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Challenges 

•  User  

•  Sensing Devices – Weather conditions 

•  Raw to Real sensory data/information 

•  Availability/development of  
   different models  

•  Integration of Geo-ICT and SN 

•  Development of a push-based real-time DSS in 
  dynamic Ag and its related sectors 
•  OGC complaint Sensor Web Enablement	




	
  

� WSN-­‐based	
  Agricultural	
  Systems	
  in	
  India	
  
� GeoSense	
  (GeoSense,	
  2011)	
  
� COMMONSENSE-­‐Net	
  (Prabhakar	
  et	
  al.,	
  2010)	
  
�  uAgri	
  (uAgri,	
  2011)	
  
� mKRISHI	
  (mKRISHI,	
  2011)	
  
	
  

� Major	
  areas	
  of	
  application	
  in	
  agriculture	
  	
  
�  Precision	
  Agriculture,	
  Horticulture,	
  Animal	
  husbandry,	
  etc.	
  

WSN	
  status	
  in	
  Agriculture	
  



Geo-ICT 
Technology	


GeoSense	

Towards a real time DSS 
In Precision Agriculture	


Sensor Network  
Technology	
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Flux-Tower	


Agrisens 

FieldServer 

FieldTwitter 



Rice FS 

ADSL 

GeoSense 
Server Live Monitoring/ 

Crop Modeling/ 
Precision Irrigation/ 
Pest Management/ 

Agrisens 

GeoSense Architecture 

FieldServer 

Location Based 
Services 



WSN Deployment at  
ANGRAU, Hyderabad 

(Semi-arid tropics)	




Precision Irrigation Experiments  
with AgriSens and FieldServer 

Pest Management Experiments  
with Agrisens 

Rice crop yield modeling  
Experiments with FieldServer 

Crop Yield Modeling Experiments  
with FieldServer 

GeoSense test crops and experiments	




GeoSense Researches 

 1  Crop Modeling (Yield / PI) and Real-time DSS 
        (D Sudharsan, PhD Student, CSRE) 

 2   Data Mining and WSN for Knowledge  
       Discovery in Pest/Disease Management  
        (Amiya Kumar Tripathy, PhD Student, CSRE) 

 3   Energy Flux studies   
        (Ketan Karandikar, MTech Student, CSRE) 

 4  Preliminary Climate change studies 
        (Arun Jose, M Tech student, CSRE)  

 5  Design and Development of WSN for  
   Real-time remote monitoring  
   (Naveen CPRG, M Tech Student, Elect. Engg)  

 6  Wireless Sensor Network using Openmoko 
    (Ashwani Kr Ravi & Naveen Namdeo, M Tech Students, Elect. Engg) 

 7  Wireless Sensor Networks and Image Processing  
  for pest identification/count 
        (S Devasekhar, M Tech Student, Elect. Engg) 

 �  Sensor Web Enablement (Suryakant S, PhD Student, CSRE) 



Maize 

Groundnut 

Rice  

Location Based Sensory Data  
(in Google Map)	


Location Based Sensory Data  
(in ALOV Web GIS)	




Cloud-Services in GeoSense 





Export/Import	
  
Formats	
  









 

N (kg/ha) 

Grain Yields (t/ha) 

     

Observed 

Simulated 

CERES-Rice     SIMRIW 

100 6.70 5.62 6.35 

150 6.52 6.15 6.35 

200 7.20 7.31 7.26 

250 6.95 7.76 7.02 

300 7.35 7.94 7.17 

Exports	
  





Crop-­‐Weather-­‐Soil-­‐Environment-­‐Pest/Disease	
  CorrelaJon	
  	
  



Interpretation of Correlation index values   
BNV, Thrips, Leaf Spot and Rust 

Correlation 
value 

(- 1 to +1) 

Correlation 
Levels 

(Such as LS 
with RH1) 

Variables 

BNV Thrips Leaf Spot Rust 

0.0 to 0.1 (+ve) Negligible 
or 

No correlation 

Rainy Days 
Rain Fall 

Tmin 
Rainy Days 

Rainfall 

RH2 ET 

0.0   to - 0.1(-ve) 

> 0.1  to 0.5 (+ve)  
 

Moderate 

RH1 
Sunshine 

Tmax, Tmin, ET,  
Leaf Wetness 

Tmax, 
RH2 

Sunshine  

Sunshine  
Tmax 

Leaf Wetness 

Tmax 
Leaf Wetness 

< - 0.1 to - 0.5 (-ve) Wind Speed 
	


Wind Speed 
RH1 

Leaf Wetness 

ET  
Wind Speed 

Rainfall 
Rainy Days 

RH2 
Wind Speed 

Rainfall 
Rainy Days 

>  0.5  to   1(+ve) Strong 
(Good  Correlation) 

RH2 ET Age of Crop Age of Crop 
Sunshine  

< -0.5  to - 1(-ve) Age of the Crop Age of Crop RH1  
Tmin 

RH1 
Tmin 



Evaluation of Various Pest/Disease Forewarning Models  
with Field Surveillance Data from the Test-bed (ARI)  

1.  MVR (Multi-variant Regression Analysis (MVR) 

2.  One-week Historical trends (1-Wk) 

3.  Cumulative Weeks (CWK)   
     (with reference to weather-crop-environment and life cycle parameters)	


•  Life Cycle 
•  Season 
•  Weather Parameter 
•  Stages 
•  Sowing Date 
•  Incidence at flowering stage 
•  Growing Degree Days 
•  Previous Year Record 
•  Correlation With Other Pest/Disease 
•  Previous Season values 



Pest/Disease	
  PredicJon	
  with	
  1week	
  and	
  CumulaJve	
  w.r.t	
  to	
  Life	
  Cycle	
  and	
  Weather	
  	
  	
  



BNV-Weather   
Interaction Interface 

Humidity Vs Infection Index
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�  Indigenous	
  data	
  and	
  in	
  Open	
  Source	
  Consortium	
  (OSC)	
  
format	
  
�  Syntactic	
  and	
  semantic	
  heterogeneity	
  	
  
�  Increase	
  difficulties	
  in	
  interoperability	
  and	
  data	
  discovery	
  

�  Limited	
  application	
  oriented	
  research	
  base	
  	
  
�  unavailability	
  of	
  sensor	
  system	
  lineage	
  and	
  calibration	
  curves	
  to	
  
the	
  user	
  community	
  

IntroducJon:	
  WSN	
  challenges	
  



�  an	
  international,	
  non-­‐profit	
  standardization	
  
organization	
  comprising	
  over	
  400	
  companies,	
  
governmental	
  agencies	
  and	
  universities.	
  (Botts	
  et	
  al.,	
  
2006)	
  

�  develop	
  standards	
  for	
  geospatial	
  web	
  services	
  

�  integrate	
  Geospatial	
  data	
  from	
  heterogeneous	
  data	
  sources	
  

�  remove	
  incompatibilities	
  in	
  structural,	
  syntactical	
  and	
  semantic	
  
representation	
  hindering	
  interoperability	
  

IntroducJon:	
  Open	
  GeospaJal	
  ConsorJum	
  



Sensor	
  Web	
  Enablement	
  
�  Sensor	
  	
  Web	
  

�  concept	
  	
  towards	
  	
  achieving	
  	
  a	
  collaborative,	
  	
  coherent,	
  
consistent,	
  	
  and	
  	
  consolidated	
  	
  sensor	
  	
  data	
  collection,	
  	
  fusion	
  	
  
and	
  	
  distribution	
  	
  system	
  

�  Internet	
  	
  for	
  	
  monitoring	
  	
  spatio-­‐	
  temporal	
  	
  phenomena	
  	
  
appearing	
  	
  in	
  	
  the	
  physical	
  	
  environment	
  	
  in	
  	
  real	
  	
  time	
  

�  Sensor	
  
�  devices	
  for	
  the	
  measurement	
  of	
  physical	
  quantities.	
  
�  All	
  sensors	
  from	
  thermometer	
  	
  located	
  	
  at	
  	
  a	
  fixed	
  	
  position	
  	
  
to	
  	
  a	
  	
  complex	
  	
  hyper-­‐spectral	
  sensor	
  	
  on	
  	
  board	
  	
  of	
  	
  an	
  	
  Earth	
  
orbiting	
  	
  satellite	
  

27 Source:	
  Bo*s	
  et	
  al.	
  2006	
  



SWE	
  Approach	
  	
  
(towards	
  	
  achieving	
  	
  a	
  collaboraJve,	
  	
  coherent,	
  consistent,	
  	
  and	
  	
  
consolidated	
  	
  sensor	
  	
  data	
  collecJon,	
  	
  fusion	
  	
  and	
  	
  distribuJon	
  	
  system)	
  
	
  	
  

�  Three	
  encodings	
  (XML	
  representations)	
  to	
  describe	
  sensors	
  
and	
  sensor	
  observations	
  
�  Sensor	
  Model	
  Language	
  (SensorML)	
  (to	
  define	
  entire	
  sensing	
  system)	
  

�  Observations	
  and	
  Measurements	
  Schema	
  (O&M)	
  	
  
�  Transducer	
  Markup	
  Language	
  (TransducerML)	
  
	
  

�  Four	
  standard	
  interface	
  (XMl	
  requests)	
  definitions	
  for	
  web	
  
services	
  
�  Sensor	
  Observations	
  Service	
  (SOS)	
  (visualization	
  of	
  sensory	
  data	
  in	
  web)	
  

�  Sensor	
  Planning	
  Service	
  (SPS)	
  (controlling	
  remote	
  sensors)	
  

�  Sensor	
  Alert	
  Service	
  (SAS)	
  	
  
�  Web	
  Notification	
  Services	
  (WNS)	
  

Trigger	
  the	
  uneven	
  conditions	
  	
  
through	
  communication	
  technology)	




�  GeoSense	
  is	
  currently	
  based	
  on	
  Open	
  
Source	
  Consortium	
  (OSC)	
  standards	
  
wherein	
  each	
  sensing	
  system	
  has	
  diverse	
  
data	
  formats	
  and	
  need	
  for	
  standardization	
  
with	
  OGC	
  SWE	
  standards	
  

	
  

�  SensorML	
  Framework	
  
�  Sensor	
  System	
  Description	
  
�  Sensor	
  Process	
  Model	
  {e.g.	
  System	
  Location	
  (lat,	
  long,	
  

parameter	
  description	
  i.e.	
  air	
  temp,	
  soil	
  temp,	
  wet	
  bulb,	
  dry	
  bulb,	
  
etc.	
  );	
  System	
  Inputs	
  temperature	
  (id,	
  description,	
  etc.);	
  System	
  
output	
  temperature	
  (	
  minimum	
  value,	
  	
  maximum	
  value,	
  accuracy,	
  
unit	
  of	
  measurement,	
  etc.)}	
  

�  Sensor	
  Process	
  Chain	
  {e.g.	
  System	
  Components	
  
temperature	
  (id,	
  name	
  of	
  sensor,	
  Geographic	
  Markup	
  Language	
  -­‐	
  
id	
  (gml-­‐id),	
  unit	
  of	
  measurement	
  (Celsius	
  /	
  Fahrenheit),	
  range	
  of	
  
data	
  collection,	
  measuring	
  range	
  least	
  count	
  (e.g.	
  01	
  degree,	
  0.1	
  
degree,	
  etc.),	
  accuracy	
  (e.g.	
  +-­‐	
  5	
  per	
  cent),	
  etc.)}	
  

�  Sensor	
  Connections	
  {e.g. Connections of each sensor 	

	
input from mote to sensor then Output from sensor to mote.) 	
  

�  System	
  physical	
  layout	
  {e.g.	
  Position	
  of	
  Stargate	
  (lat,	
  
long,	
  elevation),	
  position	
  of	
  mote-­‐1	
  with	
  respect	
  to	
  stargate	
  (lat,	
  
long,	
  elevation),	
  Position	
  of	
  	
  each	
  sensor	
  on	
  mote-­‐1	
  (air	
  temperature	
  
sensor	
  on	
  mast	
  at	
  0.5	
  m.,	
  soil	
  moisture	
  sensor	
  at	
  0.15	
  m	
  depth	
  in	
  soil,	
  
etc.)}	


	
  

SWE	
  in	
  GeoSense	
  

SensorML	
  Framework	
  	
  
for	
  Agrisens	
  



�  SOS	
  Wrapper	
  
�  Collects	
  raw	
  data	
  from	
  sensor	
  systems	
  
�  Converts	
  to	
  real	
  values	
  
�  Supports	
  transac<onal	
  SQL	
  insert	
  
opera<on	
  and	
  stores	
  in	
  SOS	
  database	
  	
  

�  Distributed	
  Application	
  Clients	
  
�  Facilitates	
  the	
  visualiza<on	
  of	
  sensor	
  
data	
  on	
  web	
  by	
  execu<ng	
  standard	
  
XML-­‐HTTP	
  requests	
  

�  Enables	
  loca<ng	
  the	
  sensor	
  on	
  OGC	
  
enabled	
  Web	
  Mapping	
  Service	
  

�  Provides	
  table	
  and/or	
  graph	
  plot	
  
visualiza<ons	
  

Service	
  Oriented	
  Architecture:	
  Structure	
  

Service	
  Oriented	
  Architecture	
  for	
  GeoSense	
  



�  Sensor	
  Observation	
  Service	
  
�  Open	
  source	
  tools	
  are	
  used	
  for	
  
implemen<ng	
  SOS	
  

�  Database	
  architecture	
  for	
  SOS	
  is	
  
obtained	
  from	
  52NSOS	
  API	
  3.1.1	
  
(52North	
  SOS,	
  2011)	
  

�  Eclipse	
  based	
  Java	
  Integrated	
  
Development	
  Environment	
  (IDE)	
  
version	
  Helios	
  (Eclipse,	
  2011)	
  	
  

�  Google	
  Web	
  Toolkit	
  (GWT,	
  2011)	
  
�  Web	
  server	
  Apache	
  Tomcat	
  7.0	
  
(Apache	
  Tomcat,	
  2011)	
  

�  Database	
  server	
  PostGIS	
  1.5	
  
(PostGIS,	
  2011)	
  in	
  PostgreSQL	
  8.4	
  
(PostgreSQL,	
  2011)	
  

Service	
  Oriented	
  Architecture:	
  Structure	
  

Service	
  Oriented	
  Architecture	
  for	
  GeoSense	
  







Prototype	
  Demo	
  on	
  	
  
Sensor	
  ObservaJon	
  Service	
  	
  

Steps	
  
�  Service	
  on	
  Get	
  Capabilities	
  
�  Select	
  sensor	
  (Select	
  Feature	
  of	
  Interest)	
  
�  Select	
  duration	
  	
  
�  Get	
  Observation	
  	
  

�  Plot	
  table	
  or	
  Chart	
  (Time	
  vs	
  Observations)	
  















Steps	
  
�  Get	
  Capabilities	
  of	
  service	
  
�  Select	
  sensor	
  	
  
�  Select	
  duration	
  
�  Get	
  Reference	
  Evapotranspiration	
  	
  

�  using	
  Hargreeves	
  Method	
  
�  Plot	
  Table	
  or	
  Chart	
  (Time	
  vs	
  Observations)	
  

Prototype	
  Demo	
  on	
  	
  
Modeling	
  Service	
  	
  











Modeling	
  Service:	
  A	
  way	
  forward	
  

�  Retrieving	
  crop	
  specific	
  (water	
  requirement,	
  disease	
  
vulnerability,	
  etc.)	
  informa<on	
  and	
  modeling	
  services	
  

�  Implemen<ng	
  Sensor	
  Alert	
  Service	
  (SAS)	
  to	
  send	
  informa<on	
  
through	
  mul<-­‐modal	
  communica<on	
  (internet,	
  mobile,	
  etc.)	
  
placorms	
  

�  Enabling	
  par<cipatory	
  sensing	
  through	
  integra<on	
  of	
  
surveillance	
  agricultural/	
  crop	
  informa<on	
  into	
  service	
  
database	
  and	
  u<lizing	
  for	
  decision	
  making	
  	
  	
  



�  Two	
  different	
  architectures	
  of	
  WSN	
  having	
  common	
  application	
  in	
  
agriculture	
  are	
  combined	
  through	
  the	
  OGC	
  SWE	
  standards	
  SensorML	
  
framework,	
  ensuring	
  interoperability	
  and	
  data	
  discovery	
  over	
  web	
  
platform.	
  

�  The	
  service	
  provides	
  accuracy,	
  threshold,	
  lineage,	
  etc.	
  of	
  sensing	
  
system	
  

�  Interoperability	
  and	
  sensor	
  data	
  discovery	
  improves	
  the	
  capabilities	
  of	
  
researchers	
  in	
  WSN	
  application	
  fields	
  (e.g.	
  Agriculture,	
  Environment,	
  
etc).	
  

�  Through	
  open	
  source	
  tools	
  it	
  is	
  cost	
  effective	
  to	
  develop	
  web-­‐based	
  
crop	
  information	
  and	
  modeling	
  service.	
  

Conclusions	
  



�  Need	
  for	
  implementation	
  of	
  efficient	
  and	
  robust	
  algorithms	
  
to	
  process	
  the	
  high	
  resolution	
  spatio-­‐temporal	
  distributed	
  
sensory	
  data	
  and	
  use	
  in	
  various	
  applications.	
  	
  

	
  

�  Community	
  based	
  decentralized	
  application	
  of	
  WSN	
  for	
  
agricultural	
  application	
  (e.g.	
  yield,	
  pest	
  and	
  water	
  
management,	
  etc.).	
  

Future challenges 

	
  

• 	
  Integration	
  of	
  proximal	
  SN	
  system	
  with	
  	
  
	
  	
  	
  spatial	
  (Remote	
  Sensing)	
  systems	
  
	
  

• 	
  Development	
  of	
  Middleware	
  	
  
	
  	
  	
  (Eg.	
  regional	
  Ag-­‐Met	
  model)	
  
	
  

• 	
  Farmers’	
  level	
  system	
  (cloud-­‐computing?)	




Remote 
Sensing 

Cloud 
Computing 
(Open 
FieldServer) 

Crop 
models 

GeoFARMatics 

ADC-Spec  
Libraries (Hyper 
Spectral Instrument)	


GeoFARMatics through Multi-mode approach 

GramyaVikas 
GeoSense 
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Multi-national, multi-institutional and multi-
disciplinary collaboration are the buzz words to 
solve / address a few open ICT solutions.	

	


Thank You	

http://geosense.dyndns-free.com:8091/server/	


adi@iitb.ac.in 	





