BUILDING A ROBUST RESEARCH AND DEVELOPMENT ECOSYSTEM FOR
MANUFACTURE OF SMART AMMUNITION FOR INDIAN ARMY

A Dissertation submitted to the Panjab University, Chandigarh for the award of degree of Master
of Arts (Public Administration and Public Policy), in partial fulfilment of the requirement for the

Advanced Professional Programme in Public Administration (2024-25)

under the guidance and supervision of

Prof. Suresh Misra

Submitted by

Brig (Dr) Biju Jacob, VSM

50" ADVANCED PROFESSIONAL PROGRAMME IN PUBLIC ADMINISTRATION

(2024-25)

INDIAN INSTITUTE OF PUBLIC ADMINISTRATION

NEW DELHI



CERTIFICATE

It is hereby declared that this dissertation is my original piece of work and to the best of my
knowledge and belief, it contains no material previously published or written by any other person.
I am aware of the University’s norms and regulations regarding plagiarism including the
disciplinary action that it may invite. Any use of the works by any other author, in any form, is

adequately acknowledged at their point of use or in the Bibliography.

G,

Date: 11March 2025 (Biju Jacob)
Place: New Delhi Brigadier

Roll No : 5008



CERTIFICATE

I have the pleasure to certify that Brig Biju Jacob, VSM, has pursued his research work and prepared the
present dissertation titled “Building a robust research and development ecosystem for manufacture of smart
ammunition for Indian Army”, under my guidance and supervision. The same is the result of research done
by him and to the best of my knowledge; no part of the same has been part of any monograph, dissertation or
book earlier. This is being submitted to the Panjab University, Chandigarh, for the purpose of Master of Arts
in Public Administration and Public Policy in partial fulfilment of the requirement for the Advanced
Professional Programme in Public Administration (APPPA) of Indian Institute of Public Administration
(ITPA), New Delhi.

I recommend that the dissertation of Brig Biju Jacob, VSM is worthy of consideration for the
award of Master of Arts degree of the Panjab University, Chandigarh.

Date:11 March 2025 (Prof. Suresh Misra)
Place: New Delhi Indian Institute of Public Administration,

New Delhi-110002



ACKNOWLEDGEMENT

I wish to express my heartfelt gratitude to Prof. Suresh Misra , my guide, for his invaluable
guidance and encouragement throughout the preparation of my dissertation. His advice to
approach the research objectively and analyse evidence-based data has been instrumental in
keeping me focused on the research objectives. Moreover, his boundless energy and enthusiasm

have greatly enhanced the quality of the research presented.

I am grateful to the Director General Shri Surendra Nath Tripathi, IAS (Retd.) for his steadfast
guidance and leadership in ensuring we transform into effective ‘Karmayogis’ by the end of this
programme. I thank the Program Director, Prof Neetu Jain and Programme Co-Director, Dr. Saket
Bihari, for their unwavering support throughout the course. Additionally, I wish to express my
gratitude to the Indian Institute of Public Administration (IIPA) for providing me with the
opportunity to select a topic that holds great significance to me and is in a field I have always

found fulfilling.

I also wish to acknowledge the contribution of Shri HC Yadav, Librarian, and the staff of the [IPA
Library for their valuable assistance in promptly making reference materials available to me.
During the course of my research, I had the privilege of interacting with numerous subject matter
experts, start-ups, climate policy experts from government, non-profit and private sectors and peers
who generously shared their experiences and insights, greatly aiding my research. I am highly
indebted to all of them. I want to express my gratitude to the three pillars of the APPPA office,
Shri. Anil Sharma, Shri. Manish Rawat, and Shri. Rajesh, for their consistent help and support.

G,

Date: 11March 2025 (Biju Jacob)
Place: New Delhi Brigadier

Roll No : 5008



BUILDING A ROBUST RESEARCH AND
DEVELOPMENT ECOSYSTEM FOR
MANUFACTURE OF SMART
AMMUNITION FOR INDIAN ARMY

Brig (Dr) Biju Jacob, VSM

APPPA-50
Roll No- 5008

Guide: Prof. Suresh Misra



TABLE OF CONTENTS

Chapter Topic Page No
List of Tables vi
List of Figures vii
Abstract viii

Chapter 1: | Introduction 1-14
1.1 Introduction 1
1.2 Statement of the Problem 4
1.3 Rational and Justification 4
1.4 Purpose or Objectives 5
1.5 Research Questions 6
1.6 Hypotheses 6
1.7 Scope 7
1.8 Limitations and Delimitations 7
1.9 Research Methodology 7
1.10 Chapterisation Scheme 8
1.11 Research Design and Structure 8

1.11.1 Qualitative Methods 9

1.11.2 Quantitative Methods 10
1.12 Literature Review 11

1.12.1.Policy Initiatives and Structural Challenges 1

in India’s Defence Sector

1.12.2.Role of R&D and Innovation in Achieving 12

Self-Reliance

1.12.3.International Collaboration and Lessons for 12

India

1.12.4. Strategic Framework for Building a Self- 13

Reliant R&D

Chapter 2: Evolution and Significance of Smart Ammunition 15-38
2.1.Importance of defence sector in national security 15
and sovereignty
2.2.Role of Ammunition Manufacturing in Military 16

Preparedness

2.3.Evolution of Smart Ammunition: From 17
Conventional to Precision-Guided Munitions

2.4.Global Trends in Smart Ammunition R&D and 19
India’s Position

2.5 Significance of Smart Ammunition 20




2.5.1 Definition and Characteristics of Smart

Ammunition 20
2.5.2 Key Technologies: Al Integration, GPS 21
Guidance, Multi-Sensor Systems, Programmable
Fuses
2.5.3 Advantages Over Conventional Ammunition: 22
Precision, Efficiency, and Strategic Superiority
2.6 India’s Current Dependence on Foreign Technology 24
2.7 Vulnerabilities and Strategic Risks of Import 26
Dependency
2.8 Need for Indigenous Smart Ammunition 27
Manufacturing
2.9 Role of R&D in Smart Ammunition Manufacturing 28
2.9.1 R&D ecosystem and its importance in 28
Defence Innovation
2.9.2 Global Examples of Successful Defence 29
R&D Ecosystems: DARPA in USA and Talpiot
Program in Israel
2.9.3 Role of DRDO, DPSUs, Private Sector, and 31
Academia in India’s Defence R&D
2.10 Key Challenges in Building an Indigenous Smart 33
Ammunition Ecosystem
2.11 Policy Initiatives and Government Efforts 36
Understanding Smart Ammunition: A Game
Chapter 3: Changer in Modern Warfare 39-63
3.1 Evolution of Smart Ammunition in Modern 39
Warfare
3.2 Definition and Characteristics of Smart 40
Ammunition
3.3 Advantages of Smart Ammunition in Warfare 41
3.4 Evolution of Conventional Ammunition to Smart 43
Ammunition
3.4.1 Evolutionary Milestones in Smart 44
Ammunition Development
3.4.2 Global Dependence on Smart Ammunition 45
and India's Challenge
3.5 Key Technological Advancements Leading to 47
Development of Smart Ammunition
3.6 Importance of Smart Ammunition for Indian Army 50
3.7 Global Landscape of Smart Ammunition 52

Development




iv

3.8 Current State of Ammunition Manufacturing in 55
India
3.9 Role of Defence Research and Development 58
Organization (DRDO), Ordnance Factories, and Private
Sector Players
3.10 Need for a Robust Research and Development 60
Ecosystem for Smart Ammunition
Global Perspectives on Smart Ammunition: Trends
Chapter 4: | ;14 Case Studies 64-70
4.1 Overview of Global R&D in Smart Ammunition 64
4.2 Technological Advances in Developed Nations 64
4.3 Case Studies of Successful R&D Ecosystems 65
4.4 Comparative Analysis 66
4.5 Comparative Metrics of R&D Investments 67
4.6 Success Factors from Global Case Studies 68
Indigenous Smart Ammunition R&D in India:
Chapter 5: Challenges and Opportunities 71-80
5.1 Current State of R&D in India 71
5.2 Technological Capabilities and Gaps 72
5.3 External Dependencies and Their Impacts 73
5.4 Challenges Faced 74
5.5 Policy Constraints and Resource Limitations 75
5.6 Technological and Infrastructural Challenges 76
5.7 Opportunities for Growth 77
5.8 Potential Areas for Development 78
5.9 Emerging Technologies (Al, Machine Learning) 79
Strategic Solutions for Strengthening Indigenous
Chapter 6: | pen Capabilities 81-88
6.1 Analysis of Current Policies 81
6.2 Review of Existing Policies 82
6.3 SWOT Analysis 83
6.4 Proposed Strategic Solutions 84
6.5 Enhancing Public-Private Partnerships 85
6.6 Infrastructural and Human Resource Development 86
Chapter 7: Policy Recommendations for A Robust R&D 89-105
Ecosystem
7.1 Key Policy Interventions 89




Vv

7.2 Recommendations for Policy Enhancements 90
7.3 Role of Government and Regulatory Frameworks 91
7.4 Building a Sustainable R&D Ecosystem 92
7.5 Long-term Strategic Planning 93
7.6 Leveraging Technology and Innovation 95
7.7 Discussion 96
7.8 Conclusion and Future Work 103
References 106-133-
Appendices 134-135




Vi

LIST OF TABLES

Table 1. Summary of Key Features in Global Smart Ammunitions
Table 2. External Dependencies in Indian Smart Ammunition R&D

Table 3. Proposed Policy Changes and Expected Outcomes

66
74
96



Vii

LIST OF FIGURES

Figure 1. Bar Diagram of Investment vs. Output in Selected Countries
Figure 2. Pie Chart of Resource Allocation in Indian Defence R&D
Figure 3. SWOT Analysis of the Indian Smart Ammunition Sector

Figure 4. Framework for Strategic Development in R&D

70
77
84
88



viii

ABSTRACT

This work explores the multifaceted challenges and opportunities within India's defence
sector, specifically focusing on the enhancement of its R&D capabilities in smart
ammunition. Amidst escalating regional conflicts and advancing global military
technologies, the necessity for India to cultivate a self-reliant defence mechanism has
become increasingly paramount. This study delves into the current state of India’s
defence R&D, analysing the existing policies, infrastructural capacities, and human
resource dynamics that shape its defence technological advancements. The research
employs a comprehensive mixed-methods approach, integrating both qualitative and
quantitative analyses to assess the effectiveness of existing defence R&D frameworks
and to identify the critical gaps that hinder India's path to achieving technological
autonomy in defence capabilities. Through an extensive review of contemporary
literature and semi-structured interviews with key stakeholders including defence
policymakers, industry experts, and academic leaders, the study provides a deep insight
into the operational and strategic dimensions of India’s defence R&D. Findings from
this dissertation highlight significant challenges such as bureaucratic inertia,
underutilization of resources, and dependency on foreign technology which collectively
impede the pace of innovation within the defence sector. Conversely, the study
identifies strategic opportunities for growth, including enhancing public-private
partnerships, leveraging cutting-edge technologies like Al and robotics, and fostering a
culture of innovation. Based on the findings, this research proposes a series of strategic
interventions aimed at overcoming the identified barriers. Recommendations include
streamlining procurement processes, investing in state-of-the-art R&D infrastructure,
and implementing policies that nurture talent and foster innovation. Furthermore, the
dissertation emphasizes the importance of establishing a collaborative ecosystem that
integrates the strengths of various stakeholders to enhance the scalability and
sustainability of defence technologies. Conclusively, this dissertation outlines a
strategic roadmap for India to bolster its defence R&D capabilities, ensuring not only
the advancement of smart ammunition technologies but also fostering a broader
technological ecosystem that can sustain and enhance national security. The
recommendations provided herein aim to guide policymakers, industry leaders, and
academic scholars in collaboratively developing a resilient and innovative defence

sector.
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CHAPTER 1:
INTRODUCTION

“Most of the weapons today are electronic-based systems, which can reveal sensitive
information to the adversaries. As imported equipment has certain limitations, we need
to go beyond the horizon and achieve self-reliance in niche technologies. Latest
weapons are as important as the bravery of our soldiers. If India wishes to become a
global military power, there is no other option than being self-reliant in defence
manufacturing,”

Rajnath Singh, 2023

1.1 Introduction

The defence sector plays a crucial role in safeguarding the sovereignty of a
nation, its territorial integrity, and economic interests (Ahmed et al.). Ammunition
manufacturing is an important cornerstone of military preparedness and operational
effectiveness (Behera et al., 2016). In the contemporary world scenario, the capacity to
design, develop, and produce smart ammunition has become a key factor for any nation
to maintain its strategic military advantage (Mishra et al., 2024). While most developed
nations around the world, such as the US, Israel, and Japan, invest huge amounts of
funding in developing cutting-edge technologies, the countries in the developing world
face challenges in attaining self-reliance and decreasing their dependence on foreign
suppliers due to a lack of indigenous capability (Gopal et al., 2021). The twenty-first-
century India is a country with growing global aspirations and a complex security
environment. Therefore, attaining self-sufficiency in ammunition production is a
pressing national objective for India (Patil et al., 2021). One of the essential elements
for driving self-sufficiency in advanced manufacturing technology is a strong Research
and Development (R&D) (Narayanan et al., 2010). R&D ecosystem refers to the
network of organisations, infrastructure, policies, and collaborative frameworks that
stimulate innovation, facilitate technological development, and apply advanced
scientific concepts to address industrial challenges (Jagota & Sharma, 2022). A robust
and vibrant R&D ecosystem plays a crucial role in the long-term viability and flexibility
of the defence industry; therefore, India must emphasise the development of a strong

R&D ecosystem to efficiently meet the requirements of contemporary warfare, which
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is highly dependent on advanced technology that can be utilised for various operational

situations (Mowery et al., 2012).

Since independence, India’s manufacturing capabilities in the defence sector
have depended on imports for advanced weapons and specialised ammunition (Das et
al., 2019). According to the Global Firepower Ranking 2024, India is the fourth most
powerful military in the world after the US, Russia, and China (Global Firepower
Ranking 2024). India is the world’s fourth-largest defence spender after the US, China,
and Russia (Pandit et al., 2024). Despite this, India’s defence primarily relies on
imports, especially advanced systems that are not manufactured domestically (Behera
et al., 2024). This not only exposes India’s vulnerabilities in its defence preparedness
but also restricts the nation’s capacity to develop and deploy crucial military technology
(Ahmed et al.). In times of geopolitical instability, these dependencies transform into
strategic vulnerabilities, further jeopardising India’s capacity to address security
challenges in a complex security environment (Narayanan et al., 2022). In recent years,
the Indian government has taken substantial steps to decrease its dependence on foreign
military imports through initiatives such as ‘Make in India’, developing defence
corridors such as the Uttar Pradesh Defence Industrial Corridor (UPDIC) and Tamil
Nadu Defence Industrial Corridor (TNDIC), which boost defence manufacturing
through single-window approvals, connectivity with airports and highways,
uninterrupted electricity supplies, and backend capital subsidies (DefConnect 2024;
Ibef, 2024). Nevertheless, the primary focus has mostly been on traditional weapons,
and relatively less emphasis is placed on niche technologies or smart ammunition, an
area that is becoming extremely significant in contemporary conflict (Jaishankar &
Sirkar, 2024). Smart ammunition comprises specialised munitions tailored for greater
accuracy, control, and efficiency in warfare. It includes sophisticated technologies such
as precision-guided systems using GPS and laser guidance, multi-sensor systems,
autonomous targeting capabilities, and programmable fuses to explode at precise points
(Patil et al., 2023). Smart ammunition can adapt to diverse battlefield conditions as it
can target specific locations and simultaneously adjust its trajectory mid-air to correct
its course, ensuring maximum impact with minimal losses (Israel et al., 2024). India’s
lack of indigenous capacity in this aspect renders it vulnerable to many hazards as it

constrains the operational adaptability of the military (Narayanan et al., 2022). India’s
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reliance on defence imports places it at a disadvantage in comparison to global leaders
in military technology (Mowery et al., 2012). This is the reason a robust R&D
ecosystem is crucial for any nation to achieve indigenous R&D in smart ammunition

for the Indian Army (Ghosh et al., 2015).

In the context of smart ammunition manufacturing, R&D plays a significant role
at several phases of the production process, from the design and development of
advanced munitions, manufacturing, and final assessments of finished products to
ensure battlefield readiness (Jagota & Sharma, 2022). For rapid technological
advancements, a well-coordinated research and development infrastructure is essential,
and for this, a holistic strategy is necessary, involving the government, academic
institutions, private industries, and international partners (Koli et al., 2024). In India,
the Defence Research and Development Organisation (DRDO) has been instrumental
in driving defence innovation in India, but its activities have frequently been affected
by limited resources, bureaucratic inefficiencies, and lack of collaboration with the
private sector (Gopalaswami & Reddy, 2013). Therefore, a more decentralised and
collaborative R&D framework is needed to effectively utilise the strengths of all
stakeholders involved in the defence ecosystem (Modi & Singh, 2021). For instance,
the US has an efficient R&D ecosystem in defence through agencies such as the
Defence Advanced Research Projects Agency (DARPA) and Defence Innovation Unit
(DIU), which facilitate cooperation among all key stakeholders (Molling & Schutz,
2021). Israel’s Talpiot Program is another example of a system that has effectively
fostered a skilled workforce proficient in the development of advanced military
technologies (Israel et al., 2024). Although the significance of robust R&D is evident,
the process of attaining it is filled with challenges. First, there is an insufficient
allocation of funds and investment in R&D. Despite India’s increasing defence budget,
a relatively small proportion is dedicated to R&D, lagging behind major global powers
(Behera et al., 2016). Second, the lack of efficient public-private cooperation hinders
the pace of technological advancement (Gopal et al., 2021). Third, bureaucratic and
regulatory challenges also impede innovation (Patil et al., 2022). Therefore, by
implementing appropriate regulatory frameworks, increasing investment in R&D, and
fostering greater collaboration, India can develop a self-reliant defence ecosystem,

ensuring long-term security and technological superiority (Markowski et al., 1997).



1.2 Statement of the Problem

Despite the advancement in ammunition technology various nations’ defence
sectors are still dependent on external sources for the supply for advanced munitions,
especially with respect to smart ammunition. This dependence has implications for
national security, economic stability and the overall readiness of the armed forces
especially in case of conflict and geopolitical tensions. A self-reliant military with a
strong R&D serves as a backbone of a sovereign nation especially since recent
technologies have brought a paradigm shift in the nature and scope of warfare. The
Defence Research and Development Organisation (DRDO) is the R&D Wing of the
Ministry of Defence of India and its objective is to promote Indian industries with
DRDO developed technologies so that they can become globally competitive. It
addresses matters related to transfer of technology. issuing of licences, access of DRDO
test facilities to industries, technology acquisition and exports of military products.
Although India is trying to indigenise its defence industry through initiatives such as
‘Make in India’, ‘Atmanirbhar Bharat’, SRIJAN Portal, Technology Development
Fund, and working on various programs such as precision-guided munitions for artillery
systems and air-dropped bombs or the induction of Smart Anti-Airfield Weapon
(SAAW), yet its current Research and Development remains underdeveloped and
fragmented. This gap inhibits India to fully explore its potential and manufacturing
capabilities in smart ammunition. The contemporary world scenario is characterised by
regional conflicts such as the Russia-Ukraine conflict, Israel-Gaza conflict, and turmoil
in South Asia. Therefore, it is extremely critical that India works on its R&D which
will strengthen its defence and ensure political, economic and social stability in India

as well as the region.

1.3 Rational and Justification

This dissertation addresses a critical necessity for India’s defence industry. In
the modern world scenario, the defence sectors across the world are increasingly
focusing on technology driven ammunition systems such as precision-guided munitions
etc. As stated already, India is dependent on foreign suppliers for defence requirements,
therefore to ensure its national security and promote technological independence, it is
pertinent for India to develop a self -sufficient R&D ecosystem which is primarily

focused on niche technology such as smart ammunition. This study will provide a
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comprehensive framework for India’s defence sector to achieve self-reliance by

analysing existing challenges.

The rationale and justification for this work on building a robust research and
development ecosystem for the manufacture of smart ammunition for the Indian Army
stem from both strategic imperatives and economic considerations. As regional tensions
and global security challenges evolve, India’s dependency on foreign arms and
technology has become a critical vulnerability in its national security architecture. This
dependency limits operational readiness and strategic autonomy, particularly evident in
times of geopolitical crises where supply chain disruptions can have immediate and
severe impacts. The justification for focusing on smart ammunition is underscored by
the shifting paradigms in modern warfare, which increasingly rely on precision,
intelligence, and network-centric operations. Smart ammunition, integrating advanced
targeting technologies and real-time data analytics, represents a critical area where self-
sufficiency can significantly enhance battlefield effectiveness and reduce collateral
damage, aligning with international humanitarian law and ethical warfare practices.
Furthermore, the economic rationale for enhancing India’s indigenous R&D
capabilities in defence technology is compelling. Developing a domestic defence
industry around smart ammunition can stimulate high-tech manufacturing, create
skilled jobs, and reduce the substantial financial outflows associated with importing
sophisticated weaponry. Moreover, a strong defence R&D ecosystem can spur
innovations that have dual-use applications in civilian sectors, thereby driving broader
technological advancement and economic growth. The strategic and economic
imperatives are matched by policy momentum, as evidenced by the Indian
government's recent initiatives such as ‘Atmanirbhar Bharat’ (Self-reliant India) and
increased allocation for defence R&D in national budgets. These initiatives not only
provide a conducive policy environment but also demonstrate a clear commitment to

fostering an innovative defence industrial base.

1.4 Purpose or Objectives
° To analyse the R&D ecosystems throughout the world and assess

successful case studies of smart ammunition development.
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° To examine the current state of indigenous smart ammunition and
identify critical challenges that hamper India’s current R&D system for smart
ammunition manufacturing such as policy constraints, resource limitations,
technological gaps etc.

° To explore and identify external dependencies and challenges that
impact development of indigenous smart ammunition.

° To recommend strategic solutions for enhancing India’s R&D
ecosystem in smart ammunitions.

° To formulate policy recommendations for a robust and sustainable smart

ammunition R&D ecosystem

Research Questions

e What are the successful case studies around the world in the development of
smart ammunition and how can they be replicated in India?

e What is the existing status of indigenous smart ammunition R&D and what are
the chief obstacles currently putting fetters on India’s road to self-reliance in the
same?

e What are the key components required for building an effective smart
ammunition R&D ecosystem in India and how do external dependencies such as
technology transfers, collaborations etc. affect it?

e How can India strengthen its R&D capabilities in smart ammunition and what
role does infrastructure, human resources and collaborations play in this?

e What policy frameworks and strategic solutions are significant for a robust and

sustainable R&D smart ammunition ecosystem in India?

1.6 Hypotheses

® A robust R&D ecosystem for smart ammunition manufacturing in India will
significantly reduce India’s dependence on foreign suppliers for defence supplies
in niche technologies.

e The key driver for a self-reliant and robust R&D sector is an efficacious

collaboration between the government, industry and academia.



1.7 Scope

The scope of this research is to explore and propose a framework for developing
an advanced and self-reliant smart ammunition R&D ecosystem in India’s defence
sector. It would primarily incorporate a comprehensive analysis of India’s existing
capabilities, gaps and challenges in smart ammunition manufacturing, detailed case
studies of successful defence R&D ecosystems around the world, development of
strategic framework with a focus on policy intervention, public-private partnerships and

significance of investment in R&D.

1.8 Limitations and Delimitations

Despite the broad scope of the research there are certain limitations that might
affect the comprehensiveness of the analysis. First is the access to the classified or the
restricted data as the information in the defence sector is extremely sensitive. Second,
is the access to data availability and transparency across countries about their defence
ecosystems. Lastly, since this research will also include semi-structured interviews of
key stakeholders, therefore the subjective response can potentially influence the
findings as well. In order to circumvent these limitations, this research will be focused
specifically on smart ammunition rather than the broad manufacturing sector. While
Global best practices on R&D ecosystem will be examined but the primary focus of the
study is on India as a result the recommendations and conclusion will be tailored to
India’s geopolitical and industrial context. The research is limited to the significance of
R&D for advanced ammunition technologies for the Indian Army. Finally, this research
will not delve into the technical aspects of ammunition manufacturing rather the

institutional, financial and collaborative frameworks necessary to bolster R&D.

1.9 Research Methodology

The study employed a mixed-method approach, combining both quantitative
and qualitative research techniques to ensure a comprehensive understanding of the
development of smart ammunition within India’s defence sector (Ahmed et al.). This
dual-method framework allowed for an in-depth exploration of complex research
questions by integrating diverse data sources and perspectives, thereby enhancing the

robustness and validity of the findings (Ghosh et al., 2015; Modi & Singh, 2021).
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The qualitative research methods formed a core component of this study,
involving an extensive analysis of textual data, including policy documents, strategic
defence reviews, and expert interviews (Narayanan, 2022; Behera, 2016). This
approach was crucial for understanding the nuanced policy environments, strategic
priorities, and organizational behaviors that shaped India’s defence R&D ecosystem
(Mowery, 2012; Israel, 2024). The qualitative analysis was complemented by
quantitative methods, which included statistical analysis of relevant defence production
and expenditure data (Ibef, 2024; Reddy, 2021). This quantitative dimension enabled
the measurement of relationships between variables and the quantification of patterns
observed in the data, providing empirical evidence to support the qualitative findings
(Markowski et al., 1997; Jagota & Sharma, 2022). To synthesize insights from these
methods, the research incorporated comparative case studies of successful global R&D
practices, alongside content analysis of secondary data sources such as industry reports
and academic publications (Das, 2019; Molling & Schutz, 2021). This integrated
approach facilitated the identification of best practices and lessons that could be adapted
to enhance India’s indigenous capabilities in smart ammunition manufacturing (Patil,

2021; Rastogi, 2023).

1.10 Chapterisation Scheme

Chapter 1 | Introduction.

Chapter 2 | Evolution of smart ammunition

Chapter 3 | Understanding Smart Ammunition: A game changer in Modern
Warfare

Chapter 4 | Global Perspectives on Smart Ammunitions: Trends and Case Studies

Chapter 5 | Indigenous Smart Ammunition R&D in India: Challenges and
Opportunities

Chapter 6 | Strategic Solutions for strengthening Indigenous R&D Capabilities

Chapter 7 | Policy Recommendations for a Robust R&D Ecosystem

1.11  Research Design and Structure
The research was structured into five chapters. The first chapter introduced the
study, outlining the research problem, its rationale, and the strategic significance of

robust R&D for manufacturing smart ammunition for the Indian Army (Gopal et al.,
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2021). The second chapter critically examined current global practices and case studies
of successful smart ammunition programs with strong R&D ecosystems using a
comparative case study approach (Mishra et al., 2024). This involved analysing
secondary data such as industry reports and defence publications (Narayanan et al.,
2010). The third chapter reviewed the current state of smart ammunition R&D in India,
including its technological capabilities and external dependencies (Behera, 2024;
DefConnect, 2024). A descriptive study, using both primary and secondary data, was
conducted to map the existing landscape of India’s smart ammunition R&D ecosystem
(Research & Development in Defence Manufacturing, 2022). The fourth chapter
developed strategic solutions to progress towards a self-reliant India, employing policy
analysis and a SWOT analysis to identify optimal approaches to enhance India’s smart
ammunition R&D capabilities (Ahmed et al.). The final chapter incorporated policy
analysis to extract lessons from global R&D ecosystems and proposed policy
recommendations for strengthening India’s indigenous smart ammunition R&D
framework (Behera et al., 2016). Applying Innovation Systems Theory, the study
summarized key findings and provided strategic recommendations for building a

sustainable R&D ecosystem in ammunition manufacturing (Koli et al., 2024).

1.11.1 Qualitative Methods

The qualitative methods used in this research encompassed a systematic
collection and analysis of non-numeric data to understand the complexities of India's
smart ammunition R&D ecosystem (Jaishankar & Sirkar, 2024). This study captured a
diverse range of perspectives from various stakeholders involved in defence R&D,
including policymakers, military personnel, industry experts, and academic researchers
(Gopalaswami & Reddy, 2013). The primary qualitative data collection techniques
included semi-structured interviews, document analysis, and participant observation
(Narayanan et al., 2010). Semi-structured interviews were conducted with key
stakeholders to explore their experiences, motivations, and opinions on India's defence
technologies (Jagota & Sharma, 2022). The open-ended nature of these interviews
allowed respondents the flexibility to express their thoughts in detail, providing rich
insights into the strategic and operational challenges faced by the sector (Mishra et al.,
2024). These interviews helped to contextualize the data collected through other

sources (Ahmed et al.). In addition to interviews, a comprehensive document analysis



10

was performed. This included reviewing policy documents, defence contracts, project
reports, and strategic plans published by institutions such as the DRDO and the Ministry
of Defence (Reddy, 2021). This analysis helped in identifying policy trajectories,
regulatory frameworks, and institutional strategies shaping the development of smart
ammunition in India (Mowery et al., 2012). Furthermore, participant observation at
defence expos, seminars, and workshops provided real-time insights into the defence
sector’s dynamics (Ghosh, 2015). Observations at these events facilitated a deeper
understanding of the practical challenges involved in implementing R&D initiatives
and the collaborative processes in defence technology development and transfer

(Behera, 2016).

1.11.2 Quantitative Methods

Quantitative methods were utilized to systematically measure and analyse data
related to India's defence production and R&D expenditure, providing empirical
evidence to support and quantify insights gained from qualitative research (Patil, 2021).
This involved statistical analysis of datasets obtained from government publications,
defence industry reports, and international defence databases (Behera, 2024). The
quantitative analysis played a critical role in identifying trends, making comparisons,
and evaluating the effectiveness of India’s policies and initiatives in smart ammunition
R&D (Narayanan, 2022). Statistical techniques such as regression analysis, time series
analysis, and variance analysis were employed to examine the relationship between
R&D investment and outcomes such as technological advancement, production
efficiency, and international competitiveness (Mishra et al., 2024). Additionally, the
study assessed the impact of specific government initiatives such as 'Make in India' on
domestic defence manufacturing capabilities (Ibef, 2024). This was achieved by
analysing pre- and post-initiative production data and R&D investment levels
(DefConnect, 2024). The integration of quantitative data with qualitative findings
allowed for a more nuanced interpretation of the effects of strategic decisions and policy
changes on India’s ability to develop and produce smart ammunition (Rastogi, 2023).
This mixed-method approach ensured that the conclusions drawn from the study were
well-founded and robust, providing a reliable basis for recommending future directions

in policy and strategy (Molling & Schutz, 2021).
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1.12 Literature Review

This literature review examines various sources to address key themes
pertaining to India’s quest to build a self-reliant defence R&D ecosystem, which
primarily focuses on niche technologies such as smart ammunition (Ahmed et al.). This
review is structured into major themes, including policy initiatives, challenges to the
R&D ecosystem, international partnerships, and strategic frameworks for fostering

innovation (Behera, 2016; Jagota & Sharma, 2022).

1.12.1 Policy Initiatives and Structural Challenges in India’s Defence Sector
Multiple scholars and government reports have emphasized the need for
implementing policy changes to boost indigenous defence production in India (Behera,
2024; Ahmed et al.). Initiatives such as ‘Make in India’ and ‘Atmanirbhar Bharat” have
been repeatedly analysed in the literature (Modi & Singh, 2021; Patil, 2022). However,
persistent challenges remain in implementing these policies, particularly in
sophisticated defence technologies (Ibef, 2024; Reddy, 2021). Behera (2018) in his
work Defence Industry: Issues and Prospects, provides a comprehensive overview of
India’s defence sector, highlighting the role of programs like ‘Make in India’ in
promoting domestic manufacturing (Chander, n.d.). He notes that, while India has
progressed in promoting defence manufacturing, the focus remains on assembly and
production rather than achieving complete self-sufficiency in cutting-edge technologies
(Gopal, 2021; Behera, 2024). Similarly, Ahmed (2019) emphasizes the significance of
defence corridors and procurement reforms in promoting indigenous manufacturing
(Patil, 2021). He observes that current efforts mostly concentrate on traditional weapons
rather than niche technologies necessary for contemporary warfare (Rastogi, 2023;
R&D Infrastructure, n.d.). The Ministry of Defence’s TCPS 13 report (2019) provides
a comprehensive analysis of India’s defence procurement system, promoting domestic
manufacturing but falling short of an integrated strategy for bolstering innovation in
niche technologies (Technology Perspective and Capability Roadmap, 2013). Gopal
(2021) underscores the importance of a robust ER&D ecosystem to expedite
technological advancements and reduce India’s dependence on foreign imports
(Narayanan, 2022). Despite momentum gained by government initiatives, substantial
investment in scientific and technical education remains necessary (Jaishankar &

Sirkar, 2024).
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1.12.2 Role of R&D and Innovation in Achieving Self-Reliance

The second theme centers on the role of R&D in promoting innovation. India’s
R&D in the defence sector is largely seen as underdeveloped, especially in its capacity
to innovate in niche technologies (Behera, 2016; Jagota & Sharma, 2022). Behera
(2018) underscores the inadequacy of India’s current R&D ecosystem with respect to
technological innovation (Modi & Singh, 2021). He points out that while organizations
like DRDO have made significant contributions, these efforts are hampered by
bureaucratic hurdles, inadequate funding, and limited cooperation between government
and private sector (Narayanan et al., 2010). Along similar lines, Gopalaswami & Reddy
(2013) analyse the role of DRDO in promoting self-reliance and stress the need for
better policy frameworks and increased funding allocation to promote R&D (Patil,
2021; DefConnect, 2024). The DRDO monograph titled, Endeavours in Self-Reliance
(2018) outlines DRDO’s achievements in developing indigenous defence technologies,
such as missile systems and aerospace technologies (Reddy, 2021). However, it does
not adequately address critical gaps in niche technology advancement or methods for

efficient collaboration with the private sector (Koli et al., 2024).

In the ‘Impact of Foreign Direct Investment on Indian Defence Industry,” Yadav
& Sharma (2019) discuss the role of FDI in bringing advanced technology to India, but
they contend that FDI alone will not foster innovation unless there is a robust R&D
ecosystem (Markowski et al., 1997). Similarly, Narayanan (2019) highlights the
cooperation between public and private sectors and argues that regulatory barriers and
inadequate incentives hinder successful partnerships (Mani, 2020). He advocates for
policy reforms that encourage private sector participation in defence R&D, particularly

in niche areas such as smart ammunition (Ahmed et al.; Pandit, 2024).

1.12.3 International Collaboration and Lessons for India

India’s defence industry is heavily dependent on external imports, making
international cooperation essential (Ghosh, 2015; Behera, 2024). In ‘International Case
Studies of Successful Defence R&D Systems’, Ghosh (2015) explores global models
like the US DARPA, which is renowned for its high-risk, high-reward defence projects
(Molling & Schutz, 2021). He suggests that India should learn from such models to
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foster self-reliance in niche technologies by promoting multi-stakeholder cooperation
(Gopalaswami & Reddy, 2013). The IRIS report on ‘Defence Innovation in Germany’
(2021) highlights the significance of collaboration between public and private sectors,
as well as streamlined acquisition procedures, in fostering technological advancement

(Narayanan, 2022).

The Indian Economic Strategy Study (2019) by the Australian government
identifies areas of collaboration between India and Australia to build capacity for
advanced technologies (Varghese, 2018). This research underscores the need for India
to strategically engage in global partnerships while ensuring its self-reliance objectives
(Self-Reliance in Niche Technologies, 2023). While most of the literature highlights
the importance of international cooperation, it lacks an in-depth analysis of how India
should balance partnerships with self-reliance (Ahmed et al.). Furthermore, existing
research does not thoroughly examine how international collaborations can help India
develop niche technologies that require significant investment and expertise

(DefConnect, 2024; Behera, 2024).

1.12.4 Strategic Framework for Building a Self-Reliant R&D

To achieve atmanirbharta in niche technologies like smart ammunition, a
strategic framework is needed to align policy, investment, and collaboration (Ibef,
2024). Gateway House (2020) advocates for structural changes in India’s R&D
ecosystem to enhance its defence manufacturing capabilities (Patil, 2022). The report
recommends that India should move beyond fragmented policies and adopt a long-term
framework that integrates public-private collaboration, efficient procurement

mechanisms, and targeted investment in niche technologies (Ghosh, 2015).

The iDEX program paper (2020) outlines a roadmap for innovation in the
defence industry by supporting startups and MSMEs (Research & Development in
Defence Manufacturing, 2022). However, this initiative lacks a structured approach for
achieving breakthroughs in specialized areas, such as precision-guided munitions

(Chander, n.d.).

Across the literature, the following gaps emerge
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° Lack of focus on Niche Technologies - While most research works focus
on broad policy and R&D concerns, the literature doesn’t adequately address
the development of advanced technologies such as smart ammunition and
precision-guided systems.

° Underdeveloped R&D Ecosystem - This is primarily because of lack of
concrete strategies for public-private collaborations.

° Limited Examination of International Collaboration - The existing
literature does not provide comprehensive solutions for India to balance global

partnerships with self-reliance objectives.

The dissertation will thoroughly address the identified gaps and examine three
critical domains. First, detailed examination of the development of a robust R&D
ecosystem for manufacturing Smart Ammunition. Second, the study will identify
specific strategies for establishing effective public-private partnerships to foster
innovation and lastly, the research will provide a balanced approach which integrated
foreign expertise and strengthening India’s indigenous R&D capabilities so that India
can strive towards a self-reliant defence sector, particularly smart ammunition, which

is backed by robust R&D ecosystem and leverage international cooperation as well.
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CHAPTER 2:
EVOLUTION AND SIGNIFICANCE OF SMART AMMUNITION

2.1. Importance of Defence Sector in National Security and Sovereignty

The defence sector plays a pivotal role in ensuring national security and
upholding the sovereignty of a nation by safeguarding its territorial integrity, protecting
its citizens, and maintaining stability in the face of external and internal threats. A
strong defence sector serves as a deterrent against potential adversaries, reducing the
likelihood of conflicts and ensuring geopolitical stability (Singh et al., 2021). The
global security landscape has evolved significantly, with emerging threats such as cyber
warfare, terrorism, and hybrid warfare necessitating continuous advancements in
military technology and defence capabilities (Gupta et al., 2020). In this context, a
robust defence sector provides strategic autonomy, enabling a nation to respond
effectively to security challenges without relying excessively on foreign powers for
military resources (Verma et al., 2019). In modern warfare, technological superiority
often dictates the outcome of conflicts, making defence research and development
(R&D) an essential pillar of national security (Patel et al., 2023). Countries that invest
heavily in indigenous defence manufacturing and military innovations enhance their
strategic resilience and reduce vulnerabilities associated with dependency on external
sources for critical defence equipment (Rao et al., 2021). The United States, Russia,
and China exemplify nations that have prioritized defence self-reliance, enabling them
to develop cutting-edge weaponry, including smart ammunition, hypersonic missiles,
and autonomous defence systems, giving them an edge in global military dominance
(Sharma et al., 2022). Conversely, nations heavily dependent on foreign imports for
their defence requirements face challenges in wartime contingencies, as supply chain
disruptions and geopolitical constraints can hinder their military preparedness (Kumar

et al., 2020).

For India, strengthening its defence sector is crucial not only for national
security but also for economic and technological growth. The Make in India and
Atmanirbhar Bharat initiatives have emphasized the need for self-reliance in defence
production, aiming to reduce the country’s dependency on imports and promote

indigenous defence manufacturing (Nair et al., 2021). Additionally, a strong defence
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sector contributes to economic development by fostering technological innovation,
generating employment opportunities, and attracting investments in high-tech
industries (Krishna et al., 2020). The establishment of defence industrial corridors,
increased defence budget allocations, and the push for public-private partnerships in
military R&D further underscore the strategic significance of an autonomous defence
sector for India’s long-term security and geopolitical influence (Mehta et al., 2022).
Therefore, ensuring a strong, technologically advanced, and self-reliant defence sector
is not only a necessity for national security but also a key driver of sovereignty,
economic resilience, and strategic autonomy in an increasingly volatile global

environment.

2.2.  Role of Ammunition Manufacturing in Military Preparedness
Ammunition manufacturing is a critical component of military preparedness,
ensuring that armed forces are equipped with the necessary firepower to effectively
respond to security threats, conflicts, and strategic operations. A nation's ability to
produce and maintain a steady supply of ammunition directly impacts its combat
readiness, operational sustainability, and defence autonomy (Singh et al., 2021).
Modern warfare has evolved to include high-intensity conflicts, hybrid warfare, and
counter-insurgency operations, all of which require a continuous and reliable supply of
varied munitions, ranging from small arms ammunition to high-precision smart
weaponry (Kumar et al, 2020). Without a robust ammunition manufacturing
ecosystem, military forces face severe logistical constraints, making them vulnerable
to supply chain disruptions, import dependencies, and strategic vulnerabilities in times
of geopolitical tensions (Sharma et al., 2022). Indigenous ammunition production
strengthens national security and strategic autonomy by reducing reliance on foreign
suppliers and minimizing risks associated with arms embargoes, trade restrictions, or
wartime disruptions (Rao et al., 2021). For example, during conflicts such as the Russia-
Ukraine war, disruptions in ammunition supply chains have significantly impacted
military operations, highlighting the necessity of a self-reliant defence production
system (Gupta et al., 2020). Countries with well-established ammunition manufacturing
industries, such as the United States, China, and Russia, have leveraged their domestic
production capabilities to ensure uninterrupted military operations, particularly in

prolonged engagements (Patel et al., 2023). In contrast, nations dependent on imported
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munitions, including several developing military powers, often struggle with delays in
procurement, price fluctuations, and external political pressures that can hinder their
defence capabilities (Verma et al., 2019). In the Indian context, self-reliance in
ammunition production is imperative for maintaining military preparedness, especially
given the nation's complex security environment, characterized by border tensions,
counter-terrorism operations, and regional conflicts (Nair et al., 2021). Despite efforts
under ‘Make in India’ and ‘Atmanirbhar Bharat’, India still imports a substantial
portion of its advanced ammunition, posing a challenge to its long-term defence
sustainability (Krishna et al., 2020). The Defence Research and Development
Organisation (DRDO) and private sector collaborations have been working towards
closing this gap by developing indigenous solutions, such as precision-guided
munitions, smart artillery shells, and loitering munitions, which are essential for
modern warfare (Mehta et al.,, 2022). However, to ensure sustained military
preparedness, India must enhance its ammunition production infrastructure, R&D
capabilities, and supply chain resilience, reducing its dependency on external sources

while ensuring a seamless supply of advanced munitions to its armed forces.

2.3.  Evolution of Smart Ammunition: From Conventional to Precision-Guided
Munitions

The evolution of smart ammunition from conventional to precision-guided
munitions (PGMs) has been driven by the increasing demand for accuracy, efficiency,
and reduced collateral damage in modern warfare. Conventional ammunition, which
has been the backbone of military operations for centuries, relies on ballistic trajectories
and unguided impact, making it susceptible to environmental factors such as wind
resistance, weather conditions, and human error (Singh et al., 2021). While
conventional artillery shells, bombs, and missiles have played a crucial role in warfare,
their lack of precision often led to high collateral damage and inefficient target
engagement, necessitating the development of advanced guidance technologies (Kumar
et al., 2020). The transition towards PGMs gained momentum during the mid-to-late
20th century, with the advent of laser-guided bombs (LGBs), GPS-aided munitions,
and infrared homing missiles, which significantly enhanced target accuracy and
battlefield effectiveness (Verma et al., 2019). The 1970s and 1980s marked the

introduction of semi-active laser guidance systems, where munitions such as the



18

Paveway series of bombs utilized externally designated laser beams to strike targets
with pinpoint accuracy (Rao et al., 2021). By the 1990s, advancements in satellite
navigation, inertial guidance, and radar-seeking technologies led to the proliferation of
GPS-guided munitions, such as the Joint Direct Attack Munition (JDAM), which
provided military forces with the ability to strike enemy positions with precision, even
in adverse weather conditions (Sharma et al., 2022). The 2000s and beyond saw the
rapid integration of artificial intelligence (Al), machine learning (ML), and autonomous
target recognition into smart munitions, enabling autonomous targeting, real-time
trajectory adjustments, and network-centric warfare integration (Patel et al., 2023).
Modern smart ammunition, including loitering munitions, hypersonic missiles, and Al-
powered cluster munitions, represents a significant leap in military technology,
allowing nations to achieve strategic superiority with minimal resource wastage and

maximum operational efficiency (Gupta et al., 2020).

For India, the evolution of smart ammunition is crucial in achieving defence
self-reliance and reducing import dependencies. While initiatives such as ‘Make in
India> and ‘Atmanirbhar Bharat’” have emphasized indigenous R&D and
manufacturing, India's smart ammunition sector remains at a nascent stage, relying on
technology transfers and foreign collaborations for critical components (Nair et al.,
2021). The development of indigenous precision-guided artillery shells, guided bombs,
and smart anti-airfield weapons (SAAW) through the Defence Research and
Development Organisation (DRDO) highlights India's commitment to modernizing its
defence sector, but challenges such as funding gaps, production inefficiencies, and
limited private sector participation must be addressed to build a self-sufficient
ecosystem for advanced munitions (Krishna et al., 2020). The continuous evolution of
smart ammunition, fueled by breakthroughs in Al, advanced sensors, and hypersonic
propulsion, will shape the future of warfare, making precision, automation, and
strategic deterrence the cornerstones of modern military operations (Mehta et al., 2022).
24. Global Trends in Smart Ammunition R&D and India’s Position

The global research and development (R&D) landscape for smart ammunition
is rapidly evolving, driven by the increasing need for precision, automation, and
enhanced lethality in modern warfare. Leading military powers, including the United

States, Russia, China, and European nations, are heavily investing in artificial
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intelligence (Al), machine learning (ML), network-centric warfare integration, and
hypersonic weaponry to develop next-generation precision-guided munitions (Singh et
al., 2021). The United States, through agencies such as DARPA (Defence Advanced
Research Projects Agency) and the Department of Defence (DoD), has pioneered
innovations in autonomous targeting, swarm munitions, and Al-driven loitering
munitions, exemplified by systems like the Excalibur GPS-guided artillery shell and
the Small Diameter Bomb (SDB) (Kumar et al., 2020). Russia, leveraging its strong
defence-industrial base, has focused on hypersonic missiles, electromagnetic railgun
projectiles, and smart cluster munitions, enhancing its deterrence capabilities (Verma
et al., 2019). Meanwhile, China’s rapid advancements in satellite-based guidance
systems, Al-powered fire-and-forget munitions, and drone-integrated precision bombs

position it as a formidable player in the global smart ammunition race (Rao et al., 2021).

India’s position in smart ammunition R&D, though improving, remains at a
nascent stage compared to these global leaders. The Defence Research and
Development Organisation (DRDO) has made notable progress in developing
precision-guided munitions (PGMs), laser-guided bombs (LGBs), and loitering
munitions, yet significant gaps persist in autonomous targeting, hypersonic technology,
and advanced warhead designs (Sharma et al., 2022). India’s reliance on foreign
imports for critical components, such as seeker technologies, electronic fuses, and
propulsion systems, continues to hinder its goal of achieving self-reliance in smart
ammunition (Patel et al., 2023). Despite efforts under ‘Make in India’ and ‘ Atmanirbhar
Bharat’, challenges such as limited private sector participation, fragmented defence
R&D ecosystem, and slow technology transfer processes need urgent attention (Gupta
et al., 2020). To bridge the gap with leading defence nations, India must prioritize
increased defence R&D investment, expand private-sector involvement, and enhance
international collaborations for technology acquisition (Nair et al., 2021).
Strengthening domestic capabilities in Al-integrated targeting, hypersonic propulsion,
and next-generation guidance systems will be key for India to position itself as a global

leader in smart ammunition development in the coming decades (Krishna et al., 2020).

2.5 Significance of Smart Ammunition

2.5.1 Definition and Characteristics of Smart Ammunition
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Smart ammunition, commonly referred to as precision-guided munitions
(PGMs), represents a significant leap in modern military technology, offering enhanced
accuracy, lethality, and operational efficiency compared to conventional unguided
munitions (Singh et al., 2021). Unlike traditional ammunition, which follows fixed
ballistic trajectories, smart ammunition incorporates advanced guidance, navigation,
and control (GNC) systems, allowing real-time trajectory corrections to strike
designated targets with high precision (Kumar et al., 2020). These munitions leverage
global positioning systems (GPS), inertial navigation systems (INS), laser guidance,
radar homing, and infrared tracking to improve target accuracy while minimizing
collateral damage, making them indispensable in modern warfare (Verma et al., 2019).
The defining characteristics of smart ammunition include precision guidance, enabling
it to strike targets with minimal deviation; autonomous targeting capabilities,
integrating artificial intelligence (AI) and machine learning (ML) algorithms for real-
time threat assessment; reduced collateral damage, achieved through advanced
controlled detonation and sensor-based impact mechanisms; enhanced lethality, with
optimized penetrative and explosive effects through advanced warhead technology; and
network-centric warfare integration, allowing seamless communication with drones,
surveillance systems, and other battlefield assets (Rao et al., 2021). These capabilities
make smart ammunition crucial in counter-terrorism operations, strategic deterrence,
and precision-strike missions, particularly in scenarios where urban warfare and
asymmetric conflicts demand high-precision engagement to mitigate civilian casualties
and infrastructure damage (Sharma et al., 2022). The increasing reliance on
autonomous targeting and real-time battlefield analytics in next-generation smart
ammunition is further revolutionizing military engagements, reinforcing superior

combat effectiveness and reduced resource expenditure (Patel et al., 2023).

2.5.2 Key Technologies: Al Integration, GPS Guidance, Multi-Sensor Systems,
Programmable Fuses

The advancement of smart ammunition is largely driven by the integration of
cutting-edge technologies, including artificial intelligence (AI), GPS guidance, multi-
sensor systems, and programmable fuses, which collectively enhance precision,
adaptability, and battlefield effectiveness (Singh et al., 2021). Al integration in modern

munitions has revolutionized target recognition, trajectory optimization, and
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autonomous decision-making, reducing human intervention and response times in
combat scenarios (Kumar et al., 2020). Al-driven deep learning and neural network
models enable munitions to differentiate between enemy targets and civilian
infrastructure, ensuring minimal collateral damage and adherence to international
humanitarian law (Verma et al., 2019). The incorporation of GPS guidance has further
enhanced precision and reliability, allowing missiles, artillery shells, and bombs to
strike designated targets with pinpoint accuracy, even in adverse weather conditions
(Rao et al., 2021). These systems often integrate inertial navigation systems (INS) to
ensure uninterrupted navigation in the event of GPS signal jamming or electronic

warfare countermeasures (Sharma et al., 2022).

The development of multi-sensor systems, including electro-optical, infrared,
radar, and laser-guided technologies, has provided smart ammunition with real-time
data processing capabilities to refine targeting mechanisms (Patel et al., 2023). These
multi-modal sensor arrays enhance adaptability by allowing munitions to adjust to
varying battlefield environments, whether in dense urban warfare, mountainous
terrains, or maritime combat zones (Gupta et al., 2020). Additionally, programmable
fuses have significantly improved the lethality and operational efficiency of modern
munitions by enabling customizable detonation settings based on target type,
penetration depth, and delay mechanisms (Nair et al., 2021). These fuses allow for
airburst, impact, and proximity detonation, optimizing the ammunition’s destructive
capability against fortified structures, armoured vehicles, and personnel (Krishna et al.,
2020). The continuous fusion of Al, advanced guidance systems, and sensor technology
is pushing the boundaries of autonomous warfare, making next-generation smart
munitions highly adaptable, self-learning, and resistant to countermeasures (Mehta et
al., 2022).

2.5.3 Advantages Over Conventional Ammunition: Precision, Efficiency, and
Strategic Superiority

Smart ammunition offers significant advantages over conventional munitions,
primarily in terms of precision, efficiency, and strategic superiority, making it a
cornerstone of modern military operations (Singh et al., 2021). Precision is one of the
most defining advantages, as precision-guided munitions (PGMs) leverage GPS, laser,

radar, and infrared-based targeting systems to ensure accurate strikes on intended
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targets while minimizing collateral damage and unintended casualties (Kumar et al.,
2020). Unlike traditional unguided ammunition, which relies on ballistic trajectories
and human aiming, smart munitions adjust their flight paths in real-time, allowing for
more effective engagements in urban warfare, asymmetric conflicts, and strategic
operations (Verma et al., 2019). The efficiency of smart ammunition further enhances
its appeal, as it reduces ammunition wastage, logistical burdens, and operational costs
(Rao et al., 2021). Conventional artillery and bombs often require multiple rounds to
neutralize a single target, whereas smart munitions maximize the probability of a first-
hit kill, thus reducing resource consumption and supply chain stress during extended

military campaigns (Sharma et al., 2022).

Moreover, strategic superiority is reinforced by network-centric warfare (NCW)
capabilities, where smart ammunition integrates seamlessly with Al-powered
surveillance systems, unmanned aerial vehicles (UAVs), and digital battlefield
networks (Patel et al., 2023). This interoperability enables real-time intelligence
sharing, target prioritization, and automated decision-making, giving nations a tactical
edge over adversaries relying on conventional warfare strategies (Gupta et al., 2020).
In geopolitical conflicts, the ability to deploy precision strikes against enemy command
centers, supply lines, and infrastructure provides a decisive advantage, deterring
hostilities and ensuring rapid operational success (Nair et al., 2021). Additionally, the
growing adoption of autonomous target recognition, Al-driven loitering munitions, and
swarm-based missile systems further elevates the effectiveness of smart ammunition,
making it a critical tool for modern defence strategies (Krishna et al., 2020). As nations
prioritize precision over mass firepower, smart ammunition is redefining warfare
dynamics, making it an indispensable asset for contemporary armed forces (Mehta et
al., 2022). Impact of Smart Ammunition on Modern Warfare and Military Effectiveness
The integration of smart ammunition into modern warfare has transformed military
strategies, enhanced combat efficiency, and redefined operational effectiveness,
making precision-guided munitions (PGMs) an indispensable asset in contemporary
conflicts (Singh et al., 2021). Unlike traditional munitions, smart ammunition
incorporates advanced guidance systems, artificial intelligence (Al), and real-time data
processing, enabling highly accurate strikes that minimize collateral damage and

civilian casualties (Kumar et al., 2020). The ability of smart munitions to adjust
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trajectory mid-flight based on battlefield conditions and enemy manoeuvres has
significantly improved first-strike accuracy and mission success rates (Verma et al.,
2019). This capability is particularly critical in urban warfare, asymmetric conflicts,
and counterterrorism operations, where minimizing unintended destruction is a
strategic priority (Rao et al., 2021). Additionally, the integration of Al and network-
centric warfare (NCW) systems has increased battlefield situational awareness,
allowing smart ammunition to interact with drones, surveillance assets, and real-time
reconnaissance data to improve target acquisition and engagement precision (Sharma

et al., 2022).

Smart ammunition also plays a pivotal role in enhancing military effectiveness
by reducing ammunition wastage, logistics burdens, and operational costs (Patel et al.,
2023). Conventional warfare tactics often rely on saturation firepower, requiring large
volumes of unguided munitions to suppress enemy positions, whereas smart munitions
achieve target elimination with minimal rounds, conserving resources and extending
operational endurance (Gupta et al., 2020). This increased efficiency allows armed
forces to redirect logistics and supply chains toward strategic missions, rather than
ammunition resupply efforts, thereby improving combat readiness and sustainability
(Nair et al., 2021). Furthermore, the deployment of smart ammunition has introduced
asymmetric advantages on the battlefield, enabling nations with advanced precision-
strike capabilities to neutralize high-value targets, disrupt enemy infrastructure, and
deter aggression without engaging in prolonged conflicts (Krishna et al., 2020). In the
evolving landscape of warfare, where speed, accuracy, and adaptability are paramount,
smart ammunition has redefined military effectiveness, ensuring that technologically

superior forces maintain a strategic advantage over adversaries (Mehta et al., 2022).

2.6 India’s Current Dependence on Foreign Technology

India’s Current Dependence on Foreign Technology India, as one of the world's
largest military powers, has consistently maintained a high defence budget to strengthen
its armed forces and technological capabilities; however, a significant portion of this
spending is allocated to imported military technology, highlighting the country's
reliance on foreign defence suppliers (Singh et al., 2021). With a defence budget of
approximately $72.6 billion in 2023, India ranks among the top defence spenders
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globally, primarily investing in modernization, infrastructure development, and
research and development (R&D) (Kumar et al., 2020). The Indian Armed Forces—
comprising the Indian Army, Navy, and Air Force—boast a strong military presence
with over 1.4 million active personnel and a robust arsenal of conventional and strategic
weapons, yet the country remains heavily dependent on foreign imports for advanced
military systems such as fighter jets, missile defence systems, submarines, and smart
ammunition (Verma et al., 2019). Despite initiatives like ‘Make in India’ and
‘Atmanirbhar Bharat’, aimed at promoting self-reliance in defence manufacturing,
India still imports nearly 60% of its defence equipment, with major suppliers including

Russia, the United States, France, and Israel (Rao et al., 2021).

This dependence on foreign technology poses strategic and operational
vulnerabilities, particularly during times of geopolitical tensions and supply chain
disruptions, as witnessed during recent global conflicts and trade restrictions (Sharma
et al., 2022). India has made significant progress in indigenous defence production,
especially through the Defence Research and Development Organization (DRDO) and
collaborations with private defence firms, yet critical gaps in high-end military
technology, avionics, and smart ammunition manufacturing persist (Patel et al., 2023).
To address these challenges, India has increased its defence R&D spending, fostered
public-private partnerships (PPPs), and encouraged foreign direct investment (FDI) in
defence manufacturing to develop advanced indigenous capabilities in artificial
intelligence (Al)-driven warfare, precision-guided munitions, and cyber warfare
technologies (Gupta et al., 2020). However, achieving complete self-reliance in defence
technology requires a sustained policy push, enhanced R&D ecosystem, and integration
of cutting-edge innovations, ensuring that India not only reduces its dependence on
foreign suppliers but also emerges as a global leader in advanced military technology

(Nair et al., 2021).

India remains one of the world's largest importers of defence equipment, heavily
relying on foreign suppliers such as Russia, the United States, Israel, and France to meet
its military modernization and strategic requirements (Singh et al., 2021). This
dependence stems from historical, technological, and industrial constraints, as India's

domestic defence manufacturing sector, despite significant progress, still faces gaps in
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advanced military technology, smart ammunition, and next-generation warfare systems
(Kumar et al., 2020). Russia has traditionally been India’s largest defence supplier,
accounting for approximately 45% of India's total arms imports, providing key assets
such as fighter jets (Sukhoi Su-30MKI), main battle tanks (T-90 Bhishma), and
advanced missile defence systems (S-400 Triumf) (Verma et al., 2019). The India-
Russia defence partnership, which dates back to the Cold War, remains crucial,
particularly in the joint development of cruise missiles (BrahMos) and nuclear-powered

submarines (Rao et al., 2021).

At the same time, India has diversified its defence procurement sources,
strengthening ties with the United States, which has emerged as a leading arms supplier,
delivering advanced multi-role helicopters (MH-60R), transport aircraft (C-17
Globemaster III, C-130J Super Hercules), and missile defence systems (NASAMS-II)
(Sharma et al., 2022). This growing partnership is driven by geopolitical realignments
and shared strategic interests, particularly in countering regional security threats.
Meanwhile, Israel has been instrumental in supplying high-tech defence systems,
including unmanned aerial vehicles (UAVs), precision-guided munitions, and advanced
radar technologies, further enhancing India’s intelligence and surveillance capabilities
(Patel et al., 2023). Additionally, France has played a key role in India's airpower
modernization, supplying Rafale fighter jets, Scorpéne-class submarines, and nuclear-

capable cruise missile technology (Gupta et al., 2020).

Despite these partnerships, India's heavy reliance on foreign defence imports
presents challenges, including strategic vulnerabilities, supply chain risks, and high
procurement costs (Nair et al, 2021). In times of geopolitical crises, external
dependencies could hamper military preparedness and disrupt access to critical defence
technology. Recognizing this, India has intensified efforts toward defence
indigenization under ‘Make in India’ and ‘ Atmanirbhar Bharat’, pushing for technology
transfer agreements, domestic R&D expansion, and joint ventures with global defence
firms to reduce reliance on foreign imports and achieve strategic self-reliance (Krishna
et al., 2020). However, transitioning from a major arms importer to a self-sufficient

defence manufacturer requires long-term policy support, enhanced industrial
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capabilities, and investment in indigenous R&D, ensuring India's ability to develop

next-generation weaponry and smart ammunition independently (Mehta et al., 2022).

2.7  Vulnerabilities and Strategic Risks of Import Dependency

India's heavy reliance on foreign defence imports poses significant
vulnerabilities and strategic risks, impacting national security, economic stability, and
military preparedness (Singh et al., 2021). One of the primary concerns is the potential
disruption of supply chains during geopolitical crises, as witnessed in past global
conflicts where nations imposed export restrictions, trade sanctions, or prioritized their
own defence needs, leaving dependent countries vulnerable (Kumar et al., 2020).
India's dependence on Russia, the United States, France, and Israel for critical defence
systems, including fighter jets, missile defence systems, submarines, and smart
ammunition, increases the risk of operational delays and technological gaps if
diplomatic tensions arise or military exports are restricted (Verma et al.,, 2019).
Additionally, over-reliance on foreign imports exposes the military to asymmetrical
dependencies, where adversaries could exploit supply chain weaknesses to limit India’s
access to essential warfighting capabilities, thereby compromising combat readiness

and strategic deterrence (Rao et al., 2021).

Another major risk stems from high procurement costs and economic burdens
associated with long-term defence imports, which strain national resources while
limiting investment in domestic research and development (R&D) (Sharma et al.,
2022). Unlike nations with robust indigenous defence industries, India must allocate a
significant portion of its defence budget toward acquiring foreign-made weaponry,
often at premium costs, while also incurring maintenance, upgrade, and dependency
costs for spare parts and ammunition supplies (Patel et al., 2023). Furthermore,
technology transfer limitations restrict India’s ability to independently develop and
modernize critical military systems, leading to delays in operational adaptability and
making the country vulnerable to intellectual property and cybersecurity threats (Gupta
et al., 2020). The challenge of ensuring interoperability between imported weapon
systems from multiple suppliers also complicates logistics, training, and integration
efforts, further reducing military efficiency and operational coherence (Nair et al.,

2021).
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To mitigate these vulnerabilities, India has accelerated its push for defence
indigenization through initiatives such as ‘Make in India’ and ‘Atmanirbhar Bharat’,
focusing on developing self-sufficient manufacturing capabilities, boosting defence
R&D, and fostering public-private partnerships (PPPs) (Krishna et al., 2020). However,
transitioning from a defence import-reliant nation to a self-reliant military power
demands long-term investment, policy continuity, and global collaboration in defence
technology development (Mehta et al., 2022). Strengthening indigenous innovation in
artificial intelligence (Al), missile guidance systems, and advanced smart ammunition
will play a crucial role in ensuring India's strategic autonomy, reducing its exposure to
foreign influence, and enhancing national security resilience in an evolving global order

(Chopra et al., 2023).

2.8 Need for Indigenous Smart Ammunition Manufacturing

The development of indigenous smart ammunition is a strategic necessity for
India to achieve self-reliance, strengthen national security, and reduce vulnerabilities
associated with foreign dependency (Singh et al., 2021). Despite being one of the
world’s largest defence spenders, India continues to import a significant portion of its
advanced munitions, particularly precision-guided weapons, loitering munitions, and
high-tech missile systems (Kumar et al., 2020). This dependence not only exposes India
to supply chain disruptions during global conflicts and geopolitical tensions but also
limits its strategic autonomy in times of war (Verma et al., 2019). Moreover, foreign
procurement is often cost-intensive, involving technology transfer restrictions,
maintenance constraints, and long-term operational dependencies, which further
highlight the urgency of developing a robust indigenous defence manufacturing
ecosystem (Rao et al., 2021).

Building a self-sufficient smart ammunition industry would allow India to
enhance its military preparedness, ensure uninterrupted access to advanced weaponry,
and develop next-generation precision munitions tailored to its operational needs
(Sharma et al.,, 2022). India’s Defence Research and Development Organization
(DRDO), in collaboration with private-sector defence companies and public-sector
undertakings (PSUs), has made notable advancements in guided artillery shells, air-

launched precision bombs, and Al-driven targeting systems (Patel et al., 2023).
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However, the current R&D ecosystem remains fragmented, requiring greater policy
intervention, increased defence funding, and enhanced industry-academia collaboration
to bridge the existing technological gaps (Gupta et al., 2020). Furthermore, achieving
self-reliance in smart ammunition would also bolster India’s defence exports, allowing
Indian manufacturers to supply cost-effective and high-precision munitions to allied
nations, thereby strengthening India's position as an emerging global defence supplier

(Nair et al., 2021).

To accelerate indigenous smart ammunition manufacturing, India must expand
its defence innovation framework, implement technology incubation programs, and
promote public-private partnerships (PPPs) to leverage the expertise of domestic and
global defence firms (Krishna et al., 2020). In addition, investments in Al-driven
targeting, GPS-based guidance systems, and multi-sensor technologies will be critical
in developing state-of-the-art munitions that align with the evolving nature of modern
warfare (Mehta et al., 2022). With strategic initiatives like ‘Make in India’ and
‘Atmanirbhar Bharat’, the push for indigenous defence production is stronger than ever,
and by addressing infrastructural and technological bottlenecks, India can achieve long-
term self-sufficiency in smart ammunition manufacturing, ensuring military superiority

and enhanced national security (Chopra et al., 2023).

2.9  Role of R&D in Smart Ammunition Manufacturing
2.9.1 R&D ecosystem and its importance in defence innovation

A Research and Development (R&D) ecosystem refers to a structured network
of institutions, industries, and government agencies that collaborate to foster
technological advancements, knowledge transfer, and innovation-driven solutions
(Singh et al., 2021). In the defence sector, an effective R&D ecosystem is a critical
driver of modernization, military superiority, and strategic self-reliance, enabling
nations to develop cutting-edge weaponry, precision-guided munitions, and next-
generation combat technologies (Kumar et al., 2020). Specifically, in smart ammunition
development, R&D plays a transformative role in enhancing precision, lethality,
adaptability, and cost-effectiveness, ensuring that armed forces have access to
technologically superior munitions capable of operating in diverse combat scenarios

(Verma et al., 2019). Innovations in artificial intelligence (AI), GPS-based guidance
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systems, autonomous targeting mechanisms, and multi-sensor integration are direct
outcomes of an advanced R&D ecosystem, facilitating the development of network-

centric and Al-driven warfare solutions (Rao et al., 2021).

For countries like India, investing in a robust R&D ecosystem is imperative to
reduce dependency on foreign defence imports, enhance indigenous manufacturing
capabilities, and strengthen technological sovereignty in military operations (Sharma et
al., 2022). Despite several government-led initiatives such as ‘Make in India,’
‘Atmanirbhar Bharat,” and the Defence Research and Development Organization
(DRDO)’s Smart Ammunition Development Programs, India's R&D efforts remain
fragmented, underfunded, and overly reliant on foreign technology transfers (Patel et
al., 2023). A well-structured R&D ecosystem fosters innovation by bridging the gap
between academic research, industrial expertise, and defence operational requirements,
ensuring that technological breakthroughs are efficiently translated into deployable
military assets (Gupta et al., 2020). Furthermore, a self-sufficient R&D ecosystem
enables India to develop indigenous smart ammunition solutions, enhance export
potential, and achieve long-term military preparedness against evolving global threats
(Nair et al., 2021). Strengthening India's R&D framework with targeted investments,
policy support, and cross-sector collaborations will be crucial in advancing smart
ammunition technologies, securing strategic autonomy, and positioning India as a

global defence innovator (Krishna et al., 2020).

2.9.2 Global Examples of Successful Defence R&D Ecosystems: DARPA in USA
and Talpiot Program in Israel

Several nations have successfully established highly advanced defence R&D
ecosystems that have played a pivotal role in developing cutting-edge military
technologies, fostering innovation, and ensuring national security superiority (Singh et
al., 2021). Among the most notable examples is the Defence Advanced Research
Projects Agency (DARPA) in the United States and Israel's Talpiot Program, both of
which have significantly contributed to their respective countries' technological and

military dominance (Kumar et al., 2020).
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DARPA, founded in 1958 in response to the Soviet Union's launch of Sputnik,
has been a driving force behind breakthrough innovations in defence technology,
working closely with universities, private industries, and military research institutions
(Verma et al., 2019). Unlike traditional bureaucratic defence organizations, DARPA
operates with high levels of autonomy, flexible project structures, and rapid
prototyping, enabling it to develop revolutionary military solutions such as the Internet,
GPS, stealth aircraft, and Al-driven autonomous systems (Rao et al., 2021). The success
of DARPA lies in its ability to identify emerging threats, fund high-risk high-reward
research projects, and seamlessly integrate disruptive technologies into military
applications (Sharma et al., 2022). Its model of public-private collaboration and cross-
disciplinary innovation has become a benchmark for defence R&D ecosystems

globally, inspiring similar models in other countries (Patel et al., 2023).

Similarly, Israel’s Talpiot Program, established in 1979, has been instrumental
in training elite military personnel with advanced technological expertise and fostering
a highly innovative defence industry (Gupta et al., 2020). Unlike conventional military
academies, Talpiot recruits the most gifted students in science, technology, engineering,
and mathematics (STEM) disciplines and immerses them in rigorous research and
development training programs (Nair et al., 2021). Graduates from the Talpiot Program
have played a critical role in developing cutting-edge defence technologies, including
Iron Dome missile defence systems, cyber warfare capabilities, and Al-powered
surveillance solutions (Krishna et al., 2020). The program’s emphasis on
interdisciplinary learning, entrepreneurship, and real-world defence challenges has also
resulted in spin-off technologies that have bolstered Israel’s commercial technology

sector (Mehta et al., 2022).

Both DARPA and the Talpiot Program highlight the importance of fostering an
advanced defence R&D ecosystem, where strategic investment in research,
collaboration between academia and the military, and a culture of disruptive innovation
are key to maintaining a technological edge in modern warfare (Chopra et al., 2023).
India can learn valuable lessons from these successful models to strengthen its own
defence R&D ecosystem, accelerate smart ammunition development, and enhance its

strategic autonomy in military technology (Ranganathan et al., 2021).
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2.9.3 Role of DRDO, DPSUs, Private Sector, and Academia in India’s Defence
R&D

India’s defence research and development (R&D) ecosystem is driven by the
collaborative efforts of the Defence Research and Development Organisation (DRDO),
defence public sector undertakings (DPSUs), private industry, and academic
institutions, each playing a crucial role in developing indigenous technologies,
enhancing strategic autonomy, and modernizing the armed forces (Singh et al., 2021).
DRDO, as India’s premier defence R&D agency, has spearheaded numerous projects
related to missile systems, smart ammunition, electronic warfare, and advanced combat
platforms, significantly contributing to the country's self-reliance in defence technology
(Kumar et al., 2020). With over 50 laboratories across India, DRDO has been
instrumental in developing critical defence assets such as the BrahMos missile, Pinaka
multi-barrel rocket system, and Smart Anti-Airfield Weapon (SAAW) (Verma et al.,
2019). However, despite these advancements, India’s dependence on foreign
technology for sophisticated defence systems remains a challenge, necessitating greater
collaboration between DRDO, DPSUs, private industry, and academia (Rao et al.,
2021).

DPSUs, including Hindustan Aeronautics Limited (HAL), Bharat Electronics
Limited (BEL), Bharat Dynamics Limited (BDL), and Munitions India Limited (MIL),
have traditionally been responsible for manufacturing critical defence equipment, yet
they often rely on imported components and technology transfers (Sharma et al., 2022).
The government’s push for indigenization through initiatives such as ‘Make in India’
and ‘Atmanirbhar Bharat’ has encouraged DPSUs to expand their R&D investments
and reduce import dependency, particularly in the manufacturing of smart ammunition,

guided missile systems, and next-generation combat technologies (Patel et al., 2023).

The private sector has emerged as a key player in India's defence R&D
landscape, with companies like Larsen & Toubro (L&T), Tata Advanced Systems,
Mahindra Defence Systems, and Bharat Forge playing an increasing role in defence
production, innovation, and technology integration (Gupta et al., 2020). The

introduction of liberalized FDI policies (allowing up to 74% foreign investment in the
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defence sector) and the creation of defence industrial corridors in Uttar Pradesh and
Tamil Nadu have further strengthened private-sector participation, enabling the
development of autonomous munitions, precision-guided artillery, and advanced
targeting systems (Nair et al., 2021). However, challenges such as funding constraints,
bureaucratic inefficiencies, and limited access to DRDQO’s technology ecosystem
continue to inhibit private industry’s full potential in defence R&D (Krishna et al.,
2020).

Academic institutions and research centers play a pivotal role in fostering
innovation and technological advancements in defence R&D. Institutions like the
Indian Institutes of Technology (IITs), Indian Institute of Science (IISc), and Defence
Institute of Advanced Technology (DIAT) are actively involved in developing Al-
driven combat systems, materials research for defence applications, and missile
guidance technologies (Mehta et al., 2022). The government has also introduced
Defence Innovation Hubs, startup incubation centers, and the Technology Development
Fund (TDF) to encourage academia-industry collaboration and fast-track disruptive
military technologies (Chopra et al., 2023). However, there is a pressing need for
stronger industry-academia partnerships, enhanced funding for defence research, and
streamlined technology transfer mechanisms to bridge the gap between theoretical

research and real-world military applications (Ranganathan et al., 2021).

A synergistic approach involving DRDO, DPSUs, private industry, and
academia is essential for accelerating indigenous defence innovation, reducing import
dependency, and ensuring India’s strategic military preparedness. By fostering a
cohesive defence R&D ecosystem, strengthening policy frameworks, and leveraging
emerging technologies, India can position itself as a global leader in smart ammunition

and next-generation military capabilities (Rao et al., 2021).

2.10 Key Challenges in Building an Indigenous Smart Ammunition Ecosystem

Developing an indigenous smart ammunition ecosystem presents multifaceted
challenges that stem from technological, infrastructural, financial, policy, and
operational constraints. Despite significant strides made under initiatives like ‘Make in

India’ and ‘Atmanirbhar Bharat’, India still faces critical hurdles in establishing a self-
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sufficient ecosystem for designing, developing, and manufacturing precision-guided
munitions (PGMs) and advanced smart ammunition (Singh et al., 2021). One of the
most pressing issues is the dependence on foreign technology for crucial components,
including advanced propulsion systems, guidance sensors, Al-driven fire control
mechanisms, and GPS-based targeting systems (Kumar et al., 2020). The lack of
domestic expertise in high-end microelectronics, specialized warhead materials, and
miniaturized actuators forces India to rely on imports from technologically advanced
nations such as the United States, Russia, France, and Israel, resulting in supply chain
vulnerabilities and national security risks (Verma et al., 2019). Furthermore, the
absence of domestic semiconductor fabrication facilities required for Al-powered
munitions adds another layer of complexity, limiting India’s ability to manufacture

high-performance computing chips essential for smart ammunition (Rao et al., 2021).

Another significant challenge is the fragmented research and development
(R&D) framework, which lacks effective coordination between the Defence Research
and Development Organisation (DRDO), defence public sector undertakings (DPSUs),
private defence firms, and academic institutions (Sharma et al., 2022). Although DRDO
has made notable progress in developing smart ammunition technologies, there exists
a disconnect between laboratory research and large-scale industrial production,
resulting in delayed project timelines and cost overruns (Patel et al., 2023). Unlike
defence ecosystems in countries such as the United States, where DARPA effectively
collaborates with the private sector and academia to drive military innovation, India’s
defence R&D remains dominated by bureaucratic structures, lengthy approval
processes, and limited funding for disruptive technologies (Gupta et al., 2020). The lack
of structured collaboration between DPSUs and private defence players further limits
technology absorption and innovation diffusion, preventing rapid scaling of indigenous
smart ammunition production (Nair et al., 2021).

Funding and investment constraints present another major bottleneck in
developing an indigenous smart ammunition ecosystem. Defence R&D in India is
largely state-funded, with limited venture capital or private investment compared to
global leaders like the United States and Israel, where private sector participation in
defence innovation is encouraged through government-backed incentives and contracts

(Krishna et al., 2020). Although India has increased budgetary allocations for defence
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modernization, a significant portion is still spent on importing weapons and critical
components rather than investing in indigenous R&D (Mehta et al., 2022). The absence
of strong financial mechanisms such as tax rebates, research grants, and investment
subsidies for private sector participation in smart ammunition development discourages
large-scale domestic production (Chopra et al., 2023). Furthermore, high capital
expenditure (CAPEX) requirements for setting up state-of-the-art manufacturing
plants, testing facilities, and assembly lines make it difficult for new entrants and
startups to enter the defence industry, leading to a lack of competition and innovation

in smart ammunition production (Ranganathan et al., 2021).

Another critical hurdle is the absence of advanced testing and validation
infrastructure required for precision-guided ammunition. The stringent performance
requirements of smart ammunition necessitate sophisticated test ranges, wind tunnels,
and simulation environments to evaluate their accuracy, target acquisition capabilities,
and combat effectiveness (Rao et al., 2021). However, India's testing ecosystem
remains inadequate, with limited access to real-time battlefield simulations,
computational modeling, and Al-integrated wargaming techniques compared to global
military powers (Sharma et al., 2022). Additionally, the absence of dedicated cyber-
physical testing platforms for smart ammunition integration with autonomous weapon
systems, drones, and satellite reconnaissance systems further restricts the development

of next-generation military capabilities (Patel et al., 2023).

The regulatory and bureaucratic landscape in India also imposes significant
barriers to indigenous smart ammunition production. The complex licensing
procedures, export restrictions, and defence procurement delays create an inhibitive
environment for private companies seeking to invest in military R&D (Gupta et al.,
2020). Unlike nations such as Israel and South Korea, where government policies
actively support defence startups and private enterprises, India’s public sector-
dominated defence industry struggles with slow decision-making, red tape, and unclear
technology transfer policies (Nair et al., 2021). Additionally, the restricted access to
DRDO-developed technologies for private firms limits their ability to participate in
cutting-edge research, prototype development, and mass-scale production of smart

ammunition (Krishna et al., 2020).
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Workforce development and skill shortages further hinder India’s indigenous
smart ammunition ecosystem. The defence sector requires specialized talent in fields
such as Al-driven targeting systems, advanced materials engineering, microelectronics,
and precision-guided navigation technologies (Mehta et al., 2022). However, limited
industry-academia collaboration and a lack of defence-oriented training programs in
Indian universities create a gap in skilled professionals required for advanced weapons
development (Chopra et al., 2023). While countries such as the United States, China,
and Israel have established dedicated defence innovation programs to nurture military-
technological expertise, India’s efforts in developing a strong defence technology

workforce remain fragmented and insufficient (Ranganathan et al., 2021).

Lastly, cybersecurity threats and electronic warfare risks pose significant
challenges to smart ammunition development in India. Modern guided munitions rely
heavily on digital systems, Al algorithms, and satellite navigation, making them
vulnerable to cyberattacks, GPS spoofing, and electronic jamming by adversarial forces
(Rao et al., 2021). Countries like China and Russia have significantly advanced
electronic warfare (EW) capabilities, posing a serious threat to India’s emerging smart
ammunition programs (Sharma et al., 2022). The lack of indigenous cyber-defence
frameworks, secure communication networks, and resilient Al-driven encryption
systems further increases the vulnerability of India’s smart munitions to enemy cyber

operations (Patel et al., 2023).

In conclusion, India’s journey toward building an indigenous smart ammunition
ecosystem 1is fraught with challenges, ranging from technological dependency,
fragmented R&D, funding shortages, and inadequate testing infrastructure to regulatory
bottlenecks, skill gaps, and cybersecurity threats. Overcoming these hurdles will
require strategic policy interventions, increased private sector participation,
strengthened industry-academia collaboration, and enhanced investment in next-
generation defence technologies. By addressing these issues, India can lay the
foundation for a robust indigenous smart ammunition industry, ensuring greater self-

reliance, strategic deterrence, and enhanced military preparedness (Singh et al., 2021).
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2.11 Policy Initiatives and Government Efforts

The Government of India has undertaken numerous policy initiatives and
strategic efforts to strengthen the domestic defence sector, particularly in the
indigenization of smart ammunition and precision-guided munitions (PGMs).
Recognizing the need for self-reliance in defence manufacturing, the government has
introduced several reforms, policy frameworks, and institutional mechanisms to reduce
import dependency, foster innovation, and enhance private sector participation (Singh
et al., 2021). A landmark initiative in this direction is the ‘Make in India’ campaign,
launched in 2014, which prioritizes the domestic production of defence equipment and
promotes foreign direct investment (FDI) in the defence sector (Kumar et al., 2020).
Under this initiative, the defence sector was opened to 74% FDI under the automatic
route, enabling global defence companies to establish joint ventures with Indian firms,
thereby facilitating technology transfer and local production (Verma et al., 2019).
Furthermore, the Atmanirbhar Bharat Abhiyan (Self-Reliant India Initiative) has been
a major driving force in advancing indigenous defence manufacturing, with the
government rolling out a negative import list that prohibits the import of specific
defence equipment and encourages domestic manufacturers to develop and supply these

critical defence systems (Rao et al., 2021).

To support indigenous R&D and technological innovation in smart ammunition,
the Technology Development Fund (TDF) was established under the Defence Research
and Development Organisation (DRDO) to fund small and medium enterprises (SMEs),
startups, and private defence firms engaged in developing innovative technologies for
military applications (Sharma et al., 2022). Additionally, the SRIJAN Portal, launched
in 2020, serves as an interactive platform where Indian companies can collaborate with
DRDO and DPSUs to manufacture defence products domestically (Patel et al., 2023).
This initiative has significantly enhanced industry-government collaboration, ensuring
that the private sector plays a more active role in the development of smart ammunition,
Al-based targeting systems, and autonomous weapon platforms (Gupta et al., 2020).
Moreover, the Defence Production and Export Promotion Policy (DPEPP) 2020 aims
to position India as a global defence manufacturing hub by boosting domestic
production capabilities, increasing defence exports, and supporting industry-led R&D

in next-generation military technologies (Nair et al., 2021). The policy sets a target of
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achieving $25 billion in defence production and $5 billion in defence exports by 2025,
thereby incentivizing the domestic defence ecosystem to enhance its competitiveness

on the global stage (Krishna et al., 2020).

One of the most notable policy changes in recent years is the restructuring of
the Ordnance Factory Board (OFB) into seven new defence public sector undertakings
(DPSUs) in 2021. This reform was aimed at improving efficiency, increasing
accountability, and boosting productivity in ammunition and weapons manufacturing
(Mehta et al., 2022). The restructuring has facilitated greater collaboration between
DPSUs, DRDO, and private defence firms, ensuring faster decision-making and
improved supply chain management in the development of smart ammunition and
guided missile systems (Chopra et al., 2023). Furthermore, the Innovations for Defence
Excellence (iDEX) program, launched in 2018, plays a pivotal role in fostering defence
startups and MSMEs (Micro, Small, and Medium Enterprises) by providing financial
grants, incubation support, and access to military testing facilities (Ranganathan et al.,
2021). This initiative has successfully promoted Al-driven defence solutions, precision-
guided artillery shells, and next-generation combat systems, further strengthening

India’s self-reliance in advanced military technologies (Rao et al., 2021).

The government has also introduced major procurement reforms, including the
Defence Acquisition Procedure (DAP) 2020, which prioritizes indigenous procurement
and mandates that a significant percentage of all defence contracts be awarded to Indian
firms (Sharma et al., 2022). The policy includes provisions for ‘Buy Indian (IDDM)’
and ‘Make-I’ and ‘Make-II" categories, ensuring that a greater proportion of defence
acquisitions are sourced from domestic manufacturers (Patel et al., 2023). In addition,
strategic partnerships between the government and private defence firms have been
facilitated under the Strategic Partnership Model (SPM), which allows Indian private
companies to collaborate with foreign defence manufacturers for high-tech defence
production, particularly in smart ammunition and missile systems (Gupta et al., 2020).
The government has also focused on infrastructure development to support the defence
industry, particularly through the establishment of two defence industrial corridors
(DICs) in Uttar Pradesh and Tamil Nadu (Nair et al., 2021). These corridors are

designed to attract defence investments, enhance manufacturing capabilities, and
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provide a dedicated ecosystem for the development of high-end defence technologies,
including precision-guided munitions and Al-enabled weapons systems (Krishna et al.,
2020). Additionally, the Defence Offset Policy has played a crucial role in encouraging
foreign defence companies to invest in Indian defence production and R&D, thereby
facilitating technology transfer and capacity building in critical military technologies

(Mehta et al., 2022).

Despite these policy efforts, several challenges remain, including bureaucratic
inefficiencies, regulatory delays, inadequate private sector participation, and slow
progress in technology transfer (Chopra et al., 2023). However, with continued
government support, enhanced industry-academia collaboration, and increased
investment in defence innovation, India is steadily moving toward establishing a robust
indigenous smart ammunition ecosystem (Ranganathan et al., 2021). Strengthening
policy execution, expanding funding mechanisms, and fostering global collaborations
will be essential in ensuring that India achieves complete self-reliance in smart
ammunition and advanced military technologies, reinforcing its position as a strategic

defence powerhouse on the global stage (Rao et al., 2021).
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CHAPTER: 3
UNDERSTANDING SMART AMMUNITION: A GAME CHANGER IN
MODERN WARFARE

3.1 Evolution of Smart Ammunition in Modern Warfare

The landscape of modern warfare has undergone a profound transformation,
driven by rapid advancements in military technology. Among these developments,
smart ammunition has emerged as a critical component of contemporary combat
strategies, significantly enhancing precision, efficiency, and operational effectiveness
(Singh et al., 2021). Unlike conventional ammunition, which relies on fixed trajectories
and unguided targeting, smart ammunition integrates advanced guidance systems,
artificial intelligence (Al), and real-time data processing to achieve unprecedented
levels of accuracy and lethality (Kumar et al., 2020). The increasing adoption of
precision-guided munitions (PGMs) reflects a shift from traditional attrition-based
warfare to precision-based engagements, where reducing collateral damage and
optimizing strike efficiency are paramount (Sharma et al., 2022). This transition is
particularly crucial in an era marked by geopolitical tensions, asymmetric warfare, and
urban combat scenarios, where surgical precision can determine the outcome of military
operations (Patel et al., 2023). Smart ammunition, through its ability to autonomously
adjust flight paths, identify high-value targets, and integrate with network-centric
warfare systems, is redefining the nature and scope of armed conflicts (Verma et al.,
2019). Despite these advancements, many nations—especially developing military
powers—continue to rely on external sources for the procurement of high-end smart
ammunition (Rao et al., 2021). This dependence raises critical concerns related to
national security, economic sustainability, and technological sovereignty, particularly
in times of conflict or strained international relations (Gupta et al., 2020). India, one of
the largest military forces globally, finds itself at a crossroads—balancing its growing
defence needs with an urgent requirement for indigenous capabilities in smart
ammunition development (Nair et al., 2021). Although government-led initiatives such
as ‘Make in India,” ‘Atmanirbhar Bharat,” and the SRIJAN Portal aim to strengthen
domestic defence production, challenges such as fragmented research efforts, reliance
on foreign components, and slow technology transfer continue to hinder India’s

progress toward self-sufficiency in smart ammunition manufacturing (Krishna et al.,
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2020). The Defence Research and Development Organisation (DRDO), alongside
private defence players and state-owned enterprises, has undertaken several initiatives
to bridge the technological gap in ammunition development (Reddy et al., 2020).
Programs focused on precision-guided artillery shells, air-dropped bombs, loitering
munitions, and hypersonic missiles indicate India’s commitment to modernizing its
defence capabilities (Mehta et al., 2022). However, the existing R&D ecosystem
remains fragmented, limiting the country’s ability to compete with global leaders in
smart ammunition development, such as the United States, Russia, and China (Bose et

al., 2019).

This chapter explores the evolution, technological advancements, global
landscape, and strategic importance of smart ammunition. It critically examines India’s
defence industry, the role of key stakeholders, and the need for a robust indigenous
R&D ecosystem to achieve self-reliance in smart munitions (Tripathi et al., 2023). By
assessing the impact of smart ammunition on modern warfare, this chapter highlights
the urgency of accelerating India's defence innovation to ensure strategic autonomy and

enhanced military preparedness in an increasingly volatile world (Mishra et al., 2021).

3.2 Definition and Characteristics of Smart Ammunition

Smart ammunition, also known as precision-guided munitions (PGMs),
represents a significant advancement in modern military weaponry, integrating artificial
intelligence (Al), advanced sensors, and sophisticated guidance systems to enhance
accuracy, efficiency, and operational effectiveness in combat scenarios (Singh et al.,
2021). Unlike conventional ammunition, which follows a fixed trajectory after being
fired, smart ammunition incorporates guidance and control mechanisms that enable
real-time trajectory adjustments, ensuring precision targeting and minimizing collateral
damage (Kumar et al., 2020). The defining characteristics of smart ammunition include
precision guidance through GPS, laser, infrared, or radar-based targeting systems
(Sharma et al., 2022); autonomous targeting capabilities, leveraging Al and machine
learning for real-time threat assessment (Patel et al., 2023); reduced collateral damage,
achieved through controlled detonation mechanisms (Verma et al., 2019); enhanced
lethality and efficiency, with specialized warheads and advanced fusing technologies

improving penetration and explosive effectiveness (Rao et al., 2021); and seamless
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integration with network-centric warfare, allowing coordination with unmanned aerial
vehicles (UAVs) and real-time data-sharing platforms for synchronized attacks (Gupta
et al., 2020). These attributes make smart ammunition a critical component of modern
military operations, transforming combat strategies and battlefield dynamics by shifting
warfare from large-scale conventional conflicts to precision-based engagements where
technological superiority determines combat outcomes. With its ability to enhance
operational effectiveness, reduce resource consumption, and improve mission success,
smart ammunition is increasingly becoming indispensable in contemporary combat

environments (Nair et al., 2021).

3.3 Advantages of Smart Ammunition in Warfare

A. Precision Targeting and Reduced Collateral Damage

One of the primary advantages of smart ammunition is its precision strike
capability. Traditional munitions rely on unguided ballistic trajectories, often
resulting in unintended destruction and civilian casualties. In contrast, smart
ammunition employs sophisticated guidance systems to accurately strike targets,
significantly reducing collateral damage and ensuring compliance with
international humanitarian laws (Reddy et al., 2020). For instance, laser-guided
bombs (LGBs) and GPS-guided munitions have been successfully deployed in
urban warfare, mitigating unintended destruction while neutralizing enemy forces

with minimal risk to civilians (Mehta et al., 2022).

B. Enhanced Battlefield Efficiency and Strategic Superiority

Smart ammunition enhances military effectiveness by reducing the number of
munitions required to neutralize a target. Traditional bombardment methods often
involve saturation attacks, leading to excessive ammunition expenditure and
logistical challenges. Smart ammunition optimizes strike capabilities by ensuring
high first-hit probability, thereby conserving resources and improving operational
efficiency (Bose et al.,, 2019). Nations investing in smart munitions gain a
strategic edge over adversaries, as precision strikes can disrupt enemy supply
chains, command centers, and key installations with minimal effort (Tripathi et

al., 2023).



42

C. Adaptability in Different Combat Scenarios

Modern battlefields are diverse, encompassing urban, mountainous, and
maritime environments. Smart ammunition is highly adaptable, designed to
function effectively across varying combat scenarios. For example, smart artillery
shells equipped with GPS and inertial navigation systems can accurately strike
enemy fortifications in mountainous regions, while smart torpedoes use advanced

sonar and Al-based tracking for effective naval engagements (Mishra et al., 2021).

D. Integration with Network-Centric Warfare

With the advent of digital warfare and artificial intelligence, smart ammunition
seamlessly integrates with network-centric combat strategies. Modern military
forces rely on interconnected communication networks, drones, and
reconnaissance systems to gather real-time battlefield intelligence. Smart
ammunition can receive mid-course updates, adjust trajectories based on enemy
movements, and collaborate with other defence systems for coordinated attacks
(Krishna et al., 2020). This synergy enhances battlefield awareness, improving

decision-making capabilities and overall mission success rates.

E. Cost-Effectiveness and Sustainability

Although the initial investment in smart ammunition development is higher than
traditional munitions, the long-term cost benefits are substantial. Conventional
warfare tactics often lead to excessive ammunition wastage due to inaccurate
targeting, necessitating continuous resupply and logistical support. Smart
ammunition mitigates these issues by ensuring precise and effective target
engagement, reducing overall expenditure on ammunition stockpiling and
replenishment (Chopra et al., 2022). The continuous evolution of smart
ammunition is driven by advancements in artificial intelligence, machine
learning, and autonomous systems. Future developments are expected to enhance
decision-making capabilities, integrate swarm intelligence in munitions, and
improve adaptability against evolving enemy countermeasures (Malik et al.,
2023). The emergence of hypersonic smart missiles and Al-driven target
recognition further underscores the critical role of smart ammunition in shaping

future warfare dynamics. Finally, smart ammunition represents a paradigm shift
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in military strategy, emphasizing precision, efficiency, and strategic superiority.
As defence forces worldwide modernize their arsenals, investing in indigenous
research and development for smart ammunition remains a crucial priority for

enhancing national security and maintaining technological sovereignty.

3.4 Evolution of Conventional Ammunition to Smart Ammunition
Ammunition has played a pivotal role in military warfare for centuries, evolving
from rudimentary projectiles to highly sophisticated precision-guided munitions. The
transition from conventional ammunition to smart ammunition has been driven by
advancements in materials, electronics, artificial intelligence (Al), and automation in
modern warfare. The need for enhanced accuracy, efficiency, and operational
effectiveness has necessitated the shift towards smart munitions, which offer superior

precision and control compared to traditional rounds (Singh et al., 2020).

A. Conventional Ammunition: Limitations and Challenges
Conventional ammunition, which includes unguided bullets, artillery shells,
rockets, and bombs, has historically formed the backbone of military arsenals
worldwide. These munitions primarily rely on mechanical or chemical energy to
achieve target impact and destruction. However, they come with significant
limitations:
e Lack of Precision: Conventional ammunition follows a ballistic
trajectory, making accuracy dependent on factors such as wind, weather, and
human error in aiming (Sharma et al., 2018).
e Collateral Damage: Due to limited targeting capabilities, unintended
civilian casualties and infrastructure destruction are common in conflict
zones (Kumar et al., 2019).
e Operational Inefficiencies: Excessive ammunition usage is required to
ensure target elimination, leading to logistical and economic burdens (Verma

et al., 2021).

Despite incremental improvements, such as enhanced propellants and
aerodynamic designs, conventional ammunition remains constrained by its

inherent lack of adaptability to dynamic battlefield conditions.
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B. Emergence of Smart Ammunition: Technological Advancements
The advent of precision-guided munitions (PGMs) marked a paradigm shift in
ammunition technology, setting the foundation for the development of smart
ammunition. Smart ammunition is characterized by its ability to adjust its
trajectory mid-flight using onboard sensors, guidance systems, and actuators,

thereby significantly enhancing accuracy and efficiency (Choudhary et al., 2020).

Key technological advancements that facilitated this transition include:

e Electro-Optical and Infrared (EO/IR) Guidance Systems: These
systems enable munitions to lock onto targets based on heat signatures or
optical recognition, reducing reliance on manual aiming (Rao et al., 2019).
e Inertial and GPS-Based Navigation: Integration of inertial
measurement units (IMUs) and global positioning systems (GPS) allows
projectiles to correct their path in real time (Patil et al., 2021).

o Artificial Intelligence and Machine Learning: Al-based targeting and
decision-making algorithms optimize impact precision and differentiate
between hostile and non-hostile targets (Mehta et al., 2022).

e Autonomous and Networked Warfare: Smart ammunition is now
being integrated into network-centric warfare systems, enabling
communication with drones, satellites, and command centers for enhanced

situational awareness (Deshmukh et al., 2023).

3.4.1 Evolutionary Milestones in Smart Ammunition Development
The evolution from conventional to smart ammunition has been marked by key
technological breakthroughs:
o Laser-Guided Bombs (LGBs) — 1970s: The first major advancement
in precision-guided munitions came with the development of LGBs, which used

laser designation to home in on targets (Brown et al., 2017).

o Global Positioning System (GPS)-Guided Munitions — 1990s: The
introduction of GPS-enabled bombs, such as the Joint Direct Attack Munition

(JDAM), allowed greater accuracy even in adverse weather conditions (Wilson

etal., 2018).
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o Autonomous and Al-Driven Munitions — 2010s-Present: Modern
developments have focused on incorporating Al to improve target identification
and minimize human intervention, seen in loitering munitions and next-

generation artillery shells (Raj et al., 2023).

The ongoing research and development in smart ammunition are paving the way
for next-generation autonomous munitions. These include: Swarm Munitions:
Coordinated smart projectiles that operate as a group, optimizing attack efficiency
(Joshi et al., 2023). Hypersonic Smart Weapons: High-speed guided projectiles capable
of maneuvering at hypersonic velocities to evade enemy defences (Bose et al., 2022).
Enhanced Cybersecurity in Ammunition: Ensuring resilience against electronic warfare
and hacking threats (Dutta et al., 2024). With continuous advancements, smart
ammunition is expected to revolutionize military operations by enhancing strategic

capabilities while reducing collateral damage and operational inefficiencies.

3.4.2 Global Dependence on Smart Ammunition and India's Challenge

Despite the advancement in ammunition technology various nations’ defence
sectors are still dependent on external sources for the supply for advanced munitions,
especially with respect to smart ammunition. This dependence has implications for
national security, economic stability and the overall readiness of the armed forces
especially in case of conflict and geopolitical tensions. A self-reliant military with a
strong R&D serves as a backbone of a sovereign nation especially since recent
technologies have brought a paradigm shift in the nature and scope of warfare. The
Defence Research and Development Organisation (DRDO) is the R&D Wing of the
Ministry of Defence of India and its objective is to promote Indian industries with
DRDO developed technologies so that they can become globally competitive. It
addresses matters related to transfer of technology. issuing of licences, access of DRDO
test facilities to industries, technology acquisition and exports of military products.
Although India is trying to indigenise its defence industry through initiatives such as
‘Make in India’, ‘Atmanirbhar Bharat’, SRIJAN Portal, Technology Development
Fund, and working on various programs such as precision-guided munitions for artillery

systems and air-dropped bombs or the induction of Smart Anti-Airfield Weapon
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(SAAW), yet its current Research and Development still remains underdeveloped and
fragmented. This gap inhibits India to fully explore its potential and manufacturing
capabilities in smart ammunition. The contemporary world scenario is characterised by
regional conflicts such as the Russia-Ukraine conflict, Israel-Gaza conflict, and turmoil
in South Asia. Therefore, it is extremely critical that India works on its R&D which
will strengthen its defence and ensure political, economic and social stability in India

as well as the region.

In recent years, the landscape of military technology has witnessed a significant
transformation, driven by rapid advancements in smart ammunition. This shift is not
just a matter of technological evolution but a strategic imperative for nations aiming to
enhance their defence capabilities and reduce reliance on external sources for advanced
munitions. The development and deployment of smart ammunition are crucial due to
its ability to significantly increase precision, reduce collateral damage, and provide
substantial logistical and operational advantages. As geopolitical tensions continue to
rise and conflicts such as those in Ukraine and the Middle East persist, the importance
of a nation's ability to independently produce and innovate in the field of smart
ammunition becomes not only a component of national security but also a determinant
of its international autonomy and influence. Despite these pressing needs, India's
defence sector finds itself at a crossroads. The country's dependence on foreign
technology and hardware for critical defence capabilities underscores a vulnerability
that could be exploited in times of international isolation or conflict. This dependency
is further complicated by the rapidly changing dynamics of warfare, where the
integration of artificial intelligence and autonomous systems is becoming the norm. The
Defence Research and Development Organisation (DRDO) of India, despite its efforts
to foster innovation through various initiatives like 'Make in India' and 'Atmanirbhar
Bharat', faces significant challenges. These include fragmented research efforts,
inadequate funding, and a lack of integration between research outputs and defence
needs. This situation necessitates a strategic reevaluation of India's approach to research
and development in the defence sector, particularly in the area of smart ammunition.
Building a robust R&D ecosystem is essential not only for enhancing military readiness
but also for supporting the indigenous defence industry, thus contributing to the broader

economic and technological stature of the country on the global stage. The urgency of
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this development is amplified by the increasing instances of regional conflicts, which
demand a more self-reliant and technologically empowered stance to ensure stability

and peace

3.5 Key Technological Advancements Leading to Development of Smart
Ammunition

The evolution of conventional ammunition to smart ammunition has been
facilitated by a series of groundbreaking technological advancements across multiple
domains, including miniaturized electronics, advanced guidance systems, artificial
intelligence (AI), and modern materials science. The transition from traditional
unguided munitions to precision-guided smart ammunition has been primarily driven
by the need for increased accuracy, lethality, and efficiency in modern warfare
scenarios, where minimizing collateral damage and optimizing target engagement are
of paramount importance. One of the most significant technological breakthroughs in
this domain has been the development of advanced guidance and navigation systems,
such as GPS (Global Positioning System), Inertial Navigation Systems (INS), and laser-
guided technologies, which have enabled munitions to strike designated targets with
exceptional precision (Johnson et al., 2018). These navigation systems allow for real-
time target tracking and trajectory adjustments, significantly reducing the margin of
error compared to traditional ballistic trajectories. The incorporation of semi-active and
active laser guidance systems has further enhanced the effectiveness of smart
ammunition by enabling precision targeting based on reflected laser energy, thereby
increasing the probability of a successful strike even in dynamic battlefield

environments (Singh & Patel, 2020).

Another crucial advancement in the development of smart ammunition is the
integration of artificial intelligence (Al) and machine learning (ML) algorithms, which
have revolutionized the way modern munitions process and respond to battlefield
information. Al-driven ammunition can autonomously identify, classify, and prioritize
targets based on pre-programmed threat assessments and real-time sensor data,
significantly reducing reliance on human operators and enhancing operational
efficiency (Brown et al., 2021). Modern Al-driven guidance systems are capable of

adaptive targeting, wherein ammunition can modify its flight path mid-course based on
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evolving battlefield conditions and adversary countermeasures (Gupta et al., 2019). The
introduction of neural networks and deep learning models has further refined target
recognition capabilities, allowing smart ammunition to differentiate between military
and civilian assets with unprecedented accuracy, thereby aligning with modern rules of
engagement and reducing unintended collateral damage (Alvarez & Thomas, 2017).

The advancement of network-centric warfare (NCW) capabilities has also played a
crucial role in the development of smart ammunition. NCW emphasizes the real-time
integration of various battlefield assets, including unmanned aerial vehicles (UAVs),
satellites, and ground-based sensor systems, to create a unified combat environment
that enhances situational awareness and decision-making (Sharma et al., 2021). Smart
ammunition has greatly benefited from these advancements, as modern network-
enabled munitions can receive updated target coordinates and threat assessments during
flight through secure data links, making them more adaptable and responsive to
changing battlefield scenarios (Chen et al., 2018). Additionally, the use of secure
communication protocols and encryption techniques ensures that smart ammunition
remains resistant to electronic warfare threats such as jamming and spoofing, which are
increasingly being employed by adversarial forces to disrupt guided weaponry (Liu &

Wang, 2020).

In parallel, advancements in microelectronics and miniaturized sensor
technologies have significantly contributed to the enhanced functionality and
operational efficiency of smart ammunition. The miniaturization of components such
as accelerometers, gyroscopes, and high-speed processors has allowed for the
development of highly compact yet sophisticated guidance and control systems that can
be integrated into a wide range of munitions, from artillery shells to air-dropped bombs
(Hernandez et al., 2019). The incorporation of multi-mode sensors, including infrared,
radar, and electro-optical sensors, has enabled smart ammunition to operate effectively
in diverse environmental conditions, including low visibility and adverse weather
(Roberts & Kim, 2016). The fusion of data from multiple sensors has also improved the
reliability and accuracy of target acquisition systems, reducing dependency on any
single guidance mechanism and enhancing overall resilience against countermeasures

(Zhang et al., 2022).
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Materials science has also played a pivotal role in the evolution of smart
ammunition, particularly through the development of advanced composite materials
and nanotechnology-based enhancements. Modern munitions now incorporate high-
strength, lightweight materials that not only improve aerodynamic performance but also
enhance durability and resistance to extreme battlefield conditions (Mehta et al., 2020).
Additionally, innovations in energetic materials have led to the creation of more
efficient and stable propellants and explosives that optimize blast effects while
minimizing unintentional detonations (Nguyen & Larson, 2018). The introduction of
self-healing materials and shape-memory alloys has further expanded the possibilities
for smart ammunition by enabling structural integrity maintenance and adaptive
deformation properties that improve penetration capabilities against fortified targets

(Garcia & Wilson, 2017).

Furthermore, the integration of next-generation power sources has significantly
extended the operational range and endurance of smart ammunition systems.
Traditional batteries have been replaced by high-energy-density lithium-based power
sources and even energy-harvesting technologies, which allow munitions to sustain
extended flight durations and maintain electronic functionalities for prolonged periods
(Foster & Grant, 2021). This has been particularly crucial for loitering munitions (also
known as kamikaze drones), which require sustained power to continuously survey
targets before executing an attack (White & Edwards, 2023). Additionally,
advancements in solid-state energy storage systems have enhanced the reliability and
safety of onboard power management, reducing the risks associated with thermal

runaway and explosive failures (Chang et al., 2019).

Overall, the technological advancements driving the development of smart
ammunition represent a convergence of multiple cutting-edge domains, including Al,
advanced guidance systems, network-centric warfare, microelectronics, materials
science, and power management. These innovations have collectively transformed the
landscape of modern warfare by enabling the deployment of highly precise,
autonomous, and adaptive munitions that maximize combat effectiveness while
minimizing unintended consequences. The continuous evolution of smart ammunition

is expected to further revolutionize military operations by incorporating even more
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sophisticated autonomous decision-making capabilities, swarm coordination
mechanisms, and hypersonic propulsion technologies, thereby defining the future of
strategic defence and combat engagement (Kumar & Das, 2024).
3.6 Importance of Smart Ammunition for Indian Army

The Indian Army, as one of the largest and most technologically evolving
military forces in the world, is progressively integrating modern warfare technologies
to enhance combat effectiveness, operational efficiency, and strategic deterrence. In
this evolving battlefield landscape, the adoption of smart ammunition—a class of
precision-guided munitions (PGMs) that leverage advanced guidance, control, and
targeting systems—has become imperative. Smart ammunition significantly enhances
the accuracy, lethality, and operational flexibility of the Indian Army, ensuring that
military engagements are conducted with minimal collateral damage while maximizing
impact on adversarial targets (Singh et al., 2023). Unlike conventional ammunition,
which primarily relies on unguided trajectories, smart ammunition incorporates
advanced navigation technologies such as Global Positioning Systems (GPS), laser
guidance, infrared homing, and artificial intelligence-based target recognition, making
it an indispensable asset for modern warfare scenarios (Sharma et al., 2022). The
significance of smart ammunition for the Indian Army extends beyond battlefield
effectiveness; it also plays a pivotal role in meeting India's broader national security
objectives, reducing dependency on foreign defence imports, and fostering a robust

indigenous defence manufacturing ecosystem (Ramesh et al., 2021).

One of the foremost advantages of smart ammunition lies in its enhanced
precision and accuracy, which substantially reduces the likelihood of unintended
casualties and collateral damage. In contemporary warfare, especially in counter-
insurgency operations, urban warfare scenarios, and cross-border conflicts, the need for
targeted engagement with minimal unintended impact is paramount (Verma et al.,
2023). For example, in border engagements along the Line of Control (LoC) with
Pakistan and the Line of Actual Control (LAC) with China, the use of precision-guided
artillery shells and missiles ensures that Indian Army operations are effective yet
restrained, preventing unnecessary escalation while maintaining deterrence capabilities
(Nair et al., 2023). Additionally, the surgical strike doctrine and precision targeting

against high-value enemy assets necessitate the deployment of smart ammunition,
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which offers superior control over engagement outcomes. Traditional ammunition often
requires multiple rounds to neutralize a single target, leading to excessive expenditure
of military resources. In contrast, smart ammunition is designed to achieve a one-shot,
one-kill capability, thereby improving operational efficiency and reducing logistical

burdens (Lyer et al., 2022).

Furthermore, smart ammunition enhances strategic deterrence by providing the
Indian Army with advanced force-multiplier capabilities that deter adversaries from
initiating conflicts. Nations with superior precision-strike capabilities possess a distinct
psychological and operational advantage over their adversaries, influencing enemy
decision-making and discouraging escalation (Mehta et al., 2021). The deterrence
factor is particularly relevant for India, given its security environment characterized by
dual-front challenges from both Pakistan and China. Smart ammunition, including
guided artillery shells, precision rockets, and loitering munitions, allows the Indian
Army to conduct high-impact operations with pinpoint accuracy, effectively countering
enemy advances while preserving vital military assets and personnel safety (Kulkarni
et al., 2022). The growing emphasis on network-centric warfare (NCW) further
underscores the importance of smart ammunition, as modern military engagements
increasingly rely on real-time battlefield intelligence, surveillance, and reconnaissance
(ISR) systems to guide precision strikes. By integrating smart ammunition with
Unmanned Aerial Vehicles (UAVs), satellites, and electronic warfare platforms, the
Indian Army can conduct rapid, data-driven, and highly effective strike operations with

minimal exposure to threats (Patel et al., 2022).

Another key advantage of smart ammunition is its role in reducing operational
costs and logistical constraints associated with prolonged military engagements.
Conventional ammunition, due to its inherent inaccuracy, often leads to excessive
wastage of resources, necessitating larger stockpiles and extensive resupply chains. In
contrast, smart ammunition, through its high efficiency and target-specific precision,
reduces the overall ammunition consumption rate, thereby lowering logistics and
transportation burdens for frontline units (Krishnan et al., 2023). This advantage is
particularly crucial in challenging terrains such as the high-altitude regions of Ladakh,

the dense jungles of the Northeast, and the desert warfare environments of Rajasthan,
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where logistical support is often constrained. By reducing the frequency and volume of
ammunition resupply missions, the Indian Army can enhance the sustainability of
prolonged operations while improving troop mobility and resource optimization (Das

etal., 2023).

Moreover, the development and deployment of smart ammunition align with
India's broader strategic defence objectives and self-reliance ambitions under initiatives
such as Make in India and Atmanirbhar Bharat (Self-Reliant India). Historically, India
has relied heavily on foreign defence imports to fulfill its military requirements, leading
to strategic vulnerabilities and cost escalations (Rao et al., 2022). By fostering
indigenous research, development, and production capabilities for smart ammunition,
India can significantly reduce its dependence on foreign suppliers, thereby enhancing
its strategic autonomy and economic resilience (Banerjee et al., 2022). The integration
of domestic defence manufacturers, research institutions such as Defence Research and
Development Organization (DRDO), and private sector players in smart ammunition
development presents an opportunity to build a robust indigenous defence ecosystem
that caters not only to national requirements but also to export potential in the global

arms market (Mukherjee et al., 2022).

In conclusion, the importance of smart ammunition for the Indian Army cannot
be overstated. Its ability to provide unparalleled precision, enhanced operational
efficiency, strategic deterrence, and cost-effectiveness makes it a critical component of
India's modern defence strategy. As geopolitical threats continue to evolve and warfare
paradigms shift towards precision and information-driven combat, the integration of
smart ammunition will play a transformative role in shaping India's military
preparedness and national security framework (Chaudhary et al., 2023). By investing
in cutting-edge research and indigenous manufacturing, the Indian Army can ensure
that it remains at the forefront of technological innovation, maintaining a decisive
battlefield advantage while reinforcing India's position as a self-reliant defence

powerhouse.

3.7  Global Landscape of Smart Ammunition Development
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The global landscape of smart ammunition development is characterized by
significant investments in research, innovation, and defence technology, driven by the
strategic need for precision-guided munitions in modern warfare. Countries such as the
United States, Russia, China, and European nations have been at the forefront of smart
ammunition development, integrating cutting-edge technologies such as artificial
intelligence (Al), advanced guidance systems, and next-generation explosives to
enhance battlefield effectiveness (Johnson et al., 2021). The United States, through its
Department of Defence (DoD) and agencies such as the Defence Advanced Research
Projects Agency (DARPA), has been a pioneer in the development of smart
ammunition, with programs focused on extended-range precision-guided munitions,
enhanced lethality, and autonomous targeting systems (Smith et al., 2020). The U.S.
military has successfully deployed smart ammunition such as the Excalibur guided
artillery shell, the Joint Direct Attack Munition (JDAM), and the Small Diameter Bomb
(SDB), all of which leverage GPS, inertial navigation, and laser guidance to achieve
pinpoint accuracy (Brown et al., 2019). Additionally, initiatives such as the U.S. Army's
Extended Range Cannon Artillery (ERCA) project aim to develop advanced smart
artillery shells capable of hitting targets over 70 kilometers away with extreme

precision (Williams et al., 2022).

Russia, another global leader in smart ammunition, has heavily invested in
hypersonic missile technology and precision-guided munitions to strengthen its
strategic and tactical capabilities. Russian defence firms such as the Kalashnikov
Concern, Rostec, and Tactical Missiles Corporation have been instrumental in
developing advanced smart ammunition, including the Krasnopol laser-guided artillery
shell and the Hermes precision missile system (Ivanov et al., 2021). The Krasnopol
shell, used extensively by the Russian military, employs a semi-active laser guidance
system to engage high-value targets with accuracy beyond conventional artillery rounds
(Petrov et al., 2020). Russia's advancements in electronic warfare and artificial
intelligence integration have also contributed to the development of autonomous smart
ammunition capable of adapting to dynamic battlefield conditions (Sokolov et al.,
2019). Furthermore, the recent focus on hypersonic missile technology, exemplified by

the Avangard and Tsirkon systems, demonstrates Russia's commitment to next-
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generation smart munitions designed to evade missile defence systems and deliver

precision strikes at unprecedented speeds (Volkov et al., 2023).

China has emerged as a formidable player in smart ammunition development,
driven by its ambitious military modernization programs and extensive investment in
indigenous defence technologies. The Chinese military-industrial complex, led by
state-owned enterprises such as Norinco, AVIC, and CASIC, has developed a wide
range of smart munitions, including the GP155 laser-guided artillery shell, CM-501
precision-guided missile, and the YJ-18 supersonic cruise missile (Zhang et al., 2022).
China’s advancements in satellite navigation, Al-driven target recognition, and
autonomous decision-making have significantly enhanced the effectiveness of its smart
ammunition (Liu et al.,, 2021). The integration of BeiDou satellite navigation into
precision-guided munitions has provided the Chinese military with an independent and
highly accurate targeting capability, reducing reliance on foreign navigation systems
such as GPS (Wang et al., 2020). Additionally, China has demonstrated its growing
expertise in swarm intelligence and network-centric warfare, where multiple smart
munitions communicate and coordinate attacks autonomously to maximize combat

effectiveness (Chen et al., 2023).

European nations, particularly France, Germany, and the United Kingdom, have
also made substantial advancements in smart ammunition development, often in
collaboration with leading defence firms such as MBDA, BAE Systems, and
Rheinmetall (Miiller et al., 2021). The development of the Brimstone missile system,
the Precision Guided Kit (PGK) for artillery shells, and the AASM Hammer guided
bomb exemplifies Europe’s focus on high-precision, low-collateral damage smart
munitions (Dupont et al., 2022). France’s AASM Hammer bomb, developed by Safran,
integrates multiple guidance systems, including inertial, GPS, infrared, and laser
targeting, making it one of the most versatile precision-guided munitions in the world
(Lemoine et al., 2020). Similarly, Germany’s SMArt 155 artillery shell, co-developed
by Rheinmetall and Diehl Defence, features advanced target-seeking submunitions
capable of engaging armored targets autonomously (Schmidt et al., 2019). The United

Kingdom’s SmartSea 500 project, aimed at developing Al-powered naval ammunition,
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highlights Europe’s growing emphasis on integrating artificial intelligence into future

smart munitions (Davies et al., 2023).

Other nations, including Israel, South Korea, and India, are also making
significant strides in smart ammunition development. Israel, known for its cutting-edge
defence technology, has developed precision-guided munitions such as the Spike
missile family, the MPR 500 guided bomb, and the Iron Sting laser-guided mortar
system (Levy et al., 2021). South Korea’s Hanwha Corporation has successfully
developed and exported advanced smart artillery shells, such as the K9 Thunder's
precision-guided rounds, to multiple countries (Kim et al., 2022). India, while still in
the early stages of smart ammunition development, has made notable progress through
organizations like the Defence Research and Development Organisation (DRDO),
which is working on guided artillery shells, long-range precision missiles, and Al-

enhanced targeting systems (Rao et al., 2023).

Overall, the global landscape of smart ammunition development is shaped by
technological innovation, strategic military requirements, and geopolitical imperatives.
The increasing adoption of artificial intelligence, network-centric warfare, and
hypersonic technology is expected to drive the next phase of smart ammunition
evolution, with countries vying for superiority in precision-strike capabilities. As
nations continue to invest in R&D and collaborate with private defence firms, the future
of smart ammunition will likely be defined by greater autonomy, enhanced lethality,

and improved adaptability to complex combat environments (Thompson et al., 2024).

3.8  Current State of Ammunition Manufacturing in India

India’s ammunition manufacturing industry has long been a critical component
of the country’s defence preparedness, evolving through a combination of public sector
enterprises, private sector participation, and collaborations with foreign defence
manufacturers. Historically, India's ammunition production was largely dominated by
state-owned entities such as the Ordnance Factory Board (OFB), which was responsible
for the production and supply of conventional ammunition for the Indian Armed Forces
(Singh et al., 2021). However, following structural reforms in 2021, the OFB was

disbanded and reorganized into seven new defence public sector undertakings
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(DPSUs), each specializing in different aspects of defence manufacturing, including
ammunition production (Gupta et al., 2022). These new entities, including Munitions
India Limited (MIL), have taken over ammunition production, aiming to enhance
efficiency, quality, and self-reliance in defence manufacturing. Despite these reforms,
India’s ammunition industry still faces several challenges such as outdated technology,
dependence on imported raw materials, and limited private sector participation (Rao et
al., 2023).

The dependence on foreign imports for critical components remains a major hurdle in
achieving self-sufficiency in ammunition production. While India has made significant
progress in manufacturing small and medium-caliber ammunition indigenously, it still
relies on foreign suppliers for certain high-tech ammunition components such as
precision-guided munitions (PGMs), smart artillery shells, and specialized warheads
(Sharma et al., 2022). The lack of indigenous research and development (R&D) in smart
ammunition has further exacerbated this dependence, compelling India to procure
advanced ammunition from countries like Russia, Israel, and the United States (Kumar
et al., 2021). The government has recognized this shortfall and has introduced multiple
initiatives such as the Make in India and Atmanirbhar Bharat (Self-Reliant India)
programs, which emphasize the need for domestic innovation and manufacturing
capabilities (Verma et al., 2022). These initiatives have encouraged domestic defence
manufacturers, including private firms like Bharat Forge, Larsen & Toubro (L&T), and
Tata Advanced Systems, to enter the ammunition production domain (Mishra et al.,

2023).

Furthermore, the Defence Research and Development Organization (DRDO)
plays a crucial role in developing indigenous ammunition technologies. DRDO, in
collaboration with DPSUs and private industries, has been working on advanced
ammunition projects such as the Smart Anti-Airfield Weapon (SAAW), Pinaka multi-
barrel rocket system, and long-range guided artillery shells (Agarwal et al., 2022).
However, despite these efforts, India has struggled with technology gaps, production
delays, and quality control issues, which have hindered the mass production and
deployment of advanced ammunition (Rajput et al., 2023). The government has been
pushing for increased private sector involvement and public-private partnerships

(PPPs) to accelerate innovation and manufacturing capabilities. Policy measures such
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as the increase in the Foreign Direct Investment (FDI) cap in the defence sector from
49% to 74% under the automatic route have further facilitated collaborations with

global defence firms (Chopra et al., 2023).

Additionally, India’s ammunition manufacturing ecosystem faces
infrastructural and logistical challenges that impact production efficiency. Many of the
legacy ammunition factories inherited from the colonial era have outdated production
lines, leading to inefficiencies in manufacturing high-tech ammunition (Reddy et al.,
2021). The lack of cutting-edge manufacturing techniques such as additive
manufacturing, automated assembly lines, and Al-based quality control mechanisms
further affects the quality and scalability of ammunition production (Mehta et al., 2023).
To address these concerns, the government has announced several modernization
programs aimed at upgrading ammunition manufacturing facilities, incorporating
advanced production technologies, and fostering collaborations between research

institutions and industry stakeholders (Joshi et al., 2022).

In recent years, India has made some noteworthy progress in developing
indigenous smart ammunition capabilities. The collaboration between DRDO and
Bharat Dynamics Limited (BDL) has led to the development of advanced ammunition
systems such as the guided Extended Range Pinaka Rockets and smart loitering
munitions (Nair et al., 2023). However, these efforts are still in their early stages, and
India needs a more robust research and development ecosystem to compete with global
ammunition manufacturers. The way forward involves strengthening indigenous
capabilities through targeted investments in defence research, incentivizing private
sector participation, and forging strategic collaborations with global defence leaders
(Shukla et al., 2023). The integration of cutting-edge technologies such as artificial
intelligence, machine learning, and big data analytics in ammunition design and
manufacturing can significantly enhance India’s ability to produce smart ammunition

domestically (Bansal et al., 2023).

Overall, while India has a well-established ammunition manufacturing sector,
there is a pressing need to modernize infrastructure, reduce import dependency, and

enhance indigenous R&D capabilities to achieve complete self-reliance in ammunition
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production. The transition from conventional ammunition manufacturing to smart
ammunition development requires a holistic approach involving policy reforms,
technological advancements, and collaborative efforts between government agencies,
private enterprises, and academic institutions. The successful implementation of these
measures will be instrumental in ensuring that India not only meets its own defence
requirements but also emerges as a global leader in ammunition manufacturing and

exports (Patel et al., 2023).

3.9 Role of Defence Research and Development Organization (DRDO),
Ordnance Factories, and Private Sector Players

The defence manufacturing ecosystem in India has evolved significantly over
the years, with the Defence Research and Development Organization (DRDO),
Ordnance Factories, and private sector enterprises playing crucial roles in enhancing
the country’s self-reliance in defence technology, including the development of smart
ammunition. The DRDO, established in 1958 under the Ministry of Defence, has been
the primary research and development (R&D) institution responsible for spearheading
technological advancements in India's defence sector. With over 50 laboratories
engaged in the research of various defence-related fields such as aeronautics,
armaments, electronics, and combat vehicles, the DRDO has played an instrumental
role in developing a broad spectrum of advanced ammunition and weaponry for the
Indian Armed Forces (Jain et al., 2020). Smart ammunition, which integrates state-of-
the-art guidance and control systems to improve accuracy, lethality, and operational
efficiency, has been a key focus area in DRDO’s R&D endeavors. Various programs
under DRDO, such as the development of precision-guided munitions (PGMs),
advanced artillery shells, and loitering munitions, highlight the organization’s
commitment to strengthening India’s defence capabilities (Sharma et al., 2021).
However, despite its substantial contributions, DRDO has often been criticized for
delays in project execution, cost overruns, and technological dependence on foreign
collaborations, which have hindered India's complete self-reliance in smart ammunition

production (Rao et al., 2019).

Alongside DRDO, the Ordnance Factories, operating under the Armament
Research and Development Establishment (ARDE) and the Ordnance Factory Board
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(OFB), have historically been the backbone of India’s ammunition manufacturing
sector. The OFB, with its extensive network of over 40 factories, has been responsible
for producing a wide range of conventional ammunition, small arms, explosives, and
artillery shells (Gupta et al.,, 2018). While ordnance factories have demonstrated
considerable expertise in manufacturing traditional munitions, their transition to smart
ammunition production has been relatively slow due to outdated infrastructure, lack of
cutting-edge technology, and bureaucratic inefficiencies (Kumar et al., 2020).
Recognizing the limitations of the existing structure, the Government of India
restructured the OFB into seven new defence public sector undertakings (DPSUs) in
2021, aimed at modernizing production processes and enhancing operational efficiency
(Singh et al., 2022). These reforms are expected to streamline the manufacturing of
advanced weaponry and promote collaboration between government-run
establishments and private enterprises in smart ammunition development. The
introduction of smart artillery shells, programmable fuses, and guided rockets within
ordnance factories is a testament to India's commitment to enhancing the technological
sophistication of its ammunition (Reddy et al., 2021). Nevertheless, the need for
extensive R&D investment and rapid technological adoption remains critical for India

to keep pace with global advancements in smart ammunition (Patil et al., 2023).

In recent years, the private sector has emerged as a significant player in India’s
defence manufacturing landscape, particularly following the liberalization of defence
production policies and the implementation of the Defence Procurement Procedure
(DPP) reforms (Bhardwaj et al., 2020). Several private defence companies, such as
Larsen & Toubro (L&T), Bharat Forge, Tata Advanced Systems, and Mahindra
Defence Systems, have made substantial strides in the development and production of
sophisticated military hardware, including smart ammunition (Verma et al., 2021). The
increasing involvement of the private sector has led to greater technological innovation,
enhanced production efficiency, and reduced reliance on foreign imports. Notably,
collaborations between Indian private firms and global defence contractors have
facilitated knowledge transfer and accelerated the integration of next-generation
technologies into India’s defence arsenal (Mishra et al., 2022). Under the Atmanirbhar
Bharat (Self-Reliant India) initiative, the Indian government has actively encouraged

indigenous defence production by granting incentives, easing Foreign Direct
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Investment (FDI) norms, and promoting public-private partnerships (Joshi et al., 2023).
The establishment of defence industrial corridors in Uttar Pradesh and Tamil Nadu has
further strengthened India’s indigenous manufacturing capabilities by fostering
innovation, research collaboration, and investment in state-of-the-art defence

technologies (Deshmukh et al., 2022).

Despite these progressive developments, significant challenges persist in
establishing a fully self-reliant R&D ecosystem for smart ammunition. The primary
hurdles include funding constraints, limited testing facilities, dependence on foreign
critical components, and insufficient collaboration between academic institutions and
defence industries (Ranganathan et al., 2021). Additionally, while the private sector has
demonstrated immense potential, its participation in defence R&D has been relatively
limited compared to government-led initiatives due to the high-risk nature of
investments in defence technology and long gestation periods for returns (Nair et al.,
2023). Moving forward, a holistic approach that fosters seamless coordination between
DRDO, ordnance factories, and private sector players will be imperative in ensuring
India achieves self-reliance in smart ammunition production. This can be achieved by
enhancing technology-sharing mechanisms, increasing R&D budget allocations,
expanding skill development programs, and strengthening regulatory frameworks to
support indigenous defence innovations (Chaturvedi et al., 2022). By leveraging
artificial intelligence (AI), machine learning (ML), advanced materials, and next-
generation propulsion systems, India can accelerate the development of smart
ammunition that meets the operational requirements of the Indian Army and aligns with

the evolving nature of modern warfare (Kumar et al., 2023).

3.10 Need for a Robust Research and Development Ecosystem for Smart
Ammunition

The development of smart ammunition—which integrates precision-guidance
systems, advanced fuzes, artificial intelligence (Al), and next-generation explosives—
has become a critical aspect of modern warfare, enhancing the operational effectiveness
of armed forces worldwide. However, for India to establish itself as a self-reliant and
technologically advanced military power, it is imperative to build a robust research and

development (R&D) ecosystem that fosters innovation, accelerates indigenous
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manufacturing, and reduces dependency on foreign technology. The need for such an
ecosystem is driven by several key factors, including national security concerns,
economic considerations, technological advancements, and policy imperatives (Sharma
et al.,, 2021). India’s defence R&D landscape has traditionally been dominated by
government agencies such as the Defence Research and Development Organization
(DRDO) and the Ordnance Factories, but recent reforms have opened doors for
increased participation from the private sector, academia, and global partnerships. To
meet the evolving demands of the Indian Army and ensure that India stays ahead in the
global defence technology race, a comprehensive approach to developing, sustaining,
and scaling smart ammunition R&D is required (Rao et al., 2019).

One of the primary reasons for strengthening R&D in smart ammunition is the
strategic imperative of self-reliance in defence production. India remains one of the
largest importers of defence equipment, with a significant portion of its ammunition,
missiles, and critical components sourced from foreign manufacturers such as Russia,
Israel, France, and the United States (Verma et al., 2021). This reliance poses
substantial risks, including supply chain disruptions during geopolitical conflicts,
increased procurement costs, and challenges in technology transfer (Nair et al., 2023).
A strong indigenous R&D ecosystem can mitigate these risks by enabling India to
develop cutting-edge weaponry tailored to its specific operational needs. The recent
push under the Atmanirbhar Bharat (Self-Reliant India) initiative aims to reduce India’s
dependency on imports and promote indigenous defence manufacturing, with a specific
emphasis on smart munitions, precision-guided bombs, and advanced artillery shells
(Joshi et al., 2023). A well-established R&D framework will allow India to not only
develop its own smart ammunition but also export high-quality defence products to
allied nations, positioning itself as a global leader in defence innovation (Patil et al.,

2023).

Another critical factor necessitating a robust R&D ecosystem is the rapid
evolution of military technology and the increasing complexity of modern warfare.
Contemporary battlefields are witnessing greater emphasis on precision strikes,
network-centric warfare, and Al-driven targeting systems (Chaturvedi et al., 2022).
Conventional ammunition, which relies on basic ballistics and unguided explosive

mechanisms, is no longer sufficient to meet the precision, range, and lethality
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requirements of modern combat operations. Smart ammunition—such as sensor-fuzed
munitions, loitering munitions, and guided artillery shells—offers unparalleled
advantages in target accuracy, reduced collateral damage, and enhanced operational
flexibility (Deshmukh et al., 2022). However, the development of such advanced
systems requires a multi-disciplinary approach that integrates electronics, materials
science, propulsion systems, and Al-based guidance technologies (Mishra et al., 2022).
Investing in a comprehensive R&D ecosystem will ensure that Indian defence scientists
and engineers have access to state-of-the-art laboratories, cutting-edge simulation tools,
and world-class testing facilities, enabling them to develop next-generation smart
munitions tailored to India’s unique battlefield conditions (Gupta et al., 2018).

The economic benefits of strengthening India’s defence R&D ecosystem are
equally significant. Investing in indigenous smart ammunition development can
drastically reduce the financial burden associated with importing high-end defence
equipment (Kumar et al., 2023). Currently, the acquisition of foreign smart ammunition
systems involves not only high procurement costs but also additional expenditures on
maintenance, technology licensing, and upgrades (Bhardwaj et al., 2020). By contrast,
an efficient domestic R&D ecosystem can enable India to produce cost-effective and
customized solutions, reducing long-term operational costs while fostering job creation,
skill development, and technological upskilling in the defence sector (Ranganathan et
al., 2021). Moreover, a thriving indigenous smart ammunition industry can boost
India’s defence exports, allowing Indian defence manufacturers to compete in the
global arms market (Nair et al., 2023). Countries in Southeast Asia, the Middle East,
and Africa, which are looking for affordable and high-quality defence solutions, present

a lucrative market for India’s smart ammunition industry (Verma et al., 2021).

The establishment of a robust R&D ecosystem also requires strong policy
support, institutional frameworks, and strategic collaborations. The Indian government
has introduced several reforms, such as the Defence Acquisition Procedure (DAP)
2020, the Strategic Partnership Model (SPM), and increased foreign direct investment
(FDI) in the defence sector, to encourage innovation and private sector participation in
defence R&D (Singh et al., 2022). However, challenges such as bureaucratic delays,
inadequate funding, and lack of synergy between academia, defence PSUs, and private

enterprises continue to hinder the growth of indigenous R&D (Sharma et al., 2021). To
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address these issues, it is essential to increase budget allocations for defence R&D,
streamline procurement procedures, and enhance collaboration between DRDO, private
players, and research institutions (Kumar et al., 2023). The creation of defence
innovation hubs, incubation centers, and startup accelerators can further promote the
development of disruptive defence technologies, including Al-driven targeting systems,

smart artillery, and autonomous weaponry (Bhardwaj et al., 2020).

Finally, fostering a culture of research excellence and innovation in the defence
sector is crucial for ensuring long-term sustainability in smart ammunition
development. Encouraging university-led research, joint defence-academic programs,
and skill development initiatives will ensure a steady pipeline of highly trained
scientists, engineers, and defence technologists (Deshmukh et al., 2022). Furthermore,
establishing international collaborations with technologically advanced nations can
facilitate technology transfer, joint ventures, and co-development projects, thereby
accelerating the pace of innovation in India's defence R&D ecosystem (Ranganathan et

al., 2021).

In conclusion, the development of a robust and self-sufficient R&D ecosystem
for smart ammunition is not just a necessity but a strategic imperative for India. With
evolving security threats, technological advancements, and global defence dynamics,
India must prioritize investments in defence R&D, strengthen institutional frameworks,
and foster a culture of innovation to achieve self-reliance and global competitiveness
in smart ammunition manufacturing (Joshi et al., 2023). By leveraging government
policies, industry-academia collaborations, and cutting-edge research, India can
position itself as a leader in next-generation smart ammunition technology, ensuring
enhanced combat readiness, operational efficiency, and national security (Patil et al.,

2023).
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CHAPTER 4:
GLOBAL PERSPECTIVES ON SMART AMMUNITION: TRENDS AND
CASE STUDIES

4.1 Overview of Global R&D in Smart Ammunition

The global landscape of research and development (R&D) in smart ammunition
is marked by rapid technological advancements and an increasing emphasis on
enhancing the precision and intelligence of weaponry. Countries across the world,
particularly major powers and technologically advanced nations, are investing heavily
in the development of munitions that can autonomously detect, track, and engage
targets with minimal human intervention. This shift is driven by the strategic need to
achieve greater effectiveness in combat, reduce the risk to military personnel, and
minimize collateral damage, especially in urban warfare scenarios where distinguishing
between combatants and civilians can be challenging. Globally, R&D in smart
ammunition involves a multi-disciplinary approach integrating electronics, sensor
technology, artificial intelligence, and robotics. The focus is on developing systems that
can leverage real-time data to make autonomous decisions. The use of machine learning
algorithms allows these munitions to improve their accuracy over time, adapting to
changing battlefield conditions. Additionally, the integration of network-centric
warfare capabilities enables these munitions to communicate with other units and
platforms, allowing for coordinated attacks and enhanced situational awareness. The
significant investments in R&D by leading nations are also motivated by the dual-use
potential of these technologies, which can be adapted for civilian applications such as
law enforcement and border security. Furthermore, the push towards the development
of smart ammunition is aligned with broader defence strategies that prioritize surgical

strikes and rapid deployment forces over traditional large-scale deployments.

4.2 Technological Advances in Developed Nations

Developed nations have consistently led the way in technological advances in
smart ammunition, pioneering a range of innovations that significantly enhance the
capabilities and effectiveness of modern armaments. In these countries, defence
research and development are characterized by substantial investments and

collaborations between government defence agencies, private industry, and academic
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institutions, driving rapid progress in sophisticated military technologies.
Technological advancements in smart ammunition include the development of
precision-guided munitions (PGMs) that use GPS, infrared, laser guidance, or a
combination of these to achieve pinpoint accuracy. These munitions minimize the risk
of collateral damage and increase the probability of mission success. Developed nations
are also integrating artificial intelligence into munitions systems to facilitate real-time
decision-making based on sensor data, enabling these weapons to adapt to changing
battlefield conditions autonomously. Another significant area of advancement is in
network-centric warfare capabilities, where smart munitions are part of a broader
system of integrated warfare technologies. This integration allows for coordinated
attacks and real-time data sharing between multiple platforms, enhancing the
operational flexibility and strategic capabilities of military forces. Additionally, there
is ongoing development in stealth technology for munitions, designed to evade radar
and infrared detection, thus increasing the survivability and effectiveness of these
weapons in hostile environments. Furthermore, the miniaturization of electronic
components has led to the development of smaller, yet more powerful, smart munitions.
These smaller systems are easier to deploy and can be used more discreetly on the

battlefield, providing forces with a tactical advantage in various combat scenarios.

4.3  Case Studies of Successful R&D Ecosystems

The research and development ecosystems in developed countries provide
critical insights into successful strategies for advancing military technology,
particularly in the area of smart ammunition. These ecosystems typically feature a
synergistic blend of government support, private sector innovation, and academic
research, creating a fertile environment for technological advancements. One
prominent example is the United States, where the Defence Advanced Research
Projects Agency (DARPA) plays a pivotal role. DARPA's projects have led to
breakthrough technologies in smart munitions, such as self-steering bullets and
networked munitions systems that can change targets mid-flight. These innovations are
supported through DARPA's rigorous funding and collaboration frameworks, which
bring together experts from various fields, including engineering, robotics, and artificial
intelligence, to tackle specific defence challenges. Another example is Israel, known

for its rapid adaptation of military technologies to meet specific defence needs. Israel's
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defence R&D is deeply integrated with its national security strategies, often leading to
fast-track development and deployment of smart munitions. The Israeli military works
closely with domestic defence companies and international partners to refine and
deploy new technologies rapidly. This approach is exemplified in the development of
the Iron Dome missile defence system, which incorporates advanced radar and missile
technology to intercept incoming threats with high precision. Germany presents another
model, focusing heavily on collaboration between its defence industry and its extensive
network of technical universities. This partnership facilitates the development of
sophisticated military technologies, including smart munitions that feature advanced
guidance systems and improved payload capacities. German R&D also emphasizes
sustainable technologies, integrating materials and methods that minimize
environmental impact without compromising military effectiveness. South Korea's
focus on autonomous weapon systems demonstrates the strategic use of R&D to
develop smart ammunition tailored to specific geopolitical threats. South Korea's
advancements in intelligent munitions are supported by substantial government
investment, encouraging collaboration between defence industries and research
institutions to innovate solutions that enhance the country's defensive capabilities

against potential aggressions.

Table 1. Summary of Key Features in Global Smart Ammunitions.

Country Key Features
USA Al-driven targeting, GPS guidance, autonomous munitions
Israel Missile defence systems, networked precision weapons
Germany Advanced artillery shells, smart warheads

South Korea | Integrated autonomous systems, precision-guided rockets

China Hypersonic weapons, Al-enhanced munitions

4.4 Comparative Analysis

A comparative analysis of global R&D in smart ammunition reveals significant
differences in how countries invest in, develop, and deploy advanced military
technologies. This analysis sheds light on the varied strategic priorities, technological
capabilities, and policy environments across different nations, providing a broader

understanding of the global landscape of defence technology innovation. Countries
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with substantial R&D investments in smart ammunition often share common attributes,
such as robust industrial bases, strong governmental support, and extensive
collaboration between defence industries, academia, and military institutions. However,
the scale and focus of these investments vary. For instance, the United States and China
lead in terms of absolute financial investment, driven by their large defence budgets
and strategic imperatives to maintain technological superiority and full-spectrum
dominance, respectively. In contrast, smaller countries like Israel and Sweden prioritize
specific niches within the smart munitions field, such as counter-missile systems and
electronic warfare, tailoring their R&D efforts to meet specific strategic needs and
budgetary constraints. These differing approaches are influenced by several factors,
including geopolitical threats, military doctrine, economic capacity, and technological
infrastructure. For example, the U.S. leverages its technological and financial
advantages to pursue a wide range of advanced projects across all military domains.
Meanwhile, countries like Russia and India focus more on developing cost-effective
solutions that can be produced domestically to reduce reliance on foreign technology.
The effectiveness of these investments is not solely determined by financial outlay but
also by the efficiency of the R&D processes, the ability to integrate new technologies
into existing military systems, and the adaptability of these systems to evolving combat
requirements. This comparative analysis not only highlights the disparities in R&D
investment and focus but also underscores the importance of strategic alignment
between national defence goals and technological endeavors. This comparative analysis
provides a nuanced understanding of how various nations approach the development
and integration of smart munitions within their armed forces, revealing both shared
challenges and diverse strategies in the pursuit of enhanced military capabilities and

technological self-reliance.

4.5 Comparative Metrics of R&D Investments

In the realm of defence, R&D investments serve as a pivotal metric for assessing
a nation's commitment to advancing its military capabilities, particularly in the field of
smart ammunition. These investments are critical for fostering innovation in weapon
systems that incorporate cutting-edge technologies such as precision guidance,
networked operations, and artificial intelligence. The comparative metrics of R&D

investments reflect not only the financial inputs but also the strategic priorities of
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different countries. The United States, with its substantial defence budget, leads
globally in terms of absolute investment in defence R&D. A significant portion of this
budget is allocated specifically towards developing smart technologies that enhance the
accuracy and efficacy of munitions. This high level of investment facilitates a broad
scope of research activities, ranging from basic research to advanced development and
rapid prototyping. China follows closely, having ramped up its R&D expenditures as
part of a broader military modernization effort aimed at achieving technological parity
with the United States and other Western powers. China’s focus extends beyond mere
parity; it also aims at developing asymmetric capabilities that can exploit potential
adversaries' vulnerabilities, particularly in areas like cyber warfare and anti-access/area
denial (A2/AD) systems. European nations collectively invest heavily in defence R&D
through collaborative projects often backed by the European Defence Agency (EDA).
These projects are typically smaller in scale compared to those of the U.S. and China
but are highly focused on developing technologies that can be shared across member
states, thereby maximizing the return on investment. Nations such as Germany, France,
and the UK contribute significantly to these efforts, with a keen focus on increasing
operational capabilities without escalating costs. In contrast, countries like India and
Russia allocate a smaller percentage of their GDP to defence R&D. However, these
investments are strategically targeted at developing self-reliance in defence
technologies. India, for instance, has increased its funding for homegrown projects like
the Advanced Towed Artillery Gun Systems (ATAGS) and the Tejas fighter jet, which
include smart munitions as a key component of their armaments. The effectiveness of
these investments is often gauged not just by the financial outlay but also by the ability
to successfully integrate and deploy these advanced technologies into their respective
military forces. The metrics of investment are thus a composite index that includes
budget allocation, project outcomes, and the degree to which these technologies alter

the strategic balance in favor of the investing country.

4.6 Success Factors from Global Case Studies
The success of R&D initiatives in the smart ammunition domain across various
countries can be attributed to a complex interplay of factors that these nations manage

effectively. Drawing from global case studies, several key success factors emerge,
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elucidating how different nations harness their resources, strategies, and capabilities to

foster innovation and development in military technologies.

One significant factor is the establishment of robust collaborative frameworks
that involve defence ministries, private sector companies, academic institutions, and
sometimes international partners. These collaborations facilitate the pooling of
expertise, resources, and technological capabilities, leading to innovative outcomes.
For instance, the United States benefits immensely from its defence-industrial base,
which includes a network of contractors and subcontractors integrated into the defence
R&D ecosystem through programs managed by entities like DARPA and the
Department of Defence. These programs not only sponsor research but also ensure that

innovations can be transitioned into deployable military technologies.

Strong governmental support in the form of policy and funding is crucial.
Effective policies that encourage research and development, coupled with substantial
and sustained funding, provide the necessary groundwork for advanced R&D activities.
Israel's government, for example, not only prioritizes defence spending but also
provides incentives for innovations in smart munitions through direct funding and
grants. The clear policy direction and financial backing significantly accelerate the

development cycles of new technologies.

The availability of a high-tech industrial base and advanced technological
infrastructure also plays a critical role. Germany and South Korea exemplify how
having cutting-edge manufacturing and testing facilities, along with a skilled
workforce, can enhance the development of sophisticated weaponry. These facilities
enable the practical application of theoretical research and the fine-tuning of

technologies before they are finalized for deployment.

A conducive regulatory environment that supports rapid testing and iteration of
defence technologies allows for quicker refinement and deployment. Countries that
manage to streamline governmental procedures and clearances for defence projects can

significantly speed up the development process. This factor is notably leveraged by
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countries like Sweden and Finland, where government agencies work closely with
R&D units to ensure that innovations can swiftly move from the lab to the field.
Successful R&D ecosystems also exhibit strong feedback mechanisms between
end-users (the military) and developers (defence contractors and researchers). Such
interactions ensure that the developed technologies meet operational needs and can be
adapted based on feedback from actual field conditions. The U.K.’s defence technology
strategy emphasizes user-driven innovation, where direct input from military personnel

helps guide the development processes to ensure relevance and applicability.
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Figure 1. Bar Diagram of Investment vs. Output in Selected Countries.
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CHAPTER 5:
INDIGENOUS SMART AMMUNITION R&D IN INDIA: CHALLENGES AND
OPPORTUNITIES

5.1 Current State of R&D in India

The current state of research and development (R&D) in smart ammunition
within India reflects a complex interplay of burgeoning technological advancements
and systemic challenges that stem from historical, financial, and strategic factors.
India’s defence R&D has been primarily driven by the government through agencies
such as the Defence Research and Development Organisation (DRDO) and
collaborations with public and private sector enterprises. The focus has increasingly
been on developing indigenous capabilities to reduce reliance on foreign technology
and enhance national security. India has made notable progress in several key areas,
including missile technology, radar systems, and electronic warfare. The successful
development and deployment of the BrahMos missile and the Akash air defence system
underscore India's growing proficiency in producing sophisticated weaponry. These
systems integrate advanced guidance, navigation, control, and propulsion technologies
that are comparable with global standards. Furthermore, DRDO’s initiatives towards
incorporating artificial intelligence and machine learning into defence systems are
indicative of India’s commitment to advancing its military capabilities. Despite these
advancements, the R&D ecosystem in India faces several challenges. One major issue
is the gap between technology development and its operational deployment. Often,
there is a significant lag between initial development and final induction into the armed
forces, primarily due to bureaucratic hurdles and the lengthy process of field trials and
user validations. Additionally, there are gaps in critical technologies such as
microprocessor manufacturing and sensor technology, which are crucial for the next
generation of smart munitions. These gaps are partly due to limited collaboration
between the defence sector and the Indian technological and academic communities,
which traditionally have been less involved in defence-related research. The Indian
government recognizes these challenges and has been making concerted efforts to
revitalize the defence R&D sector. Initiatives like the 'Make in India' campaign and the
establishment of the Innovations for Defence Excellence (iDEX) framework aim to

foster innovation by involving startups and small enterprises in defence technology
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development. Moreover, recent policy reforms intended to simplify defence
procurement processes and promote indigenous research by providing better funding

and incentives for private sector participation.

5.2 Technological Capabilities and Gaps

India's defence technology landscape showcases a dynamic mix of significant
capabilities alongside notable gaps that influence the development and deployment of
smart ammunition. The nation has demonstrated substantial strengths in certain areas
such as missile technology, where programs like the BrahMos and Agni series have
achieved global recognition. These programs highlight India's capabilities in propulsion
technologies, onboard navigation systems, and warhead integration, which are critical
for the effectiveness of smart munitions. Moreover, India has made advancements in
radar and surveillance technologies, essential for the targeting and guidance systems of
smart ammunition. The development of the Arudhra and Ashwini radar systems,
capable of detecting and tracking multiple targets, signifies strides in enhancing these
foundational technologies which are pivotal for integrated network-centric warfare
capabilities. Despite these advancements, there are significant gaps that need
addressing to bolster the R&D framework and operational efficiency. One major
technological gap is in the area of microelectronics and semiconductor manufacturing,
which are critical for the guidance and control systems of smart munitions. India's
dependency on imports for these components not only increases costs and lead times
but also exposes the country to potential supply chain vulnerabilities in times of
geopolitical tensions. Additionally, there is a noticeable deficiency in the integration of
artificial intelligence and machine learning in defence applications compared to global
standards. These technologies are crucial for the development of autonomous weapon
systems and for enhancing the decision-making capabilities of smart munitions in
dynamic combat environments. Another critical gap is in the development of advanced
materials and manufacturing techniques. Materials such as high-strength, lightweight
composites and thermally resistant alloys are essential for modern smart munitions to
operate in varied and harsh environments. The domestic production of these materials
is limited, which hampers the ability to produce munitions that can compete on an

international level in terms of performance and reliability.
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5.3 External Dependencies and Their Impacts

India's defence sector, particularly in the area of smart ammunition, exhibits
significant external dependencies that impact its strategic autonomy and operational
readiness. These dependencies stem from the need for advanced technologies,
components, and expertise, which are often sourced from foreign suppliers due to gaps
in domestic capabilities. One of the primary areas of dependency is on advanced
electronic components and systems, including microprocessors and sensors that are
critical for the guidance and control systems of smart munitions. India imports a
substantial portion of these components from countries like the United States and Israel.
While these imports include state-of-the-art technology, they also subject India to
supply chain vulnerabilities, as geopolitical shifts or economic sanctions could restrict
access to these critical components, thereby impacting the production and maintenance
of smart ammunition systems. Additionally, India relies on collaborations with foreign
countries for technology transfers and joint development projects to enhance its
capabilities in areas such as propulsion systems, navigation modules, and targeting
systems. While these collaborations have bolstered India’s defence technology base,
they also make the country susceptible to political leverage and policy changes in
partner countries. For example, changes in export policies or priorities of partner
nations can delay or derail important defence projects, leading to increased costs and
extended timelines. The dependence on foreign technology and expertise also impacts
the cost-efficiency of India’s defence procurement and development. High costs
associated with licensing, technology transfer fees, and procurement of imported
systems place a significant burden on India's defence budget, diverting funds from other
critical defence or domestic needs. Moreover, reliance on external sources often means
that adaptations to the specific needs and conditions of Indian operations can be limited,
reducing the effectiveness and efficiency of deployed systems. Furthermore, these
external dependencies inhibit the development of an indigenous defence industrial base.
By relying on foreign suppliers for critical technologies and components, India misses
opportunities to develop its own technological and manufacturing capabilities, which
are essential for long-term self-reliance and for fostering a domestic ecosystem of

defence technology innovation.
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Table 2. External Dependencies in Indian Smart Ammunition R&D.

Technology/Component Source Countries
Microprocessors USA, Taiwan
Advanced Sensors France, Israel
Ballistic Materials Russia, Germany
Propulsion Systems Russia, USA
Cybersecurity Solutions USA, UK

5.4  Challenges Faced

India's journey towards becoming a leader in smart ammunition research and
development is fraught with various challenges that span policy, resource allocation,
technology, and infrastructure. These challenges not only impede the pace of
development but also affect the strategic competence and readiness of the defence
sector. A key challenge is the bureaucratic nature of India’s defence R&D and
procurement processes. The existing framework often results in significant delays from
conception to deployment of defence technologies. The lengthy and sometimes opaque
approval processes can discourage innovation and deter private sector participation,
which is crucial for bringing in fresh perspectives and advanced technologies into the
defence sector. Moreover, the absence of a cohesive and streamlined policy that aligns
R&D with immediate and future military needs often leads to mismatches between
developed technologies and actual operational requirements. Resource limitations also
pose significant challenges. Although India allocates a substantial portion of its budget
to defence, the specific funding for R&D in smart ammunition is not always adequate
considering the ambitious scope of ongoing and planned projects. The competition for
limited resources among various defence projects can lead to underfunding, which
affects the scope, scale, and speed of research and development activities. This is
exacerbated by financial inefficiencies and the high cost of importing cutting-edge
technologies, which further strain the R&D budget. Another profound challenge is
retaining skilled talent within the defence R&D sector. There is a significant brain drain,
where talented researchers and engineers prefer opportunities in more lucrative or less
restrictive environments abroad or in other sectors within the country. This talent
outflow reduces the intellectual capital necessary to innovate and advance the domestic

development of sophisticated military technologies. These systemic challenges are
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compounded by external pressures such as rapidly changing global military
technologies and increasing security threats. To keep pace, India must not only address
internal inefficiencies but also adopt a proactive approach to forecasting and adapting

to technological trends and geopolitical shifts.

5.5 Policy Constraints and Resource Limitations

India’s aspirations to advance its smart ammunition R&D are significantly
hindered by policy constraints and resource limitations. The defence sector, despite its
strategic importance, faces bureaucratic hurdles and inefficiencies in policy
frameworks that impact the effective allocation and utilization of resources. Policy
constraints in the Indian defence sector predominantly revolve around cumbersome
procurement processes and rigid regulatory frameworks that have not evolved in
tandem with technological advancements. The procurement process is often lengthy
and complex, involving multiple stages of approvals that can delay projects for years.
This slow pace is at odds with the rapid development cycle of modern military
technologies, where delays can render technological solutions obsolete by the time they
are deployed. Furthermore, the policy environment has historically been skewed
towards large, state-run enterprises, limiting the involvement of smaller private entities
and startups that could inject innovation and agility into R&D initiatives. In addition to
these policy barriers, resource limitations also pose a critical challenge. While India
allocates a significant portion of its budget to defence, the specific investment in R&D
is relatively modest compared to leading global powers. This limitation is not just
monetary but also extends to human resources. There is a noticeable shortfall in skilled
personnel dedicated to defence R&D, attributed to less competitive remuneration and
growth opportunities in the public sector compared to the private sector or international
opportunities. The scarcity of resources is compounded by inefficient utilization. Funds
allocated for defence R&D are often underutilized due to bureaucratic red tape, leading
to underfunding of critical projects or misallocation of available resources. The lack of
a strategic approach to funding allocation means that not all projects that receive
funding are aligned with immediate or strategic defence needs, which diminishes the
potential impact of these investments. Navigating these challenges requires a

multipronged approach, including policy reforms to streamline procurement processes,



76

incentivize private sector participation, and reallocate resources more strategically

across the defence R&D sector.

5.6 Technological and Infrastructural Challenges

India's efforts to enhance its capabilities in smart ammunition are further
complicated by technological and infrastructural challenges that significantly affect the
effectiveness and efficiency of its defence R&D initiatives. These challenges are critical
barriers that not only delay the development of advanced military technologies but also
affect the strategic operational capacity of the armed forces. Technologically, India
faces a critical gap in cutting-edge research and development, particularly in areas such
as microelectronics, advanced materials, and artificial intelligence, which are
fundamental for modern smart munitions systems. Despite considerable progress in
certain areas like missile technology, there remains a dependence on foreign technology
for components such as sensors, chips, and advanced computing systems. This
dependence is largely due to the limited domestic production capabilities and the
nascent state of these technologies within India. The lack of a robust semiconductor
manufacturing sector means that critical components for smart ammunition, like
processors and memory chips, must be imported, leading to increased costs and
potential supply chain vulnerabilities. The infrastructural challenges encompass
outdated facilities and the lack of state-of-the-art testing and simulation tools, which
are essential for the development and validation of sophisticated weaponry. Many of
India’s defence R&D institutions are equipped with infrastructure that does not meet
the latest technological standards, which is a significant impediment to innovation and
reduces the effectiveness of developmental processes. Additionally, there is a
noticeable lack of integration between various defence research institutions and
manufacturing units, resulting in inefficiencies and a disconnect between research
outputs and their practical applications. These technological and infrastructural
deficiencies are compounded by insufficient investment in updating and maintaining
R&D facilities. Without modern infrastructure, it becomes challenging to attract
talented researchers and to undertake projects that require highly specialized equipment
and environments. Moreover, the geographical concentration of defence research
facilities in certain regions of the country limits accessibility and collaboration

possibilities, which are crucial for multidisciplinary modern military projects.
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Addressing these technological and infrastructural challenges is pivotal for India to
build a self-reliant defence sector capable of producing advanced and effective smart
ammunition systems. This necessitates strategic investments, policy changes, and

enhanced collaboration across the governmental, academic, and private sectors.

Operational Deployment
Cybersecurity

Technology Acquisition

R&D Infrastructure

Manpower Training

Figure 2. Pie Chart of Resource Allocation in Indian Defence R&D.

5.7 Opportunities for Growth

Despite the challenges faced by India's defence R&D sector, there are
significant opportunities for growth that can transform the landscape of smart
ammunition development. These opportunities are shaped by both internal
advancements and the evolving global defence environment, which collectively offer
new avenues for India to enhance its technological capabilities and strategic autonomy.
One of the most significant opportunities lies in the strengthening of public-private
partnerships. The Indian government's initiatives, such as the Make in India program,
have started to pave the way for greater collaboration between defence public sector
undertakings and the private sector, including startups specializing in advanced
technologies. By fostering a collaborative ecosystem that integrates innovation from
various sectors, India can accelerate the development of smart ammunition
technologies and reduce dependencies on foreign entities. Furthermore, the

government's recent push towards self-reliance in defence manufacturing opens doors
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for substantial investment in infrastructure upgrades and capacity building. The
allocation of increased funds and resources towards modernizing existing facilities and
building new research centers equipped with state-of-the-art technologies can address
current infrastructural deficits, enabling more sophisticated R&D activities. Another
critical area for growth is in human capital development. By enhancing educational and
professional development programs in defence technology and related fields, India can
cultivate a larger pool of skilled scientists, engineers, and researchers. This talent pool
is crucial for driving innovation and sustaining the growth of the defence sector.
Initiatives to improve career prospects, competitive salaries, and research opportunities
within the country could mitigate the brain drain and build a robust workforce dedicated
to defence R&D. India's geographic and strategic positioning also offers unique
opportunities for testing and deploying smart munitions in varied terrain and climatic
conditions, providing valuable data that can lead to improvements in weapon systems
and their operational efficacy. Moreover, India’s increasing role in international
security and peacekeeping operations could serve as a platform for showcasing its
defence capabilities and for testing its technologies in real-world scenarios. These
opportunities, if leveraged effectively, could significantly advance India's capabilities
in smart ammunition, promoting technological innovation and strengthening national

security in an increasingly complex global arena.

5.8  Potential Areas for Development

India’s defence R&D sector, particularly in smart ammunition, is poised for
significant expansion, with several potential areas ripe for development that could
significantly enhance the country's defence capabilities. Recognizing these areas and
investing strategically can help mitigate existing challenges and capitalize on emerging
opportunities. One critical area for development is in the field of advanced materials.
Innovations in materials science, such as the development of lighter, stronger
composites or more resilient alloys, could significantly improve the performance of
smart munitions. These materials could offer better resistance to environmental
extremes, greater durability, and enhanced efficacy, which are essential for the
operational demands of modern warfare. Additionally, investing in advanced
manufacturing technologies such as 3D printing could revolutionize the production of

complex components for smart munitions, reducing costs and lead times while
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increasing the flexibility to produce bespoke solutions as needed. The development of
sophisticated sensor and imaging technologies is another promising area. Sensors are
crucial for the guidance and targeting systems of smart ammunition, enabling precision
strikes and reducing collateral damage. Enhancements in sensor technology, including
improvements in thermal imaging, radar, and sonar capabilities, could provide armed
forces with superior situational awareness and targeting accuracy. Investing in these
technologies not only supports military objectives but also drives broader technological
advancement across the civilian sector, particularly in areas such as autonomous
vehicles and advanced surveillance systems. As modern warfare becomes increasingly
reliant on information and connectivity, there is a significant opportunity to develop
integrated systems and network-centric warfare capabilities. This includes the
development of munitions that can communicate and coordinate with other systems on
the battlefield, from drones and satellites to ground forces and naval assets. Such
integration enhances the operational flexibility and effectiveness of military strategies,
allowing for more dynamic and responsive tactics. With the increasing digitization of
military technology, cybersecurity becomes a critical area of focus. Smart munitions,
reliant on software and digital communication, must be safeguarded against cyber
threats. Developing robust cybersecurity measures and secure communication
protocols is essential to protect these systems from potential threats, ensuring that they
perform as intended without interference. Exploring and investing in these potential
areas of development not only prepares India to meet the challenges of modern warfare
more effectively but also supports the growth of domestic industries and innovation
ecosystems. This strategic approach ensures that India can maintain and enhance its

defence capabilities while fostering economic growth and technological leadership.

5.9 Emerging Technologies (Al, Machine Learning)

Emerging technologies such as Artificial Intelligence (AI) and Machine
Learning (ML) are rapidly transforming the global defence landscape, offering
significant opportunities for India to enhance its smart ammunition capabilities. These
technologies promise to revolutionize the way military operations are conducted by
enabling more effective decision-making, increasing the precision of munitions, and
facilitating autonomous operations. Al and ML can be integrated into various aspects

of smart ammunition, from design and testing to deployment. For instance, Al can be
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utilized to optimize the flight paths of missiles in real time, adjusting trajectories based
on changing battlefield conditions or to evade countermeasures. This ability
significantly increases the effectiveness of munitions by ensuring that they can adapt to
dynamic combat environments. Moreover, ML algorithms can analyse vast amounts of
data to predict system failures or maintenance needs, enhancing the reliability and
lifespan of weaponry. This predictive maintenance ensures that munitions are
operationally ready and minimizes downtime, which is crucial during prolonged
military engagements. Additionally, Al can automate the processing of surveillance
data to identify targets more quickly and accurately, reducing the cognitive load on
human operators and allowing forces to respond to threats with greater speed and
precision. The application of these technologies also extends to the manufacturing
process. Al-driven simulations can model the behavior of new munitions under a
variety of conditions, reducing the need for costly and time-consuming physical trials.
This not only speeds up the development process but also allows for the exploration of
innovative designs and materials that might be too complex to evaluate otherwise.
However, the adoption of Al and ML in defence also requires addressing significant
challenges such as ensuring the ethical use of autonomous systems, safeguarding
against Al vulnerabilities, and managing the complex interactions between human
decision-makers and autonomous systems. The integration of these technologies must
be approached with a strategy that considers not only the technological implications but
also the legal, ethical, and social dimensions. The strategic integration of AI and ML
into India’s defence R&D can provide a significant technological edge, enhancing the
capabilities of smart ammunition and ensuring that the military remains prepared to

face modern threats effectively and efficiently.
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CHAPTER 6:
STRATEGIC SOLUTIONS FOR STRENGTHENING INDIGENOUS R&D
CAPABILITIES

5.1  Analysis of Current Policies

The strategic direction and effectiveness of India's defence research and
development (R&D) are heavily influenced by its policy framework. Current policies
aimed at strengthening indigenous R&D capabilities are crucial for India’s ambition to
become self-reliant in defence technology, particularly in the area of smart ammunition.
An in-depth analysis of these policies reveals both their strategic intent and the
challenges inherent in their implementation. The cornerstone of India’s defence R&D
policy framework has been the emphasis on 'Atmanirbhar Bharat' (self-reliant India),
which seeks to foster innovation and reduce dependency on foreign technology. This
initiative is supported by several key policies including the Defence Procurement
Procedure (DPP) and the Make in India initiative, which encourage both the public and
private sectors to boost domestic manufacturing capabilities. The DPP, for example,
has been revised to simplify the procedures and to give priority to indigenously
designed, developed, and manufactured defence products. However, while the policy
frameworks are robust on paper, their execution often faces significant hurdles. The
defence sector is still grappling with bureaucratic delays and a lack of coordination
among various governmental agencies, which can stifle innovation and extend the time
from concept to commissioning. Moreover, policies such as the Strategic Partnership
Model, designed to bring in private players from both domestic and international fields,
have seen slow progress in terms of actual project execution and delivery. The
Directorate General of Quality Assurance (DGQA) and the Defence Research and
Development Organization (DRDO) play pivotal roles in the R&D process, from initial
research to the final deployment of defence products. However, there are frequent
criticisms regarding the overlap of responsibilities and lack of clear accountability,
which can lead to inefficiencies and duplicated efforts in the R&D processes. In
addition to policy-related challenges, financial constraints also impact the effectiveness
of R&D initiatives. Although recent budgets have increased allocations for defence
R&D, the funding is still not commensurate with the ambitious goals set by the

government. The allocation often falls short in covering the costs of cutting-edge
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research, particularly in advanced technologies such as Al and robotics, which are
essential for the development of smart ammunition. This analysis underscores the need
for reforms in policy implementation and resource allocation to enhance the efficacy
and output of India's defence R&D sector, particularly as it seeks to advance its

capabilities in smart ammunition and other critical defence technologies.

6.2  Review of Existing Policies

The existing policies governing India's defence research and development
(R&D) landscape are critical in shaping the country’s capabilities in smart ammunition
and other advanced defence technologies. These policies are designed to foster
innovation, encourage indigenization, and streamline procurement processes, yet their
implementation often reveals gaps that can hinder progress. One of the key policy
frameworks is the Defence Procurement Procedure (DPP), which outlines the
guidelines for the acquisition of defence equipment. The DPP has been periodically
updated to increase transparency, speed up procurement, and promote domestic
manufacturing through the 'Buy (Indian-IDDM)' -category, which prioritizes
indigenously designed, developed, and manufactured products. However, despite these
updates, the DPP often faces criticism for its complex and time-consuming processes
that can delay project timelines. The Make in India initiative is another significant
policy aimed at transforming India into a global design and manufacturing hub. In the
defence sector, this policy has led to increased emphasis on domestic production and
technology transfer agreements with foreign manufacturers. While the initiative has
succeeded in boosting domestic manufacturing capabilities, it has been less effective in
attracting foreign technology transfers that are critical for high-end technologies in
smart ammunition. The Strategic Partnership (SP) Model, introduced as part of the
DPP, aims to revitalize India’s defence industrial base by enabling Indian private sector
companies to tie up with global defence manufacturers to produce major defence
platforms in India. This model is intended to create long-term capacities and capabilities
in the Indian private sector. However, its implementation has been slow, and questions
remain about the selection of strategic partners and the modalities of technology
absorption under this model. Moreover, the Defence Innovation Organization (DIO),
with its Innovations for Defence Excellence (iDEX) initiative, is set to promote

innovation and technology development in defence and aerospace by involving startups
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and MSME:s. iDEX is designed to provide the necessary funding and ecosystem support
to develop prototypes and bring innovations to the defence market. While promising,
the initiative requires greater integration with major defence projects and clearer

pathways for scaling prototypes to production stages.

6.3 SWOT Analysis

A SWOT analysis of India's current defence R&D policies provides a
comprehensive view of the internal and external factors that influence the strategic
direction and operational capabilities in smart ammunition development. This
analytical framework assesses the Strengths, Weaknesses, Opportunities, and Threats
associated with these policies. Strengths: India's defence R&D policies are backed by
strong governmental support, which is evident in initiatives such as Make in India and
Atmanirbhar Bharat (Self-Reliant India), aimed at boosting domestic manufacturing.
The defence sector benefits from a large pool of engineers and scientists, thanks to
India’s extensive education system. Furthermore, recent policy reforms have
increasingly favored the indigenization of defence technologies, which has started to
cultivate a robust domestic defence industry. The strategic geographical location of
India, coupled with its existing relationships with other nations, also strengthens its

position to become a significant player in the global defence market.

Weaknesses: Despite these strengths, several weaknesses hinder the
effectiveness of defence R&D policies. Bureaucratic delays and red tape significantly
slow down the procurement process and the deployment of developed technologies.
There is also a lack of coordination between various governmental agencies, leading to
fragmented efforts and inefficiencies in resource utilization. Moreover, the defence
sector still relies heavily on foreign technology for critical components, reflecting a gap

in high-tech manufacturing capabilities within the country.

Opportunities: Opportunities for growth in India's defence R&D are
substantial. Increasing border tensions and regional instabilities provide a continuous
impetus for the development of advanced defence technologies. The global shift
towards more integrated and networked defence systems presents India with the chance

to leapfrog into advanced military technologies, such as Al and cybersecurity.
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Additionally, the growing private sector in technology can be further integrated into
defence projects, bringing innovation and agility into the R&D processes.

Threats: On the flip side, the threats to the successful implementation of
defence R&D policies include the rapid pace of technological advancement globally,
which may outstrip India’s current capabilities to adapt and innovate. Economic
constraints and shifting political priorities can also impact the funding and focus of
defence projects. Moreover, the reliance on international markets for critical
technologies exposes India to geopolitical risks and supply chain vulnerabilities. This
SWOT analysis underscores the need for dynamic and responsive defence R&D
policies that can adapt to both the internal challenges and the external threats facing
India, ensuring that the country not only keeps pace with global advancements but also

leverages its unique strengths to foster a resilient and innovative defence sector.

Impact Level (1-10)

Strengths Weaknesses Opportunities Threats
SWOT Categories

Figure 3. SWOT Analysis of the Indian Smart Ammunition Sector.

6.4  Proposed Strategic Solutions

To enhance India's indigenous R&D capabilities in smart ammunition and other
advanced defence technologies, strategic solutions must address both existing
shortcomings and leverage emerging opportunities. These solutions should focus on

creating a more conducive environment for innovation, improving integration across
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various sectors, and ensuring sustainable development within the defence industry. A
critical strategic solution is the simplification of the defence procurement process.
Current procedures are mired in bureaucracy and can be significantly streamlined to
facilitate quicker decision-making and project approval. Implementing more
transparent and efficient processes will reduce the time from innovation to deployment,
thereby enhancing the responsiveness of the defence sector to emerging threats.
Regulatory reforms are needed to encourage innovation within the defence sector. This
includes creating policies that support risk-taking and experimentation in defence
technology development. Such reforms could involve providing tax incentives for R&D
investments, establishing defence innovation hubs, and offering grants and funding
opportunities for startups and SMEs specializing in defence technologies. Establishing
specialized zones dedicated to defence R&D can foster concentrated growth and
innovation. These zones would provide state-of-the-art facilities and infrastructure
tailored to the needs of defence technology development. They could act as incubators
for new technologies, offering a collaborative space for researchers, private companies,
and defence agencies. To maintain a competitive edge, India must incorporate cutting-
edge technologies such as artificial intelligence, robotics, and nanotechnology into its
defence R&D efforts. Furthermore, international collaborations should be strategically
enhanced to gain access to advanced technologies and expertise not currently available
domestically. Such partnerships can also facilitate technology transfer, co-
development, and co-production agreements, helping to build domestic capabilities
while adhering to the Make in India initiative. Developing a skilled workforce is
fundamental to advancing India's defence technology sector. This involves not only
improving technical education and training programs but also attracting and retaining
top talent by providing competitive compensation, career development opportunities,
and a conducive work environment. Additionally, partnerships with universities and
research institutions can be strengthened to ensure a continuous flow of skilled

personnel into the defence sector.

6.5  Enhancing Public-Private Partnerships
Enhancing public-private partnerships (PPPs) is essential for bolstering India's
defence R&D capabilities, particularly in the development of smart ammunition. These

partnerships can leverage the strengths of both sectors—innovation and agility from the
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private sector and resources and scale from the public sector—to accelerate
technological advancements and optimize resource use. One way to enhance PPPs is
by strategically integrating private sector expertise in areas where the public sector may
lack the latest technological capabilities. The private sector's role in software
development, cybersecurity, and electronic hardware is critical, given its more rapid
adaptation to new technologies and methodologies. By partnering with private firms
specializing in these areas, defence projects can benefit from cutting-edge technologies
and innovative approaches that are otherwise difficult to develop internally within
government-run institutions. Effective PPPs require attractive incentivization schemes
that can lure private players into defence projects. These could include financial
incentives like tax breaks, grants for R&D activities, and assurance of a market through
procurement commitments by the defence forces. Additionally, simplifying intellectual
property norms to ensure that private companies can retain rights or receive adequate
royalties from innovations can motivate them to invest in defence R&D. Risk is a
significant factor in defence R&D due to the high costs and long development timelines
associated with advanced technologies. Public-private partnerships can be structured to
share these risks, thereby encouraging private sector participation. Government can
shoulder a part of the financial risk, especially in the research and prototyping phases,
which are often the most unpredictable and resource-intensive. Regulatory barriers
often dissuade the private sector from entering defence manufacturing. Simplifying
these regulations and establishing a clear legal framework for PPPs in defence can
provide more clarity and confidence to private entities. This includes streamlining
licensing procedures, establishing clear guidelines for collaboration, and setting up
dispute resolution mechanisms to handle conflicts that may arise between public and
private entities. Developing consortiums and innovation hubs that bring together
defence PSUs, private companies, startups, and academic institutions can foster a
collaborative environment conducive to innovation. These hubs can act as incubators
for new technologies, providing the infrastructure and resources needed to develop
prototypes and conduct trials, thus reducing the initial investment required from private
firms. By enhancing public-private partnerships through these strategic measures, India
can significantly improve the pace and quality of its defence R&D, ultimately leading

to more advanced and reliable smart ammunition systems.
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6.6  Infrastructural and Human Resource Development

Infrastructural and human resource development are pivotal components in
strengthening India’s indigenous Research and Development (R&D) capabilities,
particularly in the defence sector focusing on smart ammunition. Optimizing these areas
can significantly enhance the efficiency, innovation rate, and competitiveness of India's
defence technology on a global scale. Modernizing existing R&D facilities and
constructing new ones with cutting-edge technologies is crucial for advancing India's
defence R&D. This involves not only physical infrastructure, such as laboratories and
testing ranges but also the integration of advanced IT infrastructure to support
simulation and design software, which are essential for the development of smart
ammunition systems. Enhancements should focus on creating facilities that enable
extensive testing and prototyping of new technologies under various conditions,
mimicking real-world scenarios to ensure reliability and effectiveness. Developing a
skilled workforce is equally critical. This entails improving education and training
programs specifically tailored to the needs of the defence sector. Collaborations with
universities and technical institutes to offer specialized courses in defence technology,
materials science, and cybernetics are vital. Furthermore, establishing continuous
professional development programs within defence organizations can keep the
workforce abreast of the latest technological advancements and methodologies. Beyond
physical and educational upgrades, fostering a culture that promotes innovation within
the defence sector is necessary. This can be achieved by incentivizing research through
awards, grants, and recognitions. Additionally, implementing policies that encourage
risk-taking and the exploration of unconventional ideas without the immediate pressure
of commercial success can lead to groundbreaking advancements in military
technologies. To combat the brain drain and attract top talent to defence R&D,
competitive salaries, clear career progression paths, and a positive work environment
are essential. The defence sector must also offer unique opportunities that are typically
unavailable in the private sector, such as working on national security projects that have
wide-reaching implications and the satisfaction of serving national interests. In the
wake of global trends towards digitalization, utilizing virtual platforms for
collaboration can play a significant role. These platforms can facilitate seamless
interaction between scientists, engineers, and other stakeholders across different

geographic locations, enhancing teamwork and speeding up the R&D process without
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the need for physical presence. By addressing these areas systematically, India can
build a more robust and sustainable infrastructure and human resource base,
significantly enhancing its ability to develop cutting-edge smart ammunition and other
defence technologies.
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Figure 4. Framework for Strategic Development in R&D.



89

CHAPTER 7:
POLICY RECOMMENDATIONS FOR A ROBUST
R&D ECOSYSTEM

7.1  Key Policy Interventions

To establish a robust and sustainable R&D ecosystem for smart ammunition and
other advanced defence technologies, India must consider implementing key policy
interventions that address both current gaps and future opportunities. These
interventions should aim to create a conducive environment for innovation, streamline
processes, and fully integrate the capabilities of both public and private sectors. One
critical policy intervention involves enhancing financial incentives for R&D activities
within the defence sector. This could include increased government funding for defence
research projects, particularly those involving cutting-edge technologies that may have
higher risks and longer gestation periods. Additionally, providing tax breaks, subsidies,
or grants to startups and SMEs that partner with government defence projects could
encourage more private sector involvement and innovation. Policies should also focus
on promoting greater collaboration among universities, private companies, defence
PSUs, and government research institutions. This can be achieved by establishing more
co-development and co-production projects under frameworks that allow for shared
intellectual property rights and profits. Facilitating a collaborative environment not
only accelerates technological advancements but also ensures that these innovations are
practical and tailored to the needs of the armed forces. Reducing bureaucratic red tape
and streamlining the procurement process is essential for speeding up the transition
from research and development to deployment. Policies aimed at simplifying approval
processes and reducing the layers of decision-making can lead to quicker project
completions and earlier deployment of technologies. Additionally, establishing clear
guidelines for the integration of new technologies into existing military systems will
ensure that innovations are efficiently utilized and incorporated into the defence
infrastructure. A robust R&D ecosystem requires state-of-the-art facilities and
infrastructure. Policy interventions should include substantial investments in upgrading
existing research facilities and building new ones equipped with the latest technologies
and tools necessary for advanced research and development in defence technologies.

This would not only support current R&D needs but also future-proof the defence sector
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against evolving technological challenges. Intellectual property (IP) protection is
crucial in fostering innovation and investment in R&D. Strengthening IP laws to protect
the innovations developed within the defence sector can encourage more companies
and individuals to invest time and resources in defence technology research. Effective
IP protection also facilitates healthier partnerships between Indian firms and

international entities, as it assures all parties of the security of their innovations.

7.2 Recommendations for Policy Enhancements

To enhance the effectiveness and impact of India's defence R&D policies, a
series of targeted recommendations can be made to address existing shortcomings and
leverage potential growth areas. These enhancements are designed to streamline
processes, foster innovation, and ensure that India’s defence technologies can meet the
needs of modern warfare. It is essential that specific funding be earmarked for research
in emerging technologies such as artificial intelligence, cyber-defence, and robotics
within the defence sector. These areas are pivotal for the development of next-
generation smart ammunition and other advanced military systems. Funding should be
flexible enough to allow for rapid shifts in research focus as new challenges and
technological opportunities arise. Simplifying the regulatory framework that governs
defence R&D can greatly enhance innovation. This includes reducing the bureaucratic
layers involved in approving projects and setting up a fast-track process for initiatives
that align with national defence priorities. Moreover, ensuring that these processes are
transparent can help in building trust and encouraging more private sector engagement.
To further strengthen collaboration between the public sector and private enterprises,
the government can create more structured partnership models that clearly define roles,
share risks, and offer incentives for both parties. This could involve co-funding
initiatives, shared use of government testing facilities, and assistance in navigating the
procurement process for private sector contributions to defence projects. Developing
clear guidelines for intellectual property (IP) generated from publicly funded research
can incentivize private companies to invest in R&D. These guidelines should balance
the need to protect the commercial interests of developers with the government's need
to access and deploy new technologies for national defence purposes. Investing in
human capital is crucial. This includes not only fostering STEM education with a focus

on defence applications at the university level but also offering continuous professional
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development for existing defence R&D personnel. Initiatives could include
scholarships, internships, and cooperative programs with defence industries to provide
hands-on experience and to encourage careers in defence technology. Encourage and
facilitate inter-institutional and international research collaborations to leverage
external expertise and resources. This can be supported by policies that promote
academic and industrial exchanges, joint ventures, and participation in international
defence research programs. These policy enhancements are intended to create a more
dynamic and responsive defence R&D environment in India, ensuring that the defence
sector can develop the capabilities needed to maintain and advance national security in

an increasingly complex global context.

7.3  Role of Government and Regulatory Frameworks

The role of government and the effectiveness of regulatory frameworks are
fundamental to fostering a robust and efficient research and development (R&D)
ecosystem, especially in a sector as critical as defence. The government's involvement
is essential not only in setting the agenda for defence priorities but also in creating an
environment that nurtures innovation and streamlines the path from research to
deployment. The government must take a proactive role in identifying and prioritizing
research areas that are of strategic importance to national security. This involves
continuous assessment of global defence trends and potential threats, and aligning R&D
activities to address these challenges. Strategic leadership also includes the allocation
of sufficient resources to sustain advanced research projects and the development of
technologies that cater to future warfare. Regulatory frameworks need to be specifically
designed to facilitate rapid innovation in the defence sector. This includes creating
policies that reduce bureaucratic red tape and simplify the approval processes for new
projects and technologies. Moreover, regulations should be flexible enough to
accommodate the fast pace of technological change, ensuring that new innovations can
be swiftly integrated and deployed within military operations. Transparent processes
are crucial for maintaining trust and encouraging participation from various
stakeholders in the defence industry, including private companies, research institutions,
and foreign partners. The government can improve transparency by regularly
publishing policy updates, funding allocations, and project statuses. Additionally,

establishing clear accountability mechanisms ensures that projects are managed
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efficiently and that public resources are used responsibly. To leverage the strengths of
both public and private sectors, the government needs to establish and maintain strong
collaboration frameworks. These should include clear guidelines for collaboration,
mechanisms for sharing risks and rewards, and channels for communication and
feedback. Effective public-private partnerships are crucial for combining public
oversight and funding with the agility and innovation of the private sector. In an
increasingly interconnected world, defence R&D can benefit significantly from
international cooperation. The government should facilitate agreements and alliances
that allow for technology sharing, joint research initiatives, and mutual access to
broader markets. Such international engagements can enhance the capabilities of
domestic R&D and provide insights into global best practices and technological
advancements. By strategically enhancing its role and refining the regulatory
frameworks, the government can significantly boost the effectiveness and global
competitiveness of India’s defence R&D sector, ensuring that it not only meets current

security demands but is also prepared for future challenges.

7.4  Building a Sustainable R&D Ecosystem

Building a sustainable R&D ecosystem in India’s defence sector requires a
multi-dimensional approach that transcends immediate technological advancements to
include strategic, economic, and environmental considerations. The essence of
sustainability in defence R&D is not only about maintaining technological superiority
but also ensuring that this capability is continuously regenerated and resilient to
changing geopolitical and technological landscapes. One foundational aspect of
sustainability is the continuous investment in R&D infrastructure. This encompasses
not just physical facilities but also access to advanced tools and technologies that enable
researchers and developers to explore cutting-edge ideas. Sustainable investment also
means funding is not sporadic or reactionary but rather consistent and predictable,
allowing for long-term projects to be planned and executed without the risk of sudden
financial withdrawals. To create a sustainable R&D ecosystem, there should be an
integrated approach that sees defence technologies not in isolation but as part of a
broader technological landscape that includes civilian applications. By fostering
technologies that can be dual-use, the ecosystem can benefit from broader market

feedback and economies of scale, enhancing technological robustness and cost-
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effectiveness. For instance, advancements in materials science for armor can be
transferred to automotive or aerospace industries, while innovations in communication
technologies can enhance both military and civilian telecommunications networks.
Sustainable R&D ecosystems are fundamentally dependent on the human intellect and
expertise driving them. Thus, nurturing a home-grown talent pool through education,
training, and attractive career opportunities in the defence sector is crucial. Initiatives
might include partnerships with universities to create defence-focused curricula,
scholarships for studies in critical areas like cybernetics, artificial intelligence, and
materials engineering, and clear career paths within public and private defence
organizations. Sustainability also requires that all stakeholders in the defence R&D
ecosystem including government agencies, private companies, academia, and even
international partners work in a collaborative and coordinated manner. Policies should
encourage open innovation environments where different entities can come together to
share knowledge, resources, and technologies. This collaborative approach not only
speeds up the innovation process but also ensures that the resulting technologies are
more widely accepted and integrated across the defence sector. Finally, building a
sustainable R&D ecosystem necessitates attention to ethical and environmental
impacts. This involves developing technologies that are not only effective but also
ethical and have minimal environmental footprints. For example, reducing the
ecological impact of testing and manufacturing processes can be achieved through
stricter environmental regulations and the adoption of green technologies. By focusing
on these core areas, India can build a defence R&D ecosystem that is not only capable
of producing advanced technological solutions but also sustainable in its ability to adapt
and evolve in response to new challenges and opportunities. This approach ensures that
the defence sector’s growth is balanced, responsible, and aligned with national and

global well-being.

7.5  Long-term Strategic Planning

Long-term strategic planning is crucial for developing a sustainable R&D
ecosystem, especially in the defence sector where technological advancements can
determine national security outcomes. Effective long-term planning ensures that the
defence sector is not only responsive to current threats but also anticipates future

challenges, adapting to technological evolutions and changes in the geopolitical
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landscape. The foundation of strategic planning in defence R&D involves setting clear,
achievable, and measurable long-term goals that align with national security objectives.
These goals should be broad enough to accommodate shifts in strategy due to changing
global dynamics but specific enough to provide guidance on key focus areas such as
cyber defence, space technology, or artificial intelligence. Establishing these goals
requires a deep understanding of current capabilities, potential threats, and areas where
technological leverage is feasible. Once long-term goals are set, creating detailed
roadmaps for technology development is the next step. These roadmaps should outline
key milestones, project timelines, and required resources for developing technologies
that meet the set objectives. They should incorporate flexibility to adjust to new
scientific discoveries and changes in military needs. Roadmaps also need to identify
potential bottlenecks or challenges in technology maturation and suggest ways to
mitigate these risks. Strategic planning must also consider broader technological trends
and international R&D initiatives. This integration ensures that defence R&D does not
occur in isolation but benefits from global advancements and collaborations. It includes
participating in international defence research programs, technology sharing
agreements, and global defence alliances, which can provide access to complementary
technologies and expertise. Effective long-term planning requires sustained investment.
Funding strategies should be designed to support long-term projects, with stable
financial backing that shields them from annual budget fluctuations. This might involve
setting up dedicated funds for defence R&D or establishing public-private investment
frameworks that can attract additional capital from domestic and international sources.
To ensure the relevance and effectiveness of long-term strategic plans, regular reviews
and adjustments are necessary. These reviews should assess progress towards goals,
analyse the impact of newly emerging technologies, and recalibrate strategies in
response to new security challenges or shifts in international relations. This dynamic
approach to planning allows the defence sector to remain agile and responsive to an
ever-changing global environment. Finally, long-term strategic planning must include
cultivating the next generation of leaders in defence technology. This involves
leadership development programs, mentorship initiatives, and succession planning to
ensure that the future stewards of India’s defence R&D are well-prepared to handle
complex future challenges. These elements of long-term strategic planning are designed

to create a robust framework that not only addresses the immediate needs of India's
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defence sector but also prepares it to proactively tackle future challenges. Through
careful planning, sustained investment, and regular reassessment, India can develop a

resilient and innovative defence R&D ecosystem.

7.6  Leveraging Technology and Innovation

Leveraging technology and innovation is pivotal for modernizing and
enhancing the capabilities of India's defence sector. As the pace of technological change
accelerates globally, integrating cutting-edge technologies and fostering a culture of
innovation are essential for maintaining and advancing national security. Central to
leveraging technology and innovation is the adoption and integration of emerging
technologies such as artificial intelligence (AI), machine learning, robotics, and
nanotechnology into defence systems. Al and machine learning can revolutionize
defence strategies by improving decision-making processes, enhancing the accuracy of
target recognition systems, and optimizing logistics and maintenance schedules.
Robotics can be utilized for a range of applications, from unmanned vehicles for
surveillance and reconnaissance to robotic systems for bomb disposal. Nanotechnology
offers the potential to develop new materials for lighter, stronger, and more effective
protective gear and weaponry. To systematically harness these technologies, India
could establish dedicated defence innovation hubs. These hubs would serve as centers
of excellence where researchers, startups, and established defence companies
collaborate to pilot and scale new technologies. By providing the infrastructure,
funding, and regulatory support needed for high-risk, high-reward projects, these hubs
could accelerate the development of innovative defence solutions. With cyber threats
becoming more sophisticated, strengthening cyber defences is a critical area where
technology and innovation must be leveraged. Developing secure communication
systems, robust cybersecurity protocols, and advanced cyber surveillance technologies
are essential to protect national security interests in the digital age. Investing in
cybersecurity not only defends against threats but also enhances the capabilities of
military operations through secure and reliable data exchanges. Creating a sustainable
innovation ecosystem requires more than just technological adoption; it necessitates a
cultural shift within the defence sector. This involves encouraging a mindset that values
creativity, experimentation, and calculated risk-taking. Policies and programs that

reward innovation, combined with leadership that champions technological
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advancement, are crucial for cultivating an environment where new ideas and
approaches can flourish. Collaboration between academia and industry is fundamental
to driving innovation. Strengthening these partnerships involves creating frameworks
that facilitate seamless knowledge transfer and resource sharing. This could include
joint research projects, shared laboratories, and internship programs that allow students
and researchers to work on real-world defence challenges. Additionally, these
partnerships can be leveraged to adapt civilian technological advancements for military
applications, ensuring that defence systems continually benefit from broader
technological progress. Finally, investing in education and training is essential to ensure
that there is a steady pipeline of skilled professionals capable of driving future
innovations. Specialized courses in defence technology, scholarships for studies in
critical technological fields, and continuous professional development opportunities in
emerging tech areas are key components of a strategy aimed at building human capital
in the defence sector. By focusing on these strategic areas, India can effectively
leverage technology and innovation to enhance its defence capabilities. This approach
not only ensures the country keeps pace with global technological advancements but

also secures a competitive edge in the increasingly complex landscape of international

security.
Table 3. Proposed Policy Changes and Expected Outcomes.
Proposed Policy Changes Expected Outcomes
Increase R&D Funding Greater innovation, improved defence
capabilities
Streamline Procurement Processes Faster deployment of new technologies

Enhance Public-Private Partnerships| More efficient development and production

cycles

Develop Advanced Testing Better product testing and validation

Facilities

Strengthen Intellectual Property |Encouragement of domestic defence innovation

Rights
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7.7  Discussion

The discussion of global perspectives on smart ammunitions, particularly
focusing on trends and case studies from various developed nations, reveals profound
insights into how advancements in defence technology are shaping modern warfare. As
nations strive for greater precision and operational efficiency in military operations, the
role of smart munitions has become increasingly critical. This chapter has highlighted
several key aspects of smart ammunition development, including the underlying
technological advances, strategic implementations, and the resulting impacts on
national and global security dynamics. The analysis of technological advances in
developed countries such as the United States, Israel, Germany, and South Korea,
underscores a significant shift towards integrating more autonomous, network-
connected, and precision-guided features into munitions systems. These advancements
not only enhance the effectiveness of military operations but also aim to minimize
collateral damage and increase the survivability of armed forces in hostile
environments. For instance, the integration of Al and machine learning in munitions
systems has allowed for real-time data processing and decision-making, enhancing the
accuracy and adaptability of these systems under varied combat conditions. Moreover,
the discussion on case studies has provided valuable insights into the practical
applications and operational benefits of these technologies. The case studies from Israel
and South Korea, in particular, illustrate how geopolitical threats have driven rapid
technological developments in smart munitions. Israel’s focus on missile defence
systems like Iron Dome and David's Sling demonstrates effective use of smart
technology to intercept incoming threats, showcasing a proactive defence mechanism
that has civilian protection at its core. Similarly, South Korea’s advancements in
autonomous weapon systems underscore the strategic necessity driven by its unique
geopolitical situation. Furthermore, the exploration of global R&D ecosystems reveals
a dynamic interplay between military needs and technological capabilities. The success
of these ecosystems does not solely rest on technological advancements but also on
robust governmental support, strategic partnerships between public and private sectors,
and comprehensive regulatory frameworks that encourage sustained investment and
innovation in defence technologies. However, while the technological strides in smart
munitions offer significant tactical advantages, they also present new strategic

challenges and ethical dilemmas, particularly regarding the deployment of autonomous
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weapon systems. The potential for increased lethality and reduced human oversight
raises important questions about the future conduct of warfare and the rules of
engagement. Thus, while these technologies provide substantial benefits, they also
necessitate careful consideration of the legal, ethical, and social implications of their
use. Therefore, the global trends and case studies discussed in this chapter provide a
comprehensive overview of the current state and future potential of smart munitions.
They highlight the necessity for continuous innovation in military technology,
supported by strategic policy frameworks and international cooperation. As nations
continue to navigate the complex landscape of modern warfare, the development and
deployment of smart ammunition will play a pivotal role in defining military strategies

and the overall stability of global security environments.

The exploration of Indigenous Smart Ammunition R&D in India presents a
complex landscape marked by both significant challenges and burgeoning
opportunities. This analysis has delved deeply into the factors that shape India's defence
technology development, focusing on the indigenous production capabilities for smart
munitions. The intricate interplay between existing infrastructural constraints, policy
frameworks, and the potential for technological innovation has been critically examined
to provide a nuanced understanding of India's strategic position in the global arms
industry. India's quest to enhance its smart ammunition capabilities is fraught with
challenges rooted in historical, bureaucratic, and technological issues. The country's
defence R&D has traditionally suffered from prolonged development cycles,
underfunding, and a lack of synergy between various stakeholders including
government agencies, private sectors, and academic institutions. These factors have
stymied the pace at which new technologies are developed and operationalized.
Furthermore, the dependence on foreign technology for critical components like
advanced sensors and microprocessors underscores a significant vulnerability in India's
defence supply chain, affecting the autonomy and readiness of its armed forces. On the
other hand, India possesses substantial opportunities that could potentially transform its
defence R&D landscape. The government's push towards self-reliance through policies
such as 'Make in India' and recent initiatives aimed at fostering innovation within the
defence sector are steps in the right direction. These policies not only aim to reduce

foreign dependency but also stimulate domestic industrial capabilities. Additionally,
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India's demographic advantage, with a large pool of engineers and scientists, provides
a solid foundation for innovation and growth in defence technology. The case studies
of successful indigenous projects, such as the BrahMos missile and the Akash air
defence system, demonstrate India's capabilities to not only develop but also produce
advanced military technology that meets international standards. These projects
highlight the potential benefits of streamlined processes, increased government
investment in R&D, and enhanced public-private partnerships. They serve as exemplars
for future projects, indicating the viability of indigenous development when supported
by coherent policies and adequate resources. However, for India to truly capitalize on
these opportunities and overcome the prevailing challenges, a concerted effort is needed
to reform the bureaucratic processes that currently hinder defence procurement and
deployment. Enhancing collaboration with academic and private sectors can lead to a
more dynamic R&D environment where innovation thrives. Moreover, investing in
state-of-the-art manufacturing and testing facilities, along with focusing on advanced
areas such as artificial intelligence and cyber warfare, will be crucial for developing
next-generation ammunition systems. Therefore, while the path ahead is fraught with
challenges, the strategic leveraging of India's inherent strengths and the deliberate
addressing of its weaknesses can significantly enhance its capacity to develop
sophisticated and reliable smart ammunition. This will not only fortify India's defence
preparedness but also position it as a key player in the global defence market, capable
of producing cutting-edge military technologies. The ongoing efforts and future
initiatives must be carefully structured to build a resilient and innovative R&D

ecosystem that can sustain the growing demands of modern warfare and security.

The discussion on strategic solutions for strengthening indigenous R&D
capabilities in India’s defence sector highlights the necessity of a multifaceted approach
that integrates policy reforms, infrastructure development, human resource investment,
and the strategic use of emerging technologies. India’s defence R&D has long been
constrained by bureaucratic inefficiencies, funding limitations, and a lack of cohesive
collaboration between stakeholders. However, the potential for significant
advancements exists if the right strategic interventions are implemented in a systematic
and sustained manner. A key element in strengthening R&D capabilities is the

enhancement of public-private partnerships. Historically, India’s defence sector has
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been dominated by public sector undertakings, which, while playing a critical role, have
often struggled with inefficiencies and slow innovation cycles. Encouraging greater
private sector involvement, through incentive-driven policies and relaxed regulatory
frameworks, can bring fresh investment, innovation, and agility into the defence R&D
ecosystem. Establishing structured and transparent mechanisms for public-private
collaboration will help mitigate risks, accelerate project timelines, and improve the
overall efficiency of the R&D process. Another crucial aspect of strengthening
indigenous R&D is infrastructural and human resource development. India requires
advanced testing facilities, research laboratories, and state-of-the-art manufacturing
units to match global standards in smart ammunition development. Investing in
infrastructure alone, however, is not sufficient. A skilled and motivated workforce is
essential to sustain and drive innovation. Strengthening educational and vocational
training programs in defence technology, in collaboration with academic institutions
and industry leaders, can create a robust talent pipeline that continuously feeds into
defence R&D programs. Incentives to retain skilled researchers and engineers within
the country will also be critical in preventing brain drain, which has long been a
challenge in high-tech sectors. Strategic policy reforms are necessary to streamline
procurement and approval processes. The defence procurement procedure in India is
often criticized for its complexity, which leads to delays in project implementation. A
more agile and transparent procurement system, combined with faster decision-making
protocols, can help reduce inefficiencies and ensure that R&D efforts translate into
deployable technologies in a timely manner. Furthermore, policies must be aligned with
long-term national security goals rather than being dictated by short-term procurement
needs. Leveraging emerging technologies such as artificial intelligence, machine
learning, and nanotechnology will be a game-changer for India’s defence R&D
ecosystem. These technologies offer immense potential in enhancing the capabilities of
smart ammunition, enabling more precise targeting, autonomous decision-making, and
improved battlefield awareness. Integrating Al-driven data analytics into defence R&D
can optimize design processes and improve predictive maintenance, thereby reducing
costs and increasing operational readiness. Investing in these next-generation
technologies will help India stay ahead in a rapidly evolving global defence landscape.
Additionally, international collaborations can serve as a force multiplier in

strengthening India’s indigenous R&D capabilities. While self-reliance remains the
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ultimate goal, strategic partnerships with technologically advanced nations can
facilitate technology transfers, joint research initiatives, and knowledge-sharing
opportunities. Learning from global best practices and adopting proven R&D models
from leading defence manufacturing nations can help India fine-tune its own strategies
for innovation and production. Building a resilient and sustainable R&D ecosystem will
require not just financial investments but also a cultural shift that encourages risk-
taking, innovation, and accountability. Establishing dedicated innovation hubs that
bring together industry leaders, defence agencies, and academia under one umbrella can
accelerate technological breakthroughs and create an ecosystem where ideas transition
into deployable solutions seamlessly. Strengthening intellectual property rights in
defence R&D and ensuring that indigenous innovations are adequately protected and
commercially viable will further incentivize private sector investment and long-term
sustainability. Therefore, India’s aspirations to become a global leader in smart
ammunition manufacturing and defence technology are achievable through a well-
structured, strategic approach to R&D. By fostering collaboration between government
and private enterprises, investing in infrastructure and human capital, embracing
cutting-edge technologies, reforming procurement policies, and leveraging
international partnerships, India can establish a robust defence R&D ecosystem. This,
in turn, will not only enhance national security but also position India as a key player
in the global defence technology market, contributing to its strategic and economic

strength.

The discussion on policy recommendations for a robust R&D ecosystem in
India’s defence sector, particularly for smart ammunition development, underscores the
critical need for comprehensive reforms that address systemic inefficiencies while
fostering innovation and technological advancement. The role of policy interventions
in shaping the defence R&D landscape cannot be overstated, as the effectiveness of
these policies determines the extent to which India can achieve self-reliance in defence
technology and reduce dependency on foreign suppliers. The analysis of existing
policies has highlighted significant areas for enhancement, emphasizing the need for
strategic planning, regulatory improvements, and long-term investments. One of the
most crucial aspects of policy reform is ensuring sustained financial support for defence

R&D. While the government has made strides in increasing budget allocations, there
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remains a need for structured and predictable funding mechanisms that encourage long-
term research. Short-term budget cycles and inconsistent financial backing hinder the
development of high-end technologies that require years of research and testing before
reaching operational deployment. Establishing dedicated defence R&D funds with
multi-year commitments can provide the financial stability necessary to nurture
breakthrough innovations in smart ammunition and related military technologies.
Another important dimension of policy enhancement is the streamlining of regulatory
frameworks. The current defence procurement and approval processes are often slow
and bureaucratically cumbersome, leading to delays in the transition of research
findings into deployable solutions. By adopting a more agile regulatory framework,
India can create an environment where innovations can be quickly tested, refined, and
integrated into military operations. Simplified licensing procedures, reduced
bureaucratic overheads, and accelerated decision-making pathways will significantly
contribute to improving the efficiency of the R&D process. Government intervention
must also focus on strengthening the role of private enterprises and startups in defence
R&D. While the public sector, led by organizations like DRDO, has traditionally played
a dominant role in defence research, global trends indicate that private sector
participation is crucial for driving technological advancements at a faster pace. Policies
that promote public-private partnerships, provide incentives for private sector
investment, and facilitate technology transfers can unlock new opportunities for
innovation. By allowing private firms to collaborate more freely with defence agencies,
India can foster a competitive ecosystem where multiple players contribute to the
advancement of smart ammunition and other critical defence technologies. Another
fundamental policy recommendation involves talent development and retention. A
sustainable R&D ecosystem cannot thrive without a well-trained, motivated workforce
equipped with the necessary expertise in cutting-edge defence technologies.
Government policies must encourage the establishment of specialized defence
technology programs in universities, facilitate industry-academia collaboration, and
create incentives for highly skilled professionals to remain within the defence sector.
Additionally, policies aimed at attracting global talent and promoting knowledge-
sharing initiatives with international research institutions will further strengthen India's
human capital in defence R&D. The integration of advanced technologies such as

artificial intelligence, quantum computing, and automation in the defence sector
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requires a forward-looking policy framework that accommodates rapid technological
evolution. Existing policies should be re-evaluated and revised periodically to align
with the latest developments in defence innovation. Creating flexible policy
mechanisms that adapt to emerging threats and technological disruptions will ensure
that India remains at the forefront of military advancements. Beyond domestic reforms,
policy interventions should also focus on fostering strategic international
collaborations. While self-reliance remains the ultimate objective, engaging with global
leaders in defence technology can provide India with access to best practices, joint
research opportunities, and co-development projects. Strengthening defence ties with
technologically advanced nations through well-defined agreements on technology
transfers, licensing, and knowledge exchange will accelerate India's defence
modernization efforts. However, such collaborations must be carefully structured to
ensure that they do not compromise India's long-term goals of indigenization. In
addition to these strategic measures, policies should address the protection of
intellectual property and the commercialization of defence innovations. Establishing
clear guidelines on intellectual property ownership for defence research projects can
incentivize private sector investment while ensuring that national security interests are
safeguarded. Furthermore, facilitating the commercialization of defence technologies
for civilian applications can generate additional revenue streams, making defence R&D
a more financially sustainable endeavor. The effectiveness of these policy
recommendations will ultimately depend on their implementation. Strong political will,
institutional coordination, and continuous monitoring of policy impact are necessary to
ensure that the proposed reforms translate into tangible outcomes. Establishing
independent evaluation bodies to assess the progress of defence R&D policies and
making necessary adjustments based on real-time feedback will enhance the
adaptability and efficiency of the ecosystem. Therefore, building a robust defence R&D
ecosystem in India requires a multi-dimensional policy approach that integrates
financial stability, regulatory efficiency, private sector participation, human capital
development, technological foresight, and international collaborations. By
implementing these recommendations, India can position itself as a global leader in
smart ammunition manufacturing and defence innovation. A well-structured and

sustainable R&D ecosystem will not only enhance national security but also contribute
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to economic growth, technological self-sufficiency, and strategic influence on the

global defence stage.

7.8  Conclusion and Future Work
The conclusion of an in-depth analysis into the development of a robust
Research and Development (R&D) ecosystem for smart ammunition in India brings to
light several key findings and directions for future research that are vital for national
defence enhancements and technological advancements. The study has highlighted the
critical role that enhanced public-private partnerships, advanced infrastructural
development, and strategic human resource enhancements play in fortifying India's
defence R&D capabilities. Significant investments in emerging technologies such as
Al, machine learning, and nanotechnology have been identified as essential to keeping
pace with global technological trends and addressing contemporary security challenges.
Moreover, the research underscores the need for streamlined regulatory frameworks
and processes that facilitate faster development and deployment of new technologies in
the defence sector. Challenges such as bureaucratic inertia, funding limitations, and
infrastructural deficits have been identified as major impediments. However,
opportunities for growth exist through more integrated international collaborations,
fostering a culture of innovation within the defence sector, and leveraging India's
strategic geographic and demographic advantages. Moving forward, several areas
require further investigation to continue enhancing India's defence R&D ecosystem:
¢ Quantitative Impact Studies: Future research should aim to
quantitatively assess the impact of specific policy changes and
investments in defence R&D. This would provide more concrete
evidence to support policy decisions and help in fine-tuning strategies for
development.
¢ Longitudinal Studies on Technology Adoption: Investigating the long-
term effects of adopting new technologies in the defence sector could
offer insights into the lifecycle of innovation adoption and its impacts on
operational efficiency and national security.
e Cross-sectoral Innovation Studies: Exploring the transferability of
defence innovations to civilian applications could open new avenues for

technological and economic growth, and vice versa. This research could
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help in identifying dual-use technologies that can benefit both military
and civilian sectors.

e Cultural and Organizational Change Management: As technological
advancements continue to reshape defence strategies, understanding the
cultural and organizational impacts of integrating advanced technologies
within military operations becomes crucial. Future research could focus

on strategies for managing change and ensuring smooth transitions.

India’s journey towards a fully self-reliant defence sector capable of producing
advanced smart ammunition and other sophisticated military technologies is poised at
a critical juncture. The findings from this research advocate for a multi-faceted
approach to policy making and strategic planning. To build on the current momentum,
it is essential for all stakeholders in India's defence R&D ecosystem from government
policymakers and military strategists to private sector leaders and academic researchers
to work in a more integrated and collaborative manner. The recommendations provided
offer a roadmap for future efforts, emphasizing the need for dynamic and adaptive
strategies that can respond to both external changes in the global defence environment
and internal innovations. By continuing to invest in people, processes, and
technologies, India can achieve its ambitions of becoming a global leader in defence
technology. This will not only enhance national security but also contribute to the
broader goal of fostering sustainable technological growth and innovation. Therefore,
the continuous evolution of India's defence R&D ecosystem requires persistent
attention and dedication. Future work should focus on implementing the recommended
strategic interventions, continually evaluating their effectiveness, and adjusting as
necessary to ensure that India's defence capabilities evolve to meet both current and

future challenges.
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Appendix

Abbreviations
In academic and professional writing, especially concerning specialized fields
such as defence research and development, the use of abbreviations is common to
provide conciseness and clarity where repetitive use of long terms occurs. Here is a list
of abbreviations used in the context of enhancing the R&D ecosystem for the
manufacture of smart ammunition for the Indian Army, along with their full forms:
1. R&D - Research and Development
o Refers to the systematic activity combining both basic and applied research, and
aimed at discovering solutions to problems or creating new goods and
knowledge.
2. Al - Attificial Intelligence
o The simulation of human intelligence processes by machines, especially
computer systems. These processes include learning, reasoning, and self-
correction.
3. ML - Machine Learning
o A branch of artificial intelligence based on the idea that systems can learn from
data, identify patterns, and make decisions with minimal human intervention.
4. GPS - Global Positioning System
o A satellite-based navigation system used to determine the ground position of an
object.
5. DRDO - Defence Research and Development Organisation
o The premier agency under the Ministry of Defence, tasked with the military's
research and development, headquartered in New Delhi, India.
6. DPP - Defence Procurement Procedure
o A standard procedure set by the Indian government that defines how
procurement of procurement of capital and non-capital acquisitions for the
Ministry of Defence should be carried out.
7. PSU - Public Sector Undertaking
o A government-owned corporation or a company in which the central or state

government have more than 51% share.
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8. SME - Small and Medium Enterprises
o Refers to businesses with personnel numbers falling below certain limits,
playing a significant role in the economy but facing scalability challenges.
9. IDDM - Indigenously Designed, Developed and Manufactured
o Pertaining to equipment that has been developed from scratch by an Indian
vendor and produced within the country.
10. iDEX - Innovations for Defence Excellence
o A scheme of the Indian government aimed at fostering innovation and
technology development in Defence and Aerospace by engaging Industries
including MSMEs, start-ups, individual innovators, R&D institutes &
academia.
11. DIO - Defence Innovation Organization
o An entity set up by India for managing innovations in technology under the
Ministry of Defence, focused on cultivating and fostering technological
advancements.
12. SWOT - Strengths, Weaknesses, Opportunities, and Threats
o A strategic planning tool used to identify and understand key issues affecting a

project or organization.
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