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History of GIS: Early History of Mapping and
Cartography in Bangladesh

Md. Abeed Hossain Chowdhury, Project Manager, Crop Zoning Project
Bangladesh Agricultural Research Council
Email: abeedchowdhury@gmail.com

Introduction

Geographic Information Systems (GIS) and cartography have played a crucial role in
Bangladesh’s development, from early colonial land surveysto modern satellite-based
geospatial analysis.

1. Pre-Independence Era: Colonial Surveys (1760-1947)

Key Developments:
» 1760s-1800s: The British East India Company conducted the first systematic land
surveys for taxation and revenue collection (e.g., Cadastral Surveys).
» 1850s: The Great Trigonometrical Survey of India (under Sir George Everest)
established geodetic control points in Bengal.
« Early 1900s: Topographic maps were created for military and administrative purposes,
often hand-drawn with limited accuracy.
Legacy:
» Many colonial-era maps are still used as reference documents in land disputes.
» The District Gazetteers included early geographic and demographic data.

2. Post-Independence: Early Modernization (1947-1971)

Key Developments:
» 1950s: Establishment of the Survey of Pakistan, which continued cadastral and
topographic mapping.
« 1960s: Introduction of aerial photography for floodplain and riverine mapping.

Limitations:
* Manual cartography dominated, with slow updates.
» Limited accessibility of maps for civilian use.

3. Birth of GIS in Bangladesh (1971-1990s)

Key Milestones:
« 1973: Creation of the Survey of Bangladesh (SOB), responsible for national mapping.
» 1980: Establishment of SPARRSO (Bangladesh Space Research and Remote Sensing
Organization), introducing satellite remote sensing.
« 1989: First use of Landsat imagery for flood monitoring.

Early GIS Applications:

» Disaster Management: Cyclone and flood mapping.
» Agriculture: Crop monitoring using NOAA AVHRR data.
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4. Digital Revolution (1990s-2010s)

Key Advancements:

» 1991: First digital topographic maps developed by SOB.

« 1997: Digital AEZ map and digitized LRIS by BARC

» 1998: Launch of Bangladesh’s first GIS-based land record system

(DLRS - Digital Land Record System).

« 2000s:
» Google Earth (2005) increased public access to geospatial data.
* River erosion studies using RS and GIS gained importance.

Institutional Growth:
+ Bangladesh Agricultural Research Council (BARC) adopted GIS for soil mapping.
» Local universities (e.g., BUET, KU) introduced GIS courses.

5. Modern Era (2010-Present): Al, Drones, and Big Data

Recent Developments:
« 2013: Bangladesh Satellite-1 project initiated (launched in 2018).
« 2016: Digital Bangladesh Vision promotes GIS for smart agriculture & urban
planning.
« 2020s:
» Drone-based land surveys by SOB.
» Al-powered flood prediction models (e.g., using Sentinel-1 SAR data).

Key Applications Today:
v Disaster Management: Real-time flood mapping (e.g., FFWC uses GIS).
v Agriculture: Soil test-based fertilizer recommendation (Khamari App).
v Urban Planning: Dhaka’s Detailed Area Plan (DAP) uses GIS.

6. Challenges & Future Directions

Persisting Challenges:
» Fragmented data across agencies (SoB, BARC, LGED).
» Limited open-data policies.
» Shortage of skilled GIS professionals.

Future Opportunities:
» National GIS Policy for data standardization.
» Expansion of drone & loT-based mapping.
» Integration with Al (e.g., automated land classification).

Conclusion

From colonial land surveys to Al-driven geospatial analytics, Bangladesh has made
remarkable progress in GIS and cartography. With continued investment in satellite
technology, digital infrastructure, and workforce training, Bangladesh can leverage GIS
for sustainable development, climate resilience, and smart agriculture.

2|Page



GIS and Remote Sensing Works in Crop Zoning Project

Hasan Md. Hamidur Rahman, Director (Computer & GIS Unit)
Bangladesh Agricultural Research Council
Email: h.rahman@barc.gov.bd

Background

> Bangladesh Agricultural Research Council (BARC) has been developing the crop
zoning system for maintaining a sustainable agricultural production system in order to ensure
long-term food security for the people.

> The government of Bangladesh put emphasis on crop zoning based land use planning
in 8" five year plan policies and strategies of the crop sub-sector.

> On February 4, 2021, at the unveiling ceremony of “The 100 Agro Technologies Atlas"
published by BARC, the Honorable Prime Minister of Bangladesh mentioned the necessity for
crop zoning and requested to take action in this regard.

Basic Information

e Implementing Organization:
Bangladesh Agricultural Research Council (BARC)

e Partner Organizations:
1. Soil Resource Development Institute (SRDI)
2. Institute of Water Modeling (IWM)

e Focal Point Organizations:
1. Department of Agriculture Extension (DAE)
2. Bangladesh Agricultural Research Institute (BARI)
3. Bangladesh Rice Research Institute (BRRI)
4. Bangladesh Institute of Nuclear Agriculture (BINA)
5. Bangladesh Wheat & Maize Research Institute (BWMRI)

Objectives

The overall objective is to develop crop zoning in support of GoB’s strategy to facilitate a more
efficient and sustainable agricultural production systems in the context of food and nutritional
security of the country. More specifically the objectives are:

* Provide crop zoning information to agricultural policy planners/ decision makers in
creating a “farm friendly” policy framework to sustain an economically viable agriculture
sector through conserving and protecting farmland for current and future generations;

* Facilitate and strengthen farmers and other stakeholders’ access to information on suitable
crop, fertilizer recommendation and others related to increased agricultural productivity and
farm income;

*  Awareness building on the utility and use of crop zoning information system to help
farmers, extension personnel, policy makers’ transition to more sustainable agriculturalsystem.
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Data used in Crop Zoning

>
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Upazila wise land and soil characteristics, soil chemical properties and soil and
topography maps.

30 years (1988-2017) of weather data (daily temperature, precipitation, humidity,
sunshine, wind speed, cloud cover).

Information on crop-based land and soil requirements, agro climate requirement etc.
Limitation rating made on the basis of requirement of crop based

land and soil, agro climate, etc. in determining crop suitability.

Information on variety information, yield, life span of 76 crops.

Information on determining crop-based fertilizer recommendations and application
methods.

Socio-Economic Data and Indicators for Assessing Financial Benefits in supporting the
Introduction of Sustainable Crop Production Systems.

Upazila wise land type, roughness, soil texture, soil firmness, extractable juice status,
water recession status, drainage status, soil reaction, salinity map.

Pre-Kharif, Kharif and Rabi production periods and cold and hot temperature zone map.
Upazila-wise administrative map (union and mauza boundaries, settlements, water
bodies, rivers, pastures, etc.).

Digital Elevation Model (DEM), Satellite Imagery.

Existing land use map.
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Crop Zoning Information System

Dashooard = A I Upazila: Bochaganj

Admin Location
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[7J Open Street Map

[ Agro-Ecological Suitability (T, Aman)
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Suitability Analysis

Season:

Kharif-2 v
Crop:

T. Aman v
Crop Environment:

Favourable environment v

Agro-Edaphic

Agro-Climafic ATable

Agro-Ecological

» Edaphic Suitability Assessment of Crop

» Agro-climatic Suitability Assessment of Crop

» Bio-physical Suitability Assessment of Crop

» Potential Crops and their Extents
» Cropping Patterns with GM and BCR

> Fertilizer Recommendation
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Khamari Mobile App
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Location based Crop Suitability

Location based Soil Fertility Status
Location based Fertilizer Recommendation
Cropping Patterns with GM and BCR
Crop Zones

Saved Information for Offline Viewing
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Crop Suitability, Land Use, Crop Profitability, Fertilizer Recommendation

Crop Suitability

Area: Bangladesh
Crop: Boro: Favourable environment

fvs s FEvms [Gis @ns

Crop Suitability
Very Suitable
Suitable
Moderately Suitable

Marginally Suitable
Crop Suitability

Crop Zoning System Dashboard

tional ‘ Division District

& e

Area [ha] ~

2528856

1399564

817574

160540 ~

Upazila

Search..or click 1

i ------

Variety

83.486, 21.786

W very Suitable

M suitable
Moderately Suitable
Marginally Suitable

W Not Suitable

Agri-advisory Portal

Z

(@

Home About Porial v Crop INFO v

AGRI-ADVISORY PORTAL
Bangladesh Agricultural Research Council (BARC)

Ministry Of Agriculture

Innovative Agriculture v Pest Management v

Crop Production Technology

Rice (Boro)

Post Harvest Management v

Agri Mechanization

Maize Sheller
Potato planter
Potato Harvester

Power Tiller Seeder

Variety: Iratom-24, BRRI hybrid dhan7, BRRI hybrid dhan5, BRRI hybrid dhan3, BRRI hybrid dhan2, BRRI hybrid dhan1,
BRRI dhan99, BRRI dhan97, BRRI dhan96, BRRI dhan92. BRRI dhan89, BRRI dhan88, BRRI dhan86, BRRI dhan84, BRRI
dhan81, BRRI dhan74, BRRI dhanB9, BRRI dhan68, BRRI dhan67, BRRI dhan64, BRRI dhan63, BRRI dhan1, BRRI
dhanB0, BRRI dhan59, BRRI dhan58, BRRI dhan55, BRRI dhan50 (Banglamati), BRRI dhan47, BRRI dhan45, BRRI
dhan36, BRRI dhan35, BRRI dhan29, BRRI dhan28, BRY (Sufala), BR8 (Asa), BR7 (BRRI Balam), BRS, BR3 (Biplob) Boro
variety, BR2, BR1 (Chandina), BR19 (Mongal), BR18 (Shahjalal), BR17 (Hasi), BR16 (Shahibalam), BR15 (Mohini), BR14
(Gazi), BR12 (Mayna), Binadhan-8, Binadhan-6, Binadhan-5, Bina Dhan-24, Binadhan-18, Binadhan-14, Binadhan-10,

Bangobondhu dhan100,

Land and Soil: Loamy, clay and clay loam soils with irrigation facilities are suitable for BRRI dhan29 cultivation.

Sead rate: 22 ka /hertare

v Gallery FAQ Feedback

0pINFO / Crop Pr

Rice (Boro)
Rice (T. Aman)
Rice (T. Aus)
Rice (B. Aus)
Wheat
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Future Plan
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Develop National Crop Production Planning Tool using Al

Develop Khamari app as an integrated platform (one stop solution)
Updating of Land Use and Land Cover for all Upazila.

Capture LiDAR data for precise land height

Develop Satellite based crop monitoring and yield estimation
Institutionalize Demonstration Trial of Khamari app (through DAE).
Capacity Building of Manpower

Initiate Crop Modelling for Assessing Future Scenario of Crop Zoning
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Basic Concepts of GIS Technology

Abid Kamal
GIS Analyst, Crop Zoning Project
Bangladesh Agricultural Research Council
Email: geoabid38@gmail.com

Introduction
» GIS stands for Geographic Information System.
» Itis asystem designed to capture, store, analyze, and display spatial or geographic data.
» GIS combines hardware, software, and data to provide powerful tools for understanding
and visualizing location-based information.

Hardware

Benefits of GIS
Improved Decision-Making:

» GIS provides valuable insights by visualizing complex data in a spatial context.

» It enables better-informed decision-making by integrating multiple layers of information.
Enhanced Efficiency:

» GIS automates tasks, streamlines workflows, and reduces manual effort.

» It saves time and resources by optimizing processes like route planning or data analysis.
Increased Collaboration:

» GIS facilitates data sharing and collaboration among individuals and organizations.
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» It enables stakeholders to work together, contributing to better planning and decision-

making.

Top Benefits of Using GIS

6 Q&

Better Ability to Improved
Consider Environment  Productivity
& Social Impact

Reduced Conflicts,
Field Coordination
Problems & Changes

Improved Client
Satisfaction

Souree: The Business Value of 61S for Design and
Construction 2020 SmartMarket Report

A AuToDESK. @@esri DODG= it

Components of GIS Hardware:
» Computers, servers, scanners, printers, GPS devices, and other physical equipment used
to collect and process data.

Software:

» GIS software provides the tools and functionalities to manage, analyze, and visualize
spatial data.
» Examples: ArcGIS, QGIS, Google Earth, and many others.

@ 9
& s ®
L

Q0

Figure: Components of GIS

¥
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Data:
» Geographic data is the foundation of GIS.
» Itincludes both spatial data (e.g., maps, satellite images) and attribute data (e.qg.,
population, temperature).
» Data can be collected from various sources, such as surveys, remote sensing, or existing
datasets.
GIS Data Types and Data Sources Data Types:
» Spatial data: maps, satellite imagery
» Attribute data: population, temperature, land use
» Importance of integrating spatial and attribute data

Data Sources:
» Data collection methods: surveys, remote sensing, GPS
» Open data sources: government agencies, research institutions
» Data quality considerations

GIS Data Management
» Data storage and organization
» Data formats: raster vs. vector
» Database management systems (DBMS)

Point Line

Polygon

GIS Analysis
» Spatial analysis techniques: buffering, overlay, proximity analysis
» Geoprocessing tools and operations
» Modeling and simulation capabilities
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GIS Visualization
» Maps and cartography
» Symbolization and thematic mapping
» 3D visualization and fly-throughs

GIS Applications in Agriculture

1. Crop Monitoring and Management
o Use satellite imagery and drones to monitor crop health.
« Identify areas with stress due to pests, diseases, or lack of nutrients.

o Apply fertilizers or pesticides only where needed (site-specific management).

2. Soil Mapping and Analysis
e Map soil types, textures, pH, and
moisture levels.
e Support land suitability analysis for
different crops.
o Optimize tillage and irrigation plans.
3. Precision Farming
e Combine GPS with GIS for
precision planting, fertilizing, and
harvesting.
o Reduce waste and maximize yield
by analyzing spatial variability in R R
fields. j
4. Irrigation Management
« Map irrigation zones based on crop needs and soil moisture data.
o Improve water use efficiency using remote sensing and real-time sensors.
5. Yield Prediction and Mapping
e Analyze historical yield data spatially to forecast future output.
o Create yield maps that guide decisions for upcoming seasons.
6. Climate and Weather Analysis
« Integrate weather data for forecasting and crop planning.
« Identify areas prone to droughts, floods, or frost.
7. Pest and Disease Mapping
e Map and monitor outbreaks of pests or diseases across regions.
« Plan and implement targeted intervention strategies.
8. Farm Planning and Land Use Management

« Plan crop rotations, buffer zones, and farm infrastructure using spatial data.

o Ensure sustainable use of land and natural resources.
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Water Resource Management
Applications

» Watershed modeling

» Flood risk assessment

» Water quality monitoring

Other Applications:

e Urban Planning

o Disaster Management

e Environmental Management
e Education and Research

e Archeology

o Real Estate

o Healthcare

e Many More ......

Conclusion

GIS is a powerful tool for managing and analyzing spatial data. Its applications span across diverse
fields, including urban planning, environmental management, emergency response, public health,
and transportation. With its ability to integrate data from various sources and provide
visualizations, GIS helps in making informed decisions and solving complex problems.
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Overview of ArcGIS

Al-Helal
Programmer, Computer & GIS Unit
Bangladesh Agricultural Research Council
Email: al.helal@barc.gov.bd

The ArcCatalog application provides a Catalog window that is used to organize and manage
various types of geographic information for ArcGIS Desktop.

Items in the Catalog Tree View

Folder Connections-Connections to file folders containing datasets and ArcGIS documents.
Toolboxes- Geo-processing tools and scripts used in ArcGIS.

Database Servers-SQL Server Express instances configured to store desktop or workgroup

geodatabases.
alog Tree 2 x
Database Connections-Connections S e i ows2023 P s NI RO
to databases and enterprise ARCISHCRUONTS.
geodatabases, lbo_n To create geodatébase and
import/export GIS items
GIS Servers-Connections to ArcGIS @ T —— T T
Server and OGC server sites. s s ?
Ef A ”2!‘;?:: o To connect third party
- & Add WMS Server databases
My Hosted Services-When you . o A
- —fcigadies ' @ To connect third party map
connect to and sign in to a portal,

you can access the weblayers and web maps you own or that have been shared with you.

Ready-To-Use-Services-When you connect to ArcGIS Online, you can access a set of publicly
available worldwide services.

ArcMap represents geographic information as a collection of layers and other elements in a
map. ArcMap is where you display and explore GIS datasets for your study area, where you
assign symbols, and where you create map layouts for printing or publication. ArcMap is also
the application you use to create and edit datasets.

ArcMap is one of the primary desktop GIS applications included in the ArcGIS Desktop suite.
It is used to perform a wide range of common GIS tasks as well as specialized, user-specific
tasks. Here is a list of some common workflows you can perform:

o Work with maps

o Print maps

o Compile and edit GIS datasets

o Use geo-processing to automate work and perform analysis

o Organize and manage your geodatabases and ArcGIS documents
o Publish map documents as map services
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o Share maps, layers, geo-processing models, and geodatabases with other users

o Document your geographic information
o Customize the user experience
[@ urtriea - Arcntap — 0 X

File Edit View Bookmsds inset Selection Geoprocessing Customize Windows Help
sz

& B Soil Sample Location

% O Road
= B Dstrict Boundary

@ 1 Ditrict B8S_UTM.V2
& O Upazita 885 8UTM.V2
[0 LC_2015.33 class

I
= B WSih 20200209 2348mg
RGE
WFes: Layerd

8 Green: Layer3
e Loy

068734 Z745670,169 Meters

When you save a map, you have created in ArcMap, it will be saved as a file on disk. This is
an ArcMap document and is referred to as a map document or mxd since the file name extension
(.mxd) is automatically appended to your map document name. You can work with an existing
.mxd file by double-clicking the document to open it. This will start an ArcMap session for that
.mxd file.

Map documents contain display properties of the geographic information that you work with
in the map—such as the properties and definitions of your map layers, data frames, and the
map layout for printing—plus any optional customizations and macros that you add to your
map.

ArcMap represents geographic information as a collection of layers and other elements in a
map view. There are two primary map views in ArcMap: the data view and the layout view.

In ArcMap data view, the map is the data frame. The active data frame is presented as a
geographic window in which map layers are displayed and used. Within a data frame, you work
with GIS information presented through map layers using geographic (real-world) coordinates.
These will typically be ground measurements in units such as feet, meters, or measures of
latitude-longitude (such as decimal degrees). The data view hides all the map elements on the
layout, such as titles, north arrows, and scale bars, and lets you focus on the data in a single
data frame, for instance, editing or analysis.
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0 Introduction toArcGIS.mxd - ArcMap
Menu Bar =

File Edit View Bookmarks |Insert Selection Geoprocessing Customize Windows Help
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When you're preparing your map's layout, you'll want to work with your map in page layout
view. A page layout is a collection of map elements (such as a data frame, map title, scale bar,
north arrow, and a symbol legend) arranged on a page. Layouts are used for composing maps

for printing or export to formats such as PDF.

The Layout view is used to design and author a map for printing, exporting, or publishing. You
can manage map elements within the page space (typically, in inches or centimeters), add new

map elements, and preview what your map will look like before exporting or printing it.

@ Introduction toArcGIS.mxd - ArcMap
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
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Common map elements include data frames with map layers, scale bars, north arrows, symbol
legends, map titles, text, and other graphic elements.

Within the data frame, you display geographic datasets as layers, where each layer represents
a particular dataset overlaid in the map. Map layers help convey information through:

e Discrete feature classes such as collections of points, lines, and polygons.

e Continuous surfaces, such as elevation, which can be represented in a number of ways. For
example, as a collection of contour lines and elevation points or as shaded relief.

e Aerial photography or satellite imagery that covers the map extent

Example map layers include streams and lakes, terrain, roads, political boundaries, parcels,
building footprints, utility lines, and orthophoto imagery

In addition to representing geographic information, each layer's map symbols, colors, and
labels help describe the objects in the map. You can interact with the layers displayed in each
data frame to query each feature and see its attributes, perform analytical operations, and to
edit and add new features to each dataset.

Q Intreduction toArcGIS.mxd - ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows

ND2Ea& B o b - |[1:6631,763 Vi EG
Table Of Contents X
B GE | E ‘
5 =7 layers _ Map Display a

= [ Soil Sample Location ¥/ Containing Layar Name
. 3 2

= [ Soil Sample Locaticn
L

# [J Road

= District_Boundary

=] Upazila Boundary

& District BBS_BUTM V2

@ [ Upazila_BBS_BUTM_V2
= [0 LC_2015_33_class
l:]
=| t45rzh_20200409_2348.img
RGB
I Red: Layer 4
[ Green: Layer_3
M Blue: Layer 2

A layer doesn't store the actual geographic data. Instead, it references a dataset, such as a feature
class, an image, a raster, and so on. Referencing data in this way allows the layers on a map to
automatically reflect the most up-to-date information in your GIS database.

In ArcMap, you specify properties for each map layer, such as its map symbols and labeling
rules, by right-clicking the layer in the table of contents and clicking Properties or by double-
clicking on the layer name.
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The Table of Contents window lists all the layers on the map and shows what the features in
each layer represent. The check box next to each layer indicates whether its display is currently
turned on or off. The order of layers within the Table of Contents window specifies their
drawing order in the data frame.

The map's table of contents helps you manage the display order of map layers and symbol
assignment, as well as to set the display and other properties of each map layer.

A typical map might have an image or a terrain base (such as shaded relief or elevation
contours) near the bottom. Above that layer are a basemap; polygon, line, and point features;
and annotation and other reference information.
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ArcToolbox
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The Standard toolbar most typically appears at the top of the ArcMap application window
andis used for map printing, creating a new map, opening an existing map, saving your map,
starting related ArcGIS applications, and more.

Dgdae - 5B x 9

+ || +|| 1:200.000 Y BRI P

& AddData...

B9 Add Basemap...
HH  Add Data From ArcGIS Online...

Clicking ‘Add Data’ Button Opens the [ o X
‘Add Data’ Dialog box for adding data of | ... & suene el E-alese
all compatible types to ArcMap. [E50rpDmsoveshy

@Wealher_station_BD‘shp

e Double-click to open items that house
other items, such as a folder or feature
dataset.

e You will know what items are data and
what items are “containers” for other
data based upon the icon

e Review File Icons

Name: l | l [_ad |

Show of type: | patasets, Layers and Results bt CBICE

e Control+Click or Shift+Click to select multiple items.

“Add Basemap” option opens the dialog box to add one of many basemaps available from

. HE Add Basemap =

ArcGIS Online.

e These maps are streaming over the _
Internet; thus, the speed of drawing will e ez s
be based upon your internet speed.

SR

e These basemaps are in WGS 84 Web - j kf'/
Mercator, and unless your project is in it o ’:‘ij ol:';s -
the same projection, take care when - )
digitizing and georeferencing data to AR >/4 d | £F ‘
streaming  basemaps. You may be | oS N";?;s 2 o
affecting you overall accuracy and - p p |
precision. —
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Geo-Referencing Techniques

Mustafa Atikul Mazid,
Remote Sensing Analyst, Crop Zoning Project
Bangladesh Agricultural Research Council
Email: tushar060401@gmail.com

Add Image to ArcGIS

You will add an image to your map that does not have statistics or georeferencing data. You
will use tools in ArcGIS Pro to calculate the statistics so the image will load more smoothly as
you work with it and identify where the map was placed without its georeferencing data.

1. On the ribbon, click the View tab, and in the
Windows group, click Catalog Pane. sert Analysis View Edit

im|[=— =

2. In the Catalog pane, click the arrows to
expand provided data folder, Georeferencing.
Right- click AOI and choose Add To Current
Map.

Reset |Catalog|Catalog Contents G
Panes~| Pane View

The Calculate statistics for AOI window appears notifying you that the image you are adding
does not have statistics and prompting you to calculate them. You will accept and calculate
statistics for your image.

1. In the Calculate statistics for AOI | suild pyramids and Calculate Statistics for AOLif x
window, click Yes. This raster ata source does not have pyramids and statistcs of contains insuffcint

pyramids. Pyramids allow for rapid display at varying resolutions and statistics allow for a
better display.

AOI appears in the Contents pane, but for now, , - ,
Building pyramids and calculating statistics may take time.
you don't see it on the map. A message in the | syamias
- - ZBul
upper right corner warns you that the image |  ooon
does not have coordinate system information. Lithee sl
This is expected because the image you added | **<

did not contain any spatial reference | o
- . . | Always use this choice
information. Before you remedy this, you'll

Learn more about pyramids

locate the image on the map. s
2. In the Contents pane, right-click AOI and choose Zoom To Layer.
3. The map now shows the image of the area you have downloaded. However, since it is

not georeferenced, the application cannot locate it and displays it near the latitude and
longitude (0,0), as you can see indicated in the lower part of the map view.
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Create Control Points and Apply a Transformation

You'll add control points to the image and apply a transformation to complete the
georeferencing process.

When you georeference an image, you define its location using map coordinates and assign the
coordinate system of the map frame to the image. You do this by adding control points that
identify a location in the image and its corresponding location in the reference basemap. In this
section, you will identify and add several control points.

On the Georeference tab, in the Adjust group, click Auto Apply once to turn it off.

7 i . + ﬁ ) Auto Apply
) Apply
Auto Import Add Control Transformation
Georeference Control Points  Points - D Reset
Adjust

When Auto Apply is active, it automatically applies a transformation to the source layer and
updates the display as control points are added, removed, or modified. For the purpose of this
exercise, you want Auto Apply to be off to be able to observe your control points in their
original location. You'll apply the transformation in the next section.

1. In the map extent zoom to the location for the first control point.

2. Click the Georeference tab, and in the Review group, click Control Point Table. Reposition
the table below the Map view.

3. Click Fit to Display to add image in the current map extent

1:5 200 ) AANAAINNAL 20 17€ 17998
1:5,300 U 06.8008420°W 39.1751722°N v

— :
4 AspenGeoref: AspenSourcetif X

s o
> + e vall

Link Source X Source Y X Map YMap Residual
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On the Georeference tab, in the Adjust group, click Add Control Points.

View Edit Imagery Share Appearar

an Sant P 1 Auto Appl
b ¢‘ "L.__.e'+ % pp }r
") Apply
Import Add Control] Transformation
Control Points Points - (_} Reset

To add a control point, you'll first left click a location and then right click in the corresponding
location. Provide the X, Y coordinate in Decimal Degree.

Target Coordinates =

¥ | 7.909877 = | VE | -14.922169 | [] show Coordinates in DMS

| OK ‘ ‘ Cancel

Review the control point table.

The first control point is now listed. The Source X and Source Y values represent the
coordinates for the From point, and the X Map and Y Map values represent the coordinates for
the To point.

v Y| % + B
Link Source X Source Y A Map ‘YMap Residual X Residual Y Residual
¥ 2 7986411 -14.844630 89625000 24500000 81638589 39.344630 90.624826

In a similar procedure add more three control points.
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Apply a Transformation

In this section, the default transformation to the image based on the four control points will be
applied.

1. With the mouse scroll wheel, zoom out until you can see the entire historical image.

2. On the Georeference tab, in the Adjust group, click Apply.

&7 any N E_T,Efj—d_li'é' 1 Auto Apply
7 ! .l -,:_,.--'
' + TEE 1) Apply
Auto Import Add Control Transformation
Georeference Control Points | Points - ) Reset

Adjust

The source image is automatically shifted, scaled, and rotated to make every source and target
control point pair coincide as much as geometrically possible.

3. If necessary, refine the adjustment by adding additional control points and clicking
Apply again.
4. Review the control point table.
5. In the control point table, verify the transformation method applied is 1st Order
Polynomial (Affine).
$:vn: 'a*t =| 2 | 1st Order Polynomial (Affine) ~
Source X Source X Map
1.722976 30493312 89.625000
21.665050 30.500143 89.750000
21682684 8.702835 89.750000
1.720551 8.696528 89.625000
6. In the control point table, click the 1st Order Polynomial (Affine) drop-down arrow.

There are various transformation types available in the list. You only see five of them, because
other transformations require a higher number of control points to be created.

!l,'_",ﬂ Lf_ﬁ 15t Order Polynomial {AfﬁnejB

TR Zero Order Polynomial (Only Shift) | pacidual x

3.709013 Similarity Polynomial _1.0711.

31.202990 1st Order Polynomial (Affine)

1.2506%
45.386555) Adjust 6.20232
49.60217¢| Projective -6.3818

For now, you'll keep the 1st Order Polynomial (Affine) transformation.
7. In the control point table, review the individual residual values associated with each
control point.
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10.

11.

12.

The residual value of a control point is the difference between where the source point
and the target point display on the map. Residuals closer to zero are considered more
accurate.

At the top of the map, expand and review the on-screen georeferencing details.

For each control point, the residual is the difference between where the From point
displays in the map and the actual location that was specified. The total error is
computed by taking the root mean square (RMS) sum of all the residuals to compute
the RMS error. The value describes how accurately the selected transformation method
is able to fit all of the control points to their specified location. When the error is
particularly large, you can remove and add control points to adjust the error. However,
a large error may also mean that the selected transformation method is unable to
accurately fit the points to their specified location. However, if the points are all
properly selected and a large error is reported, it typically means that a different
transformation is required.

The forward residual shows you the error in the same units as the data frame spatial
reference. The inverse residual shows you the error in the pixel units. The forward-
inverse residual is a measure of how close your accuracy is, measured in pixels.
Residuals closer to zero are considered more
accurate. = |

In the map view, zoom out to display the full image. || cive | cave cyport
Review the transformed image. If the result is as New Control Points
reasonably satisfactory, we can save it. Save

On the Georeference tab, in the Save group,

Click Save.

Saving the image writes the georeferencing information in an associated auxiliary file.
This information includes where the image should be positioned and how much it
should be shifted, scaled, and rotated.

On the Quick Access Toolbar, click Save to save the project.
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Creating & Editing Shapefiles

Mustafa Atikul Mazid,
Remote Sensing Analyst, Crop Zoning Project
Bangladesh Agricultural Research Council
Email: tushar060401@gmail.com

Create A New Shapefile

You can create new shapefiles in ArcCatalog or by using the Create Feature Class tool. When
you create a new shapefile, you must define the types of features it will contain, whether those
features will represent routes (m-values), and whether those features will be three-dimensional
(z-values). These properties can't be modified after the shapefile has been created. You can also
define the coordinate system of the shapefile. If you choose to define the shapefile coordinate
system later, it will be classified as Unknown until then. The process of defining the new
shapefile's attributes is separate from creating the shapefile itself. After creating the item, define
its attributes by right-clicking it in ArcCatalog and clicking Properties. Because it must contain
at least one attribute column. ArcCatalog adds a default column to the shapefile when it is
created. For shapefiles, an integer column named Id is added as an attribute. Add the
appropriate attributes to your shapefile. After the new attributes have been added as part of the
shapefile, you can delete the default column if you decide you don't want to use it.

1. Select a folder or folder connection in the [ = =0 o
Catalog tree. Locations: G Mome A58 Worul -
2. Click the File menu, point to New, then G <

£ _; Folder Conned [ CoPY
click Shapefile. S Loobors |

B Toolboxes
# @ System To{

# {J Database Servq

3. Click in the Name text box and type a 5 €3 Database Cond & _ Refresh

?EdGISSevers [TNgy ) Folder

name for the new shapefile. B e B hemDescription

4. Click the Feature Type drop-down arrow
and click the type of geometry the e e e
shapefile will contain. Group Ly

5. Click Edit to define the shapefile's ———
coordinate system.

6. Select, import, or define a new coordinate
system.

7. It's highly recommended that you define
the shapefile's coordinate system now; however, you can postpone this step until a later
time. For more information, see Fundamentals of a shapefile's coordinate system and
Click OK.

8. If the shapefile will store polylines representing routes, check Coordinates will contain M
values.

9. If the shapefile will store three-dimensional features, check Coordinates will contain Z

values and Click OK.

File Geodatabase

j
3 Personal Geodatabase
A Database Connection.

@

Shapefile...

Tumn Feature Cli New Shapefile
Toolbox

dBASE Table

O

LAS Dataset
Address Locator..

Composite Address Locator.

HeeEHOC

XML Document

The new shapefile appears in the folder's contents.
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Editing Features in a Shapefile

Digitizing, the process of converting features into a digital format, is one way to create data.
There are several ways to digitize new features. These include digitizing on-screen or heads up
over an image, digitizing a hard copy of a map on a digitizing board, or using automated
digitization.

Interactive, or heads-up digitization, is one of the most common methods. In this method, you

display an aerial photograph, satellite image, or orthophotograph on-screen as a basemap, then
you draw features, such as roads, buildings, or parcels, on top of it.

In hard-copy digitizing, you use a digitizing table connected to a computer that converts
positions on the table surface into digital x,y coordinates as you trace them with a handheld
puck (a pen or mouse like device).

Figure: Sketching a new polygon feature
Automatic digitization is another method of digitizing features. The ArcScan for ArcGIS

extension enables you to perform automatic or interactive raster-to-vector data conversion with
high precision and little or no operator intervention during the data capture stage.
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Starting an Edit Session

Editing occurs in an edit session. During an edit session, you can create or modify vector
features or tabular attribute information. When you want to edit, you need to start an edit
session, which you end when you're done. Editing applies to a single workspace in a single
ArcMap data frame, where a workspace is a geodatabase or a folder of shapefiles. If you have
more than one data frame in your map, you can only edit the layers in one data frame-even if
all data is in the same workspace. Although you can edit data in different coordinate systems,
it is generally best if all the data you plan to edit together has the same coordinate system as
the data frame.

Creating Features with Feature Templates

Creating features is accomplished

Create New Templates Wizard 2B
through the use of feature templates. : =
Feature templates define al I the Select the layers you want to create templates for:

. . . 0<% Ranger staticns I Select Visible Layers I
information required to create a [1# Roads e
feature: the layer where a feature will Ch AW [_seeam |

be stored, the attributes a feature is [
created with, and the default tool used to
create that feature. Templatesalso have
a name, description, and tags that help
you to find and organize them. If
templatesare not present when you start
editing, they are automatically created
for each layer in the current editing
workspace. Templates are saved in map [ Finsh
document (.mxd) and layer file(.lyr).

;Ileu M _I

] | Cancel

Figure: Create new templates wizard

A layer can have multiple templates associated with it, where each template has different
default settings. For example, if you have a roads layer with classifications of freeway, major
highway, and local road, you could have three different templates with each one having a
different default attribute for the type of road. This makes it easier for you to create the new
type of road you want from the start. To create a local road feature, simply click the local road
template and new features are automatically created as a local road and attributed and
symbolized properly. You still need to add other, nondefault attribute values after you create
the feature.

Using Snapping while Editing

Snapping allows you to create features that connect to each other so that your edits are more
accurate and have fewer errors. With snapping, your pointer will jump, or snap to, edges,
vertices, and other geometric elements when it nears them. This enables you to position a
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feature easily in relation to the locations of other features. As
you move your pointer around the map, it snaps automatically
to points, endpoints, vertices, and edges. All the settings you
need to work with snapping are located on the Snapping
toolbar, including enabling and disabling snapping types and
setting snapping options. The main snap types are buttons on
thetoolbar, but additional ones are available on the Snapping

menu.

Creating Points

Snapping b 4

Snapping'lo I B l O IJ:f

| Use Snapping

Q> &

Intersection Snapping

Midpoint Snapping

| Tangent Snapping

Snap To Sketch
Snap To Topology Nodes

Options...

Figure: Snapping tools

Points are the simplest features to create. Simply click a point template in the Create Features
window and the Point tool is automatically activated. Click the map where you want to add the
point. You can right-click the map or use snapping to help you create points at exact locations.

Creating Lines and Polygons (Segments)
To create segments in lines or polygons, you will most commonly use the Line tool (with line
templates) and the Polygon tool (with polygon templates). While these tools are used with
different template types, they behave similarly. To create segments, simply click the map where
you want to place vertices.

Vertex

Segment

—

Vertex Click to add vertices.

Vertices are drawn as
green squares.

Double-click to finish
the sketch.

Figure: Creation of points, line polygon

Last vertex added is red.
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Creating Text Features

You can store map text as annotation in a geodatabase. Annotation provides flexibility in the
appearance and placement of your text because you can select individual pieces of text and edit
them. Dimension features are a form of annotation designed to express distance measurements.
Like other types of features, geodatabase annotation and dimension features are created inside
an edit session, using feature templates and the tools on the Create Features window.

Some annotation feature classes, such as standard annotation, stand alone in the geodatabase.

Standard annotation is not formally associated with
features in the geodatabase. For example, you might
have a piece of standard annotation that represents a
mountain range, an ocean, or an administrative
boundary-the annotation simply marks the general area

on the map.

Another kind of annotation, feature-linked annotation, is
associated with the feature it is describing through a

Feature-linked
annotation

Dimension

relationship class. The text reflects the value of a field or fields from the feature to which it is
linked. You might use feature-linked annotation to identify features suchas parcels, streets,
rivers, roads, or cities. With feature-linked annotation, as you create parcelsor street features,
for example, using the editing tools in ArcMap, annotation is created automatically.

Defining New Types of Features to Create

Sometimes, you may want to create features of a certain type in an existing layer, but the layer
is not set up to capture those features. For example, you want to add features to a roads layer
to represent an unpaved road, but you currently only have categories in your data for freeway,

Define a new category by entering a unique value
Value Unpaved road

Label Unpaved road

Exsting categories

Vahe Label

— Yy Fresway

HWY Major highway
paved Local road

v Define New Feature Type L

[ <Bak [ hext> | Foish | [ cancal

Figure: Define new feature type wizard

major highway, and local road. Through a
wizard, you can define everything about the
unpavedroad category at one time—making
it easy to prepare your data to display and
store the new types of features. ArcMap
automatically adds a symbol for the new
category, any required geodatabase
information (such as subtype value or coded
domain value) for that layer, and a feature
template to use when creating an unpaved
road. The wizard saves you from having to
stop your work to open multiple dialog

boxes to set up the data on your own.
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Editing existing features

Once you have created features, you can also edit their shapes with the
tools on the Editor Toolbar. For example, to split a polygon into two
polygons, select the feature, click the Cut Polygons tool on the Editor
Toolbar, then draw a line where you want to split the feature. To draw
in a new shape for a line or polygon, select it, click the Reshape Feature
tool on the EditorToolbar, and sketch in how you want the feature to
appear.

Advanced Editing
To use additional or more specialized editing tools, you must add other editing toolbars to
ArcMap. These include Advanced Editing.

[Advanced Editing v X
Al A4 QAN B L EBE
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Working with Attribute Table

Mustafa Atikul Mazid,
Remote Sensing Analyst, Crop Zoning Project
Bangladesh Agricultural Research Council
Email: tushar060401@gmail.com

Editing Attributes

Attributes are descriptions of a geographic feature in a GIS, usually stored as a row in a table.
For example, attributes of a river might include its name, length, and average depth. You can
enter new attribute values when you create features, and you can edit existing values. When
you create a feature, it starts with only the default attribute values as specified in the template
used to create the feature. You input attributes after you create a feature. There are two main
ways of adding or updating attributes in ArcMap: the Attributes window and the table window.

LU_AU_309385_Sakhipur_Tangail_3_D >
FID * Shape * map_unit Shape_Length Shape Area Hectare
1 |Polygon ZM 1 JOS8580.004038 25050248.887015 2 508
2 [Polygon M 2| 1006%01.060614 5434486128002 3543
3 |Polygon ZM 3 SA5818.081214 24660256.186007 2456
4 [Polygon ZM 4| 181Z385.584362 TE246834 567922 7,825
5| Polygon ZM 5 925220.030663 45640213.203001 4 564
& [Polygon ZM [+] 53442 710965 4212801.077336 421
T [Polygon £ZM 7 708240490813 6670884 356066 667
8 |Polygon ZM 8 188635.962705 12803182.21173 1,280
5 [Polygon ZM 9 130557 882783 14027020.024005 1,403
[ 10 [ Polygon ZM 10 12104.516754 T46210.17081 75
11 | Polygon ZM BO B7414.680552 551886.825341 85
12 [ Polygon ZM 81 4149621.527055 183270341 848406 18,327
13 | Polygon ZM B3 100582. 730344 1T12B03.410704 171
14 | Polygon ZM 86 5002169295 206852 BE1674 21
15 [Polygon ZM 112 14744921641 463520.147281 46
16 | Polygon ZM 113 6645.335724 251205 85771 25
17 | Polygon ZM 119 15766.887174 S64453.216858 56
Mo« 10 w1 E (0 out of 17 Selected)
LU_MoAgn_309385_Sakhipur_Tangail_3... | LU_MeoAgn_309385_Sakhipur_Tangail_3... | LU_AL_309385_5Sakhipur_Tangail_3_D

Figure: Attribute window and table
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Editing values in the table window

Once you begin an edit session, you'll notice a pencil icon next to the Table Options button
Table Options on the Table window, indicating that the table can be edited. In addition, those
fields that you can edit will have a white background in the field heading. You can make any
of the attribute changes you need by clicking a cell and typing a new attribute value.

OBJECTID *| Property ID * | Landuze Code| Paicel ID |

n 1542 25421 3893  Mon-Reszidential | Commercial
| 1543 254311 3300 Residential | A esidential
n 1545 25451 3902|  Mon-Residential | Commercial
3 1545 25846 1 [EEE] ] Residential Besidential
n 16547 2547 |1 3904| Mon-Residential | Commercial
u 1542 25421 3905| Mon-Residential | Commercial
u 1543 25491 3906  Mon-Residential | Commercial
n 1550 255011 3907 Residential | R esidential
n 1551 2551 1 3908 Mon-Residential | Commercial
| 1552 255211 3903 Residential | Residential |
| 1553 B553 0 710 Mon-Residential | <MNull»

n 1655 2565 |1 N2 Mon-Residential | Institutional
n 1656 2556 |1 912 Residential | Residential

1867 285711 M4 Mon-Residential| Cammerzial A\

1487 ¢ M E A (2012 out of 3523 Selected)
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Data Queries in GIS

Abid Kamal
GIS Analyst, Crop Zoning Project

Bangladesh Agricultural Research Council
Email: geoabid38@gmail.com

In GIS, Data Queries help you select, filter, and analyze records based on attribute
information. ArcMap uses a Structured Query Language (SQL)-like syntax for queries.

Basic Query Logic

Och;ng;::)l r Meaning Example Purpose
AND Both conditions |[District = 'Dhaka' AND Find areas in Dhaka with
must be true Population > 500000 population > 500,000
OR Either condition |[pistrict = 'Dhaka' OR Select features in either
can be true District = 'Chittagong' |Dhaka or Chittagong
Pattern matching | . . Select districts starting
. Dist t LIKE 'D%' .
LIKE (wildcards) TS with 'D'
NOT Exclude specific || - . i iot  'parisal Selgct everything except
values Barisal
IS NULL Field has no data |Population IS NULL F|_nd_features W'.th
missing population data

. Select By Attributes X
How to Perform a Query in ArcMap
Layer: [€ Mauza_BBS_ETM_GuI303_V3 |
[ 0nly show selectable layers in this list
1. Open Attrlbute Table Method: Create a new selection ~
< Right-click the layer > Open "DISTNAVE" Nk
Attribute Table. e,
2. Select by Attributes NNAnE
< Click Table Options (top left) >
. = <% Like "Shibalays’ A
Select by Attributes. > 50 T 'Shibg::?
3. Build Your Query - .
< Double-click a field, select an S — S
operator, and type your value. =& O] [hat] | *e "
’:. Example Is In Mull Get Unigue Values | Go To:
Clty _ Dhaka ' AND SELECT * FROM Mauza_BBS_BTM_Gul303_V3 WHERE:
"THANAME" = "Singair'
Population > 1000000
Clear Werify Help Load... Save...
Apply Close
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File Edit View Bookmaks Inset Selection Geoprocessing Customae Windows Help
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{417 @ el & W H & i
Tabie OF Contents LES N LE
Heo8 3-8 HROSx BBHEx |2
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4. Apply the Query
< Click Apply or OK to see selected features highlighted.
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Data Joining: Spatial Join and Attribute Join

Abid Kamal
GIS Analyst, Crop Zoning Project
Bangladesh Agricultural Research Council
Email: geoabid38@gmail.com

ArcMap provides two primary methods for joining data: Attribute Join and Spatial Join.

1. Attribute Join

Purpose: Combine a table of data with spatial features based on a common attribute.

Example Scenario: Joining a CSV file containing soil chemical data to a shapefile of
districts using the TW_ID' field.

Steps:

1.

4.

Right-click on the target layer (e.g.,
Districts) in the Table of Contents.
Select Joins and Relates > Join.
In the Join Data dialog:

o Choose Join attributes from
a table.

o Select the field in the layer
that matches the field in the
table.

o Browse and select the table to
join.

o Choose the matching field in
the table.

Click OK. The attributes from the
table are now associated with the
spatial features.

loin Data X

Join lets you append additional data to this layer's atiribute table so you can,
for example, symbaolize the layer's features using this data.

What do you want to jein to this layer?
Join attributes from a table ~

1. Choose the field in this layer that the join will be based on:
wo BN

2. Choose the table to join to this layer, or load the table from disk:

|§ tw_chemical_data.csv j &
Show the attribute tables of layers in this list

3. Choose the field in the table to base the join on:

[Tw_D v

Join Oplions
(®) Keep all records

All records in the target table are shown in the resulting table.
Unmiatched records will contain null values for all fields being
appended into the target table from the join table.

() Keep only matching records

If a record in the target table doesn't have a match in the join
table, that record is removed from the resulting target table.

Validate Join

About joining data oK Cancel
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2. Spatial Join

Purpose: Combine attributes from one layer to another based on their spatial relationship.

Example Scenario: Assigning the number of tubewells within each union.

Steps:

1. Right-click on the target layer (e.g., Union, Upazilla, District).

2. Choose Joins and Relates > Join.

3. Inthe Join Data dialog:
o Select Join data from another layer based on spatial location.
o Choose the layer to join (e.g., Tubewell, Schools, Farmers).
o Specify the spatial relationship (e.g., features that intersect).

4. Click OK. A new layer is created with combined attributes.
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Basic Geoprocessing Tools

Abid Kamal
GIS Analyst, Crop Zoning Project
Bangladesh Agricultural Research Council
Email: geoabid38@gmail.com

Step 1: Start ArcMap
Step 2: Add data to ArcMap

Add Road_bd.shp
Add Barishal.shp

Step 3: Clip Operation
Road Clip by Barishal District
Click on ArcToolbox button

Selection  Geoprocessing Customize

b ~ |[1:55.014

i

Windows Help

V][] = B & | e

Georeferencing =

ArcToolbox will appear.

ArcToolbox

&l ArcToolbox
£ 3D Analyst Toals
=] @ Analysis Tools
o &y Bxtract
ci)
F»Q Select
#, Split
E7 Split By Attributes
f»ﬁ Table Select
&y Overlay
& Proximity
B Statistics
m Cartography Tools

From ArcToolbox, Expand Analysis Tools > Extract > Double-click on Clip

Clip Wizard will be displayed.
Select as follows:
Input features: Road_bd.shp
Clip Features: Barishal.shp

Output Feature Class: Road_Barishal.shp

Click OK

37|Page


mailto:geoabid38@gmail.com

Step 4: Buffer Operation

Click on Geoprocessing menu > Buffer
Buffer window will be opened.
Select as follows:
Input features: Road_Barishal.shp
Output Feature Class: Road_buff
Linear unit: 40 ft
Dissolve type: All

Click OK
Step 5: ‘Dissolve Feature’ Operation based on an Attributes
Add mauza_Laksam_upz (mauza boundary of Laksam upazila)
Right-Click on mauza_Laksam_upz > Zoom to Layer
Click on Geoprocessing menu > Dissolve
Dissolve window will be opened.
Select as follows:
Output Feature Class: Laksam_unions
Check on UNINAME as Dissolve Fields
Click OK
Step 6: Intersect Operation
Click on Insert Menu > Data Frame to create a new data frame
A new blank data frame will be appeared.

Add Union_Barishal.shp
Add Road_Barishal.shp

Click on Geoprocessing menu > Intersect
Intersect window will be opened.
Select Union_Barishal and Road_Barishal as input features

Click OK
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Basic Concepts of Remote Sensing Technology

Hasan Mahmud, Senior System Analyst, Computer & GIS Unit
Bangladesh Agricultural Research Council
Email: hasan.mahmud@barc.gov.bd

1. Introduction to Remote Sensing

Remote sensing is the science of obtaining information about objects or areas from a distance,
typically using satellite or aerial sensor technologies. It plays a crucial role in monitoring and
managing natural resources, urban planning, agriculture, disaster response, and climate studies.
The technology leverages electromagnetic radiation to gather data without direct contact with
the subject.

A formal definition:

"Remote sensing is the science (and to some extent, art) of acquiring information about the
Earth's surface without actually being in contact with it. This is done by sensing and recording
reflected or emitted energy and processing, analyzing, and applying that information."”

2. Electromagnetic Spectrum and Radiation Principles

Radio Window Optical
avetength Window {

/\/\/\A/\/VWVW\NWW\WMWM

10°(Hertz) 10°Hz 10%'Hz

—mnm_—mm-mmn-—m_

102 (meters) 10'm 10'm 10‘m 107m 10°m 10 m 10"m
1 S
y

e - -
Wavelength = veleng Y nlm\qlh
icth of a bas

length = Wav
mwm oo a basedall thic w. Huw o ey ko of atomic nuclel

Remote sensing relies on electromagnetic radiation (EMR), which is emitted or reflected by
objects. The EM spectrum includes various wavelengths from gamma rays to radio waves.
Different materials reflect, absorb, or emit EM radiation uniquely, allowing remote sensors to
identify and analyze them through their spectral signatures.
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3. Interactions with Atmosphere and Earth's Surface
Before reaching sensors, radiation interacts with the atmosphere through scattering and

absorption. Upon striking the Earth, radiation may be absorbed, transmitted, or reflected,
depending on surface characteristics. Vegetation, water, and soil each exhibit distinct
reflectance patterns across wavelengths.

4. Remote Sensing Systems: Passive and Active

Remote sensing systems can be classified as passive or active. Passive systems detect natural
energy (typically from the sun) reflected by the surface, while active systems emit their own
signal and measure its reflection. Examples include optical sensors (passive) and radar
systems (active).

Sk A ;"ﬂD"
\ ; / ‘ //

8 /
/ :
o/ §; —‘E/ 3

& CCRS / CCT

5. Types of Resolutions
Resolution in remote sensing defines the
level of detail. The four primary types are:

Spatial: Size of the smallest object
detectable.

Spectral: Number and width of spectral
bands.

Multispectral: Hyperspectral:
-1 IIHDI mimwwmwum

o
g
3
3

wu ooy
wu 002
wu 009
wu 0oy

Temporal: Frequency of data acquisition.

Radiometric: Sensitivity to differences in signal strength. Represented as how many bits are used to
represent a reflectance value.
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Detailed landscapes
appear homogeneous ™~ |

2-bit (4 values)

4-bit (16 values)

8-bit (up to 256 values)

6. Satellites, Orbits, and Sensors

Satellites operate in various orbits - geostationary, polar, or sun-synchronous - each serving different
observation purposes. Sensors onboard these satellites, such as MODIS, Landsat OLI, and Sentinel-1
SAR, differ in design and application. Key satellite parameters include orbit type, swath width, and

revisit time.
Parameter | Sentinel-1 | Sentinel-2 | Landsat-8 | Landsat-9 MODIS
(Terra/Aqua)
Orbit Sun-synchronous, Near-polar
Altitude ~693 km ~786 km ~705 km ~705 km ~705 km
1
Repeat LAGEYE 10 days (5 6 days (8 1-2 days (near-
Cycle Gdays | jaysasp) | 1698 days lobal daily)
y A+B) Y Landsat-8) $ .
OLI & OLI-2 &
Sensor C-SAR MSI TIRS TIRS-2 MODIS
. 10m,20m, | 15 m (pan), 30 m (MS), | 250 m, 500 m,
Aes Rttt 520m 60 m 100 m (Thermal) 1 km
Svyath 80-400 km 290 km 185 km 185 km 2330 km
Width
Spectral HH, VV 9 (Vis, NIR, SWIR, Pan) 3
S 13 ’ ’ ’ (Visible to
Bands HV, VH + 2 (Thermal) Thermal IR)
Radar Radiance,
Backscatter TOA TOA Reflectance, Reflectance,
Data Type . .
(Intensity | Reflectance Thermal Radiance Temperature,
& Phase) Indices, etc.
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7. Data Processing Levels

Satellite data is processed in levels:
- Level 0/1: Raw Sensor Data.
- Level 2: Geophysical Variables (e.g., surface temperature).
- Level 3: Gridded, Calibrated data, Quality Controlled Data.
- Level 4: Model-assimilated products.

8. Optical Vs Radar

Feature Optical Imagery Radar Imagery (SAR)

Sensor Type I;gi]sti)ve (detects reflected/emitted cht:lr\(l)?/v gevrr;;t)s and receives

Illumination | Sun (mostly), thermal emission Self-illuminated (microwaves)
Weather Affected by clouds, fog, smoke Can penetrate clouds, fog, smoke
Day/Night | Primarily daytime Day and night

Penetration

Limited

Can penetrate vegetation, some
ground

Data Spectral reflectance (color, Surface roughness, dielectric
Captured | vegetation health, composition) properties, geometry
Image Look | Visually intuitive (photo-like) Crayscale, textural, requires
specific interpretation
Resolution | Can be very high High (with SAR processing)
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9. Important Indices

NDVI, NDWI, NDSI, and EVI are key vegetation and land surface indices derived from
multispectral satellite data. NDVI uses red and NIR bands to assess vegetation greenness, while
NDWI (using NIR and SWIR) monitors vegetation water content and open water. NDSI (using
green and SWIR) is designed for snow detection. EVI is an enhanced vegetation index utilizing
blue, red, and NIR bands to minimize atmospheric and soil noise and reduce saturation in dense
vegetation, offering a more robust measure compared to NDVI in certain environments. The
Leaf Area Index (LAI) is a crucial biophysical parameter that quantifies the amount of leaf
material present in a plant canopy or ecosystem. Defined as one-half of the total green leaf area
per unit horizontal ground surface area (for broadleaf canopies) or a related measure for
coniferous canopies. Each index provides specific insights into surface characteristics but has
limitations related to atmospheric conditions, background influences, and the specific
properties they aim to measure.

NDVI = (NIR - Red) / (NIR + Red)

NDWI (Common) = (NIR - SWIR) / (NIR + SWIR)

NDSI = (Green - SWIR) / (Green + SWIR)

EVI=G*((NIR - Red) / (NIR + C1 * Red - C2 * Blue + L))
(where G, C1, C2, and L are adjustment factors)

10. Advantages and Challenges

Advantages:
- Provides data where ground access is limited

- Offers global coverage and consistent observations
- Supports real-time and historical analysis
- Information on non-visible regions of the spectrum

Challenges:
- Balancing resolution parameters
- Data volume and complexity
- Need for calibration and validation
- Costly high resolution Imagery

References:
% NASA’s Applied Remote Sensing Training Program
+ Canada Centre for Remote Sensing Remote Sensing Tutorial
% Tutorial by TELECAN on Fundamentals of Remote Sensing
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A Simple lllustration of Bands (Practical)

In this exercise we will check how do the individual channels/bands (RGB) looks that are
present in our standard jpg, png images.

All 3 Channels Composite

@ Colors.myd - ArcMap - X
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
Dsgds B - EEERO P,
3D Analyst » c LAS Dataset * Filters = e
SR IHEHE L) [ =R lell-)®
Table Of Contents % X -
EEEE =
7 layers
SR ] RGEY.ong
RGB
M Red: Band_1
I Green: Band 2
MM Blue: Band3
v
< > Be|ewn < L
153.549 147.956 Unknown Units
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
Degds B - EEERO P,
3D Analyst » c LAS Dataset * Filters ~ E
®E[FQ =il - kO LRl
Table Of Contents 8 x A
Elass 3 Layer Properties
5 £ Layers
B RGEY.png General Source Key Metadala Exent Display Symbology Time
RGB Show: Draw raster as an RGB composite “oln- |
MNRed: Bandl ikl =
etched
I Green: NONE ~
BN Blue: NONE Channel Band
[ Red Band_1 -
[ Green Band_2 -
[ Biue Band_3 -
[ Aipha Band_1 -
Display Background Value:(R,
Oca =
Display NoData as:
Stretch
Type: None v | Histograms...
Oinvert
] Apply Gamma Stretch:
Statistcs
From Each Raster Dataset v
Red  Green Blue v
Canced
v
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Only Green Channel

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
T2 S B2 & - N EGERO e,
3D Analyst - c LAS Dataset = Filters ~
ORIl TFH-HE L) AD2 0,
Table Of Contents 7 x
18 G 8B 3 Layer Properties
Layers
BECJRGEY.ong General Source Key Metadala Exent Display Symbology Time
RGB Show Draw raster as an RGB composite
] vector Field 2 3
Ml Red: NONE Stretched
B Green: Band_2 [RGB Composite ~
BN Blue: NONE Charnel Bnd
[Jred Band_1 -
[ Green Band_2 -
[ Buwe Band_3 -
[ Aipha Band_1 -
Display Background Value:(R,
Og, 5 e ~
Display NoData as -
Stretch
Type None «| | Histograms
e P Oinvert
v 3 m’(
o N [ Apply Gamma Stretch:
Statistics
¥ From Each Raster Dataset v
About symbology Red Green Blue v
Corc

Only Blue Channel

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
h=g B & - EEHEERE P
3D Analyst = ] E LAS Dataset ~
® - k @ [ SR e
Table Of Contents x
10 G 8|3 Layer Properties
Layers =
General Soure KeyMetadata Extent Dispiay Symbology Time
[m] RGEY.png| Geren
RGB Show. Draw raster as an RGB composite =1 &
BERed: NONE Vector Field =
: Stretched
I Green: NONE [RGB Composite ~
M Elue Band 3 Channel Band
[ Red Band_1 -
[] Green Band_2 -
[ Biue Band_3 -
[ Alpha Band_1 -
Display Background Value: (R,
Oe, EZ' oround el s "
Display NoData as [ -
Stretch
Type: hone v Histograms. ..
Oinvert
- § [ Apply Gamma Stretch:
Statistics
¢E From Each Raster Dataset -
About symbolog Red  Green Blue =
Cancel

Filters =

For True Color Composite:
Red => Band_1
Green => Band_2
Blue => Band_3

Try assigning any others bands (except Band-1) to Red channel. Observe the effects.
This is the foundation of false-color composite.
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Introduction to LIDAR Remote Sensing

Dr. Md. Golam Mahboob, PSO (Forestry), NRM Division

Bangladesh Agricultural Research Council
Email: golam.mahboob@barc.gov.bd

Overview

LiDAR (Light Detection And Ranging) is a remote sensing technology that uses laser pulses
to measure distances and create precise 3D representations of the Earth's surface. It is widely
used in forestry, agriculture, environmental monitoring, urban planning, and geological studies.

Figure-1: LiDAR Data Acquisition Figure- 2: 3D Point Cloud

Principles of LIDAR

The basic principle of laser ranging is the measurement of the time it takes for a laser signal to
travel from the transmitter to the reflecting surface of a target and back to the receiver.

t 1. Emitpulsed IR light
D=cx; (Emeer) € —g
2 & e
2. Sense reflected signal /
Here, D is the measured distance =l
c is the speed of light (3x108 m/s) T

tis the pulse travel time Figure-3: LIDAR Measurement

Types of LIDAR

CALIPSO =

00 Satellite LIDAR
Used in global mapping applications.

00 Airborne LiDAR

Mounted on aircraft or drones to map
large areas.

O Terrestrial LIDAR

Fixed or mobile ground-based systems
for detailed mapping.

Figure-4: Types of LIiDAR
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Components of LIDAR System

- Ilgérﬁletg IS;saérrmeurlses 2 sk

0 Laser receivper "’\IZ_.X i 3 Lri::‘rtial Measurement Unit
Records reflected energy

[1 GNSS Receiver:
Provides positional accuracy

) Inertial Measurement Unit (IMU)
Tracks movement and orientation.

(1 High-precision clock
Synchronizes all sensors

1 Onboard software
Manage systems and store data o Sve’

(] Optical/infra-red camera TR
Optional, for photograph or video capture g re 5: Key Components of LIDAR System

Applications in Environmental Science

Forestry: Measuring tree height, biomass estimation, and canopy structure analysis.
Agriculture: Precision farming and land-use classification.

Hydrology: Monitoring water flow, flood modeling, and watershed management.
Geology: Terrain mapping, fault detection, and slope stability assessment.

Advantages of LIDAR

v High spatial accuracy

v Rapid data acquisition

v Works in varying light conditions
v Suitable for large-scale mapping

Limitations

K High cost of equipment

K Requires specialized data processing skills
& Laser penetration affected by water bodies

Prospects

LiDAR technology is advancing with improved sensors, Al-driven data processing, and
integration with satellite imaging for enhanced environmental analysis.
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Applications of LIDAR Remote Sensing in Natural
Resources Management

Dr. Md. Golam Mahboob, PSO (Forestry), NRM Division

Bangladesh Agricultural Research Council
Email: golam.mahboob@barc.gov.bd

1. Introduction to LIDAR Remote Sensing

LiDAR (Light Detection and Ranging) is an advanced remote sensing technology that uses
laser pulses to measure distances and generate high-resolution 3D representations of the Earth's
surface. It is widely used in natural resources management due to its ability to provide precise
and detailed spatial data.

Key Features of LiDAR:
00 High-resolution topographic mapping
[0 Ability to penetrate vegetation canopy
[0 Precise elevation measurements
[0 Generation of 3D models for environmental analysis

2. Applications in Forestry Management
LiDAR plays a crucial role in forestry by offering detailed insights into forest structure, health,
and biomass estimation.

Forestry Applications:
U Tree Height & Density Mapping
Helps estimate forest canopy height and tree distribution.

O Biomass & Carbon Stock Assessment

Measures forest biomass for carbon sequestration studies.
U Forest Inventory & Species Classification

Identifies tree species and assesses forest composition.
U Deforestation & Habitat Monitoring

Tracks forest loss and its impact on biodiversity.

idar Data Pre-processing
Lidar Pgint Clouds Classiﬁqq Point Clouds DEM Normalized Point Clouds

P i
e e ».«!

R N\,
Grnd filtering Interpolation
Indiviudal Tree Analysis Grid-/pixel-level Analysi
s ‘J E ¥ ' L:hfm 3
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Figure-1: Forest Biomass Mapping from LiDAR Data
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3. Applications in Watershed & Hydrology Management

LiDAR data significantly enhances hydrological studies by improving terrain analysis and
flood modeling.

Hydrological Applications
[0 Watershed Delineation
Defines drainage basins and water flow paths.
0 Flood Risk Assessment
Creates accurate floodplain maps for disaster preparedness.
O Riparian Zone Analysis
Identifies vegetation along rivers, improving conservation planning.

[0 Groundwater & Surface Water Interaction Studies
Assists in evaluating water movement and storage.

%, | Flood hazard|

Kilometers % o Kilometars g

Kilometers
— — i —_—— _— & % — —
o0 05 1 2z X o 05 1 i & o 05 1 i or RNTE 0 05 1 2

Figure-2: Urban Flood Hazard Maps, doi: https://doi.org/10.3390/w11091832

4. Applications in Agriculture & Land Use Planning
LiDAR supports precision agriculture and sustainable land use management.

Agricultural Applications:
0 Soil Erosion & Terrain Mapping
Assesses landforms to mitigate soil degradation.
O Crop Health & Yield Prediction
Analyzes plant growth patterns for precision farming.
O Irrigation Planning
Optimizes water distribution based on terrain slope and elevation.

0 Land Use Classification
Differentiates agricultural, urban, and natural landscapes.

Figure-3: a. LiDAR Scanner, b. Mobile LIiDAR System, c. Collected Point Clouds from Crop Field

49|Page


https://doi.org/10.3390/w11091832

5. Applications in Biodiversity & Wildlife Conservation
LiDAR contributes to ecological studies by enhancing habitat mapping and species monitoring.

Conservation Applications:
[ Habitat Suitability Analysis
Identifies critical habitats for endangered species.
[ Vegetation Structure Assessment
Evaluates forest canopy for biodiversity conservation.

[J Wildlife Corridor Planning
Supports strategic conservation for species movement.

00 Mapping Invasive Species Spread
Detects vegetation changes to manage invasive species.

Figure-4: Habitat suitability maps for red tree voles derived from airborne LiDAR at
(A) full (10.36 pulses/m2 ) and reduced point densities of (B) 4 points/m2 and
(C) 1 point/m2 in southwestern Oregon, USA, doi: 10.1002/jwmg.21173

6. Future Prospects & Emerging Applications
O Integration with Al & Machine Learning
Enhances automated feature detection.

O LiDAR for Coastal & Marine Studies
Expands applications to underwater ecosystems.

[0 Advancements in Drone-Based LiDAR
Increases accessibility for localized monitoring.

O Climate Change Impact Studies
Supports long-term environmental assessments.
Conclusion:
LiDAR remote sensing is revolutionizing natural resources management by providing high-

precision data for environmental monitoring, conservation, and sustainable development. Its
integration with GIS and Al offers promising advancements for future applications.
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Open-Source Satellite Imagery

Md. Zohir Uddin Omor
Manager, GIS & IM, Care Bangladesh
Email: zohiruddin.omor@care.org

There are several open-source and publicly available satellite imagery sources that provide
coverage of Bangladesh. These are useful for monitoring agriculture, urban growth, flooding,
deforestation, and more. Here's a list of some of the best platforms and datasets:

1. Sentinel Hub (European Space Agency - ESA)

Satellites: Sentinel-1 (radar), Sentinel-2 (optical)

Resolution: 10-20 meters (Sentinel-2), all-weather radar (Sentinel-1)
Update frequency: Every 5 days (Sentinel-2)

Use cases: Land use, vegetation, flood mapping

Access: https://apps.sentinel-hub.com/eo-browser

2. NASA Earthdata (via LP DAAC and Earthdata Search)

Satellites: MODIS (Terra & Aqua), Landsat, VIIRS
Resolution:

MODIS: 250m-1km (daily)

Landsat: 30 meters (16-day revisit)

Use cases: Climate monitoring, long-term land change

Access: https://search.earthdata.nasa.gov/

3. USGS Earth Explorer

Satellites: Landsat series, Sentinel-2, others

Resolution: 30 meters (Landsat), 10 meters (Sentinel-2)

Use cases: Historical land cover change, hydrology, urban planning
Access: https://earthexplorer.usgs.qov/

4. Google Earth Engine (GEE)

Note

Type: Cloud-based geospatial processing

Data: Landsat, Sentinel, MODIS, many more

Use cases: Custom time-series analysis, deforestation, flood mapping
Access: https://earthengine.google.com/

: Requires an application for access (free for research, NGOs, and developers)

5. OpenAerialMap

Type: Open aerial imagery contributed by users and organizations
Use cases: Post-disaster mapping, infrastructure
Access: https://openaerialmap.org/
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6. Radiant Earth Foundation
e Type: Open ML-ready earth observation data

e Use cases: Agriculture, humanitarian response, ML models
e Access: https://radiant.earth/

Steps to download sentinel 2 data from Copernicus Sentinel Hub

To download Sentinel-2 data from the Copernicus Sentinel Hub (ESA), you can follow these
steps. There are two main ways: via the EO Browser (user-friendly interface)

Open EO Browser:

Create a (Free) Account:
e Click “Log in” or “Sign up” (free for public and research use).

e You need an account to download high-resolution imagery.

Sign in to your account

Welcome to the Copernicus Data Space stem! Login to your
of Earth o tion
ster now to easily create a

Register and create an account for free in
60 seconds

@ Access a variety of Earth observation data
@ Manage your personal settings

& Follow your credits and orders

Select Area of Interest (AOI):

e Use the search bar or draw a polygon/rectangle on the map to define your area.

< OPErMICUS
BROWSER

VISUALISE

£ SH DASHBOARD £ WORKSPACE
SEARCH CRITERIA:
Product name

To apply a location fiter, lease define an AONa POI

DATA SOURCES:
SENTINEL-1 Filters - atuaindl

gl IRAD
SENTINEL-2 Filters >
SENTINEL-3 Filters >
SENTINEL-5P Filters > Pt )
X33p37 34

SENTINEL-6 .
CCM Optical Filters >

Goermcus

@ esa About  Support
R Loafiel | © OpenStreetiap contributors - Disclaimer, © Sentinel Hub Lat 22.279, Lng: 90.266
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Select Satellite and Data Source:
e Choose Sentinel-2 L1C (Top-of-atmosphere reflectance)

e Or Sentinel-2 L2A (Surface reflectance, atmospherically corrected)

Gpemicus
BROWSER

VISUALISE

[ SH DASHBOARD 2 WORKSPACE

SEARCH CRITERIA:

Product name

To apply a location filter, please define an AOVia POI
DATA SOURCES:

SENTINEL-1 Filters = e=r
ougevion
SENTINEL-2 Filters -
msi

Lic

L2A

—l) (. 100%

Auxiliary Data File

Gpem iCUS

Cesa About  Support
w1150 HK Lat 22 282, Lng 89 263

Choose Time Range:

e Select a date range in the top-left panel to filter available scenes.

( OPErMICUS
BROWSER

VISUALISE

£ SH DASHBOARD 2 WORKSPACE

CCM DEM Filters -

CCM SAR Filters =

GLOBAL-MOSAICS

TIME RANGE:
From:

< 20250301 > nhoo C:mmoo ¢
Until:

< 2025-05-02 > th23 C:mms5e ¢

Filter by months.

Qesa About  Support
"

Y Leafiet | © OpenStreetMap contributors - Disclaimer, © Sentinel Hub

Browse and Preview Data:
e Click on aresult to preview the scene.

e Use the drop-down to choose band composites (e.g., True color, NDVI, etc.)
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Gpemicus
BROWSER

VISUALISE

£ WORKSPACE

2 SH DASHBOARD

Showing 45 results

_20250306T061811.SAFE

- Mission: SENTINEL-2  Instrument: MSI  Size: 679MB
Sensing time: 2025-03-06T04:27:09.024000Z

| Visualise - TR TR TR 0oL
S2B_MSIL1C_20250306T042709_NO511_R133_T45QYE
_20250306T061811.SAFE
Mission: SENTINEL-2  Instrument: MSI  Size: 655MB
Sensing time: 2025-03-06T04:27:09.024000Z

FY senmneiz msi samsic coB Y
$2B_MSIL1C_20250306T042709_N0511 R13i Product info
_20250306T061811.SAFE N N
Mission: SENTINEL-2  Instrument: MSI  Size: 670MB
Sensing time: 2025-03-06T04:27:09.024000Z

BETTY senmnerz msi samsic [ R+ S

S2C_MSIL1C_20250301T042741_N0511_R133_T45QZE
_20250301T062048.SAFE

permicus

Cesa About  Suppor

Download the Image:

e Click "Download" (bottom right).
e Setresolution and bands to export (e.g., B2, B3, B4, B8)

PRODUCT INFO X
ATTRIBUTES PREVIEW
Summary ~
Name: S2B_MSIL1C_20250306T042709_NO0511_R133_T45QYE_20250306T061811.SAFE
Size: 655MB
Sensing time: 2025-03-06T04:27:09.024000Z

Platform short name: SENTINEL-2

Instrument short name:  MS|

Product v
Instrument v
Platform v FOOTPRINT

Product id: https://download.dataspace.copernicus.eu/odata/v1/Products(e2ffe73d-0f37-4339-8ab7-84556e84a704)/$value 1]

Workspace X Download
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Layer Stack/Composite Bands of Satellite Image

Md. Zohir Uddin Omor
Manager, GIS & IM, Care Bangladesh
Email: zohiruddin.omor@care.org

Composite bands in satellite imagery refer to combining multiple spectral bands (channels)
into a single image to highlight specific features or patterns on Earth's surface. Different band
combinations (also called "band composites™) are used to visualize and analyze different land
cover types, vegetation, water bodies, urban areas, etc.

Common Types of Band Composites

1.

True Color Composite
e Bands Used (e.g., Sentinel-2): Red (B4), Green (B3), Blue (B2)
e What It Shows: Similar to what the human eye sees

e Use Case: General visualization, urban mapping

False Color (Infrared) Composite
e Bands Used: NIR (B8), Red (B4), Green (B3)
e What It Shows: Vegetation appears red; healthy vegetation is very bright

e Use Case: Vegetation health, crop analysis

Shortwave Infrared (SWIR) Composite
e Bands Used: SWIR1 (B11), NIR (B8), Red (B4)
e What It Shows: Useful for distinguishing water, snow, burn scars, and soil moisture

e Use Case: Flood detection, burn area mapping

Urban/Man-Made Feature Composite
e Bands Used: SWIR (B12), NIR (B8A), Red (B4)
e What It Shows: Enhances man-made structures; urban areas appear distinct

e Use Case: Urban growth monitoring

55|Page


mailto:zohiruddin.omor@care.org

Composite Bands in ArcMap 10.8

Creates a single raster dataset from multiple bands.

Composite Bands

Single band raster datasets

a datamdb
B8 raster_dataset

Multiband
raster dataset

RGB Composite

Usage

Source: ESRI

This tool can also create a raster dataset containing subset of the original raster dataset
bands. This is useful if you need to create a new raster dataset with a specific band
combination and order.

The order that the bands are listed in the Multi-value Input control box will determine
the order of the bands in the output raster dataset.

This tool can only output a square cell size.

You can save your output to BIL, BIP, BMP, BSQ, DAT, Esri Grid , GIF, IMG, JPEG,
JPEG 2000, PNG, TIFF, MRF, CRF, or any geodatabase raster dataset.

The output raster dataset takes the cell size from the first raster band in the list.

By default, the output raster dataset takes the extent and the spatial reference of the first
raster band with a spatial reference in the list. You can change this by setting the output
extent and output coordinate system in the Environment Settings.

The following are some examples of why you would want to combine single raster
datasets into multiband raster datasets:
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v You may have received some satellite data where each band of data is contained in
a single file—for example, band1.tif, band2.tif, and band3.tif. To render these raster
datasets together to create a color composite, each band needs to be contained within
a single raster dataset (for example, allbands.tif).

v You may have several raster datasets of the same area captured at various times. By
displaying these raster datasets as a color composite, you can detect change in the
area, such as urban growth or cut forests. To create this color composite, each raster
dataset needs to be contained as individual bands within a single raster dataset.

v In some cases, the output of an analysis operation is a single-band raster dataset. To
do further visual analysis, you may need to combine the outputs by rendering your
data as a color composite.

v Combining bands into one raster dataset can help you organize many related single-
band rasters.

Example Steps by Steps

A multiband raster from Landsat 8 band images can be created in ArcMap, either by using the
Composite Bands (Data Management) tool or the Composite Bands button in the Image
Analysis window.

The instructions provided describe how to create a multiband raster from Landsat 8 band
images.

Option A:
Use the Composite Bands (Data Management) tool.
1. In ArcMap, navigate to Geoprocessing > ArcToolbox > Data Management Tools > Raster

> Raster Processing > Composite Bands.
2. Click the browse button, and search for the desired input raster.

=
#, Composite Bands

Input Rasters Output Raster
B
— The output raster dataset.
C:\Users\Mathini\Desktop\ArcTutor\Raster\Data\Landsat_p114r75\p114r075_7t2000... ‘iJ
C:\Users\Mathini\Desktop\ArcTutor\Raster\Data\Landsat_p114r75\p114r075_7t2000... When storing the raster
C:\Users\Mathini\Desktop\ArcTutor\Raster\Data\Landsat_p114r75\p114r075_7t2000... @ dataset in a file format, you £

need to specify the file

@ extension:

E\ e _bil—Esri BIL ’

e _bip—Esri BIP
e _bmp—BMP

N Cn OO

3. Specify the name and location of the output raster, and click OK.
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Input Rasters " | Composite Bands

Creates a single raster
dataset from multiple
bands and can also create
a raster dataset using only
a subset of bands.

C:\Users\Mathini\Desktop \ArcTutor\Raster\Data\Landsat_p114r75\p114r075_7t2000...
C:\Users\Mathini\Desktop\ArcTutor \Raster \Data\Landsat_p114r75\p114r075_7t2000...
C:\Users\Mathini\Desktop\ArcTutor \Raster \Data\Landsat_p114r75\p114r075_7t2000...

CINEINEINE I

Output Raster
C:\Users\Mathini\Desktop\ArcTutor \Raster \Data\Landsat_p114r75\composite_band_test. tif

Cancel | [Environments... | [ <<HideHelp | |  ToolHep |

Note:
If working outside a geodatabase, specify the extension of the output raster.

Option B:
|

Use the Composite Bands button in the Image .
L Wind Hel
Analysis window. 25 : L
Overview Georeferencing ~
Magnifier ]
1. In ArcMap, add the raster bands to Vidaas
the map document. 501_250_1 v | U2
_ _ : Table Of Contents =%
2. Navigate to Windows > Image [ Catslog
Analysis. -
y [ Search Ctrl+F
3. In the Image Analysis window, hold |

down the shift key and select the

band images. Image Analysis

4. Click the Composite Bands button. open the Image Analys

forsunrbina saith immane

Note:

The output of the Image Analysis window is added to the map document as a temporary layer.
To save the output layer as a raster dataset, click the Export button on the Image Analysis
window and specify the output location of the raster dataset.

58| Page



Note:

The output raster of both options is generated as an RGB composite. To change it to a Stretched
value composite, right-click the layer > Properties > Symbology. Under the Show section,
select the 'Stretched' option, and specify the band to be used for the stretch values. Input the

desired parameters, and click OK.

Layer Properties X}
| General | Source | Extent | Display | Symbology |
Sﬁ Stretch values along a color ramp &) &
RGB Composite
Band: [Band_3 .] el
Color Value Label Labeling
- 255 igh: 255
- 0 Low:0 8
Color Ramp: 7
[ Display Background Value: | 0] ]
[T use hillshade effect Zi| 1 Display NoData as|| -
Stretch
Type: Standard Deviations v) [ Histograms |
) n: 2.5 [invert
D
About symbology ["] Apply Gamma Stretch: 1 -
ok J[ Concel J[ Aoy |
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Satellite Image Processing

Md. Zohir Uddin Omor
Manager, GIS & IM, Care Bangladesh
Email: zohiruddin.omor@care.org

Satellite Image Processing

Satellite image processing involves analyzing and interpreting data captured by satellites to extract
meaningful information. This field combines remote sensing, computer vision, and image processing
techniques to monitor and manage natural and man-made environments.

1. Key Steps in Satellite Image Processing:
1. Image Acquisition
o Obtaining images from satellite sensors (e.g., Landsat, Sentinel, MODIS).
o Images may come in various bands (visible, infrared, thermal, etc.).
2. Preprocessing
o Radiometric Correction: Adjusting pixel values to account for sensor noise and
lighting.
o Geometric Correction: Aligning images to a known coordinate system.
o Atmospheric Correction: Removing atmospheric effects like haze or clouds.
o Resampling: Adjusting image resolution or grid alignment.
3. Image Enhancement
o Contrast stretching, filtering, and edge enhancement to improve visual
interpretability.
4. Image Classification
o Supervised (e.g., SVM, Random Forest, CNN): Uses labeled training data.
o Unsupervised (e.g., K-means, ISODATA): Clusters based on pixel similarities.
5. Change Detection
o Comparing images from different time periods to detect environmental or structural
changes.
6. Feature Extraction
o ldentifying objects like roads, buildings, vegetation, or water bodies using pattern
recognition or deep learning.
7. Analysis and Visualization
o Using GIS software (like QGIS, ArcGIS) or programming tools (Python, MATLAB)
to interpret results and create visual outputs.

Tools and Libraries:
e Software: ENVI, ERDAS Imagine, SNAP (for Sentinel), QGIS, ArcGIS
e Programming Libraries:
o Python: rasterio, gdal, numpy, scikit-image, opencv, tensorflow, pytorch, earthpy
o R:raster, rgdal, sf, terra

2. Satellite Image Processing in ArcGIS

Imagery is processed and used for a wide variety of geospatial applications, including geographic
context, visualization, and analysis. You may want to apply processing techniques on image data,
visually interpret the data, use it as a background to aid interpretation of other data, or use it for analysis.
In this course, you will use tools in ArcGIS to perform basic image processing. You will learn how to
dynamically modify properties that enhance image display, visualize surface features, and create
multiple products.
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The role of imagery in GIS

Images and rasters are used in ArcGIS for various reasons:
e As background to provide reference to geographic data

e For heads-up digitizing while editing
e Forvisually interpreting a site
e For advanced analysis

Image processing allows you to see information about your data that would have been otherwise
difficult to extract. Imagery and raster data are integrated into all aspects of ArcGIS. Imagery can be
used to enhance other geographic data or to provide reference in editing, or it can be processed to
provide powerful data that is necessary for answering complex analysis questions.

Basemaps are fast-drawing
maps used as background to
support data and provide a
geographic reference. This
g example is one of numerous
image basemaps on ArcGIS
Lemon Online that you can add

Cove "

directly to ArcMap.

Imagery is rich in information

visual analysis or to enhance
an area to see different
features (such as elevation,
sun exposure, or visibility).
Here, several images were
combined for visual analysis.
This hillshade gives a 3D
appearance to the elevation

raster.

Some images can be used for

Georeferenced images are
often used in editing as a
background for digitizing. You

can digitize a watershed

boundary, streets, lakes, or
other features in an image.
Here, an image is being used

for heads-up digitizing.

Using advanced image-
processing functions such as
normalized difference
vegetation index (NDVI), you
can show aspects of the land
that would otherwise go
unnoticed. This image shows
the Salton Sea and the
surrounding vegetation. This
raster has been processed to
show vegetation on the

surface.

What is image processing?

How would you identify where healthy vegetation is growing in a city? How can you combine bands
to visualize imagery in natural color? Can you combine a low-resolution natural color image and a high-

resolution grayscale image in a single image? Image processing can help you answer questions like
these.

Types of image processing

ArcGIS provides many options for image processing. The image-processing techniques described in
this graphic allow you to use ArcGIS to extract answers from imagery for analysis.

‘composite

hillshade

Red composite
3 . PG v 2 i 3
| illshade \ by R
NDVI %@? 27 4

, 'Ae)

pan-sharpening :) g‘;;;_
A’ 77 7

A hillshade is an alf

Green
NDVI

pan-sharpening

p! ion of a th | surface, intended to make it easier to

Composite bands create a single raster from multiple bands, allowing the image to be viewed as a visualize the terrain. The hillshade image on the right is derived from elevation data (in this case, the digital

elevation model, or DEM, on the left).

multispectral image in ArcGIS.
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composite
hillshade
NDVI

pan-sharpening

The normalized difference vegetation index (NDVI) is a standardized index that allows you to generate an
image displaying greenness (relative biomass). Based on the difference in brightness between the red

band and the near-infrared band, NDVI can be used to assess the absence or presence of live green

vegetation, determine types of vegetation, and assess the overall health of vegetation.

Panchromatic

composite
hillshade

NDVI

pan-sharpening

»

Pan-sharpened Color Image

Multispectral

Panchromatic sharpening fuses a high-resolution panchromatic image and a lower-resolution multiband
image to produce a multiband raster with the resolution of the panchromatic. This allows a high-resolution

image to have the capabilities of a multispectral image.

Accessing and enhancing imagery

You can employ numerous types of image formats
in ArcGIS for display purposes. Several of these
format types can be used for image processing. It
is important to know about these formats - and to
understand which image-processing operations
you can perform on them -before you start your

analysis.
You can also enhance

imagery for visual

interpretation. Knowing which options you can use
to change and improve the display can help answer

guestions about your data.

Common imagery types used in processing

Images can be enhanced for visual interpretation and adjusted as needed for analysis.

Image processing can be applied to a variety of raster types. This graphic illustrates three commonly

used types: aerial imagery, satellite imagery, and elevation data.

Aerial images are photographs
of the earth's surface, usually

=
=

Satellite images often consist of
multiple spectral bands, some of

Elevation data represents the
ground (bare earth) or surface

taken from an aircraft using
film or digital camera. These
images are often used for
image-processing functions
like pan-sharpening, NDVI,
and composite.

which are invisible (such as
infrared). In this Landsat 7
image, bands 5, 4, and 1 are
represented. A Landsat is an
earth-orbiting satellite that
gathers imagery for land-use
inventory, geological
exploration, crop assessment,
and similar activities. Satellite
images can be subjected to a
variety of image-processing
functions (pan-sharpening,
NDVI, and composite etc.).

of the earth (including
buildings and other structures).
This image is a digital
elevation model (DEM)
representing the earth's
surface. A common image-
processing function applied to
elevation data is hillshade.
Here, the result is a tinted
hillshade.
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Enhancing Image Display

Changing display properties can enhance an image to either prepare it for additional processing or
answer questions about your data through visual interpretation. You can easily access these display
options through the Image Analysis window and apply them on the fly to avoid altering the original
image.

The contrast slider adjusts the displayed contrast The brightness slider adjusts the displayed

characteristics of the selected image. The image on  brightness characteristics of the selected image.

the right has been enhanced to increase contrast. ~ The image on the right has been enhanced to
increase brightness.

The transparency slider adjusts the transparency of The gamma slider adjusts the gamma

the selected image, allowing for visualization of transformation of the selected image. The

data under the image. The image on the right has gamma refers to the degree of contrast between

been made partially transparent to allow the the mid-level gray values of a raster dataset.

hillshade image (another image below the green Gamma does not affect the black or white values

image) to show through. in a raster dataset, only the middle values. The
image on the left has 0, whereas the image on
the right has .48 applied.
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The DRA check box refers to "dynamic range The stretch adjusts the stretch applied to the
adjustment.” This allows the brightness and selected image. There are six stretch options
contrast of the image display to be adjusted based available: None, Minimum-maximum (Min-
only on the data and contained within the data max), Standard deviation (Std-dev), Histogram
frame extent. That means dark areas will equalization (Hist-eq), Percent clip, and Esri.
automatically brighten, and bright areas will Different stretches will produce different results
automatically darken. The image on the left does in the raster display. The image on the left has
not have the option checked, whereas the image on  no stretch applied (None), whereas the image on
the right does. the right has standard deviation (Std-dev).

The resample selection chooses which resampling
method to apply when you pan and zoom to view
the selected image. Resampling is the process of
interpolating the pixel values to fit your raster
dataset to the desired resolution. Resampling
methods include nearest neighbor, bilinear, cubic
convolution, and majority.

Common Image Processing Techniques
Image processing can make imagery more useful and informative. Using image-processing techniques

allows you to extract information for use in analysis. ArcGIS offers many options for image processing.
Now, you will learn about four specific examples of image-processing functions: hillshade, composite,
NDVI, and pan-sharpening.

Image Classification

Image Classification in remote sensing is the process of assigning land cover or land use classes (e.g.,
water, vegetation, urban) to each pixel in a satellite image based on its spectral characteristics. Image
classification refers to the task of extracting information classes from a multiband raster image. The
resulting raster from image classification can be used to create thematic maps. Depending on the
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interaction between the analyst and the computer during classification, there are two types of
classification: supervised and unsupervised.

With the ArcGIS Spatial Analyst extension, there is a full suite of tools in the Multivariate toolset to
perform supervised and unsupervised classification (see An overview of the Multivariate toolset). The
classification process is a multi-step workflow, therefore, the Image Classification toolbar has been
developed to provided an integrated environment to perform classifications with the tools. Not only
does the toolbar help with the workflow for performing unsupervised and supervised classification, it
also contains additional functionality for analyzing input data, creating training samples and signature
files, and determining the quality of the training samples and signature files. The recommended way to
perform classification and multivariate analysis is through the Image Classification toolbar.

Supervised Classification

Supervised classification uses the spectral signatures obtained from training samples to classify an
image. With the assistance of the Image Classification toolbar, you can easily create training samples
to represent the classes you want to extract. You can also easily create a signature file from the training
samples, which is then used by the multivariate classification tools to classify the image.

Unsupervised Classification

Unsupervised classification finds spectral classes (or clusters) in a multiband image without the
analyst’s intervention. The Image Classification toolbar aids in unsupervised classification by providing
access to the tools to create the clusters, capability to analyze the quality of the clusters, and access to
classification tools.

Example

In the following example, the Image Classification toolbar was used to classify a Landsat TM satellite
image.

The following raw satellite image is a four-band Landsat TM image of the northern area of Cincinnati,
Ohio.

Input Landsat TM image
Using the toolbar, five land-use classes were defined from the satellite
image: Commercial/Industrial, Residential, Cropland, Forest, and Pasture.
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Residential
Cropland

Forest
Pasture

Training Samples

The quality of the training samples was analyzed using the training sample evaluation tools

in Training Sample Manager.
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Evaluating Training Samples

Using the Image Classification toolbar and Training
Sample Manager, it was determined the training samples
were representative for the area and statistically separate.
Therefore, a maximum likelihood classification was
performed from the toolbar. The classified image was then
cleaned to create the final land-use map as shown below.

Output Classified Land Use Map

Change Detection

Temporal change detection can be performed by comparing
two rasters from a different time, such as detecting changes
in vegetation cover, or land use over a specified period. This
can be done with the Raster Calculator in ArcMap, which
gives results that allow further interpretation and
classification for quantifying areas of change.

1T, e T &
a ﬁ;" &= :_‘{:h«-_...:g‘—
st bk

=

o r

- ! A
Pﬁ{f;j_ -ty

4 ,f'; e B

i LT o
N W Bty LR
M Commerdial | Industrial M Forest
[ Residential [Jpasture
[ Cropland
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The images below show vegetation cover for years 2005 and 2017. The instructions provided describe
how to detect and quantify vegetation cover changes from 2005 to 2017 using the Raster Calculator
tool.

egetation cover 2005 ‘ Vegetatlon cover 2017

Procedure
1. Subtract NDVI rasters for the difference in pixel values over time.
Note:

The NDVI rasters must cover the same spatial extent, and the pixels must be perfectly aligned.
Additionally, to detect annual changes, acquire NDVI rasters calculated for the same window
of the year. Otherwise, NDVI rasters calculated in different seasons reflect vegetation changes
over seasons, and not years.

a. Navigate to Spatial Analyst Tools > Map Algebra > Raster Calculator.

b. Inthe Raster Calculator dialog box, type the expression required to subtract the raster of a
previous time from the raster of a later time. For example:

"NDVI 2017" - "NDVI 2005"

-
., Raster Calculator ==

Map Algebra expression OQutput raster

Layers and variables
Redass
<> subtracted
<>NDVI 2017
<PLE07_LITP_p21035_2017021
<PLE07_LITP_D21035_2017021
<nDvI 2005

s
e B [ .E@B . -
| “NDVI 2017 - "NDVI 2005 i

Output raster
D:VArCTUtor\QUtpUtHDVI @

Conditional s The output raster resulting

[edfedl=] IEEI Y] P B oot e
-

lTh

[ ok ][ cancel |[envionments..][ <<hiderep | [ Toolkeb |

c. Setaname and location for the Output raster.
d. Click OK. The output raster contains the subtracted cell values. Negative values indicate
losses while positive values indicate gain. Zero ‘0" indicates unchanged vegetation cover.
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2. The raster generated in Step 1 can be classified into multiple classes to reflect vegetation
change direction and extent. For example, (a) Vegetation loss; (b) No change, and (c)
Vegetation gain, or (a) Significant loss; (b) Loss; (c) No change; (d) Gain, and (e) Significant

gain.
a. Navigate to Spatial Analyst Tools > Reclass > Reclassify.
b. Select the output raster from Step 1 for Input raster.
c. Select VALUE for Reclass field.
d. Under Reclassification, click Classify....

r& Reclassify Eﬂg
e “ | Reclassification
Lz:::;:zw = @ A remap table that defines
VALLE - hou}r thezvajues will be

Redassification

Old values New values - -
S0 3sere i K|

-0.354678 - -0.219835 2 ‘ e |
-0.219835 - -0.113887 3 _—
-0.113887 - -0.036834 4
-0.035834 - 0.04022 5 Add Entry
004022 - 0 165431 [
0.165431 - 0.598855 7 Delete Entries
0.558856 - 1.090071 2 S

Qutput raster
C:\Users\ISC-DTE8-Kamiah\Documents\ArcGIS\Default. gdb\Redass_20166 @

[szerse New Values] [ Predision. .. I

Change missing values to NoDatz (optional)

+ Old values—The
ranges of values of
cells in the input
raster. Acceptable
settings are a single
value, a range of
values, a string, or
MoData. A list of
single values can be
specified by
separating each with
a semicolon (;). A
range of values can
be specified by
using a hyphen ()
as the range
separator.

[ ok || cencel ||[Envirenments...|[ <<tidetel |

[

TodHep |

e. Inthe Classification dialog box, select a method for the classification in the Method drop-

down list, and select the desired number of classes in the Classes drop-down list.

f.  Set the Break Values manually, if necessary.
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g. Click OK to exit the Classification dialog box.

h. In the Reclassify dialog box, set a name and location for Output raster.

i. Click OK. A reclassified raster is generated with pixel values indicating the vegetation
change classes. A Count field is added to the attribute table of the reclassified raster
containing the number of cells falling into each class.
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3. Quantify the changes by creating a new field, and calculate the area of each class by

multiplying the Count field with the pixel size of the raster layer.

a. Open the attribute table of the output in Step 2. Right-click the layer and click Open
Attribute Table.

b. Click Table Options > Add Field.

c. Inthe Add Field dialog box, type a name for the new field. Select Double as the field
type. Leave other settings at default, and click OK.

d. Right-click the new field > Field Calculator. Click Yes if a prompt dialog displays.

e. Inthe Field Calculator dialog box, multiply the Count field by the pixel size of the
raster layer. For example, this raster's pixel size is 90.
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Parser
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Fields: Type: Functions:
OBJECTID " @ Number ::_‘SH
Value & Stri Cos()
Count © String Exp()
Area ©) Date ';‘";E g
Log ()
sin( )
Sar ()
Tan ()
| Srow cosetlesk BHYEMNER
[Count] *90 it
About calculating fields Cear | [ Load.. | [ save.. |
o ]

f. Click OK. The area for each class is calculated in the new field. The unit of the calculated
area is the unit of the raster's coordinate system.

Table
B B BT x
Clipped_rec
OBJECTID* | Value | Count Area
» 1 1| 10242 9217800
2 81f 72900
3 3] s637] 5073300

18]

4 1 » ‘g (0 out of 3 Selected)
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GIS Visualization and Map Layout

Hasan Mahmud, Senior System Analyst, Computer & GIS Unit
Bangladesh Agricultural Research Council
Email: hasan.mahmud@barc.gov.bd

A page layout (often referred to as a layout) is a collection of map elements organized on a
virtual page, designed for map printing. Common map elements that are arranged in the layout
include one or more data frames (each containing an ordered set of map layers), a scale bar,
north arrow, map title, descriptive text, and a symbol legend.

Insert map
elements

Measure page
dimensons
with ruler

Use guides to help
place map elements

View Bookmarks | Insert | Selection  Geoprocessing omize  Windows
| &9 oastaFrame T f ALY |

-

mel Title

Text
Dynamic Text >

Victoria & Tas
Mamn

swawo2 0 e [i

vl L0300 400,

Neatine....
Legend. ..
Scale Bor...

0P|

Data Scale Texx... 1
frame ~l Picture...

|l

13,

|2

|1

- =N ] =11 47% Avll— 3 E

Use Layout toolbar to S——
navigate and manage Author a map book using
page layout data driven pages

FIGURE: KEY ELEMENTS OF THE PAGE LAYOUT USER INTERFACE

In Layout view we can add map elements such as north arrows, legends, and scale bars, as well
as, frames that contain the geographic data or the maps themselves. Other finishing touches can
be added to a Layout using a full suite of graphics and graphic editing tools. Rulers
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and guides can be used in the Layout View to help accurately measure and organize the
elements on the page. What we see on the layout is what we get if we print or export the mapto
the same page size.

Creating a New Page Layout

The first step in ArcMap is to change your map view to layout—either by selecting Layout
View from the View menu or by clicking the Layout View button on the lower left of the map

display
Layout View J

@e .:-..}

In order to save time, we may want to consider using a template to preconfigure your layout.
When starting a new document, we can use one of the templates included with ArcMap or
create your own.

'@ New Document

Choose a template for your new map

= New Maps USA
My Templates
= Templstes
= Standard Page Sizes <
Architectural Pag i B

ISO (A) Page Siz %
North Amercan (

= Traditional Layouts S — ———— |
3;”' = CortralUSA ConterminouslUSA

Woeld
Browse for more...

e N\ *“\,“ ‘

_C&i&;::&\;cjﬁm:p tcrn;ii-:tc

——
————— T 3 e *

NortheasternlJSA NorthmesternUSA

v

FIGURE: LAYOUT TEMPLATES

Using a template is optional.

Once we are working in layout view, we can set up your page orientation and dimensions using
the Page and Print Setup dialog box.

When we create a new document from a template, an untitled map is opened based on the
selected template. These templates are listed under the My Templates node under New Maps.
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'O ArcMap - Getting Started
Open existing map or make new map using a template @

Browse for more... | A Traditional Layouts ~
= New Maps
My Templates — T —
= Templates
= Standard Page Si
Architectural
15O (A) Page
North Americ| - e —
= Tradiional Layou
Industry
USA

ww L S ————

Browse for more... |
v

<| 3] v
C:\Program Flles\ArcGIS\Deskbop10. 1 \Map Templates) Tradbional Layouts\LandscapeClassic. mxd
Def ault geodatabase for this map: What is this?
C:\Documents and Settings\wharmison|My Documents\ArcGIS\Defauk. gdb &

[T1Do not show this dislog in the future.

Figure: Open existing maps or create new

The Select Template dialog box

User and system templates are also available when changing your page layout in the Select
Template dialog box. New templates are available in the Select Template dialog box from the
same user profile and system location used by the Getting Started dialog box.

[Sotect Template

150 (A) Page Sizes | North Amencan (ANSI) Page Sizes| Tradbonal Layouts | industry | USA | Wod 412
Q LandscapeClassic.mud i
@ | LandscapeModern mud
Q| LandscapeModerminset mud
Q| LotterLandscape.mxd
Q| LetterPortrait mxd
Q| PortratClassic.mxd
Q | PortrastM odern mad
Q| PortratModerminset mxd

EE 22 C\Pogram Files\ArcGIS\Desktop! 0.1\MapT emplates\Traditional Lapouts\LandscapeC @

(_Fosn | [ cCocel |

Figure: Change page layout with a user-defined template under

My Templates or a system template from Templates
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Change your page layout with a user-defined template under My Templates or a system
template from Templates.

To open the Select Template dialog box, click the Change Layout button @& on
the Layout toolbar.

Adding a data frame to the page layout

The data frame displays a collection of layers drawn in a particular order for a given map extent
and map projection. We can add a data frame to the page layout using the Insert menu.

Insert | Selection Ge.,
Data Frame ’

-

A Text

Dynamic Text

From this menu, we can insert additional data frames. These additional data frames may be for
locator or detail maps. If we are using multiple data frames we may want to consider usingextent
indicators to show the extent of one data frame within another data frame. A good locatormap
will also contain an indicator, such as an outline, showing where the extent of the detail map
fits within a larger extent. For example, your locator map might show the location of a state
within a country.

When your map document contains more than one data frame, only one will be the active data
frame, that is, the one with which we are actively working. The active data frame name is
shown in bold in the table of contents and the frame will be highlighted on the page with a
dashed outline. To make a data frame active, right-click on its name in the table of contents
and select Activate or single-click the data frame on the page layout.

Adding Other Map Elements to Page Layout

Use the Insert menu to select other map elements to add to your layout. We can use this menu
to add a Title to the page. The added text will be the same as the text entered for the title in the
Map Document Properties dialog box. Along with a title we can add (static) Text and Dynamic
Text.
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Irsert | Selechion  Geop | Insert | Selection  Geopr | Insert | Selection  Geops
| Data Frame i £ DataFrame | } | DataFrame |
-~ " | 1
il Title “_'_‘: Title il Title
A Text | A Text | Al Text l
Dynamic Text » | Dynamic Text » | 1 Dynamic Text » |
TT Neaine... Ol Neatine... Neatine. .
ol g 1 P
i=| Legerd,.. i=] Legend... [§=] Legend...
% MNorth Arrow... | % | North Arrow... | % North Arrow...
|
4| Scale Bar... | 5] Scale Bar... w30 Scale Ba...
1N Scale Text,. 10} Scale Text,.. |10 Scale Text...
{ |
L—.J Bicture. .. =l Picture... =) Picture...
w|| Obiect... )| Object... | al| Object...

We can use the Insert menu to add a Legend, North Arrow, Scale Bar, and Scale Text. Clickingany
of these options opens an appropriate wizard or dialog box where we can set properties for each
map element.

We can also add Neatlines, pictures, and objects from the Insert menu.

The Draw toolbar can be used to add graphic shapes such as rectangles, lines, and points. We can
also add graphic text and edit text properties.

Working with Map Elements

View

As we add map elements, we can —_
edit their properties, size, | [E tosven
position, and appearance, and oo '
arrange them on the page with qs@.m

Repotts » 3
¥ | Status Bar

other map elements. From the -
View menu we can toggle on Guss
Rulers, Guides, and a Grid to aid = , ]
. . . {31 Lga_ﬁmi’mwhes... o
in positioning elements on the | |2 s =
page. We can also access [ " o=

“qy) PauseLabelng

placement aids in the layout view
context menu. Open this menu by right-clicking the page layout.

We can set properties for these placement tools using the Layout View tab of the ArcMap Options

dialog box, which is available from the Customize menu. Here, we can set the units and division
values for the page ruler, and set the spacing for the grid.
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Options on the Layout View tab also include ways to manage the appearance of the layout view.
We can choose to stretch the contents of the view when the window is resized.

v

To work with individual elements, select the element or elements | 3 Zoom Wrale Page

we want to work with and right-click to open the element context e
menu. Here we can zoom to, Cut, Copy, or Delete the selected A conr Sl
element or elements from the page layout. In some cases we may | s pesets Dils
want to convert a dynamic element, such as a legend or scale bar,
to graphics in order to apply greater control over their display. The
menu provides optionsto Group or Ungroup elements. Grouping

de cut CirisX

elements is a good way of managing a page layout with many Graphic Operaions ’
elements. Crdee b

. . . . Nudge »
This menu also provides commands to further manipulate graphics Algn ’
through Graphic Operationsand placement commands. Placement Distribuste »
commands include the ability to place elements in a specified Rckatoy P 2

drawing Order, Nudge, or move the element in a particular [=0 Freeses.
direction, Align, and Distribute multiple elements on the page. We can also Rotate or Flip an
element.

We can change the size of map elements by selecting them and dragging the selection handles.
Dragging a handle in either direction will resize the element. We can also use the element's
properties dialog box—Size and position tab—to position the element.

Working with a Page Layout

tayout v X
SR REEE RS

The Layout toolbar is used to navigate the page layout. It is enabled when we are in layout view.
We can pan and zoom in/out on the page. We can also jump back and forth to previouspage extents
or specify a zoom percentage based on the page size. Other options for navigatingin the page layout
include the Layout View context menu, changing the active tool into a navigation tool by using
the keyboard, and using the mouse wheel to zoom in and out.
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We can access the layout context menu by right-clicking in any open [ zoom whole page
area on the page. The layout context menu offers ways to work with |#] GogadToexent
the page layout. Along with access to the placement aids (Rulers, . P
Guides, Grid, and Margins), this context menu provides a few |5 1o oot vose
commands to quickly change the view of the page, access the Page and
Print Setup dialog box,Toggle Draft Mode, and work with selected
elements.

i Paste Ctri+v

B2l Select All Elements
When in draft mode, using Toggle Draft Mode, the contents of the page
elements are not drawn. Instead, only the bounding box of the frame
and a label showing its name are drawn. We can control draft mode

Rulers

Guides

v v w v

for individual elements through the Frame tab of the element's Grid
Properties dialog box. Haghe
ArcMap Options...

Grids and Graticules

Grids and graticules are used to display coordinate positions on the earth. Graticules show linesof
latitude and longitude for the earth, while grids show measured locations based on a coordinate
system or can be used as a reference system for a grid index. For example, we canplace a grid that
divides a map into a specified number of rows and columns by choosing the reference grid type.

ArcMap has three ways in which we can add grids and graticules to your map

o Grids and Graticule Wizard
o Custom overlay reference grids
o Grid and Graticule layers

Deciding which option to use depends on the requirements of the grid or graticule used in the map.

Q Untitled - ArcMap - Arcinfo

Printing and Exporting Layout v [ e el
Once we have completed this work on your layout, we can print E > o
your map or create other types of output formats—PDF files, || | s r
PostScript files, or Illustrator files. Under the file menu we have s
the options to open the Page and Print Setup dialog box, Print T '
Preview, Print the page,or to Export Map. L f.:;:&;h. ¢
[53] Page and Prict Setup. PN
,:;j Print Preview. ., ‘
Reference: ot f
b g
Esri. 2023. Using map templates

https://desktop.arcgis.com/en/arcmap/latest/map/page-layouts/using-mxd-templates.htm
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Google Earth Engine (GEE) Basics

Mahmudul Hasan
Geo-Data Specialist, ESRI Bangladesh
Email: mhasanbd08@gmail.com

Google Earth Engine combines a multi-petabyte catalog of satellite imagery and geospatial
datasets with planetary-scale analysis capabilities. Scientists, researchers, and developers use Earth
Engine to detect changes, map trends, and quantify differences on the Earth's surface. Earth Engine

is now available for commercial use and remains free for academic and research use.

Satellite Imagery Your Algorithms Real World Applications

Sign-up for Google Earth Engine

If you already have a Google Earth Engine account, you can skip this step or visit
(https://courses.spatialthoughts.com/gee-sign-up.html) for step-by-step instructions.

01. Introduction T P ey e .= W e P
. . C % codeesrthengine google.coin/accept repo=users/uavalgandhi/End-to-End-GEE TIETE

The Code EdIOriS | e S Siim bt o6 biibiommio G 5o 5ot s Bibsnivors Bl

an Integrated Google EarthEngine Q= | ) B ceotatis @)

Development
Environment (IDE)

for Earth Engine
Javascript API. It
offers an easy way to

type, debug, run and

nnnnnnnnnnn

manage code. Type [~ - e = T

the code below and E= NS P Lty L

click Run to execute it and see the output in the Console tab.
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02. Working with Image Collections

Most datasets in Earth [EIRTERISTEEEREEEEE eink -
Engine come as | |
. 20 dat = ee.ImageCollection( ' COPERNICUS/S2 SR
a ImageCollection. An | 3, e nagefzzczufi o1 -31'|: 2020 i 38')
. . 22 /f Pre-filter to get less cloudy granules.
ImageCollection is a | 3 Jfilter(ee.Filter.1t{ ' CLOUDY PIXEL PERCENTAGE',28))
. 24 .map(maskS2clouds);
dataset that consists of | =
. . 26~ var visualization = {
images takes at different | 27 min: .0,
A A 28 max: 0.3,
time and locations - 29 bands: ['B4', 'B3', 'B2'L
)
usually from the same | =1
. 32 | Mep.setCenter(77.5925, 12.9487, 12);
satellite or data | ==
34 Map.addLayer(dataset.mean(), visualization, 'RGE');
provider. =R

03. Filtering Image Collections

The collection contains all the imagery ever collected by the sensor. The entire collections are not

very useful. Most applications require a subset of the images. We use filters to select the

appropriate images. There are many types of filter functions.

We will learn about 3 main types of filtering techniques,

Filter by metadata: You can apply a filter on the image metadata using filters such
as ee.Filter.eq(), ee.Filter.It() etc. You can filter by PATH/ROW values, Orbit number, Cloud

cover etc.

15 ver filtered
16 Silter(ee

o( o
17 Jfllter(ee.Filter.bounds(geometry

images in a particular date range |, =

Filter by date: You can select

wm o W~

N

B I (@ | repecior L Toeks

- Us

t 19 print(filtered.size(
using filters such as ee.Filter.date(). | = """
% bands: ['84°, 2 821,

Filter by location: You can select |, & % ...

the subset of images with a 2" -

Hindupurom

bounding box, location or geometry | .
using the ee.Filter.bounds(). You | ...

can also use drawing tools to draw |

geometry for filtering.

Q

7 Fitered

Madenapalle @
]

1.

Chittoos

C\d}v\'u:

Vellore
Cougyri

e print(...) to
ite to this console.

n
Snkalohast r

a3t
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8658
°
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04. Creating Mosaics and Composites from ImageCollections
The default order of the collection is by date. So, when you display the collection, it implicitly

creates a mosaic with the latest pixels on top. You can call. mosaic () on an ImageCollection to
create a mosaic image from the pixels at the top. We can also create a composite image by applying
selection criteria to each pixel from all pixels in the stack. Here we use the median () function to

create a composite where each pixel value is the median of all pixels from the stack.

05. Working with Feature Collections
Feature Collections are like Image [Fiirerwemy e -

var admin2 = ee.FeatureCollection( FAD/GAUL_SIMPLIFIED S06m

var karnataka = admin2.filter(ee.Filter.eq( ADM1_NAME', ‘Karnataka'

Collections - but they

i
i var visParams = {'color': 'red
i Map.addLayer(karnataka, visParams, "Karnatsks Districts’)

NoOuswWN R

contain Features, not images. They
are equivalent to Vector Layers in a
GIS. We can load, filter and display
Feature Collections using similar

techniques that we have learned so
far.

06. Importing Data
You can import vector or raster data into Earth Engine.

07. Clipping Images
It is often desirable to clip the

images to your area of interest. You
can use the clip () function to mask

out an image using a geometry.

08. Exporting Data

Earth Engine allows for exporting both vector and raster data to be used in an external program.
Vector data can be exported as a CSV or aShapefile, while Raster can be exported
as GeoTIFF files. We will now export the Sentinel-2 Composite as a GeoTIFF file.
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Image Analysis on GEE

Mahmudul Hasan
Geo-Data Specialist, ESRI Bangladesh
Email: mhasanbd08@gmail.com

01. Earth Engine Objects

This script introduces the basics of the Earth Engine API. When programming in Earth Engine,
you must use the Earth Engine API so that your computations can use Google Earth Engine servers.

02. Calculating Indices

Spectral Indices are central to many aspects of remote sensing. Whether you are studying
vegetation or tracking fires - you will need to compute a pixel-wise ratio of 2 or more bands. The
most used formula for calculating an index is the Normalized Difference between 2 bands. Earth
Engine provides a helper function normalized Difference() to help calculate normalized indices,
such as Normalized Difference Vegetation Index (NDVI). For more complex formulae, you can
also use the expression () function to describe the calculation

03. Computation on ImageCollections

So far, we have learnt how to run computation on single images. If you want to apply some
computation - such as calculating an index - to many images, you need to use map (). You first
define a function that takes 1 image and returns the result of the computation on that image. Then
you can map () that function over the ImageCollection which results in a new ImageCollection
with the results of the computation. This is like a for-loop that you may be familiar with - but
using a map () allows the computation to run in parallel.

04. Cloud Masking

Image before Image after
cloud mask cloud mask

Masking pixels in an image
makes those pixels transparent
and excludes them from
analysis and visualization. To
mask an image, we can use
the update Mask () function and
pass an image with 0 and 1

values. All pixels where the

mask image is 0 will be masked.

8l|Page


mailto:mhasanbd08@gmail.com

05. Reducers

When writing parallel computing code, a Reduce operation allows you to compute statistics on
many inputs. In Earth Engine, you need to run reduction operations when creating composites,
calculating statistics, doing regression analysis etc. The Earth Engine API comes with many built-
in reducer functions (such as ee.Reducer.sum (), ee.Reducer.histogram (), ee.Reducer.linearFit
() etc.) that can perform a variety of statistical operations on input data. You can run reducers using
the reduce () function. Earth Engine supports running reducers on all data structures that can hold
multiple values, such as Images (reducers run on different bands), ImageCollection,

FeatureCollection, List, Dictionary etc.

06. Time-Series Charts
Now we can put together all the skills we have learnt so far - filter, map, reduce, and cloud-masking

- to create a chart of average NDVI values for a given location over 1 year. Earth Engine API
comes with support for charting functions based on the Google Chart API. Here we use

the ui.Chart.image.series () function to create a time-series chart.

Band mean across images

Bar, near
—
H‘“m
T
>
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Boro Rice Area Estimation with Google Earth Engine (GEE)

Hasan Md. Hamidur Rahman, Director (Computer & GIS Unit)
Bangladesh Agricultural Research Council
Email: h.rahman@barc.gov.bd

Steps for Boro Rice Area Estimation

Flowchart of Boro rice area delineation:

‘ _ \ 4
GEE Data Archive Field data collection

of Boro rice and non-
rice signature using

[ Sentinel-2 images from ] L handheld GPS

GEE platform

/a) Defining the Rol as \

whole Bangladesh

b) Stack creation and
spatio-temporal filtering g )\
of boro rice, Dec 2020-
Mar 2021

Apply Machine Learning
(ML) model CART, k-NN,

)| | RE and  SVM  for

classification

- J

c) Filter out cloud above

\Z /

( \ /Compare the accuracy of the\

Avrea coverage of boro rice ML algorithms from

= confusion matrix and compare

(G| the area from all ML

classification with BBS data
st and choose CART as the best

_ " \_one. Y,
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Field/ Signature Data Collection and Processing

1. Field Data Collection through GPS device

2. The field data collected during boro seasons are compiled into an Excel sheet. The
validated data is then saved as a CSV file, which serves as the attribute file.

3. Simultaneously, the GPX file from the handheld GPS devices is downloaded and imported
into Google Earth Pro to verify the survey locations.

4. Polygons are drawn using the GPS points and digital photos for most of the fields.

5. The file is exported in KML format and opened in QGIS, where it is converted into a
shapefile.

6. The shapefile is then joined with the attribute file (CSV) to merge the land types and other
parameters.

7. Non-rice land types are generalized into a single class called 'non-rice'. In the shapefile,
there are two columns named 'id' and ‘feature_name', where the value '0' represents 'non-
rice' and 'l' represents ‘rice’ features.

8. The generalized shapefile is imported into the Google Earth Engine (GEE) asset, where it
is used as the signature data in the machine learning (ML) model.
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T
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T
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Screenshot of Boro Rice Classified GEE Raster Data (CART)
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Screenshot of Boro Rice Classified GEE Raster Data (k-NN)
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Steps to Process Data in ArcGIS

wh e

4,

Boro Classified GEE Raster Data

Boro Reclassified Mosaiced Raster Data
Resampled Raster Data
Boro Final Area Result.

ArcGIS Tool for Raster Data Processing:

Arc Tool Box-> Spatial Analysis Tools->Reclass->Reclassify

Arc Tool Box-> Data Management Tools->Raster->Raster Dataset->Mosaic to New Raster

Arc Tool Box-> Data Management Tools->Raster->Raster Processing->Resample

Boro Rice Area Map

Boro Rice Area Map using CART

0 25 50

Kilometers

100 150 200

S

Legend

Boro

Others

Boro Rice Area Map using KNN
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[ =
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Boro Rice Area Comparison

T Area
. Classification
e Pixel count . . Accuracy
Classification Areain Areain . Accuracy of .
Sl . (10m x Areain Ha . with
Algorithm Sg. Meter Sg. km Algorithm
10m) (%) respect to
e BBS (%)
1 | CART 419957945 | 41995794500 41996 4,199,579 96 88
2 | k-NN 384058603 | 38405860300 38406 3,840,586 97 80
BBS Statistics 2020-21: 4,786,621 - -
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Future Applications of GIS and Remote Sensing in
Bangladesh Agriculture

Md. Abeed Hossain Chowdhury Project Manager, Crop Zoning Project
Bangladesh Agricultural Research Council
Email: abeedchowdhury@gmail.com

Introduction

Bangladesh’s agriculture sector, which contributes 14.23% to GDP and employs 40.6% of the
workforce (BBS 2023), faces challenges like climate change, soil degradation, and food security.
Geographic Information Systems (GIS) and Remote Sensing (RS) offer transformative solutions
by enabling data-driven, precision farming.

Current Challenges in Bangladesh Agriculture

» Climate change impacts (floods, droughts, salinity intrusion)
* Land degradation and soil health issues

» Low productivity and food security concerns

* Need for data-driven decision-making

Role of GIS & RS in Agriculture

GIS Applications:
» Crop suitability and Crop zoning
» Land use/land cover mapping
« Soil fertility analysis
 lrrigation planning
» Disaster management (flood, drought, salinity) and mitigation

RS Applications:
» Crop health monitoring (NDV1I)
» Drought/flood forecasting
* Yield prediction

1. Precision Agriculture & Smart Farming

Applications:
» Soil Health Monitoring: GIS maps soil nutrient levels, enabling site-specific fertilizer
application (Crop Zoning, Khamari app).
» Crop Health Assessment: Drones and satellites (e.g., Sentinel-2, Landsat) track NDVI
(Normalized Difference Vegetation Index) to detect diseases early.
« Automated Irrigation: Soil moisture sensors + GIS optimize water use, crucial for
drought-prone regions.
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Future Potential:
» Al-powered Drones for real-time pest detection.
» Blockchain-integrated GIS for transparent supply chains.

2. Climate Resilience & Disaster Management

Applications:
* Flood & Drought Forecasting: RS tracks water levels (using SAR data) and predicts
impacts on crops.
« Salinity Intrusion Mapping: Coastal areas (e.g., Satkhira, Khulna) use GIS-based
salinity models to recommend salt-tolerant crops.
« Early Warning Systems: Integrating NASA’s MODIS and Bangladesh Meteorological
Department (BMD) data for cyclone alerts.

Future Potential:
* Machine Learning models to predict climate-induced yield losses.

» Satellite-based crop insurance for farmers.

3. Crop Yield Prediction & Food Security

Applications:
« Satellite-Based Yield Models: Using Sentinel-1 (radar) to estimate rice production before
harvest.

» Supply Chain Optimization: GIS maps storage facilities to reduce post-harvest losses
(currently 15-20% in Bangladesh).

Future Potential:
« Al + Big Data Analytics for real-time yield forecasting.
* Integration with 10T sensors in fields for hyper-local data.

4. Land Use Planning & Policy Support

Applications:
« Crop Zoning: GIS identifies best-suited crops for specific regions (e.g.,, mangoes
in Chapai Nawabganj).
* Urban Encroachment Monitoring: RS detects illegal farmland conversions.

Future Potential:
» Digital Twin Technology for virtual farm simulations.
» Policy Dashboards for the Ministry of Agriculture to track subsidies and schemes.
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5. Challenges & Recommendations

Key Challenges:
» High costs of satellite/drone technology.
» Limited technical expertise among farmers.
« Data accessibility issues in rural areas.

Recommendations:
v" Training Programs for Farmers and officials: Mobile apps (e.g., "Khamari Mobile App")
with GIS insights.
v Public-Private Partnerships (PPP): Collaborate with Google Earth Engine, NGO, FAO.
v' Government Initiatives: Expand Agricultural projects with Al-based GIS and RS
(Satellite/Drone technology) tools.

Conclusion

GIS and RS are transformative for Bangladesh’s agriculture. The future of Bangladesh’s
agriculture lies in scaling GIS and RS technologies to enhance productivity, sustainability, and
climate resilience. With government support, private sector innovation, and farmer training,
Bangladesh can become a leader in smart agriculture in South Asia.
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