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Using the EMASS ECS-DoT Edge AI SoC to Extend Drone Endurance 

Over the past decade, drones have leapt toward autonomy – richer sensors, sharper 
perception, and onboard decision modules – now let aircraft understand their environment 
and act with precision. This intelligence has expanded usability and mission scope. 

Yet at the core of flight, propulsion and control remain governed by classical controllers – 
robust, well-understood, and excellent at stability and tracking – but not explicitly optimized 
for energy across shifting winds, payloads, and mission demands. Most of an Unmanned 
Aerial Vehicle’s (UAV’s) power is still spent in the mechanics of generating thrust, steered by 
control laws that weren’t built to continuously learn how to squeeze more meters out of 
every joule. 

It’s time – indeed overdue – to infuse intelligence into propulsion itself. To make the act of 
flight energy-aware and self-optimizing, so drones don’t just decide where to fly, but 
continuously refine how they fly for maximum endurance. 

 

Current Drone Architecture 

Modern UAVs follow a well-established architecture: multiple onboard sensors –  IMUs, 
barometers, GPS, cameras, and others – stream continuous data into a flight controller that 
governs propulsion through electronic speed controllers and motor drivers. Closed-loop 
control algorithms within the flight controller ensure stability and trajectory tracking, forming 
the backbone of reliable flight today. 

However, these loops are traditionally designed with stability, not eSiciency, as their core 
objective. They regulate attitude and position, but do not adaptively minimize the energy 
required to achieve them. Propulsion, which dominates the drone’s total energy 
consumption, therefore operates under fixed control laws that treat every thrust command 
as equal in cost – regardless of air density, payload variation, or transient dynamics.
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This classical architecture has served the industry well, but as drones evolve toward more 
autonomous and endurance-critical missions, it reveals a blind spot – the absence of an 
intelligent layer that continuously reasons about how to fly with less energy, not merely how 
to stay on course.  

 

Where the ECS-DoT Fits 

The ECS-DoT from EMASS is an ultra-low-power edge AI System on Chip (SoC) designed to 
perform real-time sensor data processing and AI inference directly on the device, eliminating 
the need for external compute or cloud resources. ECS-DoT integrates as a drop-in AI co-
processor that enhances existing flight-control systems without altering their hardware or 
firmware. Positioned between the sensor fusion stage and the flight controller’s feedback 
loops, ECS-DoT intercepts multi-sensor data streams – typically from IMU, barometer, GPS, 
and visual sources – through standard digital interfaces such as SPI, I²C, or UART. 

Within each control cycle, ECS-DoT performs localized inference on a compact, quantized 
neural model optimized for latency under 20 µs. This model predicts short-horizon 
propulsion demands and provides energy-aware corrections to throttle and torque 
commands before they are forwarded to the existing PID or model-predictive controller. The 
result is a dual-layer loop – the classical control ensures stability and trajectory tracking, 
while ECS-DoT continuously modulates set-points to minimize energy expenditure under 
current flight dynamics. 

The device operates at 50 Hz or higher closed-loop rates while consuming <1 mW of power 
– negligible compared with propulsion electronics. It communicates through simple 
command overlays, meaning the flight controller perceives ECS-DoT as a passive assist 
rather than a replacement. No changes to autopilot stacks (ArduPilot, PX4, etc.) are 
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required. Instead, ECS-DoT acts as an intelligent plug-in that embeds real-time adaptive 
optimization into any UAV platform.  

How It Works 

At its core, ECS-DoT executes a complete sense–think–act loop inside every control frame – 
a fully self-contained intelligence cycle embedded in silicon. Incoming sensor streams from 
the IMU, barometer, GPS, and optional vision modules are pre-filtered and normalized within 
the device before being processed by a compact energy-aware AI model. 

This model predicts the instantaneous propulsion power required to sustain or adjust flight, 
taking into account real-time variations in thrust, attitude, and environmental conditions. It 
then computes micro-corrections to throttle and torque commands that achieve the same 
aerodynamic eSect with less energy expenditure. 

The inference and decision processes are implemented directly in deterministic hardware 
logic, supported by local SRAM and on-chip accelerators optimized for fixed-point AI 
computation. Each closed-loop iteration completes in under 20 µs, enabling real-time 
operation at 50 Hz or higher while consuming less than 1 mW. 

Because the entire optimization occurs locally – without external memory calls, cloud 
connectivity, or modification of the existing flight controller firmware – ECS-DoT functions 
as a transparent intelligence layer, continuously refining propulsion eSiciency without 
altering mission behavior. It transforms energy management from a post-flight analysis 
problem into an on-board, on-the-fly capability. 

Autonomy Enabled by ECS-DoT 

Flight endurance is only the beginning. Once intelligence is embedded at the energy and 
control layer, the drone begins to evolve from a reactive vehicle into a self-optimizing agent. 
ECS-DoT transforms every propeller rotation into a data-driven decision — where the same 
circuits that conserve energy also learn how to act, adapt, and cooperate. The result is not 
just longer flight time, but a new class of drones that can sense their state, anticipate 
outcomes, and coordinate as collective systems rather than isolated machines. 

Technical Pathways to Autonomy 

1. Precision Landing and Autonomous Docking 

ECS-DoT enables sub-decimeter precision by fusing multi-sensor data – optical flow, 
barometric gradients, inertial drift, and power-response feedback – to estimate landing 
trajectory in real time. Because the compute loop resides locally on the chip, latency is 
below 1 ms, allowing corrections to be applied on the final descent without overloading the 
main processor. This makes automatic recharging or battery-swap docking achievable even 
for lightweight drones. 

 

 



  Application Note 

October 2025 
 

4 

2. Predictive Maintenance and Health Monitoring 

Through continuous observation of motor current signatures, micro-vibration spectra, and 
propeller harmonics, ECS-DoT can detect degradation trends before they manifest as flight 
instability. The same energy-aware inference models that optimize thrust also  flag 
anomalies in mechanical eSiciency, enabling condition-based maintenance and reducing 
operational downtime.  

3. Formation and Swarm Coordination 

ECS-DoT’s sub-millisecond decision cycles allow multiple drones to synchronize 
propulsion phases via peer-to-peer feedback, maintaining formation geometry with 
minimal communication overhead. Each unit independently manages its local energy 
budget while contributing to the global stability of the swarm – achieving coordinated flight 
with distributed intelligence rather than centralized command. 

4. Energy-Aware Route Planning 

By continuously estimating energy expenditure as a function of airspeed, drag, and load, 
ECS-DoT augments navigation with an “energy map.” During mission execution, it can bias 
path planning toward trajectories that minimize energy per meter traveled, eSectively 
converting endurance optimization into a navigational parameter. 

Traditionally, such advanced capabilities required bulky edge-AI platforms consuming 
several watts and adding significant mass. ECS-DoT delivers comparable intelligence while 
operating below 1 mW – allowing drones to think more and weigh less. Instead of  choosing 
between endurance and autonomy, UAV designers can now achieve both in a single, unified 
control fabric. 

Evaluation Results 

The ECS-DoT evaluation program has validated these capabilities across multiple stages. In 
Phase 1, hardware-in-the-loop tests demonstrated stable 50 Hz control loops, establishing 
the technical foundation. Phase 2 confirmed a 33% endurance gain in lightweight drone 
simulations without any battery or airframe changes. Most recently, Phase 2 expansion 
delivered results across more than 300 simulation campaigns: quadcopters achieved up to 
80% longer missions (60% average), hexacopters up to 75% under payload stress, and 
octocopters up to 85% with an average 57% improvement. These results prove ECS-DoT’s 
scalability across a wide spectrum of drone classes and mission profiles. 
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Key Benefits 

For drone OEMs, ECS-DoT oSers a new pathway to autonomy and endurance. Flight-time 
extensions averaging 60% can unlock new mission profiles without requiring larger batteries 
or hardware redesign. Its ultra-low-power operation ensures that nearly all energy is 
preserved for propulsion, while its seamless compatibility with autopilot stacks like 
ArduPilot and PX4 simplifies adoption. From quadcopters to heavy-lift octocopters, ECS-
DoT scales across platforms and provides a foundation for advanced functions such as 
precision landing, predictive maintenance, and swarm flight – all enabled without 
sacrificing endurance 


