
   

 

Intelligent Autonomous Systems for HCI 

 

ABSTRACT 

The purpose of this work is to compare and contrast different 

hardware designs for an intelligent quadcopter.  This research 

supports efforts at the Speech Processing and Data Analysis Lab 

(SPADAL) at the FAMU-FSU College of Engineering that 

involve building an intelligent autonomous system that supports 

multimodal human-computer interactions (HCI).  One of the 

purposes of this research project is to develop a hardware 

platform. This platform can have many applications in the future. 

Several alterations were made to the initial design after analyzing 

best practices from other research and academicians who conduct 

similar research. The modifications were made so that flight is 

stable and flight time is optimized. Cost and weight were also a 

major factor. This paper will compare and contrast the initial and 

final design for an intelligent quadcopter. 
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1. INTRODUCTION 
The Speech Processing and Data Analysis Lab (SPADAL) at the 

FAMU-FSU College of Engineering is currently working on a 

research project that involves building an intelligent autonomous 

system that supports multimodal human-computer interactions 

(HCI).  The main objective of this research project is to develop a 

hardware platform that can have many applications in the future. 

Several modifications to the initial design were made so that flight 

is stable and flight time is optimized. Cost and weight were also 

major factors in the final hardware design. This paper compares 

and contrasts the initial and final design for an intelligent 

quadcopter.  The initial autonomous design included an Arduino 

Pro Mini, Raspberry Pi, inertia measurement unit and camera. Our 

final autonomous design now contains a Pixhawk/APM 2.6, radio 

set, and Xbox 360 Kinect. Why were these changes made? What 

are the differences between the two? Which design can be 

optimized for intelligence applications such as voice control and 

object tracking?  These questions will be addressed in this paper.   

 

In general, Unmanned Autonomous Vehicles (UAVs) can be 

divided into two types, fixed wing and rotary wing. A fixed wing 

UAV has wings that remain stationary in a certain position.  Fixed 

winged UAVs require a runway for landing and takeoff because 

forward speed is needed to generate a force called lift. Lift is what 

raises and keeps the fixed winged UAVs in the air. An UAV that 

has rotor blades falls into the rotary wing category. Rotary wing 

UAVs generates upward lift and normal have four or more rotors. 

Change in any direction is achieved by manipulating the speed of 

the propellers [8]. Both types have its advantages and 

disadvantages for each specific application.  

 

One primary targeted application for this design is in disaster 

response/relief and aiding emergency response teams with natural 

disaster search and rescue missions. Subsequently, the UAV will 

need to enter dangerous environments and find trapped survivors 

without risk of harm to a firefighter and police officer. Using the 

natural disaster application, a rotary winged UAV like a 

quadcopter would be perfect for this application because of its 

ability to perform quick and complex maneuvers, navigate 

autonomously in structured and unstructured environments [3] 

and its ability to take off and land on any surface without needing 

much room. 

 

1.1 OVERVIEW OF AUTONOMOUS 

SYSTEMS  
The main objective of this SPADAL project is to help advance 

HCI research by developing a platform that is appropriate for 

building and testing autonomous systems with on-board signal 

intelligence.  With the development of a hardware platform to 

support intelligent autonomous systems, there are essentially two 

research areas that are considered in the design. Figure 1 shows an 

overview of the targeted design for the intelligent autonomous 

system: (1) Operations and Control which includes the hardware 

design and development of the system and software interfacing 

for modularity use; and (2) Application Programming which 

incorporates the intelligent aspect of the system through algorithm 

designs to implement signal processing techniques.   
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OPERATIONS AND CONTROL 

Tasks in this category are mainly concerned with 

design and implementation of the quadcopter. It 

includes construction of the hardware system, 
flight control operations, navigation controls, 

etc. 

Interfacing 

APPLICATIONS PROGRAMMING 

Tasks in this category are mainly concerned with 
design and implementation of signal processing 

algorithms that perform object tracking, voice 

recognition algorithms, etc. 

Figure 1- Overview of design for Intelligent Autonomous System 
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The authors in [6] propose a three-tier architecture that defines a 

standardized platform for research in autonomous vehicles. The 

Operations and Control block is mainly concerned with 

implementing the first two tiers of the architecture: base control 

and navigation.  The Applications Programming block is mainly 

concerned with implementing the third tier: user-level tasks.  The 

base tier coordinates low-level controls, integrates sensor 

information on motion and position, and provides a set of abstract 

tasks that governs hardware interactions.  Communication 

protocols are key for the effective implementation of this layer. 

The navigation layer incorporates several aspects including 

environmental mapping, localization, and motion planning.   

 

Direction understanding must also be considered in tier three, i.e. 

user-level tasks, for the implementation of natural language voice 

commands.  The authors in [1] implement direction understanding 

using a suite of spatial descriptive clauses and environmental 

mapping data to determine the maximum likelihood path of the 

natural language direction based on probabilistic methods.  The 

user-level tasks tier is reserved for signal processing (SP) 

algorithms.  The primary SP methods that will be used in this 

project include object tracking and voice recognition.    

2. INITIAL AND FINAL HARDWARE 

DESIGNS 
In this work, two hardware designs were analyzed as the basis for 

the intelligent autonomous system.  The initial autonomous design 

included an Arduino Pro Mini, Raspberry Pi, inertia measurement 

unit and camera. The final autonomous design contains a 

Pixhawk/APM 2.6, radio set, GPS and Xbox 360 Kinect.  

 

Initial autonomous design Final autonomous design 

 Arduino Pro Mini 

 Raspberry Pi 

 Wi-Fi module 

 Inertia measurement unit 

 Camera 

 Pixhawk/APM 2.6 

 Radio set  

 Xbox 360 Kinect 

 

There are several reasons for these changes.  The Arduino 

Platform is simple to setup, has numerous libraries for sensors and 

actuators, and the IDE can be ported to Mac OS X, Windows and 

Linux [4]. In the initial design the Arduino Pro Mini would 

process all the signals from the Inertia measurement unit, a device 

that measures velocity, orientation and gravitational forces using 

sensors, and control the four brushless motors. For the Arduino 

Pro Mini to perform these tasks, complex algorithms must be 

written and written efficiently [7]. The base station will send all 

the commands to the Raspberry Pi through Wi-Fi using the Wi-Fi 

module. A Raspberry Pi is a computer built on a single circuit 

board that has 512MB of RAM, and VideoCore GPU.  The 800 

MHz processor can process an array of connected sensors. The 

camera would be attached to the Raspberry Pi and power 

computations will perform image processing [2]. The Arduino Pro 

Mini will consume microwatts when in sleep mode. The 

Raspberry Pi is a microprocessor which means watts will be 

drawn.  

 

Like the Arduino Pro Mini, Pixhawk and ArduPilot (APM) 2.6 are 

microcontrollers and will also consume microwatts in sleep mode. 

The Pixhawk and APM 2.6 are advanced autopilot systems in the 

final design. Gyro stabilization, self-leveling, care free, altitude 

hold and position hold are functions that already comes 

preprogrammed into the two flight controllers. There will be no 

need for written complex algorithms. The Pixhawk and APM 2.6 

will communicate directly with the base station. Less hardware 

components means less energy consumption which will allow for 

longer and more efficient flight.  

 

As stated before, the base station will send all the commands to 

the Raspberry Pi through Wi-Fi using the Wi-Fi module. There 

are many factors to deal with when it comes to Wi-Fi. Wi-Fi in a 

building depends on the devices that provide Wi-Fi, the materials 

used to build the building, structure of the building, etc. Indoor or 

outdoor, the quadcopter must be provided with mechanisms to 

deal with blind spots in the wireless network [5]. If the quadcopter 

is in a blind spot then the connection with the base station is lost. 

The quadcopter must be programmed to locate an area with Wi-Fi 

before carrying out the next autonomous command. If an area 

with Wi-Fi is not determined then it may lose its connection while 

searching for survivors which is not an optimal solution in 

emergency situations.   

In the final design, a Pulse Position Modulation (PPM) technique 

used to encode information for transmission, encoder and two 

radio modules with antennas will be used for communication. 

While other radio controller signals are often distorted due to 

signal interference from other narrow-band systems, this is 

avoided in the radio set by using a Frequency Hopping Spread 

Spectrum (FHSS). The way that this communication system 

works is the receiver and transmitter is locked onto the same 

frequency at all times, while constantly changing their operating 

frequency at over 1000 times per second within the designated 

915 MHz band (United States). This optimizes efficiency, as well 

as, allows for better security in the system.  Additionally, there is 

a reduced probability that other devices will use the same 

operating frequency at the same time, which minimizes 

interference. Furthermore, this system offers an error correction 

that corrects up to 25% of the bit errors and its maximum output 

power is only 100mW. The PPM encoder will provide faster 

processing and reduce errors in the information transferred 

between the base station and quadcopter which makes it ideal for 

our hardware design.  

A camera will be included in final design but [10] shows that the 

Xbox Kinect is much more essential to the research project. The 

Kinect is a motion sensing input device created by Microsoft for a 

gaming console called Xbox. The Kinect has an infrared 

projector, camera, and a special microchip that can track the 

movement of individuals and objects in three dimensions. The 

camera will only relay visual data back to the base station. The 

technology of the Xbox Kinect can be used on the quadcopter to 

avoid obstacles and map an unknown environment.  

3. RESULTS AND DISCUSSIONS 

Based on the hardware designs described, the best design for the 

intelligent autonomous system is the Ardupilot 2.6 with a radio set 

and Xbox Kinect. Gyro stabilization, self-leveling, care free, 

altitude hold and position hold are functions that already comes 

preprogrammed in the APM 2.6. The radio set is efficient, 

minimizes interference, corrects 25% of bit error and only 

consumes up to 100mW. The Xbox Kinect can track the 

movement of individuals and objects in three dimensions. The 

final was chosen based on these facts and comparison with the 



   

 

initial design. The initial design is a great option if funding is 

limited.  

 

4. CONCLUSION 

There are many options when choosing hardware to build an 

intelligent autonomous quadcopter. Understanding the major 

factors and highlighting the specific needs of the project are 

essential to developing a design that can effectively incorporate 

intelligence applications.  Future work includes the procurement 

of materials and equipment for the final design and verifying the 

hardware performance of the system. Once the hardware 

performance is tested and the quadcopter flight control is 

optimized, the intelligence (i.e. voice commands and object 

tracking algorithms) can be incorporated onto the system and 

further performance analyses will be done.   
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