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Drone autonomy refers to the self-directed 

intelligence and operational capability 

exhibited by unmanned vehicles (UVs) without 

continuous human intervention. This 

autonomy encompasses the drone's ability to 

execute tasks, make decisions, and navigate 

its environment based on pre-programmed 

instructions, sensor input, and artificial 

intelligence algorithms. 

Nowadays, the term “drone” is commonly 

associated with unmanned multirotor aircraft, 

but the reality is that drones encompass a 

larger set of unmanned vehicles. These drones 

include remotely piloted/operated, automated, 

or autonomous vehicles for air, land, and water 

activities, such as wings, VTOLS, multi-rotors, 

rovers, four-legged bots (dogs, cows), 

humanoids, boats, submarines, among many 

other robots that can move and perform 

pre-planned or remotely commanded tasks. 

This paper will refer generically to drones for 

any of the above-mentioned types.
Autonomous drones can perform various 

functions, from basic waypoint navigation and 

obstacle avoidance to complex tasks such as 

surveillance, inspection, mapping, mowing, 

object placement/removal, and delivery, among 

many other functions, without constant 

manual control. The degree of autonomy varies 

across different levels, ranging from systems 

that require human oversight to fully 

autonomous drone operations capable of 

independently managing entire missions. 
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Organizations and industries may use variations of these autonomy levels or have their 

categorization frameworks. Drone autonomy is paramount due to its transformative impact 

on various industries, unlocking unprecedented capabilities and addressing critical 

challenges. Governments and private organizations are starting to discover and harness the 

benefits of drone automation. Industry experts concur that drone autonomy and orchestration 

play a critical role in future drone operations at scale, including the popularization of massive 

drone operations considering Advanced Air Mobility (AAM).     

The levels of drone autonomy are often categorized using a framework similar to the levels 
of autonomy established for self-driving cars by the Society of Automotive Engineers (SAE). 

Here are the commonly recognized levels of drone autonomy:

Levels of AutonomyLevels of Autonomy

Levels Levels TypeType DefinitionDefinition

The drone is entirely operated by a human operator/pilot, and it does not have 
autonomous capabilities. All aspects of the mission, including navigation and 
control, require direct human input.

Manual
Control0

The drone has basic assistance features like stabilization systems and limited 
automation. However, the human operator retains control over critical aspects 
of the mission.

Assisted
Control

1

The drone can perform specific tasks autonomously, such as waypoint 
navigation or basic obstacle avoidance. The human operator is still responsible 
for overall control and decision-making.

Partial 
Automation2

Drones at this level can operate autonomously in certain conditions or 
environments. The human operator may intervene, but the drone can handle 
tasks independently within predefined scenarios.

Conditional
Automation

3

The drone can perform most tasks autonomously without constant human 
oversight. Human intervention is only required in exceptional or unforeseen 
circumstances.

High-Level
Automation4

The drone is fully autonomous and capable of handling all aspects of the 
mission execution without human intervention. Human operators may still be 
able to intervene but are not required for normal operations.

Full 
Automation5
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Benefits of AutomationBenefits of Automation

Autonomy enables drones to execute more tasks with increased speed and 

precision, eliminating the need for constant human intervention. This 

enhances operational efficiency and productivity for almost any workflow.

Below are some key benefits that reinforce why drone autonomy is considered crucial for the 
future of drone operations:

Efficiency and Productivity

Autonomous drones can perform repetitive and labor-intensive tasks without 

the costs associated with human labor. This cost-effectiveness makes drone 

technology economically viable for various applications. The human role 

evolves into more valuable activities and operational coordination.

Cost Savings

By reducing the reliance on human operators, drone autonomy can enhance 

safety in various industries. Autonomous systems are designed to follow strict 

protocols, minimizing the risk of human error and accidents, particularly in 

complex or hazardous environments.

Safety Improvements

Autonomy allows drones to operate around the clock without the limitations 

imposed by human work hours. This continuous operation capability is 

particularly valuable in surveillance, emergency response, and monitoring 

critical infrastructure.

24/7 Operations
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Autonomous drones leverage advanced sensors, visual intelligence, and 

machine learning to navigate and perform tasks with exceptional precision. 

This level of accuracy is crucial for applications like crop monitoring, 

surveillance, mapping, and infrastructure inspection.

Precision and Accuracy

Autonomous drone systems can be easily scaled to handle large-scale 

operations. This scalability is beneficial for applications such as monitoring, 

when vast areas need to be analyzed, or logistics, where the demand for 

package delivery is growing.

Scalability

Autonomous drones have sensors and cameras that enable efficient data 
collection. Collecting and analyzing real-time data is invaluable for 
surveillance, agriculture, environmental monitoring, and disaster response 
industries, where making rapid decisions based on accurate data is critical 
potentially saving lives and property.

Data Collection and Analysis
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Drone autonomy opens the door to innovative applications that were 
previously impractical or impossible. These include swarm technology for 
collaborative tasks, advanced search and rescue operations, and developing 
new business models, for example, in the photography and cinematography 
sectors.

Innovative Applications

Autonomous drones can be programmed for optimal mission paths and 

energy-efficient operations, contributing to reduced environmental impact 

compared to traditional methods. This can lead to more sustainable and 

resource-efficient practices in several applications.

Environmental Impact

Developing robust autonomous systems is essential for complying with 

evolving government and industry regulations. Ensuring that autonomous 

drones adhere to safety standards and regulatory requirements is crucial for 

widespread adoption and integration into airspace.

Regulatory Compliance

In summary, drone autonomy catalyzes positive disruption, offering myriad benefits across 

diverse industries. From increased efficiency and safety to innovative applications, adopting 

autonomous drone technology is reshaping how we approach tasks and challenges in the 

modern world. However, autonomy requires observing important aspects to ensure effective 

and safe execution.
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Key Aspects to Consider in Drone AutomationKey Aspects to Consider in Drone Automation

Drone operators must adhere strictly to 

government and industry regulations and 

local drone operations laws. Obtain 

necessary permits and licenses, staying 

informed about evolving regulations to 

maintain compliance and avoid legal issues. 

Prioritize safety by implementing robust 

protocols. This includes pre-mission checks, 

emergency procedures, and establishing 

no-mission zones. Conduct regular safety 

training for operators to mitigate risks 

associated with drone operations. Provide 
thorough training for drone operators, 

focusing on technical proficiency and 

operational knowledge. 

Regularly update training programs to keep 

operators skilled in handling new 

technologies and responding to evolving 

challenges. Invest in reliable and up-to-date 

drone technology. Consider communication 
systems, GPS accuracy, obstacle avoidance, 

and pattern identification capabilities. 

A well-maintained and advanced technology 

stack is crucial for the success of your drone 

automation program. Implement robust 
data security measures to protect sensitive 

information gathered during drone 

operations. 

Encrypt communication channels, secure 

storage solutions and establish data access 

and sharing protocols to prevent 

unauthorized use.  

Develop comprehensive operational plans 
outlining drone missions' purpose, scope, and 

specific tasks. Consider environmental 

conditions, weather forecasts, and logistical 

requirements to optimize mission success. 

Establish a routine maintenance schedule 

for drones and stations (drone ports), 

including regular inspections and repairs. 

Proactive maintenance ensures optimal 

performance, minimizes downtime, and 

extends the lifespan of the equipment. 

Acquire appropriate insurance coverage for 

drone operations. This should include liability 

coverage, damage to equipment, and 

coverage for any potential third-party claims. 

Insurance safeguards against unforeseen 

incidents and financial liabilities. Foster 

positive relationships with the local 
community by addressing concerns and 

communicating the benefits of the drone 

automation program.

Establishing transparency and cooperation 

can mitigate potential conflicts and build 

support. And finally, ensure seamless 
integration of drone operations with existing 

business processes and systems. 

This includes data integration, 

communication with other technologies, and 

compatibility with workflow structures to 

maximize efficiency and effectiveness.
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As a final analysis in this paper, we outline in the table below the ten key aspects that 
differentiate between Orchestration, Automation, and Autonomy:

AspectAspect Pilot-centricPilot-centric OrchestrationOrchestration AutomationAutomation AutonomyAutonomy

Human
Intervention

Involves direct human 
control over drone actions, 
with the pilot actively making 
decisions and adjustments 
during operations.

Human operators must 
simultaneously oversee and 
guide multiple drones, 
managing their collective 
actions.

Involves predefined tasks 
programmed into drones, 
but operators may intervene 
for specific decisions or 
adjustments.

Operates independently 
without real-time human 
control, making decisions 
based on programmed 
algorithms and sensors.

Decision-
Making 
Flexibility

Provides decision-making 
flexibility with the pilot 
actively involved in real-time 
adjustments and responses.

Operator-driven decisions 
allow for adaptability and 
response to dynamic 
situations.

Limited decision-making 
capacity, following 
preprogrammed instructions 
without real-time 
adjustments.

Employs sophisticated 
algorithms to make real-time 
decisions based on 
environmental data, reducing 
the need for human intervention.

Task 
Complexity

Well-suited for tasks 
requiring human expertise, 
judgment, and adaptability.

Suited for complex tasks 
requiring human judgment, 
such as search and rescue 
missions.

Best for repetitive or 
predefined tasks like 
surveying a designated area.

Handles intricate tasks, 
adapting to changing 
conditions and executing 
complex maneuvers without 
direct human involvement.

Real-Time 
Adaptability

Provides immediate and 
dynamic adaptability with 
the pilot actively responding 
to real-time changes.

Offers real-time adaptability 
to changing circumstances 
through operator control.

Limited adaptability, 
generally following 
predefined routes or actions.

Adapts in real-time to 
unexpected situations using 
onboard sensors and 
algorithms.

Scalability
Scalable with each pilot 
managing multiple drones, 
suitable for diverse 
operational scales.

Easily scalable with more 
operators managing 
additional drones.

Scalable for repetitive tasks 
by deploying multiple 
automated drones.

Efficiently scales with 
minimal human involvement, 
allowing for large-scale 
operations.

Communication
Dependency

Involves direct 
communication between the 
pilot and the drone, 
influencing real-time 
guidance and adjustments.

Relies on continuous 
communication between 
operators and drones for 
guidance.

Requires communication for 
initial programming but can 
operate independently 
during tasks.

Minimizes communication 
dependency, making 
decisions based on onboard 
sensors and algorithms.

Mission 
Complexity

Versatile for missions with 
diverse complexities, 
leveraging human expertise 
in decision-making.

Ideal for missions requiring 
nuanced decision-making 
and human judgment.

Suited for missions with 
straightforward objectives 
and predefined parameters.

Handles missions of varying 
complexity, from simple 
tasks to intricate operations.

Energy
Efficiency

Pilot decisions and strategies 
influence energy efficiency 
during operations.

Operator decisions and 
strategies influence energy 
consumption.

Generally, it is 
energy-efficient due to 
predefined and optimized 
routes.

Optimizes energy usage 
through intelligent 
decision-making and route 
planning.

Learning 
Capability

Involves continuous learning 
and adaptation by the pilot 
to enhance operational 
efficiency.

Relies on human learning 
and adaptation to improve 
overall efficiency.

Limited learning capability, 
repeating programmed 
actions without 
self-improvement.

Incorporates machine 
learning for continuous 
improvement, adapting to 
new scenarios over time.

Emergency
Response

Enables swift and adaptive 
emergency response with 
the pilot actively involved in 
decision-making.

Allows rapid response to 
emergencies with immediate 
human decision-making.

Limited adaptability in 
emergencies, following 
programmed protocols.

Equipped to handle 
emergencies autonomously, 
making split-second 
decisions for optimal 
response.


