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Chairman
MESSAGE

It gives me immense pleasure to know that the Indian
Society of Geomatics (ISG) and Indian Society of Remote
Sensing (ISRS) are jointly organising the ISG-ISRS National
Symposium ‘GeoDiscover: Unravelling India’s Spatial

Frontier’ during 28% — 30th November 2023 at Pune.

The rapid advancements in Earth Observation technology

and Geoinformatics have extended the reach and impact of Remote Sensing,
Geographical Information System (GIS), Artificial Intelligence (Al) and Machine
Learning (ML), across a wide spectrum of human activities, from addressing
essential needs to propelling technological development and aiding space
exploration. The challenges and opportunities in these sectors need to be

deliberated, especially in light of changing policy environment in these domains.

I am happy to note that the focal theme of this National Symposium is ‘Exploring
the Geospatial Ecosystem, Trends, and Innovations’. I am sure that, the Symposium
will serve as a testament to the collective pursuit of knowledge and innovation in

the ever-evolving field of Geospatial Sciences.

I convey my best wishes to all stake holders and organizers, who are part of ISG-
ISRS National Symposium- 2023 for making it a success and warm greetings to all

the delegates.

Dated: November 13, 2023 [?ﬁ'qm'ﬂ. T / Somanath. S)
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PREFACE FROM
TECHNICAL ADVISORY COMMITTEE

We stand omthe threshold of an era where geospatial sciences and technologies have become
- _integral. to Qur daily lives ’shapmg thewway we perceive, understand, and interact with the world
around' us. The National Symposium on Exploring Geospatial Ecosystems, Trends, and
Innovations, slatedfto take placem,«l5 ne from November 28th to November 30th, 2023, provides
-an-extraordinary oppertunﬁ-ﬁe—reﬂe t upon and celebrate the remarkable advancements in this
field. %

w‘——q—k,~

* As members cygf the Technical Organierng Committ@e, we are honored to present this symposium,

a collaborative effort between the Indian Society of Geomatics (ISG) and the Indian Society of
Remote Sensing (ISRS). Ouf goal is toLclreate a platform for professionals, educators, researchers,
and students actively engaged in the domains of Remote Sensing, Geographic Information
Systems (GIS), Artificial Intelligence (Al), and, Deep Learning algorithms. Together, we aim to
explore the latest breakthroughs, exchange khowledge, and address the diverse challenges that
permeate our diverse domains.

The symposium is desi%ned to facilitate | comprehensive discussions, deliberations, and
presentations on emerging concerns, state-of-the-art technologies, inventive methodologies, and
the tangible implications associated with Eagth observation and Geospatial sciences. It serves as
a tie for collaboration, a forum for sharing insights, and a springboard for collective progress.

The technical sessions, keynote addresses, paper, presentations, and interactive discussions
during the symposium will provide a panoramic view of the dynamism and scope of geospatial
sciences. From the limitless possibilities of remote sensing to the limitless horizons of GIS, Al, and
deep learning, we will delve into a realm where innovation knows no bounds.

This symposium is more than an event; it.'s a journey of discovery and collaboration, an
opportunity to broaden horizons, and a chance to leave an indelible mark on the geospatial
landscape. It's a celebration of knowledge and innovation that will have a lasting impact on our
community and beyond.

We express our heartfelt gratitude to the organizing committee, sponsors, delegates, volunteers,
and all those who have made this symposium possible. We look forward to your active
participation and the invaluable contributions you will bring to this event. Together, let us explore
the geospatial ecosystems, trends, and innovations that shape our world.

Welcome to the National Symposium on Exploring Geospatial Ecosystems, Trends, and
Innovations. Together, let us navigate new horizons, exchange knowledge, and sh’e‘ the future
of geospatial sciences
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Tb@\ dian Societ&%f Geomatics (ISG) and the Indian Society of
(Rem te Sensing (ISRS) extend heartfelt thanks to the Chancellor

- substantial support from the Centre for Advanced Computing (C-
DAC)Land we aregprofoundly grateful to the Director General of
C-DAC for the invaluable support provided.

The ’symposium, themed "Exploring Geospatial Ecosystem,
Innovation, and Trends," is dedicated'to the practical implementation of geospatial policies at the
grassroots level and delving into innovationsﬁﬂd trends in spatial technology. Emphasis will be
placed.on.understanding the geospatial ecosystem in the context of national infrastructure, with
a particular focus on advancing geospatial science in assistive technology.

Our goal is to organise an exceptional exhit')ition featuring multi-domain displays and poster
presentations. Thematic talks and plenaryjsessions will guide participants through the diverse
sectors emerging in the geospatial world. _are confident that the three-days’ discussion will
culminate in the creation of a policy document, contributing to shaping the future trends in this
field.

Special acknowledgments go to ISRO and its centers, SOI, Jal Shakti, ESRI, and other sponsors for
their crucial support in terms of generous financial contributions. We express our gratitude to the
Chief Guest and Guest of Honour for accepting the invitation to inaugurate the symposium. The
National and Local Organizing Committees afe deserving of thanks for crafting a well-balanced
program through their thoughtful guidance and enthusiastic support.

A special mention of appreciation goes to the Technical Program Committee and the Design and
Publication Committee for their dedication in producing this abstract volume. Sincere thanks are
extended to all committee members who have tirelessly worked day and night to address various
challenges related to technical and logistical requirements.

"4

Dr. T.P. Singh .
®|



ACKNOWLEDGMENT FROM
ORGANISING SECRETARY

- __"_..V.__. !
This event would not han\be;e'ﬁ'possi ble without the tireless efforts
of our dedicated: izing committee, the generous support of

,-/our spon‘sors,?th'e,“ "aTuabIe contributions of our delegates, and the

selfless commitment of our volunteers.
= !

To our Organizing Con'ﬁ?nittee: YLur unwavering dedication,
meticulous planning, and countless hours of hard work were the driving force behind the
symposium's success. Your commitment. to %r'eating a platform, for knowledge exchange and
collaboration is truly commendable.

To our Sponsors: Your financial support and resources played a pivotal role in making this event a
reality. Your belief in the significance of geospatial sciences and its applications is deeply
appreciated. N

To our Delegates: Your active participatioh, thought-provoking discussions, and the sharing of
your expertise enriched the symposium and contributed to its success. We hope that you found
this event both enlightening and inspiring.

To our Volunteers: Your selfless contributions, from managing logistics to assisting with technical
aspects, were invaluable. Your dedication ensured that the symposium ran smoothly and
efficiently. ”

In conclusion, | would like to extend my sincere thanks to each and every one of you for your role
in making the National Symposium on Exploring Geospatial Ecosystems, Trends, and Innovations
a memorable and enriching experience. The knowledge shared, the connections forged, and the
innovations explored during this symposium will undoubtedly have a lasting impact on the
geospatial community. -

We look forward to continued collaboration and the exciting advancements that will emerge from
the seeds sown during this event. Thank you once again for your invaluable contributions:

o

Dr. Yogesh Kumar Singh



INDIAN SOCIETY OF GEOMATICS
(1SG)
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“wThe.ndian Spuety of Geomatlcs (ISG)'Was formed Hy a group of professionals from government,
academia, and industry with the main objective orpromotmg the technology and applications of
Geomatics so thatfit becomes an important part of the information management and decision

“Making pfocesses. v
%
i b =

Andian Society of Geomatics (ISG) established in 1993, is a premier society of professionals and
institutions mvolved in promoting anﬁd popularising Geomatics in India. It has about 2252 Life
Members, 34 Patron Members, 2 Sustaining Members as on December 2020. It has 25 very active
Regional Chapters located at Ahmed#bad Ajmer, Bhagalpur, Bhopal, Chennai, Dehradun, Delhi,
Hisar, Hyderabad, Jaipur, Jammu & Kashmir, Kharagpur, Lucknow, Ludhiana, Mangalore, Mumbai,
Mysore, Nagpur, Puducherry, Pune, Ranc?i, Surat, Shillong, Trichy, Thiruvananthapuram,
Vadodara and Visakhapatnam. y

ISG regularly brings out a quarterly newsletter (ISSN: 0972-642X) for circulation to its members.
ISG has recently published many special issues on various themes such as Agriculture, Urban
Planning, Coastal and Marine Environment, Space-based Cartography, GIS: Education and Training
in India, Water Resources, Location-based ices, Geomatics in India: Retrospect and Prospects,
Infrastructure, Mountains etc. :

Taking into account the persistent demand from members, the Society has launched a peer-
reviewed journal named “Journal of Geomatics” on the 08 of March 2007. The journal covers all
aspects of Geomatics- geodata acquisition, pre-processing, processing, analysis and publishing.
Broadly this implies inclusion of areas like GIS, GPS, Photogrammetry, Cartography, Remote
Sensing, Surveying, Spatial Data Infrastructurgand Technology including hardware, software, and
algorithms and modelling. It endeavours to provide an international forum for rapid publication
of developments in the field — both in technology and applications.

ISG’s website www.isgindia.org contains all pertinent information about the Society and its
activities. This site is updated every three months for the benefit of its members and anyone
interested in Geoinformatics. Indian Society.of Geomatics has also instituted two National
Geomatics Awards to be given each year: a)for original and significant contribution in the field of
Geomatics, b) for innovative applications in the field of Geomatics. Each award comprises a medal,
a citation and a sum of X25,000. The guidelines for these awards are available on ISG website.
Apart from these awards, ISG has also instituted Best Chapter of the Year & Presidents” Medal for
Contribution to the Society Award for promoting the chapter activities and encouraging chapters
to conduct various regional events. A senior level award namely, Geomatics Excel e Award is
also going to be instituted from this year onwards.

ISG Chapters also celebrate Science-day, GIS-day and Technology-day every year as the
mandatory activities of the society. For this ISG provides funds to the tune of X15,000 once in a
year to the chapters on request.
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Dr_._ Prithvish Nag, Varanasi

0 Dr' Baldev SLhai, Ahmedabad

| N e ShriA.R. Dasgupta,%ﬁmedabad :

* Dr. R.R. Navalgund, Bangaluru
e Shri Rajesh MathUr,l New Delhi

~
e Dr. Ajai Bopal, Ah dabéd
e Prof. Dr. Ramasémy, fric.hy
e Dr. (Mrs) P. Venkatachalam, Mumbai
e Dr. Shailesh Nayak, Bengaluru

»

e Dr. Ashok Kaushal, Pune
e Dr. I.V Murlikrishna, Hyderabad
e Shri A. S. Kiran Kumar, Bengaluru
e Maj. Gen. Siva Kufnar, Hyderabad
e Dr. Pramod Kumar Verma, Bhopal
e Dr. A.S. Rajawat, Ahmedabad .‘

e Prof. (Dr.) Shakil Ahmad Romshoo, Kashmir

e Prof. (Dr.) Anjana Vyas, Ahmedabad
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Chief Executive, Jishnu Ocean
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Chairman, OGC India Forum, E/701,
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Managing Director, ML Infomap
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EX-OFFICIO PRESIDENT

Dr. Raj Kumar

Former Director NRSC, Hyderabad & Prof. Satish Dhawan Scientist,
SAC (ISRO), Ahmedabad
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" ISG AWARDS 2023

- / Fellow of Indian Society of Geomatics
%ﬂ 55‘ "»_ Shri Nilesh M. Desai, Director, SAC, ISRO, Ahmedabad
) i £ Dr. Sultan Singh, Director, HARSAC, Hisar

oL 7
/ - y A .
y .J National Geomatics Award for Excellence
> o .

> ' Ve y Dr. Narayan Panigrahi

Scienhst G, CAIR (&?ﬁtra for Artificial Intelligence and Robotics, DRDO, Bangalore

2 Email: npanigrahi7 @gmail.com , pani@cair.drdo.in

,/’ 1 7 .‘l;" ™ National Geomatics Awards — Technology
_—— Dr. Praveen Kumar Gupta

. Scientist/Engineer- SZE & Head,|Land Hydrology Division, SAC, ISRO, Ahmedabad -380015
X ; Ph: 079-26914334 (Office), Mob: 9427069569

Email; pkgupta@sac.isro.gov.in , praveensacisro@gmail.com
National Geomatics Awards — Applications

Dr. C. Sudhakar Reddy

» Scientist-SG & Head, Forest Biodiversity and Ecology Division,
Project Director, DBT-DOS Biodiversity Project,

NationalRemote Sensing-Centre, ISRO, Hyderabad -500 037

Ph: 040-23884210 (Office); Mob: 09490485239

E-mail: drsudhakarreddy@gmail.com , sudhakarreddy_ch@nrsc.gov.in

Prof. Kakani Nageswara Rao Endowment Young Achiever Award
Dr. Ropesh Goyal

Research Establishment Officer
National Centre for Geodesy

Indian Institute of Technology Kanpur
Email: rupeshg@iitk.ac.in , ropeshgoyal2809@gmail.com

President’s Appreciation Medal for Contribution to ISG
Shri Jayaprasad P. |
Scientist/Engineer-SG, o

Space Applications Centre, ISRO

Ahmedabad, Gujarat

Phone: 079-26914335, Mob: 8238165366

E-mail: jayaprasadp@sac.isro.gov.in, jayaprasadpallipad@gmail.com - ‘

ISG Chapter Award for Best Performance 2023

ISG Ahmedabad Chapter

Chairman: Dr. Nitant Dube, Group Director, SAC, ISRO, Ahmedabad
Vice-chairman: Prof. Dr.-Ing. Anupam K Singh, Adani University, Ahmedabad
Secretary: Shri. Manish Parmar, Scientist, SAC, ISRO, Ahmedabad

Jt. Secretary: Dr. Shaily Gandhi, CEPT University, Ahmedabad

Treasurer: Ratheesh Ramakrishna, Scientist, SAC, ISRO, Ahmedabad
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INDIAN SOCIETY OF REMOTE SENSING
Pl (ISRS)

i N
The Indian Society of Remote Sensin was established in 1969 and got registered during 1973-74
vide Reg. No 1357/73%74. The main pb] ctive of the society is to contribute towards advancement
and“disseniination of remote sensing technology 'in the fields of mapping, planning and
management of namLaLLe_E\gurm_s, and environment. This objective is achieved by organising
seminars/sympaosia ébd by publishing a monthly joyrnal (JISRS), bulletins, proceedings, etc. With
a modest beginning of 56 members, thé Society has now grown into a premier professional body
with membership of over 6208 life members, 15 honorary members, 51 Fellows, 61 Patron
Members and 8 Annual Members.

International Linkages: The society has many atﬁve international linkages. ISRS is a member of
the International-Society of Photogrammetry and Remote Sensing (ISPRS) and Asian Association
on Remote Sensing (AARS). And has been active in supporting international societies in promoting
international co-operation, cg)—ordination and advancement of Geospatial technology and related
sciences to improve quality of mankind by sustainable natural resources development and
environmental management. India has been@warded Chairmanship of Technical Commission V:
Education and Outreach for the period 2016-2020. India has successfully chaired Technical
Commissions during 1996-2000, 2000-2004, 2004, 2008 and 2012-2016. ISRS has successfully
hosted ISPRS TC V Mid Term Symposium 2018 during November 20 23 at IIRS, Dehradun. Around
450 delegates participated globally (website: http://isprstc5india2018.org).

ISRS is also member of Asian Association of Remote Sensing (AARS). ISRS has successfully hosted
ACRS2017 during October 9 13, 2017 at New Delhi. India had earlier opportunity of hosting the
ACRS twice in the past.

National Events: The society has been organizing annual conventions, national symposia preceded
by pre symposium tutorials for the students regularly, giving opportunities to the remote sensing
community in the country to present their research papers and discuss the problems and methods
of applications of remote sensing in development and management of natural resources. The
society also takes initiative to spread awaré\ess in the field of remote sensing by conducting
various activities such as National Remote sensing Day, Earth Day, World Environmental Day,
National Technology Day, Space Week, Ozone Day, GIS Day etc.

Chapters: Presently Society has 28 chapters located in five zones across the country. ISRS chapters
are located in Ahmedabad, Ajmer, Allahabad, Bangalore, Bhopal, Bhubaneswar, Chandigarh,
Chennai, Dehradun, Delhi, Guwahati, Hisar, Hyderabad, Indore, Jaipur, Jodhpur, Kolkata,
Lucknow, Ludhiana, Mumbai, Nagpur, Pune, Shillong, Tiruchipalli, Thiruvanthapuram,
Vishakhapatnam, Aligarh and Raipur.

The registered office of the society is located in Indian Institute of Remote Sensing Campus,
Dehradun.

.
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Whe fo@ %vards in order to encourage and motivate the individual
who are promoting ‘the aims a bjectives of the society. These awards are of different
contributions. Awards are conferred every year by the ISRS
e prestigious awards of.the society are as follows:

categories SUB ect to tF\elr 1

under various ca
-

>

Bhaskara Award (202:2) ;:

~ Prof. Manoj Kumar Arora
N

Sahsh Dhawan (2022) ‘ Y’

Dr. BlmaI'KumaT‘Bha‘ttathaTya and Dr.K.H. V Durga Rao

National Geospatial Awards‘for Excellence'(2.022)
Dr. Sanjay Kumar Jain \\

Indian National Geospatial Award (2023)
Dr. Ajanta Goswami

P.R. Pisharoty Award (2023)
Dr. Prashant Kumar and Dr. Dipanwita Haldar

President’s Appreciation Medal (2023) »
Dr. S.K. Sahoo and Dr. K. Kumaraswamy

ISRS Fellow of the Society (2023)
Dr. G. Philip, Dr. V.V. Rao and Sh. Nilesh Desai

Best Chapter Award (2022) / :
ISRS Hyderabad Chapter

Young Achiever Award ISRS I-CON Award (2023)
To be announced during Symposium
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One of the significan ' jﬁuﬂ'mof ISRS to meet the objectives of the society is the publication
of‘hational peer‘yrev‘g wed journal on Rrj?mote Sensng called Journal of Indian Society of Remote
Sensing (JISRS).-The Journal of India
publishes original reéearchi.i;ontributiEns in all the related filed of remote sensing and its

Society of Remote Sensing is a monthly journal that

applications. JISRS has gainé'a Impact Factor from 1.894 in 2021 to 2.5 in 2022. Members of the
society have facility to access the JISRS online from website (http://isrs-india.org).
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~  NATIONAL SYMPOSIUM 2023

About Symposium

v, :
The Indian Society ofGeomé’tics (ISG) and the Indian Society of Remote Sensing (ISRS) have joined
tggether 1 0] orcf’estra ea natlonal symﬁosmm W|th3 central theme of "Exploring the Geospatial
Ecosystem Trends, and Innovations”. This symposium's main objective is to explore, examine and
highlight the rapid advancaments in| the field of Geospatial sciences and their numerous
applications in areas. of hufman needls technological development, space exploration, Earth
monitoring, and their practical uses.

.
N

In recent times, there-has beena notable surge in the developmenf, evolution and application of
Earth observation technology and Geoinformatics. This rapid advancement has significantly
broadened their purview and applicability, exertmg a substantial influence across virtually all
facets of human life and activities.

The primary objective of this symposium revolves around establishing a collaborative platform for
professionals, educators, researchers, and students actively engaged in the domains of Remote
Sensing, Geographic Information Systems (GIS), Artificial Intelligence (Al), and Deep Learning
algorithms, along with their practical implementations. This platform is envisioned to foster the
exchange of knowledge, sharing of ideas, and sharing of experiences pertaining to the latest
breakthroughs and challenges encountered in various domains. The symposium will facilitate
comprehensive discussions, deliberations, and presentations that encompass emerging concerns,
state-of-the-art technologies, inventive methodologies, and the tangible implications associated
with Earth observation and Geospatial sciences
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AUTOMATED GRAPE (Vitis vinifera) CROP DISEASE IDENTIFICATION AND CLASSIFICATION
USING MACHINE LEARNING TECHNIQUES IN REMOTE SENSING ENVIRONMENT

Sahil K. Shah, Shubham Kalokhe, Vidya Kumbhar and T. P. Singh

Symbiosis Institute of Geoinformatics, Symbiosis International (Deemed University), Pune, India

Abstract

Grape is amajor crop in horticulture, butits production is often hampered by diseasesthat affect both
the quality and quantity of the crop. While machine learning (ML) anddeep learning (DL) have been
proposed as solutions for detecting and classifying grape diseases, implementing these models in
real-time settings can be challenging due to issues such as generalizability and processing time. To
address these challenges, this study proposes an innovative approach for identifying and classifying
grape crop diseases in a geospatial environment. The study has two objectives: the first is to use
Random Forest to classify the study area into grape and non-grape fields,and the second is to use K-
means clustering to identify healthy and nonhealthy regions within the identified grape fields. To
train the model, the study utilizes satellite imagery data obtained through a combination of
Synthetic Aperture Radar (SAR) and Multispectral Imagery (MSI) over a study area in Maharashtra,
India. This aids in mitigating the drawbacks of cloud coverage in MSI and achieves an accuracy of97%
which is comparable with existing techniques in grape crop disease identificationusing satellite
imagery in the Indian context. Overall, this approach offers a practical solution for accurate and
efficient detection and classification of grape diseases. By identifying and addressing disease
outbreaks in a timely manner, this approach hasthe potential to improve grape production and
ultimately contribute to sustainableagriculture.

Keywords: Random Forest, Kmeans Clustering, Remote Sensing, Machine Learning, Synthetic
Aperture Radar (SAR), Google Earth Engine (GEE)
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COMPARATIVE ANALYSIS OF GROUND FILTERING METHODS FOR 3D LIDAR POINT
CLOUDS

Titiksha Bhatia, Rohit Rajput, Salil Goel and Aditya Medury

Department of Civil Engineering, Indian Institute of Technology Kanpur —208016, India
Abstract

Ground filtering is a fundamental step in 3D perception using LiDAR (Light Detection andRanging)
sensors, serving various applications, including road and footpath extraction for network analysis and
object detection. To address this challenge, numerous ground-filtering techniques have been
developed. However, selecting an appropriate method can be complexdue to variations in 3D point
cloud patterns and the point cloud density when acquired by different LiDAR sensors. This study aims
to systematically compare the performance of variousground filtering methods for classifying 3D point
clouds into ground and non-ground points. Specifically, the evaluation focuses on three methods:
Cloth Simulation Filter (CSF), Patchwork++, and deep learning-based method (GndNet). The datasets
used in this study arecollected using Velodyne VLP-16 and Faro Focus LiDAR sensors in two distinct
environments:static, with the sensor fixed at a single location, and dynamic, with the sensor mounted
on a moving bicycle platform. The methods are also tested over an open-source large-scale outdoor-
scene dataset, SemanticKITTI, collected using a Velodyne sensor. The results consistently showed that
CSF outperformed the other methods, as revealed through evaluation using visualization tools like
CloudCompare and quantitative analysis over SemanticKITTI data with 96% recall. The performance
of the CSF method is highly influenced by the threshold of the point cloud above the simulated cloth,
mainly when applied to the Farosensor dataset. Patchwork++ demonstrated satisfactory results,
particularly when processing static data compared to dynamic data. GndNet demonstrates that the
algorithm's performance improves when background filtering is applied. In conclusion, this
comparative analysis study provides valuable insights for researchers and practitioners seeking to
select suitable ground filtering techniques for specific LiDAR applications, as they shed light on the
most effective approaches.

Keywords: LiDAR, Ground Filtering, 3D Point Cloud, Cloth Simulation Filter, Patchwork++, Deep
Learning, Velodyne VLP-16, Faro Focus
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AN UNSUPERVISED LEARNING-BASED APPROACH TO IDENTIFY ROAD OBJECTS FROM
VLP-16 LIDAR DATA IN INDIAN TRAFFIC

Rohit Rajput, Titiksha Bhatia, Salil Goel and Aditya Medury

Department of Civil Engineering, Indian Institute of Technology Kanpur —208016, India

Abstract

Cameras are typically used at road intersections to collect data to perform object detection, provides
high-resolution image but struggling in low-light andharsh weather. Nowadays, LiDAR (Light Detection
and Ranging) is widely beingused for performing 3D object detection. LiDAR gives the 3D point cloud,
which includes accurate depth information, but its resolution is costdependent, with higher
resolutions being more expensive. Deep learning-based method requires large, labelled dataset which
increases the cost, time and accuracydepends on the model trained on labelled dataset. Furthermore,
to perform object detection in point cloud data is a difficult task due to the incomplete
representations, data sparsity and unavailability of training data. In comparison, unsupervised
machine-learning-based method seek to reveal latent patterns in data, which in part can be due to
differences in object shapesand sizes. In this work we propose an unsupervised machine learning
approachto identify road objects from low resolution 3D lidar sensors such as VLP-16. This work
incorporates three modules i) data collection using VLP-16 LiDAR ii)ground truth data generation, and
iii) object identification. Data is collected attwo types of road intersections (4-legged, 3-legged) and
preprocessed to remove background points. Background point filtering is a critical step for LiDAR data
processing, which significantly enhances quality and efficiency by removing ground point and outlier
point. Cloth simulation filter (CSF) is used for ground point segmentation with the model parameters
identified based onsystematic parameter tuning. Density-based spatial clustering of application with
noise (DBSCAN), an unsupervised machine learning-based method, isused to perform a clustering
analysis on the estimated non-ground points. Approximate 68 % of background points are removed in
background filtering. The remaining ~31% points are clustered and identified as non-ground objects
(trees, car, building, pedestrians etc.), in which ~7% clustered points are identified as a road objects
(car, pedestrian, auto, statue etc.) by using height threshold parameter and achieved average
precision (AP) ranges from 92-94 %. For future work, the non-ground points will be further processed
to identify and track dynamic objects (e.g., road users) using unsupervised machine-learning-based
approaches.

Keywords: Roadside VLP-16 LiDAR, Ground Segmentation, CSF, DBSCAN,Object Detection
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DEEP LEARNING AND INSTANCE SEGMENTATION ON INDIAN REMOTE SENSING DATA
Jai G. Singla

Space Applications Centre, Ahmedabad

Abstract

Presently, deep learning and convolutional neural networks (CNNs) are widely used in the fields of
image processing, image classification, object identification and many more. In this work, we have
implemented convolutional neural network based Yolo V5 and V7 models to automatically count
number of objects (aeroplanes, trees) from satellite imagery captured using high resolution Indian
remote sensing satellites and then performed change detection over two different time zones
datasets. In this paper, Cartosat 2S (~1m spatial resolution) datasets were used and deep learning
models were implemented to count number of aeroplanes with an accuracy of 88% to 98%. Similar
approach when implemented on more complex problem of “individual tree count in urban area”
resulted in to accuracies of around 71%. Change detection was further performed on different
time’s data for change in tree canopy. In another experiment, CNN models were trained over high
resolution DEMs and satellite imagery (Novel approach) to classify residential and non-residential
buildings structures. Here, our models correctly classified the residential and non-residential
building structures from satellite data with an accuracy of more than 99%. In all the cases, model
generated results were tested using ground truth. Total three different problems “Counting of
aeroplanes and change detection using satellite data”, “Tree level change detection in urban areas
using deep learning” and “classification of building as residential or non-residential from satellite
data” were attempted using deep learning CNN models and loU accuracies in the range of 71% to
99% were achieved depending on the degree of complexity.

Keywords: Instance Segmentation, Deep Learning, Satellite Data, Object Detection, Change Detection
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ASSESSING THE NOWCASTING CAPABILITY OF THE UNET DEEP LEARNING MODEL OVER
NORTH EAST INDIA USING SEASONAL HOURLY PRECIPITATION

Gourav Jyoti Kalita!, Hidam Kumarjit Singh' and Ritu Anilkumar?

1Department of Electronics and Communication Technology, Gauhati University, Guwahati-781014,
Assam, India
2North Eastern Space Applications Centre, Government of India,
Department of Space, Umiam-793103, Meghalaya, India
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Abstract

Precipitation is an important climate variable that plays a vital rolein various socioeconomic sectors
including, but not limited to agriculture, water resources, travel and disaster management. With the
increasing availability of time series geospatial data, deep learning has gained much attentioninrecent
times for weather forecasting and prediction. In this study,we assess the predicting capability of the U-
Net deep learning model for different forecast times. Hourly ERA5 Reanalysis precipitation datasets over
thenorth-eastern states of India for June, July, August and September from 2000 to 2022, have been
employed as inputs to the U-Net model. The model is trained separately for each of the leading hours
(1 to 6 hours) and deployed onthe testing datasets. The outputs of the model are exported as images
for eachtime step. In this study, we have found that the best RMSE, MAE and R2 score is 0.00056 meters,
0.00022 meters and 0.69 respectively, when the lead time is1 hour. From the study, it is found that the
R 2 of the model decreases while the RMSE and MAE increase consistently with an increase in the
leading time.However, in the current study only historical rainfall data is used for training the model,
the performance can be improved by using more predictor input features along with the historical
rainfall data. The evaluation metrics can be expected to perform better when accounting for the large
number of zero rainfall data points which results in an imbalanced dataset. Further, complex
architectures that utilize temporal and convolutional connections to accountfor the effect of monsoon
and local orographic influences are expected to improve the performance for time series predictions.

Keywords: Deep Learning, Hourly Precipitation, Lead-Time, Nowcasting, Seasonal
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COMPLEX VALUED U-NET FOR SEGMENTATION OF SAR IMAGES
Saumya Vilas Roy?, Haripriya S.2 and Deepak Mishra3

Student (Avionics Department), Indian Institute of Space Science and Technology (/IST).
Scientist/Engineer SE’ - SARDPD/MDPG/DPA, National Remote Sensing Center (NRSC), Indian Space
Research Organization (ISRO).
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Abstract

Deep learning (DL) techniques have emerged as a great tool in natural language processing (NLP),
remote sensing, computer vision, etc. In general, all these applications demand real valued data
processing. But for certain fields like Radio Frequency (RF) communications and synthetic aperture
radar (SAR) imaging, where the data is in a complex domain, it is not well handled by real-valued DL
techniques as the correlation between the phase and the magnitude is lost. In this research, we
propose the usage of a complex valued neural network (CVNN) for the processing of data in complex
domain. The proposed complex valued U-NET model is used for semantic segmentation of
Polarimetric Synthetic Aperture Radar (PolSAR) using the Pauli representation matrix as the labels.
The SAR sensorcollects signals in different polarization to identify the target which causes it develop
a complex character because both phase and magnitude are collected, we have generated four- and
two-class segmentation masks by thresholding the values of the Pauli matrix. After training the model
on the given masks, the testing accuracies were 55.07% for the 4 class problem and 67.10% for the
2 class semantic segmentation problem. We even did an analysis of different dropout rates in the
convolutional layers in the U-NET and the effects on model training and overfitting. Our analysis
points to the dropouts being inconsequential and ineffective in the convolution layers in Complex
Valued U-NET.

Keywords: Deep learning, Semantic Segmentation, Complex Valued Neural Networks (CVNN), SAR
Images

Exploring the Geospatial Ecosystem, Trends and Innovations

[EY
! GeoDiscover: Unravelling Indias Spatial Frontier



Abstract Volume of the Annual ISG-ISRS National Symposium, Pune, November 28-30, 2023

AUTOMATIC BUILT-UP EXTRACTION USING MACHINE LEARNING TECHNIQUES AND
MULTI SENSOR COMPOSITE DATA

Rama Dasu M., Kamini J. and S.C. Jayanthi

National Remote Sensing Centre (1.S.R.0), Hyderabad, Telangana, India
Abstract

Urbanization is one of the world's primary concerns, which poses significant challenges to
sustainable development, disaster resilience, climate change mitigation, and the environment.
Spatial information on urban built-up areas is important to understand urbanization patterns.
Mapping of large scale urban areas and monitoring their dynamic changes have emerged as
important challenges for governments and also gained significant attention among researchers. At
large scales urban extent areas are essential for policymakers to understand better about
urbanization and its socioeconomic drivers and impacts. Towards this satellite imagery and machine
learning algorithms can play a significant role in extraction of urban builtup areas at different time
periods at different scales. Urban built-up area extraction using satellite data is challenging due to
significant intra-city heterogeneity and spectral overlap with other land covertypes. To address this,
the current study focuses on extraction of urban builtup area using Machine Learning techniques
from open source multi sensors data (Landsat, Sentinel-2) by augmenting a pseudo additional band
generated using upsampled night time coarser resolution data from Visible Infrared Imaging
Radiometer Suite (VIIRS) Day/Night Band (DNB). It highlights the urban built-up areas from non-
urban built-up areas by intensifying with pseudo- weights drawn from nighttime lights data intensity
values. The proposed method is automated with less human intervention for the extraction of built-
up areas using the Global Human Settlement Layer (GHSL) as a reference for training samples by fine
tuning sample withdifferent threshold values of NDVI, SAVI. A comparison analysis was made with
the conventional approach, which does not incorporate night-time data as an input. The findings
demonstrate that the proposed method outperforms the conventional approach in extraction of
built-up areas by effectively eliminating false positives from non-built-up areas of suburbs.

Keywords: Builtup, Machine Learning, Training Data, Nighttime Light, Multi Sensor Data
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DEVELOPMENT OF A WEB-BASED GUI FOR DEEP LEARNING BASED SEMANTIC
SEGMENTATION

Ujjwal K. Gupta, Utkarsh, Shweta Mishra and Shashikant A. Sharma
Space Applications Centre, Ahmedabad - 380015

Abstract

Semantic segmentation is a computer vision task where the goal is to label each pixel from a
collection of labels representing various classes. In recent times, with the development and
advancement in deep learning techniques, there are many segmentation models available among
which UNET and its variants are widely popular viz. UNET, UNET-Attention (UNET with Attention
mechanism). Using these models for various segmentation problems is cumbersome and requires a
lot of time in data preparation and establishing the data trainingprocess. Therefore, an attempt is
made for web deployment of deep learning based segmentation models. Web deployment of deep
learning models is crucial nowadays to complete the machine learning operations (MLOps) lifecycle
and it provides a web interface to control training and evaluate already trained models with
prediction on uploaded unknown images. A web-based graphical user interface (GUI) is developed
which provides not only pre-trained segmentation models but also facilitates training of new models
based on pre-supplied/user-supplied network architectural hyperparameters with training data. The
GUI allows users to upload images, perform data pre-processing operations such as image tiling, data
normalization and augmentation and split data into training, testing and validation sets for model
training. The model training process is visualized live on the web using training and validation loss
plots. In the end, the web interface automatically saves thebest model which can be used for on-
the-fly segmentation of user provided images. The segmentation results along with original
uploaded images of multiple trained models can bevisualized with model performance metrics for
inter-comparison of trained models.

Keyword: Semantic Segmentation, Web Deployment, ML Operations, UNET, Deep Learning
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DL BASED TECHNIQUE FOR SUPER-RESOLVING SATELLITE IMAGE AND GENERATING
LARGE IMAGE MOSAIC

Vivek Sharma and Neha Gaur

Space Applications Centre, ISRO, Ahmedabad 380015, India
*EMail: vivek@sac.isro.gov.in, nehagaur@sac.isro.gov.in

Abstract

Super-resolution involves generation of higher resolution image from a coarser resolved image orset
of multi-temporal coarser images. Multiple observations, although coarser, of the same area over a
period of time can be collected from remote sensing satellites and can be combined to generate a
super resolved image. This paper presents an approach to generate a super resolved image assuming
one image at 5m resolution and the adjacent image resampled at 10m ground resolution along with
an overlap of minimum common pixels. Using the overlap area in these twoinputs, the model is
trained and then the kernel is applied to generate super resolved images of theuncommon area at
higher resolution of 5m. To further improve the trained model, another input isused which is the
previously generated image of the same area at 5m resolution. The main purposeof this dataset is to
provide for the high frequency details that may not be available from the coarseresolution using deep
learning method from Al domain. As long as enough training data is there, a deep learning network
can in principle learn very complex non-linear relationships. To recover the finer details related to
frequency, the use of blind SR model KernelGAN and blind image denouncing model, the estimation
of degradation kernel of image pairs through GAN andestimation of distribution of degraded noise is
also achieved. The initial results show the successfulgeneration of finer resolution image at 5m using
10m inputs and validated using Resourcesat-2A LISS4 images as input. The image fidelity from both
radiometric and geometric aspects is validated with the available reference images of the same area
across similar imaging conditions.The future scope is generation of geophysical parameters and
validation.
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A SYSTEMATIC REVIEW OF POTHOLE DETECTION USING DEEP NEURAL NETWORKS
Kedar Nagnathrao Ghogale, Vivek Singh Tomar, Sajeevan G. and Manoj Khare
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Abstract

Detecting and addressing road accidents become notably intricate and challenging problem. Various
factors, such as road deterioration, potholes, cramps, inadequate maintenance of infrastructure, and
faulty speed bumps, can lead to tragic outcomes including the loss of lives and property. Historically,
pothole detection primarily relied on labor-intensive methods that were often inefficient in
accurately identifying potholes. Consequently, an automated pothole detection system was created,
which involved installing accelerometers and gyroscopes on vehicles. This system evaluates potholes
by observing the gyroscope's deflection caused by the intensity of impact vibrations when a vehicle
passes over a pothole. If no such deflection or impact is detected, the system does not acknowledge
the presence of a pothole. This paper investigates several deep learning-based methods designed to
detect potholes in images and videos at an early stage, with the primary goal of reducing accident
risks. The images are sourced from various devices like dashcams, smartphones, drones and airborne
platforms. The study explores the applicability of various deep neural networks, including the Single
Shot Detector (SSD), Res-Net, Inception model, Regions with Convolutional Neural Networks (R-
CNN), U-Net, and You Only Look Once (YOLO), for the task of pothole identification on road surfaces.
Deep learning models are evaluated using metrics like accuracy, precision, recall, and the F1 score,
while their performance is further examined throughthe analysis of confusion matrices. The
research also includes a comparative assessment aimed at identifying the most effective model for
achieving both precise and swift pothole detection. It also considers the trade-off between
prediction accuracy and time complexity, which may suggest the potential for introducing a proactive
guidance system using an appropriate deep learning model.

Keywords: Pothole Detection, Deep Learning, Convolutional Neural Network, Image Segmentation,
Transfer Learning

Exploring the Geospatial Ecosystem, Trends and Innovations

[EY
! GeoDiscover: Unravelling Indias Spatial Frontier


mailto:kedarg@cdac.in
mailto:kedarg@cdac.in
mailto:sajeevan@cdac.in
mailto:manojk@cdac.in

Abstract Volume of the Annual ISG-ISRS National Symposium, Pune, November 28-30, 2023

PIXEL QUALITY LAYER GENERATION FOR REMOTE SENSING DATA PRODUCTS USING DEEP
LEARNING

Radhika T., Keerthi S., Manju Sarma and Prakash Chauhan
National Remote Sensing Centre, ISRO, Hyderabad, India
Abstract

The revolutionized remote sensing technology plays a vital role to monitor and understand planet’s
surface, atmosphere and environment. The huge data generated by remote sensing (RS) satellites
presents both an opportunity and a challenge for effective analysis and interpretation. Optical RS
images are hindered by clouds and cloud shadows for feature extraction. Similarlyhill shadows and
zero-fills may impact the classification accuracy. Snow and clouds need additional attention. It would
be a good practice to delineate these pixels and to provide the classified information in separate pixel-
quality layer for more accurate geo-physical parameter retrieval. It is also mandatory to have a pixel
quality layer for next-generation Analysis-Ready- Data(ARD) products to maintain the interoperability
among global sensors. Presently the deep learning techniques have emerged as a potential tool for
automatic classification of RS images with significant advantages over traditional state-of-art
methods. Resourcesat-2/2A multispectral sensors AWIFS and LISS-3 data products are widely being
used for various national level projects. A Deep- Convolution Neural Network (CNN) based U-Net
model is customized and implemented to generate a quality layer which comprises pixel-level
delineation of cloud, cloud shadow, snow, land and zero-fill from AWIiFS and LISS-3 standard data
products. Comprehensive and temporal data sets of images from diverse geographical regions are
utilized for training and evaluation. Data sets are processed to represent Top-of-Atmosphere (ToA)
reflectance. Semi-automated methods are used for training data preparation. Further preprocessing
steps like data augmentation, normalization and filtration is carried out to improve the accuracy. The
model is optimized by implementing and tuning various hyper parameters. Achieved validation
accuracy is around 94.3 % for the images acquired over Indian terrain. Transfer learning techniques
are being implemented to generate quality layer from other sensors over global terrains.

Keywords: CNN, U-Net, Top-of-Atmosphere (TOA), Analysis-Ready-Data (ARD), Resourcesat-2/2A
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DEEP LEARNING BASED SOLAR PLANTS EXTRACTION USING REMOTE SENSING SATELLITE
DATA

Kriti Rastogi, Shweta Mishra and Shashikant A. Sharma

Space Applications Center, Ahmedabad

Abstract

Globally, solar energy is one of the most promising freely available renewable energy sources. India
plays a crucial role in promoting and utilizing it by installing solar plants across the country. With the
availability of high-resolution remote sensing satellite data, it is possible to monitor existing and newly
developed solar plants at national level. For extracting these solar plants from satellite images, deep
learning technology has been effective in computer visiontasks of image segmentation. In this
study, we use Sentinel-2 satellite data with red, green, blue and near infrared data with spatial
resolution of 10m. The state-of-the-art UNet architecture withthe backbone of VGG16 and RESNET50
is used for extracting solar plants for comparing the results. The model is trained for solar panels
installed on desert regions of Rajasthan, lands of Gujarat, near riverine in Madhya Pradesh and
southern regions of India in Karnataka. Forvalidation of models, accuracy, jacquard Index (intersection
over union), F1-score is used for independent sets of data having the same characteristics as training
data. The mean accuracy achieved of the best model is 94.67% and I0U of 87% with F1-score of 0.84.
The model is able to delineate different kinds of solar panels with varied contextual information of
terrain type.
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AUTOMATIC EXTRACTION OF FOREST BURN SCAR USING MACHINE LEARNING
TECHNIQUE IN TROPICAL DECIDUOUS FOREST

Amrita Singh?, Jugal Kishore Mani?, A. O. Varghese?, G. Sreenivasan® and S. K. Srivastav?
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Abstract

The recurrent occurrence of fire is one of the most complex problems facing deciduous forests as it
causes extensive damage in the forest ecosystem. Detecting and assessing the spatial extent and
distribution of burn scars can support forestry services for pre and post-fire management. A
considerable variation exists between exact area burnt and the area reported by ocular method by
forest staff. Most of the fire information available online in Indian region is point location information
on active fire and information on forest burnt area and fire frequency data is not available. In the
present study, tropical deciduous forests of the Vidarbha region of Maharashtra were taken as the
study area for burn scar extraction using Landsat-7 & 8 datasets. This study proposed a two-step
approach for precise burn scar extraction. First, discrimination capabilities of eight spectral indices
(SIs) as Burn Area Index (BAIl), Burned Area Index Modified-ISWIR, Burned Area Index Modified-sSWIR
(BAIMS), Normalized Burn Ratio, Normalized Difference Vegetation Index, Normalized Difference
Moisture Index, Mid Infrared Burn Index, Modified Soil-Adjusted Vegetation Index (MSAVI) and their
weighted fusion along with change vector analysis were examined in multi-temporal domain.
Secondly, by using U-Net segmentation model developed a robust methodology to automatically
extract burn scars using best-suited Sls or weighted fusion difference, whichever giving best result.
Result shows that feature weighted fusion using BAI, MSAVI and BAIMS is the best-suited method for
burn scar delineation compared to other Sls examined. Output of feature weighted fusion has given
advantage of creating precise training samples for the segmentation model, which has offered an
overall accuracy of 88.94% with 4.92% commission and 11.27% omission error. The proposed method
can overcome the disadvantages of traditional methods by selecting fixed thresholds, considering
localized fire events and can serve as an automatic environment to extract burn scars globally.
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A NOVEL APPROACH FOR IMPROVED FEATURE EXTRACTION IN AN URBAN
ENVIRONMENT

Atulya Dhar
Abstract

Deep Learning and Object-based Image Analysis (OBIA) play a pivotal role in various fields such as
urban planning, environmental monitoring, and remote sensing. They have emerged as a powerful
tool for automatic feature extraction from remotely sensed imagery. Our study leverages the
capabilities of various Convolutional Neural Networks (CNN’s) and Objectbased Image Analysis (OBIA)
to extract meaningful spectral and spatial features from NAIP Aerial Imageries which have been
obtained from the USGS Earth Explorer for which features like Freeways, Runways, Sparse residential,
Medium residential, Storage Tanks, Tennis Court, Chapparals, Intersections, etc. have been identified.
Existing CNN architectures are first tested like DenseNet201 of 50 epochs which reported an accuracy
of 0.95; A ResNet architecture of 50 epochs reported an accuracy of 0.96 and EfficientNetB7 reported
an accuracy of 0.9638. The OBIA based accuracy is also expected to attain an accuracy of over 0.90. A
Novel hybrid OBIA-CNN Model is built by testing various fusion techniques like Weighted Fusion,
Averaging and Late Fusion and the most appropriate fusion technique is chosen for model
development. The hybrid model is expected to attain an accuracy of greater than 0.80. Previous
studies have focused on classifying broad-based land use land cover feature classes like Vegetation,
Buildings, Water Body, Bare Soil, etc. This work focuses on extracting more advanced and complex
features in these broad classes, which have been listed previously. Future work can focus on building
advanced machine learning and deep learning algorithms for combining OBIA and CNN for Disaster
Monitoring and Response, Smart Cities Development, Space Exploration, Defence, Infrastructure
Management and Ecological Conservation.

Keywords: Convolutional Neural Networks, Deep Learning, Feature Extraction, Machine Learning,
Object-based Image Analysis.
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FOREST FIRE SIMULATION MODELING USING FIRE DYNAMICS SIMULATOR (FDS) IN
SIKKIM HIMALAYAS

Manoj Chavan?, Mohan Labade?!, Manish Kale?, Sri Sai Meher Krottapallil, Vikas Kumar?, Satish
Pardeshil, Bayvesh Luitel?, Ningwa Hangma Limboo?, Narpati Sharma?, Dhiren Shreshta?, Manoj
Kharel, Akshara Kaginalkar!
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Abstract

Forest fire poses formidable challenges to fire control authorities. By using region-specific calibrated
fire risk mapping and fire spread models, authorities can prioritize effective resource management for
forest fire prevention and suppression. Our study delves into the utilization of Fire Dynamics Simulator
(FDS), a Computational Fluid Dynamics (CFD)-based simulation modeling software on High-
Performance Computing (HPC) platform for modeling vegetation fires. FDS with proper
parameterization and validation emerges as a robust tool for CFD-based modeling of forest fires,
offering enhanced visualization capabilities through its accompanying Smokeview package. This
allows for the comprehensive visualization of plume behavior and heat release during fire simulations.
Input files for FDS simulations were prepare using GIS software’s. Satellite remote sensing images
were utilized for preparing fuel map inputs and for burnt area validation. This investigation shows
that the Sikkim vegetation fuel characteristics results are in excellent agreement with the burned area.
The simulated results and the satellite burned area image accord qualitatively in the initial fire point
to an extent of 70%. Our research marks a pioneering effort in this regards in India, where the
integration of FDS and HPC is employed for forest fire simulation modeling. Leveraging current HPC
capabilities, simulations with substantial computational demands can be distributed efficiently
through parallel computing platforms, enabling faster presentation of results. This proactive approach
empowers fire managers to anticipate and assess the potential impacts of management strategies
well in advance, aiding them in making more informed and effective decisions.
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MACHINE LEARNING BASED CROP DISCRIMINATION & BIOPHYSICO-CHEMICAL
PARAMETER ESTIMATION USING AIRBORNE HYPERSPECTRAL DATA

Mamta Kumari, Abhishek Chakraborty, Karun Kumar Choudhary and V.M. Chowdary

Agriculture Sciences and Agriculture Group, National Remote Sensing Centre, Balanagar, Hydearbad,
Telangana-500037

Abstract

The study utilized airborne hyperspectral sensor (AVIRIS-NG) with continuous spectral bands spanning
from visible to shortwave wavelength regions of the electromagnetic spectrum. These sensor offers
unique advantages in discriminating crops and estimating critical biophysico-chemical parameters,
essential for assessing crop condition and production. The research aimed to identify specific
wavelengths influencing the discrimination of morphologically similar crops. Additionally, various
combinations of machine learning (ML) classifiers, coupled with data dimensionality reduction
techniques, were assessed for their potential in discriminating multiple crops and retrieving crop
biophysico-chemical parameters. Different narrowband indices related to crop condition and vigor
were correlated with in-situ field observations, including Leaf Area Index (LAI), Chlorophyll a and b
(Cab), and Fluorescence yield-Il (F'v/Fm), to identify suitable narrowband indices. Our results indicated
the effectiveness of AVIRIS data in discriminating visually alike crops, particularly Maize and Sorghum.
Among diverse ML classifiers, the combination of Random Forest and Principal Component Analysis,
termed RF-PCA, exhibited superior performance, achieving an overall accuracy of 84.09% in crop
mapping. Furthermore, the performance of various ML algorithms in retrieving maize biophysical
parameters was specific to each parameter. Gaussian Processes Regression with Partial Least Square
(GPR-PLS) showed better performance in Cab retrieval with an R? of 0.75 and RMSE of 9 pg/cm?.
Random Forest with Minimum Noise Fraction (RF-MNF) was effective in accurately retrieving LAl and
@anopy Cab with an R? of 0.78 and RMSE of 0.64, while Partial Least Square Regression with Principal
Component Analysis (PLSR- PCA) outperformed other methods in estimating F'v/Fm' with an R? of 0.85
and RMSE of 0.09. This study showcases the invaluable role of hyperspectral data in offering objective
insights into crop health, thus enhancing informed decision-making in agricultural practices.
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AUTOMATED HYPER-PARAMETER TUNING OF LSTM NEURAL NETWORKS FOR NDVI
IMAGE PREDICTION

Arpit Agarwal, Pankaj Bodani and Shashikant Sharma
Space Applications Centre
Abstract

Normalised Difference Vegetation Index (NDVI) is a remote sensing indicator which quantifies
vegetation condition. Prediction of NDVI is important as it provides an insight into crop anomalies and
future yields. NDVI prediction has been attempted with multiple statistical approaches such as auto-
regressive integrated moving average (ARIMA) and Seasonal ARIMA. These models poorly capture
non-linearity in NDVI time series resulting in poor prediction performance. Recently LSTM based
models have been successfully used for NDVI prediction. Building and training LSTM based models
involve optimizing hyper-parameters, which is time and resource intensive. These hyper-parameters
include parameters which define network structure (number and type of hidden layers, activation
function, network weight initialiser etc.) and training process (optimiser, learning rate, mini-batch
size, number of epochs etc.). In this work, we demonstrate successful application of automated
hyper-parameter tuning using Hyperband and Bayesian Optimisation techniques for building LSTM
based NDVI prediction models. The model is trained to predict maximum NDVI composite image of
next fortnight using most recent 24-months’ data which comprises 48 fortnightly maximum composite
images. We have used MODIS data from 2012 to 2018 of Indian subcontinent to train and evaluate
our model. The best models found using each method after 15 days of hyperparameter tuning were
retrained and were able to give mean absolute error of 0.0629 and 0.0601 on the validation set for
Hyperband and Bayesian Optimisation respectively. Bayesian Optimisation was able to discover a
more efficient model (3,753 vs 27,905 trainable parameters). Further, 90% of the predicted values in
the hold out samples had an error of less than 0.1 NDVI. Bayesian optimization is a viable approach
for discovering optimal hyper-parameters for building LSTM based neural networks for NDVI
prediction. This approach can also be possibly used for building similar prediction models in other
problem areas.
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RETRIEVING 3D REPLICA FOR FOREST DIGITAL TWIN: INSIGHTS FROM BROADLEAF AND
NEEDLELEAF FOREST VEGETATION

Akshay Paygude, Hina Pande and Poonam Seth Tiwari
Indian Institute of Remote Sensing, Indian Space Research Organisation, Dehradun 248001, India

Abstract

Digital twins are being used in the industry to boost the efficiency of manufacturing processes.
However, the concept has a wide range of applications in forest ecosystem studies. The forest digital
twin framework provides a systematic way to create a virtual forest by integrating state variables at
the tree level and forest level. The information generated in the virtual world enables ecosystem risk
and ecosystem service modelling for the advancement of science and sustainable management
practices. The twining is first achieved at individual tree level, thereby allowing the twining of the
entire forest using forest scale information from remote sensing and flux towers. While, loT-based
methods for monitoring biotic and abiotic variables in the near tree environment under development.
This study explores various techniques for retrieving virtual 3D models of broadleaf and needleleaf
forests using laser scanning. Although different laser scanning technologies are available in the
market, terrestrial laser scanning provides the densest point cloud with the highest precision. Both
single tree and plot-level scans can be used to generate the 3D model required for Forest Digital Twin.
However, single- tree scans lack terrain information and precise relative positional information of the
trees whereas plot-level scans require multiple processing steps for the segmentation of individual
trees. Moreover, accurate individual tree segmentation from plot-level scans in dense canopies is a
difficult task. Therefore, combining high-resolution single tree scans and low-resolution plot-level
scans provides a 3D replica without compromising canopy details. Other challenges from dense
undergrowth and uneven terrain have been discussed.

Keywords: Forest Digital Twin, Laser Scanning, Ecosystem Services, Forest Management
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WEED IDENTIFICATION USING UAV-BASED MULTISPECTRAL IMAGING IN CITRONELLA
(Cymbopogon winterianus Jowitt.) CROP FOR PRECISE MANAGEMENT

Mohammad Saleem Khan'?, Priya Yadav?, Shashwati Singh? and Manoj Semwal*?

IComputational Biology Department, CSIR—Central Institute of Medicinal and Aromatic Plants,
Lucknow-226015, India.
2Academy of Scientific and Innovative Research (AcSIR), Ghaziabad-201002, India.

Abstract

Weeds compete with crops for nutrients, sunlight, and space, which leads to loss of the quality and
yield of beneficial crops grown by farmers. These losses ultimately reduce the profits and results in
loss of interest for adopting agriculture as an occupation. Moreover, removal of the weeds is time as
well as money consuming activities. Site-Specific Weed Management allows to manage the weeds
using implements and weedicides. Thus identification of weeds and thereby applying specific
weedicide is a challenge in itself. Now a days Unmanned Aerial Vehicles (UAVs) and robotic All-Terrain
Vehicle (ATVs) mounted with imaging sensors (RGB (red-green-blue), multi-spectral, and
hyperspectral) coupled with machine learning/ artificial intelligence algorithms can detect the weeds
from the adjoining crops easily. In this study, we have attempted to detect common weeds growing
along with Citronella crop grown in a total area of 0.2 Ha using UAV mounted with MicaSense Altum
multispectral camera. This study was performed at CSIR-Central Institute of Medicinal and Aromatic
Plants research farm Pantnagar, Uttarakhand. The spectral reflectance of the weeds where used to
identify weeds from Citronella plants. A classified map having accuracy of 95.31% was obtained which
can be used further to spray appropriate weedicide using the spraying drone.

Keywords: Unmanned Aerial Vehicles (UAVs), Multispectral Imagery, Remote Sensing, Weeds,
Citronella
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ASSESSING THE PERFORMANCE OF SEGMENT ANYTHING MODEL (SAM) BASED LABELS
FOR TRAINING MACHINE LEARNING MODELS IN UAV DATA CLASSIFICATION

Bhargav Parulekar, Nischal Singh, Anandakumar M Ramiya
Indian Institute of Space Science and Technology, Valiamala PO, Thiruvananthapuram
Abstract

Labelled datasets are critical to train machine learning models with higher confidence especially
in supervised learning tasks. However, generating sufficient labelled data for feeding into machine
learning models remains a cumbersome task. The quality and accuracy of labels significantly impact
the performance and the reliability of the model in the classification of unknown scene. Segment
Anything Model (SAM) is a recently developed Al- assisted labelling tool that can automate the
segmentation of complex and intricate image structures in RGB images. This model is expected to
significantly reduce the manual workload for annotators. In this paper, the efficiency of SAM to
annotate geospatial data obtained from UAV (unmanned aerial vehicle) is assessed. Further, the
efficiency of SAM annotated labels to train machine learning models for supervised learning tasks such
as Support Vector machine (SVM) and Random Forest (RF) is assessed. Results are compared with the
machine learning models trained with manually annotated labels. Results indicate that machine
learning models trained through SAM annotated labels have better performance in classification tasks
for UAV geospatial data. This widens and opens up the scope of using SAM for broader geospatial image
classification tasks thus reducing manual cumbersome human efforts.

Keywords: SAM, Labelling, Geospatial, Meta, Al
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DETECTION OF LEAF MINER INFESTATION IN MANDARIN ORANGE USING UAV BASED
MULTISPECTRAL IMAGING AND MACHINE LEARNING

Jugal Kishore Mani!, Amrita Singh?, Sushilkumar B. Rehpade?, A. O. Varghese!, G. Sreenivasan® and S.
K. Srivastav?

1Regional Remote Sensing Centre-Central, NRSC, ISRO, Amravati Road, Nagpur, Maharashtra-
440033, India
2Chief General Manager Office, Regional Centres, NRSC, ISRO, Sadig Nagar, New Delhi-110049, India

Abstract

Mandarin orange (Citrus reticulata) cultivation is plagued with various problems due to limiting
growing conditions, limiting water resources and the high occurrence of pests and diseases. Pest
surveillance programs such as field scouting are often expensive, time-consuming, laborious and
prone to error. Geospatial techniques can be vital in managing pests and diseases of orange orchards.
UAV based multispectral and hyper-spectral, along with spectro-radiometer data, will help to identify
pests and diseases of orange plantations using Al/ML techniques. The present study envisages
identifying leaf miners (Phyllocnistis citrella) of orange orchards using UAV based multispectral data
through Al/ML techniques of selected orange-growing regions of Central India. Machine learning
techniques’ accuracy is highly dependent on the quality and quantity of the training dataset. The
present study describes and implements a three-step method for generating high-quality training data
for the detection of pests and diseases of orange orchards. First, using the Al/ML (U-Net) model
performed acreage estimation of orange and to create the mask for further assessment. Training
samples for the U-Net model are created using UAV and Cartosat-2 data, offering an accuracy of 0.897
and an 10U (Intersection over union) of 0.783. Then, after applying the mask, the infestation
symptoms were collected on the ground with the help of a spectro-radiometer in the UAV image to
make samples and at last, annotated the similar signatures of infestation on the image to create more
training samples. These training samples train the U-Net model to segment images into infested and
non-infested regions with an accuracy of 0.865 and an 10U of 0.715. This three-step approach to
generate training data is a promising method to streamline machine-learning approaches for leaf
miner detection.

Keywords: Orange, Leaf Miner, UAV and Al/ML Techniques
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MACHINE LEARNING BASED CLASSIFICATION APPROACH FOR DELINEATION OF MUGA
HOST PLANTS WITH UAV SURVEYS

J. Blah, B.K. Handique, P. Jena, S.B. Nayak, K.K. Sarma and S.P. Aggarwal
North Eastern Space Applications Centre, Umiam, Meghalaya
Abstract

Muga silk, derived from the silkworm Antheraea assamensis, is a valuable and culturally significant
commodity in the north eastern region of India and its sustainable production heavily relies on the
availability of suitable host plants. Multi-spectral UAV data having a GSD of 8 cm were collected from
a Muga conservation site in East Jaintia Hills of Meghalaya were collected for delineation of two
primary Muga host plants; the Som (Persea bombycina) and Soalu (Litsaea monopetela). Four
selected machine learning algorithms viz., K-Nearest Neighbour (KNN), Support Vector Machine
(SVM), Random Forest (RF), and Naive Bayes were deployed. Accuracy, precision, recall, and F1-score
were calculated to evaluate the relative efficiencies of performance of these four approaches. While
KNN, SVM, and RF demonstrated competitive performance, Naive Bayes exhibited the highest
classification accuracy of 88.13% in classifying Muga host plants, SVM had the lowest overall accuracy
of 80.63%. The results indicate the advantage of using very high resolution UAV data in delineating
silkworm host plants at species level by using appropriate machine learning based classification
approach, which will support in efficient management and monitoring of the conservation site.

Keywords: Machine Learning, UAV Surveys, Muga Host Plants, Classification, Accuracy Assessment
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IMPROVING 3D ACCURACY OF GLOBAL DEMS AND KH9 DEM USING ICESAT2 ATLAS DATA

Anil Kumar G.}, Sadasiva Rao B.%, Runjhun Chandra®, Narender B.* Murali Krishnan S.> Prakash
Chauhan®

*1 National Remote Sensing Center, ISRO, Hyderabad, Telangana, India, (Corresponding
Author).
National Remote Sensing Center, ISRO, Hyderabad, Telangana, India,
*E-mail: g_anilkumar@nrsc.gov.in
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Abstract

Topographic height information is essential for many scientific, research, and engineering fields, such as
geosciences, geology, geomorphology, natural disasters, hydrology, and water resources monitoring
and management. Many global DEMs, viz. SRTM, ASTER, and ALOS World 3D are publicly available.
Declassifying Corona and Hexagon (KH9) data by the United States provided an opportunity to derive
DEMs using satellite stereo photographs, which are 45 years old. The accuracies of these DEMs are in
meters and can be used for global or regional applications only. However, improving the accuracy of
these DEMs can be used for various local applications. The recently launched Ice Cloud and Land
Elevation Satellite (ICESAT2) carrying Advanced Topographic Laser Altimeter System (ATLAS) provides
highly accurate terrain height profiles. In this study, validated ICESAT-2 ATLAS LiDAR data using airborne
LiDAR data and showcased utilization of ICESAT-2 data in improving the positional and vertical accuracy
of global DEMs (SRTM, ASTER, and AW3D) & KH9 DEM. It is found that IceSat2 ATLAS is accurate to 0.14
m to 1.17 m in open areas and hilly area with dense forest respectively and improved global DEMs
accuracy 2-5 m using ICESAT2 ATLAS data.

Keywords: SRTM DEM, ICESat-2, ATLAS, Airborne LiDAR DEM, ALOS World DEM, ASTER DEM,
Global DEM, Hexagon, KH-9
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CLASSIFICATION OF INDIA’S LARGE WETLANDS BASED ON OPTICAL WATER TYPES
Pragati Nayak'?, Ashwin Gujratil, Hitesh Solanki?, Praveen K Gupta®

Space Application Centre, Indian Space Research Organization (ISRO), Ahmedabad, India
2Department of Botany, School of Sciences, Gujarat University, Ahmedabad, India

Abstract

Wetlands play a crucial role in maintaining ecological balance, providing habitats for diverse species,
and serving as essential water resources. However, these ecosystems are increasingly threatened by
eutrophication, which can have detrimental effects on their health and functions. Therefore, effective
monitoring of wetlands and eutrophication is of paramount importance for their conservation and
sustainable management. In this study, we employ a robust optical water type (OWT) classification
system to assess the eutrophication status of 49 large wetlands in India, each exceeding 10,000 hectares
in size. Our approach leverages the high-frequency, high-resolution Sentinel-2 optical data and the
computational capabilities of Google Earth Engine. The heart of our analysis lies in the 13- class OWT
classification system, meticulously designed to capture the increasing degrees of eutrophication within
these wetlands. Through this classification, we gain valuable insights into the intricate water quality
dynamics of these vital ecosystems. Our results reveal compelling seasonal trends in OWT values.
Notably, the peak eutrophic conditions, characterized by the highest OWT values, consistently occur in
the last week of May. Conversely, the mid-November period witnesses the lowest OWT values,
indicative of reduced eutrophication. These findings shed light on the temporal variability in water
quality within Indian large wetlands. When considering the collective data for all wetlands, we observe
distinct percentages of OWT occurrences. Approximately 16.8 percent of the wetlands exhibit
oligotrophic characteristics, 31.3 percent display mesotrophic attributes, 31.1 percent are classified as
eutrophic, and 20.8 percent exhibit hyper-eutrophic conditions. This distribution underscores the
prevalence of various eutrophication levels, emphasizing the need for tailored conservation and
management strategies. In conclusion, our study demonstrates the significance of monitoring
eutrophication in Indian large wetlands for their preservation and sustainable use. The application of
the OWT classification system using Sentinel-2 data in Google Earth Engine provides a powerful tool for
assessing water quality dynamics in these ecosystems, ultimately supporting informed decision-making
and environmental stewardship efforts.

Keywords: Wetland, Remote Sensing, Optical Water Type, Google Earth Engine, Sentinel-2
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SCALABLE AND DEMAND DRIVEN GEOPORTALS FOR THE APPLICATIONS OF SATELLITE
REMOTE SENSING

Utkarsh Tyagi and Shashikant Sharma

Space Applications Centre, Ahmedabad
Email: utkarsh@sac.isro.gov.in
Abstract

Web GIS refers to Geographic Information System (GIS) operating accessible through web platform (Yang
et al. 2005). It is a product of the federation between GIS and the web driven by protocols viz. Hyper
Text Transport Protocol. Functionality and performance of Web GIS portal commonly known as
geoportals varies with the targeting science application. This makes performance and theme based
customisation, the prominent challenging issues. Custom application are driven by demand based
development of geoportals that vary in terms of information sources, target science application, area of
interest, analysis techniques etc. For instance, Early Warning System geoportal for disseminating
extreme weather alerts related to Heavy Rain and Cloud Burst would require the statistics generation
and hit/miss ratio of past alerts and controls for current alerts. Island monitoring geoportal for change
detection would require high-resolution imageries and controls for change detection, time series of
multiple parameters. This paper deals with these issues by proposing schematics and demonstrating the
custom applications in line of targeting science applications. The highlighted challenges are different
from the ones found in data-centric mashup, a typical mashup. Proposed solution targets; 1) spatial data
storage, indexing and fast access, 2) data organisation for long term analysis 3) making data, analysis
available as a service 4) Loosely coupled, configurable and modular front end components. These points
provide a technological base towards more intelligent geoportal to fulfil more complex users’ demands
beyond data level. This allows quickly configuring and releasing a geoportal based on desired
configuration. Open source tools and techniques are combine in an effective way to enhance the
scalability and management of overall solution. Techniques used for improved scalability of geoportal
are: i. Pyramid and data volume reduction through caching and tiling, ii. Progressive transmission, iii.
Asynchronous transmission through HTTP 2.0, vi. Spatial indexing. Tools and techniques used for the
development of demand-driven geoportals are: i. Information sources: raster - satellite images, model
outputs for forecast, Nowcast and wind vectors. ii. Spatial Data stores: Spatial databases for queryable
datasets, NetCDF for forecasts., iii. Analysis: Data cubes, in-memory computation for long term time
series and anomaly detection This paper demonstrates schematics to support development of scalable
and demand driven geoportals. It includes View component library and APIs library built on the principle
of reuse. Each View component is mapped to at least one API backend library that in turn can be a
combination of multiple plugins. These API endpoints are built as micro services and run in serveless
environment. APl endpoint are independent of underlying technological stack and hence offers
advantages of abstraction. Further, backend processing includes open source tools and techniques that
deals with data organisation, querying and serving. These includes:

e Geoserver: Publishing data from spatial data sources using open standards. It provides implementation
of OGC WMS, WFS, ECS standards.

® Open Data cube (ODC): Data first converted to Analysis Ready Data (ARD) and then ingested to ODC
infrastructure with Data cube core APIs and Indexing mechanism. It is best suited for long-term analysis
of satellite data.

o Thredds Data Server: Web server that provides metadata and data access for satellite data omitting the
need of data pre-processing. It is best suited for high frequency satellite data products.
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In conclusion the work has yielded a number of significant lessons such as data organisation decision is
heavily dependent on its application; metadata is the core to the publishing process. Solution that tries
to automate the development of intelligent geoportals must evolve continuously with the advancement
of science applications and data analysis techniques. The work is primarily motivated by the huge need
of state of the art geoportals and advancement of data organisation techniques. Adoption of new
techniques such as data cube, in-memory computation provides tremendous advantages in terms of
faster computation and information retrieval. Integration of these techniques is crucial for the new
generation geoportals and our work demonstrates a possible and effective way of such integration and
mapping them to view components. This increases the scope of traditional mashup based
developments.

Keywords: WebGlIS, Early warning systems, Location based services, Forecasts
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DROUGHT MONITORING USING MODIS DERIVED INDICES AND GOOGLE EARTH ENGINE
PLATFORM FOR VADODARA DISTRICT, GUJARAT
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Abstract

Drought is considered to be the most complex but least understood of all natural hazards, affecting
more people. Its reappearance in drought-prone areas every few years is almost certain. Also, they
lack sudden and easily identified onsets and terminations. Under the background of global climate
change, the impact from drought exhibits the characteristics of complexity and multi-process. It has
significant impact on the water resources, agriculture, society, and economy hence needs attention.
Vegetation Condition Index (VCI) is used for observing the change in vegetation that causes
agricultural drought. Since the land surface temperature has minimum influence from cloud
contamination and humidity in the air, so the Temperature Condition Index (TCl) is used for studying
the temperature change. Dryness or wetness of soil is a major indicator for agriculture and a
comprehensive assessment of vegetation and temperature stress is achieved from MODIS satellite
data in Google Earth Engine (GEE) platform for pre and post monsoon season from 2008 to 2022 (15-
year period). Vegetation Condition Index (VCI) is used for observing the change in vegetation that
causes agricultural drought. Since the land surface temperature has minimum influence from cloud
contamination and humidity in the air, so the Temperature Condition Index (TCl) is used for studying
the temperature change. The research also incorporates precipitation data from WorldClim to
investigate its influence on Vegetation Health Index (VHI). Mann Kendall trend analysis is employed to
examine spatio-temporal variations in drought severity, for both pre-monsoon and post-monsoon
seasons. The results emphasize the sensitivity of VHI to shifts in rainfall patterns, providing valuable
insights for drought monitoring and management. In essence, this study enhances understanding of
drought dynamics and emphasizes the significance of Remote Sensing data and climate information
for effective drought assessment and mitigation strategies.

Keywords: Drought Monitoring, Drought Indices, Google Earth Engine, MODIS, WorldClim
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TOWARDS EFFECTIVE CROP HEALTH MONITORING AND PRESCRIPTIVE ANALYTICS FROM
MULTISPECTRAL DRONE IMAGERY

P.S. Singh, Victor Saikhom, Rajkumar Josmee, Dibyajyoti Chutia and S.P. Aggarwal

Abstract

Drones are increasingly becoming integral to agricultural crop monitoring, particularly in the
assessment of crop health, disease detection, phenotyping, and crop counting. Multispectral imagery
unveils insights about crops that remain hidden from the human eye. This valuable information finds
its application in precision agriculture, offering farmers site-specific guidance on crop health. This, in
turn, empowers them to efficiently oversee, strategize, and manage their farms for enhanced
productivity and yield. The paper focuses on processing of multispectral drone imagery, generate
vegetation indices and build a user interface framework for performing prescriptive analytics for
immediate advisory to the farmers. The study employs multispectral images of pineapple crops
captured by the Micasense RedEdge-MX sensor across multiple dates to evaluate crop health. A
processing pipeline rooted in open-source tools is devised to convert raw RedEdge data into radiance
and reflectance maps. These reflectance maps serve as the foundation for deriving various vegetation
indices like the Normalized Difference Vegetation Index (NDVI), Normalized Difference RedEdge Index
(NDRE), and Optimised Soil Adjusted Vegetation Index (OSAVI). The RedEdge band, positioned
between the Red and NIR bands captured by the sensor, holds significance in accurately assessing
plant chlorophyll content. The resulting vegetation indices are then harnessed to create prescription
maps, enabling individual farmers to treatments on specific affected zones based on nutrient-
deficient crop areas across the field.

Keywords: Multispectral, Precision Agriculture, Analytics, Crop Health Monitoring
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SIMULATING THE WARD-WISE AIR POLLUTION (PM 2.5) CONCENTRATION USING
SATELLITE DATA AND GROUND OBSERVATIONS ALONG WITH THE REDUCTION TARGETS
AND ASSOCIATED HEALTH BENEFITS FOR AHMEDABAD CITY, INDIA

Anurag Kandya?, Rishabh Oza?, Viral Patel’, Abha Chhabra?, Mehul Pandya?

IDepartment of Civil Engineering, School of Technology,
Pandit Deendayal Energy University, Gandhinagar, Gujarat, India
2Space Applications Centre, Indian Space Research Organization, Ahmedabad, Gujarat, India
Abstract

Air Pollution is posing a very high risk to human health and all steps should be taken for its abatement.
The present first-of-its-kind study presents a novel methodology of quantifying the health benefits
due to air pollution reduction. It uses remotely sensed Aerosol Optical Depth (AOD) for simulating the
ground level PM2.5 concentration of the city, spatially averages and estimates the ward specific
concentration and computes the respective target based on the limiting concentration of 40 ug/m3
and finally translates this reduction into health benefits in terms of avoidance of premature deaths
using BenMAP-CE. The study is done for Ahmedabad city of Gujarat, India for the year 2021. 16%
premature deaths (which is 8,715 premature deaths of the total 56,123 deaths) could have been
avoided in Ahmedabad city if the National Ambient air pollution targets are achieved with respect to
the year 2021. The premature avoidable death rate by achieving the air pollution limiting
concentration varied between 7.5 — 16 persons per 10,000 across the 48 wards of the city. The study
would be of great significance to Central Pollution Control Board, Gujarat Pollution Control Board and
Ahmedabad Municipal Corporation for strengthening the Air Action Plan which will have far reaching
benefits to the community at large.

Keywords: Air Pollution, Aerosol Optical Depth, Ahmedabad, MODIS, BenMAP-CE, Mortality,
Premature Deaths
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SWOT HYDROLOGY SIMULATOR ESTIMATED DISCHARGE OVER NARMADA RIVER

Shard Chander*?, Ritesh Agrawal?, Sarthi More!, Amit Dubey?, Rajat Choudhary?, Dhanya C. T.2and
Praveen K Gupta!

1Space Applications Centre, Ahmedabad %Indian Institute of Technology, Delhi
*Email: schander@sac.isro.gov.in

Abstract

Recently launched SWOT mission (December 15, 2022) has opened up a new era in the field of
satellite hydrology. Although existing nadir altimeters have proven their capability as one of the
best sensors for land hydrological applications, still one of the major limitations was that it only covers
water bodies on the track of mission. The SWOT mission will provide two dimensional surface
elevation maps over inland water bodies, an important information first of its kind that was missing
earlier. The mission consists of a Ka band interferometer (KaRin) payload along with the traditional
nadir altimeter in the centre. This will provide water elevation, slope and river discharge information
along the 120 km swath over the study areas. Some of the test dataset from the nadir instrument
is available in the scientific community but interferometry data is still under processing. In this work,
we have setup the SWOT Hydrology Simulator over one of the important river of western indian river
basins, i.e. Narmada River. SWOT simulated dataset is equivalent to its actual dataset in the form of
river water level, river width, slope and discharge with known amount of sensor and instrument
biases/errors. To generate the input SWOT like information, river water level was retrieved from
Sentinel-3A/3B altimeters and river width was derived using Sentinel-1A/1B SAR dataset, and further
used to initialize the simulator. In total, the toolbox was set up over the 20 locations along the stretch
of nearly 600 km of Narmada River. The virtual stations (VS), location where altimeter track
intersects the river, were selected over the tracks of Sentinel-3A (9-VS) and Sentinel-3B (10-VS)
radar altimeters or based on the availability of water level information from Central Water
Commission (CWC) dataset. For each VS, the river reach was defined as a length of river
approximately 10 km over which a time variant single value of water level and extent was assigned.
The altimetry retrieved water levels over the VS close to Hoshangabad (Narmada River) were found
to be fluctuating between 281.76 meter to 287.97 meter. SWOT simulated discharge at Narmada
river close to Hoshangabad during 2016-2022 derived river discharge close to altimeter VS was
observed to be in the range more than 4000 m3/s in August 2021. Further friction parameters and
cross-sectional area are the two important variables that are difficult to estimate using remote sensing
dataset but estimating river discharge from observed surface water elevations, river width and slope
is central to this mission. Quantification of seasonal and inter-annual variability of freshwater discharge
will represent information for the climate research community.

Keywords: SWOT, Interferograms, Water Elevation, River Discharge, Radar Altimetry
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SNOWED-IN: AN INTERACTIVE WEB-BASED PLATFORM FOR UNDERSTANDING SNOW
COVER DYNAMICS OF SIKKIM AND ARUNACHAL PRADESH

Saswati Mondal, Praveen Kumar, Ritu Anilkumar*

North Eastern Space Applications Centre, Department of Space, Government of
India, Umiam, Ri Bhoi, Meghalaya 793103
*Email: ritu.anilkumar@nesac.gov.in

Abstract

Snow serves as a primary source of perennial water, but can also be a cause of disaster such as
avalanches and floods in mountainous region. In-situ measurement of snow characteristics for the
states of Sikkim and Arunachal Pradesh are hindered by complex terrain, necessitating satellite based
analysis. Snowed-In, an interactive web portal has been developed that generates snow cover maps
and aids assessment of snow cover dynamics in the states of Sikkim and Arunachal Pradesh. The
Google Earth Engine platform was used to facilitate state-wide analysis from 2000-present using
Landsat 5, Landsat 8 and Sentinel 2 satellite data. To ensure that the most effective snow cover
classification technique is selected, a set of models including three snow indices (Normalized
Difference Snow Index, Normalized Difference Forest Snow Index and S3 index) and three machine
learning algorithms (Support Vector Machine, Gradient Tree Boosting, and Random Forest), are
evaluated. Using these advanced land cover classification techniques, a snow cover map has been
generated at a 30m/pixel resolution. The final snow cover maps were represented in the form of a
user friendly web portal that can provide decision-makers access to critical snow cover data. It enables
dynamic queries where users can input their choice of state, district, satellite data, year and month
to generate the corresponding snow cover map. Thus the web portal serves the critical needs of water
resource management and disaster risk reduction while also enhancing our understanding of climate
change impact in ecologically sensitive region.

Keywords: Snow Cover, Spectral Index, Machine Learning, Web Portal
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JOB VOLUME FORECASTING MODEL IN FREIGHT FORWARDING: AN ENSEMBLE
APPROACH WITH LSTM AND TIME SERIES MODELS

Mallika Manu

Department of Data Science and Spatial Analytics, Symbiosis Institute of Geoinformatics, Pune,
India

Email: 22070243029 @sig.ac.in

Abstract

This study presents a data-driven approach to optimize operational efficiency in the freight
forwarding industry by employing time series models to predict job volumes for sea exporting
accurately. By gathering and pre-processing historical data, including forward freight information,
job numbers, and spatial data from the Logi-Sys system, a software used by the logistics industry to
manage data, valuable insights are derived. This study employed time series models such as ARIMA
and Holt-Winters and an ensemble model. This ensemble model combined the aforementioned two
traditional models with a deep learning model, LSTM (Long Short-Term Memory), to accurately
predict job volumes for sea exporting. LSTM, known for its ability to capture sequential
dependencies, played a pivotal role in enhancing the accuracy of the predictions, offering valuable
insights for data-driven decision- making within the dynamic logistics sector. The performance of the
models is thoroughly evaluated, and insightful recommendations are provided to facilitate data-
driven decision- making within the freight forwarding industry. This research underscores the
potential of leveraging data analysis techniques, particularly time series modeling, to enhance
operational efficiency in the dynamic logistics sector, offering substantial benefits to industry
practitioners seeking to optimize their performance.

Keywords: Freight Forward, Time Series Forecasting, Ensemble, LSTM
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INFLUENCE OF ENVIRONMENTAL AND METEOROLOGICAL FACTORS ON FOREST
PRODUCTIVITY AND CLIMATE RESILIENCE IN TROPICAL DECIDUOUS FOREST

Mainak Mukhopadhyay, A Jaya Prakash, Mukunda Dev Behera

Centre for Ocean, River, Atmosphere and Land Sciences, Indian Institute of Technology, Kharagpur

Abstract

In the face of unprecedented climate change, terrestrial forest ecosystems are pivotal for both
preservation and mitigation purposes. Their role as nature's foremost carbon sinks, absorbing
atmospheric carbon dioxide, and their influence on microclimatic regulation, including temperature and
precipitation, make them critical subjects of climate change research. This study examines the impact of
environmental parameters, including Soil Moisture (SM), Mean Maximum Precipitation (MeanMaxPPT),
Land Surface Temperature (LST), incoming Photosynthetically Active Radiation (PAR), and Net Surface
Solar Radiation (Avg_NSR) on physiological processes, specifically Gross Primary Productivity (GPP) and
its functional proxy, Far-red Solar-Induced Fluorescence (SIF), from 2019 to 2022 in the Simlipal
Biosphere Reserve, Odisha, India. All the datasets are organized into aggregates representing the winter,
pre-monsoon, monsoon, and post-monsoon seasons. A comprehensive time-series analysis is conducted
to gain insights into the relationships between the biotic and abiotic factors in the dry and moist deciduous
forests of the region. Initial findings show expected trends between the environmental variables and OCO-
2 derived Global SIF (GOSIF) and GPP (GOSIF_GPP). While fluctuations of SM and MeanMaxPPT are highly

coincidental with that of GOSIF and GOSIF_GPP (high Rz), LST, PAR and Avg_NSR seems to have a

temporally staggered relationship with them (low R2). While LST and PAR peaks faster, Avg_NSR shows
delayed peaking w.r.t GPP and SIF across the different seasons. Such a relationship is worth noticing
and focusing on, to find out the underlying relationship between SIF/GPP and the environmental variables
using various data decomposition techniques. Such trends indicate a compelling area for further
investigation. While the study provides valuable insights into these relationships, future research should
explore the underlying mechanisms behind these trends and their implications for climate change
mitigation and forest conservation.

Keywords: Climate Change, Gross Primary Productivity, Solar Induced fluorescence, Land Surface
Temperature, PAR
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CHANGES IN LAND USE/LAND COVER AND ATMOSPHERIC CO2 AND CH4
CONCENTRATIONS OVER THE SUBURBAN REGION OF INDIA (SHADNAGAR)

Mahesh Pathakoti®, Mahalakshmi D.V, Kanchana A.L., Alok Taori, Rajashree Vinod Bothale and
Prakash Chauhan

National Remote Sensing Centre (NRSC), Indian Space Research Organisation (ISRO), Hyderabad,
India-500037

Abstract

The land use land cover (LULC) changes impact on atmospheric carbon dioxide (CO2) and methane
(CH4) concentrations using were studied over suburban region. The primary classes namely forest,
crop and built area were considered while remaining classes are listed under others category to
evaluate the impact of LULC changes on atmospheric CO2 and CH4 emissions at the suburban site of
India. The continuous measurements of atmospheric CO2 and CH4 concentration were collected
using high precision Greenhouse Gas analyzer during the period 2013-2022 were used in this study.
Diurnal and seasonal variation of atmospheric CO2 and CH4 were studied. Consistent diurnal and
seasonal variation is observed in GHGs at the study site. The results LULC analysis around the study
site indicated that built up area and agricultural area were increased from 2005 to 2021 where as
other LULC category decreased by 30 % thereby increasing emissions of CO2 and CH4 by 6% (26 ppm)
and 6.5% (140 ppb) respectively at the study site. Thus, the present study emphasized the changes
in land use land cover by utilizing the India’s long-term atmospheric CO2 and CH4 concentrations
from the semi-arid site.

Keywords: Land Use Land Cover, Atmospheric CO,, Atmospheric CH,4, Seasonal Variability
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USE OF MANGO LIBRARIES FOR HYPERPARAMETER TUNING OF ARIMA IN MODELLING
OF NDVI TIME SERIES

Narendra Kumar and Prabhakar Alok Verma
Indian Institute of Remote Sensing
Abstract

Predicting agricultural outcomes helps farmers and stakeholders make better decisions for improved
productivity and resource management. Remotely sensed vegetation indices, such as the Normalized
Difference Vegetation Index (NDVI), are widely used to detect greening and browning trends,
especially in time-series analysis. NDVI time series analysis is computed over a period to understand
the vegetation pattern. Jalandhar District was identified as the study area where the derived NDVI
product MOD13Q1.061 Terra vegetation dataset (16-day composite) was used for the analysis of the
period from 2018 to April 2020. In this study, the NDVI time series was forecasted with greater
accuracy using a Machine Learning Model. The Auto-Regressive Integrated Moving Average model
was chosen to forecast the time series data with the input values of Autocorrelation and Partial
autocorrelation functions. The process of determining the optimal values for the hyper parameters of
a machine learning model involves finding the parameters that govern the learning process of the
model. These hyper parameters are typically not learned from the data. Further, Auto ARIMA and
Bayesian optimization algorithm using Mango Libraries techniques were used to automate the hyper
parameter tuning. The study reveals that Mango offers a promising approach for automating the
hyper parameter tuning process of machine learning classifiers. This is particularly beneficial for users
seeking to streamline the hyper parameter tuning process. Additionally, the study successfully
employed Mango to forecast the time series data. NDVI time series forecasting is a valuable tool that
can be used to better understand the environment and make more informed decisions about its
management.

Keywords: ARIMA, Bayesian Optimization, Mango Libraries
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STATISTICAL ASSESSMENT OF METEOROLOGICAL DROUGHT INDICES IN SAURASHTRA
REGION, GUJARAT

Lakhan Jain! and Bindu Bhatt?

182 pepartment of Geography, Faculty of Science, The Maharaja Sayajirao University of Baroda,
Vadodara, 390002
Email: * indiaincredible50@gmail.com, ? bindu.bhatt-geography@msubaroda.ac.in

Abstract

Drought stands out among natural disasters due to its exceptional significance, characterized by its
intensity, duration, areal extent, economic damages, and lasting impacts when compared to other
events. Several indices are developed to monitor and quantify the severity of drought. Saurashtra is
prone to drought events owing to its arid and semi-arid climate. The rainfall distribution has
exhibited marked disparities and irregularities. The annual dry seasons in the region substantially
elevate the likelihood of drought occurrence. The Standardized Precipitation Index (SPI) and
Standardized Precipitation Evapotranspiration Index (SPEI) were employed to assess drought
conditions spanning the period from 1961 to 2020, utilizing the WorldClim dataset with a spatial
resolution of 10' x 10'. Both indices are capable of identifying an intensification in the severity of
drought due to reduced precipitation. The analysis includes assessments at different timescales,
including 3, 6, 9, 12, 18, and 24 months. The calculation of PET (Potential Evapotranspiration)
employed the Hargreaves equation, which utilizes the monthly difference of Tmax and Tmin to
estimate net radiation. The study utilized the Pearson Correlation Coefficient and Simple Linear
Regression to assess the associations between SPl and SPEI. Strong Correlations were observed at all
the timescales, with the highest and lowest R? found at 12 (0.9762) and 3 (0.5842) months,
respectively. In addition, this study employs Innovative Trend Analysis (ITA) to evaluate the trends,
revealing an upward trend across all timescales except for the SPEI 3, which exhibits a declining
trend. The study outcomes will help identify the futuristic strategies for drought mitigation and
climate change adaptation with simple and reliable analysis, especially under limited data
availability.

Keywords: Meteorological Drought Indices, SPI, SPEI, PET, and ITA
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CHARACTERISATION OF OUTDOOR THERMAL COMFORT IN URBAN ENVIRONS — A CASE
STUDY OF HYDERABAD

Kalyani V. Nair!, Rama Dasu Mallelli?, Kamini J.2, S.C. Jayanthi?, R. Jegankumar?!

1Bharathidasan University, Tiruchirappalli, Tamil Nadu, India
’National Remote Sensing Centre (1.S.R.0), Hyderabad, Telangana, India

Abstract

Urbanisation, its unprecedented population growth and drastic anthropogenic transformations are
the major concerns which hold on to the metropolitan cities. These permutations cause ecological
imbalance by proliferating the intensity of Land Surface Temperature (LST) which eventually
contributes Urban Heat Island (UHI). This serves as a fulcrum for deteriorating the well-being of the
denizens. The current study revolves around the living conditions and comfortability level of the
people of Hyderabad. The study depends only on the outdoor parameters and investigates the effect
of LST and land cover, especially water, vegetation, impervious and barren compositions located at
different elevations, on thermal comfort. This study is carried out for the summer season (March) in
as temporally for two decades (2001 -21) and spatially for the year of 2021. Temporal analysis with
the inputs of Land Use Land Cover (LULC), LST and elevations depicts the trends of variations of the
parameters. Spatial analysis with the inputs of Air Temperature (Ta) and Relative Humidity (RH) from
Automated Weather Stations (AWS) along with the LULC, LST and elevation. The values of Ta and RH

are utilised for the formulation of Discomfort Index (DI), which serves as proxy parameter for OTC.
A formula is enforced for the computation of DI, which is about to act as the dependent variable in
the regression analysis. The relationship is modelled using Support Vector Regression (SVR) between
the independent parameters (LULC, elevation, LST) and the dependent parameter (Dl) by considering
a large number of samples spread across the study area. The analysis makes it evident that it is
significantly correlated on the positive side with the impervious area but negatively correlated with
water bodies and vegetation. Therefore, the study is very benevolent for the planners and
policymakers to plan for a sustainable urban development that minimizes the loss of water bodies.

Keywords: Land Use Land Cover (LULC), Urban Heat Islands (UHI), Automated Weather Stations
(AWS), Discomfort Index (DI), Support Vector Regression (SVR)
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DEFORMATION MAPPING IN JOSHIMATH: A COMPARATIVE STUDY OF INSAR TIME SERIES
ANALYSIS WITH LICSBAS, OPENSARLAB, AND STAMPS

Shubhayan Roy Chowdhury?!, Shubham Mishra?, Divya Sekhar Vaka?, Satish Maurya?, Y. S. Rao?

ICentre of Studies in Resources Engineering, Indian Institute of Technology Bombay, Mumbai, India
2Department of Earth Sciences, Indian Institute of Technology Bombay, Mumbai, India

Abstract

Landslides commonly occur in regions characterized by steep topography, loose soil, and a
combination of factors contributing to instability. The town of Joshimath, situated in the Chamoli
district of Uttarakhand, India, has been facing the persistent natural hazard of landslides. Leveraging
Sentinel-1 data for both ascending and descending passes, Synthetic Aperture Radar (SAR)
methodologies, including Differential Interferometric SAR (DInSAR), Persistent Scatterer
Interferometric SAR (PSINSAR), and Small Baseline Subset (SBAS), are being employed to map and
monitor this land subsidence. In this study, open-source software tools such as ESA-SNAP, StaMPS,
LiCSBAS, and OpenSARLab have been considered for both short-term (12-day) and long-term
deformation analysis (January 2020 to April 2023), occurring in the Joshimath region. Distinct
methodologies have been employed within LiCSBAS, OpenSARLab, and StaMPS to tackle
atmospheric phase delays. These methodologies involve the application of GACOS, ERAS datasets,
and a linear tropospheric correction method, respectively. To illustrate the temporal evolution of
displacement between January 2020 and April 2023, we selected four specific points within the study
area and compared the results of SBAS and PSINnSAR techniques. Ascending pass indicates
displacement rates of 8 to 18 cm/yr, whereas descending pass shows 1to 6 cm/yr displacement rates.
The difference in the results between the ascending and descending passes could be attributed to
variations in viewing angle, satellite pass, and data acquisition times. The LiCSBAS and StaMPS results
indicate a linear displacement rate, whereas the OpenSARLab SBAS gives a non-linear displacement
rate with a rapid increase in displacement after January 2022. This observation has occurred due to
the various implementations of SBAS technique. Also, the 3D displacement maps reveal eastward
and downward movement with a mean velocity of 40 cm/yr over the Joshimath area.

Keywords: Joshimath, Landslide, Cloud-Computing, Analysis-Ready Data, SBAS
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SOCIO-ECONOMIC VULNERABILITY: AN INTEGRATED APPROACH TO DROUGHT
MANAGEMENT

Mohul Kundu?, Swapnil S Vyas ! and Avantika Ramekar 2

1 Department of Geography (Geoinformatics), Savitribai Phule Pune University, Pune
2Department of Geography, Kansas State University, Manhattan, Kansas

Abstract

The Marathwada region of Maharashtra is one of the most drought-prone regions of India. The
majority of the population in the district (82%) is dependent on rain-fed agriculture. The failure of
monsoon in these regions results in severe drought-like conditions leading to direct-indirect impacts
on the socio-economic life of the population. The current study focuses on recurring droughts and
weather anomalies, particularly rainfall, in the Beed district of Maharashtra. Beed district has
experienced extreme socio-economic vulnerability to drought, requiring urgent attention to drought
management practices. In the first part of this study, a Combined Drought Socio-Economic
Vulnerability Index was developed by combining nine physical, meteorological, and socio-economic
parameters. The parameters were assigned weights according to their influence on socio-economic
vulnerability. In the second part of this study, an attempt was made to understand the drought
pattern and characterization based on weather anomalies, particularly rainfall. The mean monthly
rainfall data for twelve years (2010-2021) for the months of May to September, for both drought and
non-drought/ normal years, was used to construct a rainfall deficit map. Four ranks (low, moderate,
high, and very high) were assigned to the villages to classify them into moderate to high vulnerability
drought categories. Results from the Combined Socio-Economic Vulnerability Index generated a
Drought Socio- Economic Vulnerability map at the village level in Beed district. Results from the
rainfall anomaly analysis showed that the Beed district faces 27% to 47% rainfall zonal village-wise
deficiency indicating moderate drought conditions. Thus, using the Combined Socio-Economic
Vulnerability Index and Rainfall Anomaly Analysis in conjunction can provide a better assessment of
socio-economic vulnerability to drought, thus increasing the efficacy of drought management
practices in the Beed district of Marathwada region of Maharashtra.

Keywords: Drought, Drought Management, Marathwada, Vulnerability Assessment, Socio-
Economic Vulnerability, Rainfall Deficiency
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SOLAR INSOLATION FORECASTING USING SATELLITE DERIVED PRODUCT AND
PYRANOMETER DATA

Shweta Mishra, UjjwalK.Gupta and Shashikant A. Sharma

Space Applications Centre, ISRO

Abstract

Due to the depletion of fossil fuel resources and their adverse effects on the climate, demand for
renewable energy resources like solar for electricity generation is increasing. Solar technologies use
photovoltaic (PV) panels to convert sunlight into electricity. As solar energy is a highly fluctuating
energy source, forecasting the solar insolation is required to maintain the demand for and supply of
electricity in the energy market. To cater to this requirement, a deep learning based solar insolation
forecasting model is developed to forecast every half hour solar insolation for the next 48 hours using
the past seven days INSAT-3D derived solar insolation at the location of the Space Applications Centre
(SAC), ISRO, Ahmedabad location with coordinates of 72.455, 23.041 degrees. The state of the art
Long Short Term Memory (LSTM) based model is developed for this purpose. The LSTM model learns
afunction that maps a sequence of past observations as input to an output value. The solar insolation
product estimated from INSAT-3D for the data period of 2016 to 2022 is used. Validation of the
developed model is done for the winter, pre-monsoon, monsoon, and post-monsoon seasons using
data obtained from pyranometer instrument installed at the same location and achieved coefficient
of determination (R?) of 0.88, 0.97, 0.66 and 0.95 respectively. The model is operationalized under
New and Renewable Energy Applications in the VEDAS portal (https://vedas.sac.gov.in). This model
can be further enhanced and deployed for solar insolation forecasting at various NIWE SRRA stations.

Keywords: Solar Insolation, Time Series, Deep Learning, LSTM, Satellite data, VEDAS
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AN INDIAN LAND DATA ASSIMILATION SYSTEM (ILDAS) FOR IDENTIFYING HYDROLOGIC
EXTREMES

Manabendra Saharia?, Bhanu Magotra?, Ved Prakash?', Augusto Getirana?, Sujay Kumar?, Rohit
Pradhan®, R.P. Singh®

IDepartment of Civil Engineering, Indian Institute of Technology Delhi
2NASA Goddard Space Flight Center, United States
4Space Applications Center, Indian Space Research Organization (ISRO)
“Indian Institute of Remote Sensing, Indian Space Research Organization (ISRO)

Abstract

Effective management of water resources requires reliable estimates of land surface states and
fluxes, including water balance components. But most land surface models run in uncoupled mode
and do not produce river discharge at catchment scales to be useful for water resources management
applications. Such integrated systems are also rare over India where hydrometeorological extremes
have wreaked havoc on the economy and people. So, an Indian Land Data Assimilation System
(ILDAS) with a coupled land surface and a hydrodynamic model has been developed and driven by
multiple meteorological forcings (0.1°, daily) to estimate land surface states, channel discharge, and
floodplain inundation. ILDAS benefits from an integrated framework as well as the largest suite of
observation records collected over India and has been used to produce a reanalysis product for 1981-
2021 using four forcing datasets, namely, Modern-Era Retrospective Analysis for Research and
Applications, Version 2 (MERRA-2), Climate Hazards Group InfraRed Precipitation with Station data
(CHIRPS), ECMWF’s ERA-5, and Indian Meteorological Department (IMD) gridded precipitation. We
assessed the uncertainty and bias in these precipitation datasets and validated all major components
of the terrestrial water balance, i.e., surface runoff, soil moisture, terrestrial water storage
anomalies, evapotranspiration, and streamflow, against a combination of satellite and in situ
observation datasets. Our assessment shows that ILDAS can represent the hydrological processes
reasonably well over the Indian landmass with IMD precipitation showing the best relative
performance. Evaluation against ESA-CCl soil moisture shows that MERRA-2 based estimates
outperform the others, whereas ERA-5 performs best in simulating evapotranspiration when
evaluated against MODIS ET. Evaluations against observed records show that CHIRPS- based
estimates have the highest performance in reconstructing surface runoff and streamflow. Once
operational, this system will be useful for supporting transboundary water management decision
making in the region.

Keywords: Land Data Assimilation System (ILDAS), Hydrodynamic Modeling, Terrestrial Water
Balance, Transboundary Water Management
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TIME SERIES ANALYSIS OF AMERY ICE SHELF USING SPACE BORNE MICROWAVE
PLATFORM BY INVOKING SEMANTIC SEGMENTATION TECHNIQUES AND ARIMA MODEL

Anupam Das, S. SriSudha, B. SanthiSree and Manju Sarma
Abstract

Amery Ice Shelf (AIS) is one of the largest glacier drainage basins in the world. Forecasting the
expansion or shrinkage rate helps in understanding the ocean and atmospheric dynamic in a efficient
way. Intensive surface snowmelt could accelerate ice loss and endanger the ice shelves under climate
warming. Availability of many space borne sensors with high temporal resolution like Scatterometer
eg. Scatsat-1, EOS-6 Scatsat etc., Radiometers, Synthetic Aperture Radar eg. EOS-04, Sentinel-1,
Novasar etc., improves the scope for continuous and efficient monitoring of the AlS. But handling the
large volumes of data samples always demands automatic methods to exploit best out of the
availability data, and analyse the temporal variations for a large period. In our analysis, SAR data is
processed with the help of Deep Learning techniques for the efficient extraction, interpretation and
analysis of feature changes. In this study, datasets from 2018 to 2022 is used to analyse the temporal
and spatial variability of AIS. The shelf extents are extracted from the microwave data by
Segmentation Segmentation with the help of Pytorch. Several flow chains were attempted like
ResNet, SegNet, PSPNet, EfficienNET, but a two-stage bayesian U-NET model performed bestresults
in segmenting ice from sea. The predictions generated by the algorithm performed with around 87%
accuracy with Intersection-Over-Union (IOU) of 0.78. These results are then used to generate subsets
of the shelf extents. These subsets then allow us to generate shapefiles of shelf fronts and thus
creating time series data to monitor seasonal ice shelf front fluctuations. To forecast the seasonal
change patterns of the ice shelf, we trained several state-of-the-art forecasting models like LSTM,
LightBGM, ARIMA on the shelf front shapefiles gathered from 2018 to 2022 and testing on the latest
2023 dataset. Among all, the seasonal ARIMA model outperformed others where the fitted data
overlaps within 94% confidence band, which proves the performance and effectiveness of the model.

Keywords: SAR, Sentinel-1, Deep Learning, Pytorch, UNET, ARIMA, Time-Series-Analysis
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CHRONICLES OF CHANGE: TIME SERIES EXPLORATION OF GUJARAT'S TREE SPECIES
PHENOLOGY WITH PHENOCAM AND REMOTE SENSING

Dhruvi Sedha??, C.P. Singh?, Hitesh Solanki?, Jincy Rachel Mathew??

1Departmet of Environmental Science, Gujarat University, Ahmedabad, Gujarat, India
2 EPSA, Space Applications Centre (SAC), ISRO, Ahmedabad, Gujarat, India

Abstract

Time series data applications have become pivotal in ecological research, offering a dynamiclens into
the temporal evolution of natural systems. PhenoCam, adept at capturing RGB and NIR imagery,
have played a vital role for over a decade in estimating phenological matrices, specifically the Start
(S0S) and End (EOS) of the growing season. In this study, we leveraged the power of time series
analysis, seamlessly integrating PhenoCam and remote sensing data, especially Landsat and MODIS,
to explore the temporal intricacies of Gujarat's tree species phenology. Our findings demonstrated
the remarkable accuracy of our time series analysis, as we modelled the SOS compared to in-situ
observations, courtesy of the scaled Phenocam NDVI data. Conversely, the strategic use of gap-filled
Landsat and MODIS datasets, in tandem with both GCC and NDVI vegetation indices, enriched our
insights with an estimated SOS duration, exceeding in-situ observations by approximately one week.
These results highlight the immense potential of time series analysis in ecological research, enabling
us to unravel the temporal dynamics of vegetation phenology with unprecedented precision. Our
findings not only advance our understanding of vegetation phenology but also provide strategic
insights for informed conservation practices and sustainable land management strategies.
Furthermore, our findings suggest that tree species in Gujarat are very sensitive to changes in
springtime temperature. This is a significant concern, as springtime temperatures in Gujarat are
projected to increase in the coming decades due to climate change. Long-term monitoring of tree
species phenology using PhenoCam imagery and other remote sensing tools is imperative to
disentangle the complex interactions between climate change and vegetation phenodynamics. This
information can inform the development of evidence-based climate change adaptation strategies to
protect Gujarat's vital tree species and ecosystems.

Keywords: Time series data analysis, PhenoCam imagery, Vegetation phenology, Remote sensing
data integration, Climate change impacts
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MANGROVE EXTENT CHARACTERIZATION USING SENTINEL-1 AND SENTINEL-2 SATELLITE
IMAGERY IN GOOGLE EARTH ENGINE: LEVERAGING THE ADVANTAGES OF BOTH SENSORS

Satish Pardeshi?, Manoj Chavan?, Manish Kale!, Manoj Khare® and Nikhil Lele?

'Emerging Solutions & e-Governance Group, Centre for Development of Advanced Computing, Pune

2Space Application Centre, Indian Space Research Organization, Ahmedabad
Abstract

Mangrove ecosystems play a critical role in coastal regions by providing various ecological services,
including carbon sequestration, habitat for diverse wildlife, and protection against coastal erosion.
Monitoring and characterizing mangrove extent are essential for understanding their health and the
impact of environmental changes. The synergy of Sentinel-1 and Sentinel-2 satellite imagery, coupled
with Google Earth Engine (GEE), offers a powerful and cost-effective approach to map and assess
mangrove ecosystems. This study explores the advantages of these satellite missions and outlines
the methodology for mangrove extent characterization. The combination of Sentinel-1 (SAR) and
Sentinel-2 (optical) satellite imagery combines the strengths of the two sensors to provide valuable
insights. Sentinel-1 is suitable for all-weather cloud-penetrating applications, while Sentinel-2
provides high-resolution optical data for detailed analysis. Fusing Sentinel-1 and Sentinel-2 data
provides a comprehensive view of the study area, taking advantage of both radar and optical
information. Google Earth Engine (GEE) offers various tools and capabilities for fu