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Abstract: This paper deals with the design of an Autopilot system controller for an Unmanned 
Aerial Vehicle (UAV) for controlling the speed and altitude, so that the self-flight capability is 
achieved. Artificial Intelligence (AI) controller is built using the desired control law, including 
stabilization of UAV in flight control about the longitudinal and lateral planes. AI-based controllers 
like fuzzy logic Proportional Derivative (PD), fuzzy logic Proportional Derivative Integral (PDI), 
Self-tuning (ST) fuzzy logic PID, Adaptive controller based on Sliding mode contact (ASMC) are 
proposed to obtain the best option for generating the flight speed and altitude control with two 
plane stabilization which implemented and demonstrated using standard simulation package. In this 
study, the FLC is proposed to identify the lumped uncertain components of the dynamic model, so 
as to reduce the tracking error with flexible load. 

 
Keywords: UAV; Autopilot; Proportional; Integral; Derivative; fuzzy logic; self tuning fuzzy 

logic; Adaptive fuzzy logic 
 

1.  Introduction 

UAV flights are controlled either autonomously by 
computers in the vehicle or under the remote control. 
Speed control using electronic throttle control and height 
control can be using elevator deflections are kept in 
consideration in designing a suitable controller. The 
various disturbance parameters such as wind speed, air 
density, and mass, the center of gravity, etc. will be 
present during the flight of UAV, in a dynamic 
environment. The design of the control algorithm must 
be robust and adaptive, to handle uncertainties of 
parameters. Several controller schemes as mentioned in 
the abstract will be studied and a superior controller 
which satisfies the control output of overshoot, rise time, 
and settling time will be implemented. The new flight 
control software’s lowered cost; complexity with 

lowered safety concerns will allow verifying algorithm 
under real-life condition by simulation flight testing1). 

By 2022, the drone market for commercial 
applications expects to reach as much as 22.15 billion $, 
growing at a Compound Annual Growth Rate (CAGR) 
of 20.7% from 2015 to 2022. The usage of drones is 
expected to continue to grow for public safety use along 
with military applications. In that regard, several drone 
platforms have been developed by industries and 
academia to enable its engagement in different life 
aspects (e.g., agriculture, transport, energy, security, etc.). 
In the past few years, several open - source UAV 
platforms (Hardware, Software, or both) have been 
developed by communities and research projects to test 
and implement various UAV applications. In contrast, 
there are very few research papers that cover a small and 
old part of such platform2). 
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2. Current status / literature review 

Pu et al. briefly surveyed the development of UAV 
and its subsystems including autopilot, ground control 
station, and navigation system. UAV flight control 
methods were also summarized. He et al. designed an 
autopilot based on FPGA with an embedded Linux 
system. Tu and Du designed an autopilot hardware 
system based on DSP. Most UAVs use low-performance 
MEMS sensors as parts of their autopilots because of the 
limitation of production cost, which increases the 
probability of fault on these kinds of devices. A 
simulation was implemented on a nonlinear alterable 
thrust direction UAV, which showed that information 
fusion-based optimal control improves the anti-wind 
disturbance performance, better than a traditional 
single-loop method; however, this method was not 
verified by real flight tests3). 

Matveeva et al., has introduced lower order sliding 
mode controller by considering obstacle avoidance. The 
efficacy of the proposed method proved to be beneficial 
for obstacle avoidance. This method is well suited for 
fault-tolerant applications in UAVs4).  

Yamasaki et al., has introduced a high-order sliding 
mode controller with excellent performance in 
path-following during turbulent winds5).  

Cayero et al., has introduced a highly non-linear 
adaptive control scheme with backward difference 
formula to detect the path error of the flight which is 
very small in magnitude6). 

Health monitoring in associated systems can be used 
to detect and isolate the faulty portion of the system. 
Health management deals with fault tolerance. In case of 
various faults, the fault nature is identified and rectified 
to achieve high level of safety and reliability7).  

Control and fault tolerance is very important for 
auto-pilots in UAVs. Jourdan et al., used an inner loop 
attitude control to treat intense structural faults 8). 

Bateman et al., designed an adaptive sensor system to 
estimate the non-linear faults occurring in the actuator of 
the aircraft which may cause rudder failure9).  

Zhen et al., developed a control scheme for fusing the 
longitudinal and lateral angles to offer an optimal control 
action. UAV flight test was carried out in the presence of 
disturbances and actuator failures10).  

In case of tilt rotor UAVs, the test results for offering 
guidance based on fault tolerance was introduced in the 
actuators of the tilt rotor to offer control action in a faulty 
environment11). An Artificial Neural Network (ANN) 
with one hidden layer was used to provide control action 
during auto-landing of the aircraft under faculty 
environment12).  

In comparison to the various technologies existing in 
autonomous navigation in recent years, drones are 
commonly used for capturing aerial images at low costs. 
Enhancing the quality of the captured images using 
sophisticated drone requires an accurate control which is 

error free. Hence, the authors have proposed an 
embedded system framework, for aerial imagery 
detection for tracking.13). 
After a detailed analysis, it is inferred to incorporate 
fuzzy logic control for which will enable an autopilot 
system with automated speed control and aerial imagery 
detection. In addition, the literature survey suggests that 
FLC will offer a smooth and reliable control action. 
 
3. Problem Definition 

The difficulties in the design of UAVs are varied and 
are of non-intuitive nature for various configurations and 
missions that are performed. Huge demand is said to 
exist for UAVs and its related services in real-time and 
remote sensing domains. UAVs are deployed to solve 
several civilian tasks and used as an effective means of 
search, detection, and identifying of objects or subjects 
of interest with precise coordinates. It is very helpful for 
solving crisis like disaster management. Forest fire, for 
instance, is very difficult as precise data is required 
depicting the real situation. Deployment of a UAV flying 
at low altitudes is capable of navigation with GPS 
waypoints and machine vision techniques. Thus the 
critical situations can be controlled very efficiently. 
Hence there is a need to design an indigenous UAV 
which is capable to handle the pparametric uncertainties, 
non-linear dynamics and stability and control for entire 
flight regimes.  
 
4. Objectives and Novelty 

4.1. Objectives of the proposed work 
The following are the objectives of this work 
•To develop a low-cost Indigenous autopilot controller 

board with Artificial Intelligence (AI) & universal 
sensors compatibility 

•Implement the new Indian version of GPS NAVIC 
Receiver into the Autopilot system for more accurate 
measurement at high altitudes 

•To reduce the flight accidents during piloting due to 
sensor failure by implementing failsafe modes 

•Indigenous flight controller board with AI 
 
•Indigenous mission planner software compatible with 

any customized UAV 
• To reduce the tracking error with flexible load. 
 

4.2. Novelty of the proposed work 

The novelty of this work includes offering a smooth 
control action by the proposed AI controller. Highly 
accurate measurements can be obtained even at high 
altitudes. The proposed scheme is capable of 
automatically compensating the problems that occur 
during failures based on the previous outputs inferred by 
the FLC 
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5. Controller design aspects 

To design a suitable controller, UAV Mathematical 
model is necessary. This has to be provided by the 
concerned agency. Also, the DC Motor used in the 
system input-output relationship has to be specified. 
These inputs are necessary to design & simulate the 
controller algorithm. With the above, the total autopilot 
system block diagram is given in Fig 1. 

 

 
Fig.1: Modelling of AI controller for flight navigation 

 
PI Controllers are widely used in industrial controllers. 

Conventional tuning of PI Controllers by Ziegler Nichols 
method does not apply to non-linear time-varying 
systems like UAV14). Hence PID controllers can be tuned 
by hand-tuning rules with the help of fuzzy logic. This 
may be called a self - tuning fuzzy logic PID 
controller15). 

In self-tuning fuzzy logic PID the three parameters are 
Position error constant (Kp), integral error constant (Ki), 
and differentiator error constant (Kd) are tuned using 
suitable fuzzy logic. Fuzzy logic-based sliding mode 
adaptive controller is the most effective and robust 
non-linear control technique for the autopilot system of 
UAV16). This method of the controller is given stable 
autopilot for UAV, under various flight conditions. H∞ 
control logic for longitudinal and lateral motions will 
also be considered for study and implementations17). 

PI controller designed as per conventional technique, 
will be simulated in MATLAB and Simulink before 
implementing in the onboard controller processor. The 
rest of the controllers are based on AI18). For AI- based 
control, inner loops can be AI controllers and outer loops 
can be fuzzy-based. Also, outer loop H∞ shaping will be 
implemented. 
 

6. Proposed Design 

The proposed design is to develop an indigenous, 
smart, low cost and compact flight controller board for 
UAV (Unmanned Aerial Vehicle) and Software 
Development Framework. It is developed to achieve self 
-flight capability with affordable sensors. It was 
developed with an advanced processor with GPU 
(Graphics Processing Unit), so it can do most of the 
processor depended on an operation. In this PCB 

development Board has implemented to pilot the UAV 
with safe and smart control modes19). In fail safe mode 
also the UAV can be tracked at various altitudes using 
speed control techniques20).  

 
6.1. Specifications of the UAV and Assumptions 

The vehicle structure has payload of 5kgs. The wings 
of the aircraft are provided with pylons to offer 
stabilization in vertical direction in due course of 
horizontal flight21). Brushless DC motors are used as 
actuators with reverse propellers connected to motors 
which rotate in anti-clockwise direction22). The following 
are the assumptions made  
 

• UAV is a rigid body 
• Two plane symmetry 
• UAV assumed to be initially at Trim condition 

The specifications for longitudinal dynamics with are 
shown in Fig. 2.  

 
Fig.2: Phasor Diagram for Aerodynamic co-efficients 

 
Controller design for engine throttle control 
Design of controllers for altitude control using elevators 
Output states: [h, v, θ, α, q] 
‘h’ denotes height in (m) 
‘v’ is the velocity  (m/sec) 
‘θ’ is the pitch angle (rad) 
‘α’ Attack angle (rad) 
‘q’ is the scale pitch (rad/sec) 
Control Inputs:  [δe, δT] 
δe  is the elevator deflection (rad) 
δT    is the throttle deflection (rad)  
 
7. Methodology 

They include state estimation and control inputs 
generation. Control inputs are generated based on the 
reference paths and the current states23). The sensors like 
translational State Sensing – GPS, Pressure Sensors, 
Accelerometers Rotational State Sensing – Gyros, 
Magnetometer, Orientation (Rotation Matrix)24). The 
inputs required are as follows. The typical vehicle 
configuration data includes wing area, Propeller area 
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(Sq.m), Mean chord, Mass of UAV25). The aerodynamic 
coefficients as a function of MACH number. 
Lift, Pitching moment coefficient 
Lift control derivatives (CL0, CLα, CLq, CLδe) 
Moment Derivatives (CM0, CMα, CMq, CMδe) 

• Actuator system model parameters 
• Sensor data – scaling factors required. 

 

 

Fig.3: Block diagram for Fuzzy Logic Control 
 

Figure 3, depicts the block diagram for Fuzzy Logic 
Control (FLC). The implementation of FLC consists of 
four major steps. They include fuzzification, knowledge 
base, decision making logic and defuzzification26). In 
fuzzification, suitable linguistic variables and 
membership functions are assigned, followed by 
mapping of appropriate universe of discourse for 
corresponding support value. The formation of 
knowledge base and rule base plays a vital role in the 
design of FLC27). The knowledge base consists of the 
required data related to the dynamics of UAV. This data 
is obtained either by experimental analysis or using 
benchmark equations. The rule base consists of 
‘IF-THEN’ statements. For decision making either 
‘MIN-MAX’ criteria or ‘OR’ logic is used29). This will 
facilitate the inference of single truth value. During 
defuzzification, the fuzzified outputs are converted to 
crisp values. Area of centroid method is widely used for 
defuzzification28). The perturbations for all these 
controllers, the vehicle parameters30) like aerodynamics                       
coefficients will be varied by a suitable percentage from 
nominal. 

 
• Repeat the simulation with perturbation values. 
• Comparison with time domain simulation 

results with nominal values 
 
8. Results and Discussion 

The software will be able to execute navigation tasks. 
It will guide the UAV through a flight path determined 
by a set of waypoints. In addition to the path following, 
the controller will be able to generate loiter patterns as 
required by the user, in addition to speed and altitude 
control. The software will also perform UAV 

stabilization and altitude control using controlling the 
UAV’s control surface. All communications to the 
ground will be handled by software. This includes 
command & control of UAV in addition to telemetry 
indicating UAV status. The flight tests have to be 
conducted with the indigenously developed robust 
controller, which will enable fine- tuning of  PID gain. 
The PID gains so tuned will work under various patterns 
of flight such as straight, rectangle, triangle paths at 
various speed and altitude. This work describes the 
design and development of indigenous autopilot 
controller for micro UAV. The state of art technology for 
controller design will be implemented as described    and 
schemes for evaluation for the realized controller has 
been described in Fig. 4. 

 

 
Fig.4: Longitudinal control in UAVs 

 

 
Fig.5: Working Model of UAV 

 
The working model of the UAV as specified in this 

section is demonstrated in Fig. 5 and the model for the  
navigation of UAV is depicted in Fig.6. The controller 
action is also initiated based on the scenes detected, for 
instance the foggy areas and vehicular traffic navigation. 
The output response of Proportional Integral (PI) 
controller installed in the UAV is free from dead zone. 
Figure 9, indicates the output response. 

 

- 2007 -



AI-Based Controller Design for Autopilot System of UAV 

 

 
Fig.6: Output response of various modes of controller 

 

 
Fig.7: Scenes detected by UAV in foggy areas 

 
Fig.8: Vehicular traffic detected  

 

 

Fig.9: Output response for Actuator Positioning 
 

Table.1: Performance Comparison 

   
Table 1, denotes the performance of the proposed FLC 

controller in comparison with the conventional 
controllers 

 
9. Conclusion 

This research helps to automate the navigation of 
unmanned vehicle technology and the way it can be 
applied to a variety of robotic vehicles, operating on 
ground. Proposed sensor Profiles with all terrain 
detection and dead zone monitoring provides input to 
FLC which make the UGV to navigate in an autonomous 
fashion. Currently, zigbee is used as a trans-receiver in 
transferring the protocol but gradually the range of 
zigbee communication may be extent &amp; then it 
becomes the advanced version of zigbee. Basically, the 
range of proximity sensor is less but the range of 
proximity sensor can be increased in future model. Fixed 
camera is used which consequently, will also work in the 
night to detect the obstacles and terrain nature. FLC will 
facilitate the speed control during the flight of UAV 
based on aerial imagery detection. 

 

Controller Rise 
Time 
(secs) 

Overshoot 
   (secs) 

Settling 
Time 
(secs) 

Absolute 
Error 
(secs) 

Conventional controllers 
PID 0.62 11.2 4.5 1.02 
PI 0.66 10.12 5.5 1.03 

Proposed FLC controller 
FLC 1.2 0.001 3.7 1.08 
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