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Abstract— This  work  describes  the  development  of  a 
monitoring system for vessels from the Marine Technology Unit 
(UTM) of the Spanish Research Council (CSIC) and draws on 
the graph capabilities and the potential access to remote data 
that  is  offered  by  Google  Earth  and  the  new  satellite  data 
transmission  capabilities  installed  on-board.  Performance 
analysis is carried out at several critical points of the system, in 
terms of  data processing and networking,  showing that,  with 
minor variations in implementation, this system can be adopted 
to monitor a greater number of mobile units while at the same 
time  remain  sufficiently  flexible  to  be  used  as  a  didactic 
teaching tool for schools and universities. This development is a 
product of a more ambitious acquisition project that deals with 
the modeling and acquisition of  oceanographic  data led by a 
working group at the UTM and the Universitat Politècnica de 
Catalunya.
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I.  INTRODUCTION 

The  Marine  Technology  Unit  (UTM)  of  the  Spanish 
Research Council (CSIC) carries out technical and logistical 
support  activities  on  Spanish  Antarctic  stations  and 
oceanographic  research  vessels  as  well  as  technological 
developments  in  the  field  of  marine  science.  This  unit 
employs  several  management  tools  for  monitoring  the 
activities of its fleet (two oceanographic ships and another of 
regional  scope).  By  exploiting  the  potential  of  new 
broadband  satellite  communication  facilities  recently 
installed on-board,  a system for real-time fleet  monitoring 
which  makes  the  most  of  the  high  performance  graphics, 
user-friendliness  and scalability of  Google Earth tools has 
been developed [1].

Many  satellite  telecommunications  providers  and  ship 
fleet managers already use graphical tools (most of them are 
Web-based) to track their mobile units. However, they offer 
low information  refresh  rates,  poor  variety  of  information 
and  the  impossibility  to  scale  the  application  so  as  to 
integrate other data sources of interest on demand. However, 
all  this can be improved by using any Geographic System 
Information client which has the ability to refresh incoming 

data  automatically.  In  this  sense  Google  Earth  offers 
excellent possibilities and the fact that it is easy to use and 
has access to a vast and growing amount of data available on 
the Internet makes it all the more attractive.

This paper describes the presented system. Although it is 
conceptually quite simple, there are some key points which 
must be kept in mind when using it in a production scenario 
where the monitoring of  a wider  set  of  ships and a large 
number of users is involved. Consequently, part of this work 
is dedicated to performance and scalability analysis.

The  system,  in  its  current  version,  is  capable  of 
displaying  in  real-time (with  a  refresh  rate  of  3  seconds) 
basic  navigation  information  (position,  course,  speed, 
depth)  ,environmental  parameters  such  as  weather  and 
seawater, and images provided by video cameras, of the two 
main  oceanographic  ships  operated  by  the  UTM;  the 
“Hespérides” and the  “Sarmiento de Gamboa” (Figure 1).

The  system,  as  shown in Figure  2,  is  also  capable  of 
displaying both the last 15 minutes of the ship’s track, and a 
3D representation of the ship itself. All this helps us to view 
operations  of  data  acquisition  (sampling,  conducting 
transects, etc.) or shipping information such as approaching 
or manoeuvres around docks, etc. in much greater detail 

Besides being a useful tool for fleet management and for 
technical teams working remotely on ship maintenance tasks, 
we believe it  is  also useful  as a  teaching tool  to  be used 
either in the classroom or to allow schools to follow, in real 
time,  the  basic  principles  of  an  oceanographic  research 
survey.

The presented work has been developed largely through 
work conducted within two technological research projects. 
These  are  the  Virtual  Distributed  Lab  for  Oceanographic 
Data  Processing  and  Monitoring  (LABVIR)  and  the 
Interoperability  in  Enviromental  and  Marine  Sensor 
Networks  (INTIMAS) both  funded  by  the  Spanish 
government.  LABVIR core  is  a  set  of  Java  libraries  and 
programming tools that have made it possible to implement 
the  presented  system  both  quickly  and  reliably,  and  is 
integrated into the Oceanographic Data Acquisition System 
running in UTM ships and developed under the same project.



II- GENERAL VIEW OF THE SYSTEM

The operation of the system is based on the continuous 
real-time generation of a series of files in KML format [2] 
containing the information that comes from ships transmitted 
through a satellite data link (see II-C). These files are served 
using http protocol to Google Earth clients who display their 
content from any Internet node. The updating of this graphic 
information is initiated on request by the clients, since the 
http protocol is stateless and no transactions can be started at 
the  web server  site  without  the  client’s  request.  For  each 
request  the  most  recent  KML file  set  is  provided  by  the 
server.  KML  generation  and  service  are  implemented  in 
separate applications that run independently.

In terms of data-processing and transmission, the whole 
process  is  divided  into  four  different  scenarios  reflected 
schematically in a Gare-Sarson diagram in Figure 3.

A.  Ship Site: Data generation and transmission to shore.

The  generation  of  on-board  information  such  as  the 
position of the vessel and environmental data of interest (sea 
water characteristics and weather conditions) has made use 
of the Oceanographic Data Acquisition System deployed on-
board  by  the  UTM  [3].  Essentially  it  converts  all 
communications  between  systems  that  provide  data  with 
local  communication  protocols  such  as  RS232  and  then 
broadcasts  this  information  on  the  Local  Area  Network 
(LAN) in the form of ASCII telegrams transmitted via UDP 
protocol  [4].  Before  the  broadcast,  data  are  formatted 
following  the  marine  instrument  communication  standard, 
NMEA-183 [5] and are also routed to a specific port and IP 
address of a server on  Land Site  in order to be processed 
and served to the Google Earth clients.

The UDP protocol is, a priori, especially well suited for 
the transmission of such data, because it neither controls the 
reception of the packages at the destination point nor does it 
involve  any  dialogue  between  sender  and  receiver.  These 
two facts greatly diminish the network load at the satellite 
segment.  The  occasional  loss  of  data  and  the  lack  of 
reception control (usually < 2 %) should not represent a loss 
in quality when displaying the information at the client end 
because  the  rate  of  sending  packets  (once  per  second)  is 
higher than the refresh rate of the displayed items at Client 
Site. Under normal circumstances, it is possible to see quite 
realistic  ship  motion  using  a  refresh  rate  of  two or  three 
seconds.

The  transmission  of  the  video  images  has  a  different 
treatment  to  the  data  referred  to  above.  The  networking 
utility “wget” [6], has been chosen to capture an image from 
a  remote  IP-camera  which can automate  the downloading 
process using a shell script without any user action. Once an 
image is captured, it  is  sent to the server  using the utility 
“rsync” [7].  Compared  to  other  network-based  file  copy 
procedures, this tool offers more optimized data transmission 
providing  the same set of data is always transmitted. It is 
therefore  well  suited  for  network  backups  or  remote  file 
update tasks. Both processes, “wget” and “rsync”, are time 
scheduled  using  corn  jobs  allowing  video  images  to  be 
automatically updated in the “Land Site”.

B. Satellite Link

Since mid 2008 the UTM ships have been equipped with 
broadband satellite capacities that enable IP networking in 
permanent connection (Figure 4). This is done using Very 
Small  Aperture  Terminal  (VSAT)  technology which  links 
the  ships  to  the  SEAMOBILE  and  HISDESAT  satellite 
telecommunications  network.  Both  use  geostationary 
satellites (orbiting at 35,786 km) and  a large number of land 
stations  to  provide  coverage  around  the  globe  with  the 
exception  of  the  polar  areas  (its  effective  coverage  is 
between 70 º N and 70 º S latitudes).

The  terminals  used  on-board  work  with  the  C  and  X 
band, which uses frequencies of 5925 - 6425 GHz for the 
satellite  link  to  land  and  3.7  -  4.2  GHz  in  the  opposite 
direction. The dimension of the antennas (2.4 m diameter) 
enables data transmission rates close to 5 Mbs in a global 
coverage scenario. The links currently contracted guarantee a 
minimum of 128Kbps symmetrical bandwidth.

Compared  to  INMARSAT  terminals,  VSAT  systems 
provide a better data transmission capacity, not only because 
they  are  nominally  capable  of  transmitting  data  at  higher 
speeds,  but  also because bandwidth is  guaranteed  by law. 
INMARSAT  connections  are  shared  between  all  vessels 
working  in  same  area  while  VSAT works  with  exclusive 
communication  channels.  The  type of  pricing used  in  the 
VSAT  links  is  also  more  beneficial  compared  with  the 
packet based charging used by the INMARSAT system. On 
top of that it allows permanent  links to be established 24 
hours a day, 7 days a week.

The use of these telecommunication technologies allows 
us to establish a permanent IP connection between the vessel 
and  the  UTM  central  offices  through  a  Virtual  Private 
Network (VPN). This allows us to send real-time data from 
ships to shore in a reliable, secure and optimal way, while 
using the same procedures and protocols that are operational 
in vessels for internal dissemination of such information.

C. Land Site: Data KML formating and HTTP service to 
Internet.

Once the data generated by the ship arrives at the UTM 
headquarters, it is processed and must be adapted to a format 
that  Google Earth clients can use.  This process is  divided 
into four main phases:

1. UDP general purpose data reception.

2. “Rsync” remote cameras image reception.

3. KML file generation with both data.

4. Hyper Text  Transfer  Protocol (HTTP)  KML files 
service

For  KML file  generation  for  remote  cameras  data,  an 
“rsync” client and a static KML file that contains a reference 
or  hyperlink to the image that  is  downloaded periodically 
from the ship is employed.

We  have  developed  a  specific  program  whose 
architecture  for  KML  file  generation  for  general  purpose 
data is detailed in following section. 



Finally,  under  HTTP  protocol  any  web  server  can  be 
used to serve files to several clients at same time. We have 
chosen  ”Apache  2.2.10”  web  server  for  its  stability  and 
performance as a high-level http server. [8]

D. Land  Software Architecture for the KML generation 
process.

The generation of KML files for a ship's general purpose 
data  is  conducted under a  single program implemented  in 
Java using the Application Programming Interface developed 
under  the  project  LABVIR  [9].  This  allows  any  kind  of 
oceanographic  data  to  be  handled  easily.  It  also  permits 
managing its network transmission and format in XML files. 

Figure 5 shows the Unified Modeling Language (UML) 
Activity Diagram for the processes and data flows involved 
in KML file production.

The application is designed to handle incoming data sets 
from different ships using UDP ASCII datagrams formatted 
according to NMEA-183. The vessel identification is coded 
inside datagrams and a selected UDP port is used to receive 
each data type (position, weather and sea water parameters, 
etc. ..) adopting the same design used by the implementation 
of  the  Oceanographic  Data  Acquisition  System  already 
deployed on-board.

 Each  UDP port  is  implemented  on  a  separate  thread 
providing the received data to a main data processing thread 
using  an  event  dispatching  model  implemented  using  an 
“observer pattern” [10].

The KML file generation could be resumed as an ordered 
sequence of the following actions:

1. Ship  identification  and  construction  of  its  file 
directory tree.

2. Data type identification.

3. Generation  of  KML  ship's  location  file  with 
position, ship's attitude and seawater depth.

4. Storage of location data on a circular buffer in order 
to produce a KML navigation track file of the ship.

5. Generation of KML files including “notice signs” 
in “jpg” image format with additional data such as 
seawater and weather parameters. Note that in the 
current Google Earth version 5.0 it is not possible to 
place  text  boxes  in  a  fixed  place  on  the  screen; 
images with text must be used instead.

6. Generation of a KML file in its compressed version 
(KMZ) with a 3D ship model oriented and paced 
according to the navigation data, using COLLADA 
file  format  (COLLAborative  Design  Activity  for 
establishing  an  interchange  file  format  for 
interactive 3D applications) [11].

E. Data request and loading onto Google Earth. Client  
Site.

This  action  is  related  to  the  functioning  geographic 
display potential of Google Earth. In this sense the only thing 
that we have built  is a file in KML format, see Figure 4, 
which  tells  the  client  where  to  download  the  information 
from and how often to request it.

An important key in the construction of this file is the 
definition  of  blocks  containing  each  of  the  items  to  be 
displayed  separately.  These  include  location,  track, 
complementary  data  and  cameras.  This  way the  user  can 
decide which item to view simply by selecting their visibility 
on the tree "my places" located on the sidebar.

Another key aspect reflected in this file corresponds to 
the  refresh  mode  tag  and  the  interval  between  successive 
requests  and  displays  (<refreshMode>  and 
<refreshInterval>)  for  each  block.  The  default  is  set  to  3 
seconds  for  localization,  3D  and  ship  track,  leaving  the 
interval of image blocks hardcoded within the KML.

III- OVERALL PERFORMANCE ANALYSIS

 Since the idea is to use this system to monitor no fewer 
than  twelve  mobile  platforms  (more  or  less  the  entire 
Spanish Oceanographic fleet) from a considerable number of 
users,  it  is  necessary  to  evaluate  the  performance  of  the 
system in terms of resource consumption and scalability. To 
assess this efficiency and potential for scaling, we have made 
a set of measurements of the elements of the system that can 
lead “a priori” to bottlenecks;  By this we mean in all the 
network links and main threads and processes at the servers.

We have made network traffic measurements of the data 
transfer  from “Ship Site” to  the  “Land Site” (rsync  and 
UDP) and of the data transfer between the “Land Site”, that 
provides the KML files, to Client Site where Google Earth 
clients make their requests. The tool used to monitor this is 
"tcpdump"  [12]  joined  with  packet-filtering  and  statistics 
from "wireshark" tool [13].

At a CPU loads level, we have monitored the processing 
work involved in the generation of the KML files and also 
their service through http protocol. The tools used to do that 
have been "top" [14] and "apache ab" respectively [15].

A. Data transfer from Ships to the Land Site

The network traffic coming from the Ships Site to Land 
Site (through the VPN) generated by data transmission via 
UDP (Figure 7) and also by the video image update from 
cameras using rsync, is shown in Figure 8.

The UDP traffic is shown to be very uniform in time with 
maintained values between 120 and 250 bytes per second. 
The  lowest  values  correspond  to  the  transmission  of  the 
ship’s position while the highest correspond to the datagrams 
with meteorological and seawater data. The slight variations 
(+  -  10  Bytes)  are  due  to  the  datagram expression  used, 
NMEA-183, does not have a fixed width and therefore the 



size  depends  on  the  number  of  decimal  values  of  the 
variables at each moment. The packet loss is less than 1%.

The traffic  corresponding to the downloaded images is 
about 27 Kbytes over a 20 second period. The transferred 
images  have  a  size  of  about  18  Kbytes  so  the  payload 
induced by the protocol represents a significant percentage 
of the traffic. This is distributed asymmetrically in time, as 
shown in Figure 8.  It is higher at the beginning when the 
"cross check" of the amount of information that ultimately 
needs to be sent is done.

We have repeated the same measurement with other tools 
to copy files over the network like “scp”. In this case we 
found  that  performance  is  significantly  lower  because  the 
payload  is  increased  to  almost  200%.  The  “scp” needs 
28Kbytes for headers and protocol messages compared with 
the 9 Kbytes used by “rsync”.

Given  these  values  we  can  conclude  that  demand  for 
bandwidth for data transmission from ship to land is much 
lower than that available in our ship broadband connections. 
The system could expand by sending more information to 
Land Site - adding more sensors, increasing the number of 
pictures  or  the frequency of  transmission -  or  using other 
more  modest  and  less  expensive  communication  links  in 
those scenarios where it is geographically possible (GPRS or 
UMTS mobile phone).

B. Server load in KML files production

It  is  also necessary  to  consider  how much processing 
work is necessary to produce interpretable data by Google 
Earth  clients.  We have  made measurements  of  CPU and 
memory usage of the Java 1.6 applications that s KML files 
generate  on  a  server  equipped  with  a  Dual-Core  AMD 
Opteron (tm) Processor 1214. 1GHz CPU with 4 Gb RAM 
running a Linux kernel 2.6.18 (Figure 9).

Data  processing  of  a  single  ship  takes  about  13%  of 
CPU,  while  the same program running with data  coming 
from two ships simultaneously increases the processing load 
to 16% with peaks of 22%. We do not expect to have CPU 
consumption  scaled  geometrically  to  the  increase  in  the 
number of ships, because the file generation thread is shared 
by  all  ships  and  only  the  UDP data  reception  is  thread-
separated.  This  strategy  prevents  the  geometric  CPU 
consumption from growing but it  can also slow down the 
generation of files.

Using  profiling  tools,  we  have  determined  that  the 
process that requires a more intensive use of CPU is without 
doubt  the  generation  of  the  compressed  KMZ  files  with 
information from the 3D model of the targeted vessel. The 
handling  of  the  3D  model  is  not  a  problem  because  we 
simply write in an XML file the ship’s attitude, but it is the 
merger of that file with the 3D file into a compressed file 
which consumes the main part of resources.  Although not 
explicitly  documented in  the API  of  Google Earth,  it  has 
been  impossible  to  serve  clients  with  the  3D  model  file 
separately  and  an  attitude  compressed  file  has  been  used 
instead.

The scaling of the system at this level is possible, but we 
can expect performance problems if we want to handle heavy 
ship 3D models. If it is to be used with twelve or more ships 
it would be advisable to dispense with the use of 3D or use 
something much less demanding for compressing files. We 
have  made  tests  by  putting  the  compression  beyond  the 
thread  of  execution  of  the  Java  Virtual  Machine  through 
system  calls  but  the  overall  performance  is  more  or  less 
comparable to the use of Java API for data compression.

C. Network load in KML files service to Google Earth 
Clients

The next element to be considered is the traffic that is 
generated  in  the  communication  between  servers  in  the 
"Land  Site"  and  the  Google  Earth  clients.  Although  the 
performance of terrestrial network links is generally higher 
than the satellite link, we cannot consider the bandwidth as 
infinite and so it will be of interest to know the maximum 
number of  clients  that  can support  our  backbone network 
before any reduction performance is  measured.  Again,  we 
have used “tcpdump” and “wireshark” tools for monitoring 
this and the results are shown in Figures 10 and 11.

The  traffic  generated  from  Google  Earth  clients,  who 
start  each  petition  to  display  information,  is  completely 
deterministic  and  almost  independent  of  the  type  of 
information  demanded (XML files,  images  or  compressed 
files).  There should be no problem expanding the system, if 
we consider that one client only generates about 435 Bytes 
for each petition.

As  we  expect,  the  reverse  traffic  (server/client)  is 
determined by the type of information that is served but is 
also  regular  in  time.  We  found  quite  different  traffic 
generated  by the transmission of  3D models,  350 Kbytes, 
compared to data in the jpg format, 50 Kbytes, or points of 
navigation and tracks, 12 Kbytes. Images from the cameras 
are placed in an intermediate 120 Kbytes.

If we consider only these values, our system connected to 
a 100Mbs backbone network could theoretically support 280 
concurrent clients. Obviously for a more accurate prediction 
we must consider other services running in our network. The 
reduction of complexity  of  the 3D models of  vessels  will 
increase this theoretical value dramatically.

D. Web Server work load in KML files service
The  last  point  to  consider  in  the  evaluation  of  the 

performance of the web server responds to the requests of 
Google Earth clients.

In order to measure this, we have injected a battery of 
100000 petitions to our server with the URL of the different 
KML files served to Google Earth simulating 1, 10, 100 and 
1000  concurrent  users  that  could  represent  a  possible 
scenario of use. Results in queries and Kb/s transferred are 
shown in Table 1.



.

3D model position Ship track
1 0,28 0,04 0,36

10 0,25 0,07 0,27
100 0,41 0,08 0,41

1000 0,54 0,1 0,39
requests/s

3D model position Ship track
1 99 2,4 5,6

10 89,9 3,8 4,2
100 149 4,2 6,5

1000 193 5,2 6,2
KB/s

Table 1: Apache web server load serving KML files to a battery of 
concurrent clients. Results are obtained using Apache as a tool.

We  can  see  how  the  Apache  web  server  is  faster  at 
serving the 100,000 petitions to 1000 concurrent users than 
serving 100,000 requests to user 1. In the first case of 1000 
concurrent users, Apache serves 100 requests per user to 193 
KB/s for the 3D model, 5.2 KB/s for position and 6.2 KB/s 
to the track. These values are practically double that for the 
second case in which Apache serves 100,000 petitions to a 
single user to 99 KB / s for the 3D model, 2.4 KB / S for 
position and 5.6 KB / S to the track.

The service 3D and track KML files demand more or less 
the same effort from the web server in terms of requests by 
second, while the serving position is the most relaxed task by 
server and network.

To sum up we can conclude that the work load of the 
web server does not increase at the same rate as the number 
of clients. When the latter increases by a factor of 1000 the 
effort  in  the  server  has  only  doubled  in  all  measured 
scenarios.

IV  CONCLUSIONS AND FUTURE WORK

 This work presents a vessel monitoring system that uses 
the facilities of Google Earth. In a fleet with a small number 
of vessels (5), the system is not so demanding. If we bear in 
mind  that  the  more  consuming  time  procedures  are  3D 
representation, the system can be easily modified to monitor 
a larger number of vessels/users (20 vessels/1000 users) if 
we do not implement 3D applications. In that case it is also 
possible to enlarge the number of sensors and web-cameras.

Using the  appropriate  protocols  to  security  access,  the 
system  can  be  used  as  an  educational  tool  in  different 
centers. The system allows the position and activities of the 
oceanographic fleet to be known in real time. 

By avoiding 3D representation, the system can be easily 
moved  to  Google  Maps  platform that  uses  the  user-web-

browsers. In order to do this, new refreshing asynchronous 
mechanics must be developed (Figure 12).

Free  GNU source  code  used  in  this  work is  available 
under request from the authors (utmtel@utm.csic.es).
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Figure  1: General location of two ships at same time showing navigation data, environmental acquired data (sea water conditions) and remote on-board 
cameras. Remote data are updated every 3 seconds when available.

Figure 2: Detailed ship location updated each second for monitoring precise manoeuvres. 3D ship models are real-time located and oriented



Figure 3: Gane-Sarson diagram showing data flow and main processes involved in the four different scenarios. Rounded boxes shows processes and actions, 
open rectangles products or files and  red arrows show data flow using network links and their associated protocol.

Figure 4: Global network schema showing the link between Ship's LAN and UTM Headquarters LAN through VPN link (grey line) over a 
VSAT connection. 



Figure 5: UML Activity Diagrams showing main process and thread flow running on land server “KML Producer” daemon

Figure 6: KML file loaded onto Google Earth clients. Note differentiation of information blocks for each  ship. Note also URL reference to 
the KML/z files stored in remote web server and the interval rate for updating information.



Figure 7: Network UDP traffic from ship to land server with position, termosalinometer and weather station data. The X axis displays 
probe time while the Y axis show bytes sent in each packet

Figure 8: Network TCP traffic from Ship Site to Land Site for camera image transfer using “rsync”. Image size is 18Kb, payload “rsync” 
protocol 9Kb each transfer with 20 seconds of data transmission. Similar results using “scp” with 29 Kb of payload. X axis is transfer time 
while Y axis shows bytes sent in each packet

Figure 9: CPU load induced by running “KML Producer” on a SunBlade Server Intel Dual Core 1Ghz with 2.6.18-92.1.22.el5  i686 athlon 
i386 GNU/Linux



Figure 10: Network load from a Google Earth client to the land servers

Figure 11: Network load from land servers to a Google Earth client 

Figure 12: First approach to a Google Maps implementation of the system
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