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Solutions for
Commercial Drone

Commercial drones are evolving to carry more
sensors, process more data and operate longer within
severe size and weight constraints. While the scale
and purpose of drones may vary—from lightweight
craft for aerial photography to heavy-lift, high-power
Unmanned Aerial Vehicles (UAVs) for agriculture

or delivery—designs increasingly require compact
interconnects capable of handling high-speed data
and power while standing up to environmental stress.

Molex addresses this need with space-saving, sealed
board-to-board and power-andsignal connectors
engineered for durability, precision and performance
in demanding aerial applications.
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Key Features

Robustness and floating

) Broad product offering
versions

Color-coded options

Positive locking mechanism Dual contact design

High voltage and high current
combined with positive locking
mechanism

Enhanced contact protection Microminiature

Resin enhancements High power versions

Molex is a registered trademark of Molex, LLC in the United States of America and may be registered in other
countries; all other trademarks listed herein belong to their respective owners
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Discrete wiring options

Durable overmold design

Pre-crimped leads

Customizable cable solutions
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WELCOME

The world of drones is evolving rapidly, transforming from
remotely piloted aircraft into intelligent systems capable
of sensing, analysing, and responding to their surroundings
in real time. What once focused primarily on flight control
and navigation is now becoming a sophisticated ecosystem
where advanced sensors, machine vision, edge computing,
Al, and high-speed connectivity work together to enable
new levels of autonomy and performance.

This transformation is driven by the convergence of
embedded processing, sensor fusion, intelligent control
systems, and advances in power electronics. From
infrastructure inspection and precision agriculture to
logistics, public safety, and industrial automation, modern
UAVs are no longer just airborne platforms. They are
becoming intelligent tools capable of making decisions,
adapting to changing environments, and delivering valuable
insights where they are needed most.

In this edition of eTechJournal, “"THE INTELLIGENT

SKY,” we explore the technologies powering this next
generation of aerial intelligence. From autonomous drone
architectures and robotic vision systems to sensor fusion,
Al-enabled flight control, and next-generation electronic
speed controllers, we examine how engineers are building
smarter, more capable, and more reliable airborne systems.

The future of aviation is not simply connected or
autonomous. It is intelligent. As aerial systems continue to
evolve, the focus shifts from controlling flight to enabling
platforms that can perceive, learn, and act with increasing
independence. Let’s explore the technologies shaping the
future of the intelligent sky.

Ankur Tomar Editor, eTech Journal
Email: editor-TJ@element14.com
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Unmanned aerial vehicles have transitioned
from niche platforms into highly capable,
mission critical systems used across
commercial, industrial, and military domains.
Today’s drones are expected to deliver
autonomous operation, high bandwidth
sensing, secure communications, and extended
endurance, all within tightly constrained size,
weight, power, and cost envelopes.

For design engineers, this evolution demands
a fundamentally system-oriented approach
to electronics architecture—one that tightly
integrates control, connectivity, power
management, and security.

Modern UAVs are no longer defined solely by their
airframes or propulsion systems. Instead, they are
defined by how efficiently data moves through
the platform, how intelligently power is managed,
and how securely the system can operate in both
benign and contested environments.

Microchip’s technology portfolio directly
addresses these needs by enabling scalable,
secure, and power efficient UAV architectures
that support both commercial innovation and
long-life defense programs.

SYSTEM LEVEL CHALLENGES IN UAV DESIGN

At a high level, UAV electronics can be divided into several tightly
coupled subsystems: propulsion and motor control, flight control
and navigation, payload processing, communications, and power
management. Each of these subsystems imposes competing
requirements. Motor drives demand high current and fast control
loops, while sensors and radios require low noise power rails. High
resolution cameras and radar generate massive data streams that
must be transported and processed with minimal latency, even as
the platform remains airborne for as long as possible.

Environmental stress further complicates design. Vibration,
electromagnetic interference, and wide temperature ranges are
normal operating conditions rather than edge cases. Military UAVs
add additional constraints, including resistance to tampering,
secure boot and communication, and guaranteed component
availability over long program lifetimes. Even commercial

drones increasingly face regulatory requirements related to
cybersecurity, especially as operations move beyond visual line
of sight. Meeting these challenges requires more than discrete
component selection. It requires coherent system integration,
where processing, networking, and power are architected
together rather than optimized in isolation.

HETEROGENEQUS PROCESSING AND
SYSTEM INTEGRATION

A defining characteristic of modern UAV electronics is the move
toward heterogeneous processing. Instead of relying on a single
processor to handle all tasks, designers distribute workloads
across microcontrollers, digital signal controllers, application
processors, and programmable logic. This approach improves
determinism, enables parallel processing, and allows safety critical
functions to be isolated from high level mission software.

Microchip’s microcontrollers and digital signal controllers are
ideal for real-time control applications like motor control and
power conversion. Devices like dsPIC digital signal controllers
integrate high speed ADCs, fast comparators, and high resolution
PWM modules alongside a 32-bit DSP engine. This combination
enables advanced motor control algorithms such as field-
oriented control, flux weakening, and regenerative braking. For
UAV designers, these capabilities translate into higher propulsion
efficiency, smoother flight dynamics, reduced acoustic noise, and
lower thermal stress—all critical factors in airborne platforms.

At the higher end of integration, Microchip’s PolarFire SoC FPGAs
enable consolidation of processing, control, and high speed data
movement into a single device. These platforms combine low
power FPGA fabric with a hardened, multi core RISC V processor
subsystem, allowing Linux based applications to coexist with

real time logic and deterministic data paths. This architecture is
particularly valuable in UAV payload systems, where sensor fusion,
encryption, video processing, and custom acceleration must
operate concurrently without compromising power efficiency.
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ETHERNET AS THE UAV COMMUNICATIONS
BACKBONE

One of the most significant architectural shifts in larger UAV
design is the growth of Ethernet as a primary communications
backbone. Traditional point to point interfaces such as UART,
SPI, and proprietary links remain useful for low level control, but
they do not scale well for high bandwidth payloads or distributed
system architectures.

Ethernet offers a standardized, high bandwidth, and
interoperable solution for moving data throughout the UAV.
Internally, it enables deterministic communication between flight
computers, payload processors, storage devices, and sensors.

High speed Ethernet links can transport video and sensor data
with low latency, while time sensitive networking techniques
ensure that control critical traffic remains predictable.

Single Pair Ethernet is particularly attractive in airborne platforms.
SPE cuts wiring down to one twisted pair, reducing weight and
complexity but keeping Ethernet’s reliability. This makes it feasible
to extend Ethernet connectivity deeper into the airframe,
reaching distributed sensors and subsystems without the
penalties associated with traditional multi pair cabling.

Microchip’s Ethernet PHYs, switches, and FPGA based Ethernet
bridges allow designers to implement flexible network topologies
tailored to UAV requirements. For example, high speed camera
sensors using interfaces such as MIPI can be bridged to Ethernet
and connected to centralized processing platforms.

By separating sensor placement from computing resources, it
becomes easier to integrate mechanical systems and enables
modular payload configurations. In both commercial and
military UAVs, such modularity enables faster reconfiguration
for different missions.

Ethernet can also serve as a natural aggregation layer for wireless
communication systems. Internally, data from multiple subsystems
can be consolidated over Ethernet and handed off to radios for
ground communication, swarm coordination, or satellite links. This
convergence simplifies software integration and allows designers
to leverage standard networking tools and protocols.
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POWER MANAGEMENT AND ENERGY
EFFICIENCY

Power management is a central concern in UAV design because
it directly affects endurance, payload capability, and reliability.
Efficient power conversion, intelligent sequencing, and

system level monitoring are essential to extracting maximum
performance from limited energy sources.

Microchip’s power management solutions support this need
through integrated PMICs, DC/DC converters, and supervisory
devices designed for complex, multi-rail systems. By integrating
multiple regulated outputs, sequencing logic, and protection
features into single devices, these solutions reduce component
count and board area while improving efficiency. This integration
is especially valuable in processor based payloads and flight
computers, where multiple voltage domains must be powered up
and down in a controlled manner.

Power management is also closely tied to the engine control
system. Advanced control techniques not only improve
propulsion efficiency but also reduce thermal stress on electronic
speed controllers and motors. While regenerative energy
recovery may be limited in aerial platforms, the improved braking
and deceleration control enhance maneuverability and contribute
to overall system robustness.

SECURE NAVIGATION AND
COMMUNICATIONS

As UAVs become more autonomous and connected, security is no
longer optional. Navigation systems based on GNSS are vulnerable
to interference and spoofing, and communication links are
potential attack surfaces. Both commercial and military drones
must ensure the integrity of navigation data, control commands,
and mission software.

Microchip addresses these concerns through a combination
of GNSS technologies, secure elements, and hardware-based
cryptography. Secure boot, encrypted firmware updates, and
hardware root of trust mechanisms protect the platform from
unauthorized modification.

When combined with authenticated communication channels,
these features help ensure that UAVs operate as intended, even in
challenging environments. For military platforms, such hardware
rooted security is essential to meeting mission assurance
requirements. For commercial drones, it supports regulatory
compliance and safe operation in shared airspace, particularly for
beyond visual line of sight missions.

SCALABLE SOLUTIONS FOR COMMERCIAL
AND MILITARY UAVS

A key strength of Microchip’s portfolio is its scalability across

UAV classes and markets. Devices are available with extended
temperature support, long term availability, and pin compatible
families, allowing engineers to reuse designs and migrate across
performance levels with minimal redesign. This is particularly
valuable in aerospace and defense programs, where platforms must
remain supportable for decades, but it also benefits commercial
manufacturers seeking to rapidly evolve product lines.

AERIAL VEHICLE SYSTEMS

By enabling reuse of architectures across small, medium, and
large UAVs, Microchip technologies reduce development risk and
accelerate time to deployment. Engineers can focus on system
optimization and mission differentiation rather than reinventing
foundational electronics with each new platform.

CONCLUSION

The future of unmanned aerial vehicles is defined by
integration. Higher autonomy, richer payloads, and secure
connectivity all depend on electronics architectures

that efficiently combine processing, networking, power
management, and security. The challenges facing UAV
designers—stringent SWaP constraints, high data rates,
and increasing cybersecurity requirements—demand
solutions that operate at the system level rather than as
isolated components.

Microchip’s portfolio enables this system-level approach.
Through low power heterogeneous processing, Ethernet
based communications including Single Pair Ethernet, ——
advanced motor control and power management, secure
GNSS and communication technologies, and FPGA based
integration, Microchip provides the building blocks for

scalable, future ready UAV platforms. For design engineers, —

these technologies form a cohesive foundation for creating
drones that are not only more capable, but also more
reliable, secure, and adaptable to the rapidly evolving
demands of both commercial and military applications.
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BUILDING HIGH

PERFORMANCE
OBOTIC VISION

WITH GMSL

Robotic systems increasingly rely on
vision to perceive and interact with
their environment, creating growing
demands for high speed, low latency
data links.

Gigabit Multimedia Serial Link
(GMSLTM) offers a promising solution
by transmitting video, control signals,
and power over a single cable with
high reliability.

This article examines how cameras are
deployed in robotics, the connectivity
challenges they face, and how GMSL
can enable scalable, robust, and

performance-driven robotic platforms.

BUILDING HIGH PERFORMANCE ROBOTIC VISION I

INTRODUCTION

Robotic systems increasingly depend on advanced machine vision
to perceive, navigate, and interact with their environment. As
both the number and resolution of cameras grow, the demand
for high speed, low latency links capable of transmitting and
aggregating real-time video data has never been greater.

Gigabit Multimedia Serial Link (GMSL™), originally developed for
automotive applications, is emerging as a powerful and efficient
solution for robotic systems. GMSL transmits high speed video
data, bidirectional control signals, and power over a single cable,
offering long cable reach, deterministic microsecond-level
latency with extremely low bit error rate (BER).

It simplifies the wiring harness and reduces the total solution
footprint, ideal for vision-centric robots operating in dynamic and
often harsh environments.

The following sections discuss where and how cameras are

used in robotics, the data and connectivity challenges these
applications face, and how GMSL can help system designers build
scalable, reliable, and high performance robotic platforms.

WHERE ARE CAMERAS USED IN ROBOTICS?

Cameras are at the heart of modern robotic perception, enabling
machines to understand and respond to their environment in
real time. Whether it's a warehouse robot navigating aisles, a
robotic arm sorting packages, or a service robot interacting with
people, vision systems are critical for autonomy, automation, and
interaction.

These cameras are not only diverse in function but also in form—
mounted on different parts of the robot depending on the task
and tailored to the physical and operational constraints of the
platform (see Figure 1).
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Figure 1: Example multimodal robotic vision system enabled
by GMSL.
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AUTONOMY

In autonomous robotics, cameras serve as the eyes of the
machine, allowing it to perceive its surroundings, avoid obstacles,
and localize itself within an environment. For mobile robots—such
as delivery robots, warehouse shuttles, or agricultural rovers—
this often involves a combination of wide field-of-view cameras
placed at the corners or edges of the robot. These surround-
view systems provide 360° awareness, helping the robot navigate
complex spaces without collisions.

Other autonomy-related applications use cameras facing
downward or upward to read fiducial markers on floors, ceilings,
or walls. These markers act as visual signposts, allowing robots to
recalibrate their position or trigger specific actions as they move
through structured environments like factories or hospitals.

In more advanced systems, stereo vision cameras or time of flight
(ToF) cameras are placed on the front or sides of the robot to
generate three-dimensional maps, estimate distances, and aid in
simultaneous localization and mapping (SLAM).

The location of these cameras is often dictated by the robot’s
size, mobility, and required field of view. On small sidewalk
delivery robots, for example, cameras might be tucked into
recessed panels on all four sides. On a drone, they're typically
forward-facing for navigation and downward facing for landing or
object tracking.

AUTOMATION

In industrial automation, vision systems help robots perform
repetitive or precision tasks with speed and consistency. Here,
the camera might be mounted on a robotic arm—right next to
a gripper or end-effector—and the system can visually inspect,
locate, and manipulate objects with high accuracy.

This is especially important in pick-and-place operations, where
identifying the exact position and orientation of a part or package
is essential.

Other times, cameras are fixed above a work area—mounted on
a gantry or overhead rail—to monitor items on a conveyor or to
scan barcodes. In warehouse environments, mobile robots use
forward-facing cameras to detect shelf labels, sighage, or QR
codes, enabling dynamic task assignments or routing changes.

Some inspection robots, especially those used in infrastructure,
utilities, or heavy industry, carry zoom-capable cameras mounted
on masts or articulated arms. These allow them to capture high
resolution imagery of weld seams, cable trays, or pipe joints—
tasks that would be dangerous or time-consuming for humans to
perform manually.
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HUMAN INTERACTION

Cameras also play a central role in how robots engage with
humans. In collaborative manufacturing, healthcare, or service

industries, robots need to understand gestures, recognize faces,

and maintain a sense of social presence. Vision systems make
this possible.

Humanoid and service robots often have cameras embedded in
their head or chest, mimicking the human line of sight to enable
natural interaction. These cameras help the robot interpret facial
expressions, maintain eye contact, or follow a person’s gaze.
Some systems use depth cameras or fisheye lenses to track body
movement or detect when a person enters a shared workspace.

In collaborative robot (cobot) scenarios, where humans and
machines work side by side, machine vision is used to ensure
safety and responsiveness. The robot may watch for approaching
limbs or tools, adjusting its behavior to avoid collisions or pause
work if someone gets too close.

Even in teleoperated or semi-autonomous systems, machine

vision remains key. Front-mounted cameras stream live video

to remote operators, enabling real-time control or inspection.
Augmented reality overlays can be added to this video feed to
assist with tasks like remote diagnosis or training.

Across all these domains, the camera’s placement—whether
on a gripper, a gimbal, the base, or the head of the robot—is

a design decision tied to the robot’s function, form factor,

and environment. As robotic systems grow more capable and
autonomous, the role of vision will only deepen, and camera
integration will become even more sophisticated and essential.

ROBOTICS VISION CHALLENGES

As vision systems become the backbone of robotic intelligence,
opportunity and complexity grow in parallel. High performance
cameras unlock powerful capabilities—enabling real-time
perception, precise manipulation, and safer human interaction—
but they also place growing demands on system architecture.

It’s no longer just about moving large volumes of video data
quickly. Many of today’s robots must make split-second decisions
based on multimodal sensor input, all while operating within tight
mechanical envelopes, managing power constraints, avoiding
electromagnetic interference (EMI), and maintaining strict
functional safety in close proximity to people.

These challenges are compounded by the environments robots
face. A warehouse robot may shuttle in and out of freezers,
enduring sudden temperature swings and condensation. An
agricultural rover may crawl across unpaved fields, absorbing
constant vibration and mechanical shock. Service robots in
hospitals or public spaces may encounter unfamiliar, visually
complex settings, where they must quickly adapt to safely
navigate around people and obstacles.

SOLVE THE CHALLENGES WITH GMSL

GMSL is uniquely positioned to meet the demands of modern
robotic systems. The combination of bandwidth, robustness,
and integration flexibility makes it well suited for sensor-rich
platforms operating in dynamic, mission-critical environments.
The following features highlight how GMSL addresses key vision-
related challenges in robotics.

HIGH DATA RATE AND LOW LATENCY

The GMSL2™ and GMSL3™ product families support forward-
channel (video path) data rates of 3 Gbps, 6 Gbps, and 12 Gbps,
covering a wide range of robotic vision use cases. These flexible
link rates allow system designers to optimize for resolution, frame
rate, sensor type, and processing requirements (Figure 2).

A 3 Gbps link is sufficient for most surround view cameras using 2
MP to 3 MP rolling shutter sensors at 60 frames per second (FPS).
It also supports other common sensing modalities, such as ToF
sensors and light detection and ranging (LIDAR) units with point-
cloud outputs and radar sensors transmitting detection data or
compressed image-like returns.

The 6 Gbps mode is typically used for the robot’s main forward-
facing camera, where higher resolution sensors (usually 8 MP or
more) are required for object detection, semantic understanding,
or sign recognition. This data rate also supports ToF sensors

with raw output, or stereo vision systems that either stream raw
output from two image sensors or output processed point cloud
stream from an integrated image signal processor (ISP). Many
commercially available stereo cameras today rely on this data rate
for high frame-rate performance.

At the high end, 12 Gbps links enable support for 12 MP or higher
resolution cameras used in specialized robotic applications that
demand advanced object classification, scene segmentation, or
long-range perception. Interestingly, even some low resolution
global shutter sensors require higher speed links to reduce
readout time and avoid motion artifacts during fast capture
cycles, which is critical in dynamic or high speed environments.
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Figure 2. Sensor bandwidth ranges with GMSL capabilities
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Because GMSL uses frequency-domain duplexing to separate

the forward (video and control) and reverse (control) channels, it
enables bidirectional communication with low and deterministic
latency, without the risk of data collisions. Across all link rates,
GMSL maintains impressively low latency: the added delay from
the input of a GMSL serializer to the output of a deserializer
typically falls in the lower tens of microseconds—negligible for
most real-time robotic vision systems. The deterministic reverse-
channel latency enables precise hardware triggering from the host
to the camera—critical for synchronized image capture across
multiple sensors, as well as for time-sensitive, event-driven frame
triggering in complex robotic workflows. Achieving this level of
timing precision with USB or Ethernet cameras typically requires
the addition of a separate hardware trigger line, increasing system
complexity and cabling overhead.

SMALL FOOTPRINT AND LOW POWER

One of the key value propositions of GMSL is its ability to reduce
cable and connector infrastructure. GMSL itself is a full-duplex
link, and most GMSL cameras utilize the power-over-coax (PoC)
feature, allowing video data, bidirectional control signals, and
power to be transmitted over a single thin coaxial cable. This
significantly simplifies wiring, reduces the overall weight and bulk
of cable harnesses, and eases mechanical routing in compact or
articulated robotic platforms (Figure 3).

In addition, the GMSL serializer is a highly integrated device

that combines the video interface (for example, MIPI-CSI) and
the GMSL PHY into a single chip. The power consumption of the
GMSL serializer, typically around 260 mW in 6 Gbps mode, is
favorably low compared to alternative technologies with similar
data throughput. All these features will translate to smaller
board areas, reduced thermal management requirements (often
eliminating the need for bulky heatsinks), and greater overall
system efficiency, particularly for battery-powered robots.
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Figure 3. A typical GMSL camera architecture using the MAX96717
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SENSOR AGGREGATION AND VIDEO DATA
ROUTING

GMSL deserializers are available in multiple configurations,
supporting one, two, or four input links, allowing flexible sensor
aggregation architectures. This enables designers to connect
multiple cameras or sensor modules to a single processing

unit without additional switching or external muxing, which is
especially useful in multicamera robotics systems.

In addition to the multiple inputs, GMSL SERDES also supports
advanced features to manage and route data intelligently across
the system. These include:

e |2C and GPIO broadcasting for simultaneous sensor configura-
tion and frame synchronization.

e |2C address aliasing to avoid 12C address conflict in
passthrough mode.

e Virtual channel reassignment, allowing multiple video streams
to be mapped cleanly into the frame buffer inside the systems
on chip (SoCs).

* Video stream duplication and virtual channel filtering, enabling
selected video data to be delivered to multiple SoCs—for ex-
ample, to support both automation and interaction pipelines
from the same camera feed or to support redundant process-
ing paths for enhanced functional safety.

SAFETY AND RELIABILITY

Originally developed for automotive advanced driver assistance
systems (ADAS) applications, GMSL has been field-proven in
environments where safety, reliability, and robustness are non-
negotiable. Robotic systems, particularly those operating around
people or performing mission-critical industrial tasks, can benefit
from the same high standards.
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TABLE 1. GMSL VS. USB VS. ETHERNET:
TRADE-OFFS IN ROBOTIC VISION

Software Direct OS driver OS driver
Stack MIPI-CSI stack + USB stack + GigE
integration video device | Vision/
with SoC class (UVC) or | GenlCam
proprietary
software
development
kit (SDK)
Functional ASIL-B Minimal Minimal
Safety devices, data
Support replication,
deterministic
sync
Deployment Mature in Broad in Mature in
Ecosystem ADAS, growing | consumer/ industrial
in robotics PC, limited vision
industrial
options
Integration Moderate— Low—plug Moderate—
Complexity requires and play for needs switch/
SERDES and development | router config
routing config | High—for and sync
production wiring

Most GMSL serializers and deserializers are qualified to operate
across a —40°C to +105°C temperature range, with built-in
adaptive equalization that continuously monitors and adjusts
transceiver settings in response to environmental changes. This
provides system architects with the flexibility to design robots that
function reliably in extreme or fluctuating temperature conditions.

In addition, most GMSL devices are ASIL-B compliant and exhibit
extremely low BERs. Under compliant link conditions, GMSL2
offers a typical BER of 10-15, while GMSL3, with its mandatory
forward error correction (FEC), can reach a BER as low as 10-30.
This exceptional data integrity, combined with safety certification,
significantly simplifies system-level functional safety integration.

Ultimately, GMSL's robustness leads to reduced downtime, lower
maintenance costs, and greater confidence in long-term system
reliability—critical advantages in both industrial and service

robotics deployments.

MATURE ECOSYSTEM

GMSL benefits from a mature and deployment-ready ecosystem,
shaped by years of high volume use in automotive systems and

Cable Type Single coax Separate Separate
or STP (data USB + power | Ethernet +
+ power + + general- power (PoE
control) purpose optional) +
input/output | GPIO
(GPIO)
Max Cable 15+ meters 3 m reliably 100 m with
Length with coax Catbe/Caté
Power Integrated Requires Requires PoE
Delivery (PoC) separate or infrastructure
USB-PD or separate
cable
Latency Tens of Millisecond- Millisecond-
(Typical) microseconds | level, OS- level,
(deterministic) | dependent buffered +
0OS/network
stack
Data Rate 3 Gbps/6 Up to 5 Gbps | 1 Gbps (GigE),
Gbps/12 (USB 3.1Gen 1) | 10 Gbps
Gbps (un- (10 Gigk,
compressed, uncommon in
per link) robotics)
Video Not required | Often Often
Compression | (raw or ISP required required
output) for higher
resolutions
Hardware Built-in via Requires extra | Requires extra
Trigger reverse GPIO or USB GPIO or sync
Support channel (no communi- box
extra wire) cations device
class (CDC)
interface
Sensor Native via Typically Typically
Aggregation multi-input point-to- point-to-
deserializer point point
EMI High— Moderate Moderate to
Robustness designed for high (depends
automotive on shielding,
EMI standards layout)
Environ- Automotive- Consumer- Varies
mental grade temp, grade unless (industrial
Suitability ruggedized hardened options exist)

supported by a broad network of global ecosystem partners. This
includes a comprehensive portfolio of evaluation and production-
ready cameras, compute boards, cables, connectors, and
software/driver support—all tested and validated under stringent
real-world conditions. For robotics developers, this ecosystem
translates to shorter development cycles, simplified integration,
and a lower barrier to scale from prototype to production.

BUILDING HIGH PERFORMANCE ROBOTIC VISION I

GMSL VS. LEGACY ROBOTICS VISION
CONNECTIVITY

In recent years, GMSL has become increasingly accessible
beyond the automotive industry, opening new possibilities for
high performance robotic systems. As the demands on robotic
vision grow with more cameras, higher resolution, tighter
synchronization, and harsher environments, traditional interfaces
like USB and Ethernet often fall short in terms of bandwidth,
latency, and integration complexity.

GMSL is now emerging as a preferred upgrade path, offering a
robust, scalable, and production-ready solution that is gradually
replacing USB and Ethernet in many advanced robotics platforms.
Table 1 compares the three technologies across key metrics
relevant to robotic vision design.

CONCLUSION

As robotics moves into increasingly demanding
environments and across diverse use cases, vision
systems must evolve to support higher sensor counts,
greater bandwidth, and deterministic performance. While
legacy connectivity solutions will remain important for
development and certain deployment scenarios, they
introduce trade-offs in latency, synchronization, and
system integration that limit scalability. GMSL, with its

combination of high data rates, long cable reach, integrated
power delivery, and bidirectional deterministic low latency,
provides a proven foundation for building scalable robotic
vision systems. By adopting GMSL, designers can accelerate
the transition from prototype to production, delivering
smarter, more reliable robots ready to meet the challenges
of a wide range of real-world applications.

CLICK HERE%
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FIND YOUR NEXT DEVELOPMENT KIT NOW KEY TAKEAWAYS

The global drone technology landscape has shifted from
prototyping to scalable, mission-critical deployments. Today,
industrial Unmanned Aerial Vehicle (UAV) platforms for

Multirotors require continuous closed-loop stabilization
(typically hundreds of updates per second); sensor quality and
latency directly determine controllability.

ANALOG % .T infrastructure inspection, precision agriculture, logistics, and
B specialized surveillance are evaluated by their stability, precision, IMU drift, mechanical uncertainty (backlash/slip), and GNSS
DEVICES AM D ‘l %”@" In |ne0n g and reliability in demanding real-world conditions, rather than by degradation are three dominant real-world failure modes that

AHEAD OF WHAT'S POSSIBLE™ ARDUINO airframe design or speed. must be engineered out.
For engineers and system architects, drone performance is no Ai6-axis MEMS IMU provides fast, high-frequency body motion
‘ ‘ longer a mechanical problem:; it is a sensing and control challenge. data; optical incremental encoders provide "mechanical
@ MICROCHIP * Raspberry Pi° RENESAS ,l The sensing layer and control algorithms determine whether a ground truth” for gimbals and actuators.
Jife.augmented drone simply flies or operates reliably in real-world environments. Sensor fusion (often EKF) combines sensors by weighing
As the sector expands, competitive advantage is therefore shifting Qi Tl modgled NOISOQHE MicErtainty, improving
s Y : . robustness across vibration, temperature, and GNSS loss.
to the “intelligence layer” of the platform. This article explores
the core technologies behind this shift, focusing on 6-axis MEMS Closed-loop encoder feedback can reduce pointing error for
% motion tracking, high-precision encoders, and the sensor-fusion gimbals and precision payloads, protecting imaging quality and
algorithms that integrate them into reliable industrial systems. reducing costly.
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AUDIENCE AND SCOPE

This document is intended for UAV engineers, system architects,
and technical decision makers designing multirotor platforms for
inspection, agriculture, logistics, public safety, and other industrial
applications. The focus is on motion sensing, actuator feedback,

and state estimation; it does not attempt to cover airframe design,

propulsion selection, or regulatory compliance in depth.

1. WHY DRONE STABILITY IS A SENSING AND
CONTROL PROBLEM

A multirotor drone is an inherently unstable platform. Unlike
fixed-wing aircraft, which can glide, multirotor require continuous
high-frequency stabilization to stay airborne. Stability relies on a
closed-loop control system operating at 400 to 1000 Hz, which
continuously adjusts motor output based on sensor feedback.

However, in practical deployments, three primary failure modes
frequently degrade performance:

* Inertial Measurement Unit (IMU) Drift: Small errors in
orientation that accumulate over time, leading to “toilet-
bowling” or navigation errors.

Drone “toilet-bowling” is a hazardous phenomenon in
which a hovering drone rotates in an ever-widening circle,
resembling a toilet bowl vortex.

* Mechanical Uncertainty: Backlash, motor slip, and load
variations that make open-loop commands unreliable for
precise tasks.

* GNSS Degradation: Signal loss or multipath errors in urban
canyons or under tree canopies, where global positioning
is obstructed.

An urban canyon (or street canyon) is an artificial
environment where a narrow street is bordered by high-
rise buildings on both sides, creating a canyon-like effect.

These challenges can be addressed by enhancing mechanical
design, incorporating high-fidelity sensing, and applying intelligent
data fusion. High-performance systems now require sub-

millisecond latency, an IMU noise floor below 0.005°/s/vHz, gimbal

accuracy of < 0.1° rated torque, and vibration immunity across the
10 to 2,000 Hz rotor band.
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2. CORE TECHNOLOGY DEEP DIVE:
6-AXIS MEMS MOTION TRACKING

The primary source of motion awareness in any drone is the
6-axis MEMS IMU. This device integrates a 3-axis gyroscope, which
measures angular velocity, and a 3-axis accelerometer, which
measures linear acceleration, into a single compact silicon die.

THE MECHANICS OF THE TDK INVENSENSE
ICM-40609-D

A leading example of this technology is the TDK InvenSense ICM-
40609-D. This sensor uses a CMOS-MEMS wafer-level bonding
process to integrate mechanical structures directly with the
readout electronics.

Operating Principle: A MEMS gyroscope primarily relies on the
Coriolis effect, which describes the inertial force acting on an
object moving within a rotating frame of reference. The sensor
contains a proof mass that vibrates at high frequency along the
drive axis.

When the device rotates, the Coriolis force causes the mass
to move toward the sense axis, resulting in a displacement
proportional to the rotation rate.

An integrated capacitive structure detects this movement by
measuring changes in capacitance as the mass shifts. The on-chip
electronics convert these changes into a voltage signal, which is
processed to determine angular velocity.

€D Drive Oscillation, @ Deflection and © Signal Conversion

Capacitance Change. and Digital Output.
Variathe v B

Rotation and
9 Corlolis Force.

Figure 1: How a 6-Axis MEMS Inertial Measurement Unit (IMU)
works? (Al Generated image)

WHY 16-BIT RESOLUTION MATTERS

The ICM-40609-D offers 16-bit resolution, ensuring precise
digital conversion of motion data. In practical terms, this allows
the flight controller to detect micro-drifts as small as 0.002°/s.

For an industrial drone performing a ten-minute inspection

of a wind turbine, this resolution keeps drift imperceptible,
allowing the camera to remain focused on a specific structural
bolt or crack.

Key Technical Advantages:

e Superior Sampling (32 kHz ODR): It features a maximum
Output Data Rate (ODR) of 32 kHz. This enables flight
controllers to capture rapid movement data and identify
anomalies or errors in real time that slower sensors may miss.

* High-G Impact Tracking (+32g): The accelerometer’s full-
scale range is extended to +32g, double the standard 16g
found in many other IMUs. This allows drones to accurately
track significant linear movements and high-acceleration
maneuvers without clipping sensor data.

e Thermal Stability: Its custom architecture maintains high
accuracy despite temperature shifts during extended flights.
This ensures the flight platform remains stable as internal
components heat up.

* Vibration and Noise Management: It features a low gyroscope
noise floor (4.5 mdps/vHz) and programmable digital filters
that help the flight controller distinguish true motion from
mechanical motor vibrations.

BUY NOW

Figure 2: ICM-40609-D-6-Axis MEMS Motion Tracking for
High-Precision Drone Stability and Flight Control from TDK

AUTONOMOUS DRONE ECONOMY

3. CORE TECHNOLOGY DEEP DIVE:
HIGH-PRECISION OPTICAL ENCODERS

While the IMU tracks overall drone motion through the air, they
cannot determine the exact position of mechanical subsystems
like gimbals and precision actuators. This is where high-
precision encoders become essential, particularly for gimbals
and precision actuators.

CLOSING THE LOOP WITH THE BROADCOM
HEDS-9140

An encoder is a feedback device that provides the exact angular
position of a rotating shaft. The Broadcom HEDS-9140 is a
3-channel optical incremental encoder module. It utilizes a lensed
infrared LED source and a precision code wheel to generate light
pulses as the motor turns.

Operating Principle: A reflective incremental optical encoder
includes an emitter, a detector, and a codewheel or codestrip.
The emitter and detector are located on the same side of the
codewheel or codestrip.

When light from the light source is projected onto the moving
codewheel or codestrip, the bars act to reflect or not reflect the
light, at intervals. This repeated action creates moving shadows
that fall on the photodiodes located on the detector. The
photodiodes then generates output or signal.

T
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- Index Processing|
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L ]
Code Detector Section
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Figure 3: Working of an optical incremental encoder
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THE PROBLEM WITH “"OPEN-LOOP” GIMBALS

Without encoder feedback, motion systems operate

on command rather than actual movement, creating a
discrepancy where the controller “assumes” a position has
been reached.

In entry-level drone gimbals, these open-loop motors are
highly susceptible to aerodynamic drag, mechanical friction,
and backlash, which frequently cause the motor to slip. Even a
minor angular error of 2° at an altitude of 30 meters translates
to a ground-level image displacement of over one meter—an
inaccuracy that renders data for high-fidelity mapping or bridge
inspection unreliable.

Transitioning to a closed-loop system by integrating an encoder,
such as the HEDS-9140 which offers 500 Counts Per Revolution
(CPR), ensures consistent and repeatable positioning. This
feedback loop allows the controller to detect and correct physical
deviations in real time, achieving positional accuracy better than
0.1° and providing the stability essential for professional imaging
and precision aerial surveys.

TECHNICAL BENEFITS OF OPTICAL ENCODING:

* Quadrature Signals: It provides two-channel quadrature
outputs (A, B) for direction and speed, plus a third-channel
index pulse (Z). The index pulse allows the drone’s flight
controller to detect the direction of rotation instantly.

* Index Pulse: Provides a “zero-point” reference for absolute
home every time the drone powers up.

* High Misalignment Tolerance: It features a unique
photodetector array and highly collimated light source that
make it extremely tolerant to mounting misalignment. This is
critical for drones, where vibration and mechanical stress can
slightly shift components during flight.

BUY NOW

Figure 4: Broadcom HEDS-9140- Optical incremental encoders
for detecting precise position of mechanical subsystems like
gimbals and actuators in drones.
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4, SENSOR FUSION: THE INTELLIGENGE LAYER

No single sensor is perfect. Gyroscopes drift, accelerometers are
noisy, and encoders context blindness they know where the shaft
is but not where the horizon is. Individually, these sensors provide
incomplete or noisy data. Reliable operation requires combining
their strengths while compensating for weaknesses.

Sensor fusion, specifically the Extended Kalman Filter (EKF) widely
considered the most effective method for drone operation
because it overcomes the physical limitations of individual
sensors by combining their data to reduce uncertainty.

The Extended Kalman Filter (EKF) is a critical algorithm
used in drones (UAVs) for state estimation and sensor
fusion, enabling stable flight and autonomous navigation
by combining noisy sensor data into a reliable, real-time
estimate of the drone’s orientation, velocity, and position.

HOW EKF FUSES DATA?

In industrial flight applications, a drone’s flight controller

must continuously reconcile conflicting sensor inputs. Motor
vibration, wind, and GNSS multipath errors introduce significant
noise and uncertainty.

The EKF functions as a real-time probabilistic estimator,
determining the drone’s most likely position, velocity, and
orientation in the presence of these disturbances.

The EKF maintains a high-speed state vector x, which is recursively
updated through two primary stages: prediction and correction.

The IMU drives the prediction phase by providing immediate,
high-frequency motion data. When a disturbance occurs, such
as a sudden tilt from wind, the gyroscope instantly detects the
angular rate change.

EKF uses this data to project the drone’s next state within
milliseconds, allowing the control system to respond to changes
before slower sensors can and supporting real-time stabilization.

At the same time, optical encoders provide mechanical ground
truth by reporting how actuators, such as gimbal motors, respond
to control commands. When a gimbal is commanded to move by a
specific angle, the encoder verifies if the motion is achieved.

Deviations from backlash, friction, or aerodynamic loading
are detected immediately. EKF uses this feedback to correct
actuation errors, keeping mechanical systems aligned with
control objectives.

SENSOR INPUTS

AUTONOMOUS DRONE ECONOMY I
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Figure 5: Extended Kalman Filter Sensor Fusion Architecture for Industrial UAVs (Al generated image)

For long-term reference, the EKF relies on GNSS for global
position and barometric sensors for altitude. Although these
signals are slower and more prone to noise or disruption, they
are essential for anchoring the system to an absolute reference.
The EKF uses these measurements during correction to limit drift
from inertial estimation.

A key feature of the EKF is its ability to dynamically adjust the
weighting of each sensor input using the Kalman Gain, which
accounts for estimated noise. In high-vibration environments, for
example, accelerometer data may become unreliable.

The EKF detects increased variance and reduces the influence of
this data, relying more on gyroscope and encoder inputs.

This ongoing rebalancing helps the system maintain stability as
sensor conditions change.

This approach creates a resilient estimation framework. When
external references like GNSS degrade due to obstructions, indoor
operation, or electromagnetic interference, the EKF continues to
operate by shifting to inertial and encoder-based estimation for
dead reckoning.

By combining rapid inertial updates, precise mechanical feedback,
and periodic global corrections, the EKF allows the drone to
maintain stable flight and accurate control where single-sensor
reliance would be insufficient.

0. INDUSTRIAL USE CASES AND
OPERATIONAL EXCELLENCE

The integration of these high-precision components translates
directly into operational advantages that ensure mission success
in demanding sectors.

ENHANCING MISSION RELIABILITY

1. Optimized Inspection Cycles: In infrastructure inspection,
high-resolution gimbals (enabled by encoders) ensure that
the data is captured correctly the first time. This significantly
reduces total inspection time and eliminates the need for
repeated flights due to blurred or misaligned imagery.

2. Fleet Scalability: High-quality sensing is a prerequisite for
BVLOS (Beyond Visual Line of Sight) certification. Drones that
can demonstrate superior "Sense and Avoid” capabilities and
orientation stability are more likely to meet the rigorous safety
requirements of regulatory bodies.

3. Extended Asset Life: Industrial-grade components have a
higher Mean Time Between Failure (MTBF). Using ruggedized
sensors and connectors means fewer maintenance cycles and
less operational downtime for the fleet.

4. Precision Agriculture Accuracy: Accurate path-following,
driven by fused sensor data, ensures that spray-paths are
followed precisely over large fields, reducing chemical waste
and improving overall field coverage.
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6. DESIGN AND SELECTION CHECKLIST
(PRACTICAL GUIDANCE)

Use this checklist to evaluate motion sensors, encoders, and
fusion readiness for industrial UAV designs:

IMU SELECTION

Gyro noise density and bias stability (drift over mission time).

Output data rate/bandwidth and filtering options for
vibration rejection.

Dynamic range is appropriate for both hover and
aggressive maneuvers.

Temperature range and bias compensation behavior.

Interface and buffering (SPI/I3C, FIFO) to meet latency targets.

ENCODER SELECTION

Counts per revolution (CPR) required for pointing resolution.

Quadrature outputs (A/B) and index (Z) for direction + homing.

Mechanical fit (shaft diameter, mounting) and
misalighment tolerance.

Electrical compatibility (supply, logic levels, connector pitch).

FUSION IMPLEMENTATION

EKF or complementary filter selection based on compute
budget and required accuracy.

Calibration workflow (gyro bias, accelerometer scale/offset,
encoder index homing).

Sensor time synchronization and timestamping to avoid
phase errors.

Validation under vibration, temperature, and
GNSS-degraded conditions.

"

1. COMPONENT SOURCING AND
NEXT STEPS

Selecting sensors is only part of building a reliable platform.

Engineers also need lifecycle-managed supply, documentation,

evaluation hardware, and design-in support. Farnell and
Newark provide access to multi-vendor motion sensors,
encoders, dev kits, and supporting components needed to
move from prototype to production.

Recommended “supporting components” to bundle with
sensing designs:

* Power management (buck/boost, LDOs), EMI filtering, and
low-noise references

» Connectors/cabling rated for vibration
e MCU/flight controller compute and timing resources

e Optional aiding sensors: barometer, magnetometer, GNSS,
range sensors

CONCLUSION:

Future of industrial drones will be defined by intelligence,
precision, and reliability. High-performance IMUs provide
real-time motion awareness, precision encoders deliver
accurate mechanical feedback, and sensor fusion
combines both into a reliable, autonomous flight system.
Together, these technologies form the foundation of the
autonomous drone economy, enabling safer operations,
greater accuracy, and scalable deployment across
industrial applications.

Ready to accelerate your next UAV design¢ Explore
Farnell’s range of drone technologies, sensors,
connectivity, power, and development solutions at our
Drone Applications page.

CLICK HERE
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FAQS

1. What is sensor fusion in drones?

Sensor fusion in drones is the process of combining
data from multiple sensors—such as IMUs, encoders, and
GNSS—to produce a more accurate estimate of position,
velocity, and orientation than any single sensor alone.

2. How does the Extended Kalman Filter work in drones?

The Extended Kalman Filter (EKF) works by predicting the
drone’s state using high-frequency IMU data and correcting
it using slower but absolute references like GNSS and
barometers, while dynamically weighing sensor reliability.

3. Why is an IMU important for drone stability?

An IMU provides real-time measurements of angular
velocity and acceleration, enabling the flight controller to
detect and correct motion disturbances instantly, which is
essential for maintaining stable flight.

4. What role do encoders play in drone systems?

Encoders provide precise feedback on actuator positions,
such as gimbal angles or motor shafts, ensuring that
commanded movements are accurately executed and
eliminating mechanical errors.

5. What happens when GPS fails in a drone?

When GPS signals are unavailable, drones rely on IMU data
and encoder feedback through sensor fusion algorithms
like EKF to estimate position and maintain stable flight
using dead reckoning.
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NEXT-GEN ELECTRONIC

SPEED CONTROLLERS (ESC)

"OR DRONES: FROM BLDC
UNTROL
““ELIGHT PERFORMANCE

T0AI-OPTIMIZED

RODUCTION
Electronic Speed Controllers (ESCs) are essential for drone
propulsion as they serve as the interface between the flight
controller and the motor. Traditionally, ESCs were designed
only to control motor speed via PWM signals. However, as
drone applications progressed from consumer quadcopters
to industrial inspection and delivery UAVs, ESCs matured into
clever, high-efficiency power control systems.

Modern ESCs directly influence flight duration, maneuverability,
noise levels, and system dependability. As drones demand
greater efficiency and precision, ESC hardware is undergoing

a shift driven by advanced semiconductor devices, real-time
control systems, and embedded sensor technologies. This article
explores how these modern ESCs for drones evolved and how
they use Al technology to enhance their capabilities and perform
complex tasks such as navigation, object recognition, and
environmental analysis.
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KEY ESC REQUIREMENTS FOR
DRONE APPLICATIONS

ESC is an electronic circuit that connects the motor, the battery,
and flight controller. The primary purpose of the ESC is to change
the speed and direction of the drone (figure-1).

Due to the difference in motor technology, the flight controller
of drones with brush and brushless motors cannot communicate
directly with the motors. The ESC helps establish a connection,
allowing the drone to control and regulate the speed of the
motors in flight.

Integrated controller + GD

Gate driver
(e1p)}

Microcontroller

Integrated GD + inverter

<+—

Figure 1: ESC Motor drive block diagram
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1. HIGH FREQUENCY MOTOR CONTROL

ESCs should support high PWM switching frequencies (typically
24-48 kHz or higher).

This enables:

¢ Smoother motor operation

e Reduced torque ripple

e Quieter acoustic performance

e Improved flight stability, especially for camera and gimbal
equipped drones

3-phase inverter

A

Current sensor

2. FAST THROTTLE RESPONSE AND
LOW LATENCY

Rapid throttle response with minimal control latency is essential for:
e Precise maneuvering

* Improved pilot handling and agility

e Stable autonomous flight control

e Safer operation in dynamic or obstacle dense environments

Low latency ESCs allow quick motor speed adjustments, which are
critical during aggressive flight maneuvers and sudden load changes.

3. EFFICIENT POWER ELECTRONICS

High efficiency ESCs rely on optimized power stage design, including:
» Careful MOSFET selection with low RDS (on)

* Optimized gate driver circuitry

* Minimal switching and conduction losses

This improves overall flight time, minimizes heat generation, and
lowers the risk of component failure under continuous load.

4. ROBUST PROTECTION FEATURES

To protect the drone and its propulsion system, ESCs must
incorporate comprehensive safety mechanisms such as:

e Over current protection
e Over temperature protection
e Undervoltage and overvoltage protection

These features protect motors, batteries, and power electronics
under extreme operating conditions, enhancing overall aircraft
safety and system durability.

5. EMI MINIMIZATION AND CLEAN ELECTRICAL
DESIGN

Effective electromagnetic interference (EMI) control is crucial in
drone systems. A clean ESC electrical design:

* Reduces noise that can interfere with onboard sensors
e Prevents disruption of radio, GPS, and communication systems
* Improves system stability and signal integrity

e This is especially important in Al enabled and sensor heavy
UAV platforms.

6. COMPACT AND LIGHTWEIGHT PACKAGING

ESCs must be small, lightweight, and thermally efficient to fit into
compact airframes. Reduced size and weight:

* Increase available payload capacity or extend flight time
e Simplify installation and cable routing

e Enable tighter mechanical integration in multi motor designs

NEXT-GEN ELECTRONIC SPEED CONTROLLERS (ESC) I

THE ROLE OF INTELLIGENCE AND AT'IN NEXT
GENERATION ESCS

Artificial Intelligence (Al) has enabled a shift from manually
operated UAVs to autonomous, intelligent aerial systems. While
traditional drones rely heavily on human input, Al powered drones
can sense, analyze, decide, and act independently, unlocking
advanced capabilities across multiple industries.

As drone applications become increasingly autonomous and task
oriented, modern ESCs play a crucial role in determining flight
efficiency, maneuverability, acoustic noise levels, and operational
reliability. They now contribute beyond propulsion control.

Driven by advancements in power semiconductor technology,
real time motor control architectures, and embedded sensing,
ESCs now deliver precise torque control, reduced power losses,
and enhanced system responsiveness.

Emerging designs incorporate Al assisted control strategies and
richer telemetry, enabling drones to perform numerous complex
tasks, including:

e Autonomous navigation and trajectory optimization
¢ Object recognition and payload stabilization
e Environmental analysis and adaptive flight behavior

By combining real time motor control with intelligent data
processing, ESCs are becoming an integral part of the drone’s
decision making ecosystem rather than a passive power stage.

FROM MANUAL CONTROL TO AUTONOMOUS
INTELLIGENCE

Al enables drones to process vast amounts of real time data and
arrive at decisions without constant human intervention.

By integrating machine learning, computer vision, and real time
analytics, Al transforms drones from simple remote controlled
devices into intelligent tools capable of executing complex
missions. These capabilities include autonomous navigation,
object recognition, environmental monitoring, and adaptive
flight behavior.

Al drones are unmanned aerial vehicles (UAVs) equipped with
onboard intelligence that allows them to operate autonomously
or semi autonomously. Using Al algorithms, these drones can:

e Perform real time decision making
¢ Detect and avoid obstacles
¢ Optimize mission paths

* Respond dynamically to changing environments
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HOW Al WORKS INSIDE DRONES

Drone Al technology integrates multiple hardware and software
components, such as sensors, cameras, and onboard processors,
to create an end to end intelligent system. Together, these
components enable drones to:

* Collect data from their environment using cameras, IMUs,
LiDAR, and other sensors

* Process and analyze data using Al and machine learning
algorithms

* Make decisions or take actions based on extracted insights

* Adapt to dynamic conditions using trained models that
improve performance over time

This learning capability allows drones to continuously refine
their behavior, improve efficiency and accuracy in real world
conditions. Al gives drones the ability to “learn” and make
intelligent decisions.

Modern drones, by integrating machine learning algorithms
and computer vision, can autonomously conduct several tasks
including surveillance, inspection, and security monitoring.

These systems can identify anomalies, track objects, and detect
potential threats or emergency situations in real time. This
autonomy is particularly valuable when drones must operate in
complex or hazardous environments where human control may
be limited or unsafe.

OpenCV plays a critical role in enabling real time computer vision
for Al powered drones. By processing large volumes of visual data
efficiently, OpenCV allows drones to understand and respond to

their surroundings instantaneously.

Key benefits of OpenCV in drones include:

* Real time obstacle detection and avoidance

* Object recognition and tracking

* Scene understanding for navigation and mapping

These capabilities are essential for drones operating in
environments that require rapid perception and instantaneous
response. Additionally, OpenCV's real-time processing

is advantageous for drones employed in industrial and
manufacturing environments.

These drones can fly over vast industrial buildings or power lines,
capturing 720p camera pictures and movies that can be instantly
processed to identify structural problems or maintenance
requirements. The use of OpenCV in drones has also made it
easier to create 3D models of buildings and landscapes from
numerous photos taken from various perspectives.

26 eTechJournal

COMMON ESC COMUNICATION -
PROTOCOLS

ESCs rely on defined communication protocols to receive throttle
and control commands from a flight controller (FC). These
protocols have evolved significantly over time in response to the
increasing performance, efficiency, and reliability demands of
modern drones. Broadly speaking, ESC communication protocols
can be boxed into two main categories: analog (PWM based)
protocols and digital protocols.

Early ESCs relied on analog PWM based signaling, where throttle
information was encoded using pulse width timing. Standard
PWM was slow and introduced latency, leading to faster

variants such as OneShot125, OneShot42, and MultiShot. These
protocols dramatically reduced pulse widths and increased
update frequency, improving throttle response. However, they
remained timing based analog signals and were highly susceptible
to electrical noise, clock jitter, and signal integrity issues, making
them unreliable in electrically noisy drone environments.

-

.

DSHOT: THE MODERN STANDARD

The limitations of analog PWM protocols led to the development
of DShot (Digital Shot), which is now the most widely used

ESC protocol in modern drones. Instead of encoding throttle
commands in pulse widths, DShot transmits digital data packets
that include error checking via CRC.

This approach provides greater noise immunity, eliminates the
need for ESC calibration, and supports higher command update
rates. Digital protocols also enable ESC telemetry, allowing real
time feedback such as RPM, current, voltage, and temperature,
which improves flight control, filtering, and system diagnostics.

Common DShot variants include:
e DShot300 (300 kbps): widely used, very stable
* DShot600 (600 kbps): higher update rate for fast dynamics

e DShot1200 (1.2 Mbps): used in racing drones and very fast
control loops

NEXT-GEN ELECTRONIC SPEED CONTROLLERS (ESC) I

Modern ESCs are not just power converters; they are intelligent
motor controllers. With digital protocols, ESCs can transmit
telemetry such as Motor RPM, Phase current, ESC temperature,
Battery voltage, Fault or protection flags. This feedback enables
advanced flight control features such as RPM filtering, improved
noise suppression, adaptive control algorithms, and predictive
fault handling.

Telemetry has become particularly important in Al assisted and
autonomous drones where situational awareness and system
health monitoring are critical. DShot combined with telemetry is
currently the de facto standard in high performance consumer
and prosumer drones.

CAN-BASED ESC COMMUNICATION

Protocols such as UAVCAN / DroneCAN operate over a CAN
bus, enabling deterministic, faulty tolerant communication
between multiple ESCs and flight controllers. These systems
support Addressable ESCs, Redundancy, Robust error handling,
Synchronization across motors. CAN based ESCs protocol are
common in industrial inspection drones, heavy lift platforms,
certified UAV and safety critical UAV platforms.

CONCLUSION:

Modern ESCs have evolved from simple motor controllers
into intelligent propulsion systems that improve efficiency,
responsiveness, reliability, and autonomous flight
performance. As drones become smarter and more
autonomous, advanced ESCs will play an increasingly
critical role in enabling precision control, real-time
telemetry, and Al-driven decision making. Explore the latest
drone technologies, power solutions, connectivity, and
development platforms at our Drone Applications page.

ey,
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@QMEDI-!ILECI,}IQLI; Amphenol Sine Systems

Lightweight, High Performance, All Weather
Thermoplastic Connectors

Amphenol Sine Systems’ AT Series™ connectors are a
lightweight, high-performance, IP68 and IP69K rated (in mated
condition), thermoplastic, cost-effective solution with superior
environmental seals and seal retention capabilities.

The connector design incorporates an integral latching system that ensures

a definitive electrical and mechanical connection. All our AT Series™
connectors offer a wide range of boot, cap, and clip accessories and have
been developed to be compatible with all other existing standard products
industry-wide. Custom color options are available based on your specific
needs.

e Availablein 2, 3, 4, 6, 8, 12, 13 (Mixed), 15 (Mixed) & 18 pos.

* 250V Max Voltage / 13-25A Range

‘ ATSeries"

&

www.amphenol-sine.com

Available in the following options:

ATSeries" LED

ATSeries*SRO1/02 %
ATSeries” e .

@ Integrated (‘*‘» B
Resistors&Diodes ‘f

BoardLock~AT ’
(B) HYPzRBUSS " AT ‘

PaneI|Matem AT ~£
Structure+"AT
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EXPLORE MORE

Let’s Move ForwardTogether!
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PANDUIT

infrastructure for a connected world

Engineered to Hold
when Vibration won’t Stop

Panduit Fastening & Cable Management Solutions for Drone and UAV Systems

Built for Vibration. Proven by Standards. Trusted by Engineers.

Engineered Quality from a Single Trusted Partner

Panduit fastening solutions are engineered for dynamic, vibration intensive environments, helping protect
performance, safety, and long term reliability across the UAV lifecycle.

MLT Stainless Steel Ties
Stainless steel cable ties
featuring a unique locking
mechanism Balllock design.
» Unique vibration resistance
» Long term security

Barb Ty® Cable Ties
Higher tensile strength than
conventional cable ties.

» Shock & vibration tested
» Secure under movement

Edge Clips Nylon 612 Cable Ties
Provide a robust, metal » 20 year service life
retention solution for fastening » Durable

cables to frames and panels. > Excellent chemical
» Metal retention
» Nodrilling

» EN61373 tested

resistance, and reduced
moisture absorption.

\ Ideal for UAV applications requiring durability over
/ extended operational lifecycles.

N IPANDUIT - Making the Connections that Matter

panduit.com
/

/
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