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MEMORANDUM OF UNDERSTANDING

Between
The Botanical Survey of India (BSI)
AND
The National Thermal Power Corporation (NTPC)
- AND
Mukti
S7

This MoU is made on the / ' _day of &Slg/ 2025

1. PARTIES TO THE MOU

1.

(98]

Botanical Survey of India (hereinafter referred to as “BSI”), the apex taxonomic research
organization and a subordinate office under the Ministry of Environment, Forest, &
Climate Change, having its head office at CGO Complex, 3rd MSO Building, Block F (5th
and 6th Floor), DF Block, Sector I, Salt Lake City, Kolkata — 700064, and being the owner
of the Acharya Jagadish Chandra Bose Indian Botanic Garden, Shibpur, Howrah — 711103,
represented by the Director, BSI, which expression shall, unless repugnant to the context
or meaning thereof, be deemed to include its successors and permitted assigns, hereinafter
called the party of the FIRST PART;

National Thermal Power Corporation Limited (hereinafter referred to as "NTPC"), a
company incorporated under the Companies Act, 1956, having its registered office at
NTPC Bhawan, SCOPE Complex, 7 Institutional Area, Lodhi Road, New Delhi — 110003,
represented by Executive Director, NTPC, which expression shall, unless repugnant to the
context or meaning thereof, be deemed to mean and include its successors and permitted
assigns, hereinafter called the party of the SECOND PART;

Mukti, a non-profit charitable organization established under the Govt. of India Trust Act
1882, section 64 (Reg. No. —IV-104) /2005/Trust , having its registered office at Village &
Post - Purbasridharpur, Raidighi, 24 Parganas (South) West Bengal, India, 743383, which
expression shall, unless repugnant to the context or meaning thereof, be deemed to include
its successors and permitted assigns, hereinafter called the party of the THIRD PART.

BSI, NTPC, and Mukti are hereinafter individually referred to as a ‘Party’ and collectively as
‘Parties’.

2. RECITALS

Whereas, the BSI is engaged in the preservation and documentation of the country’s botanical
heritage and is the custodian of the Indian Virtual Herbarium (IVH). BSI is currently undertaking
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the digitization and restoration of its herbarium collections at the Central National Herbarium
(CNH), Kolkata.

Whereas, NTPC, as part of its Corporate Social Responsibility (CSR) initiative will provide the
funds for the digitization and restoration of the herbarium collection at Central National
Herbarium, Howrah, in line with national objectives of cultural and environmental conservation.

Whereas, Mukti has been identified as the fund management entity, responsible for holding and
managing the project funds.

Whereas, the parties acknowledge that there is no restriction on the involvement of other agencies,
in this project, should their services be deemed necessary.

3. OBJECTIVE

This MoU sets forth the terms and conditions under which the parties will collaborate to
successfully execute the digitization and restoration of the herbarium sheets maintained by BSI.

4. SCOPE OF WORK
The project will involve the following activities:

» Digitization of Herbarium Sheets: Capturing high-resolution images of herbarium sheets
and entering relevant data into a digital database.

e Creation of a Database with the Digitised Data. The Database should have the capability
to allow queries for predetermined workflows and use cases.

» Development of Image Analysis Al based tool to predict the species of a new unknown
dried plant specimen. Development of GIS based tool which interacts with the Database to
locate the species on a map. Additional GIS based use cases like hotspot analysis and time
series analysis.

e Development of Mobile App for citizens to use access the Virtual Herbarium from
smartphones.

o Conservation/restoration of Plant Paintings.
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5. RESPONSIBILITIES OF THE PARTIES

a. Responsibilities of BSI

BSI will provide access to the herbarium collections and facilities at Central National
Herbarium, Howrah for digitization and restoration.

BSI will coordinate with Mukti and any other agency engaged by them and provide the
necessary technical inputs for successful project implementation.

b. Responsibilities of NTPC

NTPC will fund the project as per the agreed budget and timelines as per the financial
proposal.

NTPC will ensure that the funds are disbursed to Mukti for effective project
management.

c. Responsibilities of Mukti

Mukti shall be responsible for executing the work of digitization and restoration of
herbarium collections and facilities of Central National Herbarium, Howrah as per
timelines. Mukti will hold and manage the funds for the project, ensuring they are
utilized as per the approved activities and timelines.

Mukti will provide regular financial and performance reports to NTPC and BSI every
3 months

6. PROJECT TIMELINE AND FUNDING FLOW

e The total estimated cost for the Project for digitization and restoration of the herbarium
sheets maintained by BSI is Rs.7.42 Crores. The details are outlined in the technical and
financial proposal (attached).

e NTPC will disburse the funds as per agreed budget and timelines to Mukti, who will
manage the funds throughout the project.

e The duration of the MoU is 15 months, with an extension for Digital Assets and Annual
Maintenance Contract (AMC ) support for a period of five years. The detailed timeline is
provided in the technical and financial proposal.

7. INVOLVEMENT OF OTHER AGENCIES

The parties agree that this MoU does not preclude the involvement of other agencies, for specific
services, as deemed necessary for the project’s successful execution of the Project.
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8. CONFIDENTIALITY

All parties agree to maintain the confidentiality of any proprietary information shared during the
course of the Project.

9. TERMS OF UNDERSTANDING, AMENDMENT AND TERMINATION
1. End product of the digitization shall be the sole property of BSI.

ii.  Any amendments and /or addenda to the MoU shall be in writing and signed by all the
parties hereto and shall only after such execution be deemed to form part of the MoU and

have the effect of modifying the MoU to the extent required by such amendment or
addenda.

iii. This MOU shall remain in force from the date of signature by both parties and shall
continue in effect until either of the Parties expresses, in writing, to the other, a desire to
terminate.

iv.  The MoU may be terminated by either party by giving 30 days written notice. Disputes if
any may be resolved as per the clause 11 of this MOU.

v.  Upon the termination of this MoU for any reason, the Parties shall handover all
data/documents including technical details and equipment purchased related to the
Project to BSI. Any unspent part of the amount will be surrendered to NTPC along with
the utilization certificate (UC).

10. FORCE MAJEURE

If, by reason of any cause beyond the reasonable control of any party hereto, including, but not
limited to Acts of God, War, Flood, Earthquakes, Strike, Lockouts, Epidemics, Riots etc., results
in non-fulfilment of their respective obligations under this MoU due to the occurrence and
cessation of any such events, the party affected thereby shall inform the other party within one
month of such occurrence. If the force majeure conditions continue beyond six months, the parties
shall then mutually decide about the future course of action.

11. SETTLEMENT OF DISPUTES

This MOU shall be governed by and construed with Indian laws without regard to the conflicts in
accordance of laws and principles. Any disputes between the parties shall be resolved by mutual
discussions amicably. Unresolved disputes, if any shall be subject to resolution by arbitration in
accordance with the Arbitration and Conciliation Act, 1996 (as amended from time to time and in
force at the time when the proposal is made). The dispute shall be referred to a sole arbitrator
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mutually appointed by the parties. The seat of Arbitration shall be at Kolkata. The language of the
arbitration proceedings shall be English. The decision/award of the arbitrator shall be final and
binding on the parties. Both parties irrevocably submit to the exclusive jurisdiction of the Courts
in Kolkata, for any action or proceeding regarding this MOU.

IN WITNESS WHEREOF the parties hereto have signed this MOU on the date mentioned

hereinabove.

@Q Mw» for2ers Rer (s Director (1)

Botanical Sur(\;r:y of india
ARA JBR / Gowt. of India
[Signature of First Party] DN, G, gt o Ty
CGO Complex, Salt i ake City

. WeTBTeN-700 064/Kolkata-700 064
i

SIGNED SEALED AND DELIVERED BY THE FIRST PARTY

at Delhi in the presence of:

Witness 1: z’@? { Witness 2:

() 7

k%S

[Signature of Second Party]

SIGNED SEALED AND DELIVERED BY THE SECOND PARTY

at Delhi in the presence of:
Witness 1: \ , Witness 2:

'\
[Signature of Third Party] U

.

SIGNED SEALED AND DELIVERED BY THE THIRD PARTY

at Delhi in the presence of:

Witness 1: %@7? { Witness 2:

.
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Technical
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SECTION A




Our Understanding : Background

Virtual Herbarium development for BSI

e The Botanical Survey of India (BSI) was established in 1890 with the objectives of
exploring the plant resources of the country and identifying plant species with
economic virtue. In 1954, the Government reorganised the BS| with the objectives of (1)
undertaking intensive floristic surveys and collecting accurate and detailed information on the
occurrence, distribution, ecology and economic utility of plants in the country; (2) collecting,
identifying and distributing materials that may be of use to educational and research
institutions; and (3) acting as the custodian of authentic collections in well planned herbaria
and documenting plant resources in the form of local, district, state and national flora.

e Indian Virtual Herbarium (https://ivh.bsi.gov.in) is a database of dried plants that
maximizes the usefulness of the collections. Apart from digital images of the herbarium
specimens, the label data on each species include all information about the herbarium
specimen such as family, genus, species, author citation, subspecies, variety (if any),
collector, collection number, collection date, herbarium region, localities, plant description,
habitat and comments (if any) are available,

e Digital images of herbarium specimens and electronic records of the data contained
on specimen labels can never replace the physical herbarium. However, this is the only
means by which the large quantities of data concerning the native and naturalized plants of
India can be made readily available and will provide faster access to specimens for
researchers throughout the world. It also will provide safe-guard to the collection by providing
a digital back-up to the physical specimens and reduce handling and shipping.

o Currently , BSI is undertaking the task of digitization of its samples and creating the
Virtual Herbarium. In its effort, about 250 thousand images have already been digitised over

the last 4 years while another 2 million samples need to be digitised which is the focus
of this project,.

o BSlis currently taking images of the dried samples with a DSLR camera and storing

the images in a local computer. Additionally, an excel file is being maintained with the
information on the label being typed into columns

e Additionally, BSI is interested in adding two cutting edge features into the virtual
herbarium : GIS based location intelligence and Al based predictive capability

e The GIS system will allow each sample to be visualised on a map. Additionally, it will allow for

location intelligence based queries to be run on the system, allowing for advanced analytics
to be performed.

e The Al based tool will utilise the previous image data available to tram itself towards
identifying' any new unknown dried plant sample. s &




Objectives of the Assignment
BSI is looking to engage a partner for delivering the objectives of the Virtual Herbarium project. The
main objectives include:

e Objective 1: Digitisation of images of plant sampleé and transcription and logging of data
fields from attached labels.

e Objective 2: Creation of a Database with the Digitised Data. The Database should have the
capability to allow queries for predetermined workflows and use cases.

e Objective 3: Use the digital data to develop Image Analysis Al based tool to predict the
species of a new unknown dried plant specimen

e Objective 4: GIS based tool which interacts with the Database to locate the species on a
map. Additional GIS based use cases like hotspot analysis and time series analysis.

e Objective 5: Mobile App for citizens to use access the Virtual Herbarium from smartphones.




Technical Approach towards Implementation of Objectives

Objective 1: Digitisation of images of plant samples and transcription and logging of data fields from
attached labels.

e The Data that needs to be digitised are of two types : 1) Image Data of Sample 2) Text Data
of Labels

“"“IMAGE CAPTURING : This process will involve taking'piciures of the herbarium sheets
along with their data labels. Image Capture Team will take images of the sample along
with the label using high res cameras (based on the quality standard decided by BSI).

e IMAGE PROCESSING : Once the images are captured, they will be resized and saved in 3
different formats in the database : 300 dpi, 600 dpi and high res raw image.

e A20 member team, with 1 supervisor is envisioned to work from BSI on site to
capture the images.

e IMAGE LABEL TRANSCRIPTION: Once the images are captured, the label data will be
transcribed and saved in the database.

e AB4 member team with 3 supervisors will work remotely from a data center to
achieve this task.

e Considerations:

o There are 2 million data points for digitisation (2 million samples + 2 million
labels)

o Allthe data is available at a single location at BS| Kolkata
o  The samples have been maintained in good quality

o The labels are written in legible handwriting, OR BSI staff support will be
needed for labelling such samples

o  As per discussion with BSI, all the images will be stored on cloud.




‘Technical Approach towards Implementation of Objectives

Objective 2: Creation of a Database with the Digitised Data. The Database should have the
capability to allow queries for predetermined workflows and use cases.

e Adatabase will be created to store both the image and label data

e DATABASE development : Database architecture structuring and development will be done
to host the data that will be captured. This team will work from Sparrow Analytics HQ.

o Database Management System Development (DBMS) : Web based Software console will
be developed to manage and interact with the database. This team will work from Sparrow
Analytics HQ.

e The DBMS will allow the data being stored to be searched, and queried.
e Considerations:

o  Type of queries that will be expected from the database will be made pre available
to the team

o  Any Visualisation and reporting of the data on the DBMS will be predefined.
o The Database and file storage will reside on AWS cloud.

o  High res images (600 dpi and raw TIFF) shall remain available on demand.

~ Defimages
Hot-Cool
slorage

i Application ~ &"""0niine user browsing Low-Medium
Actor

Image 1.0: File Storage Architecture




As per information from BSI, about 500 HD image (600 dpi) requests are received

annually. We have factored triple that number into our cost calculations for image
retrieval and delivery to the end user.

Front-end application shall have the 300 dpi image for free downloads and regular
viewing.

Raw TIFF |ma|es shall be available only to BS| personnel v

The subsequent cost of AWS hosting from Year 2 till Tear 5 has been budgeted




Technical Approach towards Implementation of Objectives

Objective 3: Use the digital data to develop Image Analysis Al based tool to predict the species of a
new unknown dried plant specimen

e Training dataset development: The Data being collected will be divided into training,
testing and validation datasets. The training dataset will be used to train the Al algorithm.

=735
e Testing dataset: Once the algorithm is trained, the testing dataset will be used to test for
accuracy.

e Deployment of Al tool : The Al tool will be deployed as a separate module on the
application front end. New unknown dried image can be uploaded to the module to receive a
predictive analysis for species.

e Considerations:

o  Sufficient data would be needed to train the model, so this workstream will start after
adequate data collection,

o The Al predictive accuracy cannot be predetermined or guaranteed.

o  The Al/ML process will be run through AWS cloud computing since this is a one-time
exercise and high capital expenditure towards buying high capability local computing
& storage will not be a prudent investment.




Technical Approach towards Implementation of Objectives

Objective 4: GIS based tool which interacts with the Database to locate the species on a map.
Additional GIS based use cases like hotspot analysis and time series analysis.

e GIS based tool will be created for all samples that have location data.

e GIS based Location Mapping tool : The tool will be deployed as a module within the
application front end.

e Each specimen will be Geotagged to a location on a map based on the location data
specified in the label

e Based on predefined queries, the GIS tool will be able to do analysis like :

e Species Heatmaps
e Time Series Analysis

e Considerations:

o  The location data if available for XY coordinates will be mapped to exact location. In
case the location data is at the village or district level, the centroid of that
geographical unit will be the location assigned to the sample

o  The lowest level of granularity that can be provided for data which does not have XY

coordinate is the village level, Data can only be assigned to State, District, and Village
level boundaries.




Technical Approach towards Implementation of Objectives

Objective 5: Mobile App for citizens to use access the Virtual Herbarium from smartphones.

e  Mobile app will be built for the use of citizens to access the virtual herbarium
e Citizens will be able to find plants in their locality or specific area of their own geolocation

e Considerations:
o  The app will allow citizens to only view the contents of the herbarium.
General Considerations for the Project

e BSI support will be needed in terms of transcribing the labels which are not in a legible
handwriting
e The image capture team will require place to setup operations inside BSI.




Team Structure

Project Director

Project Manager
~(Tech Development)

—Project Coordinator

MUKTI TEAM (KOLKATA) SPARROW TEAM
(CHANDIGARH)
1 Supervisor Sparrow HQ Team
20 Data Entry Operators
(DEOs) e Python Dev
e DevOps
e QA
e GIS scientist
B s e Al/ML scientist
Imagef’lt()(—,(.sasmg e Appdeveloper
leam o Designer
e 3 Supervisors e UI/UX front end
e 64 Data Entry Operators

(DEOs)

e Project Management will be led from both Chandigarh and Kolkata

o Kolkata team will lead the digitisation efforts while Chandigarh team will develop the software
applications and file storage architecture

e Fortnightly update meetings will be done with BSI on the status of the project
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Timeline

o High level activity timelines have been discussed

AGTIVITIES s
Hiring and Training of

Hardware

DEOs, Procurement of |

Data pipelines for
image capture

Building database and

Image Capture and
Transcription

Legacy Data ( 2 Lakh)
Transfer to database

Front end Application
for Database (IVH front
end)

GIS Application
Development

Image Analysis Al/ML
Algorithm development

Mobile app
development

Training

10

UAT Feedback and
Troubleshooting

11

AMC




Project Handover & subsequent journey

e The project will have 15 months of development time, followed by 3 months of hand over

period. At the end of this 18 month period, application development, training and
handholding support would culminate.







