Sea Mammal Research Unit

University of St Andrews

GPS Phone Tags

A major advance in marine mammal telemetry, featuring:

* GPS quality locations
» Detailed individual dive and haulout data
» Efficient and cheap data relay via mobile phone GSM

I ntroduction

The use of conventional GPS to track marine mammals is very limited due to their short surfacing periods.
restriction has been overcome by the incorporating the Fastloc GPS system (Wildtrack Telemetry Systems,
that collects the data required for a GPS location within a fraction of second. The rate at which locations are
calculated is at the control of the user, offering the possibility of attempting a location at every surfacing.

The tag also uses detailed data from wet/dry, pressure and temperature sensors to form detailed individual
(max depth, shape, time at depth, etc) and haulout records along with temperature profiles and more synog
summary records as in standard SMRU SRDLs. Both location and behavioral data are then stored in memc

For species that come near shore — within GSM coverage — the entire set of data records stored in memory
relayed via the GSM mobile phone system. Visits ashore may be infrequent — up to six months of data can
stored onboard the tag — and these data may also be downloaded if the tag is retrieved. GSM data-relay of
very high data bandwidth and is over one hundred times more energy efficient than Argos — all for the cost
couple of hours of phone calls!

The tag works on all international GSM frequencies. Please tell us about your application and we can discu
how the Series 9000 GPS Fastloc/GSM tag can be configured to your needs.
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Physical Characteristics
Housing: - Solid epoxy body, rated to 500m (reinforced 2000m)
Standard sensors: - Pressure (resolution 5m @ 2000m, 0.5m @ surface)
- Wet/dry saltwater switch
- Real-time clock
- Temperature (resolution 0°C)

GSM engine: - Siemens MC55/56 modem.
- All four GSM bands available

Longevity: - 6 monthsat defaultparametesettings
- Shelf life of over 3 years

Dimensions (max): - 100 x 70 x 40 (height) mm

SMRU FastLoc GSM Data Logger (GSMDL) Overview
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Operation

Most of the operating parameters may be readilywgbd. For illustration we show [in square brackets
default values.

GPS Fastloc L ocations

Traditionally, the use of GPS to track most manmenmals at sea has been impractical due to their br
surfacing intervals and thus insufficient time ¢tiably gather GPS ephemeris data. The Fastldersys
(http://www.wildtracker.com/prod01.hthovercomes this problem by splitting the GPS lmcatletermination
into to separate phases. A snapshot (< 0.2 gteflite data is captured and the pseudo-rangesadrelated
on board and stored. After these pseudo-range®iangeed ashore, they are combined with publickilable
archived ephemeris information to compute locations

By default the tag attempts to capture locatiom @aery [20] minutes. The attempt is delayedefsbal is
underwater. When the tag is in a haulout statedteeof attempts is reduced. The rate of locaibempts
affects the energy drawn from the battery and thegag longevity.

Data Sampling

Samples of depth and temperature are recorded dwargonds. Each tag contains its own specifibregion
information, which allows it to immediately convéx sensor readings into real-world units (metdegjrees
Centigrade etc). Depth is automatically resetetm zvhenever the wet-dry sensor detects the surface
Rapid sampling [0.5 sec] of the wet-dry sensonstigated when approaching the surface [6 metres].

Behavioural States

The tag continually monitors the sensor datagbitecting and maintains a three-state model ofthenal’s
activity, determined from surface sensor/depth @érigne interactions.

continucuszly wet for 40 zecs
Hauled 3 . At

out < surface

continucusly dry for 10 mins
Deeper than 1.5 fhallower
m for B secs than 1.5 m

Dive

As the tag monitors transitions from one statenmtlaer, data records of two complementary types are
constructed and made available for transmission.
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Data Types

Dive Record

Constructed at the end of each dive. When a digenbgall the samples are accumulated at untietieeof the
dive is detected, creating a full-resolution divefjle. The tag then calculates the [9] internailnps in the
profile that give the best fit to the entire prefilDives are transmitted in groups of consecudives. The
timestamp refers to the most recent one — prevdoues are positioned in time using the dive duraaad
surface duration fields. All other fields are opiid. A post-dive surface duration exceeds [9] @apa termed
a Cruise.

Time of start of last dive (required)
Di ve Number
for each dive:
Maxi mum dept h
Di ve duration (required)
Post -di ve surface duration (required)
Mean speed
Dive index (%
Inflection points:
Profile depth val ues
Profil e tenperature val ues
Profil e speed val ues
Resi dual of profile fit

Haulout Record

Constructed at the end of each Haulout. Hauloud @ruise) records simply contain the start- ardtéanes
of unbroken periods spent in the “Hauled Out” (At Surface”) states. These records require orignabits
to transmit but can account for long periods ofttital data record.

Haul out Start (date-tine)
Haul out End (end-tine)
Haul out nunber (sequence, cycling 1 through 32)

Summary Record

Constructed for every [2] hours This contains swamnstatistics such as the proportion of time spepfich
of the three states; the number of dives; meanjimax and standard deviation of maximum dive deptéan,
maximum and standard-deviation of dive duration.

Sunmary period start (date-tine)
%tinme in state Dive

%tinme in state Haul out

%time in state At Surface

Maxi mum dept h

Temperature Cast Records.

If a dive is one of the [2] deepest dives in edjthpur period, the tag monitors the depth durhmydentral
phase and then collects temperature data at [bhgdatervals on the ascent. Filtering and congoesis
performed by the conventional broken-stick methseldufor XBT casts, producing [12] temperature-depth
pairs.
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GSM Data Relay

Every [6] hours the tag will attempt to registettwa local GSM mobile phone service provider. GSM
coverage may extend up to 20 km or more from tlaeast GSM base station and many parts of the Wsorld’
coastline and nearshore waters are covered (gEévattw.gsmworld.com/roaming/gsminfo/index.shtnitf).
the tag registers successfully a GPRS sessiomablistied and data are FTPd to a server at SMRU, St
Andrews. These data are then decoded and madatdedor the user. Following successful datadfanthe
tag will delay a further attempt to register fo8]4ours. Diagnostic SMS text messages are al#o se

Normally we incorporate a Vodafone SIM, and thifl ellow international roaming. If the attempt tegister is
unsuccessful, perhaps because the seal beingtfer sea, data will accumulate in the internal menumtil
the next successful registration. Data can be dtoneboard for up to six months.

Using GSM to relay data ashore is far more effigiallows higher bandwidth, and is much cheapen tha
Argos system. However, if a seal travels far owgda, the user must be patient and wait for thisssesurn to
get a data update!
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Example Data

The best way to demonstrate the power of the GP®/@GS§ is to provide a sample of data. The follagvin
figures illustrate data collected by SMRU from aldwar seal Rhoca vitulina) in Northern Ireland. Normally
user data may be viewed in near real time usingd¢care SMRU web server. Users can also download
complete data sets in the form of an Access 204bdae.

Locations

Seal gp4-GSM108-06 tracked for 95 days, producmgwerage of 21 locations per day. The locatioes a
colour-coded through time. Note the 10 km scale ba
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Haulout records

Individual; haulout records (blue) are show belolhe x-axis is time of day. There is a gap indh&a in mid
June.
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Dive data

Individual dive data. There is a gap in the dateid June. The red line indicates the 95% qualiib day
bin) of dive maximum depth.
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MamVisAD is a 3D animation package, specially deped by SMRU (and freely available) to visualise
SMRU tag data. Here we see a portion of the s&alkk (left) and the corresponding dive profilagtt)
following a haulout.
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The Instrumentation Group

The Instrumentation Group within the Sea Mammaledesh Unit comprises biologists, software and haréw
engineers who work together at all levels - from biological objectives of the study through tariotating
hardware and software solutions. We have producedrder of important innovations in this field and,
because we see our main role as furthering advané@®wledge, we try to make these innovationslalbke

to a wider community as quickly as possible.

We consider those who use our equipment as "cobétns" rather than "customers™ and work with them
help tune the technological approach to their paldr questions and to use our experience to hédpgret the
data.

We design and build equipment. Working with therpuge create data collection software, we decode an
archive the data and make it available for distidou We also provide a basic data visualizatian to
(MamVisAD) to help visualize the data. When invgators think it is helpful, we can play a role giging
with analysis.

We place an extremely high value on feedback on devices are deployed, how effective they are thotm
be and on suggestions for changes. This feedbarkdgal in fostering new developments and appresch
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