
 

Autonomous Agile Ariel Autobots 
 

Aman K. Patwari, Amit Wadera, Pankaj Pandit, Amit wadera, and Kanchan kamnani
 

 
    Abstract--Unmanned Ariel Vehicles which are autonomous 

nowadays and work independently are a new stream in robotics. The 

various difficulties that have come across in building UAV’s which 

are Autonomous is been studied. The Present UAV’s weights a lot 

and are not even Agile but the AAAA’s also known as MAV’s 

(Micro Ariel Vehicles) overcomes this problem with the blend of 

Electronics, Mechanical and Aeronautical Engineering. The various 

technical aspects such as Sensors, Motors, Controllers and their 

coordination’s is been thoroughly discussed. 

    Such MAV’s which can be operated with or without the help of 

GPS can be used in various applications such as First response, 

Military Services, Transportation, etc. The various streams of 

engineering are made to function because of the innovations in 

Electronics Engineering such as LSI and VLSI. 
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I. INTRODUCTION 
 

 

LYING objects have always exerted a great fascination on 

man encouraging all kinds of research and development. 

This thesis started in 2003, a time at which the robotics 

community was showing a growing interest in Micro Aerial 

Vehicle (MAV) development. The scientific challenge in 

MAV design and control in cluttered environments and the 

lack of existing solutions was very motivating. On the other 

hand, the broad field of applications in both military and 

civilian markets was encouraging the funding of MAV related 

projects. In the last decades many autonomous and tele-

operated vehicles for field robotics applications have been 

developed, including wheeled, tracked and legged vehicles. 

However, in many cases, ground vehicles have significant 

inherent limitations to access to the desired locations due to 

the characteristics of the terrain and the presence of obstacles 

that cannot be avoided. In these cases aerial vehicles is the 

natural way to approach the objective to get information or 

even to perform some actions such as the deployment of 

instrumentation. Then, aerial robotics seems a useful approach 

to perform tasks such as data and image acquisition of targets 

and affected areas, localization of targets, tracking, map 

building and others. Unmanned aerial vehicles (UAV) have 

been used for military applications but also are useful for 

many civilian applications such as terrain and utilities 

inspection, disaster monitoring, environmental surveillance,  
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search and rescue, law enforcement, aerial mapping, traffic 

surveillance, and cinematography. In the last years UAVs 

improved their autonomy both in energy and information 

processing. However, the development of autonomous aerial 

robotic vehicles involves many problems related to limited 

payload, safety requirements, flight endurance and others. In 

the last ten years Autonomous Agile Ariel Autobots (AAAAs) 

have gained a strong interest. The recent advances in low-

power processors, miniature sensors and control theory are 

opening new horizons in terms of miniaturization and field of 

application. Miniature Flying Robots (MFR) show all their 

advantages in complex or cluttered environments. This is the 

scenario of office buildings and commercial centres that are 

among many other areas for aerial surveillance. AAAAs can 

also serve in search-and-rescue missions after earthquakes, 

explosions, etc. These are most of the time dangerous 

scenarios and require important task-forces including fire-

fighters and Samaritans. An aerial robot capable of flying in 

narrow space and collapsed buildings could quickly and 

systematically search victims of accidents or natural disasters 

without risking human lives. When flying in such conditions, it 

is essential to have a vehicle that can easily fit through small 

openings and maneuver around pillars and destructed wall 

structure. MFR could, after localization, provide coordinates 

of people to guide rescue forces in their task. In such 

hazardous environment, wireless communication is difficult 

and very often impossible because of natural obstacles. An 

aerial relay would be possible using several aerial vehicles 

equipped with transceivers, ensuring a constant 

communication. The potential capabilities of these systems 

and the challenges behind are attracting the scientific and the 

industrial communities. 

II. PREVIOUS WORK 

 

Fig. II.1 Evolution of UAVs 

III. AUTONOMOUS AGILE ARIEL AUTOBOTS 
 

The last decade has seen many exciting developments in 

the area of micro Unmanned Aerial Vehicles (UAVs) that are 
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between 0.1-0.5 meters in length and 0.1-0.5 kilograms in 

mass. Just as the incorporation of 2-D mobility reinvigorated 

robotics research in the 1990s, the ability to operate in truly 

three-dimensional environments is bringing in new research 

challenges along with new technologies and applications. 

Indeed by some estimates [5], the UAV market is estimated to 

exceed $60 B in the next three years, and this forecast is 

conservative since it does not account for the thousands of 

micro-UAVs that are likely to be fielded in the near future. 

Our focus in this work is on UAVs that have gross weights of 

the order of 1 kg and below; although as described in [6, 9, 31, 

41] the platform development represents a challenge in its own 

right. While commercial products ranging from 5 g. to 350 g. 

are available, most of these products do not carry the sensors 

and processors required for autonomous flight. Many of these 

small aircrafts do not have the endurance required for missions 

of longer than 5 minutes. Longer endurance requires bigger 

batteries, and with the current energy densities of Li-polymer 

batteries (of the order of several hundred Watt-hr/kg), the mass 

fraction used by batteries is significant, often between 25-50% 

of the gross weight. There are many types of micro-UAVs that 

are in various phases of research, development and practice. 

Fixed-wing aircrafts are less adept than rotor crafts at 

maneuvering in constrained, 3-D environments. While avian-

style flapping wing aircrafts provide more agility, our limited 

understanding of the aerodynamics and UAVs that have gross 

weights of the order of 1 kg and below are called as 

Autonomous Agile Ariel Autobots. It ranges from 5 g. to 350 g 

and it carry the sensors and processors required for 

autonomous flight. Vehicles that can fly autonomously in 

three-dimensional, cluttered, indoor environments. However, 

flying close to such obstacles as pillars, through windows, 

close to the ground or near ceilings changes the dynamics of 

the vehicle because of changes in the aerodynamics. 

 
Fig. III.1 Quadrotors 

 

IV. DESIGN AND CONTROL OF AUTONOMOUS AGILE ARIEL 

AUTOBOTS 
 

    The dynamics and control of aerial robot locomotion 

involve a wide range of challenging problems. In particular, 

because the purpose of locomotion is (usually) to move to new 

regions in an environment, the surroundings are typically time-

varying and may often be poorly characterized. As a result, all 

but the most trivial locomotion examples are inherently 

stochastic processes. Additionally, flight is under actuated, in 

the sense that vehicle motions (pitch, yaw, roll; sway, surge, 

heave) are coupled: an airplane or bird can’t simply move 

sideways in a straight line. Our lab group focuses on these 

challenges by emphasizing the problems of estimation and 

optimization of metrics for reliability. This paper focuses on 

design and control of unmanned, autonomous micro 

helicopters with application to a quadrotor helicopter. The 

contribution of this work lies in two fields. 

System design and optimization: to maximize the operation 

time and minimize the weight of the helicopter. 
 

System control: to understand and then master the dynamics 

of quadrotors by applying the appropriate control techniques. 
 

A. Design 

    Designing a miniature autonomous helicopter is basically 

dealing with numerous design parameters that are closely 

linked. Taking a decision about all these parameters requires a 

clear methodology. This thesis proposes a practical method to 

handle the design problematic of a small-scale rotorcraft by 

combining the theoretical knowledge of the system and the 

result of a system level optimization analysis. The method is 

driven by the application. The user defines a target size and 

weight for the system and the algorithm selects (from a 

database) the best components to be used and estimates 

iteratively the most important design parameters. A processor 

handles attitude and altitude control. Then, a miniature PC 

handles obstacles avoidance control and communication tasks. 

The robot communicates through a wifi interface and accepts 

standard remote control signals. 

 

 

 

 

 

 

 

Fig. IV.1AAAAs block diagram 
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Fig. IV.2 A prototype of AAAAs 

 

Design: Consideration: 

• Maximum Mass is  

• Thrust is 

• Drag is  
• Power is  

Where, 

mpg is mass of the propulsion group,  

maf is mass of the airframe, 

mav is mass of avionics &      

mbat is mass of the battery. 

 The mass max m, the drag moment D and the 

thrust/weight ratio are enough to fully define the motor power 

requirements.  
 

B. Control 

    Control Structure for making it Autonomous: An important 

part of this thesis was dedicated to finding a good control 

approach for quadrotors. Several techniques were explored 

from theoretical development to final experiments. Firstly, 

Lyapunov theory was applied to the attitude control of the 

helicopter on its test-bench only. Secondly, two linear 

controllers, a Proportional Integral Derivative (PID) and a 

Linear Quadratic (LQ), were investigated based on a 

simplified model. The main result was an autonomous hover 

flight, see paper [3]. In the third attempt, backstepping and 

sliding-mode techniques were tested. This time, we were able 

to elegantly reject strong disturbances, but the stabilization in 

hover flight was delicate, this is detailed in paper [4]. Another 

improvement was then introduced due to integral backstepping 

[5]. By means of this technique, AAAAs is able to perform 

autonomous hovering with altitude control and autonomous 

take-off and landing. Obstacle avoidance on MAV remains an 

open problem and is in fact beyond the focus of this thesis. 

However, several approaches were developed and simulated in 

an attempt to perform obstacle avoidance on a quadrotor based 

on four ultra-sound sensors. Despite the difficulties due to 

ultra-sound interference, sensor noise, and vehicle dynamics, 

the experiment showed that AAAAs is now able to escape an 

approaching obstacle. 

 
 

1. Attitude Control: 

• Attitude control performance is of crucial importance, 

it is directly linked to the performance of the 

actuators.  

• AAAA is equipped with brushless sensor-less motors 

powerful enough to avoid amplitude saturation.  

• However, they suffer from low dynamics and thus 

from bandwidth saturation. 

• Attitude control is the heart of the control system, it 

keeps the 3D orientation of the helicopter to the 

desired value.  

• Usually roll and pitch angles are forced to zero which 

permits hovering flight. 

• It considers the tracking-error e = ϕ d − ϕ   and its 

dynamics 

 

2. Altitude Control: 

• The altitude controller keeps the distance of the 

helicopter to the ground at a desired value. 

•  It is based on a sonar which gives the range to the 

closest obstacle. 

• The accuracy depends on the distance, it is about 1 to 

2 cm at 1 m. 

• The necessary altitude rate of change is estimated 

based on the range.  

• On the control law side, altitude tracking error is 

defined as:  

    e = zd – z 

3. Position Control: 

• Position control keeps the helicopter over the desired 

point. 

• It is meant here the (x, y) horizontal position with 

regard to a starting point. 

• Horizontal motion is achieved by orienting the thrust 

vector towards the desired direction of motion. 

• This is done by rotating the vehicle itself in the case 

of a Quadrotors. 

• In practice, one performs position control by rolling 

or pitching the helicopter in response to a deviation 

4. Obstacle Avoidance: 

• AAAA is equipped with a sonar-based obstacle 

avoidance system composed of four miniature 

ultrasound range finders in cross configuration. 

• It can move only on the four directions where the 

sensors were placed.  

• To increase the flight safety, a 90 cm radius security 

zone is constantly maintained between the helicopter 

and the environment. 
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• This zone assures a 50 cm distance between the 

helicopter rotors and any obstacle. 

•  If an obstacle is detected inside the security zone, a 

safety loop interferes in the helicopter flight control 

and generates an evasive maneuver.  

• This maneuver is obtained by selecting a predefined 

pitch and/or roll angles that would avoid a collision 

between the helicopter and the obstacles. 

V. CONTROL AND PLANNING FOR GROUPS 
 

    Collective motion is one of the most spectacular 

phenomena in nature, where the local behavior of many 

autonomous, similar individuals results in complex motion 

patterns, creating a fluctuating meta-organism [1]. Besides 

being truly astonishing, flocking has many advantages in 

natural systems, since a group of animals or people is: i) more 

effective when solving foraging or navigational tasks [2]; ii) 

robust in terms of the knowledge the flock holds about its 

actual goal due to redundancy and the system’s intrinsic 

parallel-processing structure; iii) more alert regarding 

environmental threats and more defensive against attacks [3] 

[4]. Such natural systems provide bio-inspiration for swarm 

robotics aiming at creating nature-like, i.e., efficient flocks of 

artificial units with decentralized control. 

    We are primarily interested in the challenge of coordinating 

a large team of quadrotors. To manage the complexity that 

results from growth of the state space dimensionality and limit 

the combinatorial explosion arising from interactions between 

labeled vehicles, we consider a team architecture in which the 

team is organized into labeled groups, each with labeled 

vehicles. Formally, we can define a group of agents as a 

collection of agents which work simultaneously to complete a 

single task. Two or more groups act in a team to complete a 

task which requires completing multiple parallel subtasks [7]. 

We assume that vehicles within a group can communicate at 

high data rates with low latencies while the communication 

requirements for coordination across groups are much less 

stringent. Most importantly, vehicles within a group are 

labeled. The small group size allows us to design controllers 

and planners that provide global guarantees on shapes, 

communication topology, and relative positions of individual, 

agile robots. 
 

5.1. Network Topologies:   
 

   Network topology is the arrangement of the various elements 

(links, nodes, etc.) of a computer or biological network. 

Essentially, it is the topological structure of a network, and 

may be depicted physically or logically. Physical topology 

refers to the placement of the network's various components, 

including device location and cable installation, 

while logical topology shows how data flows within a 

network, regardless of its physical design. Distances between 

nodes, physical interconnections, transmission rates, and/or 

signal types may differ between two networks, yet their 

topologies may be identical. For this AAAA’s we are 

considering the 4 given topologies 
 

1. Spaning Tree Topology 

2. Hybrid Using Mesh And Star Topologies 

3. Ring Topology 

4. Dual Ring Topology 

 

 
 

VI. CONCLUSION 
 

• We address the modeling of aerodynamic effects for a 

small Quadrotors flying through three-dimensional 

environments in close proximity to environmental features 

and neighboring Quadrotors. 

• AAAA’s are potentially game changers in robotics. They 

can operate in constrained three-dimensional 

environments, explore and map multi-story buildings, 

manipulate and transport objects, and even perform such 

tasks as assembly. 
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