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FOREWORD

I ndia is one of the most severely impacted countries in the (
Climate Risk Inde®021. It faces variougsadsters across tr
subcontinent from earthquakes and landslides in the Himalayan
to cyclones and floods across its vast peninsular and coastline. E ' i !

technologies and innovations in disaster response are crucial to ¢ : Q

these can be foreeultipliers for our rescuers and the fit N
commander s. As e x e mp@lrkiyé NOR& mdy" ’*‘“ivf A in
also be expected to respond to disasters anywhere in the world Sia #
getting impacted by disasters with increasing frequency and [ == | E=a ‘@‘
because aflimate change. -

In this regard, our partnership with Office of Principal Scientific Ad
to the Government of India, and its AGNIi Mission has been an important and much appreciated source ¢
support and insights. The AGNIi Mission representativedreguently interacted with NDRF rescuers to
understand what we need and have identifiedigtaand technologies that can help address these needs.
They have conducted field technology showcases with Force battalions to examine how practical a
actiorable these technoleggwered options are in realistic scenarios.

| am pleased to acknowledge this Technology Advisory Note, capturing key aspects of our collaboration. T
advisory wil/ hel p i mprove t he Famrimevatisn ecosystgno n s ¢
and navigate our path of euwmprovingorganizationahgility and capability with indigenous technology
initiatives.

| would like to express my appreciation and gratefulness to the Office of Principal Scientific Adviser an
AGNIi Mission for their support and look forward to advancing our partnership and collaboration. | am sure
this collaboration can help NDRF creadtermchmark of disaster response in the world.

Sh. Atul KarwallPS
Director-General, NDRF
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PART A | INTRODUCTION | OBJECTIVE AND METHODS

This Technology Advisory Note (TAN) results from a collaborative effort between the Office of the
Principal Scientific Adviser to the Governmen
Disaster Response Force (NDRF).

1. The Note advises andforms administrative actierther

a. Under the Empowered Technology Group mechanism, chaired by the Principal Scientific
Adviser (PSA) and serviced by the Office; advancing the Group Constitutton order

Objective Para 3(lfentify the most important challenges before the country across va
that can be addressed through suitable and appropriate technologies;

Objective Para 3(ildentify key technologies, both legacy and emerging, that are most
theeunt ryds needs and chall enges;

Objective Para 3(iidvise the Government on suitable policies and strategies for effec
and contesdnsitive exploitation of latest and appropriate technologies;

Objective Para 3 (viAdvise the Governonatg technology supply and procurement strat
Mandate Section 4Rrocurement Support

b. Or:under similar and related mechanisms;

2. To do so, the Noté and the collaborative exercise this capdadsises:

a. How important challenges the Force ifiestd strategic / operational / tacticdlcan be
addressed through Indian technology; captured vidPdaia, Us€ases, and Operational
Scenarios;

b. ldentifies technologies that are relevant to resolving these challenges; captured via technolo
Operational Scenarios, Technology Stacks comprising examples of Indian technologice
innovation, and Field Technology Showcases conducted with partners;

c. ldentifies and assesses how, consequently, the Force can engage and exploit these technologie
engage those challenges, in a manner optimised to context; in the final Technology Assessme

section;

d. Informsd in a manner that is never vendpecific; wh showcased starps simply offering
indicative examples of existing Indian innovatamministrative action supporting procurement
and execution; across the combined Technology Advisory Note;

1Cabinet Secretarfatr der dated 28 February 2020 F No. PeEmpowSed Teshthology @oONT G/ 4

oreg. 0; read

with Office Memorand€amh dPrepa2@atFonmr yaswbM0z36i No.

the Cabinet and Cabinet CommitéeEsnpowered Technology Group e g . 0



Empowered Technology Group Objective

Technology Advisory Note Section

Para 3(i)identify the most important challe
before the country across various sectors
addressed through suitable and approprig
technologies

Strategic Factors Defining Technology
Adoption

PainPoints

User Persona Mapping
UseCases

Operational Smarios

Para 3(iitdentify key technologies both le
emerging that are 1
and challenges

PairPoints

User Persona Mapping
UseCases

Operational Scenarios
Technology Stacks

Field Technology Showcases

Para 3(iii)Advise the Government on suita
policies and strategies for effective, secur
sensitive exploitation of latest and approp|
technologies

Technology Assessment

Advise the Government on its technology
procuremstrategy

Combined Technology Advisory Note




A.1 Office of PSA | AGNIi Technology Advisory Note

1.

This Technology Advisory Note (TAN) focuses on emerging technology and innovationd
capabilities for which existlinrn di ads i n n o v,stardum and lkaboratscanaceas s

a force multiplier for Central Forces personnel in environmentaHliiostile, field situations.
Thisbegins with teams, deployed in disaster situationsf the National Disaster Response Force
(NDRF).Thi s advi sory, depoademing madicipatibn, applies imor&viddelftd s
infantry across the Central Forces. This innovatiuded)nmanned Systerogmprising of Rescue
Buoys Surveillancand PayloaBrones Autonomous Boat&lnderwater Submersibtesenhance

capabity 0 theirdecisiormaking capacityandresponse time

The Office of the Principal Scientific Adviser to the Government of India, in partnership with national
government agencies, identifies ateiseson how Indian emerging technologies (such as artificial
intelligence, blockchain technology, nanotechnology, advanced sensing, and others) can be levers
to help address national priorities. Key among thesassediresponse, and the performance of
Central Forces personnel in environmentally
for relevance, supporting specific decisions; anexémution providing decisiemakers with
guidance they can use in the field. This allows Government agencies with a usable basis for draw
on emerging technology and innovation. By shaping scaled Government engagement with Indie
innovation theOffice advisory, if executed by agencies cowgavilegenerate scaled opportunity

for Indian startup and laboratory innovation.

The TAN summarises guidance developed in collaboration with the National Disaster Respons
Force, acting as a Pioneer Agency. This guidance was developed via fieldwolbgyTechn
Operational Scenarios, Technology Capability Stacks, and Field Technology Showcases develo
under the direction of NDRF Headquarters (at the Director General, Inspector General, and Deputy
Inspector General tier); and the aegis of various FotakoBat(at the Commandant tier).

Its generating activities undertaken in partnership and consultation with NDRF commanders anc
officers, and leadership tier both at Force and Battalion level: the Note and its advEggions to
practical, actionable a@ministrative decisionmaking on technology engagementand
acquisitioracross Provisioning, Operations, Human Resources / Personnel, and tefdousedy
Directorates. This, at NDRF as a Pioneer Agittoy example of which may be emulated across
StatDi saster Response Forces (SDRFs). Aligned
the TAN focuses on Indian technological innovation.

Equally the Technology Advisory Nadeand the exercises that generate it (technology operational
scenarios, atk development, field technology showcases, detrg¢ exercises iohange
management They seek tgupport leadership in driving a wider process techasiagied
transformation across their agendibe analyses and output provide leadershipwalgland levers

with which to do so.

No part of any TAN should be construed as, or be interpreted or derived to generate, support for an
individual vendor, startup, innovator, or private actor of any kind. The TAN features specific
technologie®d whose inneator startups and laboratories volunteered to participate in Field

Technology Showcasésner el y as exampl es of broader t ec



readiness within Indian innovation ecosystems, and of how Aatmanirbhar Bharat candie effectiv
advanced even while supporting key national priorities. At every stage, Government agencies a

Forces must follow due process under competent authority in engaging, selecting, procuring, ar
deploying technology.

A.2 Scaled Institutional Impact: AfAN and Technologies Applicable Across Forces?
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Figure 1:Map showing NDRF Battalion locations and their respective area of responsibility

1. TheNDRF acts as the national agency for disaster responsgrising of 16 battalions across from
the BSF, CISF, CRPF, ITBP, SSB and Assam Rifles. Each batdl®sdiaontained specialist
search and rescue teams of 45 personnel each including etegimeierans, electricians, dog squads
and medical/paramedics. The total strength of each battalion is 1,149. All the 16 battalions have be
equipped and trained to respond natural as well asadardisasters. Battalions are also trained and
equipped foresponse during chemical, biological, radiological and emeegencid€BRNY.

2 National Disasterd®ponse Force. Ministry of Home Affairs, Government of Woigaut Us https://www.ndrf.gov.in/aboutus
31bid
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2. As per Section 3.4.5 of National Policy on Disaster Management 2009, the State Governments a
required to raise their own State Disaster Response Forces (SDRFs) for rapid disaster response. E
SDREF is located at strategic locations well connectedsjoontahubs and raikeads. SDRFs have
missions closely resembling that of the NDRF-.

3. The Ministry of Home Affair@MHA) notes a total of 2States and Union Territofiekaving
established their own SDRFs. This provides a nationwide scaling netwaykyidev adoption of
the technology capacities AGNIi identifies with the NDWHR individual State Forces emulating
the national tier agency to boost capability. This institutional scaling waalthyoeedby
organizationaiapping between Central éBtdte Forces, and capacity building across tiers. The
SDRFs comprisaver 12,168 personnel

4. The collaboration between AGNIi and NDRF on technologiesurdiotanned systemsin
unpredictablenvironments such dsastesitesandchallengingerraingherefore addresses a pool
of approximatel6,00(ersonnel.

5. Crucially: the main focaseas of the TAN leveraging unmanned systems in hostile environments
for enhanced intelligence leading to improvised response on the ground againstédppliesries
across multiple Central Forces. This applies togip Emrcescomprising appraxiately8.4 lakh
personnel(please see below).

& | (e | @ %
Y (@) v . & 0
2,65,277 17,235 94,358 1,63,498 3,24,654 97,790 88,430 65,143 10,000
1 Project ‘Enhanced Personnel v v v v v v v v
Performance’
v
2 | Project ‘Facilities Defence’ v v v v v v ¥
3 Project ‘Unmanned Systems v v v v v v v v v
for Hostile Environments’
4 Proief:t ‘Force Personnel v v v v v v v v v
Training®
5 Project ‘Border Surveillance v v v v v
and Counter Infiltration’

Figure 2: AGNIi Exemplar Projects mapped against all MHA Central Forces to indicate scaled impact

4 National Disaster Management Authority, Government of 8tdia. Disaster Responsbtfsémdma.gov.in/Response/SDRF
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A.3 Methodology | Actionable Advice for Scaled Impact: Exemplar Projects

PHASE 1 PHASE 2
3 B
| | 1
A Enable ETG / EFC
A bl ==t
Surface Ministry Transla.t e prI.OFItIeS . . G;?S:rye { RFP action:
priorities and pain- and pain-points to Identify technolo 1es: standard through concrete
points technology use- Startup + lab + enterprise scaled deliver support
cases capabilities deliverables
Pathway 1
M Deployable technologies M
available
Technology
Showcases &
geCh“?"’gYI Pathway 2 Field Demo
erationa ) )
AGNIi Technology Scerarios Colb. & Office | AGNIi
i . - Technology
Roadmapping Technology |} 0 feedback 3
""""""""""""" : Assessment (- ©SchNOlOgIes Tequining  — -yt pin/ Advisory Notes:
Worksh d Field
Oorkshop and Fie customization / integration 5 .
Visits Technology Frameworks Agency end supporting
Capability Maps users Ministry EFC /
and Stacks RFP
Collab. & Government-
Tech not T feedback Industry -
% available in withMin/ || Technology
the Indian Match RSD 1abs | agency end- Roundtables
ecosystem users

Figure 3:Office of PSA | AGNIi Workflow

1. Practicality: Ensuring Technology DecisionMaking Support is Actionable. To ensure that
agency decisianakers receive technology and innovation advicedbadigble in the field the
Of ficebdbs AGNII PMimei Minigheedst ISei ence Tech
Council (PMSTIAC) develops this advice throlgtemplar Projects executed in collaboration
with aPioneer Agency

a. Exemplar Projectsaddress paipoints identified by senior Government authorities in that
sphere as comprisingnajor and scalechational priority.

b. Pioneer Agenciesare select organisations within the Government which
i. are mandated to engage these national priorities;
ii. in doing so, demonstrate a high degree of proactiveness and progressiveness in the
engagement with innovation, technology, and new ideas; and
iii. share these priorities with a wider community of similar insti@tliesvingscaled
impactagainst these priorities to be assured by the emulation and adaptation of Pioneel
Agencies® exampl es.

2. Ensuring Decision-Making Relevance Technology Operational ScenariosAGNIi targets
emerging technology innovatiorstmport agency priorities and isgmentsas follows:




The Exemplar Project analyses and characterises tpsipiaidetermining its dimensions
and decisioffiactors:
i. Tactical, relevant to field officdrsthe Central Forces, this would apply to tiers up to
the rank of Deputy Commaant;
ii. Operational, which senior administrative tiers must rebol@entral Forces, this
would apply to tiers from Commandant to Deputy Inspectors General,
lii. Strateqgic, affecting leaderdiep decisionmakingln Central Forces, this would apply
to tiersfrom Inspector General to Director General.

To ensuraecisioamaking relevancAGNIi executes that analysis and characterisation as
follows:
i. To determine tactical and operational deeisaing dimensions: AGNIi team visits
to field location® seleatd for representing the most challenging circumstances the
Pioneer Agency fac&$o research and characterise-paints as they are experienced
and determined the ground.
ii. To determine operational and strategic degisading dimensions: the AGNIi Mission
also consults, via a series of meetings, with Pioneer Agency officers at the Secretal
(Central Forces Director General), Additional Secretary (Central Forces Additional
Director General), Joint Secretary (Central Forces Inspector General), and Director
(Deputy Inspector General) ranks.

3. Solving Challenges with Technology: The Technology Stacklhe Project then formulates a
6stackd of e mé within mdjanstarup Ana dabooatpry eapability, demonstrated
through specific examp@which can engage these challenges.

a.

Technology Stacks integrate innovation across muéghiaologies 8 for example,
advanced communications, advanced materials;

They position these technologies against operatapwdilities requiredd for example,
coordinated communications in disaster scenarios;

Where these technologies and capabhititersect solutions are identified for example,
resilient communications (at the intersection of satellite communications and disaster
scenarios);

. For each of these solutiahexamples of concrete Indian innovatiorare identified; in the

form of startup or lalvatory innovation. This offers the agesiayity that Indian innovation
is available, under Aatmanirbhar Bharat objectives, to solve its challenges
I. Crucially, these examples (and the wider T8N)ot recommend or endorse any
particular vendor

Theseéchnologies and capabilities are framed in terms tfidywork together to offer
workable solutions to the broader operational challendgkat the Technology Operational
Scenario identifies and characterises.



4. Demonstrating Workability and Options: Field Technology ShowcasesTo demonstrate this
i nnovati onds OJmctulcimpact @anlthe grouhde fort Gowernment deeaisakers,
against these prioriti@the AGNIi team conducts Field Technology Showcases (FTS) in locations
representative ofdlse where these priorities are encountered.

a. Hosted by the Pioneer Agency, startups and laboratories are invited to demonstrate how the
innovation resolves these paaints in the field.

b. The Showcases generate assessmendicisiormakers on whether, and to what extent,
innovation in its current form can resolve thesepuans.

c. The Exemplar Project consequently seek to represent the microcosm of the sphere they al
working in. Pioneering Agency, one which dealswite &6 mi cr ocosmd as a
functioning.

d. Importantly: Field Technology Showcases do not substitute technology evaluations
conducted as part of the public tender process. Instead, they lselpkaimency officers
expand decisiemaking optinsin their quest tengagé&ey priorities.

e. Crucially: Field Technology Showcases seekipport the actual adoptionof relevant,
effective innovatigrby activatingive crucial levers of innovation diffusibirst identified
by innovation scholar Bttt Rogers, in his development of the Diffusion of Innovation
curve (or Roger s® Cur v driyveadoptioredectsiorSazitHeld r s ,
Technology Showcase seekslemonstrate thesghis has been elaborated on, for each
technology in Part D.

Early Late
Innovators Early Majority Majority
Adopters 34%, 34% Laggards
13.5% 16%
x - 2sd x - sd X x + sd

Figure 4:Relationship between types of adopters classified by innovativeness and their location on ttte adoption c

5 Everett M. Rogergiffusions of Innovabbresl. (New York: Free Press, 2003), p.281.



5. Advice (and supporting analyses) are captured in Technology Advisory Notes: supporting specif
administratig action to engage and leverage Indian emerging technology within the Pioneer Agenc
and across Government agencies, in fulfilling national priostageat

6. Change Management: Supporting Agencies iffransformation through Innovation The
Office of PSAO0Os key objective, I n its coll at
and innovation in answering national priofttesough the collaborative model outlined above. This
embrace of innovation, with Office support, imesinstitutional change: with agencies upgrading
their organisational capabilittaeough technology. The AGNdidvisory project cycle described
above supports thiactivating eight change management levers.




STEP

CHANGE MANAGEMENT
LEVER

COLLABORATIVE ACTION

AGNI | TECHNOLOGY ADVISORY
WORKFLOW PHASE

Step 1

Establish and identify
urgency

Frontier and Force leadership consultations: Inspectol
General direction, Deputy Inspector Genezgldiigned tg
priorities / guidance / values set by Director General.

- Priorities on enhancing performance of NDRF teams
personnel in rescoperationsgefendingiviliansand
Force personnel from violent attgck

- Profile, riskcapabilities required in disaster scenarios

Battaliontier consultations with fiemmanders:
Commandant, Dy Comdt. ti&t Exemplar Site in the
field, representative of rescue risks.

Agency PakfPoint Mapping
Workshops / Consultations

Field Visits

Sep 2

Form guiding coalition of
authority

Collaboration with Force leadership and field comman
intersecting operational and tactical interests and urge

Develop Technology Operational Scenarios with Forc
field commanders: representing ithi@rsection.

Agency PakfPoint Mapping
Workshops / Consultations (includi
in field or fielerealistic locations)

Technology Operational Scenarios

Step 3

Collaborate to surface
Force / Agency vision

Develop Technology Operational Scenarios with Forc
field commanders (Deputy Inspector General, Battalio
Commandants, undelead Quarter (HQjuidance):
describing baseline scenariostarggtendstate.

Develop Technology Stackefiecting functional
requirements generated by Operational Scenarios.

Collaboratwith FrontietHQ and field implement Field
Technology Showcases: demonstrating how Indian

innovationwork (representing Stack elements), in realis
field scenarios, dedns target enstate.

Technology Operational Scenarios
Technology Stacks
Field Technology Showcases (Virtu

Technology Showcases for initial
assessments)

10



Step 4

Communicate the vision

Demonstrate Indian innovation providing solutibasd
alternatives to conventional decisitaking option$ in
realistic field scenarios.

Showcases demonstrated to
-strategic leadership (Director General; Inspector Gen
-operational command (Deputy Inspector General) an

-tactical leadership (Comrdant, Deputy Commandant)

representing solutions answering interests and impers
across decisiemaking tiers.

Field Technology Showcases

Field Technology Showcases (Virtu
Technology Showcases for initial
assessments)

Step 5

Enable decision-makers
to act on that vision

Evaluation€.g.yvia Boards) of Field Technology
Showcases: supporting further administrative action.

TAN supports scaled action within and across Agencit

Field Technology Showcases

TAN

Step 6

Build momentum via
successful shorterm
action

Specific useases driving Technology Operational
Scenarios; demonstrated by Field Technology Showc
advanced iteratively.

Support to agile engineering approaches.

Technology Operational Scenarios
Technology Stacks

Field Technology Showcases

Step 7

Consolidate
improvements for further
change

Feedback delivered from evaluations to Stack innovat
(on product feature sets), Forces and AGNIi (on
technology functioning vs. Technology Operational
Scenarios)

Technology @erational Scenarios
Technology Stacks

Field Technology Showcases

Step 8

Support
institutionalisation of
new approaches

Supporting administrative action

TAN

11



PART B | STRATEGIC CONTEXT | PROBLEMS ARBALLENGES

B.1 Strategic Factors Defining Technology Adoption: Scaled Impact Against a Scaled
Challenge

Global Climate Risk Index: Ranking 2019
B 1-10 B 11-20 I 21-50 51-100 | >100 | | Nodata

Figure 5:Global Climate Risk Index 2019: Indiatva®3t impacted due to extreme weather events in 2019

1. ThisTAN outlines how emerging technology and innovateapabilities of which exist in India
canact as a force multiplier for Central Forces personnel in environmentatystile, field
situations for theNDRF, and State Disaster Response Fatoesgfield rescue. It also applies to
other Central Forces personnel deployed in high pressure situations. Developed in collaboration wi
the National Disaster Response Force, the TAN engages alyatatel challenge.

2. India is one of the most disagteone countries in the wdtl®everal factors such as the location
and geographic characteristics serve as catalysts for several natural hazards such as floods, cycl
fire, droughts, landslidesrthquakes, and avalanches. Climate change has been an exacerbating the
hazards, increasing vulnerabilities of the cauntiia is theseventh most impacted country due

6David Eckstein, V e Glabal Klimate Risk Indexd®21 rGae r Inamavfad rc,h ; 6
"Mohanty, Abinash andMa®ipri eyga | Wad ladwBisBiclie2@dskessiéalN erwe rDeel ihlii:t yCo uA c i
Environment and Water
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to extreme events caused by climate changelThe Government of India passed Bisaster
Management Act in 2005 to provide overarching framework for the entire disaster management cyc
The National Disaster Management Authority (NDMA) is the apex authority that conceptualises the
national policy for disaster management. It is attadlding a safer, disagesilient, proactive,

and technologgiriven sustainable development strategy. The focus is on fostering a culture of
prevention, preparedness, and mitigation.

3. NDRF hasrescued over 1.48 lakh peopkndevacuated morethan 7 lakh stranded persons
from disaster situations within the country and abroad, that include successful rescue operations
Japar{2011), NepdR015) and Turk&023}.

4. The National Disaster Response Force has been constituted umisagstes Management Act
20(. As per the Act, the general superintendence, direction, and control of the Force shall be veste
and exercised by the National Disaster Management Authority and the command and supervision
the Force under the Director GealelAt present, National Disaster Response Force consist of 16
battalions from the BSF, CISF, CRPF, ITBP, SSB and Assam Rifles. Each bati8Biaetha
contained specialist search and rescue tea®parfsdnnel each including engineers, technicians,
electricians, dog squads and medical/paramedics. The total strength of each battalion is 1,149. All t
15 battalions have been equipped and trained to respond natural as wethade ndésasters.
Battalions are also trained and equipped for respomgeGBRN emergencies.

5. The Disaster Management Act 2005 lays down the institutional framework for a coherent respons
across the disaster management cycle in India. Further, as a responsible State, India
is a signatory to the Sendai Framework for Disaster Risk Reducti@udngaiof the commitments
made therein, India has conceptualised a National Disaster ManagerfidDiVRaThe NDMP
2019 illustrated the institutional framework for decision making and coordination. This helps
contextualise NDRRE&s rdl & nidnmn attflse dli amgeérerc omat

8David Eckstein, V e Glabal Klimate Risk Indexdp21 rGae r Inamanvfad rc,h ; 6
9 Ministry of Home Affairs, Government of India. National Disaster ResponseDF@Grées  Mvews.isdd.gpe.in
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National Disaster Management
Institutional Mechanism

Designated
Nodal Ministries
(Disaster-
Top Level Decision Making l— Specific) National Disaster
Management
Authority
(NDMA)
National
Executive | |
Committee
(NEC)
National
Institute of
Disaster
Management
(NIDM)

Figure 6:National Disaster Management Institutional Fratdework

6. The overall superintendence and direction of the NDRF vests with the National Disaster Managemer
Authority (NDMA) as laid down in Disaster Management (DM) Act ROIDBF has been
constituted as per the Chapedil of the DM Act 2005 as a specialist res@oforce that can be
deployed in a threatening disaster situation or disaster.

a. As per the DM Act, the general superintendence, diraotiasontrol of the NDRF shall be
vested and exercised by the NDMA. The command and supervision of the NDRF shall vest
with the Director General appointed by the Government of India. The NDRF has positioned
its battalions at different locations as reqtoreeffective response.

b. The NDRF units maintain close liaison with the designated State Governments and are
available to them in the event of any serious threatening disaster situation. The NDRF is
equipped and trained to respond to situations arigingf matural disasters and CBRN
emergencies. Experience in major disasters has shown the nequb&tigrmg of some
response forces to augment the resourcesstiéevel at crucial locations including some
in high altitude regions.

10Source: National Disaster Management Plan 2016
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9.

LOCATION OF NDRF BNs
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Figure 7: Map indicating locations of all NDRF Battalionstin India

NDRF battalions are located at 16 different locations in the country based on the vulnerability profile
of country(Figure 7)

In this contextunmanned technological systémscaroperatendependentlgr assistescue teams
in hazardous and higisk environmentare a vital need f&earch and RescSAR operations.

Technology is being deployed for operational as well as strategic directivesssnadalinggion,
mitigation, preparedness, response, and recovery is being deployed throughout the disaster
management cycle. The disaster management cycle inelsdes tibtal of activities, programmes

and measures which can be taken up before, during and after a disaster to reduce its impact &
recover from loss. The disaster management cycle has been itnstnatedxt page.



DISASTER RESPONSE (post-disaster)
Emergency Response

Individual
isaster
Response

your saicty and o
DISASTER * °‘gf(§f,/iﬁe§°ﬁ“,§f‘ . (Search
STRIKES aid/secure - : cue, Security,
‘Water, Shelter
\ &, Sanitation,
othes, Medical
Eatiauma care)

Preparedness
Contingency Planning/Warning
and E ation/ lidate

preparations for next disasters
Mitigation (Risk
Assessment/Prevention)

Hazard mapping/ Hazard

and vulnerability assessment
/structural and non-structural
measures

Pre-disaster: risk reduction Post-disaster: recovery

DISASTER MITIGATION and
DISASTER PREPAREDNESS (pre-disaster)

Figure 8:Disaster Management Cydiditigation, Preparedness and Re$ponse

10. The mandate of NDRF restricts itResponse and Relief operatmmly. As such, the technological
interventions must be geared towards enhancing personnel performance in this domain.

11. Strategic Context High Uncertainty in Field Situations. A key element in Force responses to
disasters and higinessure field situat®isuncertaintyPersonnel are placed in circumstances that
cannot be predictedhich involve

a. Extended deploymenis postdisaster situations: with high flooding, heat, or humidity;
without reliefdue to the urgency of Having rescue;

b. Timesensitive, complex operations hostile environments; characterised by destroyed
infrastructure in postisaster scenasio
i. Victim rescue from collapsed structures, flooded areas, all of which impose hard
constraints on accessibility. Search and Rescue needs to be informed by these limitatiol
going in;
ii. Inability to obtain real time intelligence and inputs that enablem®mr@perating
picture.
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Year Type of Disasters | States Affected -Ilz-gtglities
2021 Flood, Landslide | Maharashtra, Karnataka, Telangana 1824
2020 Cyclone, Flood West Bengal, Odisha, Andhra Pradesh 98
2019 Flood, Landslide | KarnatakalMiaharashtra, Kerala 1692
2018 Flood Kerala, Karnataka, Tamil Nadu 488
2017 Flood Assam, West Bengal, Bihar 1456
2016 Heat Wave Andhra Pradesh, Telangana 2500
2015 Heat Wave Andhra Pradesh, Telangana 2500
2014 Flood, Landslide Jammu an#ashmir, Uttarakhand, Himachal 2931
Pradesh
2013 Flood, Landslide | Uttarakhand, Himachal Pradesh 570
2012 Flood Assam, Arunachal Pradesh 431
2011 Cyclone, Flood Orissa, Andhra Pradesh 310
2010 Flood Bihar, Uttar Pradesh 548
2009 Flood AndhraPradesh, Karnataka 1401
2008 Cyclone Orissa 221
2007 Flood Bihar, Uttar Pradesh 1800
2006 Flood Assam, Bihar 1310
2005 Flood Maharashtra, Gujarat 1791
2004 Tsunami Andaman and Nicobar Islands, Tamil Nadu, 16423
Kerala
2003 Flood, Landslide | Himachal Pradesh, Jammu and Kashmir 1822
2002 Flood Assam, Bihar 764

Figure 9:Data for most major disasters in India, affected states, fatality count for the l&st 20 years

11 SourceNational Disaster Management Authority (NDMA), Centre for Research of Epidemiology of Disasters

17



12.Technology Stack Design Imperative:Operating Unmanned Systemsn Environmentally
Hostile Situations. The effectiveness rescue and relief is directly pmipoal to the situational
awarenesachieveas well asupplementedapability bSearch and Rescue teams béferstart of
an operation This hasimplications for technology usecase definition and shapes the
Technology Stack

Functional Technological Response: Consequences fo

Strategic Factor Implication Technology Stack Composition

Extended, continuous Greater Situational | Human factor:
personnetleployments Awarenesand
Enhanced capability,

in responder teams - GreateiOperationaCoverage anBeach

- Better Decision Making
Destroyed infrastructure
environments

T|me_SenS|t|Ve Comp'ex - Fasteﬂ'umal’oundl'ime WIthVersatIh'[y
Operations

B.2Usecases, PaiRoints, Operational Scenarios aRdnctional Requirements

The Group Security of the AGNIi Mission was tasked with several problem statements by its priman
stakeholderthe NDRF, that involved the usage of Unmanned Systems for a faster, affctiesthust
response. The usases thateve prioritized, evaluateohd chosen fdfield Technologyshowcases have

been described below.

1. Widearea Recce and Surveillance at DisastetJaitesnnederialVehicles for aerial surveillance
of disaster struck areas (landslides, flogdsnes etc.) capable oftemé relay of video feed to
rescue team and command and control center; Must have high gust resistance, weather tolerance
hover stability. Serautonomous, remotely operated with obstacle avoidance capabilities.

2. InternalSurveillance for Collapsed Structure Search and RescueGo@gajt UAV to traverse
inside collapsed structures for locating victims/survivors and debris fracture zones with live videc
feed r el ay eidgtPasonview(FPY)googtes; Strorgddio FrequenciRE) to penetrate
through walls, small form factor for high maneuverability; manually operated to avoid false obstacl
avoidance.

3. Payload drop for emergency relief aid during dis&$tars:capable of carrying and drop/deliver
custom paglad comprising of emergency relief aid (medicines, food, water packets) to designate:
coordinates for ensuring survivability of victims. Capable of dynamic landingasedgbayload
drop mechanism.
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4. Rescue Lifebuoy for Drowning Victim Respotsemanned remotely operated lifebuoy for
drowning victim rescue operations; faster action time compared to manned rescue boats; capable
navigating back to shore with victim.

Underwater Scanning for Inspection and Reewkerwater Remotely Operatedigle (ROV) for
identifying victim bodies, objects of interest, debris etc. in murky/unclear waters using combinatior

of dehazing on live video feed, side scan SONAR and imaging SONAR.

Pain Point Use-Case | Operational Scenarios Functional Requirements
Aerial recce during and post disast| Specific
critical for enhancing situatiot WideArea Surveillance
Paltry and patch awareness of responder teams to a -Endurqnce of 460mins
: : damage and destruction, chart | -Operational range &f15 Kms
information of a . ; .
: rescue and response and locate vi{ -Wind Resistance up to 40km/hr
disaster/area of : ) :
A and survivors from vantage points. | -Red, GreeBlue RGB) Day/Night
responsibility
Camera payload
Search and During landslides, floods, ¢mtakes _
and cyclongs most zones ar Internal Surveillance
Rescue may tak . . .
time. citizens !naccessuble duc_a todamage ¢ -Sm_all form factor for tight spaces
ma ’re Uire infrastructureand inclement weathq -Uninterruptedadio frequencgnd
y require Rescue troopers need unman| video link
urgent medical : .
relief systems to perf_orm early analysis -Front and downwd facing cameras
disaster zone to improve response | for live feed
. and efficiency.
Inacq¢55|blllty of Drone- Payload Drop and Delivery
localities due to | based : : o
collapse of Surveillance During CSSR_ operatlpnsesponc_iers -Paylgad capacity: 5 to 10 kgs
- require an internal investigation | -Stability for gust resistance
infrastructure/ea and . ; . .
collapsed site to identify fracture zol -Winch/chute payload drop
rth movement | Response > : S
(landslide during trappe_d victim points, debris sites _
mudflow) ' Disasters to minimize further damage and res Generic
’ stuck victims in a timely manner. | -Preprogrammable flight paths
floods i
-Fail safe Return to Base
Situations where rescue of victims| -DetectandAvoid capability for
longer process and requires sup| beyond visual line of sighghts
from multiple stakeholders, tempor -Design: Multi Rotor or Hybrigertical
arrangements for medicines, fqg takeoff and landinglrones preferred
water and other relief material nee( overfixed wing configuratiorss they
be made in disastatruck areas that g enable higher payloeapacities, bette
hardto-reach and severealifected. | stability and ability to hover
-Interchangeable and modular paylo
Systems capable of delivel containers havirgjfferent size and
emergency relief aid to surviv¢ shape based on requirement
without the need of human-board to| -Power: Gasolinpowered UAVs are
reduce further risk, will be critical| preferred over battedriven ones due
ensure survivability until compli to better endurance and wider
rescue concludes. availability of fuel with responder tea

19



Pain Point Use-Case | Operational Scenarios Functional Requirements
In water bodies with strong flow ang
currents (rivers, streams, dam wate|
etc.), victims caught in the current g
unable to gain control and succuml
drowning within a few minutes. An
Flash .
unmanned buoy must reach the vic
floods/Urban within 12 minutes, must adequatel
floods have ’ 9 Y

strong currents
and debris that
may prevent
movement of
larger boats

Number of
rescue teams ar
limited and may
suffer fatigue

Mapping of new
water bodies
under time
constraints is
currently not
possible; human
divers hag
limited vision,
constraints of
oxygen cylinders
and stamina

Floodwater
Rescue and
Response

deal with frantic movements of victi
without capsizing, design must be a
to help victim grab onto right points
buoy, must navigate and bringkbtne
victim safely to shore/nearest
responder.

In zones critically affected by floods
large accumulations of water requir
long hours of traversal via crewed
rescue boats to rescue victims that
stranded or stuck.

In operations involving underwal
recce and rescue, trained

experienced divers are needed tg
deep into the water body and log
dead bodies, debris or any objec
interest. This exposes divers to I
consumes more time as mar
surveillance will cover less area at
near inpossible when waters are mu
and unclear. Tethered remot
operated vehicle capable of scan
underwater and operating in tang
with  manned boats will be

differentiator during such operations

Rescue Buoy

-Remotely Operated, range~2km
-Selfrighting design

-Weight pulling capacity ~100kg
-High thrust motors

Unmanned Marine Surface Vessel
-Autonomous Navigation
-Selfrighting design

-Weight pulling capacity ~6 adults
-Cameras and Sensors for-tiead
video feed

Underwater ROV

-Omnidirectional Movement
-SONAR for Underwater Imaging in
murky waters

-Operating Depth ~100m
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6. User Persona Mapping

a. The UsetfPersona table seeks to structure the arguoret®@chnologicaintervention by

initiating a roleesponsibility mapping. The roles and responsibilities of each position in the
state hierarchy are well defined. Understanding these roles and responsibilities is key in shapi
decision making by contextualizing teclyicdd interventions within these ranks, roles, and
their interests.

The User Persona Mapping is followed by a Need Feature mapping, whereds thiethe

two relevant tiers are matched with features of technologies that help address those neec
The features are critical in making the broader case for scaled impact. &#mnhgpliate

and the pain poinsndoperational scenarios arising) @fut were made based on visits to

the location and interaction watfficers and hence based on qualitative evidence, the potential
and need of scaled intervention by other similarly sitdfateds, facing a similar problem is

made based on the Needature mapping. The needs of strategic and operatioraktiers
brought out in the table and the features of the technology that can address this generalise
need are mapped.

In this manner, the Field Technology Showcase and the advisory arisingseeksfto
ensure that the recommendations are within the scope of jurisdiction and authorization
environment of thefficers concerned.

Decision-

Making Tier

Deputy Inspector

General(Ops) and

Deputy I nspector
General(Prov)

Commandant/2IC Inspector /A ssistant
(Commanding Officer Commandant
of the Battalion) (Team Commander)

Role and Key| in-charge of the vertici
Priorities

The Team commander leg
The Commandant of th the team of 49 which is se
battalion is the main officer il sustaining in nature wi
charge of the unit havid@ | supprt  from canine
seltcontained specialist sga| partners as welle / She is
and rescue teams of9 4 alsoircharge of communit
personnel each includif awareness program

engineers, technician improve disaste
electricians, dog squads g preparedness, imparting
medical/paramedics. The tol training regardingd saving
strength of each battalion | method like medical first
1,149. responder, rope rescue
technicsCBRN response.

NDRF is a small forc
dedicated toward
disaster response acr(
the countryTheDIG's

at the HQs are requirg
to define and design th
strategy along wit
coordination amongg
the various units.

21



Background

DIG Ops is incharge
of the operationa
deployment along wit
strategyo be
implemented or
groundof the complete
16 battalions of the
force. DIG Prous in
charge of procuremel
of ams, ammunition,
vehicles, clothing,
equipment, furniture
andothermiscellaneou
stores. In addition tq
the provisioning of the
stores hi8ranch alsg
passes instructions a

lays down policie
regarding scale
transfer, allocatior
maintenance, dispog

and other allied matte
pertaining to store
from time to ime. All
issues  relating t
Rations are also th
responsibility of thg
Provisioning Branch.

-CO is the nodal point fo
almost everything inside t
battalionincluding interna
economy, efficiency ar
efficacy of the battalion.
-Prepare battalion fg
themission

-Provide vision and guidan
for organization

-Mentor,
Coach and train subordirat
such as Company
Commanders and Stg
Officers

-Maintain a high level ¢
operational Readiness with
the Battalion

-Provide  tough, realist
training

-Enforce NDRF Standards t
entire organization

-Maintain good order and hig
morale in their organization
-Develop subordinates fq
positions of increase
responsibility

-Leads the tactical inserti
and implementation of th
strategy  formulated t
respond to a particulal
disaster.

-Is incharge of activatio
and mobilization of the tea
at the first call an
establishment of ntident
CommandPost (ICP)at the
site.
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DIGs value scaled u
technologies which cg
be used acros
Battalions. Thel
interest is in reducin
the risks associated w

-Commandant  views th
technology from use
perspective withrespect to
securing the objectives of t

-His/her interests ardahe
sak and quick response

. . . .| the incident while
their teams deployed f( various missions bein simultaneous| tollowin
Collapsed  Structure| undertaken by his unill the y .
. : orders from the hierarch
. Search and Rescue| battalions have beeqguipped .
Attitudes and . above him/her.
(CSSR) Flood Water| and trained to respondo .
Interests -Interest lies at the cro
Rescue KWR), and| natural as well as mamade .
. . . section of speed an
CBRN operations| disasters:He isin-charge off . :
. . . innovation whether proces
Enhancing thg the tactical training an .
. | or product to improve
personnel performand equipment for response duri
: . . . .| response and create a se
while ensuring thei chemical, biologica . :
. . . . of calm at the distersite.
safety is thepriority | radiological and nucle
along with getting (CBRN) emergencies as we
superior ground levg
intelligence
Deployment of the -Views Technology as an ¢
technologies ought t andforce multiplier for his
: be scalable . o seltsustaininginit. Also,in
Behavior and . .| -Technology insertion is bas g . :
. maintenance, repair . . terms ofuser friendlines
Decision .| on user friendliness _—
. the focus, cost effectiv, . ... | and comfort igritical for
Triggers i supportability, and reliability .
easy to integrate, ug the team at thacticalevel.
modifiable ang Training is anotherspect
available. lookedat.
DIG (Ops) - Realtime
monitoring of Disaste - -Team Commander/ SA
_ situation and resolvin -€omdt./21C8 Smooth liaisor Team
Functional dynamic requiremen| and interfacing with State go T h ¢
Requirements | arising in  tean and district authoritie§DRF | ©c 0 aug

from
Technology
(Unmanned

Systems)

deployment and inte
agency coordination.
DIG (Prov)

understanding
equipmentitilization
and requiremesit

and local relief workers 1
share redime updates an
information for faste
response.

capacity during operatior|
perform in higkrisk
environments, elevate -0
ground intelligence o
respondegfor fager action.
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Need-Feature Mapping

a. Thepainpoints and operational scenarios for enhanced personnel performance were surface
via past disasters, focused group discussions and key interactions with relevant stakehold
(all tiers of the NDRF). Subseqienthe pairpoints and operational scenarios were
translated into technology functional requirements, which were utilised for scouting relevan
innovators.

b. The figure below maplse pairpoints and needs of end adopters with reléganhology
use cases.

Minimize loss of life in during

disaster rescue Long Range Reconnaissance

Minimize the Yulnerabilities

Real-time Intelligence Feed
of SAR team

Increased Spead and Omnidirectional Movement

Efficiency of Rescue

Payload Delivery
Improved range of SAR team
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PART C | TECHNOLOGY | FEATURES, CAPABILITIES AND STACKS

C.1Backgroundd The Need for Unmanned Systems

With advancemesin technologyadoptionand associated complexityeisks or operatiomsvolving higher
degrees aisk and precisionith relatively shorter execution tisystemsapable of performing operations
without the physical presence of a huaranproving to be the first choice. Better known as Unmanned
Systems, thesan either be remotely operatetiloypans or can be séifoilly autonomous.

I.  Need: A SystemPerspectiv&

1. Unmanned systems have significant advantages over manned Hystabsence ainyhuman
onboardmakeghese systemeeltsuited for monotonous and tedidrepetitive long hourkduties
as well aslangeroughostile, high rislgnd hazardouSBRN environmentsAdditionally, ipermits
the design to beptimzedfor very high performancenconstrained by physiological limitations,
especial |l y mdaneuvinghdhreé dimmenserss involves.t

2. The need for life support systemspecifically for aerial and underwater systml, as air
conditioning and personakygen systems, cockpit escape systems and transparent canopies is
obviated. The small size, modest weight, low Radar Cross Section (RCS), low acoustic signals «
high-altitudeenvelopes are other operational berafiig\V. Crash survivability features are far less
rigorous as they need to cater only to onboard systems and not to comparatively delicate humans.
fact, there is no need for a cockpit renderingitirame design more stealthy and agile.

3. All these eliminatefgatures offer &avourabldradeoff in terms of additional payload by way of
fuel/batteries, communications, cameras, sensors or weapons systems. The absence of a hun
onboard also means the design can look at protracted endurance as fatigue, rdsep and
requirementshort and longtermconsequences of sitting for too long in one posture, do not restrain
the duration of mission¥he cost factor is another persuasive argument in favommahned
gystemsas it is considerably lower than comparable maiteedatesAn operational benefit
accruing from the lower cost is that their loss can be riskeidcaoteuslyand hull losses accepted
more casually.

12Sachdev, AKThe need for Unmanned Aerial Vehicles fésghe/IAF37.3, Jubep 2022. 20 Oct
2022 http://www.indiandefencereview.com/news/theedfor-unmannegherialvehicledor-the-iaf/
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[I.  Need: A Mission Perspective

1. In situations of confrdation,conflict,and hostility unmanned systems have proven to be a force
multiplierby:
a. enhancing the retiine situational awarenesgpafrol troopon the bordeandemergency
firstresponderduring a disaster
b. supporting logtgal and food/medical aidequirements at inaccessible aaeasdisaster
struck zonesia payload drop
c. rescuing drowningictimsand locatingirowned bodies and propeutyderwater.

2. In allthe above situationsnmanned systems agperateand delivewith greater versatilitigster
turnaround timevhile expending lesser calsts resulting in greater efficieaoghigher operational
standards.

C.2 Unmanned SystentsAn Explainer

1. An Unmanned SystemUS) or Vehi cl e ( UV) -mechamicabsgstem,avithi n e
no human operator aboard, that is &ble to ex

2. UVs can be remote controlled (by a remote pilot) or can navigate autonomously pesed on
programmed plans or more complex dynamic automation systems. They include vehicles moving
the air (Unmanned Aerial Vehicle or Sy$tehA V UAS, commonly Kknown
ground (Unmanned Ground VehitlgGV), at the sea surface (Unmanned8eaehiclés USV)
or in the water column (Unmanned Underwater Vehitled/).

Unmanned
System/Vehicle
| usuv |
|
| | | |
Unmanned Aeridl Unmanned Ground Unmanned Surface Unmanned
Vehicle Vehicle Vehicle Underwater Vehicl
] UAV | L uev | L usv | L uuv |

[P
[

=
000

Figure 1Q Categorization of Unmanned Systems based on medium of operation

v

13Huang, HNational Institute of Standards and Technokgipnomy Levels for Unmanned(8y$teg®sFramework/olume I:
TerminologyVersion2.0. October 2008ttps://www.nist.gov/system/files/documents/el/isd/ks/NISTSP_101t2-0.pdf
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Unmanned Aerial VehicleUAV). UAVs, also called drones, are unmanned systems navigating in
the air, able to survey wide areas, and are able to reachdstiteaenvironments, too. They can be
remotely piloted or autonomously controlled. There exist different types of UAVs, depehding
specific purpose the UAV is designed for. UAVs can differ in size from the ceigmoétreso

tens of meters, in weight from tens of grams to thousands of kilograms, in operational altitude fron
tens of meters to thirgllometresand in rangom 100 m to D00 km.

a. Based on the application, UAVs can have different dé$fgtsrbased, Fixew/ing and
Hybrid VTOL (Vertical Tak®©ff and Landing)Multirotor UAVs are the most commonly
used due to its small sieasy control and higher stability. Fixed) options are preferred
for tasks requirinigpnger enduran@ndlow aural signatwse

b. UAV-related technology is continuously and rapidly evolving, and the number of applications
for UAVs is growingxponentially, and includes #teak monitoring, providing wireless
coverage, remote sensing, search and rescue, package delivery, security and surveillal
precision agriculture, and civil infrastructure inspection.

Unmanned Ground Vehicles (UGV}.UGVs are unmanned systems operating on the ground. They
are used for many applications including space exploration, environmentoggsisisg jndustrial
automatiorand search and rescue, and can have many different configurations, usuallytiefined by
task they must perform, as well as the environment in which they must operate. UGVs have bee
developed in different sizes (varying from 500 g to 25,000 kg) and configurations, typically linked t
the mission they were designed to carry out.

UGVs areggenerally equipped with a controller anbdaard sensors to observe the environment and
make decisions autonomously or send the inf
on-board sensors cannot see what is beyond obstacles around theim¢shafserknanned vehicle

can be impeded by their reliance ondfreght sensindenvironmental perception and level of
autonomy are the main characteristics being focused on with respect to current and future
technological developments fbrmanned Ground Vehicles.

Unmanned Surface Vehicles (USY) USVs are vessels operating on the surfacatef andan

be remotely operated or autonomous. USVs can be realized in many different forms, depending c
the specific application. They can wrawyeight from tens of kg to thousands of kg, with speeds that
can vary from 1 mf&0 m/s.USVs can operate in conditions that are dangerous and risky for human
safety. Moreover, this kind of vehicle is compact, and has low maintenance costs

Although USVs were initially used in typically naval applications, such as, for example, surveillan
and reconnaissance, nowadays they are also widely used in civil applicat®esyisoicmental
monitoring and assessmeatonomous shipping, searahd rescue, offshore surveying in the oil

and gas industries, seabed mapping, and inspection of structures above and below water

14 Balestrieri E, Daponte P, De Vito L, Lamona&@eRsors and Measurements for Unmanned Systems: An OSensen@021;
21(4):151&ittps://doi.org/10.3390/s21041518

15ibid
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8. Unmanned Underwater Vehicles (UUVY. UUVs operate under the surface of the water with
minimal or no human operator intervent UUVs can be of different types, varying in shape and
size, depth ratings, payload, navigational capabilities, and control. UUVs can differ in length from litt!
more than one meter to tens of meters, can operate at different depths varying fr6/00206 to

and at different speeds from about 0.5 to 4 m/s, with a weight of up to thousamsds of k

These vehicles can be ROVs, controlled by a remote operator, or Autonomous Underwater Vehicle
(AUVs), operating independently from direct humaut. AUVs are the most complex, having to

rely on autonomous functions in a difficult environment such as the aquatld\6agplications

include persistent surveillance,-suhmarine warfare, underwater construction and infrastructure
maintenance pport, oceanography, hydrography and mine countermeasures.

C.3Technology Stack

1. Unmanned systems are robotic machines that operate without human intervention or with limitec
human control. They can be used in various fields such as aglizuiture, mining, surveying, and
many more. The following are the key technological features and components of an unmanned syste

a.

SensorsSensors are critical components of unmanned systems that provide the machine witt
situational awareness. Sensansinclude camerasght Detection and RangifigDAR),

Radio Detection andranging RADAR), Global Positioning SysterHS, and other
specialized sensors that allow the unmanned system to detect obstacles, identify objects, a
measure environmentahditions.

Control systems: Control systems are tlierain® of an unmanned system. They are
responsible for processing sensor data, making decisions, and controlling the machine
movement. Control systems can range from simple microcontrollers tcatgghgoftware

that uses artificial intelligence and machine learning algorithms.

Communication systems:Communication systems are used to transmit data between the
unmanned system and the operator or other machines. Communication systems can us
variots technologies such as radio, satellite, and cellular networks.

Power systemsPower systems are the source of energy for unmanned systems. They can b
powered by batteries, fuel cells, or other energy sources, depending on the .application

Actuators: Actuators are the components that convert electrical or pneumatic signals into
mechanical motion. They can include motors, servos, and hydraulic or pneumatic cylinders.

16ibid
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f. Navigation systems: Navigation systems allow unmanned systems to detehaine
location and orientation. They can include GPS, inertial sensors, and other positioning
technologies.

g. Payloads:Payloads are the equipment or sensors that are carried by an unmanned systen
They can include cameras, sensors, weapons, or othkzresppegaipment.

2. Overall, unmanned systems are complex machines that require advanced technology to operate.
integrating these technological features and components, unmanned systems can perform a wide ra
of tasks with high efficiency gmecision.

3. The technology stack the nexpagehighlights theritical components of each element: Design,

Perception, Autonomy and Powéan Unmanned System operating across differeninnseir,
ground, water)
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Medium Water
Aerial (UAV) Ground (UGV)

Element Surface (USV) Underwater (UUV)

- Multi-Rotor ~Wheeled and | - Monohul -Open/Box Frame
: : - Twin-Hull
, - FixedWing Tracked -Torpedo shaped

Design : : Catamaran
- Hybrid VTOL | - Variable Small Waterplan
- FlappingWing | Geometry Area Twin Hull -Tethered/Untethered
Pasition,
Orientation and
Navigation:
Inertial Proprioceptive:
Measurement GNSS and INS | Position, Position, Orientation an
Unit (IMU), Orientation and | Navigationinertial
Global Exteroceptive: Navigation: Systems,dngBas
Navigation EO-IR & IMU, GNSS, LinéShort Base
SatelliteSystem | Ultrasonic Accelerometers,| LinéU ltra Short Base
(GNSS), sensors, LIDAR, | Gyroscopes, Tilt| LineAcoustic

Perception Accelerometers,| RADAR (GPR), | sensors transponders, Pressure

Gyroscopes, Tilt
sensors

Sensing and

ImagingRGB,
EO-IR/Thermal

Cameras, Multi
& Hyperspectral
Cameras,

LiDAR, RADAR
(SAR), CBRNE

Explosive/Gas
detectors,
LADAR
Rangefinders;
Stereo,
Monocular,
Omnidirectional,
Event Cameras

Sensing and

Imaging¥Visual
& ThermallR

Cameras,
SONAR,
LIDAR, RADAR

sensors for depth

Sensing and Imaging:
Optical Light sensor and
Cameradylultibeam
Echosounder and Side
Scan SONAR
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Medium Water
Aerial (UAV) Ground (UGV)
Element Surface (USV) Underwater (UUV)
- Computer
Vision on camer;
- Autonomous
feed Navigation: Geo - Sensor fusion for
- Waypoint Iocal?satioﬁ path| “Path Planning |\ snomous navigation
based navigatior Plannin ’ and obstacle and ocean ma i?\
via GPS g avoidance for | "~ | reckoni?mp g
- Artificial multi-vessel : 9
Autonomy . - Camera + , approach via Inertial
Intelligence over ] encounter via L .
. Sensors: Depth : navigation combined
on-board flight ; Velocity : :
perception, with urderwater acoustic
and sensor data Obstacle (VO) : :
obstacle : geophysical and optical
- Obstacle : algorithm O
. avoidance, 3D positioning systems
detection and
. maps
Collision
avoidance
- Gasoline -Battery powered
powered (LeadAcid, Li “Batttery Powereq Battery Powered (i
- Electric (Li-ion or Valve | . : :
Power Po) ion, LiPo, Nickel metal
Powered (-Po FuetCell Regulated Lead hvdrid
and Liion FuelCell & 1) oy ydride)
Battery (Hybrid)

batteries)
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4. Prioritization Matrix

The need for technological intervention is of utmost importance for successful implementatianred System®n the basis of the abev
mentioned neefitature mapping and technology stack, technological capabilities that have the capacitheéoneediesatd their relevance tg

enduser are mapped in the following matrix. The various layers of the matrix are:
a. Feature and its description
b. Technological capabilities and the specific layers that have the said features

c. Relevanctor the end adopter

# Capabilities
Relevance | Relevance for
Feature Description for Strategic | Operational
Autonomy, tier tier
endurance, long Payload Perception Form Factor
range delivery
connectivity
Long range
Unmanned connectivity and
systems provide gt\J/tEg%ln;y enable Payload will | Long range DG, 1G 0o DIG. CO &
Long Range thedeployed onerations: need to be | cameras can Early Bett;ar
1 | Reconnaissanceg force with the P ’ adjusted to | enablebetter understandin .

- autonomous o . ) planning of
capability of functioning can optimize informed of disaster deplovment
longrange enable 9 endurance | SAR impact ploy
surveillance

preprogrammed
flight paths

17Beyond Visual Line of Sight
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Unmanned d d Sensing
systems enable Endurance an payloads (day
formation of autonany enable camera
common better inputs: Set LiIDAR '
operating picture paths can act as SONAI,?) can
fopr the fc?rfe survey of disaster| Images helb obtain
deploved. This id struck areas obtained by situgtional DG, 1G 0o DIG, CO9d
Real time acﬁie\B//e d.b | endurance enablel day camerag awareness. 3 Live To understang
) . . 0 Dy on-the-go can povide . ' assessment ¢ troop and
intelligence increasing range ;. oot f he | terrain d q .
feed imaging identification of | the larger mapping amage and | equipment
capabilties that stranded victimst | deployment enabling a support coverage,
ol dper latforms | €7 provide with a birds rofoun% needed reinforcements
ma Igck abilit improved and eye view, ghan ein
to rﬁacmbnfine)é sustained natur% of
laces like intelligencand information
golla sed monitoringof an aboutrescue
b area .
structurs; operatios;
Depending on
the exact
Unmanned requirement, the
systems can be
unmanned
put through
. : Movements of the system can be
riskier terrains
and unmanned systen small (nano
environments as needs to be quick| drone) for DG. IG & DIG, CO 9
Agile they do not risk It s required to Payload will need to be maneuvering Enéurin Ensuring
M%vement Iife%f operator have sufficient ad>l/Jsted to ophize agility through safet ofg battalion and
This m:f entai.l freedom to changz ) 9 confined spaces erssénnel SAR team
colla se)(/j track to avoid shaped to cut P efficiency
struc?ures collisions in through choppy

flooded areas,
forest fires
amongst otheys

confined spaces;

waters (USV),
designed to
withstand
stronger wind
conditions
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Load Delivery

Most unmanned
systems are a
platform to carry
a payload: This
diversity can be
exploited by
using them to
drop relief
material, camera
for imaging etc

Longendurance can be coupled with payload
delivery for providing relief materials

DG, IG o
Assess
guantum and
type of relief
material
needed

DIG, COo
Decide
immediacy of
relief and
locations
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PART D | DEMONSTRATION | FIELOONDITIONS
D.1 Context and Approach

1. Everett Rogers in his seminal work Diffusion of Innovatistased that the perceived attributes of
innovation (characteristics of innovations, as perceived by individuals) play an important role i
determining the rate of adoption of innovation. According to Rogers, there are five important
attributes of innovatn, these include:

a. Relative AdvantageRefers to the degree to which an innovation is perceived as better than
the idea it supersedes. The numerous factors by way of which the degree of relative advanta
can be measure includeeconomic terms, socialeptige factors, convenience, and
satisfaction.

b. Compatibility: Refers to the degree to which an innovation is perceived as being consistent
with the existing values, past experiences, and needs of potential adopters.

c. Complexity: Refers to the degree to whian innovation is perceived as difficult to
understand and use. Some innovations are easy to understand and hence, easily adopt
Meanwhile, others may not be very straightforward, which slows the adoption process.

d. Trialability: Refers to the&legree to which an innovation may be experimented with on a
limited basis.

e. Observability: Refers to the degree to which the results of an innovation are visible to others.
The ease with which individuals are able to see the results of an innovaticechas@adt
on the probable likelihood of their adoption

The Rogers Curve

’ Relative Advantage

LA

— Diffusion of Innovation Curve
’ Compatibility >

14

Complexity

Early Early Late
Innovators  Adopters Majority Majority Laggards

Figure 11:Characteristics of Innovations and the Diffusion Curve, Everett Rogers, 1962

18Rogers, E. M. (1962). Diffusion of innovations. New York, Free Press of Glencoe.

35



2. Partnership. The AGNIi Mission has continued to strengtliisionglasting partnership with the
NDRF,thewor | dds single | argest force dedicated
to technologically advance, operationally transform and upgrade the NDRF rviamading
innovation. AGNIiMission has committed to the integration and absorption of the most novel
innovations in the realm of disaster response which will contribute to greater accuracy an
comprehensiveness in the assessment and delivery of disaster response. The tadtratigres w
the existing capabilities of the force by augmenting expertise in the realm of Situational Awarene:
Field Capabilities, Communications and Training of Force.

3. The Partnership between AGNIi Mission and NDRF is intended to identify and eclgagiedy
most relevant to the Forceds needs: I nf or mir
deci si ons, aligned t o t he Hondbl e Pri me M
Government 8ds Empower ed Tec h iooideotifjed anGevauated then i t
pain points that NDRF presently faces and converted them into technology stacks and capability ma
that could be implemented. Outreach activities, persistent partnership along with stakeholde
management with the help @& Nli Mission were also discussed with the senior leadership of NDRF.

4. Field Understanding The AGNIi Mission developdtldunderstandingiarepeatedonsultations
across NDRFOs st acnedspoiderse cosnnafdand toleatlerskipd®, 1G,
DIG). The Mission hagatheredhesefield requirementacross severakercisesver an extended
time periodThis has includd@edback fronfive support exercisesolvingAGNIi, such aduring
the Chamoli disastezsponsén Uttarakhandn 2021 AGNIi was called in to support the NDRF
with deploymenteady emerging technologies that could assist the responders in search and rescu
realtime. Surveillance drones, robots and other tledie®were used by troopers at Chamoli.-Nano
drones proved to be effective in localized surveillance within the Tapovan tunnel for identification of
bodies of deceased labourers from the 13MW Hydroelectric pow@&gitantaréheimages from
the Chamoli disaster rescue operation.
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Figure 12: AGNIMission assisted with the deployment of Nano drones by Indian innovators for indoor surveillance ir
Tapovan tunnduringhe NDRF Chamaieration

5. Technology Demonstration.The AGNIi Mission continues to work with NDRF personnel across
different tiers in understanding ppoints, operational scenarios and dewgdpchnology stacks
that can address the problems. ChJeh 2022, AGNIi hosted a virtual technology showcase with
NDRF where 20+ different technologies were showcased to the Strategic tier (DG, IG, DIGs) and
all Battalion Commanders virtually. Certain technologies from these were shortlisted for fielc
technology demonstrations that test the technology in diceisdugons.

- S |
"

ol = 1%
- PI[Io'\r HQ (Guest) - ﬁ ‘il"‘t

¥

e
=

Figure 13: NDRFAGNIi Virtual Technology Showdase022)
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6. Field Technology ShowcaseSubsequently, th@GNIi Mission in collaboration with NDRF
organised two Field Technology Showcases in February 2022 and May 202?92 Battiadiohl
Varanasi and thé Battalion, Pune respectively.

Figure 14: NDRF and AGNIi members poweredescue boat at Jadhavwadi Lake, Pun

7. The Field Technology Showcase finds its base in the Diffusion of Innovation theory, more commonly
known as the Roger s theadaption & new Alsadpmductstdbseot t h e o
happen simultaneously society butfollows a layered approach. This is because segments of
population have different characteristics that situate them in different categories, depending on whe
they adopt an innovationhe earliest adopters are Innovators, next being the Early Adopters who
are opinion leaders and embrace the opportunity for change and modernization. The Field Technolot
Showcase is situated between the Early Adopters and the Early Majority. The Earlgakdapters
as pioneers for the Early Majority. The AGNIi Mission intends to collaborate with these Early
Adopters and have Field Technology Showcases to establish the capabilities of emerging technolog
in solving real world problems. In the realm of tdisassponse, the National Disaster Response
Force is one such Early Adopter.

8. The perceived attributes of innovation are instrumentally important. This is because end adopters &
primarily disaster response forces and there exist inforastiometries with respect to btite
functionalitieand benefitef technology innovation. In this context, one of the key objectives of the
FTS is to exhibit ammbntextualizéhe above attributes of innovation both to the decision makers and
the end adaters.
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9. In the sectionghead adoption lever grids explain why and how each of these parameters were
showcased at the AGNIi Field Technology Showcases.

Figure 15: Team AGN&t the NDRISDRF Annual Conference, New(Bplili2022)

39



D.2 Surveillancand PayloatlAVsfor Disaster Response

1. Surveillancas well agayloadJAVs from different indigenous innovateeseshowcased and tested
extensivelin two fielddemonstrationwith thel1" BattalionVaranasand thes" Battalion Puneof
the NDRF,in Feb and May 2022, respectivélye showcases wemmnducted based on Trial
Scenarios, jointly conceptualized by the NDRF and AGNIi Mission.

Figure 16: Batterypowered Fully Autonomous Unmanned Helicopter with Day/Night Camera (40x Zoom)
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Figure 17: NDRF Officers viewing thetiead feed during flight, sharing feedback with innovators
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Figure 19:Payload drone with 15L water tank was tested for dynamic firefighting capabilities
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Figure 20: Fully autonomopayload drone (5kg capacity) with extended 2&kg®
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Figure 21: Manual flight of payload drone strapped with 4kg pageadrried oat test site, 5BN
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Figure 22: Preprogrammetlllyautonomous drone flight with elkgfonpayload was carried out figadhavwadi
dam to 5BN HQ, Sudumbre (applistance of 3km)
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Figure 23: Gasolinpowered helicopesigndAVwas demonstrated feide aerial video surveillance while the drone
executes pifed flight routds a fully autonomous manner
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2. The Trial Scenario for Surveillance Wixén by NDRF

0OThere was a major dam breach in Pune
isolated hilly patatelang héllpe victims may be located with thvhelp of

The ca® ordinaseof incident plare 18°48'28.33"N 73°43'41.16"E.

Approximate aedligtance is 04 Kms. Bhamchandra ExtensiodinBb®fCo

second incident atad®’46'5.18"N 73°45'39.85"E. (Helipad at 05 BN

NDRF, Aerial distance approxi mately 4.

, ) f»\\

2

447

Figure 24: (A) Drone Pilot with First Person View géByerseip view of the Nasmwone in flight
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3. Nanodronesfor CSSRRescuaveredemonstratetb the NDRFat thér 5" Battalion, Pune in May
2022with videofeed being streamed to NDRF officensarealtime basis

Figure 25: (A) DIG Training using the FPV go@i8)lé$AV passing through a collapsed structure
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4. Thesetrial scenariodeveloped by AGNivere used faallthe UAVdemonstrations to NDRF

Technology

Trial Scenarios and Directives for Evaluation

Drones for Situational
Awareness and Response

Payload Drojcapability
Surveillance (Outdoors +
Indoors)

Specialized Purposes
(Thermal, LIiDAR, Stringing
Tethered)

Payload Drone3
-UAV shall takeff from predecided coordinates and carry strap
sample package (food/water packet) to designated coordinates
5km from start point
-UAV to drop the package using winch or land and deliver pach
stranded victimat desired coordinates
Outdoor Surveillance
-For outdoor surveillance, UAV to relay-tiea¢ video feed to
CommanehndControl centralong with live telemetry data for
situational awareness and intelligence
-UAV to be capable of manual control as and when desired, ap
from regular flight in fully autonomous BVLOS manner
-UAV should be able to navigate to coordinates of interegy durir
flight, to simulate the exercise of locating survivors and crash s
Indoor Surveillano@
-Nanodrone to autonomously traverse entirety of the collapsed
structure to find areas of alert, trapped victims (if any), hidden
damages
-Live video feed toebdisplayed on FPV goggles to the officers in
board
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D.3 UnmannedlurfaceandUnmannedJnderwaterVehicle(Floodwater Rescue

1. Indigenously developed Remotely operated Rescue Lifebuoy was showcased and tested extensive
two fielddemonstrations with the "LBattalion Varanasi and thé' Battalion Pune of the NDRF,
in Feb and May 2022, respectively.

Figure 26: (A) DIG Ops, NDRF interacting with the innovators regarding design and operaifdiiymyf;the
(B) Range and buoyancy of the lifebuoy being assessed at the Ganges in Varanasi, UP
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