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Abstract

The rapid expansion of autonomous systems has intensified competition over drones, robotic 

vehicles, unmanned maritime platforms, and other machine agents. Yet platform-centered 

competition may represent only a transitional phase. As engineering constraints, operational 

requirements, and mission profiles converge, autonomous platforms are likely to cluster around a 

limited number of stable morphologies.

This paper argues that such convergence creates a morphology trap: actors may continue 

optimizing visible platform bodies after strategic advantage has shifted toward orchestration 

architectures and infrastructure control. It proposes a transition from control substitution, in 

which machines replace human operators, to structural dominance, in which power derives from 

coordinating, sustaining, and scaling autonomous ecosystems.

The paper advances three propositions: platform morphology will increasingly converge; 

competitive advantage will migrate toward orchestration systems such as swarm coordination, 

distributed task allocation, and real-time integration; and long-term dominance will depend on 

control over compute, semiconductors, energy, manufacturing, logistics, and communication 

networks. The future of autonomous power will therefore be determined less by the sophistication 

of individual machines than by the infrastructures that allow autonomous systems to operate at 

scale. 

Keywords: Autonomous Systems; Morphological Convergence; Infrastructure Power; Structural 

Dominance; Distributed Robotics; Swarm Coordination; System Orchestration; Morphology Trap

1. Introduction

The global expansion of autonomous and unmanned systems is often understood through the 

visible evolution of machines: drones, robotic vehicles, unmanned maritime systems, and other 

autonomous platforms. Governments, defense organizations, and private firms compete to 

develop systems that are faster, smaller, more maneuverable, more autonomous, and more 

capable of operating in complex environments (Allen & Chan, 2017; Horowitz et al., 2020; 

Scharre, 2018).
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Working Paper Yet this focus on individual machines may obscure a deeper structural transformation. 

Technological advantage rarely remains permanently attached to visible artifacts. Over time, it 

often migrates toward the architectures, infrastructures, and coordination systems that organize 

those artifacts at scale.

Current autonomous-system competition remains largely platform-centered. Engineers improve 

propulsion, sensing, mobility, onboard computing, endurance, and structural design. These 

improvements are visible and measurable through familiar metrics such as speed, range, payload 

capacity, maneuverability, and reliability (Floreano & Wood, 2015; Murphy, 2014). However, 

platform-level innovation faces structural limits. As engineering constraints and mission 

requirements become better understood, viable designs narrow, producing morphological 

convergence among systems developed by different actors (Losos, 2017; McGhee, 2011).

This paper argues that the decisive frontier of autonomous competition will not remain at the 

level of morphology. As platform designs converge, advantage will increasingly shift toward 

higher system layers: orchestration architectures, distributed control, data and communication 

networks, compute infrastructure, energy systems, manufacturing capacity, and logistical 

sustainment (Farrell & Newman, 2019; Kott & Alberts, 2017).

The central argument is simple: the future of autonomous systems will be determined less by 

who builds the most advanced body than by who controls the orchestration systems and 

infrastructures upon which autonomous bodies depend.

The paper proceeds by examining the control substitution paradigm, morphological 

convergence, the morphology trap, structural competition, infrastructure dependence, forward 

predictions, and strategic implications.

2. The Control Substitution Paradigm

The current wave of innovation in autonomous systems can be understood through the control 

substitution paradigm. Control substitution refers to the progressive replacement of human 

operators by autonomous or semi-autonomous systems capable of performing tasks that 

previously required direct human control. In this paradigm, the machine is initially valued 

because it can substitute for the human operator: the drone replaces the pilot, the autonomous 

ground vehicle replaces the driver, the inspection robot replaces the human technician, and the 

unmanned vessel replaces the onboard crew (Horowitz et al., 2020; Scharre, 2018).

Historically, many operational functions across military, industrial, and civilian domains 

depended on continuous human control. Pilots operated aircraft, drivers controlled vehicles, 

crews managed maritime vessels, and human technicians inspected hazardous environments. 

Autonomous technologies aim to displace or reduce these human roles by enabling machines to 

sense their surroundings, process information, make decisions, and execute tasks with limited or 

no direct intervention.

This transition has been enabled by advances in sensing technologies, machine learning, 

navigation systems, embedded computing, communication networks, and real-time data 

processing. Together, these capabilities allow machines to perform functions once dependent on 

human perception, judgment, and physical presence (Floreano & Wood, 2015; Kott & Alberts, 

2017).

| 02



EPINOVA–WP–A–2026–03

Working Paper Within the control substitution paradigm, technological competition naturally focuses on 

individual platform performance. Designers seek to build autonomous systems that can perform 

traditional human-operated tasks more efficiently, safely, cheaply, or persistently. As a result, 

early-stage competition emphasizes the physical and functional capabilities of autonomous 

machines.

This pattern is visible across multiple domains. Aerial drones are designed to replace human 

pilots in surveillance and strike-support roles. Autonomous ground vehicles reduce human 

exposure in hazardous environments. Robotic systems are deployed for inspection, logistics, 

infrastructure maintenance, and disaster response. Autonomous maritime vessels seek to operate 

without onboard crews while extending endurance and reducing operational costs.

In each case, technological progress is initially measured through improvements in individual 

platform capabilities. Metrics such as speed, endurance, payload capacity, sensor accuracy, 

mobility, autonomy level, and operational reliability become central indicators of advancement 

(Floreano & Wood, 2015; Murphy, 2014).

This produces platform-centric competition. Organizations invest heavily in improving the 

design and capabilities of individual systems to achieve incremental advantages over rival 

platforms. Such competition can generate rapid improvements during early stages of 

technological development. However, it also introduces a structural limitation: it treats the 

autonomous platform as the primary unit of competition even when the broader source of 

advantage may eventually shift elsewhere.

Control substitution is therefore best understood as the first phase of autonomous-system 

evolution, not its final destination. It establishes the initial logic of replacement: machines 

substitute for human operators. But once autonomous systems proliferate, the central problem 

changes. The decisive question becomes not merely whether a machine can perform a task once 

performed by a human, but whether large numbers of autonomous machines can be coordinated, 

sustained, updated, replaced, and integrated into larger operational systems.

This shift marks the beginning of a broader transition from platform-centered substitution to 

system-level competition. Once platform-level innovation approaches practical limits, advantage 

increasingly depends on coordination architectures and infrastructure control (Arquilla & 

Ronfeldt, 2001; Farrell & Newman, 2019). The next section explains how morphological 

convergence accelerates this transition.

3. Morphological Convergence in Autonomous Systems

3.1 Morphological Convergence

Engineering systems operating under similar environmental conditions and functional 

requirements often converge toward comparable structural solutions. This phenomenon is widely 

observed in biological evolution, where unrelated species independently develop similar forms 

when subjected to similar ecological pressures. Comparable dynamics also appear in 

technological systems, where recurring engineering constraints produce repeated design solutions 

(Losos, 2017; McGhee, 2011).
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environmental medium, manufacturing feasibility, sensor integration, communication 

requirements, and mission demands. These constraints significantly limit the range of viable 

design options. As technologies mature and operational requirements become more widely 

understood, platform designers tend to converge on solutions that balance mobility, stability, 

energy efficiency, payload integration, and operational reliability (Floreano & Wood, 2015).

Evidence of such convergence is visible across several domains. In aerial systems, most 

unmanned aerial vehicles fall into a limited set of aerodynamic configurations, such as fixed-wing 

endurance platforms, multirotor vertical-lift systems, or hybrid vertical-takeoff-and-landing 

designs. In ground robotics, many systems converge toward low-center-of-gravity chassis with 

wheeled, tracked, legged, or hybrid locomotion depending on terrain requirements. In maritime 

environments, the removal of human crew requirements allows autonomous vessels to simplify 

internal structures and optimize hull design around endurance, payload, and maintenance rather 

than human accommodation (Floreano & Wood, 2015; Murphy, 2014).

Morphological convergence does not mean that all autonomous systems become identical. 

Rather, it means that the design space becomes increasingly structured around a limited number 

of stable engineering solutions. Differences persist, but they occur within narrower bands of 

viable variation. As a result, the strategic value of purely morphological innovation gradually 

declines.

3.2 Morphological Attractors

One way to conceptualize this convergence is through the idea of morphological attractors. In 

complex systems theory, an attractor refers to a stable configuration toward which dynamic 

systems tend to evolve over time. Applied to technological design, morphological attractors are 

recurring structural configurations that emerge because they provide efficient responses to 

recurring engineering problems (Barabási, 2016; Holland, 2014).

For autonomous systems, attractors arise from the interaction of environmental medium, 

energy efficiency, mobility requirements, structural stability, payload demands, and 

communication constraints. When these constraints are similar across applications, independently 

developed systems may converge toward comparable physical architectures.

Morphological attractors do not imply identical designs. They define regions within the design 

space where solutions are particularly stable, efficient, and reproducible. Over time, multiple 

technological lineages may cluster around these regions as engineers optimize systems for similar 

operating environments.

This perspective suggests that the apparent diversity of autonomous platforms may conceal 

deeper structural regularities. Rather than producing unlimited variation, autonomous 

technologies may repeatedly rediscover a limited number of stable morphological solutions 

(Losos, 2017; McGhee, 2011).
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Several broad classes of morphological attractors can be identified according to operational 

environment, mobility requirements, and strategic function. These attractors should not be 

understood as fixed biological analogies, but as recurring engineering solutions produced by 

similar physical and operational constraints. Table 1 classifies these attractors by engineering 

constraint, autonomous-system equivalent, and strategic function, while Figure 1 provides a 

visual summary of their representative forms and organizational patterns.

Table 1. Typology of Autonomous Morphological Attractors

Source: Author’s synthesis based on systems engineering, robotics morphology, distributed robotics, and 

complex-systems literature.

Note: The categories are analytical ideal types rather than fixed biological equivalents. They are intended to show 

how recurring engineering constraints, such as stability, mobility, energy efficiency, environmental medium, 

coordination requirements, and infrastructure dependence, produce repeated autonomous-system configurations 

across domains.
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Morphological Attractor Engineering Constraint Autonomous-System 

Equivalent

Strategic Function

Low-profile / 

carcinized form

Stability, load distribution, 

rugged-terrain persistence

Low-center UGV, 

armored ground robot

Durable ground 

presence

Armored block Protection, functional 

concentration, limited 

mobility

Defensive robotic node, 

EOD platform

Protected task 

execution

Anchored / rhizomatic 

infrastructure

Distributed sensing, 

territorial persistence

Sensor grid, persistent 

monitoring node

Area coverage and 

observability

Ichthyoid form Hydrodynamic efficiency Autonomous 

underwater vehicle

Long-endurance 

underwater movement

Drifter / medusoid 

form

Energy minimization, 

passive movement

Ocean or atmospheric 

sensor drifter

Low-cost persistent 

monitoring

Fixed-wing 

aerodynamic form

Lift efficiency and 

endurance

Long-range UAV Persistent aerial 

coverage

Multirotor vertical-lift 

form

Maneuverability, hovering, 

local control

Quadrotor or multirotor 

drone

Tactical flexibility

Serpentine form Confined-space navigation Snake robot Infiltration and 

inspection

Arachnid form Multi-point contact and 

climbing

Multi-legged inspection 

robot

Complex terrain and 

vertical mobility

Soft / morphable form Deformation and 

adaptation

Soft robot Unstructured-

environment access

Swarm / colonial 

organization

Collective behavior, 

redundancy

Multi-agent 

autonomous group

Scalable distributed 

action

Networked 

organization

Connectivity among nodes Distributed autonomous 

network

System-level 

coordination

Shell-core architecture Separation of computation 

from expendable bodies

Secure AI core plus 

replaceable platforms

Centralized intelligence 

with distributed 

embodiment
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Figure 1. Representative Morphological Attractors and Organizational Forms in 

Autonomous Systems

Source: Author’s synthesis based on systems engineering, robotics morphology, distributed robotics, and 

complex-systems literature.

Note: The figure presents illustrative morphological and organizational attractors observed in autonomous-system 

development. The categories are analytical ideal types rather than fixed biological equivalents.

 As shown in Table 1 and Figure 1, this typology converts biological analogy into engineering 

taxonomy. Its purpose is not to claim direct equivalence between organisms and autonomous 

machines, but to show how recurring constraints can generate repeated structural solutions across 

domains. As these attractors become more stable, morphology becomes less likely to serve as a 

durable source of competitive advantage, increasing the importance of orchestration architectures 

and infrastructure control.

3.4 Strategic Implication

The existence of morphological attractors suggests that the diversity of autonomous machines 

may gradually compress into a limited number of stable configurations. As engineering 

optimization progresses, morphological innovation becomes increasingly incremental. Platform 

design remains important, but it becomes less likely to generate decisive long-term advantage by 

itself.

This convergence has important strategic implications. If platform morphology increasingly 

follows predictable patterns, competitive advantage shifts away from the design of individual 

machines and toward the coordination architectures and infrastructures that support them (Farrell 

& Newman, 2019; Kott & Alberts, 2017). The next section examines how this shift creates a 

structural risk for organizations that remain focused on platform-level optimization.
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4.1 Conceptual Definition 

The convergence of platform morphology introduces a strategic risk for organizations that 

concentrate technological investment primarily at the level of individual platforms. This risk can 

be described as the morphology trap.

The morphology trap is a strategic misallocation condition in which technological actors 

continue optimizing visible platform bodies after the primary sources of competitive advantage 

have migrated toward orchestration architectures and infrastructure control.

Under these conditions, organizations may achieve incremental improvements in speed, 

endurance, sensor performance, payload capacity, or structural design while falling behind in the 

domains that increasingly determine long-term advantage. These domains include system 

orchestration, distributed coordination architectures, communication resilience, compute 

infrastructure, manufacturing capacity, and logistical sustainment.

The morphology trap therefore represents a misalignment between the visible focus of 

technological development and the actual locus of strategic advantage.

4.2 Mechanism of the Trap

The morphology trap typically emerges through a sequence of six mechanisms.

First, technological competition begins with visible artifacts. In the context of autonomous 

systems, these artifacts include drones, robotic vehicles, unmanned maritime platforms, and other 

autonomous machines (Floreano & Wood, 2015; Scharre, 2018). Because these systems are 

physically observable and directly measurable, they dominate attention.

Second, platform performance becomes the primary benchmark of progress. Speed, 

endurance, payload, sensor resolution, range, and maneuverability provide clear metrics for 

comparing competing systems. These metrics are useful, but they also narrow analytical attention.

Third, engineering optimization compresses the design space. As energy, materials, 

aerodynamics, hydrodynamics, terrain, thermal management, and mission requirements become 

better understood, platforms converge toward a limited number of efficient configurations (Losos, 

2017; McGhee, 2011).

Fourth, marginal returns on body optimization decline. Incremental improvements remain 

possible, but achieving them requires disproportionate investment. At this stage, platform-level 

innovation continues but produces progressively smaller strategic advantages.

Fifth, hidden competition migrates upward. While visible innovation continues at the platform 

level, the decisive frontier moves toward less visible layers: swarm coordination, distributed 

sensing, information fusion, software ecosystems, multi-agent control, manufacturing capacity, 

compute infrastructure, and communication networks (Brambilla et al., 2013; Farrell & Newman, 

2019; Kott & Alberts, 2017).

Sixth, actors with platform-centric strategies fall behind structurally. They may continue 

producing impressive machines while losing the ability to coordinate, sustain, update, scale, or 

replace autonomous systems at operationally meaningful density.
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The morphology trap is not merely a technical problem. It is also an institutional and 

organizational problem.

Procurement systems often favor visible platforms because they are easier to specify, compare, 

and justify. Media coverage highlights spectacular machines rather than coordination 

architectures or supply-chain capacity. Defense-industrial incentives reward platform 

development because large physical systems are easier to contract, brand, and display. Corporate 

product cycles similarly favor visible hardware differentiation over less visible infrastructure 

integration.

As a result, organizations may continue investing in body-level optimization even after the 

center of gravity has shifted. The morphology trap therefore reflects a deeper problem of strategic 

perception: actors tend to overvalue what is visible and undervalue what is structurally decisive.

4.4 Historical Analogies

Similar patterns have appeared repeatedly in the history of technological development 

(Horowitz, 2010). In aviation, early competition centered on improving aircraft performance. 

However, long-term operational advantage increasingly depended on radar networks, command-

and-control systems, integrated air defense architectures, logistics, maintenance, and training 

systems (Kott & Alberts, 2017).

In maritime logistics, competition initially focused on larger and faster cargo vessels. Yet the 

most transformative innovation was not merely a better ship, but the containerized logistics 

system, which reorganized ports, cranes, ships, warehouses, trucking, rail, documentation, and 

global supply chains.

The development of the internet followed a comparable trajectory. Early attention focused on 

hardware infrastructure and individual computing devices. Over time, competitive advantage 

shifted toward network architecture, platform ecosystems, data infrastructure, and control over 

standards and interfaces (Barabási, 2016; Brynjolfsson & McAfee, 2017).

These examples suggest that technological competition frequently evolves from visible 

artifacts toward the systems and infrastructures that coordinate those artifacts.

4.5 Analytical Implication

Recognizing the morphology trap requires shifting analytical attention from individual 

platforms to the broader systems that organize and sustain them. In autonomous systems, the most 

consequential shifts in technological power may occur in less visible domains such as 

orchestration architecture, distributed control, compute infrastructure, semiconductor supply, 

manufacturing ecosystems, energy networks, communication resilience, and logistical 

sustainment. This shift provides the foundation for the concept of structural dominance.
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5.1 From Platform Rivalry to Structural Competition

As autonomous technologies mature, the structure of competition changes. Early competition 

is typically platform-centered: organizations seek advantage by improving the performance of 

individual systems through better propulsion, sensing, mobility, endurance, payload capacity, 

autonomy, and structural design. This form of rivalry is strategically important in the early phase 

because platform improvements are visible, measurable, and directly linked to operational 

performance.

Over time, however, platform rivalry becomes increasingly constrained by engineering limits 

and convergent design solutions (Horowitz, 2010; Losos, 2017; McGhee, 2011). Once 

autonomous platforms approach similar performance boundaries, incremental gains in speed, 

endurance, payload, or maneuverability become less likely to produce durable strategic 

advantage. Morphological competition does not disappear, but its marginal returns decline.

Under these conditions, the frontier of competition shifts upward. The decisive question is no 

longer only which actor can build the most advanced individual platform, but which actor can 

coordinate, integrate, produce, update, replace, and sustain large numbers of autonomous systems 

at scale. Competitive advantage therefore migrates from the morphology layer to the 

orchestration and infrastructure layers.

Figure 2 illustrates this upward shift. The morphology layer remains necessary, but it becomes 

less decisive as autonomous systems mature. The orchestration layer increasingly determines 

system performance through swarm coordination, distributed control, information fusion, mission 

planning, and system stability. The infrastructure layer enables and sustains autonomous 

operations through compute, semiconductors, energy, manufacturing, networks, and logistics.

Figure 2. Structural Layers of Competition in Autonomous Systems

Source: Author’s synthesis based on systems engineering, distributed robotics, infrastructure studies, and 

strategic technology literature.

Note: The figure presents a conceptual model of how the frontier of autonomous-system competition shifts 

upward over time, from platform morphology to orchestration architectures and infrastructure control. The arrows 

indicate rising strategic importance and declining marginal returns from isolated platform optimization.
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enable large numbers of autonomous systems to operate as coordinated, scalable, and sustainable 

networks. In structural competition, technological advantage depends less on the isolated 

capability of individual machines than on how those machines are organized as systems: how 

they communicate, divide tasks, fuse information, adapt to changing conditions, receive updates, 

absorb losses, and remain operational under stress (Arquilla & Ronfeldt, 2001; Brambilla et al., 

2013; Kott & Alberts, 2017).

5.2 Four Layers of Autonomous Competition

The evolution of autonomous competition can be understood through four analytical layers.

A. Layer 1: Morphological Competition — the Body Layer

The first layer consists of competition centered on the physical characteristics of individual 

platforms. Typical areas of innovation include propulsion systems, sensor payloads, structural 

materials, mobility mechanisms, onboard computing, endurance, and payload integration.

Morphological competition dominates early phases of technological development because 

improvements are visible, measurable, and directly linked to operational performance. However, 

as platform designs converge, the marginal benefits of further body optimization diminish 

(Floreano & Wood, 2015; Losos, 2017; McGhee, 2011).

B. Layer 2: Orchestration Competition — the Coordination Layer

The second layer emerges when multiple autonomous systems begin operating together as 

coordinated networks. At this stage, system performance depends less on individual platforms and 

more on how those platforms interact.

Key determinants of effectiveness include swarm coordination density, distributed task 

allocation, real-time information fusion, adaptive mission planning, cross-domain integration, and 

resilient communication architectures. Technological advantage increasingly derives from the 

ability to coordinate large numbers of relatively simple systems rather than from maximizing the 

performance of isolated units (Brambilla et al., 2013; Dorigo et al., 2020; Hamann, 2018).

A large network of moderately capable autonomous systems operating under effective 

coordination may outperform a smaller number of highly sophisticated platforms operating 

independently.

C. Layer 3: Infrastructure Competition — the Sustainment Layer

The third layer consists of the infrastructures required to produce, deploy, sustain, and upgrade 

autonomous systems at scale. These include compute capacity, semiconductor manufacturing, 

energy production and distribution, advanced manufacturing, communication networks, data 

infrastructure, logistics, maintenance, and supply chains.

These infrastructures determine whether autonomous systems can be produced in sufficient 

numbers, deployed at operationally meaningful density, maintained over time, and continuously 

updated (Allen & Chan, 2017; Farrell & Newman, 2019; Horowitz et al., 2020). Infrastructure 

advantages tend to be cumulative and difficult to replicate quickly.
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The fourth layer is structural power. Structural power refers to the ability to shape the 

operating environment of autonomous systems by controlling the architectures, standards, 

infrastructures, and dependencies upon which autonomous ecosystems rely.

At this level, competition is no longer simply about possessing autonomous systems. It is 

about defining the conditions under which autonomous systems can function, scale, 

communicate, update, and survive.

5.3 Structural Dominance

Structural dominance refers to the ability of an actor to shape the operational environment of 

autonomous systems by controlling the orchestration architectures and infrastructures upon which 

those systems depend.

In this context, the decisive sources of power shift away from the design of individual 

machines toward the systems that organize and sustain large autonomous networks. Actors 

achieving structural dominance gain several strategic advantages: faster scaling of autonomous 

fleets, more rapid iteration cycles, greater resilience to platform losses, improved coordination 

across heterogeneous systems, stronger control over update pathways, and greater ability to 

impose dependency on other actors.

These advantages accumulate over time. Infrastructure control can produce durable 

technological leadership because it affects not only what systems can be built, but how quickly 

they can be produced, how effectively they can be coordinated, and how long they can remain 

operational under stress (Allen & Chan, 2017; Farrell & Newman, 2019). 

Structural dominance therefore represents the transition from competition over machines to 

competition over the conditions that make machine ecosystems possible.

5.4 From Body Advantage to System Advantage

The emergence of structural competition changes the meaning of technological advantage. In 

platform-centered competition, advantage is measured by the performance of the individual body. 

In structural competition, advantage is measured by system-level performance: coordination 

density, replacement speed, update velocity, resilience under disruption, and the ability to sustain 

autonomous operations over time.

This shift suggests that the future balance of autonomous power will be shaped less by 

individual technological breakthroughs than by the organizational and infrastructural frameworks 

within which those technologies operate.

6. Autonomous Systems as Infrastructure-Dependent Ecosystems

Autonomous systems are often discussed as independent machines, but large-scale autonomy 

is better understood as an infrastructure-dependent ecosystem. Autonomous platforms do not 

operate in isolation. They consume energy, computation, communication bandwidth, 

maintenance, replacement parts, data flows, training pipelines, and logistical support. Their 

effectiveness depends on the broader systems that produce, connect, update, and sustain them.
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single drone or robot may appear relatively self-contained. A fleet of thousands or millions of 

autonomous systems is not. Large-scale autonomy requires continuous production, distributed 

coordination, energy supply, secure communication, software updates, maintenance cycles, spare 

parts, data processing, and operational command structures.

In this sense, autonomous systems possess a form of technological metabolism. They require 

inputs, circulation, repair, adaptation, and reproduction. Energy systems power them. 

Semiconductor supply chains enable their computation. Communication networks connect them. 

Manufacturing ecosystems reproduce them. Logistics systems move and maintain them. Software 

infrastructures update and coordinate them.

This metabolic perspective clarifies why infrastructure control becomes strategically decisive. 

The actor that controls the underlying metabolism of autonomous systems can sustain 

autonomous operations more effectively than an actor that merely possesses advanced platforms. 

Platform sophistication matters, but it cannot compensate for weak sustainment infrastructure at 

scale.

Several infrastructure domains are especially important.

First, compute infrastructure determines the capacity to train, coordinate, simulate, and update 

autonomous systems. As autonomy becomes increasingly software-centered, compute availability 

becomes a strategic bottleneck.

Second, semiconductor manufacturing determines the ability to produce sensors, processors, 

communication modules, and embedded control systems at scale. Autonomous power is therefore 

inseparable from chip supply chains.

Third, energy systems determine endurance, charging, mobility, and operational persistence. 

Electrified autonomous platforms are especially dependent on distributed energy availability, 

battery supply chains, and power-management architectures.

Fourth, communication networks determine whether autonomous systems can coordinate, 

share information, receive updates, and maintain collective behavior under contested conditions.

Fifth, manufacturing and logistics determine replacement rates. In large-scale autonomous 

competition, the ability to replace losses may become as important as the ability to prevent them.

These factors suggest that autonomous competition increasingly resembles industrial-

ecological competition rather than merely platform competition. The decisive issue is not simply 

who can build the best machine, but who can sustain the highest autonomous operational density 

over time.

7. Forward Predictions

The structural dynamics discussed above suggest several likely trajectories for the evolution of 

autonomous systems. These projections do not depend on any single technological breakthrough. 

Instead, they follow from the interaction of engineering constraints, organizational complexity, 

infrastructure dependence, and competitive adaptation (Barabási, 2016; Farrell & Newman, 

2019).
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Over the next one to two decades, the physical design space of autonomous platforms is likely 

to narrow significantly. As operational requirements become clearer and engineering constraints 

become better understood, platform architectures will increasingly converge toward a limited 

number of stable configurations (Losos, 2017; McGhee, 2011).

This trend is already visible across several domains. Many unmanned aerial vehicles employ 

similar aerodynamic layouts optimized for endurance, maneuverability, or vertical lift. Ground 

robotic platforms frequently adopt low-center-of-gravity chassis with wheeled, tracked, or legged 

locomotion depending on terrain requirements. Autonomous maritime systems increasingly 

remove structural features required for human crews and prioritize endurance, payload capacity, 

and simplified maintenance (Floreano & Wood, 2015; Murphy, 2014).

As a result, the strategic value of morphological innovation will gradually decline. 

Improvements in platform design will continue, but they are more likely to produce incremental 

rather than transformative advantages. Autonomous platforms may increasingly resemble 

standardized hardware components within larger systems rather than unique technological 

artifacts.

7.2 Prediction Two: Competitive Advantage Will Shift to Orchestration Systems

As platform morphology converges, system performance will increasingly depend on how 

autonomous units interact. The decisive frontier of competition will therefore migrate toward the 

orchestration layer (Brambilla et al., 2013; Dorigo et al., 2020; Hamann, 2018).

The effectiveness of autonomous systems will depend on swarm coordination algorithms, 

distributed task allocation, real-time information fusion, adaptive mission planning, resilient 

communication architectures, and cross-domain integration. These capabilities determine whether 

large numbers of autonomous platforms can operate as coherent systems rather than isolated 

machines.

A network of relatively simple autonomous platforms operating under effective coordination 

may outperform smaller numbers of sophisticated systems that lack robust orchestration. This 

dynamic resembles other technological domains where system integration eventually becomes 

more important than individual component performance (Arquilla & Ronfeldt, 2001; 

Brynjolfsson & McAfee, 2017).

7.3 Prediction Three: Infrastructure Control Will Determine Long-Term Dominance

While orchestration capabilities shape operational performance, the most durable advantages 

are likely to emerge at the infrastructure layer. Autonomous systems require extensive supporting 

infrastructures to operate at scale: compute resources, semiconductor manufacturing, energy 

systems, advanced manufacturing, communication infrastructure, data networks, maintenance 

systems, and logistics (Allen & Chan, 2017; Farrell & Newman, 2019; Horowitz et al., 2020).

Unlike platform-level innovations, infrastructure advantages tend to be cumulative and 

difficult to replicate quickly. Building semiconductor capacity, large-scale compute infrastructure, 

resilient energy systems, or advanced manufacturing ecosystems requires long-term investment 

and institutional coordination.
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Working Paper For this reason, actors that control these infrastructures may achieve persistent advantages in 

autonomous technological competition. The ultimate balance of power may depend less on who 

designs the most advanced autonomous platform than on who controls the industrial and digital 

infrastructures that sustain autonomous ecosystems.

7.4 Prediction Four: Autonomous Systems Will Separate Cognition from Embodiment

Future autonomous systems may increasingly separate computational intelligence from 

physical embodiment. Instead of embedding maximum intelligence into every platform, 

autonomous ecosystems may rely on a combination of distributed onboard autonomy, edge 

computing, cloud coordination, and secure command architectures.

This separation creates a shell-core structure: relatively expendable physical bodies operate as 

extensions of protected computational and organizational cores. In such systems, platform losses 

become less strategically decisive if the cognitive architecture, data infrastructure, and 

coordination system remain intact.

This prediction reinforces the paper’s central argument: physical bodies may become 

replaceable operational nodes, while system intelligence and infrastructure control become the 

deeper sources of advantage.

7.5 Prediction Five: Disposable Bodies May Become Strategically Preferable to Elite 

Platforms

As autonomous systems scale, the optimal design may not always be the most sophisticated 

individual platform. In some contexts, large numbers of inexpensive, modular, replaceable 

systems may provide greater strategic value than small numbers of highly optimized elite 

platforms.

This does not mean that advanced platforms will disappear. Rather, it means that autonomous 

competition may increasingly reward replacement speed, modularity, production capacity, and 

coordination density. A system that can rapidly replace losses and maintain operational density 

may outperform one that relies on a smaller number of expensive platforms.

This dynamic further weakens the assumption that technological advantage resides primarily 

in the individual machine.

7.6 Prediction Six: Infrastructure Attacks May Become More Decisive Than Platform 

Destruction

If autonomous power depends on infrastructure, then attacks on infrastructure may become 

more consequential than attacks on individual platforms. Disrupting communication networks, 

compute nodes, energy supply, semiconductor flows, logistics hubs, or software update systems 

may degrade an autonomous ecosystem more effectively than destroying individual machines.

This implies that future autonomous competition may involve not only drone-on-drone or 

robot-on-robot contests, but also competition over the infrastructures that enable autonomous 

systems to exist, coordinate, and persist.
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Working Paper 8. Strategic Implications

The transition from platform-centered competition to structural competition has important 

implications for technology firms, national strategies, and research communities. If the dynamics 

described in this paper hold, organizations that continue to focus primarily on individual platform 

performance may misallocate resources and overlook the sources of long-term advantage (Allen 

& Chan, 2017; Farrell & Newman, 2019).

8.1 Implications for Technology Firms

For firms developing autonomous systems, the most significant strategic risk is over-

investment in platform-level optimization. Many firms currently focus on building increasingly 

sophisticated autonomous platforms, emphasizing speed, endurance, sensing, mobility, and 

mechanical refinement. These improvements can produce short-term advantages, but they may 

not constitute durable technological leadership once morphological convergence progresses.

Long-term competitiveness will increasingly depend on the ability to develop system 

architectures that enable rapid scaling and coordination of large numbers of autonomous units. 

Several priorities follow.

First, hardware platforms should be designed as modular components rather than unique 

technological artifacts. Modular design allows systems to be replaced, upgraded, produced, and 

recombined at scale.

Second, firms should invest heavily in software-centered orchestration capabilities, including 

swarm coordination algorithms, distributed control architectures, real-time information fusion, 

and fleet-management platforms (Allen & Chan, 2017; Brambilla et al., 2013).

Third, continuous software update infrastructure will become critical. Autonomous fleets 

require secure, reliable, and scalable update mechanisms to maintain performance, patch 

vulnerabilities, and adapt to changing operational environments.

Fourth, firms should treat manufacturing scalability, supply-chain resilience, and maintenance 

systems as strategic capabilities rather than back-end operational details.

Under these conditions, physical morphology becomes an entry point rather than a long-term 

competitive moat.

8.2 Implications for National Strategy

At the national level, the structural dynamics of autonomous technologies suggest that 

platform acquisition alone will not determine long-term advantage (Allen & Chan, 2017; 

Horowitz et al., 2020; Johnson, 2023). Traditional defense strategies often emphasize the 

procurement of advanced platforms. While platforms remain important, autonomous ecosystems 

operate according to different scaling dynamics.

In large autonomous systems, the ability to produce, coordinate, sustain, replace, and upgrade 

large numbers of platforms may be more important than the performance of individual units 

(Farrell & Newman, 2019; Kott & Alberts, 2017).
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Working Paper National strategies should therefore place greater emphasis on the infrastructures that support 

autonomous systems: semiconductor production, sovereign compute capacity, energy generation 

and distribution, advanced manufacturing, resilient communication networks, data infrastructure, 

logistics, and supply-chain security.

From this perspective, autonomous competition increasingly resembles industrial mobilization 

competition and digital infrastructure competition rather than traditional platform competition. 

Compute infrastructure and semiconductor ecosystems may become to autonomous power what 

oil infrastructure was to twentieth-century mechanized power.

8.3 Implications for Research and Engineering

For researchers and engineers, the structural transition described in this paper highlights 

several areas where future innovation may be especially valuable.

One priority is distributed control architecture. Coordinating large numbers of autonomous 

systems under uncertainty remains a major technical challenge (Brambilla et al., 2013; Hamann, 

2018).

A second priority is multi-agent system stability. As the number of interacting autonomous 

systems increases, maintaining reliable and predictable system behavior becomes more complex 

(Barabási, 2016; Holland, 2014).

A third priority is heterogeneous system integration. Future autonomous ecosystems will 

likely consist of aerial, ground, maritime, space, cyber, and fixed infrastructure components 

operating within unified coordination frameworks.

A fourth priority is resilient network architecture. Autonomous systems must continue 

operating under degraded, contested, or intermittent communication conditions (Arquilla & 

Ronfeldt, 2001; Kott & Alberts, 2017).

A fifth priority is infrastructure-aware autonomy. Engineers should design autonomous 

systems not only for isolated performance, but also for manufacturability, updateability, 

repairability, energy dependence, communication resilience, and supply-chain feasibility.

8.4 Implications for Strategic Analysis

For analysts, the central implication is methodological. Evaluating autonomous power requires 

moving beyond platform comparison. It is not enough to compare drones, robots, or unmanned 

vehicles by speed, range, payload, or autonomy level.

A more complete assessment should therefore examine coordination density, communication 

resilience, software update capacity, compute availability, production scalability, replacement 

rates, energy dependence, maintenance cycles, supply-chain depth, infrastructure vulnerability, 

and cross-domain integration.

The future balance of autonomous power will depend on these systemic indicators at least as 

much as on individual platform performance.
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The preceding sections suggest that the evolution of autonomous systems follows a broader 

structural trajectory rather than a series of isolated technological breakthroughs. This trajectory 

begins with control substitution, moves through morphological convergence, generates the risk of 

the morphology trap, and ultimately produces structural competition centered on orchestration 

architectures and infrastructure control.

Figure 3 summarizes this conceptual trajectory. Autonomous-system competition begins with 

machines substituting for human operators, then moves toward convergent platform designs, 

diminishing returns from morphology-centered optimization, and finally a shift toward system 

coordination and infrastructure dominance. The figure highlights the central claim of this paper: 

as autonomous systems mature, strategic importance moves upward from individual platforms 

toward orchestration architectures and infrastructure control.

Figure 3. Evolution Path of Autonomous Systems

Source: Author’s synthesis based on systems engineering, distributed robotics, infrastructure 

studies, and strategic technology literature.

Note: The figure presents a conceptual sequence rather than a deterministic timeline. It illustrates 

how autonomous-system competition may evolve from human replacement and platform 

optimization toward system coordination and infrastructure dominance as marginal returns from 

morphology-centered innovation decline.
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Working Paper This trajectory can be summarized as follows:

• Control substitution: machines replace human operators.

• Morphological convergence: platform designs compress toward stable engineering 

attractors.

• Morphology trap: actors continue optimizing visible bodies after advantage has shifted 

upward.

• Orchestration competition: system performance depends on coordination among 

autonomous units.

• Infrastructure competition: long-term advantage depends on compute, chips, energy, 

manufacturing, communication, and logistics.

• Structural dominance: actors shape autonomous ecosystems by controlling their enabling 

architectures and infrastructures.

This sequence reframes autonomous systems as infrastructure-centered power systems. The 

core of autonomous competition is not only technological sophistication, but also the capacity to 

sustain autonomy as an operational ecology. In such an ecology, physical platforms may become 

simpler, cheaper, more modular, and more replaceable. Complexity migrates upward from 

individual machines to the systems that coordinate them. Intelligence becomes distributed across 

onboard autonomy, edge systems, cloud infrastructure, command architectures, and human-

machine governance mechanisms. Strategic advantage depends on the ability to keep this 

ecosystem functioning under stress.

This perspective also changes how we understand the future of autonomous warfare, industrial 

automation, logistics, infrastructure monitoring, and AI-enabled governance. The most 

consequential actors may not be those who build the most advanced individual robots. They may 

be those who control the computational, industrial, logistical, and communication systems that 

make large-scale autonomy possible.

In other words, autonomous power is not merely the power of machines. It is the power to 

organize machine ecosystems.

Conclusion

The rapid expansion of autonomous systems has triggered a wave of technological 

competition centered on the performance and design of individual platforms (Allen & Chan, 

2017; Horowitz et al., 2020). Much of the current discourse continues to focus on visible artifacts 

such as drones, robotic vehicles, unmanned maritime systems, and other machine agents (Scharre, 

2018; Singer, 2009).

This paper has argued that such platform-centered competition represents only a transitional 

phase in the broader evolution of autonomous technologies. As engineering constraints become 

widely understood and operational requirements stabilize, the diversity of viable platform 

morphologies is likely to compress. Many autonomous systems will converge toward a limited set 

of structural configurations optimized for specific environments and operational roles (Losos, 

2017; McGhee, 2011).
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Working Paper Once this stage is reached, further improvements in platform design are likely to produce 

diminishing strategic returns. At that point, the decisive frontier of technological competition 

shifts toward higher layers of system organization.

The framework developed in this paper describes this transition as a movement from control 

substitution to structural dominance. In the early phase, autonomous technologies primarily 

substitute machines for human operators. In later phases, competitive advantage increasingly 

depends on the ability to coordinate large numbers of autonomous systems and to sustain them 

through robust infrastructures (Allen & Chan, 2017; Horowitz et al., 2020; Kott & Alberts, 2017).

Three structural dynamics shape this transformation. First, morphological convergence 

narrows the design space for individual platforms. Second, competitive advantage migrates 

toward orchestration systems capable of coordinating large autonomous networks. Third, long-

term dominance increasingly depends on control over the infrastructures that sustain autonomous 

ecosystems, including compute resources, semiconductor manufacturing, energy systems, 

manufacturing capacity, communication networks, and logistics.

The long-term evolution of autonomous systems may therefore reduce the strategic 

importance of the individual machine. As engineering constraints compress platform diversity and 

orchestration architectures become more decisive, technological competition increasingly shifts 

toward the infrastructures that sustain autonomous ecosystems at scale.

In this environment, autonomous power no longer derives primarily from the sophistication of 

isolated platforms. It derives from the ability to coordinate, reproduce, replace, update, and 

sustain large distributed autonomous networks.

The decisive question of the autonomous age may therefore not be who builds the most 

advanced robot, drone, or unmanned vehicle. It may instead be who controls the orchestration 

systems, compute infrastructures, industrial ecosystems, energy networks, communication 

architectures, and logistical systems upon which autonomous power depends.

Put differently, the future of unmanned systems will not be determined by who builds the most 

advanced body, but by who controls the infrastructure that allows autonomous bodies to function 

as systems.
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