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Abstract. Technologies that are set to increase the productivity of agricultural practices require
more and more data. Nevertheless, farming data is also being increasingly cheap to collect and
maintain. Bulk of data that are collected by the sensors and samples need to be analysed in an
efficient and transparent manner. Web technologies have long being used to develop
applications that can assist the farmers and managers. However until recently, analysing the
data in an online environment has not been an easy task especially in the eyes of data analysts.
This barrier is now overcome by the availability of new application programming interfaces
that can provide real-time web based data analysis. In this paper developing a prototype web
based application for data analysis using new facilities in R statistical package and its web
development facility, Shiny is explored. The pros and cons of this type of data analysis
environment for precision farming are enumerated and future directions in web application
development for agricultural data are discussed.

1. Introduction
World Wide Web has given new opportunities for making static and dynamic websites. With the
advent of new programming languages like HTMLS5 [1] and JavaScript [2], making user-friendly web
applications [3] [4] [5] is getting easier than ever. These advancements lead to the availability of many
web applications that has truly influenced real time decision making. Data driven applications have
also been recently used to facilitate data analysis online. Web Geo-porocessing applications [6]
however have recently gained momentum in the business and research community. True geo-
processing online which consists of accepting user data, processing it the way user requests and
showing the results in a coherent and easy to understand manner has not been widely available to the
developers due to complexity of data, process and visualization. Note that web mapping is different
from web geo-processing that focuses on static online map delivery. In this case the maps pre-
produced and the user can request them online. Most of the online mapping website including
OpenGIS Web Map Service Interface Standard (WMS) is also based on web mapping concept [7] [8].
ESRI ArcGIS has been one of the pioneers in providing the online web mapping services based on
Microsoft technologies [9]. Other companies have followed the lead and have provided facilities that
are mainly tied to huge commercial data base systems and windows web application interfaces.
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Google has recently provided its web mapping interfaces that will let the developers and users to map
their own events and applications over the already existent Google maps and earth [10]. Most of these
applications however lack the complexity that is needed by the geo-processing operations.

In the open sources world, there have been attempts to provide web geo-processing services using
web clients and Python language (as web server) but that initiative did not become widespread mainly
because Python does not have dedicated facilities for the level of statistical analysis of geographic
data. With the advent of R open source statistical programming language [11] and gaining popularity
among the spatial analysis community, and also the introduction of very useful “Shiny” package [12]
that lets the programmers to create applications online, a new opportunity has been shown itself for
creating web geo-processing services .

Precision farming or precision agriculture is highly reliant on the accurate and easy to access maps
for management of variability in the field. Interpolation techniques used in the map making for
precision farming are mostly using complex mythologies and therefore any application that attempts to
provide the users such facility is limited to only a few options that are available within the software
[13][14]. For example low-level ArcGIS interpolation elements are not available to the users to tweak.
The rich data analysis facilities in R gives freedom to the user to access low level parameters that are
necessary in order to create accurate maps.

This paper introduces an attempt to make an online web geo-processing service and mapping for
precision farming using common interpolation and visualization techniques available in R.

2. Methodology

2.1. System Architecture

The interface is consisted of two parts; web interface and web server. Both of these components are
controlled by the code that is written within the frame work of Shiny application in R. The building
block of Shiny package is based on reactive programming [15]. Since the major task of the web
application is to get the inputs and produce outputs, the whole programming language is designed so
that a change in any input whether it is input data or method parameters will change the end result.
The change will immediately be reflected into the form of texts, tables or figures. This is an advantage
for the web applications that rely on user inputs. The shiny procedure can provide different outputs
without the need to refresh the web page.

Within the shiny package, ordinary controllers or widgets are provided for ease of use of
application programmers. Many of the procedures like uploading files and refreshing the page for
drawing new plots and tables are provided automatically. These tasks are done based on the pre-built
output widgets. The communication between the web interface and R is done with fast websockets
package [16]. Websockets are exclusively important in situations where there are constant back and
forth dialogue or data exchange between the clients and servers. Figure 1 provides general overview of
the system components.

The communication between the client and server is done over the normal TCP connection. The
bulk of live data traffic that is needed for many of web applications (i.e. online games) between the
browser and the server is facilitated over the websockets protocol. This protocol operates separately
and only handshake between the client and server is done over the HTTP protocol. The duplex
connection is open all the time and therefore the authentication is not needed when exchange is done.
The websocket is currently supported by many modern browsers.

2.2. Web Interface
The web interface provide means for the user to upload files, change the file reading format and
provide necessary parameters to the R engine to produce the results and then reflecting the results in a
consistent manner.
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Figure 1: System architecture for the shiny application.

2.2.1 Data

The mapping procedure will start by providing the input data. Since the data is geographic by nature,
the coordinates (x and y or Northing and Easting) should be part of the data. Also at least one target
variable should be present in the data so that the interpolation can be done for that variable. Currently
the input format is comma separated values (CSV). This is a very common format for storing the
tabular data and is recognized by R in addition to the commercial data analysis software like Microsoft
Excel. The support for other types of data inputs can be added in the future given the flexibility of R to
accept many types of data.

Some elementary data screening like checking variable names, checking for duplicates in the
coordinate points are done in this stage. In this stage the data also will be converted to specific spatial
point data or SpatialPointsDataframe object [17], [18] so that spatial methods in R can take advantage
of these formats. Most of these activities are done on the server side of the application and therefore
hidden from the user.

2.2.2 Exploratory Analysis.

In this section normal exploratory spatial data analysis is done on the target of interest. As can be seen
in Figure 2, the user must choose a target variable and the histogram, boxplot and distribution of
variable (bubble plot) is drawn in the web page. The plot visualizations are done using elegant
methods in the ggplot2 package [19]. Using these plots the user can decide whether to use any
specific measure in the interpolation like transformation of target variable.

2.2.3 Mapping. In this section the result of interpolation using the standardized kriging for the selected
variable is shown in the form of a map with a legend showing different levels of concentrations. The
interpolation algorithm is currently limited to inverse distance weighting and geostatistical kriging
(ordinary kriging). Other interpolation algorithms like co-kriging, universal and regression kriging will
be implemented in the future. Due to extensive methods and procedures that are available in R, the
program can become a very sophisticated interpolation web app for everyone who is willing to make a
map for agricultural or geological variables whenever the data is available.
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Figure 2: Exploratory spatial data analysis for the given target variable.

Figure 3 shows the mapping panel for kriging method. The variogram of the target variable in
conjunction with the thematic map is shown in this panel. The advantage of this system is that the user
can easily change the variogram and kriging variable and almost instantly see the results on both
variogram fit and the resulting map. This will give an invaluable tool to analysts to fine tune the
variogram and therefore the map. Given the vast potential of R, extending this application to
encompass even minute parameters in modelling and mapping is also possible.

3. Future Direction

R as an extensive statistical programming language has provided suitable means for the spatial
analysis. These methods are created and enhanced by the researchers and are subject to improvement
and enhancement by a global network of researchers who test these methods. Many of the methods
that are available in R for analysis are not implemented in the proprietary GIS software world. The
implementation of shiny package unleashed this potential for web geo-processing applications. This
web mapping application will provide basis to further enhance the analysis methods. The interpolation
and mapping will be extended to encompass many new and older methods for spatial analysis of point
data. New data screening facilities will be added in the future so that using different data methods
(from SPSS files to ESRI shapefiles and geodatabases) will be possible with the Shiny PF app. Also
providing on-the-fly projection for the data and then projecting the data and the resulting map on the
Google maps or Open Street maps will be considered in the future so that the user will have a better
understanding of the data and map. Further visualization plots for the data can also be added to this
web app to enrich its utility everywhere.
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Figure 3: Mapping panel for ordinary kriging method.

4. Conclusion

In this paper we set out to present the feasibility of creating a web mapping application for
precision farming data. Because of the variability in the field, it is important for the farmers
and managers to be able to view the data visually. Because of the nature of agricultural data,
that is geographical, any mapping and statistical analysis and has an added complexity. Given
the vastness of methods that are available in R statistical package for analysis of spatial data
and freedom of the analyst to analyse and map theses data, developing based upon R has
tremendous advantage. The newly available shiny package from RStudio that lets the
developer inter-connect R statistical system to the web interface has opened new horizons.
Developing a complete data analysis and mapping solution however does not come without
challenges. Coordinate systems transformations, variety of data formats, inaccurate and
missing data and complexity of some of the interpolation algorithms are among some of them.
These challenges can be overcome as data collections formats are becoming standardized and
as new upgrades on the statistical methods and web interface are becoming available to the
mainstream data analysts.
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