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Where	  WSU	  Located	  
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About	  WSU	  
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  Definitions 

“Research engagement is the 
interaction between researchers and 
research end-users outside of 
academia, for the mutually beneficial 
transfer of knowledge, technologies, 
methods or resources” (ARC 2017).  

 

“Research impact is the contribution 
that research makes to the economy, 
society, environment and culture 
beyond the contributions to 
academic research” (ARC 2017). 

 

 
End user: An individual, community or organisation external to academia that will 
directly use or directly benefit from the output, outcome or result of the research 
(Exclusions: Publicly funded research organisations [CSIRO, AIMS, ANSTO etc]; 
other higher education providers; organisations that are affiliates, controlled entities or 
subsidiaries of a higher education provider [e.g. Medical Research Institutes]) 
 



Seminar	  Outline	  
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� Digital	  Knowledge	  Ecosystem	  for	  Agribusiness	  
� Inven@on	  

�  Journey	  that	  led	  to	  discovery	  of	  Digital	  Knowledge	  
Ecosystem	  to	  coordinate	  agriculture	  market.	  

� Innova@on	  
� Developing	  a	  value	  proposi@on	  and	  taking	  the	  solu@on	  
to	  agriculture	  domain	  stakeholders.	  

� Emerging	  Research	  Opportuni@es	  
� Mobile-‐based	  informa@on	  systems	  to	  mi@gate	  
hidden	  hunger	  

� Novel	  smart	  nutri@on	  monitoring	  system	  
� Digital	  Health	  and	  User	  Empowerment	  



Digital	  Knowledge	  Ecosystem	  for	  
Agribusiness	  
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N’Eliya	  carrot	  farmers	  in	  the	  
dumps:	  
Bumper	  harvest,	  but	  prices	  low	  
Source:	  The	  Sunday	  Times,	  April	  22,	  2012	  

Over	  Produc@on	  problem	  in	  Sri	  Lanka	  

Troubled	  farmers	  erect	  tomato	  Pandol	  for	  Poson	  
Source:	  Ada	  Derana	  
Wednesday	  15th	  June	  2011	  



Root	  Cause	  	  -‐	  Lack	  of	  Context	  specific	  Ac@onable	  
Informa@on	  



Sourcing	  	  and	  Genera@ng	  Informa@on	  

� Prior	  Knowledge	  -‐	  Quasi	  Sta=c	  	  
� What	  Crops	  will	  grow	  in	  my	  farm	  
� What	  fer@liser	  to	  use	  

� è	  Can	  be	  sourced	  from	  published	  domain	  knowledge	  

� Situa=onal	  Knowledge	  -‐	  Dynamic	  	  
� What	  is	  the	  current	  produc@on	  level	  of	  a	  crop	  
� What	  is	  the	  buying	  price	  of	  a	  vegetable	  in	  a	  market.	  

� è	  Need	  to	  be	  generated	  from	  Transac@on	  Data;	  data	  
captured	  while	  user	  is	  performing	  a	  task	  that	  is	  of	  
value	  to	  the	  user.	  



Farmers’	  Informa@on	  Needs	  in	  Context 
Farmers’ 
Informati
on Needs 

Farmers’ Information Needs 
in Context 

Generalising 
Contextualised 
Information 
 

Query in First Order 
Logic (FOL) 

What are 
the 
suitable 
crops to 
grow? 

Suitable crops based on the 
Environment: 
•  Which crops are suitable to 
grow in the ‘Dambulla’ area? 
 
 
•  What are the suitable vegetable 
crops for ‘UpCountry’, 
applicable to the ‘Well-drained 
Loamy’ soil, and average rainfall 
> 2000 mm? 
 
Suitable crops based on 
Preferences of Farmers:  
•  What Brinjal’s varieties can 
resist the ‘Bacterial Wilt’ disease? 
... 

 
 
• Which crops are suitable 
to grow in specified 
Location? 
 
•  What are the suitable 
Types of Crops for specified 
Location, applicable to the 
specified Soil types/
characteristics, and other 
Conditions ? 
 
 
•  What Crop’s varieties can 
resist the specified Disease? 
... 

 
 
(∃x)(Crop(x)) ∧ 
RegionalArea(Dambulla) 
∧ grows(x, Dambulla); 
 
(∃x)(Vegetable(x))∧ 
SoilType(Loamy)∧ 
SoilDrainage(Well_drain
ed)∧ 
hasSoilFactor(x,Loamy)∧ 
hasSoilFactor(x,Well_dra
ined)∧ (∃y Integer(y) ∧ 
hasMinRainfall(x,y)∧ 
(2000 ≤ y)); 
 
… 



hasVariety 

Providing	  Informa@on	  in	  Context	  

What Crops will grow in My Farm? 

My	  Farm 

Loca@on 

Crop Variety 

Environmental	  Factors 

Basic	  Characteris@cs 

hasCropCharacteris@cs 

dependsOn 

Agro	  Ecological	  zone 

hasLoca@on 

isInZone 
hasEnvironmentalFactors 

Walisadeera,	  A.	  I.,	  Wikramanayake,	  G.	  N.,	  Ginige,	  A.:	  An	  Ontological	  Approach	  to	  Meet	  Informa@on	  Needs	  of	  Farmers	  in	  Sri	  Lanka.	  In	  	  
ICCSA	  2013	  Part	  I,	  Lecture	  Notes	  in	  Computer	  Science,	  7971,	  pp.	  228–240.	  Springer-‐Verlag,	  Berlin	  Heidelberg	  (2013)	  



FertilizerEvent Concept 

SpecialInforma=on 

hasFertilizerSpInfor(F) isFertilizerSpInforO
f 

hasFertilizerQuantity(F) 

Quan=ty 
isFertilizerQuantityOf 

uses 

Unit 
hasFertilizerUnit(F) 

Applica=onMethod 

TimeOfApplica=on 

Water	  Source 

Loca=on 

MinPhValue 

Fer=lizer Crop 
isUsedBy 

Fer=lizerEvent 

hasFertilizer(F) 
hasFertilizerEvent 

       
isFertilizerEventOf(F) 

isFertilizerOf 

hasFEApplicationMethod(F) 

hasFETimeOfApplication(F) 
hasFEWaterSource(F) 

hasFELocation(F) 

isFEApplicationMethodOf 

isFETimeOfApplicationOf 

isFELocationOf 

isFEWaterSourceOf 

hasFEMaxSoilPh(F) 

MaxPhValue 
isFertilizerUnitOf 

isFEMaxSoilPhOf 

isFEMinSoilPhOf 

Fertilizer Type 

Source 

hasFEMinSoilPh(F) 

Notations: 



     GrowingProblemEvent and ControlMethodEvent 

affects 

Problem	  Stage 

isRelatedAgentOf 

Symptom 

isAffectedBy 

isRelatedCMOf 

relatesCM 

CausalAgent 

hasCausalAgent(F) 
isCausalAgentOf 

relatesAgent 

Cause	  Type 

hasGrowingProblemEvent 

isGrowingProblemEventOf(F) 

Crop 

hasGrowingProblem(F) 

isGrowingProblemOf isSymptomOf 
    hasSymptom 

Cause 
isCausedBy(F) 

causes 

GrowingProblemEvent 

Pest 

Disease 

Weed 

Disease	  Type 

NematodePest 

InsectPest 

Method	  Type 

isControlledBy DiseaseCM 

PestCM 

WeedCM 

NematodePestCM 

InsectPestCM 

controls 

Applica=on	  Stage 

GrowingProblem 

ControlMethod 

hasCMSoilType(
F) 
SoilType 

isCMApplicationMetho
dOf 

Applica=onMethod 

TimeOfApplica=on 

Special	  Informa=on 

Loca=on 

isCMSpInforOf 

isCMTimeOfApplicationO
f 

hasCMTimeOfApplication(F) 

hasCMApplicationMethod(F) 

hasCMSpInfor(F) 

isCMSoilTypeO
f isCMLocationOf 

hasCMLocation(F) 

isControlMethodEventOf(F) 

 hasControlMethodEvent 

Unit 
hasCMEUnit(F) 

isCMEUnitOf 

Pesticide Pesticide Type 

hasControlMethod(F) 
isControlMethodOf 

ControlMethodEvent Quan=ty 
isCMQuantityOf 

hasCMQuantity(F) 

hasPesticide(F) isPesticideOf 



Informa@on	  Flow	  Pacern:	  Stakeholder	  Centric	  
Informa@on	  Flow	  Model	  

	  



Generalised	  Architecture	  for	  a	  Holis@c	  
Informa@on	  Flow	  Model	  for	  any	  Domain	  



Psychological	  Empowerment	  Flow	  Model	  

Competence	  

Sense	  of	  control	  

Mo@va@on	  

Self-‐Efficacy	  

Decision	  making	  

Iden@fy	  Choices	  

Autonomy	  to	  
choose	  

Engagement	  

Communica@on	  

Goals	  

Intrapersonal	  component	  	  
of	  PE	  

Interac=onal	  	  component	  	  
of	  PE	  

Understanding	  users	  have	  
about	  their	  community	  
and	  socio-‐poli@cal	  issues	  

Behavioral	  component	  	  
of	  PE	  

Ref: Ginige, T. and Richards, D. 
2015 “Measuring 
Empowerment to evaluate the 
impact of a Mobile Based 
Information System for Sri 
Lankan Farmers”,  AMCIS 
2015, Twenty-first Americas 
Conference on Information 
Systems, Puerto Rico. 



Behavioral	  
component	  

	  
	  
	  
	  
	  
	  
	  
	  
	  

	  	  	  	  	  	  	  

Overall	  Informa@on	  and	  
Empowerment	  Flow	  model	  

Reorganising	  Published	  
Knowledge	  

User	  Query	  

Ac@on	  
Taking	  

Ac@onable	  
Informa@on	  

Aggrega@on	  

Context	  
Filter	  

Context	  
Addi@on	  

Ontological	  

Situa@onal	  	  Intrapersonal	  
component	  	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Competence	  

Sense	  of	  
control	  

Mo@va@on	  

Self-‐Efficacy	  

Goals	  

Interac@onal	  	  
component	  

Understanding	  users	  
have	  about	  environment	  

Decision	  
making	  

Iden=fy	  Choices	  

Autonomy	  to	  
choose	  

Engagement	  

Communica=on	  

Knowledge-‐base	  
	  

MBIS	  
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Digital	  Ecosystem	  Evolu@on	  

Disaggr
ega@on	  

Prior	  Knowledge	  

Context	  Specific	  
Ac@onable	  
Informa@on	  

Informa@on	  Need	   User	  Context	  

Aggrega
@on	  

User	  Act	  
on	  the	  
Informa
@on	  

Dynamic	  Content	  

Context	  
Filter	  



Evolu@on	  of	  the	  Ecosystem	  -‐	  Observa@ons	  
April  
2015 

• System	  was	  deployed	  among	  the	  pilot	  group	  

June  
2015 

•  All	  Major	  Agro	  chemical	  companies	  started	  to	  provide	  
prices	  of	  chemicals	  

Sept 
2015 

•  Sri	  Lanka	  Government	  requested	  a	  proposal	  to	  manage	  
agriculture	  produc@on	  

Nov 
2015 

•  Government	  announced	  the	  phase	  2	  of	  the	  Project	  in	  the	  
2016	  Na@onal	  Budget	  

Jan 
2016 

•  Major	  Buyers	  signed	  up	  to	  invest	  in	  developing	  Phase	  2	  

Oct 
2016 

•  Indian	  Venture	  Capital	  company	  inves@ng	  in	  a	  start-‐up	  to	  
deploy	  the	  system	  in	  Sri	  Lanka	  and	  India	  

 Sept 
2017 

•  Proof	  of	  Concept	  Trial	  involving	  5000	  farmers	  in	  Telangana	  
State	  in	  India	  



Price	  Informa@on	  from	  Major	  Agro	  
Chemical	  Companies	  in	  Sri	  Lanka	  

22 



Crop	  Knowledge	  

ENABLING	  ENVIRONMENT	  

Market	  	  Informa@on	  

Informa@on	  on	  Inputs	  and	  	  Suppliers	  

Weather	  Informa@on	  

Government	  Incen@ves	  

Proposal	  to	  SL	  Government	  -‐	  Closing	  the	  Loop	  
Food	  Produc@on	  

Mobile	  based	  Informa@on	  System	  

Micro	  Financing	  
Con@nuous	  Monitoring	  
Dash	  Board	  for	  Agencies	  

Policy	  Sekng	  

Aggregated	  
Produc@on	  
Captured	  in	  
Real	  Time	  

Farmer	  
Decision	  
Making	  

Govi	  Nena	  



2016	  Sri	  Lanka	  Government	  Na@onal	  
Budget	  Speech	  
372.	  We	  are	  keen	  to	  ensure	  that	  these	  innova@ons	  are	  ul@mately	  transferred	  into	  
commercial	  successes.	  COSTI	  has	  iden@fied	  25	  such	  projects	  that	  have	  the	  poten@al	  
to	  succeed	  commercially.	  Some	  of	  these	  innova@ons	  include	  GoviNena,	  a	  mobile	  
applica@on	  to	  support	  efficient	  agricultural	  commodity	  produc@on,	  Energy	  storage	  
systems	  etc.	  Such	  innova@ons	  have	  a	  direct	  impact	  on	  the	  industry	  concerned	  as	  
well	  as	  contribu@ng	  to	  the	  sustainability	  of	  target	  sectors.	  High	  end	  equipment	  
acquisi@on	  supported	  with	  accelerated	  deprecia@on	  etc.	  will	  be	  made	  available	  to	  
any	  Company	  that	  will	  partner	  these	  innova@ons	  to	  be	  mone@zed.	  The	  government	  
will	  also	  facilitate	  these	  ventures	  by	  providing	  land	  or	  any	  other	  resource	  based	  on	  
the	  type	  of	  project.	  

Some	  of	  these	  innova@ons	  include	  GoviNena,	  a	  mobile	  
applica=on	  to	  support	  efficient	  agricultural	  commodity	  
produc=on,	  Energy	  storage	  systems	  etc.	  Such	  
innova@ons	  have	  a	  direct	  impact	  on	  the	  industry	  
concerned	  as	  well	  as	  contribu@ng	  to	  the	  sustainability	  of	  
target	  sectors.	  High	  end	  equipment	  acquisi=on	  
supported	  with	  accelerated	  deprecia=on	  etc.	  will	  be	  
made	  available	  to	  any	  Company	  that	  will	  partner	  these	  
innova=ons	  to	  be	  mone=zed.	  The	  government	  will	  also	  
facilitate	  these	  ventures	  by	  providing	  land	  or	  any	  other	  
resource	  based	  on	  the	  type	  of	  project.	  



Innova@on	  Success	  -‐	  Insight	  

25 

� All	  top	  down	  approaches	  gave	  
limited	  success	  un@l	  we	  discovered	  
another	  rela@onship	  to	  human	  
needs	  and	  behaviours	  by	  
systema@cally	  analysing	  some	  
popular	  Social	  Compu@ng	  
applica@ons.	  



Fulfilling	  Human	  Needs	  

26 

High	  
Transac@on	  

cost	  

Formation of 
Communities and 

emergence of 
Secondary 

Human  
Needs 

 

Coordination 
and 
Exchange of 

 
• Products 
• Services 
• Information 

Cooperation 
and Markets 

 
• Exchange 
Mechanisms 

• Currency 
• Trust 

Trust	  
Bubble

Ref: Fernando, M. D., Ginige, A., and Hol, A. 2016. "Enhancing Business Outcomes through Social 
Computing," IADIS International Journal on WWW/Internet (14:2), pp. 91-108. 



Diffusion	  Model	  for	  Gyan	  Kisan:	  	  
Digitally	  Connected	  Farming	  Communi@es	  

Base of the pyramid represents the total number of farmers of over 118 Million in numbers. Currently 
these farmers are geographically scattered and not connected to any kind of digital platform. 



Crea@ng	  Value	  for	  Stakeholders	  

ICRISAT	  

Coops	  &	  
FPO	  	  

Input	  
suppliers	  

Buyers	  

Informa=on	  Ingestor	  

Ontological	  and	  Situa=onal	  
Knowledgebase	  

Mobile	  System	  –	  Context	  specific	  
Ac=onable	  Informa=on	  

Farmer	  Empowerment	  and	  Ac=on	  

Capture	  and	  Aggregate	  ac=on	  
informa=on	  

Situa=onal	  Knowledge	  

Cu
rr
en

t	  C
ro
p	  

Pr
od

uc
=o

n	  

Prices	  and	  
applica=on	  
Instruc=ons	  

Aggregated	  
Loca=on	  
base	  
Demand	  

Requirements	  
Seed	  and	  
Crop	  
Informa=on	  

Seed	  
use	  

Aggregated	  
Supply	  

Aggregated	  
Member	  
Needs	  

Inputs	  Local	  Stock	  
Availability	  and	  local	  
knowledge	  



Communi@es,	  Coordina@on	  and	  Coopera@on	  

Gyan	  Kisan	  Mobile	  Interface	  



AgriBridge	  Ecosystem	  
Gyan	  Kisan	  

•  Empowering and uplifting farmer 
livelihood through knowledge and 
Market coordination. 

 
•  Published scientific knowledge is 

delivered to farmers as context 
specific actionable information via a 
mobile system. 

•  Enables all Agri stakeholders to 
effectively optimise and coordinate 
their offerings based on both 
published knowledge and real-time 
information generated by aggregating 
farmer actions and transactions. 

Farmer 

Gyan 
Kisan 

Finance 

Insuran-
ce 

Input 
Supplies Training 

Market 
Linkages 

Advisory 

 
AgriBridge Innovation Platform 

 

Scientific 
Knowledge 



Emerging	  Research	  Opportuni@es	  

•  Mobile-‐based	  informa@on	  systems	  to	  mi@gate	  
hidden	  hunger	  

•  Novel	  smart	  nutri@on	  monitoring	  system	  
•  Digital	  Health	  and	  User	  Empowerment	  

31 



Nutri@on-‐based	  Health	  Issues	  

�  Overweight	  and	  
obesity	  in	  Adults	  
� US:	  70%	  

�  $200B	  

� Australia:	  63%	  
�  $14B	  

�  South	  Africa:	  65%	  
�  70%	  for	  women	  



Hidden	  Hunger	  

http://www.huffingtonpost.ca/howard-schiffer/end-hidden-hunger_b_8215624.html 

26% of preschool children 
in Kenya are stunted, 37% 
in Nigeria and 33% in 
South Africa 



Project	  Team	  
16	  Researchers	  from	  4	  countries	  from	  Australia	  and	  Africa	  



Findings	  from	  University	  of	  Pretoria	  study	  



Mobile	  based	  Informa@on	  System	  for	  
Africa	  

16 Questions 
to identify the 

food habits 

Identifying 
missing micro 

nutrients in the 
diet 

Identifying what food from 
the list of crops that grow in 
the location can address the 

identified micro nutrient 
deficiency  

Recommended fruits 
and vegetables to be 

consumed Information on how to 
grow these crops 

Information on 
nutritional value 

List of Crops 
that grow in 
the location 

Geo coordinates 



Applica@on	  Assump@ons	  

Item Detail 

Survey Target Information is collected based on household (not per person) in 
a specific region (in SA) 

Meals Any food consumption or meal in a day 

Time period 24-hours, 3 days, 5 days (Exclusive) 

Food groups 16 food categories 

Crops Local crops only mapping for vegetables in food categories 



Food Survey 



Recommended Crops 
(Local Crops) 



Data Analysis 
(back end) 



Nutri@on	  Monitoring	  System	  

� Manual	  methods	  
�  24	  hour	  recalls	  
�  Food	  frequency	  ques@onnaires	  
�  Smartphones	  

�  Issues	  
�  Par@cipants	  burden	  
�  Imprecise	  	  
�  Low	  comple@on	  rate	  (~15%)	  

41 



Nutri@on	  Monitoring	  System	  

�  Automa@c	  methods	  
�  Sensor-‐based	  
�  Environment	  sensors	  
� Removing	  the	  par@cipant	  burden	  

�  Issues	  
�  Imprecise	  (lack	  of	  food	  detec@on)	  
� Not	  prac@cal	  for	  free-‐living	  style	  
�  Privacy	  

42 



Nutri@on	  Monitoring	  System	  

�  Automa@c	  methods	  
�  Sensor-‐based	  
� Wearable	  sensors	  
�  	  Real	  @me	  food	  intake	  monitoring	  

�  Issues	  
� Average	  accuracy	  of	  90%	  	  
� Only	  tested	  in	  lab	  environments	  
�  Single	  dimension	  

43 



More	  Connected	  Devices	  on	  the	  Planet	  
Today	  Than	  People	  
	  

44 

Internet of People 



Internet	  of	  Things	  Applica@ons	  

45 



Smart	  Nutri@on	  Monitoring	  System	  

�  Non-‐invasive	  
� Minimizing	  the	  amount	  of	  direct	  input	  and	  ac@ons	  from	  
users	  

�  Project	  Scope	  
�  Take	  away	  food	  

�  High	  data	  accuracy	  and	  reliability	  
� Heterogeneous	  IoT	  sensors	  

�  Scalability	  
�  Cloud	  and	  Fog	  Compu@ng	  

46 



FOG FOG 

FOG-Engine: Decentralized Hierarchical Big Data 
Processing on the Edge 

Data Processing, Mining, Storage, and Visualization 

CLOUD 

Network Access Network Access 

R
aw

 
da

ta
 

. . . 

R
aw

 
da

ta
 

. . . LAN: very high b/w 
(x1GB/s) 
MAN: high b/w 
(x100MB/s) 

WAN: low b/w (x10MB/s) 
Data Preprocessing  
& Analytic 

FOG-Engine: Data Analytic 
micro-Engine 

IoTs 

Network of Sensors and Actuators (Physical World) 47 



Fog	  Compu@ng	  

�  The	  Fog	  	  
�  extends	  the	  cloud	  compu@ng	  paradigm	  to	  the	  edge	  of	  the	  
network,	  	  

�  enables	  a	  new	  breed	  of	  applica@ons	  and	  services	  	  
�  an	  appropriate	  solu@on	  for	  the	  applica@ons	  and	  services	  that	  
fold	  under	  the	  umbrella	  of	  the	  IoTs.	  

�  Benefits	  	  
�  low	  latency	  
�  loca@on	  awareness	  
� widespread	  geographical	  distribu@on	  
� mobility	  support	  
�  the	  strong	  presence	  of	  streaming	  and	  real-‐@me	  applica@ons	  
�  heterogeneity	  
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Architecture	  of	  Smart	  Nutri@on	  Monitoring	  System	  	  
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IoT	  Components	  

�  Raspberry	  Pi	  3.0	  x	  6	  
�  	  emteria	  OS	  

�  8MP	  Camera	  x	  5	  
�  Smart	  Scale	  x	  1	  
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System	  Prototype	  
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System	  Interac@ons	  
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RESTful API 



Conclusions	  and	  Future	  Works	  

�  Smart	  nutri@on	  monitoring	  system	  
� Heterogeneous	  IoT	  sensors	  
� Non-‐invasive	  
� U@lizing	  Fog-‐engine	  

�  Future	  works	  
�  Innova@ve	  Machine	  Learning	  for	  food	  detec@on	  and	  
food	  classifica@on	  

�  System	  valida@on	  and	  verifica@on	  (by	  die@@an)	  
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Sustainable	  Development	  Goals	  
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No Poverty 

Zero 
Hunger 

Effective 
Food 

Production 
and 

Distribution 

Good 
Health and 
Well-Being 
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