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Abstract 

 

Flying with a Game Controller: 

RC through an Intel Edison 

 

 

Aaron Markus Wood, M.S.E. 

The University of Texas at Austin, 2015 

 

Supervisor:  Christine Julien 

 

This report details the development of a custom radio controller suitable for 

operating a small quadcopter as an alternative to traditional RC transmitters. The 

controller was designed for portability and configurability and prioritizes small, 

lightweight, and inexpensive components. The resulting assembly comprises a 

PlayStation 3 controller, an Intel Edison on a Mini-Breakout Board, a Digi X6B Xbee 

radio, and an Arduino Pro Mini. The controller was used to operate a DJI Flame Wheel 

F450 frame with a 3DR Pixhawk autopilot. The report details configuring these 

components and offers insight into the peculiarities of flying a quadcopter with a gaming 

controller. 
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INTRODUCTION 

Unmanned aerial systems (UAS) have exploded in popularity throughout the 

United States in recent years. Low-cost components for multi-rotor and fixed wing 

platforms are increasingly available in a variety of form factors and individuals of low-to-

moderate affluence are quickly gaining the ability to construct their own aerial platforms. 

While the means to control these platforms, i.e., RC controllers, have also decreased in 

price, they tend to be complicated, heavy, and intimidating; featuring knobs, switches, 

and functionality few users will fully utilize. This paper details a low-cost and 

configurable approach to building a portable RC controller using a small form-factor 

computer, the Intel Edison, and a commercial gaming controller, the Sony PlayStation 3 

(PS3) Sixaxis Controller. 

This paper deconstructs essential RC functionality: addressing reading input 

signals from a controller, establishing and transmitting control signals across a 

communication channel, and converting control signals into a format usable by a 

commercially available flight management unit (FMU). A PS3 controller is used for 

human input, an Intel Edison for translating and communicating to a Digi Xbee receiver, 

and an Arduino Mini Pro encoding for the FMU. The controller is then exercised with a 

DJI Flame Wheel F450 frame with a 3DR Pixhawk autopilot by performing take-off, 

hovering, pose adjustments, yaw spins, and landing maneuvers. 

The paper proceeds with background, wherein I discuss related work and safety 

considerations; challenges and approach, which examines design goals and discusses 

component selection, software configuration, and hardware configuration; and results, 

which describes the experience of flying with a game controller, considers future work, 

and offers insights gained through the building process. 
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Background 

The United States has found a new love for small multi-rotor vehicles. Companies 

like 3DR [1], APM [2], CyPhy [3], and DJI [4] are racing to provide low cost equipment 

that allows tinkerers and hobbyists to construct their own flying platforms. Multi-rotors, 

which used to cost thousands of dollars, are now available to the Do-It-Yourself (DIY) 

community for hundreds. 

As the amateur UAS field expands and component vendors introduce more low-

cost options, tinkerers and hobbyists must grapple with the inherent challenges of the 

domain such as establishing stable communication channels, navigation in three 

dimensional space, and determination of system health from a distance. Due to the 

complexity of understanding UAS dynamics in their full context, it is often useful to 

simplify the problem space in order to focus on a specific aspect. This project takes such 

an approach and targets the human interface to flight control by constructing a device that 

translates and communicates human input to an on-craft flight controller. In order to 

approach this task from a hobbyist’s perspective, this project prioritizes inexpensive, 

readily available, repurposable components. 

Commercial RC transmitters and receivers have historically dominated UAS 

control for a variety of reasons. RC controllers are geared for a particular application, i.e., 

control of a specific aerial platform, and have significant resources invested in addressing 

that application. Furthermore, controllers that are common for other robotics applications, 

such as PlayStation or Xbox gaming controllers, are considered ill-suited to control flight 

due to shorter control sticks (which limit an operator’s input precision), softer spring 

returns (which create a larger possible “neutral” position for the joystick), and the 

absence of a stepped analog input to use for throttle control. Consequently, most DIY 
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UAS groups advise against adaptation of joypads and gaming controllers for flight 

control and recommend that any such adaptation be backed by a traditional RC 

transmitter as a failsafe. 

Despite their shortcomings, however, gaming controllers are more comfortable to 

hold, due to lighter weight and a more ergonomic form, and are more ubiquitous than 

traditional RC transmitters. Gaming controllers are also easily augmented with additional 

buttons and joysticks, and the average hobbyist is more likely to have a gaming controller 

than a traditional RC transmitter. Finally, adapting a gaming controller to RC forces the 

designer to consider the final RC from a component and system level, which grants 

insight and allows creativity for how to improve the final product. 

Related Work 

This project takes inspiration from work by Matt Williamson [5], which uses a 

Saitek joystick connected to a traditional laptop to control a MultWii equipped multi-

rotor. Williamson’s work provides a template that this project has followed to establish 

necessary components and protocols for converting a joystick signal to a pulse position 

modulation sum (PPM-sum) format. This project improves on Williamson’s work by 

using a miniaturized embedded computer rather than a traditional laptop, expanding 

details of configuration and setup, and by targeting a different flight management unit 

(FMU). 

More generally, UAS research has addressed a wide variety of applications 

including autonomous bridge building [6], machine vision for search and rescue [7], and 

designing for long endurance flight [8]. Support for these projects often involves 

developing custom solutions to conventional problems. For example, Andrew Tridgell 

designed and maintains a minimalist ground control station, MAVProxy, for which users 
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have developed modules to enable joystick control of UAS. The code used in this project 

to read and convert controller inputs draws from both Williamson and the 

MAVProxy.joystick module. 

The FMU used in this project is the 3DR Pixhawk Autopilot [9] running APM: 

Copter firmware [2]. The Pixhawk, in conjunction with APM firmware, is capable of 

supporting custom platforms in fixed wing, multi-rotor, ground rover, and antenna 

tracking configurations. 

Finally, the Intel Edison, a tiny but powerful embedded computer which was used 

in this project to read controller inputs and transmit control signals, is currently of great 

interest to both researchers and hobbyists. Its uses cover a myriad of projects ranging 

from simulation of smart water networks [10], functioning as an internet of things (IoT) 

datastore and replicator [11], and acting as a constrained application protocol server [12]. 

Most similar to this project, the Edison has been adopted for robotics projects and servo 

control, e.g., controlling a robotic arm [13]. The Edison and other low-cost computing 

platforms, such as the Raspberry Pi, are also prevalent in education and may be 

particularly of interest for low-income institutions and countries [14]. 

Safety 

While multi-rotors are exciting and entertaining, approaching this domain requires 

a healthy measure of caution. Working with multi-rotors exposes one to inherent 

physical, societal, legal, and financial hazards. Whenever possible, individuals seeking to 

engage with this field should seek the advice of professionals, manufacturers, and 

established aviation clubs to ensure they protect themselves, their environment, and the 

people around them. Many commercial products contain safeguards for amateur pilots, 
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and, by taking a DIY approach, an individual may inadvertently bypass such safeguards 

creating unstable or dangerous behavior. 

Multi-rotors operate by spinning multiple propellers at variable speeds to adjust 

thrust and pose, i.e., orientation in three-dimensional space. Depending on the 

composition of the propeller and the strength of the motor driving it, propeller blades can 

cause deep lacerations and damage to property. In addition, even when properly 

specified, components may fail unexpectedly. Before flying any UAS, the operator 

should consider the ramifications of the various failure conditions unique to UAS 

platforms such as flyaways, i.e., the craft losing connection and continuing flight without 

operator control, crashing from high altitude, and striking individuals or property. 

In working with multi-rotor platforms, I have experienced component fires, 

crashes, flyaways, shattered propellers, and minor physical injuries. Reviewing news 

reports and media posts indicates that my experiences are not uncommon. This year alone 

featured several headlines about multi-rotors that have hindered efforts to fight forest 

fires [15], violated restricted space [16], and crashed in a sports stadium [17]. UAS 

operators should be aware of local laws and restrictions on the operation of their craft. 

Even where flight is not expressly prohibited, it is important to be mindful of one’s 

environment and respectful of social anxieties that may arise [18]. 

The first article design of this custom RC does little to address the overall safety 

concerns for flying a multi-rotor and instead focuses on the core functionality of 

translating human input to flight commands. Many of the previously discussed problems 

occur when sensors fail, e.g., the GPS is unable to properly track satellites, or due to 

operator error, e.g., flying out of line-of-sight or improperly calibrating FMU safeguards. 

Consequently, safety concerns must be considered holistically and should be tested 

incrementally.  
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In order to minimize hazards to people and property, I conducted all tests of the 

RC and quadcopter platform in an indoor, unpopulated, industrial environment and set 

failsafe values on the FMU when the receiver lost connection to the RC transmitter. 

Future revisions of the RC will focus on quantifying both the range and the quality of the 

communication between the transmitter and receiver and will attempt to address under 

what conditions it is proper and possible to restore manual control after failsafe. 
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CHALLENGES AND APPROACH 

Design Criteria 

The design for the RC controller focused primarily on cost, reusability and 

extensibility, and size. As traditional RC solutions are now relatively inexpensive, the 

design for a custom transmitter and receiver should not greatly exceed the cost of the 

traditional solution; otherwise, there is little incentive to attempt a custom solution 

beyond curiosity. More expensive components could be justified by adaptability to other 

purposes, e.g., a miniature computer can be reprogrammed for other purposes beyond 

RC. Where possible and practical, I endeavored to use components I already had on hand 

or which might be commonly found in a tinkerer’s toolbox. 

The size constraint was derived from using traditional RC controllers; as 

traditional RC controllers tend to be bulky and uncomfortable to handle for prolonged 

periods of time, the custom RC should be more ergonomic. Game controllers, such as 

Microsoft’s Xbox controller and Sony’s PlayStation 3 Sixaxis controllers, are designed to 

be used for hours at a time on a regular basis. These controllers, however, tend to be 

relatively small and lightweight, and any additional components should be similarly small 

and lightweight in order to preserve the advantage the controller has over traditional RC 

transmitters. 
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RC Components 

An RC controller may be decomposed to the following functional components: 

1. Interface with a human operator 

2. Convert operator input to control signals which will influence the UAS 

3. Transmit control signals over a communication channel 

4. Receive communication on UAS 

5. Convert received transmission into UAS usable format 

 

To address these functional areas, the components in Table 1 were selected. 

 

 

Component Functional Requirement Cost 

Sony PS3 Sixaxis Controller 1 $50 

Microsoft Xbox 360 Wired Controller 1 (Alternate) $40 

Intel Edison with Mini Breakout 2, 3 $70 

Xbee Explorer and X6B WiFi 4 $50 

Arduino Pro Mini 5 $10 

Table 1: Selected Components and Cost 
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Figure 1: RC Transmitter Module 

 

Figure 2: RC Receiver Module 

Sony Sixaxis 

Controller 

Intel Edison 

Arduino Pro Mini 

(blue board) 

Xbee X6B (blue) 

Xbee Explorer Board 

(red board) 
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The PS3 controller was chosen for its low price, wireless Bluetooth mode, and its 

history as a mainstay choice for DIY and robotics projects. A wired Xbox controller was 

also tested. These two controllers behave very similarly in terms of number of analog 

axes and number of digital control buttons. Furthermore, extending support for a second 

type of controller is trivial after the first type has been established. 

The Intel Edison was selected primarily for its small size and feature set. The 

Edison contains 1GB DDR, 4GB Flash, and onboard Wi-Fi and Bluetooth. Its small 

dimensions, 25mm x 35mm x 4mm for the compute module and 29mm x 61mm x 12mm 

with the mini-breakout board, and relatively low power draw, 35mA in Wi-Fi standby, 

make it an attractive option for embedded applications. The Raspberry Pi presents an 

obvious alternative to the Edison with a similarly low price and support for a graphical 

display. However, its comparatively large size and power restrictions put it at a 

disadvantage. Additionally, while the Raspberry Pi appears to be slightly less expensive, 

it requires more accessories than the Edison to achieve similar specifications, e.g., Wi-Fi 

and Bluetooth dongles. 

The Xbee X6B and Xbee Explorer combination was selected both for price and 

for the ability to swap the 802.11 radio for an alternate type. The Arduino Pro Mini 

roughly matches the pinout for the Xbee Explorer and provides a convenient form factor 

for the encoding functionality. 

While beyond the scope of the work presented in this paper, the end goal of using 

these components is to package the Edison within a game controller, for example by 

removing the rumble packs. This would, however, necessitate design of a printed circuit 

board (PCB) to provide a subset of the functionality provided by the mini-breakout board. 

The PCB would mainly need to expose the Edison’s USB OTG port and provide a power 
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input to the Edison card itself, but a LiPo charging circuit and wiring to the USB 

connector on the controller would also be helpful. 

Software Configuration 

The individual components of building an RC controller are relatively simple. For 

instance, writing an Arduino sketch to encode a series of transmissions into a PPM-Sum 

signal is trivial. The true challenge for this effort lies in the integration of all component 

parts. Consequently, I take a modular approach to building the RC controller starting with 

configuring the Edison, reading controller inputs on the Edison, sending commands over 

Ad-Hoc Wi-Fi, and encoding the received packets to PPM-Sum. 

 

 

Figure 3: Functional Breakdown of RC Controller 
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INTEL EDISON CONFIGURATION 

The Intel Edison is a complete embedded computer running an Intel Atom 

processor. Intel provides a Yocto image, but Edison can also run Ubilinux, a Debian 

distribution. Furthermore, users can build their own embedded OS using the Yocto build 

system [19], an open source project for creating embedded Linux-based operating 

systems. This allows the kernel to be tailored to a specific application with little bloat or 

unnecessary components. While such an approach allows for efficient operation, it also 

leads to configuration challenges for atypical applications. 

The Intel Edison was designed as an embedded computer and does not support a 

graphical interface. A separate host computer is required to initialize, configure, and 

build the Edison. Initialization must be conducted over serial, but once connected to an 

access point or after creating an Ad-Hoc network, the host may connect via SSH. Since 

the Edison may be commissioned by a Windows, Linux, or Mac system and the product 

is marketed towards DIY-types, requiring an additional host or development computer is 

not particularly onerous as most of Intel’s target market already owns a separate 

computer. However, the requirements for building the Edison’s OS are slightly more 

problematic. 

Edison’s factory default image, Poky, does not come with joystick or joypad 

support. Even Ubilinux does not natively support joypads. To enable joystick and joypad 

support on the Edison, the kernel must be rebuilt from source with the necessary support 

packages. This requires a computer running Linux and several hours for the build to 

complete. Once an initial build is complete, additional kernel options can be configured 

in the Yocto menuconfig. While not strictly required, the Yocto documentation highly 

recommends using a Linux distribution and version, preferably a long term support (LTS) 

version that has been tested with the build system. Initially, I attempted to build in 
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Ubuntu 15.04, but was unable to complete kernel configuration due to menuconfig 

hanging. I was forced to switch to a prior release, Ubuntu 14.04, to complete 

configuration. 

READING CONTROLLER INPUTS ON THE EDISON 

Once the kernel is rebuilt with joydev support, controller inputs appear as a 

stream in the /dev/input directory. I chose PyGame to interpret gaming controller inputs 

due to familiarity with the package and the Python language in general. While Poky does 

include Python 2.7.3 by default, it does not include the PyGame package. In Ubuntu, 

acquiring PyGame would be a simple matter of installing the python-pygame package 

through the package manager, but Poky uses a different package manager and PyGame 

was not available through the official or most popular unofficial repositories. 

Consequently, PyGame had to be installed from source by downloading the tarball, 

installing the SDL and lib4vl-dev dependencies, modifying the Python setup file to 

exclude incompatible features, and running the setup.py installer. 

Reading controller inputs in PyGame is relatively straightforward, but my 

implementation on the Edison had minor notable quirks. Normally, PyGame’s joystick 

and display modules must both be initialized in order to read joystick events. The joystick 

module handles the controller’s state, while the display module handles events such as 

input changes. As previously mentioned, however, the Edison has no display capabilities. 

Thus, in order to initialize the display module, I had to set the SDL environment to a 

headless mode. Additionally, PyGame refers to axes and buttons by a static number. In 

order to map the controller axes and buttons to their number, I first wrote a utility script 

that printed axis and button numbers as they were exercised.  
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Finally, the USB on-the-go (OTG) port on the Edison mini-breakout board only 

functions when the board is powered through the J21 power jumper. Powering through 

either the battery jumper, which is designed for a 1S LiPo, or the USB port disables OTG 

functionality. Thus, in order to use a game controller on the Edison, I was forced to build 

an adapter to connect a 9V battery to the J21 jumper as shown in Figure 4. 

 

 

Figure 4: 9V Battery Connection to Edison 

It should be noted that much of the configuration for the Intel Edison is not 

necessary for the Raspberry Pi 2. The Raspberry Pi supports many game controllers out-

of-the-box and also supports standard Debian repository commands. Consequently, 

kernel building is not necessary, and installing PyGame on the Raspberry Pi is a simple 

matter of adding a repository and using the right apt-get command. For novice 

programmers, then, the Raspberry Pi provides a much simpler approach to constructing 

the transmitter component of the RC controller at a cost to size and portability. 
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CONNECTING TRANSMITTER AND RECEIVER 

Both the Edison and Xbee X6B chip operate in infrastructure mode, i.e., 

connecting to an access point in the area, by default. However, this mode of operation 

requires additional hardware such as a router and consistent power supply. In order to 

remove extraneous hardware, I instead configured the Edison to create an Ad-Hoc 

network to which the X6B would connect. 

Limitations 

Neither the Edison nor the X6B support Ad-Hoc networks with encryption, so the 

connection must be an “open” type. The X6B further requires that an Ad-Hoc connection 

connect no more than two devices, and their IP addresses must be configured on the X6B 

a priori. While the X6B allows web configuration through a special soft-AP mode, I 

found using the portal to be difficult in practice. All settings for the X6B must be 

properly specified simultaneously or the device becomes unreachable as it is neither in 

soft-AP mode nor is it properly configured to connect to its new network. Fortunately, 

Digi also provides the XCTU configuration utility which allows communication with the 

X6B over serial. 

Creating an Ad-Hoc Network on the Edison 

Intel provides a complete guide to Edison’s Wi-Fi capabilities [20]. This guide 

provides instructions on how to set up the Edison’s Wi-Fi in various configurations, 

including Ad-Hoc mode, which involves running a provided wpacli_ibss_open.sh bash 

script to configure wpa_cli. The instructions were primarily focused on Ad-Hoc 

communication between Edison modules, but after creating the network I was able to 

connect both through Ubuntu and through the X6B chip. 
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As the Edison must operate in headless mode, I hard coded the SSID in the script. 

I also adjusted the Wi-Fi channel frequency to channel six so it would be compatible with 

the X6B. After ensuring the modified script would reliably start an Ad-Hoc network, I 

made the script runnable at boot with the following procedure: 

 Move script to /etc/init.d/ 

 Use chmod +x to set script to runnable 

 Use update-rc.d command to set default boot flags 

Configuring the X6B 

While somewhat dated, Digi provides a helpful application note for setting an 

Xbee Wi-Fi module for Ad-Hoc communication with a computer [21]. While the 

application note configures the Xbee to create the network, the process for setting the 

Xbee as the network joiner is very similar. Specifically, the fields depicted in Table 2 

must be configured. 

Normally, to ensure communication across an Ad-Hoc network, it is necessary to 

ping both nodes from the other. However, as the Xbee link is not required to be 

bi-directional, but simply receives commands, it is sufficient to ping the Xbee from the 

Edison. 

  



 17 

 

Designation Description Value As Configured 

AH Network Type 
1 – IBSS Joiner 

 
1 

MA IP Addressing Mode 1 – Static 1 

IP IP Protocol 1 – TCP 1 

EE Encryption Enable 0 – No Security 0 

MY IP Network Address 
<IP Address of 

Xbee> 
192.168.1.101 

DL Destination Address Low 
<IP Address of 

Edison> 
192.168.1.103 

MK IP Address Mask 
<Appropriate 

Mask> 
255.255.255.0 

ID SSID 
<SSID of Ad-

Hoc Network> 
Edison 

C0 
Serial Communication 

Service Port 
<Source Port> 0x2616 

DE Destination Port 
<Destination 

Port> 
0x2616 

Table 2: Configuration Values for X6B Module 
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Installing pip and PySerial 

The last barrier to connecting the Edison to the Xbee involved programmatically 

creating a socket connection. Following Williamson’s lead, I decided to use the PySerial 

Python package to manage opening a serial connection over TCP. The easiest method to 

obtain PySerial is by using the Python package installer pip. Unlike previous packages 

used in this project, pip is available through an unofficial, but popular, repository. After 

following the instructions at [22], I was able to install pip using Edison’s standard 

package manager. I then installed setuptools to complete the pip setup, and installed 

PySerial through pip. 

CUSTOM SCRIPTS 

In comparison to the setup and configuration efforts, writing the code to read 

inputs, transmit, and encode was simple and straightforward. The transmitting script, 

written in Python, first initializes the joystick and event handlers for PyGame, opens a 

socket with the X6B module using the module’s previously configured IP address, then 

loops; acquiring joystick events, processing the events to generate RC inputs, and writing 

the RC inputs to the X6B. Figure 5 shows the Python pseudocode for interpreting 

controller inputs and sending a TCP encapsulated serial stream to the X6B module. 

The receiver sketch, written in Arduino C, was similarly straightforward. In 

general, a PPM-Sum encoded signal comprises a series of pulses, typically between 

1-2 ms duration, representing the individual PWM channels followed by a long sync 

pulse, typically 3-4 ms duration. The Pixhawk accepts either negative or positive pulses 

and interprets channel duration as the time between the trailing (or leading) edge of the 

“off” pulse for the previous channel to the leading (or trailing) edge of the current 

channel. In practice, I found the Pixhawk was tolerant to changes to the length of the 
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overall period of the full pulse train provided the “off” and sync pulses were of sufficient 

duration; I used 300 us and 4000 us respectively. 

 The sketch, then, generates a negative pulse train using active low signals. This is 

accomplished by attaching a Timer1 routine, which was specifically designed to control 

PWM signals [23], to an interrupt service routine. The timer interrupt period was varied 

according to the required width of the each channel’s PWM, and intermediate fixed-

width “off” pulses were triggered with a toggle bit. A volatile counter kept track of which 

channel needed to be generated and was reset when the channel count was reached and 

the sync pulse was triggered. 

 

os.environ[“SDL_VIDEODRIVER”] = “dummy”  # set PyGame to headless mode 

pygame.joystick.init()  # enable joystick handling 

pygame.display.init()  # enable message handling 

js = pygame.joystick.Joystick(0)  # set the first available joystick to input control 

js.init()  # start event handling on the input joystick 

with serial.serial_for_url(“socket://xbee_ip”, BAUD=38400, …):  # open socket to Xbee 

    while True: 

        pygame.event.get()  # get all events from the Pygame event buffer 

        handle_joystick()  # process joystick events  and generate RC inputs 

        xbee.write(rc_inputs.serial_format())  # convert RC inputs to serial format and send 

Figure 5: Pseudocode for Transmitter Script 
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Figure 6: PPM-Encoding Concept 

setup()  

    pinMode(PPM_PIN, OUTPUT)  // Configure output pin 

    Serial.begin(38400)  // Begin serial handler 

    Timer1.attachInterrupt(isr_sendPulses) // Start interrupt handler 

loop()  

    handleSerial()  // process serial packets into PWM signals 

    checkState()  // determine if craft has been linked or lost 

    signalState()  // toggle diagnostic LEDs 

isr_sendPulses() 

    if (toggle) 

        pulseLow() // write output pin low, invert toggle, and set period to PULSE_OFF 

    else 

        pulseCH()  // write output pin high, invert toggle, and set period to PULSE_CH 

Figure 7: Pseudocode for Receiver Arduino sketch. 

CH 1 CH 2 

… 

Sync CH 3-8 

CH 1 

CH 2 

t 

PPM 

Sum 
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HARDWARE ASSEMBLY 

The hardware assembly for this project required only basic soldering and hex 

wrenches. This is largely a result of purchasing a kit for the multi-rotor frame, electronic 

speed controls, and motors. The Intel Edison’s mini-breakout and the Xbee Explorer 

boards also simplified assembly by providing voltage regulators and pin connections, 

averting the need to create a custom PCB. 

DJI FLAME WHEEL 

The DJI Flame Wheel F450 kit comes with all the components necessary for 

building a quadrotor platform with the exception of a battery and FMU. The central 

frame doubles as a power distribution board on which battery leads may be soldered. 

These leads are, in fact, the only soldering required for the frame; all other components 

are either connectorized or fully mechanical in nature. 

While not strictly necessary for every platform, I also included a battery 

elimination circuit (BEC) to provide a stable 5VDC to the Pixhawk’s servo rail and a 

3DR 915MHz radio to relay telemetry data to a ground control station. The BEC was 

used to power the Xbee and Arduino board which comprise my RC receiver and PPM-

Sum encoder. The power for the electronic speed controllers (ESCs) was soldered 

directly to the board, and the servo inputs for the ESCs were connected to the Pixhawk’s 

main channels 1-4. 
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Figure 8: Flame Wheel F450 Components 

 

Figure 9: ESCs and BEC Soldered to Flame Wheel Distribution Board 
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With the BEC and ESCs attached to the power distribution board, the arms were 

attached with small screws. The motors also attached to the ends of the arm with small 

screws, and loose components were secured with zip ties. The completed frame is shown 

in Figure 10. 

 

 

Figure 10: Fully Assembled Flame Wheel Frame with Propellers Removed 

RC RECEIVER AND PPM-SUM ENCODER 

The RC receiver and PPM-Sum encoder is composed of an Arduino Pro Mini, an 

Xbee Explorer board, and an Xbee X6B Wi-Fi radio. While the Arduino board may 

operate on a 5VDC supply, the X6B must be supplied 3.3V. Fortunately, the Xbee 

Explorer board can accept a 5VDC input and has level converters for an Xbee’s 3.3V. By 

tying the VCC and Ground pins together for the Explorer and Arduino, and by supplying 

5VDC to the Pixhawk rail through the BEC, I was able to power the entire receiver 

through a single connection. I also soldered the DOUT and DIN pins on the Explorer to 
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the RXI and TXD pins on the Arduino, respectively. This allowed the X6B to function as 

a transparent pass-through for serial communication. Finally, I soldered a servo connector 

to the Arduino board at Pin 9, the pin I used to generate the PPM-Sum encoded signal. 
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RESULTS 

Control Mapping 

Quad-rotor flight requires four main inputs: roll, pitch, yaw, and throttle. The roll, 

pitch, and yaw inputs each control craft attitude about a central axis and the neutral PWM 

signal for each input is typically centered at 1.5 ms. Changing any of the attitude axes 

allows the craft to move along that axis, e.g., changing pitch allows the craft to move 

forward and backwards, and having all attitude axes in neutral position allows the craft to 

hover in position; assuming matched motors, no wind, and symmetry on the craft. 

Throttle, however, controls the aggregate speed of the motors and, consequently, the 

overall thrust the craft produces. Most FMUs require throttle to be at its low PWM value, 

1 ms, before the motor outputs can be enabled, but there is no concept of a neutral for this 

axis. 

The PS3 controller I used features two analog control thumb sticks which are 

spring returned to a central position. Initially, I mapped throttle to the up/down axis of the 

left thumb stick, yaw to the left/right axis of the left thumb stick, pitch to the up/down 

axis of the right thumb stick, and roll to the left/right axis of the right thumb stick. This 

mapping matches the common configuration for traditional RC controllers. This 

configuration, however, proved problematic as it required a steady and precise active 

position on the throttle control. Moving my thumb slightly left or right while affecting 

throttle would yaw the platform and maintaining positioning quickly fatigued my hand. 

Traditional controllers avoid these problems by using stiff return springs, which reduce 

accidental actuation of an incident axis, and by using a stepped throw on the throttle axis, 

which allows for discrete adjustments to throttle without the need to actively maintain 

position. 
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To address the throttle mapping issue, I used the controller’s four shoulder 

buttons to increment and decrement the current throttle value. R1 and L1 incremented 

and decremented throttle by ten percent, respectively, while R2 and L2 triggered a two 

percent change. This allowed both major adjustments to rapidly change throttle, as is 

necessary for takeoff and landing operations, and minor adjustments to maintain a stable 

altitude during maneuvers. Additionally, transferring throttle control from the left thumb 

stick eliminated accidental yaw, and eliminated hand fatigue. 

Performance 

The final control scheme allowed me to exercise the Flame Wheel through basic 

flight maneuvers including take-off, traversing a space, spinning in place, and landing. 

While the short throw for the control sticks made it difficult to perform fine adjustments, 

basic movement was acceptable. Minor adjustments to the joystick interpretation script, 

such as remapping the full range of the joystick to a smaller PWM value, could enhance 

fine control at the expense of overall maneuverability. The remapped throttle may also 

present a challenge for traditional RC users who have developed muscle memory on a 

particular layout, but this may be overcome with practice. 

The 600 mAh, 9V Li-on battery used by the RC transmitter typically lasted 

several hours. As multi-rotor operation is typically less than 20 minutes of continuous 

flight, this power performance was more than adequate. Power is not of concern for the 

RC receiver, as it draws power directly from the multi-rotor’s FMU. 

Future Work 

Using an unmodified gaming controller may be convenient, but adaptations to the 

controller would be more beneficial for controlled flight. For example, replacing the left 
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thumb stick of the PS3 controller with a stepped joystick would preserve the familiar 

mapping of a traditional RC controller. Alternatively, 3D printing a case and wiring 

joystick potentiometers directly to the GPIO on the Edison Mini-Breakout would provide 

an inexpensive solution to making a controller if one is not readily available. 

The receiver code could also be improved to better support temporary loss of 

connection. Currently, the Arduino will set default channel widths when it loses 

reception. When properly configured, the default channel widths alert the Pixhawk to 

enter failsafe mode, triggering a return to home or landing mode. However, this may be 

undesirable in environments which cause frequent short duration communication outages. 

No effort was made to measure the quality of the connection between the Edison 

and the X6B module. The transmitter was effective in an indoor warehouse environment, 

but without some assurances of signal quality and range it would be unwise to operate the 

multi-rotor in an outdoors environment with this RC controller. The design could be 

improved by analyzing different wireless transmitters and receivers and by providing a 

means for indicating transmission quality. 

Conclusions 

Designing and constructing the RC transmitter, receiver, and UAS platform were 

relatively simple at a component level, but very challenging at an overall integration 

level. This project required building a custom Linux kernel, interpreting input from a PS3 

controller, establishing an Ad-Hoc network, and programming in Python and Arduino C. 

The few hours writing and debugging the 300 lines of Python and C which map input to 

control signals were eclipsed by the days troubleshooting radio configuration, PPM-SUM 

format, and build options for Yocto and the weeks learning how to safely operate the 

multi-rotor platform. 
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Additionally, while the Intel Edison provided excellent functionality, it also 

proved difficult to configure. Edison does not support a display and configuration for the 

board must be done through a serial or SSH connection. Yocto, which is used to build the 

OS for Edison, requires LTS versions of Linux in order to function properly. Finally, the 

default package manager for the Edison, opkg, is narrowly focused and the repositories 

built around its use are much sparser than for other package managers, such as Debian or 

RPM. 

This project set out to build a custom RC controller that was portable, 

configurable, and capable of controlling flight for a small multi-rotor platform. 

Ultimately, the result satisfies these requirements, but there is still substantial room to 

improve on this introductory effort. A great deal of work remains to quantify 

performance of the various components, such as the reliability and range of the 

communication channel, and improve functionality, e.g., making the controls more 

ergonomic and intuitive or providing more robust failsafe functionality.  
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GLOSSARY 

 

BEC – Battery Eliminator Circuit 

DIY – Do-It-Yourself 

ESC – Electronic Speed Control 

FMU – Flight Management Unit 

PPM-Sum – Pulse Position Modulation Sum 

RC – Radio Control 

UAS – Unmanned Aerial System 
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