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Geodatabase and Web-GIS as decision 

support system for precision agriculture: 
Theory and Application

By:

Dr. Sarawut Ninsawat

Remote Sensing & Geographic Information Systems (RS&GIS) FoS

School of Engineering and Technology (SET)

Asian Institute of Technology (AIT)

=Part II Web GIS Technology=

Background

• Geoinformatics

• The art, science or technology dealing with the acquisition, 

storage, processing production, presentation and dissemination 

of geo-information

• Branch of Geoinformatics

• Cartography, Geodesy, GIS, GPS, RS, Photogrammetry etc

• Technology 

• Database Management System, Grid or Cloud Computing, 

GPU computing, Networking, WWW, Web Services etc.

• LBS (Location Based Services), Car Navigation, 3DGIS, 

Augmented Reality (AR) world, Web Mapping etc.
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Background (2)

• It has been used as a powerful tools for decision makers such 
as Environmental monitoring, urban planning, Disaster 
prevention and business purpose.

• The potential of Geoinformatics has not been fully realized in 
the sense that data accessibility, integrity and collaborating 
with other departments.

• Internet make it “open“ for accessing

– Only usual Web browser, user can access data from anywhere

• Establishing a scheme to share and integrate geo-spatial 
information.

– Contribute for the use of Geoinformatics in the society 

Geospatially-Enabled IT

General IT

Geospatial
Enabled

2005/2006

General IT

RS&GIS

• Public Accessing and Collaborating with other 

departments

• Fully utilization of geospatial data
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Why Mapping on the Internet?

Ideal environment for collaboration and distribution of spatial information.

GIS in difference platform

• Web GIS on Mobile as LBS

Internet GIS

Mobile 

Devices

Mobile 

GIS

Mobile 

Internet

Web 

GIS

LBS
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Number of
Users

Cost

Functionality

GIS platform

Internet
Viewer

Hand-Held

-Web Mapping App, 

GoogleMaps, ArcGIS server, 
Autodeck Mapserver

-ArcPad, OnSite, MapXtend, Car Navi

Desktop
-ArcPad, OnSite, MapXtend, IntelliWhere, QGIS, 

MapWindow, uDig, gvSIG

Professional
-ArcGIS Professional, Autodesk Mapguide, GRASS GIS, 

What is Web GIS

Web GIS is a type of distributed information system. The simplest 

form of Web GIS should have at least a server and a client, where 

the server is a Web application server, and the client is a Web 

browser, a desktop application, or a mobile application. [ESRI,2011]

Internet

URL

Web GIS Server

Web Browser Client

Desktop Client

Mobile Client

HTTP
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Web GIS functions

• Web Mapping (Visualization)

• It is a common and important functions of Web GIS.

• Query

• Asks for information about features display in the map.

• Point-based queries on map data is a common task.

• Collecting/Editing geospatial information

• Allow down-to-top information flow

• Crowdsourcing – up-to-date information

• Dissemination of geospatial information

• Wide distribution of information

• Seamless : No need to know servers, Dynamic Link to Server, No Need 
to Copy Huge Dataset

• Analysis

• Provide analytical funcations

Complexity

Advantage of Web GIS over desktop GIS

• Global accessible

– Web remove the constraint of distance

• A large number of user

– Desktop GIS is used by only one users at a time, while Web GIS can be used by 

dozens or hundreds of user simultaneously.

– Proven collaboration environment

• Better cross-platform capability

• Low cost as averaged by the number of users

– Investment on server-side to support many users

• Makes spatial data accessible to non-technical people 

– User expect Web GIS as easy as using a regular web site

• Unified Update

– Simplifies software and application code  versioning and upgrades

• Diverse application

– Broad user needs drive the innovative applications
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Fundamental Architectures

Basic Web GIS

• Red Dot Fever

• The basic purpose of mapping is 

– “To indentify the location of Area/Features of Interest” 
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Large dataset

• For one meter resolution 
remote sensing image

– 6 MB per sq km.

• India’s area

– 3 million sq km.

– Require space around 17 
TB

• Limitation of Mobile device

– Processing

– Ram

– Storage

Image Map Rendering

Airport.shp

Lake.shp

Town.kml

Map.tiff
Result.png

File Size: 54,281 Bytes

Image Size: 600 x 600 pixels
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Mapping Applications

A mapping application is a web component/page (HTML, PHP, JavaScript etc.) 

that handles requests/responses to and from the mapping server.

Typical functionality includes handling navigation panning/zooming, layer 

management, attribute queries and advanced processing tasks (buffer, 

distance calculations, etc).

Mapping applications 

On Web Server Access via Web Browser Client

On Local machine Desktop Application Client

Map Display

Pan Control

Zoom Control

Layers Control

Processing 
task

Attribute query
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Locator map

Query/Search

Scale bar

Legend

Extensible Mapping Applications:

– ESRI WebADF/JavaScript API

– Google Maps API /ArcGIS JS Extension

– Google Earth API

– Bing Maps API /ArcGIS JS Extension

– Bing Maps Silverlight API (Microsoft)

– Flex (Adobe) / ArcGIS Extension

– Yahoo Maps API

– OpenLayers API

– ArcGIS for iPhone API 

Thousand lines of code are written to perform a fruitful Mapping applications. 

Extensible Mapping Application tools helps developer to easily perform a 

common task (layer control, zoom-to-extent, query etc.) and allow them to 

customize the functionalities as well.
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File-based Data Sharing

• Consider about “Time-critical applications” scenario

– Major tsunami bearing down on the Southeast Asia Coast

– As Chief Information Officer (CIO) you are required to put together a web 
site for citizens with things like tsunami shelter, route map and other map 
information

– You don’t have those data, what do you do?

– Tell your boss, “Sorry, I can’t do that”

– Or Get on the phone/Internet and try to download the data

• Results

– Slow and High Cost

– Data are not up-to-date

– Redundancy

– Ownership, License

OGC Web Services (OWS)

• OGC Web Services (OWS) specification

– Exchange geospatial data and functionalities as web 
service

– Rich query interface

– Self Described

– On-demand

– Interoperability

– Reusability

– Scalability

Web Map

Service

Web Coverage

Service
Web Feature

Service
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OGC Web Services (“W*S”) Pattern

What 

can you 

do? GetCapabilities
Here… 

read this.

<Service> 

…

</Service>

<Capabilitiess>

…

</Capabilitie>

<Layer>

…

</Layer>

Capabilities Document

Great! Give 

me data

Get Map, Feature, or Coverage

Data
Here you 

are….

-Spatial Query
-Temporal Query

• Web Browser

• Web Application

• Desktop Software
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Ownership : GISTDA&RTAF

WMS : Indian Ocean Tsunami 2004

Sensor Web Enablement (SWE)

• Different real-time acquisition system
– Different makers , Different architecture

– No standards

• Sensor Observation Service (SOS)
– Accessing observation from various type sensor system in a common 

manner

– Compliance testing of standard web service with heterogeneous system

GetObservation

Observations/Measurements

SOS

PICNIC

Live E!

Field

Server
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Sensor Observation Service (SOS)

Figure from http://52north.org

SOS for Radiation monitoring sites around 
North Ibaraki region

•On-demand

•Scalability



20/09/59

14

• Web Processing Service (WPS) 

– OGC launches a specification as Version 1.0.0

– Provides client access to pre-programmed 
calculations and/or computation models that 
operate on spatially referenced data

– The result of request process are available to 
download for further analysis at user’s machine.

• GetCapabilities, DescribeProcess, Execute

Web Processing Service (WPS)

WFS WCS GeoTiff, GML

Web Processing Service Server 

User

Execute Request

GML 

or GeoTiff Result

Web-Mapping 

Application

GML GeoTiff

• Turbidity index and Sea Surface 

Temperature calculation

P
y
W

P
S

 In
te

rfa
c

e

GML

Shp

GeoTiff

PostgreSQL

/PostGIS

GRASS GIS

Turbidity 
index

SST

Software
tools

• ASTER satellite image from Web 
Coverage Service

WQI

Buffer

Routing

Reclass

…

…
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Spatial distribution of Radiations
• Legacy code from :Y.Ishihara (RISE/NAOJ)

• Data source : CSV

• Preprocess

• New Approach :  WPS + SOS

SOS Server

WPS Server

Client

Sensor

WMS, GIF89a, SVG, 

Flash, AVI

WPS Server 2

Fourth Research Paradigm : 
eScience

1. Thousand years ago – Experimental Science

– Description of natural phenomena

2. Last few hundred years – Theoretical Science

– Newtons’s Laws, Maxwell’s Equations  etc.

3. Last few decades – Computational Science

– Simulation of complex phenomena

4. Today – Data-Intensive Science

– Scientist works with data sets from many different sources

• Data captured and generated by instruments, sensor networks  and simulations

– eScience is the set of tools and technologies to support data federation and 
collaboration

• For analysis and data sharing

• For data visualization and exploration

• For scholarly communication and dissemination

Jim Gray on eScience: a 
transformed scientific method

32
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Field Survey 

with Laboratory 

Satellite

Data Logger

Smart Sensor 

Internet

Data Center

Geospatial Data Gathering

Satellite RS & Ground-based
• Benefit of satellite RS:

– Cheap and rapid over large geographic area

– Regional coverage and broadly spectral resolution

– Continuous acquisition of data

– Archive of historical data

• Limitation of satellite RS:

– Interference of atmospheric gaseous and particles

• Absorbing (H20, O3 etc.) and Scattering ( mainly by aerosol particles  such as dust, ash and 

smoke)

– Not direct sample of the phenomenon.

• Ground-based observation:

– Direct sample of the phenomenon is possible

– Real-time or Near Real-time observation

– High temporal resolution

– Expensive for wide area observation

• Data Federation, Cal/Val (Calibration/Validation)

3
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Research Needs

• Lack of comprehensive framework with ease 
of use to the end-users. 

• Huge amount of effort from user such as

• Prepare, analyze and process both of datasets to achieve 
final results.

• High requirement of user skills and sufficient computer 
support system.

Satellite Field Integrator (SFI)

– Supports heterogeneous data formats in both remote sensing and sensor 

observation data

– Scalability to handle the increasing number of datasets currently available.

– Offers a robust, on-demand processing service

3

• Design to reduce the onerous 
tasks of 

– Data gathering

– Manipulating

– Processing
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Lake Rotorua monitoring

• Global Lake Ecological Observatory Network (GLEON)

• Pacific Rim Application and Grid Middleware Assembly 

(PRAGMA)

• Monitor and improve of lake health

• Since 2007-07-13 every 15 minutes

Figure from http://www.lernz.co.nz/gallery/lakerotorua.html

Sensors Make/model Depths

Water temperature Apprise TempLine 0.5 - 20.5 

every 2m

Dissolved oxygen D-opto 0.5, 20

Chlorophyll Seapoint/Trios 1

Phycocyanin Trios 1

Climate Vaisala WXT510 n/a

GLEON Sensor and MODIS : SST 

GLEON Sensor  : Surface Temperature and
MODIS Satellite remote sensing : Surface Temperature
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Band ratio from Satellite imagery

Lake Okareka

Lake Rotoiti
Narrows

Lake Rotoiti
Crater

Lake 
Rotorua

WMS

SOS

WPS

Data Driven Approach

• Avoid Complex formula work

Air Temperature

• Air temperature near the Earth’s surface

• Key variable for several environmental models.

• In most case, Spatial interpolation from sample point of
meteorological station is carried out

• Based on Land use, Elevation etc.

• Uncertainly interpolation : Limited density of station

MODIS Land Surface Temperature

• Derived from Two Thermal infrared band channel

• Not a true indication of “ambient air temperature”

• However, there is a strong correlation between LST and air
temperature

• Evaluation of a correlation between the measured air temperature
from meteorological station and LST can estimated air
temperature.
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ESAT Map  Application

Scatter plot &

Evaluation equation

Air Temp. Map
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Gross Primary Productivity

GPP = FPAR x LUE

GPP : Gross primary productivity

FPAR : Fraction of absorbed photosynthetically active radiation
LUE : Empirical light use efficiency factor (gCMJ−1)

Light, Tree

Min (Temperature)
Water  availability

MOD17 GPP

Flux tower

40m

20m

10m

30m

-0.01-0.05
-0.1

-0.2

-0.5

40m

20m

10m

30m

-0.01-0.05
-0.1

-0.2

-0.5

40m

20m

10m

30m

-0.01-0.05
-0.1

-0.2

-0.5

Sakaerat (SKR), Thailand
- Tropical seasonal evergreen forest
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・The prototype system will done with observation in Japan, Taiwan 
and Thailand.
・The success of study will extend sensor network to regional and 
global FLUX group.

Field Observation data
(Primary production, daily)

MODIS Product
→ Vegetation Index （EVI，NDVI）
→ GPP, FPAR

(Nagai et al., submitted to IJRS)
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Applying to same forest type 

for GPP map.

Saigusa et al. (2008), AFM
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Satellite / Field data study
Empirical approach
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Location-based services (LBS)

LBSs are information services accessible with mobile devices

through the mobile network and utilizing the ability to make

use of the location of the mobile device. (Virrantaus et al.

2001)

Components of LBS

1. Mobile Devices 

2. Positioning Component

- Global Positioning System 
(GPS)  

3. Communication Network 

4. Service and Data Provider 

User-Reported

IP Address

RFID, NFC

Wi-Fi

Cell Tower
Satellite/GPS

Location Data

Smartphone

Addresses and zip codes can be translated into geographic 

coordinate

Users register for mobile apps

Requires a data connection

Connect to the 

tower with the 

strongest signal

Wi-Fi has to be on

Wi-Fi signal 

strength 

convert to 

coordinate

IP address passed through a ISP DB

Cell Tower signals and location are triangulated

Coordinate 

registered 

in tagClose 

distance is 

required

How Location Data are Collected
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47

Mobile Application

PDA

Mobile

PhoneGPS

Bluetooth

Ubiquitous GIS/Mobile GIS

Provide powerful functionalities

 Asset management

 Pipeline Risk Identification

 Water Consumption Analysis

 Billing Analysis

Smart PWA mobile application 

on
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Serving via WMS

GPS locationScreen capture and Email

Old pipe

Old meter

Leak pipe freq Meter by state

Analyze

Location-based services

• Applications of LBS 

– Information service 
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Location-based services

• Location-based Social Networks

 User login with Facebook account (Single Sign-On)

 Select type of disaster and level for notification

 Notification based on users including check ins, hometown, current town etc.

 User can selects concerned friends from the list which are linked with FB account.

 Spatial analysis of large friend network and spread location must be rapidly 
completed.

52

Integrating Social Network to Disseminate Disaster Information 

Based on User Preferences and Location Information

Email notification contains a link to visualize 

the location information of the earthquake and 
the locations of the affected friends.
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What is Augmented Reality (AR)?

Augmented Reality (AR) is the technology which can 
direct or indirect real-time represent contents in a view 
of physical with real world environment via a camera of 

a device such as smartphone, tablet and computer.

• Combines real-world environments and virtual reality
•Real-world environments can interact with virtual objects.

• Virtual objects will respond to real-world physical  actions.
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Virtual Reality

Augmented Reality
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AR Components

AR

Camera 
devices

Monitor

AR marker 
or AR code

Service and 
Data 

Provider
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• Mitsubishi Electric MeView AR Enterprise App

– http://augmentedworldexpo.com/auggie-award/best-ar-ent/the-mitsubishi-electric-meview/

http://augmentedworldexpo.com/auggie-award/best-ar-ent/the-mitsubishi-electric-meview/
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Device

Google AR Glasses

http://www.youtube.com/watch?v=9c6W4CCU9M4

http://www.youtube.com/watch?v=9c6W4CCU9M4
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• Pioneer's AVIC-
ZH09

AR Car Navigation
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Using Mobile Augmented Reality for Urban 
Design

Courtesy from “Using Mobile Augmented Reality for Urban Design by Mark Billinghurst, Gun Lee, HIT Lab NZ, University of Canterbury”

Before/after earth quake at 
Christchurch/NZ

AR for underground

Courtesy from “Using Mobile Augmented Reality for Urban Design by Mark Billinghurst, Gun Lee, HIT Lab NZ, University of Canterbury”

Using Mobile Augmented Reality for Urban 
Design
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Temple popup in AR View 

3D model in AR View 
Description 
information

Info by Image 
recognition

LBS & AR Technology for 

Historical Tourism on iOS 
Platform

Augmented POI

-Title

-Thumbnail

-Distance

• The developed application can be utilized as the 

tourist assistance in historical place to augment the 

knowledge of tourists and to make impression of 

users by the new technologies.

• Several advantages as described followings

 Mobility

 Easily maintenance

 Multi-language supports

Surrounded 

POI 

(GPS,Compa
ss)

IndoorNavi: Hybrid Indoor Navigation System based 

on WiFi and NFC Positioning Techniques

• AR sign direction

• Indoor Navigation

C. Sirirattanapol, S. Ninsawat and N. K. Tripathi, M. Nagai (in

press). IndoorNavi: The Hybrid Indoor Navigation System based

on WiFi and NFC Positioning Techniques. International Journal of

Geoinformatics.
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Crowdsourcing

Open Street Map : The Free Wiki World Map

Before Earthquake After Earthquake

Crowdsourcing
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Crowdsource Map Pokemon location

Investigation of the Appropriate 

Approach to Generate the Noise 
Level Map from Crowdsourcing

 Noise pollution is the important issue 
that affects the health problems.

 Latest noise level map in BKK is in 
2001.

 Costly and timely process

 Crowdsourcing for noise pollution is 
applied to monitor sound levels by 
using smartphone with 

 Microphone -> Sound level

 GPS-enables -> Location

 Clock -> Time

Source : Department of Environmental 

Quality Promotion (DEQP) (2001).

Seven mobile devices were used

for collecting data

Samsung galaxy 

s3

HTC One X

Acer ICONIA TAB  

A500

Samsung galaxy 

mini

LG P500

Sony Xperia 

S
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Sound level map in Thammasat Rangsit 
campus from crowd sourcing survey

C. Mahakant, S. Ninsawat, N. Kumar Tripathi and M. Nagai 

(2014) Investigation of the Appropriate Approach to Generate 

the Noise Map from Crowdsourcing. In: The 1st International 

Conference on Geo-informatics for Graduate Students and 

Young Researchers, 9 – 11 June 2014, Chaing Rai, Thailand, 7 

pages.

Smart Survey

Captured the image using 
camera

Calculate Yield from input 
data

Input field data

Supporting tools for regularly field survey

tasks. The GPS, camera, mobile network

communication of device will facilitate the

staff and increasing performance, accuracy

of data capturing operation.

Registered cane farms within 
800m from user location 

800 
m
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Cane GIS (completed)

Cane (ongoing)

co-PI with Dr Matthew 
Dailey

Cane GIS 2015 (ongoing)

Simultaneous 
update Map

Crowd sourcing agriculture field data 

collection system using LBS and AR 

 Paper-based forms are mostly used

 Inconvenience, time consuming, error prone

 Support the concept of crowd sourcing or VGI 

 Farmer, land owners and local volunteers can afford for data 

collection process.

 Assigning different status of jobs availability

 The agriculture fields were always existed in vast area

 Label or sign of each agriculture plots are not practical available.

 The virtual tag representing the plot 
location can be augmented in real 
world environment scene

 GPS, compass, camera and display 
screen of smartphone.

Manuscript in topic of “Development of crowd sourcing 

agriculture field data collection system using Location-

Based Services (LBS) and Augmented Reality (AR) 

technologies” is being submitted to an International Journal 

of Computers and Electronics in Agriculture
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Thank you

sarawutn@ait.ac.th


