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A Novel Cloud based Data Analytics
Framework for effective Crop Management

Balgji Prabhu B.V* Dr. M Dakshayini**

Abstract : Today in developing countrieslikelndia, inthefield of agriculture, farmers arefacing many problems.
Some of them are, imbalance in demand for and production of crops (Demand Supply problem) due to which,
ether farmer failsto get good market pricesfor their crops or consumer suffers with high prices. In addition to
that, Indian agriculture has been defined as “gambling with monsoon” and also there is no reliable and easy
accessto required information like predicted demand for crops, weather forecasts, pest control and management,
fertilizer usage and agriculture expert/ scientist consultation. As there is no provision for farmers to have
expert’s consultationin crop cycle and management, farmersfailsto takearight decision in growing appropriate
crop for which there could be a demand. Farmers are not well connected to the agricultural scientists/experts
through common forums where they can discuss/exchange their good practices and issues. Hence there is a
need for a consolidated farmer’s crop calendar system through which farmer community can be provided with
an educated decision support mechanism with relevant information while choosing crops. This paper proposes
anove Cloud based data analytics framework and an effective crop management system providing an opportunity
for farmers to get connected themselves to the expert’s consultation forum. So that, demand of the consumers
and supply from the farmers could be greatly balanced.

Keywords : Agriculture, Farmer, Supply and Demand, Weather Forecast, Pest Management, Fertilizer, Crop,
Cloud.

1. INTRODUCTION

Big Dataplaysakey roleinintegrating the technologies being developed acrossindustriesin the recent years.
Big Dataisacollection of appropriate datafrom the huge number of sourcesand also trandating the sameinto
actionableinformation toimprove various professond methodsand insightfully solve problems at scaleand speed.

By consdering agricultureasamgor living in I ndia, wherefarmersand agribusinesses have to make numerous
decisonsevery year to makefarmers, market people and the public happy. Inthisregard, agricultureaso hasbeen
anobvioustarget for big data. Inthe current scenario, perhaps unpredictable dimate, unorganized and un-matching
supply-demand for required crops and conditional prices of the crops are making it all the more relevant for
agriculturaligtsto use any beneficia information in making critical farming decisons. This paper proposesanovel
Cloud enabled dataanalytics framework for integrating 10T, Cloud technology with Big Data providing data
analyticsasakey serviceto achieve smart Agriculture tackling the problem being faced by farmers.

Therest of the paper isorganized asfollows. Section 2 givesabrief introduction to related work and aso
satestheneed for proposed Cloud based DataAndytics Framework for effective Crop Management. Section 3
discussesaproposed DataAnalytics Framework for effective Crop Management. Section 4 describesthe Data
Analyticsmode to match the demand for and supply of crops. Section 5 concludesthe paper.
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2.RELATEDWORK
2.1. Big-Data

Big - datacan be referred asamassive volume of datawhichis not easy to store, manage and processwith
thetraditiona datamanagement tools[1-2]. According to Gartner big datacan be defined intermsof 3Vs(Figure
1) ashigh velocity, high volume and high variety of data[3]. InthreeVVsvolumerefersto sizeof thedatawhichis
very largeinterms of petabytes and zetabytes, velocity refersto the speed of thedatawhich isarriving at ahigher
speed, and variety refersto the different forms of datawhichisbeyond the structured dataincludes unstructured
and semi sructured data

Volume

Big
Data

Variety Velocity

Fig. 1. The Three Vs of big data.

Performing operationslike storage, access, analysis and processing of big complex datawith traditional
algorithmsis becoming much moreintricate and inefficient. Hence, new tools and methodologies need to be
developed in order to store, analyze, manage and processthisbig datain a secure and efficient manner. Arriving
rate of suchvaried dataisvery high and hence many organizations may not be capableof (i) handling thishugedata
flow to maketheinformeation useful and (i) investing for hugeinfrastructurerequired. Resulting big dataenvironments
require new tools and methodologiesto be developed to processthe huge volumes, highvelocity, and diverse
formatsof big data.

2.2. Cloud Computing

Cloud computing isthe ideal technology for storage and computing services over the Internet [4]. Cloud
services permit individuals and businesses to use software and hardware that are managed by third parties at
remotelocations. Thecloud computing model alowsaccessto information and computer resourcesfromanywhere
that aninternet connectionisavailable. Cloud computing providesashared pool of resources, including data
storage space, networks, computer processing power, and specialized corporate and user applications.

2.3. Cloud IsA Better Enabler For Big DataAnalytics

Cloud computing technology providesanided platformfor big datastorage, dissemination and interpreting
with itsgreat computation power. Theflexibility and elagticity of the cloud technology makesit essentia for big deta
analytics, the practice of chomping huge volumes of unstructured datato identify patterns and develop better
corporate strategiesmakesit suitable for Big Dataanalytics. Cloud hasalready deployed on poolsof serversand
networking resource, processing and anaysis can be supported with these valuable resourcesthrough provisioned
cloud solutions[5-6].
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I nthe cloud computing environment, the anaytics can be offered asaservice[ 7- 9] which providesacost
effectivedternativefromthe point of both developersand consumers. The cloud platformtransformsanayticsinto
a‘utility’ that can be accessed by end users on a use-and-pay scenario. All these beneficiary features of acloud
makeit asan efficient platformin addressing the solutionsfor big data problems.

Most Cloud based business applications have used dataanayticsto help direct their strategy to maximize
profits. Dataanalytics helps iminate much of the guesswork involved intrying to understand clients, instead
systemically tracking data patternsto best construct businesstacticsand operaionsto minimizeuncertainty. Thisis
also trueinthefield of agriculture where weather, market prices, crop yield, diseases and soil management etc.
variesinafast phase inwhich farmer needs an expert’s valuable suggestion and support mechanismto takean
educated decison. Currently thereisno such forumto provide theformerswith thetimely relevant informationand
hencethere isno synchronization in production and demand dueto which either farmer fail to get good market
pricesor consumer suffershigh pricesdueto less production (Demand Supply problem).

Based on the survey made, today one of the main reasons for Indian farmersto incur losesis due to the
variationin demand supply of crop productioninthe market. In spite of reliable agriculturerelevant dataavailable
from government sources[10-12], farmersinIndiacurrently facing thefollowing problems

» Demand Supply management Problem : No synchronization in production and demand dueto which
either farmer fail to get good market pricesto their produce or consumer suffershigh pricesdueto less
production.

* Inefficient of Crop management : Thereisno reliable and easy accessto wesather forecast servicesdue
towhichfarmersincur productivity loseswhilemanaging crops (pest management, fertilizer usageetc.)

» Lack of Expert/Agricultural Scientist Consultation : There is no expert’s consultation in crop
management dueto which farmersfail to control diseases, take appropriate actions based on weather
changes and soil testsetc. (mostly standard reminder services based onindividual crop habits)

 Lack of Knowledgeabout new techniques: By providing rdlevant and easly accessibletraining resources
farmers can gain/share knowledge in new techniques and methods of crop management.

» Lack of accessto reliable market : Thereis aneed for an easily accessible and reliable platform
through which users can purchase or barter farmer equipment or accessories.

* Nonexigance of common forum for information exchange: Farmersare not well connected through
common forumswherethey can discuss/exchange their good practicesand issues.

According to the survey made, most of theresearcher has dealt with various data analytics domainslike
commerce, business, society administration, scientific research and health careissuesof big data. Most of the
research work ismoving towards developing frameworks, algorithmsand basic technologiesfor providing solutions
to thedifferent domains of dataanalytics. No work hasbeen found out to provideasolutionto Agricultura issues
with dataanalytics. Thispaper proposes anideaof using cloud as better enabler inproviding efficient framework
for developing anovel cloud based data analytics framework for effective crop management. Demand supply
problem isthe basic challenge being faced by farmer’s community in I ndia due to which, they do not get good
market pricesfor thetheir crops. So the ideaof integrating the cloud asabetter framework for developing and
offering adataanalytics asaservice could addressthisproblem. Hence thereisaneed for aconsolidated farmer’s
crop management systemthrough which farmer community can be provided with an educated decision support
mechanismwithrelevant information while choosing crops.

3.PROPOSED DATAANALYTICSFRAMEWORK

Table 1 shows the sample demand and supply data[in Million tons] for some selected crops of state of
Karnatakafor thefinancial year 2015-16[10]. Table 1 also showsthe gap between the demand for and supply of
some samplecrops, dueto which, either farmersarefailing to get good market pricesfor their cropsor consumer
aufferswith high pricesdueto less production. The graphical representation for thetableisshown inthe Figure 2.
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Table 1. Demand and Supply of cropsfor theyear 2015-16.
Crops Demand in 2015-16 Supply in 2015-16 Gap in Demand
Million tons Million tons SupplyMillion tons
Rice 110 102 -8
Whesat 89 98 +9
Tometo 55 30 25
Coarse Cereds 36 45 +9
Cereds 235 245 +10
Pulses 22 20 -2
Food grains 257 265 +8
Oilseeds 59 36 -23
Sugarcane 279 380 +99
Onion 62 35 -27
Potato 25 12 -13
Demand-Supply Gap Analysis of Crops in Karnataka for the year 2015-16
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Fromthesurvey and the analysis made it has beenfound that there exist agap between supply and demand
for and supply of crops. For examplethe demand for the vegetable tomato for thefinancia year 2015-16is55.70
lakhtons, but the supply for the sameyear is30.49 lakhtons, it shows 25.21 lakh tons of shortagein the supply of

Fig. 2. Bar graph showsthe demand and supply of the cropsfor thetable 1.

tomato for theyear 2015-16.

Dueto thisincompatibility between demand and supply, either formersmay not get expected rate/profit or
consumerscould suffer with high price. This problem could betackled by developing appropriate dataanalytics

Theamisto desgn and develop adedicated, reliable, cost effective, cloud based decision support system
with efficient dataanalytic framework throughwhich farmer community can obtain al their day to day informetion
at one place without too much technological hasslesand preferably in their language. Thefigure 3 showsthe
proposed framework for data analyticsto help the farmer community to get the better market pricefor theirs

crops.
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This proposed data analytic frame work consists of 4 modules, they are Data sourcesmodule, Unstructured-
structured Data-base module, and Distributed cluster based datastorage module and Dataprocessing and analytics
module.

StaticData Sources

Spark
sQL
Spark Reports
Streaming Recommendations
::: CAZ Predictions
@ m -5 Spork MLlib Visualization
(Machine
. Dashboards
Learning)

Streaming Data Sources

Fig. 3. Proposed Framework for data Analytics.

3.1. Data sources M odule

1. Streaming Data Sourcescould be:

* internal recordssuch as sensors data, datafrom the deviceswhich are deployed inthe agricultural
fieldsto measure soil dampness and nutrient density, data from the devicesfitted to atractor to
measure crop yields, datafrom predictiveweather stations, and image-capturing satellitesand drones
mapping out land and measuring crop health. Collectively these datasets can beconsdered asloT
datasources.

» Weather datafrom different weather forecasting websites likeAccuWeather.com

2. Static Data Sourcescould be:
 Externd sourcessuchasgovernment sources, datacollected from the marketsregarding the consumption
of goods.
« Database containing the type of soil which providesinformation onthe soil propertiesthat are present in
agivenlocationor planting area.
 Database containing ahistoricd rainfall records.

3.2. Unstructured tostructured Data-base module

Datacollected fromvariousdatasourceswould beinunstructured format. Thisunstructured detais converted
to structured formand stored in HBase. HBase [ 13] isascattered column-based database assembled on top of
the Hadoop file system designed to providerapid random access to huge amounts of structured data. It influences
the fault tolerance provided by the Hadoop File System (HDFS). Data could be stored in HDFSeither directly or
through HBase. user reads or accessesthe datafrom HDFS randomly through HBase.
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Apache Kafka[14] isadistributed PUB-SUB [ publish-subscribe] message communication systemand a
strong queuethat can handle ahuge dataand alowsusersto pass messagesfrom one end-point to another. Kafka
isappropriatefor both offline and online message communication.

3.3. Distributed cluster based data storage module

HDFS[15] storesand handleshuge amount of dataand providesflexible accessmechanism. Inorder to store
suchlarge volumeof data, thefilesare stored acrossmultiple clusters. Thesefilesare stored in redundant manner
to rescuethe possible datalossesin case of any failuresinthe system. InHDFS applications arealso availablefor
parallel processing.

3.4. Data processing and analyticsmodule.

Apache Spark [ 16] isavery-fast cluster based computing technology, mainly designed for quick computation
which is based on the Hadoop Map-Reduce concept. The main feature of Spark isitsin-memory cluster
computing that risesthe processing speed of an application.

Spark containsthedifferent toolssuch as

1. Apache Spark Core: Spark Coreisthefundamenta common executionengine for spark sysemupon
which all other functiondlity is built. It offersIn-Memory computing and referencing datasetsin periphera
storage structures.

2. Spark SQL : Spark SQL isamodule ontop of Spark Corethat containsanew dataabstraction caled
SchemaRDD, which offersasupport for structured and semi-structured data.

3. Spark Streaming: Spark Streaming controls Spark Core'sfast scheduling ability to achieve streaming
analytics. It readsthe datain mini-setsand performs RDD (Resilient Distributed Datasets) conversions
onthosemini-setsof data

4. MLIlib (MachineLearningLibrary): MLIlibisadispersed machinelearning module of Spark which
offersamachinelearning library to the datasets.

5. GraphX : GraphX isadispersed graph-processing module of Spark. It offersan API for conveying
graph computationthat can mode the user defined graphsviaPregel abstraction API.

Datafromthedifferent sourceslike static dataand real-time datacontainsthe datain different formats. This
data hasto be preprocessed before applying the andytics So the datasetsfromthese datasourcesaretransformed
and loaded into the structured format in HBase or Kafka. Inthe next modulethe structured dataisloaded into
HDFSto thedistributed datastorage to processthe datain distributed way, which enablesthe parald processng.
The SPARK moduleisused to apply the analyticsto the data sets stored in the HDFS to processthe dataand
extract theuseful information to obtain theresults. Oncethe SPARK module produces theanalyticd resultsthese
aresent back to the user inone of theformet likereport, visudization, prediction, recommendations or dashboards.

Key decisionsthat Analytics helpsfarmersto makeinclude when and how muchto irrigate afield, based on
soil moisturedata, weather predictions, and crop hedth, and planting and harvesting decisions, based onyield data
or weather. Fertilizer applications can be much more prescriptive, based on factors such assoil nutrient dengty,
enabling farmersto save money on areasthat don’'t need asmuch, but also optimizeyield acrossa property.

Big dataanalyticscandso dert farmersto problemsonacertainfield, such asapest infestation, or drought
conditions, reducing the need for manua checksof every piece of land regularly. With existing and increasing labor
shortagesin agriculture, the ahility for big dataanalysisto create efficiencies that reduce the need for physical
manpower isabig benefit for theindustry particularly for very large scae operations.

4. PROPOSED CLOUD BASED DATAANALYTIC MODEL FOR EFFECTIVE CROPMAN-
AGEMENT SYSTEM

The proposed Cloud based DataAnalytics Framework for effective Crop Management consists of following
units. Kiosk unit for registration. Data store unit is developed for collecting and storing the datafrom various
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internal (sensors), external (Govt. Websitesfor market data) and Weather forecasting data (A ccuWeather.com)
sources. Cloud unit istheonewhere the raw datacollected from various sourcesgetstransformed into therequired
structured form, processed, andyzed and providesthe result asan analytics as servicefor the former asshownin
figure 4. Thishappensby congdering the details given by theformer, previousand current market supply demand
survey detailsand weather data.
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4

Fig. 4. Cloud based Data Analytic Model for effective crop management system.
4.1. Proposed Algorithm

Phasel: Regigration

Step 1: When afarmer think of growing some crop, asafirst step ahehasto register himself at the kiosk
(most common place where people meet very often like dairy in thevillage) by providing the detailslike name,
location, ID proof number (Ex: Adhar) etc.

Sep 2: Once afarmer registered successfully, he will get a unique ID that must be used for the later
communication.

Phase 2: Enquiry

Sep 3: Before deciding the crop to grow farmer hasto crosscheck with the database whether there will be
ademand [How many have planned to grow the samecrop] for that particular crop when he getstheyield.

For exampleif afarmer X wantsto sow tomato crop in January and in the absence of market demand supply
information system he hasno ideaabout other farmer’s choicesand also themarket demand when histomato crop
harvesting garts. If more number of farmersgrow tomato which resultsin excess supply there by demand goes
downresultingin price drop and farmer incursloses.

Sep 4 farmer hasto submit the crop details (number of acresheisgoing to sow aparticular crop, whether
alandisirrigated or non-irrigated and crop variety etc.) whichhewantsto grow at the kiosk.

Phase 3: Grow-Crop-Analytics

Sep 5: Onceafarmer submitted the detailsof the crop, the service manager analyzesthe supply [How many
have planned to grow the same crop] demand [predicted from the data available from government and other
reliable sources(Ministry of Agriculture) and current scenario] and provide apredicted decision back to thefarmer
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If thereisademand
Then grow the selected crop.
else (if morefarmersare selected the same crop)

He will be suggested with someother cropswhichishaving more demand inthe future also suitsfor hisfield
detalls.

5.CONCLUSION

Thefarmersinthe developing countrieslike India, arefacing so many problemslike un-matched demand for
and supply of crops problem, inefficient pest management, and fertilizer usage and crop management. Lack of
expert’s consultationsmay be amain reason for most of these problems. Throughthe integration of cloud, 10T and
big datatechnologieswith the dataanayticsit ispossbleto provide asolutionsto the above problems. Which help
farmersto plan crop cycles, manage crop diseases, and get access to weather forecasting and also provide a
decison support system. This proposed Cloud based DataAnalytics Framework for effective Crop Management
could help thefarmersinmaking appropriate decisonin selecting acropto yield. So that farmerswill not incur loss
inthefarming or consumer will not suffer fromthe high prices.
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