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Abstract  –  In  this  paper  describes  an  oceanographic
measuring  station  as  a  part  of  automated  system  for
oceanographic measurement with remote control and data
visualization.  Oceanographic measuring station consists of
operator's computer and a number of different measuring
devices that produce data continuously. Each device has its
own software interface that allows user interaction with the
data. Such interface suffice when operator work with only
few measuring devices and when the type (manufacturer) of
a  measuring  device  is  not  frequently  changing,  but  it
becomes  cumbersome  as  more  and  more  various  devices
became available for oceanographic data acquisition. In our
setup  the  operator's  computer  is  replaced  by  embedded
computer  dedicated  to  serve  as  a  middle  layer  between
sensor  and  database  server  with  whom  the  operator
communicates.  The  embedded  Linux  box  run  a  set  of
daemons which acquire and archive data and transfer it to
database, and a daemon that supervise the device and the
entire  process.  A  part  of  the  acquired  data  is  publicly
available  through  visualization  on  Institute's  website
(www.izor.hr). The dynamic visualization of the data is done
in javascript.

I. INTRODUCTION

The Mediterranean  is  one of  the busiest  seas  in the
world in terms of traffic. Even if it covers only 0.7% of
the  total  sea  surface  in  the  world,  it  hosts  30% of  the
overall international maritime traffic. In order to monitor
it and measure the rate of change and human influence on
such important  oceanographic system many information
from  both  simulations  and  in-situ  data  acquisition  is
required.

In  oceanography  a  vast  amount  of  information  is
produced  by  many  oceanographic  sensors  that  measure
physical[1], biological[2],  chemical[3]  parameters  which
are scattered across the shore, on the sea surface or in the
sea. The type of data acquired by various oceanographic
sensors  ranges  from  meteorological  data  like  air
temperature,  pressure,  wind  speed,  insolation,  humidity,
rain accumulation (rain rate), ultraviolet radiation etc. to
oceanographic data like sea temperature,  conductivity (a
proxy for salinity), chlorophyll, scattered matter, CDOM,
sea  current  velocity,  wave  size,  depth  (measured  with
pressure) of the water  etc. [4,5]

An important  and  interesting  kind of  oceanographic
data  acquisition happens when multiple informations are
acquired  from  various  sensors  at  various  locations  (or
depths).  This  necessary  leads  to  large  amount  of  data,
provided  by  the  large  amount  of  various  sensors.
Managing  multiple  data  sources  easily  becomes
cumbersome.  Thus,  an  automated  system  for

ocanographic  research  was  a  long  term  goal  of  many
ocenographers [6,7]. Remote control of these systems are
preferable, as they can be sparsely distributed over a large
area  or  might  need  a  frequent  sampling at  the  specific
area.  Moreover,  centralization  of  this  access  would
contribute for easier data integration, research and could
allow sensors to interact  to one another and to adapt to
environmental changes.

II. PROBLEM DESCRIPTION

As large amount of sensors produce data continuously
the need for a more systematic approach for data load and
storage  becomes  necessary.  Many  measuring  devices
come  with  heterogeneous  proprietary  client  based
software  which  makes  them  suitable  for  on-situ
operations, but less suitable for automated, remote or even
centralized control. In a typical setup, measuring device is
connected  to  an  operator's  personal  computer  via  serial
data  interface  using  RS232, RS485  or  sometimes  even
RS422. This, as a consequence, puts the requirement for
the operator to be within in a close range of the sensor in
order to access and manipulate data. The close range of is
defined by the RS232 standard that states the maximum
capacitive  load  of  2  500pF.  Although  low-capacitance
cables can be used for serial  connection and thus allow
larger distance, for an ordinary cable, this means that at
the most a few tens of meters of cable should be used for a
reliable serial connection. Therefore, for a longer distance,
other standards are better suited. 

In  oceanography,  often  a  satellite  communication  is
used to transfer data to a distant location. However, this is
an  expensive  form  of  communication.  Luckily,  the
Croatian side of Adriatic is largely covered by the signal
from  commercial  mobile  operator  due  to  the  largely
indented coast. Thus, we aim to exploit this advantage and
use  a  general  packet  radio  service  (GPRS)  for  data
transfer.

The  measuring  devices  come  have  vendor  specific
communications protocols. This is usually solved with a
dedicated user applications provided by the manufacturer,
and is quite suitable for manual data acquisition. However,
in order to automate the process, an automated method is
preferred. Moreover, for a centralized data access all the
sensor data needs to be stored in a uniform way. 

All of this can be done with a single device that  (i)
translate the data from the sensor and store it in a file and
(ii) uses GPRS to transfer it to a file server. For the first
part the communication with each vendor specific device
needs to be solved, and in the second case it is preferable
to  reduce  power  consumption  by  switching  the  GPRS



module on and off depending on the amount of acquired
data.  As  addition,  a  watch-dog  or  a  supervisor  that
contributes to larger reliability of the system is desirable.
Finally, once the data is available on the server, it should
be visualized for a data inspection or dissemination.

Both the classical approach and the proposed solution
to  the  data  acquisition  are  described  in  the   schematic
overview given in Figure 1. In the top of the Figure 1,  a
typical  setup where  measuring device is  connected to a
computer  through  which  the  operator  access  and
manipulate  the  data.   This  setup  is  replaced  with  the
embedded computer and the database server with whom
the operator communicate.

Notice  how  the  proposed  architecture  allows
automated near real-time oceanographic data acquisition
and  does  not  require  operator  presence  on  the  site  to

control the device or visualize the data. In the next section
we will describe the embedded computer in more details

III. PROPOSED SOLUTION

Our proposed solution extends the idea of a measuring
system by replacing the local  personal  computer  of  the
measuring  station with  the  embedded computer.  In  this
way, the embedded computer can be utilized as the middle
layer between the sensor and a server that stores the data.
In this setup the data is transferred via Internet to a file
server using FTP protocol. The data is then transferred to a
database which permanently stores the data and metadata
(e.g. the measuring system configuration). Once the data
is in the database the operator can access and manipulate
the  data,  or  even  change  the  configuration  of  the
measuring system from remote location. 

Figure 1. A schematic overview of an automated system for oceanographic measurement with remote control and data visualization. The first row
depicts a typical setup where measuring device is connected to a computer (via RS232) through which the operator access and manipulate the data.

This setup is replaced with the embedded computer and the database server with whom the operator communicate. The embedded computer is
marked in red.



In  order  to  automate  this  process  a  set  of  specially
designed applications which run as a daemons on a Linux
[8] embedded  computer are initialized to  gather the data
from a device and to write the data to a file which is later
transferred to the database server.  Although all daemons
that gather the data communicate with the device via serial
data (RS232, RS422 or RS485) interface, each daemon is
device specific and can be considered as a wrappers which
unify the interface for a second stage of the process, which
is file transfer.  We will refer to such a program as data
acquisition program and it its functionality can broadly be
described with steps depicted in flow diagram shown in
Figure 2. Naturally, the program is enclosed with opening
of the serial port, sensor wake-up and reset of the watch-
dog counter and it repeats for each cycle of the sensor data
acquisition.

The gathering of the data is done in cycles where in
each  cycle  each  sensor  produce  a  number  of
measurements that are stored in separate temporary files.
Once the measurement  cycle is  complete the temporary
files are marked as new, and ready for sending. Thus, the
files  are  compressed  and sent  to  folder  named “2send”
which acts as a pipe. Each of these files are appended to a
file in the archive folder which is compressed once a day.
If  there is an Internet connection available, the files are
sent, otherwise they are appended to a sensor specific file,
which  is  scheduled  to  be  sent  once  the  connection  is
restored.  The  “archive”  folder  is  acting  like  a  large
circular buffer, and any data from this folder can be sent to
server upon request. The process is depicted in the chart
given by Figure 3, and most of the depicted operations
happen in the daemon called file manager.

In particular, file manager operates on the newest files
once  the  sensor  data  acquisition  finishes  its  cycle  and
crates  a  new file  from a  temporary  file.  In  most  basic
implementation file manager operates with FTP protocol,
and  apart  form  sending  or  scheduling  files  for  a  later
transfer,  the file manager can respond to a request form
the server, and resend the files form the archive if they are Figure 2. Flow diagram for data acquisition

Figure 3. Process file procedure within the file management daemon



corrupted, inconsistent or missing. An overview of a file
manager  implementation  is  given  by  the  following
pseudo-code:

read configuration

reset watch-dog counter

download new configuration files (if any)

process files

sleep

As can be noticed form the pseudo-code, apart form
data  management,  a  file  manager  is  used  to  download
configuration  download as  well.  The configuration files
downloaded by the file manager can be used to set-up file
manager,  as  well  as  the  sensor  or  the  data  acquisition
process, or some other part of the system. The notification
that  the  configuration  files  are  downloaded  file  server
receives through standard process file procedure, i.e. the
configuration  file  (once  loaded)  copies  to  the  “2send”
folder.  In  this  way,  the  server  will  receive  the  station
configuration once the network is available. If the station
configuration is as the server requested it to be, it will stop
sending the configuration files.

The daemons are supervised by a separate program –
the supervisor – that assures that no data is lost due to the
temporary  power  failure,  unresponsive  devices  or
programs,  broken  processes,  etc.  Thus,  both  data
acquisition  daemon  and  the  file  manager  daemon  are
expected  to  report  their  proper  functionality,  or  face
restart. In addition to basic functionality of the watchdog
(if timer is not reset, reset the daemon) the supervisor also
inspects  the  overall  health  of  the  system  and  logs  the
information in a separate file. This file can be sent to the
server as any other file. Similarly,  the configuration file
that describes which part of the system are monitored can
be downloaded from a file server using the file manager as
well.

The  final  part  of  the  system  is  on  the  server  side,
where  received  data  has  been  unpacked  and  passed  to
database.  Database input is done through external  table,
which apart  from data input, also validates the data,  (if
necessary,  depending  on  the  sensor  type)  calculate  the
mean value  and  in  case  of  error  or  inconsistency  send
warnings. 

IV. SYSTEM PERFORMANCE

The embedded device we are using as the Linux box
has a 192 Mhz RISC CPU and 32 MB SDRAM with up to
four  RS232 ports.  In  the  experimental  setup  the  larger
number of measuring devices than the number of RS232
ports can be attached if a ETH to RS232 conversion or a
multiplexer  is  used.  Each  device  have  multiple  sensors
and sometimes measure 20 or more parameters.

The  system  was  tested  in  near  real  time  data
acquisition,  where  measuring  cycle  of  devices  was
reduced  to  one  minute  with  data  transmission  cycle
reduced to a minute as well. The number of generated files
depend on the number of the attached devices, and the size
of each file depends on the number of sensors within each
devices,  or  more  precisely,  on  the  number  monitored
parameters. Naturally, if the transmission cycle is not the

same  as  the  measuring  cycle  the  size  of  the  file  will
depend on that parameter as well.

Each manufacturer equips the measuring device with
different sensors and various additional parameters can be
retrieved  from  it.  Typical  parameters  are:  temperature
humidity,  pressure,  conductivity,  wind,  waves,  oxygen
concentration, rain or hail intensity or duration etc. Some
parameters can be measured outside or inside, some (as
pressure or temperature) are measured for both sea and air,
and some are measured on different depths, while some or
vector values whose velocity and direction are reported as
independent paremeters.

Consider  a  typical  setup  the  number  of  monitored
parameters easily surpass few dozens since 4 measuring
devices can be attached to the embedded Linux box. If the
system is operating in near real time data acquisition each
device each minute create a file between 100B and 1kB in
size, which for one day totals to 1440 files or 5760 files
from all four devices. The size of the archived files, after
compression, typically ranges between 13 and 300 kB per
device.

V. ACQUIRED DATA VISUALIZATION 

For  data  visualization  we  used  pure  JavaScript
charting library - Highcharts. Along with numerous chart
types  and  data  manipulation  techniques,  Highcharts
supports many functionalities that increases interactivity,
such as: tooltip labeling, zooming, exporting and printing
images.  It  also  supports  multiple  axes  if  you  want  to
compare  variables  that  are  not  the  same  scale  -  for
example air temperature versus Humidity. This Web page
uses JSON (lightweight data-interchange format) adapted
to read raw data fetched from the database and to draw
these values into the chart. This method of formatting data
allow us to load JSON file externally and draw dynamic
charts that are automatically updated each minute.

It can be defined one or two measuring parameters to
display on chart. Visualization procedure also enables to
define date and time (rounded to the minute) depending on
the  last  value  that  should  be  shown  on  a  chart,  and
timespan (defined in hours) preceding that time. If these
two  variables  are  not  user  defined,  procedure  draws

Figure 4. 24h graph for air temperature and humidity



measured  data  of  the  last  24  hours.  Data  density  is
rounded by the minute and is displayed in line chart. An
example  of  such  chart  from  the  webpage  is  given  in
Figure 4. With Highcharts other visualization form sensors
are possible, as well, such as an example showing a wind
rose graph in Figure 5.

VI. CONCLUSION

The proposed solution extends the idea of a measuring
system by replacing the local  personal  computer  of the
measuring station with the embedded computer.  On the
embedded  computer  three  daemons  operate:  (i)  data
gathering  daemon  –  which  is  device  specific  and
responsible for  communication with the device,  (ii)  file
manager  daemon  –  which  is  is  responsible  for  unified
communication  with the  server,  and  (iii)  the  supervisor
that  assures  the  first  two  daemons  work  correctly  and
inspects the overall health of the system.

The proposed architecture allows automated near real-
time oceanographic data acquisition and does not require
operator  presence  on  the  site  to  control  the  device  or
visualize the data. The system is already functional and
part  of  the  acquired  data  is  publicly  available  through
Institute's  website  (www.izor.hr).  The  dynamic
visualization  of  the  data  is  done  with  Highchart
visualization  engine  and  visualization  engine  developed
by Institute.
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