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1.  Int roduct ion
1.1 What  is ZebraNet? Why ZebraNet?

• Collaborat ion research work between wildlife 
biologists and mobile network computer 
scient ists

• Tracking nodes (collars) with GPS, Flash 
Mem ory, wireless (radio) t ransceiver, small 
CPU

• Peer-to-peer data com municat ion
• Wireless sensor network for wildlife tacking

1.2  Design considerat ions
• m obile base stat ion
• nodes mobilit y models (unknown)
• energy t rade-offs
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2 Design Goals

• Zoologists’  requirements
– GPS posit ion samples, every 3 m inutes
– Act ivity logs, taken 3 m inutes every hour
– 1 year of operat ion with no hum an intervent ion
– Operate over thousands of square kilom eters
– No fixed base stat ion, antennas, cellular 

network
– High delivery rate of data logs (Latency is not  

crit ical)
– Lim ited collar weight  (e.g. 3 -5 lbs for zebra 

collar)
• Implicat ions to design

– Weight  lim it , energy lim itat ion
– Transm ission range
– Storage capacity
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3. Effect  of Mobilit y
• Nodes (collars) fit ted on zebra
• To understand node m obility  requires 

understanding of how fast , in what  direct ion  and 
with what  forces of at t ract ion/repulsion zebras 
m ove.

• Movem ent  pat terns: grazing, graze-walking, fast -
m oving
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• Distance m oved:

- Net  movement  in a 3 m inute interval

     -  Grazing (mean 3.1m) and graze-walking (mean     
           13m ) movem ents

• Turning Angle; Water Sources and drinking

• Sleeping t im e 
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Collar design

• Design goals
– Total weight  ~ 3-5 lbs
– Energy 5 days of no recharge
– Bat tery rechargeable using solar cell

• Am ount  of data
– 30 coordinates per hour
– 240 bytes per hour
– 1 Collar-day  ~ 6KB
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Collar design
• GPS Enable

– u-Box GPS-MS1E (20Mhz SH1, 1 MB Ram , 12 channels GPS)
• Com m unicat ing with base stat ion (Long range)

– PicoPacket  Packet  m odem  with Tekk KS-960 radio range of 8 
km

• Com m unicat ing with other collars (Short  range)
– Linx SC-PA series low energy, radio range of 100 m

• Bat tery and Solar Cell
– Sony Lithium  Ion polym er Cell (3.7 V)
– Unisolar USF5 Flexible am orphous silicon array (5 Wat t )
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Collar design
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Short  Range Radio 
Protocol

For short  range radio (Linx radio) 
ZebraNet  firmware must  perform  
following

• Packet izat ion and Error Checking
– Maximum 300 bytes with 16 bit  CRC

• A unique collision avoidance protocol
– GPS provide ext remely precise sync clock
– Peer to peer search can queries in non-

overlapping predeterm ined t im eslot  
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Energy and Weight

469 m APeer and Base Discovery

1662 m ATransm it t ing Data to base

432 m ABase Discovery

177 m APeer Discovery/Transfer

< 1 m AStand by

Current  dra in f rom  
3 .6  VColla r  St at e

1,151 gram s (2.54 lbs)Tot a l

540 gram sSolar cell array

287 gram sBat tery

296 gram sTekk KS960 and Packet  
m odem

20 gram sLinx SC-PA

8 gram sGPS-MS1E

W eightIt em

Energy Goal 5 days no 
recharge

Weight  Goal ~  3-5 lbs

• 30 sam ple/hr, 24hrs 
• 6 hrs/day use short  range 
radio
• 3 hrs/day use long range radio 
(overlap  with short  range)
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Protocol
• ZebraNet  Characterist ic

– Not  every collar is within range of the base stat ion
– The nodes(collar) m ove around alm ost  constant ly  
– Base stat ion is also m obile 
– Base stat ion is act ive from  t im e to t im e
– High success rate is im portant  (latency is not  crit ical)

• Protocol St rategies
– Flooding protocol
– History-based protocol
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Flooding protocol
• Flood data to all neighbors whenever they are 

discovered
• Base stat ion contact  just  few nodes m ay be 

enough
• Give high success rate

– They should assum e that  they will collects the data 
before storage overflow. Otherwise, it  will leads to 
m essage drop and give a very poor result .

• Large amount  of data can lead to excessive 
dem ands for bandwidth storage and energy
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History-based protocol
• After peer discovery, choose at  m ost  one peer 

to send to per discovery period: the one which 
best  past  history of delivering data to base

• Can reduce amount  of data in network

• ZebraNet  is very dynam ic (both collars and 
base stat ion are mobile). Then, this protocol 
m ay m is-direct  t raffic and get  a poor success 
rate
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Experim ental Results

• ZNetSim – the simulator
• Network connect ivity
• Evaluat ions

– Protocol evaluat ions
– Storage constrained evaluat ion
– Bandwidth constrained evaluat ion

• Met ric – energy consumpt ion
• Design choices
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Experim ental Results
• ZNetSim
• Based –Field Observat ions of Zebra behaviour
• User defined const raints
• Returns two m etrics- Success Rate & Energy 

Consum pt ion
• Mobility Models

– Based on 3 t ier mobility model
– Predators Ignored
– Random t ime – Seeks Water
– Base Stat ion – 3hours per day and 30 km/hr
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Experim ental Results
• ZNetSim
• Simulat ion Methodology

– Four Com m unicat ion Phases- 30 Minutes
• Peer Discovery
• Base Discovery 
• Peer Transfer
• Base Transfer
• Priorit y of Data
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Experim ental Results
• Network Connect ivity
• Determ ined by Animal Movements
• Two types of Connect ivity

– Direct  Connect ivit y
• 100 % connect iv it y – 12 km s

– Indirect  Connect ivit y
• 100 % Connect iv it y – 2000 m
• Well-Exploited by Peer-peer  protocols
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Experim ental Results

• Evaluat ions
• Protocol Evaluat ions

– Baseline established –infinite storage & 
bandwidth

– Peer to peer has bet ter Perform ance
– Flooding bet ter then History based protocol

• Storage Constraints
– Peer to peer performs bet ter, flooding 

suffers
– Delet ion St rategy
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Experim ental Results
• Evaluat ion
• Bandwidth Const raints

– Bandwidth m ade lower –12kbps
– Short  Radio Ranges-low radio connect ivit y
– Long range – Saturates bandwidth

• Flooding affected
• History based Protocol m ore effect ive
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Experim ental Results
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Experim ental Results

Protocol Success Rate:Constrained Bandwidth
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Experim ental Results

• Metric – Energy Consum pt ion
• Flooding – 8 t imes m ore at  large radio 

ranges vs Direct
– Sends to everyone
– Lots of redundant  data
– Flooding best - peer to peer short  range

• Design Choices
– Two Radios 

�

Short  and long range
• Short  Range -low power for peer-peer(100m  , 

19.2 kbps)
• Long Range – for base t ransm issions(8 km , 2.4 

kbps)
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Im pala - A Middleware Architecture 
for ZebraNet

• Characterist ics of ZebraNet
- Harsh Surroundings
- Hundreds of Nodes
- Dist ributed over huge geographical area

• So that  …
- It  is nearly impossible for a single protocol to be appropriate all the 
t ime
- Software updates will also be a problem

      - By adopt ing a m iddleware layer that  can update and adapt  
applicat ions
dynam ically, new protocols can be plugged in at  anyt ime, and 
switches 
between protocols can be performed at  will
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Im pala - Layered System  
Architecture
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Im pala - Applicat ion Program m ing 
Model
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Im pala - Applicat ion Adapter

Adaptat ion Finite State Machine

Two Purposes:
Adaptat ion to changes of param eters

Adaptat ion to device failures
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Im pala – Applicat ion Updater

• Goal: to achieve an effect ive software update 
m echanism under resource const raints

• Store both com plete and incom plete update versions in 
the code m em ory

• Sensor nodes periodically exchange software version 
info before exchanging the actual code: On-dem and 
t ransm ission st rategy 

• Im plem entat ion: the updaters wake up every two hours 
to exchange software updates.
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Im pala - Event -based software 
t ransm ission
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Related Work
• Im pa la
      Impala: A Middleware System  for Managing Autonom ic Parallel Sensor 

Systems
      T. Liu and M. Martonosi, PPOPP, 2003

• Ot her Relat ed W ork
• Delay Tolerant  Net work Technology
• Sensor Node Design
     -  The TinyOs and TinyNetworkedDevices project
• Prot ocol St udies
     -  Rout ing protocols study
     -  Connect iv ity and coverage problems in mobile ad hoc networks
• Environm ent al and W ildlife  Sensing
     -  the prior research were supported by relat ively low-technology VHF 

t ransceivers, or GPS based t rackers relied on high-power t ransm it ters.
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Tim eline of the ZebraNet  Project

• Deploying t he  Collars - June 2005
       Collar ing the zebras Jun 24th 2005
       Donkey t rial Jun 14th-21st  2005
• Preparing for t he  Deploym ent  - M ay 

2005
       Horse tests May 1st -11th 2005
• First  Deploym ent  - Jan 2004
       An init ial set  of prototypes deployed  Jan 

2nd-24th 2004
• Som e phot os of collaring from : ht t p:/ /

w w w .princet on.edu/~ csadler/
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Crit ique – Sim ulat ion Setup

• ZNetSim  Network Simulator used.  Very lit t le 
data given and unavailable online.

• Sim ulat ion Type (i.e. term inat ing or steady 
state?)

• Variable Definit ion. 674 variables defined in an 
NS-2.27 ns-default .tcl file.

• Propagat ion Model. No Details given.
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Crit ique – Sim ulat ion Setup

• Simulat ion Execut ion. How were sim ulat ions 
seeded?  Random  init ialisat ion per sim ulat ion not  
just if ied.

• Mobility Model. Model based on field results deem ed 
to be inaccurate. Ignores predators and other inter-
species interact ions.  Are turning angles assum ed to be 
constant  over all three m ovem ent  phases? Sim ulat ion 
graphs show independent  curves for different  node 
speeds.  Im plies that  node speed was constant  with 3 
different  types of node (unrealist ic).
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Crit ique - Output  Analysis

• Single Data Sets Given. Sim ulat ions not  repeated?

• No Stat ist ical analysis of results (e.g. error bars, 
confidence intervals, etc.)

• No plot  given for const rained bandwidth AND 
const rained storage (i.e. the real world situat ion)
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Crit ique - Output  Analysis

• Inconclusive results. No gain in data recovery 
shown in constrained bandwidth case (left ) at  selected 
radio range.  
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Conclusions

• Overview of ZebraNet  system given.
• Experim ental Results presented.
• Future and Related work discussed.
• Crit ique conducted and concluded that , as 

presented in the paper, simulat ions carried out  
are not  sufficient  to just ify design choices.  
Could the same data recovery percentage and 
power consum pt ion be achieved using purely 
direct  t ransm ission?
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Quest ions?


