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Proposal Summary: 
This international interdisciplinary research project joins computer scientists and animal
behaviorists from CI and Liverpool John Moores University to investigate the benefits of using
weather balloons to collect data from remotely deployed sensor networks. The sensors that
make up this network will be used to conduct an acoustic biodiversity census in the Ugalla
region of Tanzania, home to wide ranging populations of elephants, lions, and numerous
primate species, including chimpanzees. Funding will be used to develop and deploy a proof of
concept prototype system enabling initial experiments to be used in future external grant
proposals.
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Jason T. Isaacs
Computer Science and Information Technology
California State University, Channel Islands
One University Drive
Camarillo, CA 93012-8599
+1(805) 437-8991
jason.isaacs@csuci.edu

http://isaacs.cs.csuci.edu

Education
Ph.D. University of California, Santa Barbara, Electrical and Computer Engineering, March 2012
Dissertation: UAV Data Mule Vehicle Routing Problems In Sparse Sensor Networks
Adviser: João P. Hespanha

M.S. University of California, Santa Barbara, Electrical and Computer Engineering, June 2008
Major: Control Systems
Minor: Signal Processing

B.S. University of Kentucky, Electrical Engineering, Summa Cum Laude, Dec. 1999

B.S. Eastern Kentucky University, Engineering Physics, Magna Cum Laude, Dec. 1999

Teaching Experience
Assistant Professor, August 2015–Present
California State University, Channel Islands, Dept. of Computer Science and Information Technology

Courses Taught
F2016

COMP 150 Introduction to Object Oriented Programming
COMP 491 Capstone Preparation
COMP 597 Master Thesis
IT 491 Capstone Preparation

S2016

COMP 150 Introduction to Object Oriented Programming
COMP 462 Embedded Systems
COMP 494 Independent Research
COMP 590 Advanced Topics In Computer Science

F2015

COMP 150 Introduction to Object Oriented Programming
COMP 491 Capstone Preparation
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Other Work Experience
Visiting Assistant Researcher, July 2016 – Present
University of California, Santa Barbara, Center for Control, Dynamical-Systems, and Computation

Co-founder, January 2014 – July 2016
ShadowMaps Inc.

Post-doctoral Scholar, March 2012–April 2015
University of California, Santa Barbara, Center for Control, Dynamical-Systems, and Computation

Research Intern, Summer 2008
United States Army Research Laboratory

Senior Hardware Development Engineer, January 2000 – August 2006
Lexmark International Inc.

Honors and Awards
NASA Swarmathon Physical Competition, Stipend and Hardware Totaling $6000, August 2016

California State University, Channel Islands, Minigrant Internal Grant, $9000, March 2016

California State University, Channel Islands, RSCA Internal Grant, $6500, March 2016

California State University, Channel Islands, Lottery Fund Internal Grant, $3500, November 2015

Best Demo (runner-up), ACM MobiCom, September 2014

Best Paper Award, ACM MobiCom S3 Workshop Wireless of the Students, by the Students, for the
Students, September 2014

Best Demo, Goleta Entrepreneurial Magnet (GEM) Summer Accelerator, September 2014

Grand Prize, UCSB Technology Management Program, New Venture Competition, May 2014

Best Presentation in Session, American Control Conference, July 2011

School For Scientific Thought Teaching Fellowship, California Nanoscale Institute, May 2010

Doctoral Scholar Fellowship, UCSB Graduate Division, September 2006-September 2010

Selected Talks
Introduction to the AVES Lab, Channel Islands Chapter of Association of Unmanned Vehicle Systems
International (AUVSI), Camarillo, California, September 13, 2016

Dynamic Vehicle Routing over a Sparse Sensor Network, INFORMS 2011, Charlotte, North Carolina,
November 15, 2011

Information-Based Optimal Navigation, 18th IFAC World Congress Workshop on Multiple Vehicle
Motion Planning, Navigation, and Control - Theory and Practice, Milan, Italy, August 28, 2011

Dynamic Vehicle Routing over a Sparse Sensor Network, 20th Southern California Nonlinear Control
Workshop, U. C. Riverside, May 13, 2011

Optimal TDOA Sensor Placement For Uncertain Source Locations, 17th Southern California Nonlinear
Control Workshop, Caltech, May 22, 2009
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Professional Service
Technical Reviewer

IEEE Conference on Decision and Control ⇧ IFAC World Congress ⇧ IFAC Workshop on Distributed
Estimation and Control in Networked Systems ⇧ International Conference on Control, Automation,
Robotics and Vision ⇧ IEEE Transactions on Wireless Communications ⇧ American Control Confer-
ence ⇧ IEEE Transactions on Signal Processing ⇧ IEEE Transactions on Control Systems Technology ⇧
IEEE Sensors Journal ⇧ International Conference on Intelligent Robots and Systems ⇧ Robotics and Au-
tonomous Systems ⇧ Journal of Optimization Theory and Applications ⇧ Unmanned Systems Journal
⇧ NSF Panelist

Session Chair

55th IEEE Conference on Decision and Control, "Kalman Filtering"

18th IFAC World Congress, "New Approaches in Control Education"

Professional Affiliations
Institute for Electrical and Electronics Engineers (IEEE) ⇧ IEEE Control Systems Society (IEEE CSS)
⇧ IEEE Robotics and Automation Society (IEEE RAS) ⇧ Association of Unmanned Vehicle Systems
International (AUVSI)

Outreach
Summer Robotics Challenge Mentor, University of California, Santa Barbara, 2010-2013

Santa Barbara High School Robotics Course Instructor, Santa Barbara High School, 2012

School for Scientific Thought Robotics Course Instructor, University of California, Santa Barbara, 2010

Family Ultimate Science Exploration (FUSE) Mentor, 2009-2010

Publications
Journal Articles

[ 1 ] D. J. Klein, S. Venkateswaran, J. T. Isaacs, J. Burman, J. P. Hespanha, and U. Madhow. Source
Localization in a Sparse Acoustic Sensor Network using UAVs as Information Seeking Data Mules.
ACM Transactions on Sensor Networks, 9(3), August 2013.

[ 2 ] J. T. Isaacs, J. P. Hespanha. Dubins Traveling Salesman with Neighborhoods: A Graph-Based
Approach. Algorithms, 6(1): 84–99, February 2013.

[ 3 ] C. E. Laird, B. A. Harmon, C. A. Wilson, D. L. Hunter, and J. T. Isaacs. Low energy response
calibration of the BATSE large area detectors onboard the Compton Observatory. Nuclear Instru-
ments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated
Equipment, 566(2): 433–441, October 2006.
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Proceedings

[ 4 ] J. T. Isaacs, K. O. Ezal, J. P. Hespanha. Local Carrier-Based Precision Approach and Landing
System. In Proceedings of the 55th IEEE Conference on Decision and Control, December 2016.

[ 5 ] A. T. Irish, J. T. Isaacs, D. Iland, J. P. Hespanha, E. M. Belding, and U. Madhow. Demo: Shad-
owMaps, the Urban Phone Tracking System. In Proceedings of the ACM International Conference on
Mobile Computing and Networking, September 2014.

[ 6 ] A. T. Irish, D. Iland, J. T. Isaacs, J. P. Hespanha, E. M. Belding, and U. Madhow. Using Crowd-
sourced Satellite SNR Measurements for 3D Mapping and Real-Time GNSS Positioning Improve-
ment. In Proceedings of the ACM Workshop on Wireless of the Students, by the Students, for the Students,
September 2014.

[ 7 ] J. T. Isaacs, F. Quitin, L. R. Garcia Carrillo, U. Madhow, and J. P. Hespanha. Quadrotor Control
for RF Source Localization and Tracking. In Proceedings of the 2014 International Conference on
Unmanned Aircraft Systems, May 2014.

[ 8 ] J. T. Isaacs, C. Magee, A. Subbaraman, F. Quitin, K. Fregene, U. Madhow, and J. P. Hespanha.
GPS-Optimal Micro Air Vehicle Navigation in Degraded Environments. In Proceedings of the 2014
American Control Conference, June 2014.

[ 9 ] A. T. Irish, J. T. Isaacs, F. Quitin, J. P. Hespanha, and U. Madhow. Belief Propagation Based
Localization and Mapping Using Sparsely Sampled GNSS SNR Measurements. In Proceedings of
the 2014 IEEE International Conference on Robotics and Automation, June 2014.

[ 10 ] J. T. Isaacs, A. T. Irish, F. Quitin, U. Madhow, and J. P. Hespanha. Bayesian Localization and
Mapping Using GNSS SNR Measurements. In Proceedings of the IEEE/ION Position Location and
Navigation Symposium, May 2014.

[ 11 ] A. T. Irish, J. T. Isaacs, F. Quitin, J. P. Hespanha, and U. Madhow. Probabilistic 3D Mapping based
on GNSS SNR Measurements. In Proceedings of the 2014 IEEE International Conference on Acoustics,
Speech, and Signal Processing, April 2014.

[ 12 ] S. Venkateswaran, J. T. Isaacs, K. Fregene, R. Ratmansky, B. M. Sadler, J. P. Hespanha, and U.
Madhow. RF Source-Seeking by a Micro Aerial Vehicle using Rotation-Based Angle of Arrival
Estimates. In Proceedings of the 2013 American Control Conference, June 2013.

[ 13 ] J. T. Isaacs, S. Venkateswaran, J. P. Hespanha, U. Madhow, J. Burman, and T. Pham. Multiple Event
Localization in a Sparse Acoustic Sensor Network Using UAVs as Data Mules. In Proceedings of
the 3rd International Workshop on Wireless Networking & Control for Unmanned Autonomous Vehicles:
Architectures, Protocols and Applications, December 2012.

[ 14 ] J. T. Isaacs, D. J. Klein, and J. P. Hespanha. A Guided Internship For High School Students Using
iRobot Create. In Proceedings of the 18th IFAC World Congress, September 2011.

[ 15 ] J. T. Isaacs, D. J. Klein, and J. P. Hespanha. Algorithms for the Traveling Salesman Problem with
Neighborhoods Involving a Dubins Vehicle. In Proceedings of the 2011 American Control Conference,
July 2011.

[ 16 ] D. J. Klein, J. J. Schweikl, J. T. Isaacs, and J. P. Hespanha. On UAV Routing Protocols for Sparse
Sensor Data Exfiltration. In Proceedings of the 2010 American Control Conference, June 2010.

[ 17 ] J. T. Isaacs, D. J. Klein, and J. P. Hespanha. Optimal Sensor Placement For Time Difference of
Arrival Localization. In Proceedings of the 48th IEEE Conference on Decision and Control, December
2009.
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Proposal Narrative

Proposal Summary

This in t e r n a tion al in t e r disciplina ry  r e s e a r c h  p rojec t  joins  co m p u t e r  
scie n tis t s  a n d  a ni m al b e h avio ris t s  fro m  CI a n d  Live r pool John  Moor es  
U nive r si ty to  inves tig a t e  t h e  b e n efit s  of u sing  w e a t h e r  b alloons  to  collec t  
d a t a  fro m  r e m o t ely d e ploye d  s e n so r  n e t wo rks.  The  s e n so r s  t h a t  m a k e  u p  
t his  n e t wo rk  will b e  u s e d  to  con d uc t  a n  a co us tic  biodive r si ty c e ns u s  in t h e  
U g alla  r e gion  of Tanza nia,  ho m e  to  wid e  r a n gin g  po p ula tions  of el e p h a n t s ,  
lions,  a n d  n u m e ro us  p ri m a t e  s p e ci es ,  including  c hi m p a nz e e s.  F u n din g  will 
b e  u s e d  to  d evelop  a n d  d e ploy a  p roof of conc e p t  p ro to type  sys t e m  e n a bling
ini tial exp e rim e n t s  to  b e  u s e d  in fu tu r e  ex t e r n al  g r a n t  p ropos als.

Project Goals and Outcomes

The r e  a r e  t wo  m ain  objec tives  to  t his  s t u dy:
1)  To con d uc t  a n  a co us tic  biodive r si ty c e n s us  a c ro ss  a  lan dsc a p e  t h a t  

va rie s  fro m  n e a rly a b s e n t  h u m a n  a c tivi ty to  u r b a n;  
2) To a c hieve  t his  by pion e e ring  a n  innova tive  sys t e m  t h a t  in t e g r a t e s  

a co us tic  s e n so r s  a n d  h eliu m  b alloons  t h a t  s e rve  a s  r el ay s t a tions  for  
s t r e a min g  r e al-ti m e  a cou s tic  d a t a .

Passive acoustic monitoring: progress and potential

His to ric ally, biodive r si ty m o ni to rin g  involved  d e ploy m e n t  of t e a m s  
co m p ris e d  of va rious  s p e cialis t s  (bo t a nis t ,  e n to mologis t ,  m a m m ologis t ,  e t c .) 
to  collec t  inve n to rie s  of oft e n  vanishing  lan ds c a p e s .  Thos e  s u rveys  con tinu e,
b u t  wi th  limit e d  ti m e  a n d  fina ncial b u d g e t s  to  con d u c t  t h e  wo rk,  r e s e a r c h  
in to  n e w  t ec h nologies  is inc r e a sin gly n e c e s s a ry to  efficien tly collec t  a n d/o r  
a n alyze  d a t a  on  biodive r si ty. Rec e n t  d evelop m e n t s  includ e  r e m o t e  
m o ni to rin g  via  c a m e r a  t r a p s,  s a t elli t e  im a g e ry, u n m a n n e d  a e ri al vehicles  
(UAVs), a n d  a u to no mo u s  a co us tic  r eco r ding  s t a tions  t h a t  m ay s to r e  d a t a  
(Bra n d e s  2 0 0 8;  Tho m p son  e t  al .  2 0 0 9;  Blu m s t ein  e t  al .  2 0 1 1)  o r  t r a n s mit  
d a t a  via  r a dio (Piel 2 0 1 4) o r  local wi r el es s  n e t wo rks  (Aide  e t  al.  2 0 1 3).

Passive  a co u s tic  m o ni to ring  (PAM) involves  t h e  d e ploym e n t  of 
a u to no mo u s  r eco r ding  d evices.  The  m e t ho d  offe r s  n u m e ro us  a dv a n t a g e s  
ove r  t r a di tion al m e a s u r e s  of d a t a  collec tion.  Fi r s t ,  a co us tic  r e co r d e r s  c a n  b e
d e ploye d  in a r e a s  o r  h a bi t a t s  o t h e r wis e  difficul t  to  a c c e s s ,  e . g.  m a rin e  a n d  
fre s h w a t e r  e nvi ron m e n t s,  c a no py tops,  a n d  ev e n  frigid  r e gions  s uc h  a s  
gl acie r s.  F u r t h er, d e ploym e n t  of a cou s tic  a r r ays  avoids  t h e  d a m a g e  c a u s e d  
by t e a m s  of p eo ple  t ro m pin g  t h ro u g h  t h e  u n d e r s to ry; ins t e a d,  d a t a  fro m  
a co us tic  u ni t s  of te n  r ev e als  hid d e n  p a t t e r n s  in t h e  a co us tic  s t r uc t u r e  of a n  
e n ti r e  e cosys t e m  (Se rvick 2 0 1 4) w hile  r e m ainin g  incons picuo us.  S e con d,  
co m p a r e d  to  a c tive  r eco r ding  (wh e r e by p eo ple  u s e  h a n d h eld  mic rop ho n e s), 
PAM c a n  r eco r d  u nin t e r r u p t e d  a n d  con tinuo usly, r ev e aling  d a t a  on  c ryp tic, 
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disc r e e t ,  o r  o t h e r wis e  r a r ely e n co u n t e r e d  s p ecie s.  Thi rd,  t h e  cos t s  of 
d e ploying  t e a m s  of p eo ple  in to  r e m o t e  a r e a s  fa r  exc e e d s  t h e  cos t s  of 
d e ploym e n t  of a u to no mo u s  sys t e m s  (se e  r eview  in Blu m s t ein  e t  a l.  2 0 1 1). 
Fin ally, r e s ul ting  d a t a  r ev e als  dive r si ty a n d  p a t t e r n s  a t  t h e  individu al, 
pop ula tion,  s p ecie s,  a n d  lands c a p e  level, exp a n din g  t h e  a p plica tion  of t h e  
s a m e  d a t a s e t  to  cons e rva tionis t s  wo rking  a t  all/a ny of t h e s e  sc ale s  (Gasc  e t  
a l.  2 0 1 3). 

Ca p t u ring  t h e s e  so u n d s,  how ever, offe r s  it s  ow n  limit a tions.  
Tra di tion ally, PAM sys t e m s  s to r e  d a t a  int e r n ally, r e q ui ring  clos e  m o ni to rin g  
of s to r a g e  c a p aci ty a n d  r e g ula r  visit s  to  r e pl ac e  m e m o ry c a r d s ,  for  ex a m ple.
Likewis e,  pow e r  s u p plies  of t e n  r e s t ric t  s a m pling  p e riods  a n d  r e q ui r e  
fre q u e n t  m ain t e n a nc e  c h ecks.  Innova tive  a p p ro a c h e s  to  ove rco m e  t h e s e  
c h allen g e s  includ e  e m ploym e n t  of r a dio (Kalan  e t  al.  2 0 1 6)  o r  local wi r ele s s  
n e t wo rks  (Aide  e t  al.  2 0 1 3) to  t r a n s mit  s t r e a ming  a co us tic  d a t a ,  p roviding  
t h e  d a t a  in  r e al  tim e.  U nfor t u n a t ely, eve n  t h e s e  sys t e m s  a r e  h a m p e r e d  by 
topog r a p hic al fea t u r e s  t h a t  p r eve n t  t r a n s mission,  n a m ely hills,  m o u n t ains,  
o r  eve n  t hick  for e s t s .  As a  r e s ul t ,  w e  m ay  b e  bia sing  ou r  r e co r din g  u ni t s  to  
only t hos e  a r e a s  t h a t  allow for  t r a n s mission,  no t  a cc es sing  po t e n ti ally rich  
a co us tic  r e s e rvoir s  t h a t  a r e  b eyon d  t h e  r e a c h  of ou r  s e n so r s.

We will ove rco m e  t his  p ro ble m  by in t e g r a tin g  h eliu m  b alloons  to  a c t  
a s  r el ay s t a tions  for  s t r e a min g  a co us tic  d a t a  fro m  low-pow er, highly 
s e n si tive  s e nso r s ,  fixed  wit h  RF t r a n s mi t t e r s  (se e  Fig u r e  1). While  t his  will 
no t  b e  t h e  d e b u t  of h eliu m  (He) b alloons  in zoological r e s e a r c h  (Clayton  a n d
Vaugh n  1 9 8 6), t h e  m ajo ri ty of a p plica tions  of b alloons  involve  w e a t h e r  
m o ni to rin g  (S a nk a r  a n d  N o r m a n  2 0 0 9), a n d  no n e  to  d a t e  h a s  ev e r  explo r e d  
t h ei r  u s e  in m o ni to ring  biodive r si ty.

Fi g ur e  1: S y s t e m  Arc hi t e c t u r e

Significance of Research

Professional Development Benefits for Faculty

E a rlie r  t his  ye a r  Dr. Alexa n d e r  Piel of Live r pool John  Moor es  U nive r si ty 
a p p ro a c h e d  m e  a bo u t  po t e n ti ally collabo r a ting  on  t his  p rojec t .   Dr. Piel h a s  
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s p e n t  ove r  a  d e c a d e  u sing  a cou s tic  r e co r din g  d evices  to  s t u dy c hi m p a nz e es  
in  Tanza nia  a s  p a r t  of t h e  U g alla  P ri m a t e  P rojec t  
(h t t p://ug alla p ri m a t e p rojec t.co m/p rojec t s/bioacous tics) .  Dr. Piel h a s  
p u blish e d  n u m e ro u s  a r ticles  fro m  his  wo rk  on  t h e  U g alla  P ri m a t e  P rojec t  
p e r t aining  to  a cou s tic  m o ni to ring  (Kalan  e t  al.  2 0 1 6;  Kers h e n b a u m  e t  al.  
2 0 1 4;  Piel 2 0 1 4) a s  w ell a s  t h e  roll of wildlife  r e s e a r c h e r s  in d e t e r rin g  
po ac hing  in  w e s t e r n  Tanza nia  (Piel e t  al .  2 0 1 5).

This collabo r a tion  is exci ting  to  m e  a s  a  r e s e a r c h e r  in t h a t  it p rovides  t h e
oppo r t u ni ty for  m e  to  d e e p e n  my di sciplin a ry exp e r tis e  a n d  a p ply my P h.  D. 
r e s e a r c h  on  u sing  u n m a n n e d  a e r i al  vehicle s  (UAVs) to  g a t h e r  info r m a tion  
fro m  a co us tic  s e n so r  n e t wo rks  to  n e w  a r e a s .  My di s s e r t a tion  w a s  p ri m a rily 
focus e d  on  t h e  b a t tl efield  m o ni to ring  a p plica tion  w h e r e  t h e  objec tive  w a s  to
r a pidly g e o-loca t e  t h e  sou rc e  of explosions  (Klein  e t  al .  2 0 1 0;  Klein  e t  a l.  
2 0 1 3;  Is a a cs  e t  al .  2 0 1 2). The r e  a r e  n e w  c h alle n g e s  a s socia t e d  wi t h  t his  
a p plica tion  t h a t  w e r e  no t  p r e s e n t  in my P h.  D. r e s e a r c h  including  t h e  n e e d  
for  ex t r ac tion  of la r g e  d a t a  files  of hig h-fidelity a co u s tic  r e co r din gs  a n d  t h e  
n e e d  for  c a r eful pow e r  m a n a g e m e n t  to  allow for  ex t e n d e d  long  t e r m  
d e ploym e n t .  Thes e  c h alle n g e s  p rovide  t h e  inc e n tive  to  explo r e  exci ting  n e w  
r e s e a r c h  a r e a s  s uc h  a s  u sing  De e p  Lea r nin g  to  cl as sify a cou s tic  d a t a  b efo r e  
t r a n s mi t ting.

Broad er  applications

Biodive r si ty s u rveys  e n a ble  cons e rva tionis t s  a n d  r e s e a r c h e r s  to  a s s e s s  
t h e  cu r r e n t  s t a t e  of a n  e cosys t e m  by p roviding  d a t a  on  s p e cie s  dive r si ty, 
a b u n d a n c e,  a n d  di s t ribu tion  - c ri tic al infor m a tion  w h e n  w e  con sid e r  t h e  r a t e
of h u m a n  d efo r e s t a tion  a n d  d e s t r uc tion  (Hoson u m a  e t  al.  2 0 1 2). H ow ever, 
t h e  tim e  a n d  fina ncial cos t s  of s u rveys  a r e  oft e n  p ro hibi tive. Cons e q u e n tly, 
w e  p ropos e  h e r e  to  d evelop  a n d  t e s t  a  r a pid  a n d  innova tive  m e a n s  of 
co m p r e h e n sively a co us tically s u rveying  biodive r si ty, p roviding  r e al-tim e  
d a t a ,  e s p e cially fro m  r e m o t e  a r e a s  p r eviously ou t  of r e ac h  of m o ni to r s.  
Res ul ting  d a t a  will infor m  on  how  h u m a n  di s t u r b a n c e  d e g r a d e s  a co us tic  
dive r si ty. 

Onc e  d e m o n s t r a t e d ,  s u bs e q u e n t  s t a g e s  will involve  d eveloping  wi r ele s s  
s e n so r  n e t works  (WS N s) t h a t  a r e  co m p ri se d  of m ul tiple  a r r ays  of a co us tic  
s e n so r  no d e s  d e ployed  a c ros s  a n  e n ti r e  e cosys t e m  (se ns u  Colon n a  e t  al.  
2 0 1 6). With  t h e  a n aly tic al t e c h niq u e s  d ev elop e d  h e r e ,  t h e s e  sys t e m s  wo uld  
t h e n  b e  pl ac e d  to  m o ni to r  biodive rsi ty, e s p e cially of indic a to r  o r  t a r g e t e d  
s p eci es .  

Research Plan and Methodology

Acous tic  s e n sors

The  cu r r e n t  s t u dy will s e rve  a s  a  p r elimin a ry d e m o n s t r a tion,  e . g.  p roof of
co nc e p t .  We will initially d e ploy fou r  a cou s tic  s e n so r s  in  e a c h  a r e a ,  t h e  Iss a  
valley a n d  N g uy e  for e s t ,  < 1 0 k m  fro m  Uvinza.  The  fou r  mic rop hon e s  will b e  
loc a t e d  a t  t h e  co r n e r s  of a  t ri a n g ula r  pyr a mid, wi t h  playb a ck  so u n d s  
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b ro a dc a s t  fro m  insid e  a n d  ou tside  t h e  a r r ay  to  allow t e s ting  of localiza tion  
a c c u r a cy (M e n nill e t  al .  2 0 0 6). E ac h  s e n so r  u ni t  will consis t  of a  sola r  p a n el  
pow e r  sou rc e ,  a  w a t e r p roof mic ro p ho n e,  a  GNSS r ec eiver, a n d  a  n e t wo rk e d  
r a dio. The  mic ro p ho n e  s e n so r s  will b e  Knowles  H-S e ri e s  w a t e r p roof 
o m nidi r ec tion al mic rop ho n e s  w hich  a r e  d e sig n e d  for  fixed  posi tion  ou t doo r  
u s a g e  a n d  h ave  a  s e n si tivity of -5 0  dB. The  GNSS  r ec eive r s  will b e  U blox 
N EO s e ri e s  w hich  p rovide  p r ecis e  timing  infor m a tion  r e q ui r e d  for  a cc u r a t e  
a co us tic  localiza tion.  Acous tic  d a t a  will b e  t r a n s mi t t e d  to  a  b a s e  s t a tion  
t ho u g h  a  r el ay U biquiti N a noS t a tion  r a dio on  t h e  t e t h e r e d  H e  b alloon.  

Pre-proc es sin g

Dat a  u ploa d  to  t h e  b alloon  will likely b e  ou r  la rg e s t  c h allen g e,  a n d  t h u s  
w e  will p r e-p roc e s s  a u dio d a t a  on  s e n so r  no d e s,  w hic h  will limit  t h e  a m o u n t  
of t r a n s missions  a n d  t h us  s ave  e n e r gy a s  w ell a s  ex t e n d  t h e  life  of s e n so r s.  
We will u s e  De e p  Lea r ning  to  t a r g e t  s p e cific a ni m al vocaliza tions  (e.g.  
pl ayb ack  p u r e  ton e s,  c him p a nz e e  p a n t  hoo ts,  t ro pic al bo u bo us,  e t c .) a s  c a s e
s t u die s.  Dee p  Le a r ning  a p p ro a c h e s  a r e  co m p u t a tion ally a n d  t h u s  
e n e r g e tically efficien t  to  e m ploy, a s  h a s  b e e n  s how n  wit h  o t h e r  t axa  (bi rd s: 
Koops  e t  al.  2 0 1 5;  a n u r a n s:  Colonn a  e t  al.  2 0 1 6), a n d  ho p efully will 
ove rco m e  low a cc u r a cy r a t e s  r e po r t e d  fro m  r ec e n t  m e t ho ds  u sing  s u p po r t  
vec to r  m a c hin e s  a m o n g  o t h e r s  (Heinicke  e t  al.  2 0 1 5).

Balloon

We will ins t all a  single  to t ex b alloon  (Kaymon t  Ind us.,  p ayloa d  u p  to  
1.5kg), fi r s t  a t  Iss a  a n d  t h e n  s hift  t h e  b alloon  a n d  s e n so r s  to  N g uye.  To 
g e n e r a t e  s ufficien t  lift,  w e  will fill t h e  b alloon  wi th  p u r e  H eliu m  (H e) a t  e a c h
si t e .  The  w e a t h e r  b alloon  will b e  s e c u r e d  wi th  a t  le as t  fou r  t e t h e r e d  (Kevla r)
g uy line s,  w hich  will a lso  p rovide  s t a bili ty. If t h e  b alloon  w e r e  to  r u p t u r e  o r  
d efla t e  for  a ny r e a so n,  w e  will s e c u r e  t h e  p ayloa d  a g ain s t  d a m a g e  a n d  
imp ac t  by  e nc a sin g  t h e  el ec t ro nics  in  a  s m all Pelica n  c a s e ,  w hich  will a l so  
p ro t e c t  a g ains t  e nviron m e n t al el e m e n t s ,  e . g .  r ain,  h u midi ty, ex t r e m e  
t e m p e r a t u r e  fluc t u a tions.  

Biodiversi t y  indice s

Acous tic  biodive r si ty is cla s sified  a s  ei t h e r  -dive r si ty, w hic h  m e a s u r e s  α

t h e  dive r si ty wi t hin  a  given  a r e a ,  o r  -dive r si ty, w hich  ins t e a d  a s s e s s e s  β

va ria tion  in  s p e ci es  t u r nove r  b e t w e e n  t wo  o r  m o r e  a r e a s  (Dise r u d  a n d  
Od e g a a r d  2 0 0 7). Re g a r dle s s  of w hich  m e a s u r e  is u s e d,  co m p a r a ble  d a t a  
r e q ui r e  s a m pling  ove r  m ul tiple  loca tions  o r  s e a sons/ye a r s ,  a n d  his to rically 
h ave  involved  t h e  slow a c q uisi tion  of biodive rsi ty inve n to rie s.  Mo r e  r e c e n tly,
how ever, r a pid  a cous tic  biodive r si ty m e t ho ds  h ave  b e e n  s ucc e ssfully 
e m ploye d  a c ross  e n ti r e  a ni m al co m m u ni ties  (Pavoine  a n d  H a m e rlynck  2 0 0 8;
Sin sc h  e t  al .  2 0 1 1;  De p r a e t e r e  e t  a l.  2 0 1 2). This a p p ro a c h  a s s u m e s  t h a t  
a co us tic  dive r si ty sc ale s  wi t h  s p e cie s  dive r si ty wi t hin  a  co m m u ni ty, a n d  t h a t
s p eci es  dive r si ty t r a n sl a t e s  in to inc r e a s e d  a cou s tic  h e t e ro g e n ei ty (Pavoine  
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a n d  H a m e rlynck  2 0 0 8). Across  t axa ,  c alle r s  c r e a t e  a cou s tic  nich es  to  
effec tively t r a n s mi t  t h ei r  so u n d s  (Sch n eide r  e t  a l.  2 0 0 8;  Sinsc h  e t  al .  2 0 1 2;  
Villan u eva-rive r a  2 0 1 4), a n d  so  w e  s hould  find  t axa-s p ecific t e m po r al  o r  
fr e q u e n cy p a t t e r n s  in c alling  if co m m u ni ties  a r e  in-t a c t .  We will follow 
S u e u r  a n d  colle a g u e s  (2008) a n d  al so  c alcula t e  Acous tic  Dissimila ri ty 
indice s  for  e a c h  si t e ,  a s  w ell a s  t h e  t r a di tion al S h a n no n-Wien e r  a n d  Sim p so n
Indices  of dive r si ty. Thes e  p a r allel m e t rics  will facili t a t e  co m p a risons  wit h  
t r a di tion al m e a n s  of biodive r si ty a s s e ss m e n t s  (M a g u r r a n  2 0 0 4;  Gilhooly e t  
a l.  2 0 1 5).

Dissemination Plan

While  t his  p rojec t  h a s  cle a rly d efine d  d elive r a ble s  in  t e r m s  of sof tw a r e  
a n d  h a r d w a r e ,  t h e  la r g e r  go al  is to  fos t e r  t h e  involve m e n t  of u n d e r g r a d u a t e  
s t u d e n t s  in h a n d s  on  lea r nin g  a c tivitie s  ou t sid e  t h e  cl as s roo m.  This p rojec t  
will affor d  s t u d e n t s  a n  oppo r t u ni ty to  p a r ticipa t e  in u n d e r g r a d u a t e  r e s e a r c h
w h e r e  t h ey will le a r n  a bo u t  t h e  p roc e s s  of con d uc ting  r e s e a r c h  a s  w ell a s  
g ain  p r a c tic al skills r el a t e d  to  w ri ting  softw a r e  to  solve  r e al  wo rld  p ro ble m s .
It  is my  exp ec t a tion  t h a t  t his  wo rk  will le a d  to  t h e  s u b mission  of a t  le a s t  on e
a r t icle  for  jou r n al  p u blica tion.  I t  is my  int e n t  to  co-a u t ho r  t his  a r ticle  wi th  
t h e  u n d e r g r a d u a t e  r e s e a r c h  a s sis t a n t .

Project Timeline

A P hD s t u d e n t  a t  LJMU h a s  b e e n  hi r e d  to  p a r ticipa t e  in t h e  p rojec t,  a n d  
w e  h ave  al r e a dy b e g u n  d e sig n  a n d  b uilding  of a co us tic  s e n so r s .  Sys t e m  
d e sign  will co n tin u e  t h ro u g ho u t  S p rin g  2 0 1 7  wi th  ini ti al t e s ting  to  b e  
co n d uc t e d  bo t h  in  Califo rnia  a n d  t h e  UK in S u m m e r  2 0 1 7.  Two field  t r ip s  
a r e  pl a n n e d  for  t his  wo rk:  S u m m e r  (d ry) a n d  Wint e r  (we t) 2 0 1 7  to  a s s e ss  
a ny s e a son al effec t s .  This  funding  is in t e n d e d  to  offse t  so m e  of t h e  exp e n s e s
for  t h e s e  t rip s.  Da t a  a n alysis  will b e gin  im m e dia t ely af t e r  e a c h  s e a son,  a s  
w ell a s  a ny t ec h nical a dju s t m e n t s  for  s u bs e q u e n t  d e ploym e n t s .  We ai m  to  
co m ple t e  t h e  p rojec t  by  S u m m e r  2 0 1 8.

Project Assessment
If the sensor network is demonstrated to be operational and sustainable, then the project will

have been a success. Prior to deployment there will be several milestones to make sure that the
project is progressing according to schedule. These checkpoint experiments make for ideal 
undergraduate research activities in that students learn the process of designing, conducting, 
documenting, and evaluating experiments. Two key metrics of success will be the ability to 
correctly classify various species from acoustic data and the ability of the sensor node to 
operate for extended periods without human intervention (e.g., change battery or replace 
storage device). 

Proposal Budget

The  to t al  r e q u e s t e d  b u d g e t  for  t his  p rojec t  is $ 9,00 0  a n d  is d e s c rib e d  in
Table 1 w hich  con t ains  t h r e e  line  it e m s.  The  fir s t  line  it e m  will b e  to  p rovide  
funding  for  on e  o r  m o r e  s t u d e n t  a s si s t a n t s  d u rin g  t h e  S u m m e r  2 0 1 7.  The  
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a m o u n t  b u d g e t e d  will fun d  u p  to  1 0  ho u r s  p e r  w e e k.  I a n ticipa t e  hi ring  on e  
o r  t wo  s t u d e n t s  to  work  a p p roxim a t ely 1 0  (or  5)  ho u r s  p e r  w e ek  e a c h  on  t h e
p rojec t .  During  t h e  S u m m e r  2 0 1 7  I will b e  wo rking  on  t h e  p rojec t  to  finalize
t h e  s e n so r  d e sign  a n d  working  wi th  s t u d e n t s  to  t e s t  t h e  s e n so r s  p rio r  to  
d e ploym e n t  to  Tanza nia.   Du ring  t his  t im e,  I pl a n  to  p rovide  h a n d s-on  
m e n to r s hip  to  t h e  s t u d e n t  a s sis t a n t s  wo rking  in  t h e  lab.  The  s e co n d  line  
it e m  is for  r e a s sign e d  tim e  of 3  u ni t s  a t  a  cos t  of $ 2 ,00 0  p e r  u ni t .  The  
r e a s sign e d  tim e  will a llow m e  to  focus  on  d eveloping  a n d  t e s ting  t h e  De e p  
Le a r nin g  a co u s tic  s p ecie s  cla s sifica tion  algo ri th m  a n d  p r e p a ring  r e s ul t s  for  
p u blica tion.  The  t hi r d  line  it e m  is for  p a r ti al  a s sis t a nc e  wi th  t r avel cos t s  to  
t h e  U g alla  P ri m a t e  Res e a r c h  S t a tion  in t h e  Iss a  Valley of Tanza nia.  All 
visi ting  r e s e a r c h e r s  to  t h e  U g alla  P rim a t e  Res e a rc h  S t a tion  a r e  r e q ui r e d  to  
p ay for  n e c e s s a ry Tanz a nia n  gove r n m e n t al  r e s e a r c h  a g e n cie s  TAWIRI a n d  
COSTECH  r e s e a r c h  p e r mi t s.  The  cos t  of t h e s e  p e r mit s  a r e  a p p roxim a t ely 
$ 1 0 1 6  a n d  $ 2 9 6  r e s p ec tively (subjec t  to  c u r r e n cy exc h a n g e  r a t e s).  I t  is 
impor t a n t  t h a t  I a t t e n d  t h e  firs t  s e t  of field  exp e ri m e n t s  a s  I will b e  t h e  m o s t
fa milia r  wit h  t h e  s e n so r  no d e s  a n d  co m m u nica tion  n e t work.

It  s hould  b e  no t e d  t h a t  t his  p rojec t  is on going  a n d  h a s  al r e a dy b e e n  
s u p po r t e d  t h ro u g h  s eve r al  s m all g r a n t s  fro m  CI a n d  fro m  Live r pool John  
Moo r e s  U nive r si ty (LJMU). Throu g h  g r a n t s  fro m  LJMU, Dr. Piel is c u r r e n tly 
funding  a  P h.  D. s t u d e n t  w ho  is wo rking  on  t h e  p rojec t ,  Dr. Piel will visi t  CI 
in  Jan u a ry  2 0 1 7  to  kick off t h e  p rojec t  a n d  p e rfo r m  p r elimin a ry 
exp e ri m e n t s ,  a n d  Dr. Piel h a s  s e c u r e d  p a r ti al t r avel cos t s  for  Dr. Isa a cs  to  
join t h e  t e a m  a t  t h e  U g alla  P rim a t e  Res e a r c h  S t a tion  d u ring  t h e  S u m m e r  
2 0 1 7  for  t h e  fir s t  s e t  of field  exp e ri m e n t s  d e s c rib e d  h e r ein.  Mos t  of t h e  
n ec e s s a ry  h a r d w a r e  to  b uild  t h e  p ro to typ e  sys t e m  h a s  b e e n  fund e d  wi th  a  
co m bin a tion  of a  LJMU g r a n t  a n d  a  CI CIS minig r a n t  ($50 0).  As m e n tion e d  
in t h e  P ropos al S u m m a ry, w e  pla n  to  u s e  t h e  r e s ul t s  of t his  p r elimin a ry  
exp e ri m e n t  to  d evelop  ext e r n al  g r a n t  p ropos als  to  fund  long  t e r m  
d e ploym e n t  of s uc h  a  sys t e m.   

Tabl e  1: Pr oj e c t  B u d g e t
DESCRIPTION COST TOTAL COST

STUDENT ASSISTANT $14 (per hour) x 10 (hours 
per week) x 11 (weeks) + 
10% payroll tax

$1,694

REASSIGNED TIME $2000 (per unit) x 3 (units) $6,000
TRAVEL ASSISTANCE TAWIRI and COSTECH 

Research Fees
$1,306

Total $9,000
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Research and Development Minigrants for 2017-2018: Review Form

*Project Goals and Outcomes: 
The proposal sets clear goals and outcomes for the project, and it explains the steps that will
be taken to realize project goals.
  

--
Rating Scale 1 (1 weakest to 11 strongest): 

--
  

*Research Plan and Methodology: 
The proposal conveys a complete and well thought-out plan for the project that describes the
activities of all individuals involved in the project. If support is requested for student research
assistance, the proposal must also include a description of their role in the project and how the
faculty
  

--
Rating Scale 2 (1 weakest to 11 strongest): 

--
  

*Professional Development Benefits for the Faculty: 
The proposed makes clear how the project will advance each individual applicant’s or
research, scholarship, creative activity, or innovation in teaching. The proposal discusses
whether the applicant(s) intend to pursue external funding and identifies those external funding
opportunities.
  

--
Rating Scale 3 (1 weakest to 11 strongest): 

--
  

*Project Benefits: 
To what extent does the proposed qualify for special consideration (e.g., applicant is
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probationary, applicant has not had minigrant funding in the past, applicant has been
especially successful in the use of past minigrant funding, project scope is particularly
ambitious but realizable).
  

--
Rating Scale 4 (1 weakest to 11 strongest): 

--
  

*Dissemination Plans: 
The level and type of dissemination is appropriate for the project, its goals, and its outcomes.
  

--
Rating Scale 5 (1 weakest to 11 strongest): 

--
  

*Project Timeline: 
The project goals and objectives are attainable within the timeline of the proposal.
  

--
Rating Scale 6 (1 weakest to 11 strongest): 

--
  

*Project Assessment: 
The proposal describes how the product(s) of the project will be assessed and evaluated to
determine the degree of success achieved.
  

--
Rating Scale 7 (1 weakest to 11 strongest): 

--
  

*Project Budget: 
The proposed budget is reasonable in the context of the project description, and the project
costs are necessary to achieve project goals and outcomes.
  

--
Rating Scale 8 (1 weakest to 11 strongest): 
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--
  

*Other considerations: 
To what extent does the proposed qualify for special consideration (e.g., applicant is
probationary, applicant has not had minigrant funding in the past, applicant has been
especially successful in the use of past minigrant funding, project scope is particularly
ambitious but realizable).
  

--
Rating Scale 9 (1 weakest to 11 strongest): 

--
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