sheave and attach the top end to the 

ballast, on deck. 

M. Fasten the electro-optical cable to the dyneema N1 meters away from the cable 

connector. Place the cable inside the hose to get mechanical protection near the ballast. 

Fasten the auxiliary rope, AR1, along the electro-optic cable, starting at the ballast. This 

will be the cable’s strength member while deploying the last meters of electro optical 

cable. 

N. Hoist the ballast with the small winch and lower it until it gets submerged. 

O. Deploy all the electro-optic cable that is left on the deck by hand, and simultaneously 

payout N1m of dyneema rope using the winch. Attach the electro-optic cable connector 

end to the dyneema rope with waterproof tape. 

P. Attach the STU in the dyneema rope, at the predefined fixation points, with shackles. 

Q. Attach the KMM to the dyneema rope just above the STU, using metal clamps protected 

with rubber. 

R. Payout slowly 32m of dyneema rope with the small winch and simultaneously attach the 

array to it using waterproofs tape at regular distances. 

S. Payout slowly N2m of dyneema rope with the small winch and simultaneously attach the 

backup Kevlar rope to it using waterproof tape. 

T. Attach the subsurface buoy to the dyneema rope at the predefine fixation point. 

U. Attach the backup Kevlar rope to the subsurface buoy. 

V. Payout the dyneema rope until the ballast reaches the bottom. 

W. Unroll all the dyneema rope from the sheave, attach a surface buoy to it and drop it in to 

the water. The rope section between the subsurface buoy and the surface buoy must be 

long enough to avoid any tension in this section in any circumstance. Pay attention to 

the tide. 
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RECOVERY PROCEDURES 

PREPARATION: 
A. In shore, arrange the 100m electro-optic cable end at the peer and keep it ready to be 

picked up by the rubber boat. 

VERTICAL LINE RECOVERY: 
E. Go to the mooring position with the vessel and the rubber boat. 

F. Recover the surface buoy with the rubber boat and send it to the vessel. 

G. Pass the dyneema cable through the A-frame’s sheave and send it to the small winch. 

H. Start raising the vertical line with the small winch, removing the subsurface float, the 

array, the KMM, the STU and finally the Ballast. 

I. Keep the electro-optic cable connector end at the ship deck. 

J. Recover the first meters of electro-optic cable (attached to auxiliary rope AR1) by hand 

from the rubber boat and simultaneously send the cable to the ship’s  deck. 

K. At the ship aft-deck, remove the auxiliary rope (AR1) from the electro-optic cable. 

L. Attach one end of the auxiliary rope to the large drum winch and pass it through the ship 

A-frame sheave, using the dyneema rope as a guide. The Dyneema rope will be 

removed from the A-frame sheave. 

M. Attach the other end of the auxiliary rope to the electro-optic cable connector end and 

start the recovery of the electro-optic cable to the large winch. During this procedure the 

vessel must move along with the cable recovery. 

N. Meanwhile, the rubber boat must return to the peer to pick-up the 100m cable end. 

O. Proceed with the cable recovery at the vessel. For the last meters the recovery may be 

done by the rubber boat.  
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Appendix C. Gunnerus specifications according to the owner 

 

RV GUNNERUS - LNVZ 
Multipurpose research vessel for Norwegian University of Science and Technology (NTNU)  

Name  R/V GUNNERUS  

Owner Norwegian University of Science and Technology (NTNU)  

  Faculty of Natural Sciences and Technology  

Designed by  Polarkonsult AS, Norway  

Built by  Larsnes Mekaniske Verksted, Norway  

Delivery year  2006  

Port of Registry  Trondheim, Norway  

Classification Society  Norwegian Maritime Directorate  

 

Main dimensions  
Length over all  (Loa)  31.25 m  

Length between pp  (Lpp)  28.90 m  

Length in waterline  (Lwl)  29.90 m  

Breadth middle  (Bm)  9.60 m  

Breadth extreme  (B)  9.90 m  

Depth mld. Main deck  (Dm)  4.20 m  

Draught, mld  (dm)  2.70 m  

Mast height / antenna   14.85 / 19.70 m  

Dead weight   107 t  

 

Class, Service Area  
Range  Coastal areas out to 20 nautical miles from the coast (Liten Kystfart) 

  Designed and built according to European trade.  

Class Notation  DNV + 1A1 + Ice C + E0 + R2 Cargo ship  

 

Deck equipment, scientific equipment and lab facilities  
Trawl winches  2 x Mjosund 6 t, (wire D=14 mm, L=1000 m).  

Net drum  Mjosund 5 m3, D=2000mm, d=320mm  

Main deck crane  Palfinger 14 m / 35 tm  

CTD crane  HIAB/Mjosund, 5 m / 3.3 tm,  

  Water sampler wire 5 mm/750m  

  CTD wire 6,5 mm/750 m.  

Stern mounted A-frame  6 t, hydraulic.  

Hydraulic diving platform 500 Kg, 1,5m x 0,8m.  

Hydraulic aggregate  Mjosund 110 kW  

Capstan  Mjosund 8t/220bar, D=410, d=320, L=300  

Anchor winch  Mjosund 2 drums, 20 m/min, 2 x 12,5m ø 22mm K2 chain/ 

   210m ø22mm. wire  

Compressed air  Atlas copco compressor  

Workdeck  75 m2  

Wet lab  13.9 m2  

Dry lab  11.8 m2  

Computer lab  11.2 m2  

Container attachment  5, 10, 15 & 20 feet alongside or 20 feet abeam.  
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CTD  Saiv  

CTD  Sealogger 25, Seabird electronics inc.  

 

Watersampler system Carousel water sampler, 12 x 2,5l bottles. Seabird electronics inc  

Workboat Polarcirkel 560 Work, Yamaha 80hp  

 

Capacities  
Crews cabins / berths  6 / 11  

Daytime personnel capacity.    25 incl. crew  

Deadweight  107 t  

Deck load  45 t  

Fuel oil  44 m3  

Fresh water  11 m3  

Water ballast  62 m3  

Cargo hold  42 m3  

Galley  4,5 m2  

Mess, conference and dayroom:     32 m2 With 46” LCD monitor.  

 

Machinery: Diesel electric propulsion  
Main electric propulsion  1000 kW (Siemens 2 x 500 kW)  

Main generators  3 x Nogva-Scania 450 kW  

Bow tunnel thruster  1 x Brunvoll 200 kW  

Speed at 100% MCR  12,6 kn  

Cruising speed  9,4 kn  

Gear  2 x Finnøy  

Rudder  2 x Rolls-Royce, Ulstein Hinze Rudder FB-H 1200  

Steering gear  2 x Rolls-Royce, Tenfjord SR562-FCPX2  

The diesel electric system has been specially designed for low hydroacoustic noise levels. Diesel 

generators are mounted on a common double elastic frame and one of the generators are 

mounted in a noise dampening hood for special low noise mode. 

 

Navigation, communications and electronic equipment  
Dynamic Positioning system  Kongsberg SDP-11 / cPos  

DP - Reference systems   GPS  

   Kongsberg Seatex DPS 232  

   HPR, Kongsberg transponders.  

   Kongsberg Seatex RADius  

Heading, Attitude and Positioning Sensor       Kongsberg Seapath 300  

Acoustic positioning system  Kongsberg HiPAP 500  

Motion reference unit (MRU)  Kongsberg Seatex  

Autopilot   Simrad AP50  

Compass, magnet   Nautisk service NS 150-A  

Compass, gyro   Simrad GC80 / 85  

Bearing repeater   Simrad DR76  

Differential positioning sensor  Kongsberg DPS 232  

Heading, attitude and positioning sensor         Kongsberg Seatex Seapath 300  

GPS   Furuno Navigator GP-90  

Radar   Furuno FAR 28x7 /FAR 21x7  

Log   Furuno Doppler speed log DS-80  
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Echo sounder   Furuno FCV-1200L. 38, 50, 200 kHz – 2000m  

Echo sounder, multibeam   Kongsberg EM 3002s  

Catch monitoring system   Simrad PI54  

 

Chartplotter 1   Telchart (AIS)  

Chartplotter 2   Olex (Installed AIS, HT, SB, ITI, MBES)  

Chartplotter 3   Olex LT (Office version)  

AIS   Furuno FA-150  

Navtex   JMC NT900  

GMDSS console  

VHF   fixed radio Sailor  

VHF   handheld radios Jotron  

UHF   handheld radios Icom  

Satellite phone   Sailor  

Internet in sea   ICE & Telenor mobilt bredbånd  

Internet at pier Trondheim  Wireless broadband NTNU.  

 

Safety  
MOB boat,  inflateable craft Narwhal 6 persons SOLAS aproved,  

  Propulsion Mariner 20 Hp  

Rescue boat davit  Ned Deck Marine  

Life rafts  2 x 25 men each  

Survival suits  25 Stearns model ISS-590i  

Life jackets  Seamaster – 1983, SOLAS Approved  

Work vests  25 Regatta  

EPIRB  Jotron  

SART  Jotron  

Aircraft beacon  Jotron  

Fire alarm system  Minerva Marine T1008  

Fixed system  Engine room, CO2  

Fire suit  Draeger  

Search light  Tranberg  

SAR  SECurus prototype, Apto maritime (Under construction)  

Day and night vision  SECurus prototype, Apto maritime (Under construction)  

Oil spill monitoring  SECurus prototype, Apto maritime (Under construction)  

 

Details are believed to be correct but not guaranteed  
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Appendix D. Expected tide and depth at Storsand pier 

 

The following tidal variation is predicted by the Norwegian Hydrographic Service (http://vannstand.no/). 

Heights are given in cm above sea chart datum. 

 

 

 
 

 

 

The depth (at the pier was measured at 11:00 on May 11
th
 2011, at which time the same prediction source 

give height 95 cm above chart datum. The depths were: 

West end 3.0 m 

Center  2.65 m 

East end 2.15 m 
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Appendix E. KM Modem standalone deployment 

 

 
Figure 17 Modem at seabed with rope to surface. Ropes and weight supplied by Gunnerus. 

Weight w/ 

swivel 

Modem w/floating 

collar, 2 kg buoyancy 

4 m 

rope 
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Figure 18 KM Modem with floating collar 

 

Appendix F. Ping script for logging network conditions 

 

The following bash script (pingUANnetwork3.sh) is proposed to be run at the KM modem master host 

(STU). It can be easily modified to change traffic load and packet size. SIZE is the ping payload size of 

the first ping packet: it is incremented by one byte per slave ping if INC=1. The script stops when 

SIZE==LIMIT. WAIT is the patience the ping client has to wait for the ping response before flagging the 

ping as negative. SLEEP values larger than zero can be used to lower the traffic load offered by this 

script, so that it can also be run “in the background” when upper layer communication is tested. In order 

to store the output text, and monitor the status live at the same time, run the script as e.g. 
# > ./pingUANnetwork3.sh | tee ping_test_230511_T4_1.txt 

 

 
#!/bin/bash 

 

echo 

 

# Comment out the nodes that should not be pinged 

# Make sure IP addresses are correct:  

FN1=192.168.10.1    # Fixed node 1 

FN2=192.168.10.2    # Fixed node 2 

#MN1=192.168.10.3    # Mobile node 1 

#MN2=192.168.10.4    # Mobile node 2 

 

SIZE=20       # Start ping payload (bytes) 

INC=1         # If ping SIZE increment by ONE byte is wanted, set INC to 1.  

              # For no increment set INC to 0. 

LIMIT=1200    # Stop script if ping payload reaches LIMIT (bytes) 
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WAIT=100      # Wait for ping response up to time WAIT (sec) 

SLEEP=0       # To lower the traffic load, add sleep in between each ping 

(sec) 

 

 

# Do not edit after this line! 

N=0 

DATE=`date +%e-%m-%y` 

TIME=`date +%H:%M:%S` 

FN1_loss=0 

FN1_delay=0 

FN1_delay_cnt=0 

FN2_loss=0 

FN2_delay=0 

FN2_delay_cnt=0 

MN1_loss=0 

MN1_delay=0 

MN1_delay_cnt=0 

MN2_loss=0 

MN2_delay=0 

MN2_delay_cnt=0 

 

echo .... Starting UAN network ping on $DATE at time $TIME .... 

for ((a=SIZE; a<=LIMIT; a++)) 

do 

   if [ -n "${FN1}" ] ; then 

      ping=`ping -s "$a " -c 1 -W "$WAIT " "$FN1 " | tail -2` 

      loss=`echo $ping | cut -d"," -f3 | cut -d" " -f2` 

      delay=`echo $ping | cut -d"=" -f2 | cut -d"." -f1` 

      TIME=`date +%H:%M:%S` 

      if [ "$loss" = "100%" ] ; then 

     echo $N: $TIME. Ping response from FN1, size = $a, timeout = $WAIT s: 

Negative. 

         let FN1_loss+=1 

      else 

         echo $N: $TIME. Ping response from FN1, size = $a, delay = $delay 

ms: Positive. 

         let FN1_delay*=FN1_delay_cnt 

         let FN1_delay+=delay 

         let FN1_delay_cnt+=1 

         let FN1_delay/=FN1_delay_cnt 

      fi 

      echo "     ---> AVR delay FN1 = $FN1_delay ms, # of packets lost = 

$FN1_loss" 

      sleep $SLEEP 

   fi 

 

   if [ -n "${FN2}" ] ; then 

      ping=`ping -s "$a " -c 1 -W "$WAIT " "$FN2 " | tail -2` 

      loss=`echo $ping | cut -d"," -f3 | cut -d" " -f2` 

      delay=`echo $ping | cut -d"=" -f2 | cut -d"." -f1` 

      TIME=`date +%H:%M:%S` 

      if [ "$loss" = "100%" ] ; then 

     echo $N: $TIME. Ping response from FN2, size = $a, timeout = $WAIT s: 

Negative. 

         let FN2_loss+=1 
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      else 

         echo $N: $TIME. Ping response from FN2, size = $a, delay = $delay 

ms: Positive. 

         let FN2_delay*=FN2_delay_cnt 

         let FN2_delay+=delay 

         let FN2_delay_cnt+=1 

         let FN2_delay/=FN2_delay_cnt 

      fi 

      echo "     ---> AVR delay FN2 = $FN2_delay ms, # of packets lost = 

$FN2_loss" 

      sleep $SLEEP 

   fi 

 

   if [ -n "${MN1}" ] ; then 

      ping=`ping -s "$a " -c 1 -W "$WAIT " "$MN1 " | tail -2` 

      loss=`echo $ping | cut -d"," -f3 | cut -d" " -f2` 

      delay=`echo $ping | cut -d"=" -f2 | cut -d"." -f1` 

      TIME=`date +%H:%M:%S` 

      if [ "$loss" = "100%" ] ; then 

     echo $N: $TIME. Ping response from MN1, size = $a, timeout = $WAIT s: 

Negative. 

         let MN1_loss+=1 

      else 

         echo $N: $TIME. Ping response from MN1, size = $a, delay = $delay 

ms: Positive. 

         let MN1_delay*=MN1_delay_cnt 

         let MN1_delay+=delay 

         let MN1_delay_cnt+=1 

         let MN1_delay/=MN1_delay_cnt 

      fi 

      echo "     ---> AVR delay MN1 = $MN1_delay ms, # of packets lost = 

$MN1_loss" 

      sleep $SLEEP 

   fi 

 

   if [ -n "${MN2}" ] ; then 

      ping=`ping -s "$a " -c 1 -W "$WAIT " "$MN2 " | tail -2` 

      loss=`echo $ping | cut -d"," -f3 | cut -d" " -f2` 

      delay=`echo $ping | cut -d"=" -f2 | cut -d"." -f1` 

      TIME=`date +%H:%M:%S` 

      if [ "$loss" = "100%" ] ; then 

     echo $N: $TIME. Ping response from MN2, size = $a, timeout = $WAIT s: 

Negative. 

         let MN2_loss+=1 

      else 

         echo $N: $TIME. Ping response from MN2, size = $a, delay = $delay 

ms: Positive. 

         let MN2_delay*=MN2_delay_cnt 

         let MN2_delay+=delay 

         let MN2_delay_cnt+=1 

         let MN2_delay/=MN2_delay_cnt 

      fi 

      echo "     ---> AVR delay MN2 = $MN2_delay ms, # of packets lost = 

$MN2_loss" 

      sleep $SLEEP 

   fi 
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   echo "." 

   N=$(( N + 1 )) 

   let a+=INC 

   let a-=1 

done 

echo;echo    

 

In the example output below, only the fixed nodes are pinged, with a fixed ping payload size of 419 

bytes, and a maximum delay allowed at 100 seconds. The FN1 node has lost 13 packets, while node FN2 

has lost 5 packets. Average delay per node is about 32.9 seconds. 

 
.... Starting network ping on 22-05-11 at time 15:48:18 .... 

414: 07:33:22. Ping response from FN1, size = 419, delay = 33319 ms: Positive. 

     ---> AVR delay FN1 = 32961 ms, # of packets lost = 13 

414: 07:33:57. Ping response from FN2, size = 419, delay = 34906 ms: Positive. 

     ---> AVR delay FN2 = 32854 ms, # of packets lost = 5 

. 

415: 07:34:31. Ping response from FN1, size = 419, delay = 33889 ms: Positive. 

     ---> AVR delay FN1 = 32963 ms, # of packets lost = 13 

415: 07:35:02. Ping response from FN2, size = 419, delay = 31475 ms: Positive. 

     ---> AVR delay FN2 = 32850 ms, # of packets lost = 5 

. 

 

As long as the SLEEP parameter is zero, and the pings are responded correctly, the script will ensure that 

there is always one ping in transit in the network. In case of packet losses, or setting the SLEEP 

parameter to a value larger than zero (unit is seconds), the traffic load is eased. Thus, the script can also 

be used to monitor network connectivity and performance when all upper layer applications are running. 
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Monday 23. Issued Monday evening (after midnight). Identical to Sunday evening (22nd) version except adjustment wrt what actually happened

On Gunnerus In boats (Folaga) On shore Comments

08:00 Loading equipment onto Gunnerus Radio on rubber boats and on shore

08:30 Toolbox briefing Brattørkaia (SOL): AS, SJ, TH, TAR, 

09:00 HSE.20 min. Time schedule 40 min.  CM, AM, VC, EC

09:30 Reeling of optical cable onto Gunnerus (AS) AS, CM, Gu

10:00 Transit to Storsand

10:30

11:00 Bathymetry scan: Locations for STU and optical cable (AS) AS, TH, SJ

11:30

12:00 Lunch

12:30 Optical cable deployment (AS) AS, SJ, CM CM, AM, VC pull cable 

13:00 Winch Gu CM transf to Gu AL, FZ, MC, AM

13:30 STU deployment (AS) Platform: AS, CM FZ STU deployment

14:00 according to Test plan Appendix B Sides: TH, Gu 3 persons from Gunnerus needed

14:30  Deck: SJ, TAR

15:00 Crane Gu

15:30 Winch Gu

16:00 STU Node position to C2

16:30 Break

17:00 STU acoustic connection verif (AS). PASU and KM off Gunnerus AS, TH CM, AM, EC FZ, MP, AL Network establishment test, all layers (AL)

17:30 CTD at STU Gu, VC, NN(TAR) SIMO operation in network (AS) Needs all layers for Folaga

18:00 Bathymetry scan (AS) AS, TH Folagas at sea, 

18:30 Wide scan over potential deployment araea for FNOs STU, FNOs off pier

19:00 Gunnerus transit to Trondheim Plan meeting.    General issues +

19:30 Decide FNO locations based on bathymetry + CTD

20:00

What happened

left Trondheim 1/2 hour later than expected. Lunch underway. Reeliing during Bathymetry scan. Deployment of cable and STU took quite long, finished 1810

Persons involved
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The STU approximate target position is shown in the below figure. The blue circle 
indicates its maximum distance from the pier. The two lines indicate echo sounding 
paths for identification of the FNOs. Folaga locations for the network establishment test 
are indicated by FLG1 and FLG2.
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Tuesday 24. Issued Monday evening together with Mon 23 plan

On ship In boats (Folaga) On shore

08:00 Gunnerus transit/ briefing of plans for the day AS, CM, SJ AM, FZ, MP

08:30 TAR, TH

09:00 Bathymetry scan (AS) Gu, AM, EC MC, RM, AN C2 surface protection tests (MC) Test  of Phy implementation (TH) Turbo decoder 

09:30 Wide scan over potential deployment araea for FNOs Test Events 6.1, 6.2 a) Moving platform: Folaga from STU  (d = 15m)

10:00 Identify location of FNO1 (AS) + CTD. Simulated surface protection and     in direction towards FNO1

10:30 Finding location by KMM spare Candidate dist. 500 m from STU  IP camera control

11:00 KMMspare hanging from Gunnerus. Pos By HIPAP

11:30 Lunch

12:00 Deploy FNO1 (AS)

12:30 According to Appendix A

13:00

13:30 Identify location of FNO2 (AS) + CTD. Gu, AM, EC FZ, MP, AL, MC Verify FNO1 from STU (FZ). Time share with Folaga

14:00 Finding location by KMM spare Candidate dist. 500 m from STU C2 Node status and network test (MC). 

14:30 KMMspare hanging from Gunnerus. Pos By HIPAP Test Event 6.3, 6.6 and 6.7

15:00 Deploy FNO-2 Depending on FNO1 deployed

15:30 Line shaped network - Network functionality incl. IP

16:00 - Status, position and track to C2 from STU, FNO

16:30 Break FZ - Move 2 Folagas from C2 (one at surface)

17:00 Test Event 1.1 (TH) . Communication max range identification Gu, AM, EC FZ, AL, MP, MC - Transparent comm. to C2  (in evening if necessary) Time available for Folaga maintenance

17:30 KMMspare off Gunnerus communicating with STU CM, VC RM, Verify FNO2 from STU + break

18:00 CTD at STU and FNO1 (Gu) Test  of Phy implementation (TH) Turbo decoder 

18:30 Can be done Friday if System integration Wednesday b) Fixed platform (FNO to STU)

19:00 TÖ, MP FOI acoustica compatibility with KMM

19:30 Gunnerus transit to Trondheim Plan meeting. 

20:00
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Persons involved
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Tue 24

FNO1

FNO2
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Wed 25 Can be done Wednesday? FOI is present only Wednesday and Thursday (performance prediction) MOOS security functionality not tested yet

recover 1 node = 1 hour?

On Gunnerus In boats (Folaga) On shore Comments

08:00 Gunnerus transit/ briefing of plans for the day TÖ, BN Test event 6.8 C2 system config/verification (MC)

08:30 HSE for FOI personnel According to Test plan section 7.6

09:00 CTD in STU/FNO regions Gu, AM, EC VC, MC, FP, RM Folagas included when Gunnerus arrives

09:30 Test Event 2.1 SIMO (TÖ)  TÖ, BN CM, TAR Test Event 6.9 C2 Simulated threat (MC)

10:00 - Stationary source (Gunnerus) C2 vertical array connectivity verification (temperature) MOOS

10:30 - Moving source (Gunnerus) C2 and fixed node connectivity (status, position and track) AM, V, 

11:00 SIMO: CINTAL and FOI signals High rate test with Fixed Node 1 (without Folaga)

11:30 CTDs underway Point 1 must be define (between Fixed Node 1 and 2)

12:00 Lunch

UV propagation 

simulation

C2 and Folaga 1 available for connectivity verification since Folaga 

1 is deployed in its garage point (point 1)

12:30 Test Event 2.1 SIMO continued Optimization of connectivity between Fixed Node 1 and 2 using Folaga 1 (change position and depth from C2)

13:00 Rubber boat people eat on rubber boat or Gunnerus so that Folagas can remain in water

13:30

14:00

C2 and Folaga 2 available for connectivity verification since Folaga 

2 is deployed in its garage point (point 2) Point 2 must be defined

14:30 C2 move Folaga in surface to poin 3 and profiler mode (depth Z) Depth Z must be defined

15:00 Fixed Node 1 simulates a track in point 4 and C2 activate UniSimo (image to C2) Point 4 must be defined

15:30 Folaga 2 is designated to point 4

16:00 Break

16:30 FNOs recovery for recharge CM, TAR, TH, SJ? Gu on crane and winch

17:00 May possibly be redecided Gu in addition close 

17:30

18:00

18:30

19:00 Gunnerus transit to Trondheim

19:30 Plan meeting. 

20:00 for recovery and packaging for home-transport

Persons involved

Wednesday 25th – Plan A: If feasible, which depends on Folagas (technical status and weather) and on the status of FNO1 . 
Activity on shore (right time line) has priority. 
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On GunnerusIn boats (Folaga) On shore

08:00 Gunnerus transit/ briefing of plans for the day TÖ, BN AL, FZ,MP Test Event 4.1 Acoustical protocols (AL)

08:30 HSE for FOI personnel FLOOD incl. moving nodes, MAC, routing

09:00 CTD in STU/FNO regions 2 FNOs - Star shaped network

09:30 Test Event 2.1 SIMO (TÖ)  TÖ, BN CM, AM, EC 2 Folagas when rubber boats available:

10:00 - Stationary source (Gunnerus) Gu, VC, TAR - Moving nodes:  Between STU and FNOs

10:30 - Moving source (Gunnerus) - Multihop geometry with Folagas beyond FNO 1

11:00 SIMO: CINTAL and FOI signals     (can b next day)

11:30 CTDs underway

12:00 Lunch

12:30 Test Event 2.1 SIMO continued CM, AM, EC MC, FZ, VC Node adaptivity: Test Event 5.1 and 5.3 (AM)

13:00 Gu, , TAR 2 Folagas

13:30 - MOOS Middleware functionality

14:00 - MOOS adaptivity/C2 integration. Coincides with

14:30   Test Event 6.7, 6.3

15:00 + send transparent signals from FNO and  Folaga

15:30

16:00 Break

16:30 FNOs recovery for recharge CM, TAR, TH, SJ? Gu on crane and winch Available time

17:00 Gu in addition close 

17:30

18:00

18:30

19:00 Gunnerus transit to Trondheim

19:30 Plan meeting. 

20:00

Persons involved

Wednesday 25th – Plan B: If Plan A fails 
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Comments

ISME NOTE: it would be important to have an idea of the rubber boats we will use (dimensions, etc) so to decide if we can carry both vehicles on a single boat

ISME note: Folaga control station and the 2 folagas will be on rubber boat 1 (RB1); support personnel on RB2. Folagas will be positioned to maintain the star-shape network.

What a bout multihop based on Folagas?
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Thursday 26th. Integration and simulated threat

On shore and Gunnerus share the same time schedule

07:30 Depart from camping with Folagas

08:00 Arrive at Gunnerus. Get ropes and ballasts for KMM spare Network setup

08:30 Gunnerus transit/ briefing of plans for the day All layers up to MOOS and C2

09:00 Position 50 m from STU STU and FNO2

09:30

10:00 Calibrate Folaga from platform on Gunnerus

10:30 Deploy Folaga from Gunnerus - Dive to 20 m fixed position.20 min. Enrico See Gunnerus timeline

11:00 Acoustic communication establishment/network tests

11:30 C2 asks for position via acoustic link. Finally surface

12:00 Lunch

12:30 Simulated threat. Set by Selex

13:00 a) C2 tells Folaga to og to threat at spare modem target position

13:30 Folaga transits at surface - then 20 min dive at the threat Deploy Spare modem form Gunnerus

14:00 C2 asks for image using high rate link to STU while Folaga transits

14:30 b)  C2 discovers new threat between STU and FNO2

15:00 Repeat reaction  from a)  - During transit: High rate acoustic link from surface

15:30 + Demonstrate link improvement to FNO2 using Folaga

16:00 Break - Folagas dives Acoustic tests from shore during break on Gunnerus

16:30 FNO2 recovery (CM) for recharge Multihop improvement, turbo

17:00

17:30

18:00

18:30 Gunnerus transit to Trondheim

19:00

19:30 Plan meeting. 

20:00

UAN D6.3 Project Sea Trial Report - Page 236



Emailed from Gunnerus to shore Thursday 10:34
“Obj 1 and 2 are threats. 
At object 2 the most important task is to demonstrate improvement in acoustical connection to Fixed Node 2 by using Folaga. 
Fixed Node 3 is the new one which has only a KM modem, no local environmental sensors. This will be deployed while the Folaga is
on its way towards Obj 1”
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Thursday 27th. Integration and simulated threat

On shore and Gunnerus mainly share the same time schedule

08:30 Gunnerus transit/ briefing of plans for the day All layers up to MOOS and C2

09:00 Position 50 m from STU STU and FNO2

09:30 CTD 50 m from STU

10:00 Calibrate Folaga from platform on Gunnerus

10:30 Deploy Folaga from Gunnerus

11:00 Acoustic communication establishment/network tests. At surface

11:30 Transfer FZ and CM to Gunnerus when IP ok

12:00 Lunch C2 asks Folaga for position GPS. 

12:30 Deploy FNO2 from Gunnerus at  same pos as before Simulated Folaga used Threat at Obj 1 simulation

13:00 while Folaga is moving.                Then transfer FZ and CM to shore Sign in - sign out test Folaga is commanded to move to Obj 1

13:30 CTD at FNO2 Only transmit position etc Confirm connection before dive at Obj. 1

14:00 CTD at STU no commands sent to it from C2 Dive at Obj 1. 20 min. C2 asks Folaga to send transparent signal 

14:30 CTD at FNO3 (backup for full Folaga) Threat at Obj 2 simulation

15:00 CTD at FNO2 Repeat reaction  from previou threat  - 

15:30 CTD at STU During transit: High rate acoustic link from surface

16:00 CTD at FNO3 + Demonstrate link improvement to FNO2 using Folaga

16:30 Break Potentially spare  time

17:00 Potentially spare time Candidate activities: More C2 

17:30 Candidate activities: More C2 specified by shore lab More transparent signals

18:00 More acoustic networking

18:30 Gunnerus transit to Trondheim

19:00

19:30

20:00

23:00

23:30

00:00

UAN D6.3 Project Sea Trial Report - Page 238



Geometry emailed  thursday evening , after midnight. Identical to the one emailed from Gunnerus  Thursday 10:34
Thursday text: “Obj 1 and 2 are threats. 
At object 2 the most important task is to demonstrate improvement in acoustical connection to Fixed Node 2 by using Folaga. 
Fixed Node 3 is the new one which has only a KM modem, no local environmental sensors. This will be deployed while the 
Folaga is on its way towards Obj 1”
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Sat 28

On Gunnerus On shore Comments

08:00 Gunnerus transit/ briefing of plans for the day Prepare for transport

08:30 Send if possible

09:00 STU recovery first

09:30 equipment transfer to shore

10:00 Completely dry

10:30

11:00

11:30

12:00

12:30 Lunch

13:00 FNO2 recovery

13:30 equipment transfer to shore

14:00

14:30 FNO1 recovery

15:00 equipment transfer to shore

15:30

16:00 Break

16:30 Gunnerus transit to Trondheim

17:00 Optical cable reeling and packaging

17:30

18:00

18:30

19:00  

19:30

20:00 last shipment Monday afternoon 

Persons involved
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