Analog Flight
Control in UAVs:
Survivability
Through
Simplicity

A Tactical Initiative for the Foundations of
Control Systems

Maheshwaran, Pranav
Wednesday, August 20th, 10:47 PM

Talos - Osiris Defense Research

Executive Summary

In an era dominated by digital autopilots and
Al-driven drones, analog flight control systems
remain a quietly powerful
alternative—especially in defense applications
where simplicity, reliability, and survivability
are paramount. These systems rely on
mechanical linkages, electrical feedback loops,
and non-programmable components to control
aircraft behavior, offering resilience in
environments where digital systems may fail.

Analog control is particularly valuable in
GPS-denied, electronic warfare, or low-cost
expendable drone scenarios. Unlike digital
systems, analog configurations are inherently
resistant to electromagnetic pulse (EMP) attacks
and signal jamming, making them ideal for
contested airspace. Their simplicity also reduces
cost and maintenance, allowing for rapid
deployment and minimal logistical burden.

This briefing explores the strategic relevance of
analog flight control in modern UAVs,
comparing its strengths and limitations with
digital systems, and highlighting its role in
tactical drone design and battlefield
survivability.

Basic Components of Analog Flight Control

Analog flight control systems operate using
physical and electrical mechanisms to manage
aircraft movement. Unlike digital systems,
which rely on microcontrollers and software
logic, analog systems use direct mechanical
linkages and voltage-based control circuits.
These systems are often found in older aircraft,
experimental UAVs, and drones designed for
low-cost, high-risk missions.

The core components of analog control include
mechanical linkages such as rods and pulleys,
potentiometers for measuring position, analog
servos driven by continuous voltage signals, and
feedback loops built from simple electrical
circuits. These elements work together to
provide stable flight control without the need for
digital computation.

When compared to digital systems, analog
configurations offer distinct advantages in
specific tactical scenarios. They are highly
resistant to electromagnetic pulse (EMP) attacks,
which can disable microchips and digital
processors. Analog systems are also less
expensive to produce and easier to maintain,
making them ideal for expendable drones or
operations in contested environments. However,
they lack the flexibility and precision of digital
systems, and their performance can degrade over
time due to mechanical wear.

In defense applications, analog control systems
are particularly useful in GPS-denied zones,
electronic warfare environments, and missions



involving disposable UAVs. For example, some
Iranian drones have employed analog systems to
maintain operational capability in areas where
digital systems would be compromised. Cold
War-era aircraft also relied heavily on analog
control, demonstrating its long-standing value in
military aviation.

As a speculative concept, consider a coaxial
rotor UAV designed for battlefield
reconnaissance. Instead of using a flight
computer, this drone could employ mechanical
pitch control, a gyroscopic sensor feeding into
an analog feedback loop, and manual trim tabs
for stability. Such a design would be resilient,
low-cost, and tactically expendable—ideal for
deployment in electronic warfare zones where
digital systems are vulnerable.

Historical Context and Legacy Systems

Analog flight control systems have a
long-standing legacy in military aviation. Before
the rise of digital fly-by-wire systems in the late
20th century, virtually all aircraft relied on
mechanical and analog electrical systems for
control. Notable examples include the F-4
Phantom II and the MiG-21, both of which
operated with analog instrumentation and
control mechanisms. These systems were robust,
field-repairable, and often designed with
redundancy in mind—critical traits for combat
survivability.

Even today, certain military aircraft retain
analog subsystems as backups in case of digital
failure. This layered approach reflects a core
principle in defense engineering: redundancy
equals resilience.

Strategic Implications in Modern Warfare

In asymmetric warfare and contested
environments, analog systems offer unique
advantages. For example, in a scenario where a

drone swarm is deployed over a battlefield
saturated with electronic jamming,
analog-controlled UAVs can continue operating
without reliance on GPS or encrypted digital
links. This makes them ideal for reconnaissance,
decoy operations, or even kinetic missions
where expendability is acceptable.

Furthermore, analog systems are harder to hack.
While digital drones can be intercepted, spoofed,
or disabled remotely, analog systems lack the
software interfaces that make such attacks
possible. This simplicity becomes a form of
security.

For defense planners, this raises a strategic
question: Should future drone fleets include
analog-based contingents for electronic warfare
zones? The answer may lie in balancing cost,
survivability, and mission profile.

Analog Systems in the Age of Autonomous
Warfare

As autonomous platforms become increasingly
central to modern military operations, the
vulnerabilities of digital control systems are
becoming more apparent. Drones and unmanned
vehicles that rely on software-driven flight
control are susceptible to cyberattacks, GPS
spoofing, and electronic jamming. In contrast,
analog systems offer a form of operational
independence that is difficult to compromise.
These systems do not depend on satellite links,
encrypted protocols, or remote servers, making
them ideal for missions in environments where
communications are denied or degraded. In
future battlefields saturated with electronic
warfare, analog-controlled UAV's could serve as
first-wave scouts, decoys, or fallback assets.
Their simplicity allows for mass deployment
with minimal logistical burden, positioning them



not as outdated relics but as strategic
complements to high-tech fleets.

Hybrid Control Architectures: Bridging Analog
and Digital

A promising direction in defense engineering
involves hybrid control architectures that
integrate analog subsystems into digital
platforms. This approach allows a UAV to
operate under digital control during normal
conditions but switch to analog stabilization if
its processor is compromised. Such dual-mode
systems offer operational continuity in contested
zones, reduce mission failure rates, and enhance
survivability against electromagnetic or cyber
threats. Designing these systems requires careful
interface planning, ensuring that analog sensors
and actuators can function alongside digital
logic. Embedded fallback protocols must be
hardwired into the platform, allowing seamless
transition between control modes. This concept
is particularly relevant for tactical UAVs and
autonomous ground vehicles operating in
high-risk environments.

Design Considerations for Analog UAVs

Designing an analog UAV requires a shift in
mindset. Instead of relying on software to
interpret sensor data and issue commands, the
system must be built around physical feedback
and direct control. For example:

e A gyroscope can be connected to a servo
via an analog amplifier, adjusting pitch
based on rotational velocity.

e Trim tabs and mechanical linkages can
be tuned manually or via simple
electrical inputs.

e Altitude control might rely on
barometric sensors feeding into analog
voltage regulators.

These systems are not as precise as digital ones,
but they are predictable, repairable, and
resilient—qualities that matter in battlefield
conditions.

Educational and Tactical Value

Analog systems also hold significant value in
defense education. Their transparency makes
them ideal for teaching core principles of flight
control, mechanical feedback, and signal
processing. Unlike digital systems, which often
obscure functionality behind layers of
abstraction, analog configurations reveal the
physics and engineering directly. This makes
them well-suited for JROTC programs, STEM
outreach initiatives, and university-level defense
labs. From a tactical perspective, analog systems
enable field improvisation. A damaged drone
can be repaired with basic tools and
components, without the need for firmware
updates or specialized diagnostics. This kind of
resilience is essential in expeditionary warfare
and special operations, where access to
advanced infrastructure is limited.

Future Directions and Research Opportunities

As defense agencies seek to diversify
their technological portfolios, analog
systems may see renewed interest in
several areas. These include
EMP-hardened drone swarms, low-cost
ISR platforms for contested zones,
analog control in hypersonic testbeds,
and mechanical redundancy in
autonomous vehicles. Each of these
applications reflects a broader shift
toward survivability, scalability, and
tactical agility. Rather than being
replaced, analog systems are being
reimagined to meet the demands of
modern warfare. Their integration into
future platforms will require innovation,
but the strategic payoff could be
substantial.



Conclusion

Analog flight control systems, though often
overshadowed by modern digital technologies,
remain a vital component in the defense
landscape. Their resilience to electronic
interference, simplicity of design, and
cost-effectiveness make them uniquely suited for
tactical applications where survivability
outweighs sophistication. As defense strategies
evolve to address contested environments and
asymmetric threats, analog systems offer a
reliable alternative—particularly in UAV
platforms designed for reconnaissance, decoy
operations, or deployment in GPS-denied zones.

Understanding and revisiting these systems is
not a step backward, but a strategic recalibration.
In an age of complexity, analog control reminds
us that simplicity can be a form of strength.
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