


using our  communica:on protocols. The Base‐sta:ons run soiware which allows packets to be sent/received from 
Gliders and other mobile or sta:c nodes. In our setup, the Freewave modems are setup such that all Base sta:ons 
are “Masters” while all Gliders are “Slaves”. Any glider can connect  to any “free” base‐sta:on. Links persist  for as 
long as data  is  being  sent  to  the glider, or  un:l  external  factors result  in a dropped  link.  We have also observed 
connec:ons gecng swapped between base‐sta:ons.

In normal  glider opera:ons, the glider's freewave is configured such that it can connect  to only one freewave at a 
:me. The other  side, which we shall  refer  to as the shore sta4on,  consists of a freewave aqached to  a computer 
running a soiware  from Webb Research  called  the DockServer. The  glider  can also  be operated via any terminal 
client  such as Minicom or  HyperTerminal  since  it  provides a human‐readable interface via ASCII strings.  This also 
means however, that there is no inherent packe:za:on of data being performed on the glider since it assumes that 
it  is always connected to a single computer via either of  its two links (Freewave or  Iridium).  This situa:on, coupled 
with the fact that  the Freewaves (at the :me of wri:ng this paper),  do  not  have a mode of opera:on, which can 
independently handle hand‐offs between modems,  mean that  it is difficult to build a reliable end‐to‐end system to 
communicate with  the gliders without  using packe:za:on  for  the  iden:fica:on of sources and  des:na:ons. Any 
disrup:on  in communica:ons due to loss of a link or  a reconnec:on of the glider  via a new link (as shown in  the 
figure),  will result  in data gecng garbled. As an illustra:on,  consider glider 2 in Fig. 1.  This glider  is in the range of 
both  Base‐Sta:on  B  and  Base  Sta:on  C.   Hence,  due  to  waves  or  excessive  pitching  and  rolling,  it  can  lose 
connec:vity and switch base‐sta:ons. Consider a scenario where glider 3 was also at the surface at the same :me 
and happened to connect to Base Sta:on C, as soon as glider 2 got disconnected from it and connected to B. In this 
case, it will be difficult even for  a human operator monitoring both Base‐sta:ons to  dis:nguish  informa:on  from 
each glider. Z‐modem file transfers can poten:ally get corrupted.

Adding an  addi:onal  compu:ng  pla]orm  to  the glider  to  handle  only the  communica:ons  and  act  as  a bridge 
between the glider's control computer and the freewave was chosen,  since it is a minimally intrusive way of adding 
new  communica:on capabili:es to  the glider. We were concerned  that modifying the persistor  code, to  perform 
more tasks could de‐stabilize the control on the glider by pushing its own computer beyond its limits.
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Fig. 1: Communica:on System Overview



We chose a Gums:x because besides being very small, this computer can run a capable opera:ng system like Linux, 
consumes  very  liqle  power  (<120mA  @5V),  and  has  good  interfacing  capabili:es.  Fig.  2  shows  the  physical 
modifica:ons to the glider due to the addi:on of the Gums:x.  We need to make only 5 modifica:ons to the glider 
to allow the glider to  communicate with  an external  computer. Although  the gums:x  consumes more power  than 
the persistor alone, we have designed the system such that it gets powered up along with the Freewave modem ‐ a 
feature  that  ensures  that  it  gets  automa:cally  turned  on  at  the  surface,  while keeping  power‐consump:on  the 
same as it would during normal glider opera:ons.

We do  this by using a set of  networked  base‐sta:ons (Fig. 1) which are essen:ally PCs  running Linux,  which  are 
connected  to  the  Internet  and  also  have  a  serial  link  to  a Freewave  modem.  The  figure  shows one  such  base‐
sta:on, as well as  the  Freewave modem and  antenna connected  to  it. These sites run  communica:on  soiware 
which  relays  datagrams  between  the  glider  and  a  central  data‐aggrega:on  and  Command/Control  server. 
Communica:ons  between  these  base‐sta:ons  and  the  Central  server  take  place  via  tradi:onal  TCP/IP 
communica:ons. We store data from the gliders in a data‐base maintained  on this server, and also have a secure 
web‐based  glider  control  interface which provides a user  with an easy‐to‐use method of controlling the glider as 
well as uploading/downloading files to/from the glider.

On the glider, the Gums:x  intercepts all messages to and from the glider  persistor and the FreeWave modem. Our 
soiware, running on the gums:x, parses the ASCII strings from the glider and sends necessary informa:on to shore 
using our packet protocol. It also transfers sensor data files from the Persistor and compresses them and forwards 
them to the shore sta:on. If communica:on with the main server via FreeWave is unavailable,  the glider  falls back 
to Iridium for repor:ng.

MAS 02. 4 Results and Accomplishments
At the :me of wri:ng this report, we have conducted  three field  tests with  a single glider. The first of  these tests 
was conducted using our base‐sta:on at Catalina Island on November 2008.

1. Catalina Island (Nov 2008)
The  main  objec:ve  of  this  test  was  to  verify  that  the  Glider  was  opera:ng  correctly with  the  addi:on  of  the 
Gums:x  computer.   The  secondary  objec:ve  was  to  get  measurements  on  the  range  of  the  FreeWave 
communica:ons with  the Glider. The glider was loosely tethered  to a boat which  followed  to around  just  in case 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Fig. 2: Glider electronics aier the addi:on of the Gums:x



there was any problem with  the  hardware. The  Glider's  radio  connected  to  a  radio  on Catalina  and  to  a radio 
aboard the boat. When no radio connec:on was available it connected to USC via Iridium.

2. Pt. Fermin (Jan 2009)
The focus of this test was to gather data on the range and quality of the FreeWave radio communica:ons as well as 
test  the whole system from end to end. An operator was present at USC to communicate with the Glider  through 
the Base  Sta:ons  and the boat  also  had a  FreeWave modem  in case. Unfortunately  the radio  at  Pt.  Fermin was 
broken at this :me so the communica:on range was much shorter  than expected, or just about 2 miles, so the test 
had to be repeated.

3. Pt. Fermin (Feb 2009)
Aier  the radio antenna at Pt.  Fermin had been fixed  the Glider was put in  the water  at three distances from Pt. 
Fermin: 2.5 miles, 6 miles and 8 miles, which is also 12 miles from the Catalina Base Sta:on. At  each loca:on, the 
Glider was asked to  do a short dive and, depending on the quality of  the communica:ons link, file transfers were 
done between Glider  and  shore.  (At  the 6 mile  point  we  successfully re‐tasked  the Glider  through our  network 
when we sent it a new mission from USC and ran it successfully.).

We have also  developed  a Web‐based GUI which  allows users to  easily plan  new missions for  gliders, as well as 
visualize  them  as  they  surface.  It  displays  cri:cal  glider  informa:on  like  baqery  levels,  glider  loca:on,  abort 
condi:ons and other  health indicators. The mission planner also has important informa:on such as shipping lanes, 
and bathymetric iso‐bath overlays which help users plan safer trajectories for gliders when done manually. Fig. 3 is 
a  screenshot  of  our  Glider  Control  User  Interface  which  allows  visualiza:on  of  glider  informa:on  for  any 
authen:cated users of the system. This web‐based UI receives informa:on  from the base‐sta:ons via a data‐base 
interface which is itself populated through a server which communicates with the base‐sta:ons via the internet.

These  tests  show  that  our  system  is  capable  of  allowing  gliders  to  be  operated  in  our  region  of  interest  –  the 
Southern California Bight.
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Fig. 3: Web‐based Glider Control tool provides visualiza:on and control of gliders via the web



MAS 02. 5 Future work
We are s:ll  in  the process of tes:ng the func:onality of our  system. At present we have two freewave nodes, but 
we expect our system to expand to  include all of the nodes. Secng up the rest of this infrastructure will enable us 
to  have much  beqer  coverage  and  increase  the  area within  which  we  can  communicate  with  the  gliders  using 
Freewave modems only. We have also got to  test  our communica:ons system to ensure that  it works with  several 
gliders having surfaced simultaneously. We would also like to expand our communica:ons infrastructure to include 
several  other  nodes such as data‐buoys and boats carrying sensors and freewave modems, so  that they can relay 
their data  into our network. Since boats are always at  the surface, this will  allow us  to collect much more data in 
near  real‐:me. Tests of  using our  system between base‐sta:ons  and boats have  yielded very good  results  so  far 
(>20 miles) of reasonably strong data‐links.

2009 Annual Report  202
Center for Embedded Networked Sensing  2.9 MulIscale Actuated Systems


