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1. Programme Overview
An engineering-oriented GIS Minor covering cartography, spatial databases, remote sensing, GNSS, spatial analysis, web GIS, urban/environmental applications and an integrated field project.
2. Credit and Semester Structure
The Minor comprises six 3-credit courses, one course in each semester from Semester III to Semester VIII, giving 18 additional credits. Each theory course is proposed as L3–T0–P0 unless a practical component is explicitly indicated. Institutions may modify contact-hour distribution, assessment weightage and prerequisite requirements through the prescribed academic approval process.
	Semester
	Course Code
	Course Title
	Credits




SEMESTER III – MINOR301GI
Fundamentals of GIS, Cartography and Spatial Data
	L–T–P
	Credits
	Teaching Hours
	Assessment
	Course Category

	3-0-0
	3
	45 hours
	Theory / Internal + End-Sem
	Minor Core


Course Objectives
Explain GIS components and spatial-data concepts.
Understand coordinate reference systems and map projections.
Create vector/raster datasets and professional maps.
Assess geospatial data quality and metadata.
Detailed Syllabus
	Unit
	Detailed Contents
	Hours
	CO

	I
	GIS history, components, spatial thinking, hardware/software/data/users; engineering applications.
	9
	CO1

	II
	Geographic coordinates; datums; projections; coordinate reference systems; georeferencing; transformations.
	9
	CO1,CO2

	III
	Vector data; raster data; attribute tables; topology; spatial relationships; data capture and digitization.
	9
	CO2,CO3

	IV
	Cartographic principles; scale; symbolization; colour; labels; map composition; thematic maps; 3-D visualization.
	9
	CO3,CO4

	V
	Data quality; positional/attribute accuracy; completeness; lineage; metadata; standards; ethics and privacy.
	9
	CO4,CO5


Course Outcomes
Explain GIS concepts and components.
Select appropriate coordinate systems and projections.
Create and manage vector/raster datasets.
Produce technically correct thematic maps.
Evaluate geospatial data quality and metadata.
Suggested Practical / Field / Software Work
Georeference a scanned map.
Digitize campus/road/building features.
Create topology rules and validate errors.
Prepare thematic maps.
Create metadata for a GIS layer.
Reference Books / Standards / Digital Resources
Paul A. Longley et al., Geographic Information Science and Systems, Wiley.
Michael N. DeMers, Fundamentals of Geographic Information Systems.
C. P. Lo and Albert K. W. Yeung, Concepts and Techniques of Geographic Information Systems.
QGIS User Guide / ArcGIS Pro documentation.
Online Learning Resources (SWAYAM / NPTEL)
Recommended supplementary online courses aligned with this course:
Geographic Information System - IIT Kharagpur - GIS fundamentals using free/open software, data accuracy and analysis, with engineering/planning applications.
Note: These resources are supplementary. Course availability, enrolment and certification/examination dates may change by session; students should check the linked NPTEL/SWAYAM page for the current offering.


SEMESTER IV – MINOR401GI
Remote Sensing, GNSS and Earth Observation
	L–T–P
	Credits
	Teaching Hours
	Assessment
	Course Category

	3-0-0
	3
	45 hours
	Theory / Internal + End-Sem
	Minor Core


Course Objectives
Explain remote-sensing principles and sensor characteristics.
Process and interpret basic satellite imagery.
Understand GNSS positioning and engineering surveying.
Apply earth-observation data to engineering problems.
Detailed Syllabus
	Unit
	Detailed Contents
	Hours
	CO

	I
	Electromagnetic spectrum; radiation; atmospheric effects; spectral signatures; passive/active sensors.
	9
	CO1

	II
	Multispectral/hyperspectral/thermal/SAR/LiDAR concepts; spatial, spectral, radiometric and temporal resolution.
	9
	CO1,CO2

	III
	Image preprocessing; enhancement; band combinations; supervised/unsupervised classification; accuracy assessment.
	9
	CO2,CO3

	IV
	GNSS principles; satellite constellations; pseudorange; positioning; differential GNSS; field data collection.
	9
	CO3,CO4

	V
	Earth-observation applications: urban growth, water, agriculture, infrastructure, hazards and environmental monitoring.
	9
	CO4,CO5


Course Outcomes
Explain remote-sensing and GNSS principles.
Select appropriate sensor/data products.
Process and classify basic imagery.
Plan GNSS-supported field surveys.
Apply EO data to an engineering application.
Suggested Practical / Field / Software Work
Image enhancement and false-colour composites.
NDVI and spectral-index analysis.
Land-use/land-cover classification.
GNSS point collection and accuracy analysis.
Multi-temporal change detection.
Reference Books / Standards / Digital Resources
John R. Jensen, Remote Sensing of the Environment, Pearson.
Thomas M. Lillesand et al., Remote Sensing and Image Interpretation.
Leick, Rapoport and Tatarnikov, GPS Satellite Surveying.
ISRO/Bhuvan public-domain geospatial resources.
Online Learning Resources (SWAYAM / NPTEL)
Recommended supplementary online courses aligned with this course:
Remote Sensing and GIS - IIT Guwahati (NPTEL) - Remote-sensing data/corrections, digital image processing, classification, thermal/microwave sensing and GIS applications.
Remote Sensing Essentials - IIT Roorkee - Satellite remote sensing, image interpretation, NDVI, active microwave/SAR, InSAR and integrated RS-GIS applications.
Remote Sensing and GIS - IIT Guwahati (SWAYAM) - State-of-the-art remote sensing and GIS concepts, field/satellite data and research applications.
Note: These resources are supplementary. Course availability, enrolment and certification/examination dates may change by session; students should check the linked NPTEL/SWAYAM page for the current offering.


SEMESTER V – MINOR501GI
Spatial Databases, Web GIS and Geospatial Programming
	L–T–P
	Credits
	Teaching Hours
	Assessment
	Course Category

	2-0-2
	3
	30+30 hours
	Theory / Internal + End-Sem
	Minor Core


Course Objectives
Design a basic spatial database.
Perform spatial SQL and GIS analysis.
Create web-based maps and dashboards.
Automate GIS workflows using Python.
Detailed Syllabus
	Unit
	Detailed Contents
	Hours
	CO

	I
	Spatial databases; schemas; normalization; geodatabases; spatial indexes; data models.
	9
	CO1

	II
	Spatial SQL; selection; joins; buffers; overlays; nearest-neighbour; spatial aggregation.
	9
	CO2

	III
	Web GIS architecture; map/feature services; tiles; APIs; web mapping and dashboards.
	9
	CO3

	IV
	Python geospatial stack; GeoPandas; Shapely; Rasterio concepts; automation and batch processing.
	9
	CO4

	V
	OGC standards; interoperability; metadata; reproducible workflows; open data and data governance.
	9
	CO4,CO5


Course Outcomes
Design a basic geospatial database.
Execute spatial queries and analysis.
Publish a simple web map/dashboard.
Automate a geoprocessing workflow.
Apply open standards and reproducibility principles.
Suggested Practical / Field / Software Work
Create a PostGIS/QGIS geodatabase.
Perform spatial joins and overlay analysis.
Build an interactive web map.
Automate buffer/clip/area calculations using Python.
Create a geospatial dashboard.
Reference Books / Standards / Digital Resources
Michael Zeiler, Modeling Our World, Esri Press.
PostGIS Documentation.
Geopandas/Shapely/Rasterio documentation.
Open Geospatial Consortium (OGC) standards.
Online Learning Resources (SWAYAM / NPTEL)
Recommended supplementary online courses aligned with this course:
Geographic Information System - IIT Kharagpur - GIS fundamentals, open GIS/software, data accuracy and spatial analysis.
Precision Agriculture - Visva-Bharati / NPTEL - GPS, GIS, remote sensing, hands-on QGIS/SNAP, advanced GIS, AHP suitability and Google Earth Engine; useful as an applied geospatial resource.
Note: These resources are supplementary. Course availability, enrolment and certification/examination dates may change by session; students should check the linked NPTEL/SWAYAM page for the current offering.


SEMESTER VI – MINOR601GI
Spatial Analysis, Terrain and Engineering Decision Support
	L–T–P
	Credits
	Teaching Hours
	Assessment
	Course Category

	3-0-0
	3
	45 hours
	Theory / Internal + End-Sem
	Minor Core


Course Objectives
Apply spatial analysis techniques to engineering decisions.
Perform terrain and network analysis.
Use multicriteria decision analysis for site selection.
Interpret spatial uncertainty.
Detailed Syllabus
	Unit
	Detailed Contents
	Hours
	CO

	I
	Spatial queries; proximity; density; point-pattern concepts; interpolation; IDW; kriging overview.
	9
	CO1

	II
	DEM; contours; slope; aspect; hillshade; watershed; drainage; viewshed; terrain modelling.
	9
	CO2

	III
	Network datasets; shortest path; service areas; accessibility; routing; transportation applications.
	9
	CO2,CO3

	IV
	Multi-criteria decision analysis; standardization; weights; weighted overlay; suitability modelling.
	9
	CO3,CO4

	V
	Uncertainty; sensitivity analysis; validation; engineering decision support; infrastructure and smart-city case studies.
	9
	CO4,CO5


Course Outcomes
Apply basic spatial analysis methods.
Generate and interpret terrain products.
Solve routing and accessibility problems.
Perform suitability analysis.
Evaluate uncertainty and sensitivity in GIS decisions.
Suggested Practical / Field / Software Work
Generate slope/aspect from DEM.
Watershed delineation.
Shortest-path/service-area analysis.
Site suitability for an engineering facility.
Multi-criteria flood-risk or infrastructure analysis.
Reference Books / Standards / Digital Resources
Haining, Spatial Data Analysis: Theory and Practice, Cambridge University Press.
Bonham-Carter, Geographic Information Systems for Geoscientists.
Longley et al., Geographic Information Science and Systems.
QGIS/ArcGIS spatial-analysis documentation.
Online Learning Resources (SWAYAM / NPTEL)
Recommended supplementary online courses aligned with this course:
Remote Sensing Essentials - IIT Roorkee - Image interpretation, NDVI, microwave/SAR, InSAR and integrated RS-GIS applications.
Precision Agriculture - Visva-Bharati / NPTEL - Hands-on QGIS, advanced GIS, AHP suitability and geospatial data-analysis workflows.
Note: These resources are supplementary. Course availability, enrolment and certification/examination dates may change by session; students should check the linked NPTEL/SWAYAM page for the current offering.


SEMESTER VII – MINOR701GI
Urban, Environmental and Disaster GIS
	L–T–P
	Credits
	Teaching Hours
	Assessment
	Course Category

	3-0-0
	3
	45 hours
	Theory / Internal + End-Sem
	Minor Core


Course Objectives
Apply GIS to urban and infrastructure planning.
Analyse environmental and disaster-related spatial data.
Develop GIS-supported risk and resilience solutions.
Integrate remote sensing and GIS for decision support.
Detailed Syllabus
	Unit
	Detailed Contents
	Hours
	CO

	I
	Urban GIS; land-use/land-cover; cadastral concepts; utilities; roads; buildings; smart-city spatial data.
	9
	CO1

	II
	Environmental GIS; water resources; vegetation; soil; air quality; ecological indicators; monitoring.
	9
	CO2

	III
	Hazard mapping: flood; cyclone; landslide; earthquake; industrial hazards; exposure and vulnerability.
	9
	CO2,CO3

	IV
	Emergency response; evacuation; shelter/service allocation; damage assessment; crowdsourced geospatial data.
	9
	CO3,CO4

	V
	Climate resilience; green infrastructure; digital twins; geospatial governance; ethics and privacy.
	9
	CO4,CO5


Course Outcomes
Build GIS datasets for urban/infrastructure applications.
Map environmental indicators and hazards.
Analyse exposure and vulnerability.
Support emergency planning using spatial evidence.
Recommend resilient GIS-enabled interventions.
Suggested Practical / Field / Software Work
Urban growth mapping.
Flood-risk mapping.
Utility asset mapping.
Evacuation/service-area analysis.
Post-event damage assessment using satellite imagery.
Reference Books / Standards / Digital Resources
Campbell and Wynne, Introduction to Remote Sensing.
Burrough and McDonnell, Principles of Geographical Information Systems.
UN-SPIDER/UNDRR public-domain geospatial guidance.
OGC standards and national geospatial data guidelines.
Online Learning Resources (SWAYAM / NPTEL)
Recommended supplementary online courses aligned with this course:
Remote Sensing and GIS - IIT Guwahati (NPTEL) - Remote sensing/GIS methods and engineering applications.
Remote Sensing and GIS - IIT Guwahati (SWAYAM) - Advanced remote sensing and GIS application workflows.
Precision Agriculture - Visva-Bharati / NPTEL - GIS, GPS, remote sensing, drones, sensors and field/QGIS practical exposure.
Note: These resources are supplementary. Course availability, enrolment and certification/examination dates may change by session; students should check the linked NPTEL/SWAYAM page for the current offering.


SEMESTER VIII – MINOR801GI
GIS Field Project and Geospatial Decision Support
	L–T–P
	Credits
	Teaching Hours
	Assessment
	Course Category

	0-0-6
	3
	30+30 hours
	Theory / Internal + End-Sem
	Minor Core


Course Objectives
Integrate GIS, remote sensing, GNSS and spatial analysis in a complete project.
Collect and validate field/geospatial data.
Produce maps, analytical outputs and a decision-support report.
Demonstrate responsible geospatial data management.
Detailed Syllabus
	Unit
	Detailed Contents
	Hours
	CO

	I
	Study-area selection; problem definition; literature review; data inventory; field plan; ethical considerations.
	9
	CO1

	II
	Field/GNSS survey; data acquisition; preprocessing; geodatabase development; quality control.
	9
	CO2

	III
	Spatial analysis; remote sensing; terrain/network analysis; thematic mapping.
	12
	CO3

	IV
	Validation; uncertainty; decision-support model; web map/dashboard; interpretation.
	12
	CO4

	V
	Technical report; map atlas; poster; presentation; viva.
	3
	CO5


Course Outcomes
Define an engineering/geospatial problem.
Acquire and quality-check spatial data.
Perform integrated GIS/RS analysis.
Develop evidence-based decision support.
Communicate findings using maps and technical documentation.
Suggested Practical / Field / Software Work
Campus GIS and asset mapping.
Urban land-use change.
Flood-risk assessment.
Road accessibility and emergency routing.
Environmental monitoring.
Any approved engineering GIS project.
Reference Books / Standards / Digital Resources
Project-specific peer-reviewed literature.
OGC standards.
QGIS/ArcGIS documentation.
Government/open geospatial datasets used in the project.
Online Learning Resources (SWAYAM / NPTEL)
Recommended supplementary online courses aligned with this course:
Geographic Information System - IIT Kharagpur - GIS project foundations.
Remote Sensing and GIS - IIT Guwahati (NPTEL) - Remote sensing/GIS project support.
Remote Sensing Essentials - IIT Roorkee - Satellite-image interpretation and spatial applications.
Remote Sensing and GIS - IIT Guwahati (SWAYAM) - Advanced GIS/remote-sensing project support.
Precision Agriculture - Visva-Bharati / NPTEL - Field GPS/GIS/QGIS practical support.
Note: These resources are supplementary. Course availability, enrolment and certification/examination dates may change by session; students should check the linked NPTEL/SWAYAM page for the current offering.


Programme-Level Guidelines
Eligibility
Students of B.E./B.Tech./equivalent undergraduate engineering and technology programmes, subject to institutional eligibility and the academic regulations of the affiliating University.
Suggested Evaluation
Continuous Internal Evaluation: 40% through quizzes, assignments, case studies, presentations, laboratory/field work and mid-semester examination.
End-Semester Examination: 60% for theory courses, subject to university regulations.
Practical/project components shall be evaluated through performance, record, viva, report and presentation.
Attendance, minimum pass marks and progression requirements shall follow the prevailing university regulations.
Teaching-Learning Approach
Interactive lectures supported by demonstrations, case studies and contemporary engineering examples.
Use of industry-standard/open-source software wherever feasible.
Mini assignments based on real engineering data/problems.
Guest lectures/industry interaction may be incorporated without altering the approved course outcomes.
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