








Centre for
Materials for

Electronics
Technology
Society (C-MET)
for
Applied
Microwave
Electronics

Engineering and
Research (SAMEER)

Centre for
Development
of Advanced

Computing

(CDAC)

ERNET
India

National Digital India
Informatics Corporation
Centre (NIC) (DIC)
National Software
E-Governance Technology
(NeGD) Parks of India
(STPI)
National
Standardisation, Institute of
Testing and Quality Electronics and
Certification (STQC) Information

Directorate Technology (NIELIT)



— Ministry of Electronics & Information Technology

Attached Offices and Societies

9.1 CDAC

Centre for Development of Advanced Computing
(C-DAC) is a premier R&D organization of the Ministry
of Electronics and Information Technology (MeitY) for
carrying out R&D in IT, Electronics, and associated
areas. In addition to carrying out research and
development in High Performance Computing, the R&D
of C-DAC expanded to various other areas such as Cloud
Computing, Multilingual Computing, Heritage Computing,
Professional Electronics and Quantum Computing,
Cyber Security and Cyber Forensics, Health Informatics,
Software Technologies, and Education related to these
technologies. C-DAC Advanced Computing Training
School (ACTS) is a well-known brand in high-end training
in Electronics and IT in the country.

During the year 2022-23, C-DAC made significant
advancements in carrying out research and development
in electronics and information technology, developing
and deploying various solutions, collaborating with
organizations of repute both at national and international
level, providing trainings and organizing events etc.

Key technological achievements of C-DAC during this
year in each of its focus areas are outlined below.

9.1.1 High Performance Computing (HPC) and
National Supercomputing Mission (NSM)

Under NSM (approved by Cabinet Committee on
Economic Affairs (CCEA) in 2015), C-DAC is engaged
in the design & development of the Indigenous
Supercomputing ecosystem in a phased manner:
from “Assembly” to “Manufacturing” to “Design and
Manufacturing” of HPC systems. C-DAC is carrying out
frontier research in design and development of HPC
Components (HPC processor, Server node, Interconnect
switch, Cluster, and Liquid cooling system), HPC System

Software, HPC Applications, and HPC Solutions and
Services along with deployment of peta-scale computing
infrastructure across the country. The details may be
seen at Chapter 5.

9.1.2 National Level Initiatives

9.1.2.1 Digital India RISC-V Program (DIR-V)

In furtherance of the vision of Aatma Nirbhar Bharat and
positioning India as the global hub for Electronics System
Design and Manufacturing, Govt. of India has launched
the Digital India RISC-V (DIR-V) Program with the aim of
developing a portfolio of RISC-V based Microprocessors
and its compute ecosystem.

C-DAC has completed the design and development of
the VEGA series of microprocessors including India’s first
indigenous 64-bit multi-core RISC-V based Superscalar
Out-of-order Processor. The VEGA series comprise
of 32/64-bit Single/Dual/Quad Core superscalar Out-
of-Order high performance processor cores based on
RISC-V Instruction Set Architecture along with a robust
ecosystem and five processors are currently available in
the VEGA series.

Development and fabrication of several SoC chips
integrating the VEGA Processor is also envisaged. The
first VEGA microprocessor-based SoC chip ‘THEJAS32',
a 32-bit Single core SoC has been successfully fabricated
and available.

A series of fully indigenous “Made in India” development
boards named “ARIES” have been built upon the RISC-V
ISA compliant VEGA Processors comprising easy-to-use
hardware and software for development of embedded
systems for wide range of applications including Sensor
fusion, Smart Meter, System supervisors, Remote
sensors, Small loT devices, Wearable devices, Toy and
electronic education equipment, Industrial networking
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and storage. The VEGA SDK provides a full ecosystem
with numerous examples and support documentation.

ARIES development board ARIES micro development board

‘THEJAS64’ a 64-bit Single core SoC chip is being
fabricated at the Indian foundry SCL, Chandigarh. The
design implementation and fabrication of ‘DHRUV64’ 64-
bit Dual core, SoC, ‘DHANUSH64" and ‘DHANUSH64+’
64-bit Quad core SoC variants are also scheduled.

9.1.2.2 Emergency Response Support System (ERSS)

Emergency Response Support System (ERSS) is
the vision of Govt. of India to launch ‘One India One
Emergency Number - 112’ as the common emergency
number for citizens to seek instant assistance on distress.
Emergency signals (Voice, SMS, E-Mail, Panic signals,
Social Media, etc.) triggered by citizens shall converge
at a centralized State Emergency Response Centre
(SERC), quickly processed and delivered to multiple
services (Police, Health, Fire, Disaster Management,
Railways etc.) for instant assistance to the service
requester within the ‘Golden Hours’. ERSS-112 is a
totally indigenous, Make-In-India solution, developed by
C-DAC as per the guidelines of MHA, Govt. of India.
The ERSS-112 system is operational in 28 states/UTs.
C-DAC has now initiated the Next Generation ERSS-
112 development process. Automation of WHL-181 and
CHL-1098, as well as Integration with ERSS-112, are
current key development initiatives.

9.1.2.3 National Mission on Power Electronics
Technology (NaMPET)

NaMPET is a National level R&D Programme
facilitating Research, Development, Deployment and
Commercialization of Power electronics Technology.
More than 20 Academic Institutions and about 25-
30 Industries are actively participating in technology
developments and manufacturing through ToT.

C-DAC Vehicle Control Unit (VCU) technology has
crossed 100 crore worth production for Indian Railways
and rated as one of the most reliable platforms in

operation. Indigenous TCN controller development is
initiated.

Smart Energy Meter (SEM) technology has been
accepted by 8 Industries.

Major technology developments for comprehensive
EV charging solutions, Power Quality centre for Smart
grid, Planar magnetic design for high frequency, Wide
Band Gap (WBG) device-based converter & sensor
developments etc. are underway.

Commercial turnkey deployment of 1MW Power Plant
and 48VDC powering for 5 storied building with C-DAC
technologies are getting commissioned for Agency for
New and Renewable Energy Research and Technology
(ANERT) and Kerala Development and Innovation
Strategy Council (KDISC), First of the kind indigenous
Power system real-time simulator being configured for
lISc.

Power amplifier development for Sonar application
initiated for NPOL, DRDO. High voltage (100kV) power
supply for X-Ray will be a crucial development for the
medical sector.

9.1.2.4 Solutions for Smart Cities
Delhi Safe City

A safe city is the vision of the Ministry of Home Affairs
(MHA), Govt. of India, to launch CCTV Surveillance in
public places to aid Delhi Police to combat women’s
safety-related challenges in Delhi and at the same time
reduce the overall criminal activities in the city.

During the year, MeitY has accorded the approval to
C-DAC for the award of the contract to the Selected
Master System Integrator (MSI) and Internet Service
Provider (ISP) for the implementation of the project.
C-DAC is engaged with identified industry partners to
implement the same. Joint Survey to freeze the location
for installation of field equipment etc. for phase-1 is
completed.

InTranSE Phase-ll

C-DAC is executing InTranSE Phase-Il project in
collaboration with IIT Bombay, IIT Madras and IISc
Bangalore. As a part of the same, following products
have been developed:

On-board Driver Assistance and Warning System
(ODAWS) is developed to instrument automotive
vehicles and evaluate driving behavior leading to driver
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assistance and warning systems to prevent accidents.
Industry tie-up has been firmed up for the field evaluation
of ODAWS.

Bus Priority System at signalized intersections The field
implementation of the Bus Priority System was carried
out in Chennai. The bus priority system algorithm is
integrated with the C-DAC traffic controller and the
product is launched at the ITS conference conducted in
Delhi.

Amobile app-based Departure Time Traveleris developed
to provide travel time information for commuters to plan
their travel efficiently. The product was launched at the
ITS conference conducted in Delhi.

Data-driven Models and Decision Support Toolsis
developed for Improved Transit Reliability for Advanced
Public Transportation Systems (APTS) under demand
variability and operational uncertainty present in Indian
cities. PTRGS is a mobile Application to the passengers
with optimal or customized routes based on real-time
information about location of buses and passenger
demand.

Common Service Layer software framework (CoSMiC)
is developed for ITS devices and applications. WiTraC,
CUTE, TraMM-EnV, EmSerV, PeSCo and other third-
party products data from IUDX platform has been
integrated and tested for interoperability using CoSMiC
platform. The product is launched and preparation of the
EOI documents for TOT is in progress.

Advanced Traffic Management Solution (ATMS) Suite
has three components — Traffic controller hardware
(model: CUTE) and ATMS software - Traffic Signal
Remote Monitoring and Management Software (TraMM-
EnV) & Composite Signal Control strategy (CoSiCoSt-
EnV). EOI process for the Transfer of Technology (ToT)
of Advanced Traffic Management Solution (ATMS)
Suite with CUTE, TraMM-EnV & CoSiCoSt-EnV have
been completed. Eight Indian companies have taken
ToT for TraMM-EnV software, Five Indian companies
have taken ToT for CoSiCoSt-EnV software and Five
Indian companies have taken TOT for CUTE hardware.
Deployment of these products are being done directly by
C-DAC or through our technology partners and presence
of the C-DAC ATMS solution is available in around 25
cities in India.

Fleet Management Service (FMS) is developed having
features like dynamic Fleet Registration & Real-time
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Tracking, control centre functionalities like track and trip
view, map services to provide real time plotting of point of
interest, geofencing, route management, alert messages
on speed violation, route-based alerts, VLT tampering,
geofence alerts and report generation. This product is
being deployed to SupplyCo, Kerala State Civil Supplies
Corporation.

Intelligent Traffic Management System (ITMS) for
Delhi Police. ITMS is a vision of Delhi Police under the
jurisdiction of Ministry of Home Affairs (MHA), Govt.
of India, indents to undertake the modernization and
upgradation programme by implementing a versatile,
comprehensive, integrated, data centric, scalable ITMS
that leverages state of art technologies in Smart Traffic
Signals and Automated Enforcement & Prosecution.

9.1.2.5 Strategic Electronics

C-DAC has developed many systems of strategic
importance such as the following:

. Indigenisation of Naval systems- Development and
field trials of Echo sounders and Doppler Velocity
log for Submarine class of Indian Navy ships were
completed.

. Indigenisation of Avionics module-C-DAC is
indigenizing Avionics modules in collaboration
with Hindustan Aeronautics Limited (HAL). The
development of Engine starting control unit of
Artouste Engine for Chetak helicopters and Speed
switch of Garrett engine for Dornier aircrafts are
completed with Centre for Military Airworthiness
and Certification (CEMILAC).

o Indigenisation of systems for Indian Army-
Developed Acoustic Gunshot Detection System
that detects and conveys the location of gunfire
using an array of acoustic sensors. These systems
can be used by military, law enforcement and
security agencies to identify the direction of gunfire.
Development of Vehicle mounted configuration is
completed and ToT being initiated.

o Indigenisation of Space systems-Ultrasonic
Solid propellant Burn rate Measurement System
developed for the measurement of the burning
rate of solid propellant specimens of rocket motors
used in space flights by ISRO is now offered to
Defense sector for missile applications. Multiple
orders were received from Defense labs across the
country.
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9.1.3 Quantum Computing

9.1.3.1 Metro Area Quantum Access Network
(MAQAN)

MAQAN aims to demonstrate secure key generation, key
management, and secure communication over India’s
first quantum network; develop indigenous hardware,
firmware, and software for deployment over MAQAN;
study well-known QKD protocols (like BB84, COW and
RR-DPS) parameter characteristics and suitability for
MAQAN and develop new protocols for use on MAQAN
and to Establish MAQAN as a public testbed to test and
validate quantum key distribution hardware.

During the year, setup of a time synchronization network
based on White Rabbit protocol and new chassis
development based on ZCU Ultrascale+ architecturehas
been completed. Field demonstration of a 1 x 2 MAQAN
network at Chennai and Setup of a QKD at C-DAC
Bangalore is in progress.

9.1.3.2 QSim - Quantum Computer Simulator Toolkit

QSim allows researchers to explore and develop Quan-
tum Algorithms and applications. These algorithms and
applications can run without many modifications on ac-
tual Quantum Hardware when available in future. It is be-
ing executed collaboratively by C-DAC, IISc Bangalore
and IIT Roorkee. QSim is accessible via web portal and
is currently set up with the PARAM SHAKTI supercom-
puting machine as the backend. It is also available as
a standalone system as PARAM SHAVAK QSim. The
indigenous simulator is also ported for running quantum
simulations on GPU. QSim has attracted several start-
ups working in the field of quantum technologies as well
as other sectors where quantum computing might play a
significant role in the future.

9.1.3.3 Centre of Excellence in Quantum Technology

It aims to develop FPGA based control and measurement
hardware for characterization of a quantum computer
testbed, Complete Python based software framework for
real-time control and data acquisition from the quantum
measurement hardware for characterization of a quantum
computer testbed and development of project website.
During the year, design, development and testing of a
Python based software framework for measurement
instruments has been carried out for two instruments
based on QCoDes (script and Ul based). DDR memory
read and write with hardware trigger using Python script
has been tested.

9.1.4 Artificial Intelligence, Language Computing &
Heritage Computing

9.1.4.1 Natural
(NLTM)

Language Translation Mission

NLTM is a collective effort of Government, Academia and
Startups to nurture language technology eco- system.
C-DAC is working on English-to-Indian Language
Machine Translation and among Indian language pair
namely Machine Translation System from English
to Indian Languages [Hindi, Marathi, Odia, Gujarati,
Kannada and Malayalam] and vice versa and Vidyaapati:
A system for bidirectional Machine Translation involving
Bengali, Konkani, Maithili, Marathi, and Hindi using the
Neural Machine translation (NMT) framework.

9.1.5.2 Language &
Technologies

Heritage Computing

Translation Memory Based English to Hindi & vice-
versa Translation System (Translation Memory- &ax2])
“Kanthasth”; is a Translation memory system that allows
a translator to re-use the already translated segments
while translating a new file, either through a complete
match or partial match. Available as Standalone and
web version. This system is made available to all by
the Department of Official Language, Ministry of Home
Affairs, and Government of India, free of cost.

The enhanced and updated version namely Kanthasth
2.0 was launched by Honourable Union Home Minister,
Shri Amit Shah on September 14, 2022 on the occasion
of Hindi Diwas held at Surat, Gujarat.

Launch of Museums of India Mobile App

The Museums of India Mobile App developed by C-DAC
was launched by Shri G. Kishan Reddy, Hon’ble Minister
for Culture and Tourism at New Delhi. The Museums
of India Mobile App provides a digital showcase of 750
objects from 8 National Museums across the country.

Launch of 3D Hologram of Dr. Ambedkar

C-DAC developed the 3D Hologram of Dr. Ambedkar for
Symbiosis Society’s Dr. Babasaheb Ambedkar Museum
and Memorial at Pune, which was inaugurated by Dr.
Virendra Kumar, Hon’ble Minister for Social Justice
and Empowerment, Govt. of India at a special function
organized on May 6, 2022.
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9.1.5 Health Informatics

9.1.5.2 Telemedicine Solutions
eSanjeevani OPD

eSanjeevani is an innovative, indigenous, cost-effective
and integrated cloud-based telemedicine system
developed by C-DAC maintained for the Ministry of Health
and Family Welfare. eSanjeevanihas been implemented
in two variants namely, eSanjeevani AB-HWC (doctor to
doctor telemedicine platform for assisted telemedicine)
and eSanjeevani OPD (patient to doctor telemedicine
platform). At present, eSanjeevani is operational in all
States and Union Territories across India.

Till now 1,03,701 Health& Wellness Centres (HWC) in
rural areas and 12,226 Hubs at tertiary level hospitals,
Medical Colleges in the States have been enabled in the
eSanjeevani. This innovative solution has served over
6.5 Crore patients across the country and is currently
serving over 2,50,000 patients on a daily basis. Over
2,08,432 medical specialists, doctors and health workers
have been trained and on-boarded on eSanjeevani to
serve the Indian populace remotely. At present, 1124
online OPDs are hosted on eSanjeevani OPD.

The National Telemedicine Service has already been
replicated & the portal for India’s defense personnel &
their dependants. The Indian Defence Ministry has set
up as Services eHealth Assistance & Teleconsultation
(www.sehatopd.gov.in), SeHATOPD uses eSanjeevani’s
telemedicine technology. eHIVCare, a specialized
telemedicine network for PLHIVs (People Living with
HIV/AIDS) has also been set up for NACO, India.

Mercury™ Nimbus Neo Suite - An enterprise
Telemedicine solution

Mercury™ Nimbus Neo Suite is a 5G enabled cloud-
based Telemedicine, Tele-ICU, EMR/EHR-centric
teleconsultation solution that can scale from clinic to
multi-hospital deployment scenarios. It’s real-time image
collaboration tool, CollabMedImaging is ranked in the top
30 under the 5G hackathon conducted by the Department
of Communication, Govt. of India. 5G enabled solution
was tested on CWEIT, IITM 5G testbed, and C-DAC’s
own 5G simulation environment. The solution is fine-
tuned for a better user experience.

Mercury™ Nimbus solution continued its Telemedicine
services to Odisha state and the NTPC telemedicine
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network. Under the Odisha Telemedicine network,
05 State Specialty Hospitals are connected with 30
district hospitals, and 13 e-ICU centers to provide
consultation to remote patients where approximately
5000 Teleconsultations were carried out to date. It has
also been deployed at NTPC Data Centre, Noida, and
17 remote healthcare centers of NTPC located across
India to interconnect with the 02 Specialty healthcare
centers benefiting NTPC employees and their families.
Approximately 2500 Teleconsultations were carried out
to date.

9.1.5.2 Healthcare Solutions

e-Upkaran -Equipment Maintenance & Management
Solution

C-DAC’s “e-Upkaran” is a web-based Equipment
Management and Maintenance System for the
Management and Maintenance of Biomedical Equipment
in the healthcare system of the country. With inclusion
of UPMSCL Uttar Pradesh, e-Upkaran deployment tally
has increased to 11 Instances in India covering 10 States
and 01 Union Territory. The same is also being deployed
at Directorate of Insurance Medical Services, Andhra
Pradesh.

e-Aushadhi - web-based Supply Chain Management
System

C-DAC’s “e-Aushadhi” is a web-based Supply Chain
Management System for the distribution and supply
of drugs and vaccines in the healthcare system of the
country. During this year, with inclusion of OSMCL
Odisha & Lakshadweep, e-Aushadhi deployment tally
has increased to 29 Instances in India covering 20 States,
03 Union Territory, 05 National Program under MoHFW
and 01 Program under DGAFMS, Ministry of Defence.

e-RaktKosh - Blood Bank Management System

“e-RaktKosh”, an initiative from MoH&FW, is a centralized
Blood Bank Management System.lt is a comprehensive
IT solution for streamlining the standard operating
procedures, guidelines and workflow of blood banks
complying with the guidelines / standards of NACO and
NABH. e-RaktKosh has onboarded 2785 blood banks
across 34 States and UTs in the country. e-RaktKosh
has been upgraded to the next level by compliance with
ABDM Building Blocks and integration of the citizen
centric functionalities with COWIN App and PayTm App.

Ministry of Electronics & Information Technology
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e-Sushrut - Hospital Management and Information
System

C-DAC has indigenously designed and developed
the “e-Sushrut”, a full-fledged Hospital Management
Information System that provides an indispensable
mechanism for digitizing and streamlining the workflow
of various hospital services. During the year, e-Sushrut
deployment in the country has taken another step
forward by covering additional States under State-wide
deployment viz. States of Uttar Pradesh, Arunachal
Pradesh, Goa, Sikkim, Himachal Pradesh. With inclusion
of these States, e-Sushrut State-wide deployment tally
has reached to 09 States across India. Additionally,
C-DAC has been awarded contract for rollout of e-Sushrut
HMIS at 22 Health Institutions of National Hydro Electric
Power Corporation (NHPC).

AAKANKSHA - Radiation Treatment PlanningSystem
(TPS)

Radiation physicist at Tata Memorial Centre (TMC) used
Aakanksha Brachytherapy TPS, generated radiation
treatment plans, verified the planning process, and
dosimetry for different types of applicators that suits Intra-
cavity and interstitial-based treatments. The results were
benchmarked with the existing TPS systems at TMC.
Further, new features were added to the system. The
TPS system was deployed at Tata Memorial Centre on
a pilot basis for verification and validation of the system
for dosimetry, overall planning process, accuracy, and
efficacy of treatment planning.

9.1.5.3 National Resource Centre for EHR Standards
(NRCeS)

National Resource Centre for EHR Standards for
India is established as a Centre of Excellence by the
Ministry of Health and Family Welfare (MoHFW), Govt.
of India to accelerate and promote the adoption of EHR
standards in India. NRCeS contributes to the adoption of
EHR standards through six different activities; Training
and Promotion, Tools Development, Implementation
Support, National Releases and Extensions, Liaison with
Standards Organization, and Advisory and Consultation.

Major activities carried out during the year include:

FHIR Profiles and FHIR Implementation Guide for
Ayushman Bharat Digital Mission (ABDM): Over 38 FHIR
profiles and 19 value sets based on ABDM Health Data
Interchange Specifications 1.0 are developed and the
FHIR Implementation Guide (IG) for NDHM are made
available on NRCeS website.

Common Drug Codes for India: NRCeS further enhanced
the contents and coverage in 2022 with releases on June
03, 2022, July 15, 2022, and August 30, 2022.

India AYUSH Extension: SNOMED CT was further
enhanced with the releases on June 15,2022, and August
24, 2022. The content of this extension is developed by
Central Council for Research in Ayurvedic Sciences
(CCRAS), the Central Council for Research in Siddha
(CCRS), and the Central Council for Research in Unani
Medicine (CCRUM), Ministry of AYUSH, Govt. of India.

India Patient Instruction Language Extension for
SNOMED CT: To support medical information in the
local language, NRCeS released India Patient Instruction
Language Extension for SNOMED CT. The release
provides the patient instruction terms in Hindi and covers
frequency of dose, route of administration, dose units,
and dose instructions that are generally given in the 900
concepts covering concepts.

9.1.6 Emerging Technologies, Cyber Security and
Cyber Forensics

9.1.6.1 Unified Blockchain Framework

C-DAC along with consortium partners have evolved the
National Blockchain Framework (NBF) with technology
stack supporting the following capabilities: (i) End-to-
end rapid application development (ii) Interoperability
across the Blockchain platforms & applications (iii)
Offering Blockchain as a Service (BaaS) (iv) OpenAPls
for seamless integration (v) End-to-end Security
Assessment of Blockchain applications along with
Technology stack and (vi) Geographically Distributed
Blockchain Infrastructure. The stack supports both
Single and MultiNode Blockchain Network setup
based on Hyperledger Fabric and Sawtooth spread
across geographically located distributed nodes. The
setup supports Bring Your Own Infrastructure (BYOI)
capability. The framework hosts generic smart contracts
for various applications such as supply chain, certificate
management, multi-stakeholder document signing and
so on. It supports authentication through ePramaan
and connects to value added service such as e-Sign. It
is being integrated with indigenous Certifying Authority
implemented. A security evaluation methodology is
evolved which aids in assuring the security of the
Blockchain stack across multiple layers. Guidelines
are derived for optimal settings for Raft and SmartBFT
consensus algorithms based on Hyperledger Fabric
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which are helpful for efficient deployment of Blockchain
applications.

9.1.6.2 SDN based Middleware for 5G Environment

As a part of “Middleware, Applications & Platform for 5G
Environment” activity, application exploration over in-
house C-DAC PARAM Shavak based SDN experimental
sandbox environment, along with opensource 5G testbed
simulation setup is being carried-out. An open telemetry
services and visualization dashboard is being leveraged
for application traffic analysis. C-DAC healthcare appli-
cation Mercury™ Nimbus Neo Suite and Voice Enabled
Doctor Desk (VEDD) were instrumented accordingly.

Evaluations at CEWIT (Center of Excellence in Wireless
Technology) at IIT Chennai including API integration
towards 5G primitives are ongoing.The solutions and
5G experiments were showcased at C-DAC stall under
MeitY pavilion, and was presented at DoT-TSDSI
international conference at India Mobile Congress (IMC)
held in October 2022. Interactions with MoHFW, DGHS
and NIHFW under 5G healthcare usecase is in progress.
Collaborative Live Video Analytics for Large Camera
Deployments using 5G and Disaster Management
applications Fire is also being assessed over 5G
simulation setup.

Cyber Threat Management System (CTMS)

This framework has been developed for large-scale attack
data capturing, collection and analysis which is being
leveraged by the National Threat Situational Awareness
Program (TSAP) centre and is used for generation of
cyber threat intelligence. The threat capturing sensors
are deployed at different organizations of various sectors.
CTMS is currently functional at national threat situational
awareness program (TSAP) centre at CERT-In, NCCC
Data Centre, STPI Noida and used for generation of
cyber threat intelligence from captured and collected
attack data. The threat capturing sensors are deployed
at 140 different organizations of various sectors. The
system has been enhanced with capabilities of detecting
newer vulnerabilities and attacks datasets.

Cyber Forensics Solutions

C-DAC has developed various Cyber Forensics solutions
including Cyber Check (forensic data recovery and
analysis tool), Advik CDR Analyzer (A Call Data Record/
IPDR Analysis Tool), MobileCheck (Mobile phone
forensic solution), Win-LiFT (Windows Live Forensics

Tool Suite), Web Investigator (Internet Forensics Tool
for Windows Computers), Photo Examiner (Windows
based cyber forensic application), NeSA (Network
Session Analyser), Truelmager (high speed, lightweight,
portable disk imaging hardware solution), TrueTraveller
(Complete forensic field kit), eGlancer (Forensics Kiosk),
and Bin-V (Binary Vishleshak/Analyser).

9.1.6.3 Information Education and

Awareness (ISEA)

Security

The Information Security Education and Awareness
(ISEA) Project Phase-Il was approved with the objectives
of capacity building in the area of information security,
training of Government personnel, and creation of
mass information security awareness for various user
segments. Under the project so far, a total of 85,847
candidates have been trained/are undergoing training
in various formal/non-formal courses in the area of
Information Security through 52 institutions. Besides
this, 25,752 Government Officials have been trained in
various short-term courses through direct/e-learning/
VILT mode.

During the year, 87 Awareness workshops (Online /
Offline) by covering 42,998 participants, and 7 Quizzes
were organized covering 67,654. ISEA collaborated
with Union Bank of India & released customer Cyber
Safety Awareness books called ‘Union Shield’ in 6 Indian
languages and reached more than one crore customers
across in India. ISEA has participated in and showcased
its activities in NERC-2022 (North East Research
Conclave) at IIT Guwahati and Digital India Week-2022
at Gandhinagar.

9.1.7 Software Technologies, including FOSS

9.1.7.1 Platforms and Frameworks
e-Pramaan 2.0: Authentication enhanced

e-Pramaan 2.0 is the enhanced version of e-Pramaan,
a National Single Sign On and e-authentication service
that allows users to access various services in a safe
& secure manner. The objective of e-Pramaan 2.0 is to
provide additional authentication features, User consent
management system; robust security through varied
fraud management techniques and develop adaptive
authentication solution.
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Features of e-Pramaan 2.0

One of the major components of e-Pramaan is Aadhaar
Ecosystem. C-DAC is ASA as well as AUA/KUA of UIDAI
to provide Aadhaar services such as authentication and
e-KYC. The services can be availed by sub-AUAs or
AUAs. C-DAC also provides solution of AUA. A total of
332 departments have been integrated and 28.43 crore
transactions have been completed as part of this initiative.

National Single Sign on (MeriPehchaan)

MeriPehchaan is a platform that authenticates citizens
easily and securely. It aims at eliminating the need to
repeatedly prove user identity to different applications
and hold different credentials for each application. It is
an extensive collaboration of the three mainstream SSO
platforms e-Pramaan, Jan Parichay and DigiLocker.
MeriPehchaan enables standardized registration
which means users need to provide information
once for accessing different services. MeriPehchaan
authenticates the user based on multiple authentication
parameters like username, mobile number, Aadhaar,
PAN, etc. National Single Sign On was launched on July
4, 2022 by the Honorable Prime Minister, Shri Narendra
Modi in the Digital India Week held at Gandhinagar,
Gujarat.

Mobile Seva

As part of the government’s m-Governance initiative,
Mobile Seva centralized infrastructure platform was
created by C-DAC for enabling Government departments
to offer public services through mobile devices. During
the year generic mobile applications including Geo-fence-
based Attendance applications, Complaint Management,
Secure Chat, Smart Notification, and Feedback, etc.
also compliance with Distributor-Ledger Technology
(DLT) blockchain-based framework was implemented for

commercial communication by TRAI for SMS services.
152 departments/agencieswere integrated during the
year and A total of 4343 accounts of departments/
agencies have been integrated under this platform with
more than 4834 Crores transactions. A total of 706 pull
services are integrated into the platform.

Aadhaar Data Vault (ADV) as a service

While using Aadhaar services UIDAI, if any service/
application requires storing an Aadhaar number in their
application, the same should be stored in encrypted
format in a separate system ‘Aadhaar Data Vault (ADV)'.
In order to facilitate the same, this project was initiated to
provide nationwide secure storage of Aadhaar numbers in
the Aadhaar Data Vault. ADV service is facilitating secure
Aadhaar number storage and helps the departments to
de-link Aadhaar numbers stored in their databases and
to determine duplicate records.

Achievements of this service include Infrastructure
enhancement with redundant modern HSM with high
throughput and MPLS connectivity with UIDAI, ADV as
a service is available in the DC-DR setup and the vault
has crossed 60 crore transactions in 2 months’ time and
also handled 2.6 crore transactions in a day without any
hassle.

National mSeva AppStore

mSeva AppStore is India’s first indigenously developed
AppStore with a very wide reach amongst the people
and available for all developers. Users can download
applications from mSeva AppStore for accessing various
government/public services anytime from anywhere. Its
AppStore has 1070+ apps hosted on the platform.

e-Hastakshar — C-DAC’s eSign Service

C-DAC’s eSign service facilitates instant signing of
documents online by citizens in a legally acceptable
form using Aadhaar. C-DAC utilizes service of Unique
Identification Authority of India (UIDAI) for on-line
authentication and Aadhaar eKYC service. C-DAC’s
eSign service has been integrated by various ministries,
central government and state government agencies
in their applications. e-Hastaksharawas presented in
DIW@July 2022, PKIA@Sep 2022 and Cyber Security
R&D Roadshow@ Sep 2022. More than 7.45 Cr. e-Sign
Digital Signatures have been issued by C-DAC since
inception till August 2022 and more than 140 agencies
are leveraging eSign 2.1 Production service.
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9.1.7.2 Free and Open-Source Software and

Collaborative Portal
BOSS Enterprise Management Solution

C-DAC has developed and deployed the BOSS Enterprise
management solution for Tamil Nadu School Education
Department for 6030 Schools and 1,20,000 Clients
Machines. The objective is to provide a customized
BOSS GNU/Linux OS for the thin clients, and school
serversand also to develop an Enterprise Management
Solutionfor the School project.

Secure BOSS 0S

C-DAC customized Secure BOSS OS for Indian Army
(version 2) and Strategic Forces Command (SFC) to be
deployed pan India on their respective internet-facing
machines of around 9000+ Machines. C-DAC has
developed the Secured BOSS and deployed in Integrated
Defense Services (IDS), Indian Coast Guard (ICG) and
other Strategic Sectors.

Jammu & Kashmir Public Works Department Online
Management System (JKPWDOMS)

In order to streamline and speed up the working of the
Public Works (R&B) Dept, Government of Jammu and
Kashmir, the department has computerized various
processes by deploying an online web Portal called
“JKPW-Online Management, Monitoring & Accounting
System”. The initiative has upgraded the present system
of manual working to online making the department
more vibrant and paving the way towards a scientific and
efficient management system in the department.

Vikaspedia - Collaborative Knowledge Sharing Portal

Vikaspedia is a multilingual, multi-sectoral collaborative
knowledge sharing platform developed by C-DAC and is
accessible in all 22 scheduled languages of the country,
besides English. Vikaspedia platform is IDN enabled with
.Bharat domains for all 22 languages that it supports. The
Vikaspedia collaborative knowledge sharing framework
has been made available for use by institutions as
a product/service for their knowledge management
initiatives. During the year, 28 webinars were organized
on digital content access and sharing in Indian languages
for about 2100 first level services providers from across
the country in various languages.

9.1.7.3 Standardization Activities

Knowledge & Resource Centre for Accessibility
iniCT

As a part of “Knowledge & Resource Centre for
Accessibility in ICT (KAI)” initiative, C-DAC has closely
worked with STQC and BIS to formulate the standard “IS
17802 (Part-1) : 2021- Accessibility for ICT Products and
Services Part 1 Requirements” and “IS-17802 (Part-2) :
2022 - Accessibility for ICT Products and Services Part
2 Determination of Conformance. Gazette notification for
Part 1 of Standard (IS 17802) published in December
2021 and Gazette notification for Part 2 of Standard
(IS 17802) published in May 2022. Various awareness
events, capacity development workshops and train-the-
trainer events were conducted.

e-Governance Standards and Guidelines

C-DAC along with STQC is working on development and/
or review of ICT Standards/Guidelines/Frameworks for
effective and efficient implementation of e-Governance
projects as part of the “Digital India Program” initiative by
the Government of India. As a part of this activity, a new
website for e-Governance Standards has been developed
and hosted. “India Digital Ecosystem Architecture
(InDEA) 2.0” framework document is under finalization
stage. Similarly, the guidelines on ‘Anonymization of
Data (AoD)’ and ‘Mobile Security Guidelines (MSG)’ are
being reviewed. Additionally, two guidelines for ‘Zero
Trust Architecture (ZTA) and ‘Internet of Things (loT)
security’, are in the process of finalization.

Education and Training

C-DAC’s Education and Training has been developing the
skilled resources as part of Skill India initiative through its
Post Graduate Diploma as well as Post Graduate Degree
awarding programmes for its internal human resources
needs of Research and Development activities as well
as IT industry. These skill enhancement ICT training
courses are imparted by C-DAC training centres as
wellas Authorised Training Centress preadacross India.

C-DAC’s education and training division is involved in the
following activities:

. Post Graduate Diploma courses in ICT

. Education and Training Technologies

o Comprehensive Recruitment System

Ministry of Electronics & Information Technology
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. IT & Skill Development programmes for Capacity
Building
o International Training & Solutions

o Corporate Training for Corporate, PSU and
Government Organization

PMGDISHA

Pradhan Mantri Gramin Digital Saksharta Abhiyaan
(PMGDISHA) is a central government initiative for
digital literacy. C-DAC centers having their presence
across India are participating as assessment & certifying
agencies. C-DAC centers conduct the online remotely
proctored examination in the PMGDISHA scheme and
issue certificates to the successful candidates. C-DAC
centers have successfully examined more than one crore
citizens to date (Aug’22) since beginning of the project.

Future Skills PRIME

Future Skills PRIME is a Programme for Re-Skilling/
Up-Skilling of IT Manpower for Employability. The
projectis approved by MeitY under the Campion Sector
Service Scheme (CSSS). C-DAC being Programme
Management Unit, aims to re-skill/up-skill 4.12 Lakh
IT Professionals in ten(10) emerging technologies
including Printing/Additive Manufacturing, Blockchain,
Cyber Security, Internet of Things, Artificial Intelligence,
Robotics Process Automation, Social & Mobile, Big Data
Analytics, Cloud Computing and Augmented Reality/
Virtual Reality. 9.07 Lakh candidates have signed up
on the FutureSkills PRIME portal; around 4.17 lakh
candidates have enrolled for Foundation/Deep-Skilling/
Bridge and non-aligned courses out of which, around
1.41 lakh candidates have completed the courses.

Up-skilling program in “loT Technologies”

C-DAC is working on a project in collaboration with
NIELIT and IEEE India. The main objective of the project
is to empower SC/ST youth by offering training programs
in the emerging field of Internet of things (loT). 2145
SC/ST beneficiary candidates have been on-boarded
to take-up 10T training courses through IEEE’s Blended
Learning Program since April 22. Also, the team has
conducted in-person 5 day hands-on workshop trainings
at Sister Nivedita University, Kolkata; University college
of Engineering Kakinada, JNTUK; and Dayanand College
of Engineering, Bengaluru. 5000 SC/ST beneficiaries
shall be trained in the field of lIoT technologies at PAN
India level till March 2023.

9.1.8.1 Solutions for Online Examination
Process Automation for Competitive Exams

C-DAC has designed and developed a Process
Automaton for Competitive Exams (PACE). PACE
focuses on competitive exams like GATE, and JAM.
PACE has been used for GATE (past 10 years), JAM
(past 9 years) and NBE’s DNB/FNB seat counselling (4
years). The system handles more than 10 lakh applicants
every year.

Comprehensive Recruitment Solution for IndianAir
Force

C-DAC has designed and developed Comprehensive
Recruitment and Online Examination system for the
selection of candidates in the Indian Air Force and Indian
Coast Guard. The system involves the development
of Website and complete automation of activities from
registration till result processing.

Agnipath Scheme and IAF’s Agniveer exam (01/2022)
conduction by C-DAC

The Agnipath Scheme was launched by Hon’ble Defence
Minister Shri Rajnath Singh on June 14, 2022. C-DAC
developed and released a new website for Indian Air
Force (Agniveer Vayu) on June 24, 2022. The Agniveer
Vayu exam for recruitment of AGNIVEER in Indian Air
Force was conducted successfully from July 24 - July 31,
2022 across 250 centers spanning in 72+ cities.

IAF’s AFCAT exam (02/2022) conduction by C-DAC

C-DAC has conducted AFCAT (Air Force Common
Admission Test) exam of Indian Air Force successfully
from 26-28" Aug 2022 for selection of candidates in
Flying Branch, Ground Duty Officers (Technical & Non-
Technical). The exam was conducted at 192 centres
across 99 cities.

Online Registration of ICG-Sailors (Navik&Yantrik)

C-DAC has successfully conducted registration of
ICG-Sailors from September 8-24, 2022 inviting male
candidates to apply for the post of Navik (General Duty),
Navik (Domestic Branch), and Yantrik in the Indian Coast
Guard. Eligible candidates have applied online through
the portal developed by C-DAC.C-DAC has conducted
Coast Guard Enrolled Personnel Test (CGEPT) for Navik
and Yantrik categories of Indian Coast Guard across 75
cities.
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Online Registration of
Commandant)

ICG-Officers (Assistant

C-DAC has successfully conducted registration of ICG-
Officers from 17" Aug — 07" Sep for vacancies comprising
of General Duty (GD), Commercial Pilot License (SSA),
and Technical and Law Entry.

North-East Initiatives

Drug and Vaccine Distribution Management System
(DVDMS):

DVDMS also called e-Aushadhi is a software platform to
automate various activities of medical health. It comprises
of drugs and vaccine supply chain managementthat deals
with purchase order and distribution of various drugs etc.
The main objective is to implement a transparent system
for procurement, storage and distribution of quality drugs,
required for the hospitals at reasonable competitive price.
DVDMS has been implemented across India including
5 states in North Eastern Region (Meghalaya, Manipur,
Arunachal Pradesh, Mizoram and Nagaland) which is
developed and maintained by C-DAC.

Human Resource Management System (eHRMS):

eHRMS is a web based Human Resource Management
System to manage the HR related processes online
and organized neatly with features like Employee
Management, Leave Management, Payroll Management
etc. eHRMS is a state-of-the-art modular, integrated,
scalable, web-based system for Department of Health
and Family Welfare, Govt. of Meghalaya.

Cyber Security Audits:

. C-DAC conducts Vulnerability and Penetration
Testing at NERLDC, Shillong & Guwahati twice in
a year. The scope of the VAPT includes:

. VAPT of Networking Equipment Infrastructure at
NERLDC, Shillong office

o VAPT of Networking Equipment Infrastructure at
Back-up NERLDC, Guwahati

VAPT of Web Applications of NERLDC
ICT Solutions for India’s Northeast Heritage

The main objective of the project is to provide state-of-
the-art ICT solutions for the digitization, preservation,
protection, dissemination and promotion of the NE
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heritage. There are around 30+ museums in the NE states.
It is critically important to digitize, document, preserve,
protectand promote NE heritage that is available in
museums, monuments and tourist destinations. C-DAC
is responsible for developing an online northeastern
crafts portal which is made to preserve the heritage of
handicrafts and handloom sector of North East of India.
It showcases the artisans, weavers & products of NE
states of India.

9.1.10 International Initiatives

Collaborated with The Open Stack Foundation for
authorized training, Consulting, and Integration partner
in Asia Pacific Region in Cloud Computing

With support from the Ministry of External Affairs (MEA),
C-DAC extends its expertise in ICT to collaborating
nations and nurtures its ICT centers. During the year,
the following activities were carried out as part of this
initiative:

Hon’ble Defence Minister of India, Shri Rajnath Singh
inaugurated Cyber Security Training Centre (CSTC)
setup by C-DAC at National Defence University (NDU)
in Ulaanbaatar, Mongolia on September 6, 2022. He was
joined by his Mongolian counterpart Lt Gen. Gursediin
Saikhanbayar in the inauguration ceremony.

C-DAC ATC (Authorized Training Centre) has formally
been started at CESDT - Lao PDR from September 01,
2020 for 2 years till Aug 31, 2022 as a part of “Setting up
of Centre of Excellence in Software Development and
Training (CESDT) in Cambodia, Lao PDR, Myanmar &
Vietnam and appropriate accreditation to these training
courses by C-DAC” initiative.
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Conducted training in Big Data Technologies, Python
Programming & Ethical Hacking and conducted HPC
Workshop in India & Namibia as a part of, “Setting up of
India — Namibia Centre of Excellence in ICT & HPC at
NUST in Windhoek” initiative.

As a part of “India — Argentina Centre for Excellence in IT
(IA-CEIT) at University of Hurlingham in Buenos Aires”,
delivery, installation & commissioning of IT Infrastructure
has been completed.

C-DAC & MEA have signed the Agreement for setting
up of India — Solomon lIslands Centre of Excellence in
IT (IS-CEIT) at Honiara, Solomon Islands for which the
procurement of IT Infrastructure & Courseware had been
completed.

As a part of extension of India-Myanmar Centre for
Enhancement of IT Skills as Authorized Training
Centre of C-DAC, Faculty Development programmeson
“Artificial Intelligence” & “Advanced Atrtificial Intelligence”
were conducted.

C-DAC is conducting M.Tech. Programme in Information
System & Network Security and in Wireless Computing
under “ICT Resource Centre at Nelson Mandela African
Institution of Science & Technology (NMAIST)” in Arusha,
Tanzania initiative.

Upgradation of PARAM BILIM at India — Kazakhstan
Centre of Excellence in ICT at ENU in Nur-Sultan is
being carried out.

Collaborated with Moscow State University for
development of approaches to the dynamic and precise
management of monitoring systems for the operational
control of the structure and intensity of data streams
collected on highly scalable supercomputers.

Collaborated with Efficient Power Corporation (EPC) Ltd,
Plano, Dallas, USA in the area ofGaN wide Band Gap
device-based converters.

9.2 Society for Applied Microwave Electronics
Engineering and Research (SAMEER)

Society for Applied Microwave Electronics Engineering
and Research (SAMEER) is an autonomous R&D
institution under the Ministry of Electronics and
Information Technology, Govt. of India. SAMEER is an
offshoot of the Microwave Engineering Group of Tata
Institute of Fundamental Research (TIFR), Mumbai.

SAMEER was formed in 1984 as an R&D Laboratory of
the then Department of Electronics, Government of India
and moved to its present location at Indian Institute of
Technology, Mumbai in 1988. SAMEER has five centres
located at Mumbai, Chennai, Kolkata, Vishakhapatnam,
and Guwahati. The headquarters of SAMEER is located
at lIT campus, Powai, Mumbai. SAMEER is engaged
in active research in the broad area of microwaves and
undertakes various state-of-the-art and challenging
projects from HF to lightwave with the aim of remaining at
the forefront of research in the various application areas
of microwaves including 5G/ 6G applications, quantum
communication, medical systems, linear accelerator
technology, atmospheric radars, microwave heating and
drying, photonics, microwave communication and other
such applications. SAMEER also designs and develops
passive and active components and subsystems such
as amplifiers, antennas, power dividers, digital receivers,
transceivers.

SAMEER Mumbai is the headquarters of the organisation
and a premier centre for research and development
in microwaves. The Centre, with its laboratories within
IIT Bombay, Powai and at Navi Mumbai, executes
sponsored and core design and development projects
on such diverse topics as Linear accelerator technology
and systems for medical application, quantum
communication, atmospheric instrumentation, high
power microwave systems, radar technology for strategic
and non-strategic applications and optoelectronics. The
Centre is pursuing projects of national importance such
as the development of “Indigenous MRI scanner” and
the indigenous development of NAVIC receiver for the
regional navigation satellite system being developed by
India. The Centre also offers EMI/EMC test, evaluation
and design consultancy services to the industry as
per various industrial and military standards at its Navi
Mumbai Campus. The Centre also provides various
calibration services pertaining to EMI/EMC, Electrical
Safety and Environmental tests at Navi Mumbai Campus.

SAMEER Chennai Centre has become synonymous with
EMI/EMC testing within India. Equipped with a state-of-
the art infrastructure and complemented by a team of
experienced and dedicated engineers, the Centre offers
comprehensive testing, design consultancy, calibration,
and training to its customers, including the Government
and private sectorindustry. The Centre hasiits laboratories
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at Taramani and Perungudi Campus in Chennai. The
Centre has a strong communication team and numerous
advanced communication systems have been developed
by this Centre. The Centre also has a strong presence in
the development of antenna technology and endeavours
to address the key challenges of the fast-growing Indian
broadband market and to scale-up the Indian presence
in the telecom products and manufacturing space, to
build strong expertise, IPs and prototypes in the area of
5G technologies that can help in creating products based
on the 5G/ 6G platform. The Centre undertakes thermal
design consultancy and thermal performance testing and
evaluation of Electronic System from module level to
shelter level. The Centre has addressed thermal design
and analysis consultancy tasks for space, strategic,
consumer and medical electronics systems working in
various operating environments. The Centre has also
initiated research with the aim of realizing System on
Package (SOP) technology at its Perungudi Campus.

SAMEER Kolkata Centre, with its laboratories at Sector
V and Sector Il within Salt Lake is pursuing active
research and development in the field of antennas,
microwave, and millimeter wave technology. The
centre executes sponsored as well as core projects
in the field of advanced antenna and millimeter wave
circuits and systems. The Centre has embarked on the
development of Intelligent Reflecting Surfaces (IRS)
for 6G communication. Some core developments are
also being executed on anticipated requirements and
some of the new areas identified. EMI/EMC Design and
consultancy services are being provided to the industry.
Test and measurement services are being offered to the
private industries and Government agencies in the areas
of EMI/EMC, antennas, radome and RCS. The Centre is
equipped with a state-of-the-art Compact Antenna Test
Range (CATR) for the radiation performance assessment
of antennas and an anechoic chamber for radiated
emission/susceptibility evaluation of electrical/electronic
equipment as per various international standards.

Electromagnetic Environmental Effects (E3) Laboratory
has been set up at Visakhapatnam, Andhra Pradesh
for pursuing activitied of national importance at this
centre. The Centre addresses various important issues
such as critical Infrastructure protection against EMP
to qualify defense electronics ‘sector of the country
and will ensure satisfactory performance of strategic

hardware. The evaluation and design services provided
by this centre, which are currently available only at
limited locations overseas, will not only ensure safety
against import security threats but will also save foreign
exchange. Unique facilities at this centre shall enable
research activities in specialized domains of High
Power Electromagnetics with specialized test facilities
established such as, Electromagnetic Pulse (EMP),
Pulsed Current Injection (PCIl) and Ulira-Wide Band
(UWB) facility. SAMEER Visakhapatnam is first and
among very few centres in the country to provide the full
range of EMI/EMC test and measurements as per MIL
STD 461 G covering radiated field strengths of 200 V/m
and up to 40 GHz. It also houses a mobile UWB facility for
qualifying equipment for Intentional EMI (IEMI). SAMEER
Visakhapatnam also offers EM simulation services in the
field of E3 covering Antennas, EMI/EMC, HPEM, PCB,
Cross Talk and Signal and Power Integrity using state of
the art 3D EM modeling tools with advanced hardware
configurations

Centre for High Power Microwave Tube and Component
Technology has been established within [IT Guwahati
Campus, Assam. The centre is working in the area of
high power microwave tube and component technology.
This centre is dedicated for development of conventional
high power microwave tubes/components as well as
futuristic high power mm wave and THz sources. It will
also develop manpower working in the area of high
power microwave tubes/components by imparting proper
training.

9.2.2 R&D activities during the year 2022-23
Societal Applications

Atmospheric Systems

Stratosphere Troposphere (ST) Radar at Gauhati
University
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ST Radar installed at Gauhati University

The data processing software of ST Radar was improved
under a project funded by MeitY. The ST Radar designed,
developed and installed earlier by SAMEER at Gauhati
University, Assam under a project funded by MeitY
was handed over to Gauhati University for day-to-day
operations on 21st June 2022.

Phased Array Doppler SODAR

Sodar system installed at SAMEER Mumbai terrace

The Phased Array Doppler SODAR (Sound Detection and
Ranging) is a ground based remote sensing instrument to
measure the wind speed, wind direction and turbulence of
the lower part of the atmosphere, especially the boundary
layer. It is an acoustic radar, where sound waves are
used instead of electromagnetic waves for probing the
atmosphere. One such SODAR is being developed
by SAMEER and will be deployed at BARC, MUMBAI
shortly. SODAR provides a better alternative for wind
measurements since it gives a continuous unattended
measurement of winds with better range resolution. The
Doppler SODAR can be used for various applications
like atmospheric boundary layer studies, weather

and climate modelling, assessment of environmental
impacts due to nuclear and thermal plants, atmospheric
Dispersion studies, wind energy site assessment, wind
shear studies etc. The data output parameters derived
are wind speed and direction, echogram, wind rose and
time height plot.
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Dual Band MMW Radiometer

This design and development project is sponsored
by MeitY, Govt. of India. The objective is the indigenous
development of the Radiometer for the NE Region of
India for Climate Modeling Studies for weather changes.
The radiometer should operate at K-/Ka-band (22 - 31
GHz) for atmospheric humidity profiling and at V-band
(50 - 60 GHz) for temperature profiling. A wideband
frequency synthesizer module has been designed and
developed that generates a frequency up to Ka-band.
With reference to a 100 MHz crystal oscillator, a stable
signal with a frequency starting from 62.5 MHz up to 32
GHz can be synthesized using this module. Phase noise
of -96 dBc/Hz at 100 kHz offset has been achieved at the
highest output frequency of 32 GHz. Optimization of the
output power level is in progress. A coaxial to waveguide
adopter has also been designed and developed for
interconnectivity.

Photograph of the Ka-band synthesizer module
Communication Systems

SAMEER Contribution for 5G Solutions

Till now, India did not have a testing facility to test and
validate the 5G products and applications developed by
start-ups and companies before deploying them in the
field. Hitherto, Indian start-ups had to go abroad to get
their products tested. With a fund of Rs. 224 Crores,
from Govt. of India, 8 institutes collaborated to develop
a complete end-to-end 5G test bed fac