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Team roles and responsibilities 
 

1. Louie Benitez, Jr. – Systems Engineering.  Louie fulfilled product orders, managed the 

budget, and assisted with the physical helmet polishing. 

 

2. Cedric Bosch – Systems Engineering.  Cedric designed the analog prototype helmet 

electrical components, assisted with analog prototype build, chose battery and charging 

system, assisted with wireless configuration, and integrated electrical components with 

the physical shell.  Additionally, he selected supplemental components such as a voltage 

regulator to ensure seamless system integration. 

 

3. Patrick Llull – Optical Sciences and Engineering.  Patrick managed and selected the 

optical subsystem including the camera conversion lenses and the USB webcam.  He 

also kept meeting minutes and assisted in software development, most notably with 

GPS and video transmission despite his background.  

 

4. Stephen Nelson – Engineering Management.  Stephen served as the team lead: he 

managed team, mentor, and sponsor meetings alongside individual member 

responsibilities and progress.  Stephen led the analog and digital physical helmet 

structures from the mold to the final stages.   

 

5. Garrett Weaver – Computer Engineering.  Garrett led the electronic hardware and 

software development alongside Trevor West.  He selected most of the electronic 

components required for digital embedded processing and led much of the streaming 

software including video and audio transmission and reception.  

 

6. Trevor West – Computer Engineering.  Trevor led the architecture’s software 

development including formatting of SD cards, operating system, drivers, and kernels.  

He and Garrett worked with John Gruenenfelder to configure computer startup scripts to 

aid in ease of use. 
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1.  Abstract 

The horseracing industry currently lacks media attention. Studies have indicated the sport’s 
viewing and gambling declination over the decades [1].  While popular televised sports such as 
football and baseball maintain a modernized entertainment culture through high-definition 
wireless streaming, horseracing remains in the 'binocular era’.  An idea is introduced and a 
solution is analyzed to establish a foothold for horseracing in contemporary entertainment and 
inspire a developing fan base.   

EquiSight LLC desires wireless telemetry within the form factor of a jockey's helmet to meet 
these ends.  The system devised must function while satisfying safety regulations.  Individual 
component decisions are justified in addition to safety and quality tests.   

Current technology restricts bandwidth and data transfer rate.  Standard-and high-definition 
possibilities and implications are discussed.  Analog and digital transmission systems are 
evaluated and a preference justification is developed.  A reliable power source and integration 
technique are chosen.  Environmental, space, and range constraints are considered. Two-way 
audio communication between the jockey and trainer is described.   

In summary, a compact solution for EquiSight LLC is presented and its design choices are 
reviewed.  The proposed system, implemented within a $3000 budget, will attract new fans, 
reignite interest, and provide a fairness and/or outcome judging tool. 
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2.  Introduction  

2.1. Scope of Document 
 

This document is a report on Engineering 498 Team 

4920's Final Design of a Jockey "Smart Helmet" for EquiSight LLC. The goal of this document is 

to provide specific information about: 

● The customer 

● The problem to be solved 

● Proposed design 

● Design evolution 

● Implementation details: 

○ Physical structure 

○ Electronic design 

○ Optical design 

○ Software 

● Development plan 

● Budget and resource allocation 

● Risk analysis 

● Testing 

 

2.2. Customer Description  
 

Team 4920's customer is EquiSight LLC. EquiSight LLC was founded by two University of 

Arizona Race Track industry students: David Matt and Kenleigh Hobby. EquiSight's goal is to 

bring horse racing into the 21st century by funding the development of and then market "Jockey 

Smart Helmets." These helmets will give audiences a jockeys eye view of a race unfolding 

before them, be used as a judging tool and will be used as a training tool for Jockeys and 

Trainers. 

 
Figure 1:  EquiSight sponsors and co-founders David Matt (left) and Kenleigh Hobby (right) 

 

2.3. Problem Statement 
 
EquiSight LLC has observed a 20 year decline in the horseracing industry. Where horse racing 
has declined: other sports, like NASCAR 
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and poker, have flourished in popularity. EquiSight LLC also observes that tech- 

nology, relating to the spectator experience, has not been radically improved since 
the 1980s. EquiSight LLC asserts that one of the reasons for horse racing's decline 

is due to the lack of adoption of newer technologies.  EquiSight LLC posits that adopting newer 

technologies that will give spectators new ways to view a race unfolding will increase horse 

racing's popularity. 

 

2.4. Proposed Product 
 
EquiSight's solution to horse racing's declining popularity 
is a jockey smart helmet that integrates modern viewing technologies within the 
sport of horse racing. The proposed product would have a camera for spectators 
to experience a view of the race from the Jockey's perspective, enable trainers to 
communicate with the Jockey and enable spectators and judges to know where the 
jockey is at any point in the race. The jockey smart helmet will enable: 

● A live video stream 
● Live GPS telemetry 
● Two-way Jockey Trainer audio communication 

The system will be supported by infrastructure at the track which will: 
● Collect the data 
● Deliver the data to servers 

 

2.5. Scope of Project 
 
 A well defined project is important in the interest of keeping 
it reasonable within the constraints and for knowing when it is complete. The scope 
of the project is as follows. 

● The solution will have two parts: 
○ The smart helmet 
○ Track infrastructure 

● In this project we will: 
○ Design, build, and test a jockey smart helmet prototype 
○ Provide transmit and receive software scripts 

● In this project, we will not: 
○ Build infrastructure at a track 
○ Work on server software for re-broadcasting 
○ Work on delivery platforms 

 
The rationale behind this scope is that this project is part of a larger system of 
collecting and eventually distributing racing information to viewers. This project 
will focus on the collection of the data, not the re-broadcasting and delivery of it 
to spectators. The server software for re-broadcasting is being handled by EquiSight 
CTO Brendon Gowing. Delivery to spectators across delivery platforms is even more 
far away from the initial collection of the media. 
 
Additionally, this is not a construct project. As such, we will not be implement- 
ing infrastructure at a track. Rather, we will define what track infrastructure would 
entail such that track managers and technicians can implement their own versions 
of the infrastructure. 
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2.6. Stakeholders 
 
This product will affect nearly everyone involved in the horseracing industry. Naturally the main 
stakeholders in the success of this project are EquiSight LLC and their investors. However, the 
product will deliver an improved experience for all audiences of horse racing. It will also affect 
the race tracks, which will have to make a large investment to install compatible infrastructure, 
but may gain increased business from doing so. It will affect the riders as well, who will have to 
learn and undergo procedures to use and take care of the smart helmets that they wear on the 
track. 
 

The product may eventually become relevant in improving the safety and fairness of the sport 

as a whole. With a closer view on the action, it will be easier to determine causes of accidents 

on the track, and to enforce rules more effectively by allowing referees to spot infractions that 

might otherwise go unnoticed. 
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3.  System Requirements 
In this section we develop the requirements of all parties involved in the project.  The project’s 
stakeholders, including sponsors, manufacturers, observers, and trainers, all have unique 
concerns that constitute a complete set of expectations that a functional Smart Helmet must 
meet or exceed.  Performance, system, and physical requirements will be outlined and later 
addressed with the final system’s performance. 
 
In this section we will review: 
 

● Summary of product requirements derived by our sponsors. 
● Specifications, functionality decompositions, and metrics for said requirements. 

3.1.  System Requirements Overview 

 
 

Requirement Customer Importance 

Live video stream Must 

Multiple simultaneous streams Must 

Enable jockey/trainer communication Should 

Track position Should 

Record data internally  Should 

 
Values of ‘Must’ are reserved for requirements that absolutely must be met.  Requirements 
under ‘should’ are important to the sponsors but may be relaxed if they compromise the ‘must’ 
requirements or are unrealizable under the project’s timeline. 

3.2.  System Requirements Details 

● Live video stream: EquiSight’s requirement, for a live video stream, was to have a single 
480p stream at 30 frames per second.  

● Multiple simultaneous streams: For the smart helmet to be marketable, it must support 

having a stream for every jockey in the race, thus enabling the viewer to switch at 

leisure.  

● Enable jockey/trainer communication: The jockey and trainer must have an audible 

stream to communicate over during a race 

● Track position: For betting purposes, it is preferable for audiences to know where the 

jockey is on the track.  Each horse’s position relative to the others is used for offsite and 

track-side betting and depiction individually.   

● Record data internally: for replays of the race, more pristine video is required than that 

provided wirelessly.  
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Metrics:  Typical pixel definition denotes standard definition video as being 640x480 or finer.  

This is an interim requirement until HD-supporting hardware emerges.   

 

Functional decomposition:  Individual key elements of functionality must be maintained with 

each component chosen for the design.  The webcam must have a sensor and electrical 

bandwidth capable of capturing video at SD, while the WiFi adapter must transmit at the 

specified frequency and bandwidth while interfacing with the BeagleBoard-xM.   

 

Interface specifications:  The fully integrated helmet hosts a variety of interfaces from different 

electrical components to the BeagleBoard-xM.  Most of these are USB 2.0 interfaces which are 

common to many off-the-shelf components such as the webcam and the GPS.  These are 

nominally inserted into physical USB ports, but such ports prove too large for the embedded 

system design.  They must be taken off the board for a more compact, smooth integration. 

 
Note: The requirement to protect a jockey was dropped as the goal of the project was re-
envisioned to provide a marketable prototype to EquiSight investors. Our prototype is not meant 
to be worn. This is due to a business decision by EquiSight to license the smart helmet 
technology to helmet manufacturers rather than producing helmets themselves.  
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4.  Summary of PDR Results 

In this section the major changes from the preliminary Smart Helmet design will be outlined and 

explained.  The key motivator for this design was our sponsor’s [at-the-time] requirement for an 

interim design to display at their December 2011 symposium.  This analog design choice was 

based on several factors including: 

 

● Simplicity of design and use 

● Easily-available off-the-shelf components 

● Adequate (SD) video quality 

○ Can not (currently) outperform analog video with digital video 

● Affordable components 

● Likelihood to complete 

● Reliability 

 

The analog helmet’s ease of design and implementation led an impressive symposium display. 

 

 

 
Figure 2: Analog prototype helmet.   

 

Despite the analog helmet’s utility and robustness, this helmet does not meet EquiSight’s final 

requirements.  This design gave us some idea of analog capability and experience working with 

basic streaming equipment to help define our desirables.   

 

 

 

 



Team 4920                                                               13 

After this relatively fast implementation, we set forth to meet our sponsors’ needs.  The team 

opted for digital transmission because WiFi has the following: 

 

● Extensibility to ultimately perform at 1080p or better 

● Sponsors’ initial requirements 

● Synchronous audio, video, and GPS transmission 

● Crisper, cleaner data transfer 

● A wider selection of operable equipment (software and hardware) 

● Lighter design 

● Compression availability  

● Modular design 

● More heat-efficient 

 

In the following section we will explain each of our design choices in detail. 
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 5.  Top-level Design of Final Concept 

 
The Smart Helmet will be constructed starting with the base of a normal, regulation horse-racing 
helmet that could be used legally in a horse race today. Such a helmet consists of a padded 
interior that touches the head, then a thick layer of protective foam, and finally a plastic outer 
shell.  The helmet interior and protective foam will be kept, but the plastic outer shell will be 
removed. On top of the foam a layer of Kevlar will be placed to prevent punctures in the foam by 
electronic components through normal use or in the event of a crash. 
 
Mounted on this Kevlar will be all of the electronic components. The main electronic component 
will be the BeagleBoard-xM, an ARM based computing platform which will handle all software 
needs such as video compression, and will control the operation of the following 
subcomponents: a GPS tracking module, camera, audio transmitter and receiver (headset), and 
WiFi transmitter. All of these subcomponents will interface with the BeagleBoard through USB, 
which makes the circuitry easy to assemble and is a modern, fast, and easy to use transmission 
standard.  Also included under the shell is a Lithium Iron Phosphate (LiFeP) rechargeable 
battery which is connected to the five-volt direct current input source on the BeagleBoard. This 
battery will power all of the electronics within the helmet. A detailed description of the 
components used is provided later. 
 
Once the electronics on the interior of the helmet are laid out, a protective outer shell will be 
fabricated to house them. This shell will be constructed from Kevlar and NoMex and will protect 
the electronics from water, dust, and debris on the track. In the event of a crash, the shell will 
not splinter or shatter, and will safely hold all of the components inside. There will be an opening 
where the cameras lens sticks out of the helmet. The lens will be enhanced and protected by a 
fisheye conversion lens.  If this lens becomes scratched or damaged it will be easily 
replaceable, and the camera lens itself will not be damaged. 
 

5.1.  Electrical sub-assembly: hardware  

 
In this section of the document, the final design components and motivation will be developed 
and a contrast analysis between the two helmet designs (analog and digital) will be performed.  
Here we will: 
 

● Describe each sub-assembly and functionality. 

● Give details on how functions are accomplished by each subsystem. 
● Give details on the components/materials it is made of. 
● Include design and specifications for interfaces between modules and between the 

product and the real world, including human interfaces. 

 

 

 

 

 

5.1.1.  BeagleBoard-xM 
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The BeagleBoard-xM was chosen as the core of the electronics assembly because of its small 

size, relative high performance, low power and thermal output, affordable price, number of 

peripherals, and availability from many manufacturers.  

 

The BeagleBoard-xM is powered by a Texas Instruments DM3730 DaVinci processor which 

contains an ARM cortex A8 CPU at 1 GHz and a video accelerator. The board is 3.5 inches by 

3.5 inches in size, which is small enough to fit into the helmet. It also has 4 USB ports which 

could accommodate a plethora of peripherals at full speed and power.  

 

The BeagleBoard can support a variety of operating systems including many Linux based ones 

such as Angstrom, Ubuntu and Android. Operating systems could be installed on an external 

SD card and inserted into the board.  

 

Because the board was the core of the electronics assembly: it was responsible for media 

gathering, processing, video compression, audio compression, running software, retransmission 

and interfacing all the subcomponents together such as the webcam, Wireless adaptor and 

audio.  This device is shown below:  

 

 
Figure 3: BeagleBoard-xM.   

 

5.1.2.  Belkin Wireless G adapter 

 

The wireless G adaptor we selected provided a theoretical bandwidth of 54 Mb/s. This was 

more than adequate for video streaming, which required a peak 150 kb/s for standard definition 

video at 30 frames per second.  

 

This adaptor was chosen because of its compatibility with Linux and the availability of drivers for 

Angstrom. The chipsets this adaptor is based on (which changes arbitrarily based on the 
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manufacturer) either use kernel modules zd21211 or rt73, both of which are available on 

Angstrom. 

 

5.1.3.  Lithium iron phosphate batteries 

 

The BeagleBoard-xM is powered by a 5-Volt direct current input, which will come from the 
rechargeable LiFeP batteries.  All of the other components will draw power from the board 
through their respective USB ports. Each port can consume up to 2.5 watts of power when fully 
active. The board itself also uses around 2.5 Watts, so the entire system should not require 
more than 12.5 Watts of power. 
 
LiFeP batteries were chosen for their minimal power usage and heat dissipation.  Nominally 

these come in one pack of 6 batteries totalling over 2 amp hours at a maximum voltage of 3.7V.  

This is more than sufficient to power the helmet for the duration of a race.   

 

In addition, these batters are customizable and can come apart, thereby fitting easily with weight 

distribution in the helmet. 

   

5.1.4.  Micro-SD cards 

 

The BeagleBoard-xM’s operating system is installed and run off of a standard micro-SD card. 

The ones used for this project were 4 GB in size. 

 

5.1.6.  GPS Hardware 

 

The Garmin GPS 18 was used for its USB compatibility and NMEA GPS data output.  This GPS 
proves a robust solution, generating data with half a second of latency.  EquiSight requires GPS 
data transmission on the premise of locating horses on the racetrack, similar to en-race display 
shown on NASCAR race broadcasts.  This GPS in particular locates its host with sub-meter 
resolution for well over the course of a single race.   
 
This device interfaces with the BeagleBoard by USB.  However, like all hardware interfaced with 
the BeagleBoard, a corresponding software must be developed.  An open source GPS and 
simple streaming solution was found in GPSD and Socat (Section 5.2). 

5.2.  Electrical sub-assembly: Software and algorithms  

 
Despite the large work centered around software development and interfacing, a few programs 
were able to meet a majority of our needs.  Our BeagleBoard-xM, Logitech webcam, Garmin 
GPS, and microphone  hardware components requiring software are interfaced through three 
core software programs.  Additionally, numerous other software modules and methods 
interfaced directly with computers at the lowest level in support of these programs.  These 
included necessary packages, daemons, and initialization configurations described in the 
following sections.   

● Describe each module in detail 
● Give pseudo code, flow diagrams, etc. that will describe what was coded. 
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● Include trade studies and analysis (i.e., prototyping, analytic, or simulation) necessary to 
support decisions made in designing subsystems. 

● Data structures, file formats, technical interface information for each data structure that 
was used between modules. 

● Be sure to include input and output files. 
● Provide actual code in an appendix or on a CD/thumb drive attached to your report. 

 
5.2.2.  Angstrom 
 
A majority of Linux applications are performed on a larger Linux distribution such as Debian or 

Ubuntu.  These distributions, while boasting superior package availability and maintenance, are 

unwieldy for embedded processing applications.  Hence a much lighter operating system is 

found in Angstrom. 

 
Angstrom is a much lighter operating system that proves faster while maintaining reliability.  
Interestingly enough, Ubuntu throttles the processor back to 600MHz; this is not utilizing the 
BeagleBoard’s full 1GHz potential [1]. 
 
 

 Significance (/10) Ubuntu  Angstrom 

Speed 10 4 9 

Reliability 5 7 8 

Package/software support 7 9 6 

SD card writing/reading support 4 8 7 

Group knowledge 4 6 4 

GUI/ease of use 4 5 4 

 
After inspection it seems Ubuntu should be the operating system of choice.  However, 

maximizing speed is essential for embedded video streaming and thus drives our decision to 

use Angstrom over Ubuntu. 

 

Ease of use and package availability are the main advantages Ubuntu harbors over Angstrom.  

Ease of use would be a greater factor if we had to interface more regularly with the 

beagleboard.  However, Angstrom software is by vast majority compatible on Ubuntu, despite 

the converse not being true.  Thus with prior knowledge of software availability, the software 

development can be done almost exclusively on a local computer running Ubuntu despite 

running Angstrom on the BeagleBoard. 

 

Ubuntu’s package libraries, Aptitude and Debian package manager, enable access to nearly 

every open-source program developed for Linux.  Angstrom’s package manager, opkg, is 

lacking in comparison.  This necessitates creative solutions such as compiling from saved 
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binary files or cross-compiling from pre-configured files and hardware drivers available on larger 

package libraries.   

 

Despite these reasons speed is, as aforementioned, the driving factor of the Smart Helmet’s 

design.  Current technology renders even a single wireless video data stream unwieldy for most 

embedded systems.  So long as video compression is available, the fastest, lightest operating 

system that will meet the requirements must be developed. 

 

Angstrom, though poorly documented in comparison to Ubuntu, is used frequently with the 

BeagleBoard-xM.  Forum posters note this compatibility and address software-related concerns 

promptly.  Thus, despite Angstrom’s poor documentation, past projects and support correlate 

reasonably well to EquiSight’s current development thereby alleviating software troubleshooting. 

 
5.2.2.  GStreamer 

 

Gstreamer is an open-source software suite for the development of media streaming 

applications in Linux. Gstreamer programs are comprised of various elements, such as media 

input sources, format converters, encoders, decoders, network transmitters, and more. These 

elements are arranged into a pipeline that can be used to transmit audio and video over a 

typical network. In this project such a pipeline is used, and it is the same regardless of whether 

or not it is a wired or wireless network. 

 

Most GStreamer algorithms are performed on the CPU. For desktop applications, the CPU 

offers an adequate number of instructions per second to handle most media applications. One 

embedded devices, the CPU is insufficient to handle real time video encoding by itself.  

 

The processor used in this project, the Texas Instruments DM3730, has hardware, in addition to 

the CPU, for video and digital signal processing. This hardware requires specially written 

software to be used to its full potential, which has been written by Texas Instruments. The TI 

plugins for Gstreamer are available for Angstrom, and they give the BeagleBoard-xM the 

capability to encode video using the h264 codec in real time. Using this special encoder plugin 

the BeagleBoard-xM was able to achieve 30 frames per second at standard definition 

resolution. 

 

In addition, GStreamer’s wide variety of plugins further demonstrates its flexibility.  These 

plugins enable the user to specify video and audio details such as compression format, source 

and sink location, video cropping, resolution, and bitrate, among others.  This versatility 

provides a robust, user-specific video and audio stream.   

 

The entirety of the software, although primarily focused on GStreamer, is detailed with the 

graphic below: 
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Figure 4:  Schematic of software layout.   

 

GStreamer handles one-way video and bidirectional audio data transfer.  The audio source 

shown below is a microphone while the video source is the camera.  GPS data is handled by 

GPSD and ultimately transmitted by Socat, a socket input/output software.  GStreamer and 

Socat then transmit video, audio, and GPS data synchronously to a server which handles post-

processing and retransmission.   

 

5.2.3.  GPSD 

 
The primary software used for this was GPSD, an open-source GPS daemon that interfaces 
directly with the GPS hardware and the lowest level of the computer.  This source alone cannot 
stream, however; nor can it be feasibly integrated into our work-horse streaming program, 
Gstreamer, to additionally transmit GPS data.  Thus the negligible-by-comparison GPS data 
needs another form of communication. 
 
The main command utilized from GPSD was gpspipe.  This command nominally displays 

NMEA-protocol GPS data onscreen or into a specified file path.  A simple data transmit script is 

written with the pseudocode  

 
Display GPS data onto the screen -> redirect stdout through TCP to a known reception IP 
address and port by means of external program 
 
It is important to note that the command used for GPSD nominally dumps the data via GPS-

specific packets onto the screen.  This is not useful so we must redirect the standard output 

device from the screen to a port seen on the network.  The corresponding receive script should 

look like  

 

Command program to listen on correct port for the incoming GPS data 

 
The external program used is called Socat. 
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5.2.4.  Socat 
 
Socat is a socket I/O program that allows bidirectional data flows through software ports.  This 

program essentially redirects standard input/output in a flexible, compact way that supports 

wireless network communication.  One thing to keep in mind is the difference in size between 

the GPS data relative to that of audio and video.   

 

Socat was used solely for its input/output redirection capabilities.  An alternative through Linux 

would’ve been the use of named pipes, which allow bidirectional Socat’s versatility is limited to 

simple data packet transfer (such as text and character files and bi-directional instant 

messaging), hence it will not support video or audio transmission.  The GPS data's low 

bandwidth consumption makes Socat an ideal solution. 

 

5.2.5.  Micro-SD cards 

 

The BeagleBoard-xM does not have any nonvolatile memory of its own. It relies on SD cards for 

the long-term storage of all files and of the operating system. While this is inconvenient for 

some, it does allow the operating system to quickly and easily be switched out. Before an SD 

card can be used with the BeagleBoard, it must be formatted and an operating system must be 

loaded onto it. 

 

There must be two partitions on the card. The boot partition is a fat file system, and the 

Angstrom partition is an ext3 file system. The boot partition contains the bootloaders xloader 

and u-boot. U-boot is used to configure how the hardware will operate, which is very important 

since utilizing the Texas Instruments Gstreamer plugins requires special memory allocation (for 

the CMEM module, which controls the DSP capabilities of the Davinci DM3730). The Angstrom 

partition contains the operating system itself, as well as any other files or programs. 

 

5.2.6.  WiFi adapter driver 

 

There are two parts to getting a WiFi driver to properly install on the BeagleBoard-xM. First the 

actual kernel module itself is needed. The kernel modules for our chip (mentioned in the section 

about the Belkin Wireless G adapter) can be installed automatically from the Angstrom package 

repository using the program opkg, which is the angstrom package manager. After the kernel 

module is installed, the firmware files must be placed into the firmware directory (/lib/firmware). 

These bin files usually have a similar name to the kernel driver, and all of them were found 

easily by searching for the name of the chipset online.  

 

Afterwards the Angstrom network interfaces file must be configured properly so that on startup, 

the wireless-tools application (in conjunction with udhcpc) will be correctly configured to 

automatically connect to our wireless network. In addition, we also ran a bash script which 

constantly checks whether or not the helmet is still connected to the network, and if not will 

constantly attempt to reconnect to it. 
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5.2.7.  ALSA  

 

ALSA, the Advanced Linux Sound Architecture, was used as the driver to interface with our 

audio components. Alsa was chosen, over PulseAudio, because of its lightweight design and its 

wide availability on Linux distros.  ALSA is included as a GStreamer plugin, thus we can achieve 

audio and video streaming simultaneously and from the same script if configured correctly.  A 

pseudocode for audio-only transmission is developed with the logic 

 

Launch GStreamer -> find and convert audio source and set specifics -> compress audio data -

> transmit data to specified IP address and port 

 

 

while the following code receives the transmitted audio data: 

 

Listen from correct port -> prepare with required caps -> receive data -> buffer, convert, and 
decompress data -> echo output 
 
The above pseudocodes interface with Linux’s sound system at the lowest level by using ALSA 

directly. 

 

5.3.  Physical Helmet Assembly 

 
This section details the physical compounds used for the helmet physical structure.  Choice 

explanations and justifications are given for each material used in the helmet and its mold.   

 

5.3.1.  Shell 

The shell was fabricated using kevlar and nomex. There were three outer layers of kevlar 

followed by one layer of 0.060” thick nomex and an additional two layers of kevlar in order to 

properly seal the nomex between the layers. The addition of the nomex to the already durable 

layers of kevlar was to give the outer shell greater stiffness. This stiffness helps to keep the 

electronics from being under any kind of bending forces if there should be some sort of impact 

to the helmet.   

 

5.3.2.  Mold 

 

The mold for laying up the shell was made of Medium Density Fiberboard (MDF). Wood was 

selected for the mold due to its strong attributes, ability to be sanded, and its relatively 

inexpensive nature. MDF was chosen specifically for its lack of grain and consistent density. 

The MDF was stacked into layers and glued together to attain a large enough block of wood to 

cut the cavity out of.   

 

It was decided that due to the complex shapes of the shell it would be necessary to make the 

mold a two part mold. Once the two halves were machined they were joined by a pair of guide 

pins and two pieces of all thread to hold the two halves together. The two halves were sealed 
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using bondo and Durtec. The Durtec gave the mold an incredibly smooth surface which after 

being sanded as one single piece gave a surface that was ready to be laid up in.  

 

 

 

5.4.  Optical Subassembly 

 
Wireless streaming requires a software interface to couple digital image input to SD or HD video 

output.  The Logitech QuickCam Pro 9000 offers an affordable, SD-capable, effective solution.  

Qualities include: 

 

●  2.0 MP (capable of enhancement to 8.0MP) 
● USB 2.0 Interface 
● 30fps SD  
● Autofocus system 
● 960x720 720p resolution 
● 70 degree horizontal field of view 

 

 

 
 

 

Figure 4: Logitech Webcam. 

  
The GoPro HD Hero was previously considered for easy implementation.  This camera proved 
too large for the desired form factor.  A smaller yet workable camera was found in the 
QuickCam Pro 9000. 
  
EquiSight requires at least a 90 degree field of view.  Replacing integrated with custom optics of 
a shorter focal length or larger detector size can improve field of view if done correctly but 
nominally at the expense of severe peripheral aberrations such as distortion (the 'fisheye' effect 
commonly seen in wide-angle cameras) and field curvature.  Fortunately, EquiSight not only 
doesn't mind the fisheye effect, they consider it necessary so long as the field of view provides a 
complete racing experience.  
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Aspheric optics, though typically used for high-precision imaging, can mitigate aberrations 
including distortion and may be implemented to achieve desirable image quality but are typically 
limited to smaller fields of view.  The correct aspheric design cancels aberrations as effectively 
as a multi-lens spherical system and does it with a much smaller form.   
 
Despite this allure of aspheric lenses, the drawbacks ultimately outweigh the benefits.  Aspheric 
optics are generally used in multi-element, high-precision applications such as astronomy or 
lithography where the functionality of the system's operation is limited by aberration control.  
Live video streaming, being currently implausible at HD, is fundamentally limited by the on-
board processor's computing power and usable bandwidth as opposed to the quality of the 
optics.    
  
At first glance, many major operational concerns are environmentally-related.  Section 7 further 
details these concerns.  A number of factors can cause defocus problems, but we cannot rely 
on the QuickCam Pro 9000's autofocus system once we disassemble the camera.  Minimizing 
defocus and contrast issues grants an acceptable image under almost all operational 
conditions.  Simulated images taken from a camera subjected to exaggerated defocus or 
contrast imperfections are shown in figure below. 

  
  

Figure 5: Optical imperfections and their effects on image quality.  Defocus broadens the impulse 

response of an optical system and hence adds blurs the image.  Contrast issues effectively lower signal-

to-noise ratio and produce a bright glare.   

 

These tests show the significance of maintaining a high-quality imaging system.  Fortunately, 

however, through testing and realization we’re noticed that these issues are not as big a 
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problem as we originally thought - lenses are more robust through testing than we originally 

thought.  They are not only fairly scratch-resistant, they are also water-resistant and aren’t 

affected too negatively by fingerprints.   

 

Higher-performance optics can enhance the optical capabilities of the camera.  These include 

but are not limited to field of view, depth of field, and distortion.  Aspheric optics, though typically 

used for high-precision imaging, can mitigate aberrations and may be implemented to achieve 

desirable image quality but are typically limited to smaller fields of view.  The correct aspheric 

design cancels aberrations as effectively as a multi-lens spherical system with a much smaller 

form.  

  

Despite the allure of aspheric lenses, the drawbacks ultimately outweigh the benefits.  Aspheric 

optics are generally used in multi-element, high-precision applications such as astronomy or 

lithography where the functionality of the system's operation is based on optical aberration 

control.  Live video streaming, being currently implausible at HD, is fundamentally limited by the 

on-board processor's computing power and usable bandwidth rather than the quality of the 

optics.   

  

The aspheric lens solution proves financially implausible because aspheres are limited by 

manufacturing processes.  Conic shape (paraboloid, hyperboloid, ellipsoid, or higher-order 

shapes) design is typically tailored to application and requirements; EquiSight's low aberration 

control requirements make this solution excessive.  Custom-made aspheres suited for our 

webcam would likely be several times as expensive as the camera itself.  This in conjunction 

with implementation difficulty renders aspheric lenses a high-risk investment. 

  

A simple solution was found in the form of a conversion lens.  Typically used for iPhone 

cameras, such conversion lenses enhance the imaging capabilities of small-scale imaging 

systems.  They offer a variety of enhancements, including wide-angle, fisheye, and macro-lens 

(i.e. shallow depth of field) adaptations.  Best Buy's APGTek conversion lenses provide a 

realistic solution.   

 

  

 

 

 

 

 

 

 

Figure 6:  Conversion lenses used with the Logitech webcam.  The kit includes macro (left), wide-angle 

(middle) and fisheye (right) lenses. 
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These lenses interface via a magnetic, adhesive mount with the equipment.  This design allows 

for easy mounting and removal with the desired effect of an expanded field of view.  The lens 

looks as follows on the camera when taken apart: 

 
Figure 7: Disassembled camera.  (a) No conversion lens attached. (b) Conversion lens attached to the 

magnetic ring.   

 

Of the conversion lenses provided, EquiSight's JockeyCam will be fit with the fisheye lens.  

Boasting a maximum 170 degree field of view, this lens will give our webcam similar imaging 

characteristics as the GoPro HD Hero at a lower cost while maintaining a USB interface.  This 

addition is further analyzed in the optical trade study section of the document. 

 
The conversion lens also conveniently protects the camera lens.  Although a conversion lens kit 
is not inexpensive ($50), it is less costly to replace than the camera ($60-100) and obviates the 
need to open the shell for camera replacement.  This utility is critical when considering the 

complexity of the elements within the camera - replacements must be as infrequent as possible. 
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Optical trade study 

  

Two cameras stood out after searching for viable wireless-streaming solutions.  Both systems 

have been tried and approved under various working conditions.  The GoPro HD Hero and 

Logitech QuickCam Pro 9000 are compared and contrasted to determine the best solution for 

the Jockey Smart Helmet. 

 

 

Camera Weight Field of 
View 

Max 
Resolution 

Signal 
Output 

Cost 

GoPro HD Hero 167g 170 degrees 1280x960 Analog $149 

Logitech QuickCam Pro 
9000 

300g 70 degrees 960x720 Digital $65 

  

 

 

The HD hero appears the superior choice.  Indeed, the field of view is wider and doesn’t incur 

any vignetting.  However, it is unusable with the digital helmet without employing on-board 

analog to digital conversion, which is infeasible given the already-stringent bandwidth 

requirements.  Analog transmission was a proof-of-concept method only and is not extensible to 

higher-quality video once the technology becomes available, thus we use the optically-inferior 

webcam.  

  

Both cameras have built-in audio to support two-way communication.  Both interface via a USB 

2.0 connection and are compatible with Gstreamer.  Webcams often interface with real-time 

streaming equipment; we are more confident with the QuickCam's fit with this requirement. 

  

Weight is an important parameter to consider.  Although the QuickCam Pro 9000 has  larger 

overall weight, the optics and detector within the camera are light relative to the housing.  The 

HD Hero is already in its most compact form factor due to its integrated structure.  We estimate 

the weight each camera's useful components to be approximately equal. 

  

The primary benefit of the HD Hero is its wide field of view.  EquiSight requires a 90 or greater 

field of view; the QuickCam falls short of this requirement.  However, the conversion lens 

solution discussed puts the QuickCam Pro 9000 on-par with the GoPro HD Hero. 

  

We ultimately chose the QuickCam Pro 9000.  A digital output, easier integration with the 

electrical components, reduced cost, ease of reverse-engineering, and ability to fit the helmet's 

form factor gave it the nod over the HD Hero. 
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 Field of view expansion 

To further enhance the camera's FOV, the Best Buy APGTek Fisheye conversion lens will be 

used with the camera.  This lens attaches easily via a magnetic mount that adheres to the 

camera's protective window (glass not used for imaging).  The magnet is sufficiently strong to 

maintain lens attachment during the race, keeping hold of the lens despite wild swinging.  A 

typical attachment to an iPhone camera is shown below: 

  

 
Figure 8:  Conversion lens comparison.  a)  Image taken without conversion lens. b) Image taken with 

conversion lens attached. c) Image cropped to correct vignetting and severe peripheral distortion. 

 

Field of view expansion problems 

  

The distortion introduced by this lens is significant in comparison to the HD hero.  However, this 

can be corrected with server-side post-processing.  Additionally, though the conversion lens's 

size images perfectly to an iPhone camera's detector, one of its surfaces is smaller than the 

webcam’s nominal aperture.  This problem causes vignetting, or a circular clipping shown on fig. 

8c. above.  This vignetting is removed with post-process cropping on the receiving side of the 

video stream (see section 5.2.2). 

  

The conversion lens grants a substantially larger field of view.  However, we immediately notice 

significant vignetting.  This is indicative of an underfilled detector; a surface in the conversion 

lens is clipping the incident light.  This arises from either a lens spacing issue or a detector size 

incompatibility.  Of these issues, only the latter was remedied.  See section (8.1.2) regarding the 

Skype fitting test.  
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Vignetting is determined by optical element spacing and by the size of other apertures within the 

helmet.  To resolve the vignetting problem we attempted the spacing between the fisheye 

conversion lens and the imaging lens.  Image plane blur will remain constant since the 

conversion lens is afocal; thus moving the lens closer to the imaging lens does not impede the 

image quality and should theoretically correct the vignetting.  

 

After opening the camera to its bare metal, we found a plastic ring that provided more 

separation than desired.  After milling this extra plastic ring away, the vignetting was still 

present, indicating that indeed an aperture within the fisheye conversion lens is smaller than the 

webcam’s focusing lens.  Remaining solutions are implausible because nearly all webcams 

have identical apertures (2mm) and virtually every conversion lens on the market now is 

designed to interface with iPhone models; thus compatibility will be an ever-present issue. 

 

Field of view expansion solutions 

 

Since our physical solutions to the vignetting problem have failed, we decided to post-process 

the video to remove the vignetting.  We did this essentially by cropping usable pixels after the 

fisheye lens was added during the streaming process.  Although our method was imprecise and 

lowered our video resolution, vignetting removal could’ve been more elegantly done with 

distortion correction software.  Several proprietary services offer this despite its computational 

complexity, yet we did not find one compatible with ARM. 

 

Other ideas 

  

The primary goal of the optical subsystem is to provide a high-quality (i.e. electronics-limited) 

image at a substantial field of view in a compact form.  Alternatives to the fisheye conversion 

lens to expand the field of view were explored as follows: 

  

● Lens addition (reverse telephoto configuration) 

● Lens replacement 

● Alternative camera (using the HD Hero instead) 

 

However, each of these solutions was fundamentally flawed.  Webcam, lens, and handheld-

camera manufacturers rarely document lens prescriptions outside of patents.  It's very tedious to 

find the exact lens prescription of an integrated camera, which is necessary to design an a more 

complex, high-performance model.  Useful specifications include the lens' focal length, aperture 

size, center thickness, and radii of curvature.  Although all of these metrics can nominally be 

found through laboratory testing, this is not easily done with such small (3mm aperture) optics 

without risking the camera's performance.  Additionally, a special opto-mechanical interface (i.e. 

a lens barrel) would be required for successful integration with the current lens. 

  

Directly replacing the lens with a higher-quality aspheric lens would not serve much purpose.  

The lens included in the QuickCam Pro 9000 is a Carl Zeiss optic chosen specifically to image 
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light onto the 960x720 detector.  Even this, however, is likely overkill since the electrical 

components are the video quality’s bottleneck.  
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6.  Environmental Concerns 
 

The finished Jockey Cam product will be physically implemented atop the head of a jockey or 

other horseman.  The integrated system must comply with the safety regulations set by the 

horse racing industry.  The system needs to be small enough to fit within the helmet with little to 

no extrusion. The Jockey Cam must function in a variety of horseback riding scenarios, 

including workout, race, and transit movement to and from the racetrack.  A race condition 

analysis encompasses every environmental risk and will thus be discussed in detail. 

Various environmental conditions may compromise camera performance.  These conditions 

include but are not limited to excessive sunlight exposure, inclement weather, kicked-up debris, 

and physical roughing.  Since the helmet houses the electrical components, this section focuses 

on camera protection.  

  

Excessive sunlight problems 

Sunlight overexposure saturates the detector, rendering a contrast-reduced image.  This effect 

is magnified as field of view is scaled up. 

  

Solutions to excessive sunlight 

Not much can counteract this problem.  However, anti-reflective coating mitigates undesirable 

glare while concurrently providing a higher-quality image.  This does not guarantee a glare-free 

image but helps in bright light reduction.  This is frequently used in most higher-end cameras 

and often used for small devices such as webcams.  Indeed, our webcam uses a poor-quality 

anti-reflective coating; however the conversion lenses used for the design appear not to.    

  

Inclement weather and debris problems 

Rain, wind, hail, and sand may negatively impact image quality by scratching the camera lens or 

shorting electrical circuits.  Similar to excessive sunlight exposure, scratch-induced light scatter 

decreases image contrast, effectively washing out the picture.  During a close race, high winds 

may negatively impact an aerodynamically-lacking helmet design, causing the jockey's head to 

wobble.  Concentration in such scenarios is important; a split-second waver could alter the 

outcome of the race.  

  

Although to a greater degree, debris impacts camera performance similarly to inclement 

weather.  Dirt, gravel, or other debris kicked up from the jockey's horse or adjacent horses 

poses a threat to bare glass when launched at substantial velocities. 

  

Solutions to inclement weather and debris 

Although a dome shield would prove ideal for this situation, implementing it with the conversion 

lens proves difficult due to the lens' extra size.  Instead of a dome, a glass window may be 

introduced in front of the conversion lens.  However, the conversion lens alone serves the main 

purpose of protecting the camera to avoid opening the helmet to change internal components. 
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This element simply protects the camera and is therefore disposable.  The Edmund optics 

Gorilla Glass Windows are highly scratch-resistant and come in a variety of sizes and should 

provide a satisfactory off-the-shelf solution. 

  

It should be noted that this does element does not affect the focus of the image.  Additionally, 

the optical, electrical, and physical portions of the smart helmet must sum to less than 1 pound 

to maintain nominal head movement capabilities while riding.  The camera must rest at least 

several centimeters above the brim of the helmet to accommodate several pairs of goggles 

used throughout a race. 
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7. Final Helmet 
The final helmet is a compact embedded system as shown in fig. 9.  The BeagleBoard-xM, 

Garmin GPS, WiFi adapter, camera, and batteries together form a sleek, compact design that 

meets most of EquiSight’s requirements.   

 

 
 

Figure 9:  Interior of the complete helmet.  The BeagleBoard is mounted on the back and embedded 

about .3” into the foam.  The camera is not shown here but lies in the white space near point P.   

 

The above helmet is nearly complete.  The camera is the only remaining component to attach 

prior to fitting the interior helmet into the shell.   



Team 4920                                                               33 

8.  Requirements Review, Acceptance Test Results, 

and Performance analysis 

 

8.1.  Acceptance test results 

 
In this section we detail the results of various tests that prove the functionality of the Jockey 

Smart Helmet.  These tests are meant to demonstrate that the product is ready to ‘ride the race’ 

and identify strengths and weaknesses for future developers. 

 
8.1.1.  Router hop test 

 

It is very important to maintain the video stream when moving between two routers. The latency 

should be reduced in order to maintain a functional live stream. This test will be performed by 

using two routers attached to a hub. The stream must be able to "hop" from router to router 

without losing the video stream signal.  

 

8.1.2.  Skype conversion lens fitting test   

 

Mainly done for the video quality purposes, the skype test determines the ideal physical location 

of the conversion lens on the detector.  Quite simply, the process entails placing the conversion 

lens onto the webcam aperture with a commonly-used video conference program called Skype 

running.  The webcam video streams over skype onto the computer for instantaneous feedback.   

 

 
Figure 10: Skype test picture. 
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The black corners are once again attributed to vignetting.  We can use these to determine the 

correct conversion lens placement.  With this test, we found that tilting the conversion lens more 

drastically affects the corner placement, thus correct lens orientation is critical. 

 

8.1.3.  Battery life test 

 

We ran the battery from full charge to empty in various conditions to ensure an accurate 

estimate of full battery lifetime. The tester measured the amount of time required for the battery 

to reach full charge from empty, how long a full battery lasted under high usage, and how long a 

battery lasted in stand-by mode.  Under continuous use, the battery provided 12 watts of power 

for about two and a half hours – this meets EquiSight’s requirements. 

  

8.1.4.  Durability test 

 

This test is critical to the durability of our design.  This test involved several things: 

● With components inside: 

○ Shaking camera 

○ Shaking shell 

○ Striking shell 

From this test, we deduced that one of the connections between the two batteries and the 

battery switch may have been loose.  We double checked the connection and verified its 

security.  Static discharge is another possible reason for failure because charge built up from a 

teammate’s gloves may have discharged onto a delicate camera lead.   

 

8.1.5.  Video quality test:   

 

Several factors affected the performance of our video transmission.  These included 

 

● Hardware/physical factors 

○ Range from router 

○ Computer heat 

○ Heat 

○ Lens imperfections 

○ Component placement/security 

○ Interference 

● Software factors 

○ Bitrate 

○ Latency 

○ Frame rate 

○ Resolution 

○ Gstreamer script factors 

■Source/sink image synchronization 

■Compression rigor 
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■Capture latency 

■‘Caps’ (capabilities) configuration 

 

These attributes were tested individually while holding the others constant during the testing 

period.   

 

Software-related issues make a greater impact than hardware or physically-related ones.  For 

example, the wireless transmission signal dropped steadily with increasing range before 

becoming indiscernible.  Despite there being a definite fail point, there was an acceptable 

tolerance range.   

 

The software proved more critical to develop correctly.  For instance, failing to update the ‘caps’ 

on the receiving end of the video script after enabling new capabilities with the transmission 

script may reduce the frame rate, resolution, or video fidelity during compression.   

 

8.1.6.  Component compatibility test 

 

The BeagleBoard will compress the video input from the camera; this compression makes it 

possible for the data to be transferred digitally without exceeding the capacity of WiFi. 

  

The first testing process will ensure that Linux is running properly on the BeagleBoard. Once 

Linux is able to be ran the implementation of GStreamer will take place. 

 

The live video streaming of the helmet is an area where the expandability of the project plays a 

big role. EquiSight will eventually make HD video streaming a requirement. Once new 

computers are able to compress HD more efficiently and WiFi is capable of sending the required 

amount of data, Live HD streaming will be easily implemented into this design) 

  

The BeagleBoard is the most complex portion of our design and meeting the requirements 

pertaining the BeagleBoard will be difficult to achieve, however, with two talented Computer 

Engineers working on the task together the certainty for this requirement being met is High. 

  

Compatibility of all components and software need to be tested first before other testing is 

performed. 

 

8.1.7.  WiFi adapter test 

 

The GPS will be sent along with the video stream and audio to the network over WiFi. The 

process involved in sending GPS, Audio and Video data must be compatible with the WiFi 

capacity. 

  

  

The WiFi network is the only medium in which the data for GPS, two-way communication, audio 

and video can be sent. Sending a live video stream is the main priority and the project will meet 
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this requirement. The team has successfully built a prototype helmet that streams live video 

through an analog signal. With this proof of concept, the certainty of WiFi streaming is high. 

 

8.1.8.  GPS test 

 

The Garmin GPS 18 model offers a plethora of data but only operates outside.  This test was 

performed on a laptop PC near the University of Arizona’s Aerospace and Mechanical 

Engineering building.  From it we determined the average latency to be .5 seconds, a 

reasonable amount likely on-par with the video and audio latency.   

 

 

Test Action Results 

Velocity Walking, running .6-1.0,3.8-4.0 (m/s) 

Elevation climbing up stairs 0-.6 (m/s) 

Coordinate location Standing still 32.234 -+ 1E-5 Lat, -110.94 -+ 1E-5 Long 

 

 

A tester notes the data displayed by the GPS while running the gpspipe command continuously.  

Fully testing the GPS requires the performance of several actions, including elevation and 

velocity tests.  For example, the tester climbs stairs or traverses a bridge and notes the GPS’s 

velocity and elevation readings during the movement.  The elevation resolution was very 

course; however the tester’s global coordination and velocity metrics were very reasonable 

(note the accuracy to Tucson’s known coordinates of approximately 32.2° N, 110.9° W.  This 

product should adequately suit EquiSight’s GPS needs.   
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8.2.  Requirements review and performance 
 
The following table summarizes the performance of team 4920’s solution to the proposed 
problem. 
 

Requirement Customer Importance Meet? 

Live video stream Must Yes 

Multiple simultaneous streams Must Yes 

Enable jockey/trainer communication Should Yes✼ 

Track Position Should No†  

Record data internally Should No 

 
The critical requirements of the project were met.  The helmet supports live video streaming at 
480p (standard definition) and can do so via multiple streams simultaneously.  This functionality 
is critical to EquiSight and should be retained in future designs.   
 
The other requirements were developed and nearly met during the project’s lifetime.  Fully-
functional solutions to the remaining requirements could be implemented relatively quickly if the 
next stage of development picks up where this preliminary design finished. 
 
The Jockey Smart Helmet, initially developed solely as a prototype, may be fit for testing and 
may prove a valuable marketing asset for EquiSight LLC.  The company actively campaigns at 
racetracks nationwide with its GoPro ® camera ‘strap-on’ solutions.  This digital helmet may 
provide potential venture capitalists greater insight into EquiSight’s intentions to modernize 
horseracing. 
 
 
 
 
 
 
 
 
 
 
✼ Audio streaming was implemented on the BeagleBoard, but could only be accomplished when ran 
before video streaming commenced. We were unable to set up audio in startup scripts. Audio streaming 
could be accomplished manually if the video script were to be shutdown, audio were to be activated and 
video were to be initiated.  
† Importing GPS data was demonstrated on Linux using GPSD, transmission was accomplished with 
SOCAT on machines with x86 processors. Unfortunately these tools were  
not available for the ARM architecture, which our product is based, and compiling for ARM did not prove 

fruitful with our knowledge of Linux and our time constraints.  
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Closure 
 

We encountered constant challenges in this project because of the amount of 
technology required to meet our design criteria. What we, with the advice of our sponsor, 
determined was the best design: required the utilization of consumer and hobbyist grade, off the 
shelf, components. We were given a difficult optimization problem where we had to take very 
small scale computing components, and push them to the limit, so that they could accomplish 
desktop scale performance at a fraction of the size, power consumption and heat dissipation.  

The only way this could be done was by utilizing specialized hardware, devoted to video 
compression, on our smaller, low power components. Utilizing the hardware was a difficult, not 
well documented process, nor were the procedures for configuring it tried and tested. We had 
success, but at the cost of many failed attempts. This was a theme consistent with the entire 
project. 

We made a design decision to use GNU/Linux because it was widely available, free of 
charge and licensing restrictions, and it has a strong community of developers behind it. On 
popular desktop versions of GNU/Linux, software is well documented, a plethora of solutions to 
errors can be found on many forums and mailing lists on the Internet.  

Our project required the use of embedded ARM hardware, which is much less popular 
than conventional, x86 based desktop and laptops. The software repositories, available for 
embedded hardware, are much smaller than for their conventional, full sized, counterparts. 
Many guides and solutions fixes for full sized x86 based machines were useless for our 
components.  

The support communities regarding our software, were much smaller. Fewer features 
were used as often in the software. Documentation was harder to read and aimed at much more 
technical readers. Software was buggier.  

Attempting to get the computationally intensive video compression aspect of our project 
took months of troubleshooting, from December to April, reading documentation, discovering 
errors and trying to find solutions. Solutions were always non-obvious, often cryptic, where we 
had to adjust low level aspects of the operating system such as boot scripts.  

Wireless transmission mirrored the difficulty experienced in video transmission. Although 
the Linux community has done an excellent job in producing many, high quality, wireless drivers 
for much of the hardware available on the market, not all devices are covered. Manufacturers 
rarely provide support for Linux. Furthermore, vendors often change the chipsets, on their 
products, without indicating any change in the product. Additionally, a small subset of the drivers 
available for desktop Linux operating systems, are available for embedded systems. This 
reduced the number of products available to us immensely and slowed down progress every 
time we discovered a WiFi adaptor wouldn’t work and needed to order another one.  

Our job was one of troubleshooting. We created a specific, practical product out of 
experimental hardware and software components. We meet our most important design 
requirements, live, wireless, video and audio streaming, after months of hard work. The project 
could have gone better though.  

Time was our biggest constraint because our design didn’t provide specific information 
about how everything would come together. Our design couldn’t be more specific because no 
one on our team knew how to implement it, nor had we had any experience with this type of 
project. The best we could do was do the best research we could, establish, theoretically, if our 
project was possible with the components we had chosen, and then try to figure out the 
specifics when we had the components in hand.  
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Fortunately we had received a great deal of help from John Gruenenfelder, who works at 
the Steward Observatory, who we met through Patrick. John instructed us on usage of kernels, 
start up scripts, WiFi and networking, which were essential to the completion of this project. 
Without his help we likely would have produced only a wired video stream on design day.  

Because of the uncertainty involved in developing our project, more time would have 
helped.  A different engineering methodology would have worked better as well. This class 
enforced Waterfall development as the engineering methodology to follow. Although waterfall is 
a good method for teams of engineers who have worked on similar projects in the past, it is not 
the best method to follow in a project where the outcomes of any design will be uncertain. This 
project would have been better suited to an iterative design method where parts could have 
been ordered sooner, more troubleshooting could have been conducted, and more iterations on 
the design could have occurred. This methodology would have allowed more room for error and 
more time to polish the product.  
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Appendices 

 

Appendix 1:  Code used  
 
This section provides the code used to achieve a functional smart helmet.  It includes code from 
GStreamer, GPSD, and _.  The software development was done primarily using Bash scripts, a 
form of Linux customizable software built into the Bash shell.  Both helmet (transmitter) and 
trainer (receiver) scripts are outlined and briefly described.  
 
 

i.  GStreamer 
a.  Audio code 

1)  Helmet: 

 

#!/bin/bash 

INPUT_AUDIO_DEVICE="hw:0,0" 

MULTICAST_IP_ADDR=224.1.1.1 

VIDEO_UDP_PORT=5000 

HELMET_AUDIO_UDP_PORT=5002 

TRAINER_AUDIO_UDP_PORT=5004 

 

gst-launch-0.10 -v alsasrc ! audioconvert ! 'audio/x-raw-

int,rate=8000,depth=16,channels=1,width=16' ! vorbisenc ! rtpvorbispay ! udpsink 

host=$MULTICAST_IP_ADDR port=$HELMET_AUDIO_UDP_PORT auto-

multicast=true 

 

Here the data is specified as 16-bit transfer over one channel.  Vorbis appears several 

times in this script and serves to compress and format the audio data.  The exclamation 

elements (!) appear frequently and serve to redirect input and string many commands 

into one compact code.  This is commonly referred to as pipelining.  The multicast 

commands enable multiple streams from different helmets simultaneously. 

 

 2)  Trainer: 

#!/bin/bash 

 

INPUT_AUDIO_DEVICE=null 

 

MULTICAST_IP_ADDR=224.1.1.1 

VIDEO_UDP_PORT=5000 

HELMET_AUDIO_UDP_PORT=5002 

TRAINER_AUDIO_UDP_PORT=5004 
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gst-launch-0.10 udpsrc multicast-group=$MULTICAST_IP_ADDR auto-multicast=true 

port=$HELMET_AUDIO_UDP_PORT caps='application/x-rtp, media=(string)audio, 

clock-rate=(int)44100, encoding-name=(string)VORBIS, encoding-params=(string)1, 

configuration=(string)\"caps", payload=(int)96, ssrc=(uint)1625834362, clock-

base=(uint)3827263146, seqnum-base=(uint)43825' ! gstrtpjitterbuffer drop-on-

latency=false latency=100 ! rtpvorbisdepay ! vorbisdec ! audioconvert ! alsasink 

 

The receiving end is significantly more complicated.  It must be ready to receive, 

decompress, format, and post-process the data.  The “caps” were briefly mentioned 

earlier in this report and are a very lengthy sequence of characters that must be modified 

each time new capabilities of a specific input within the script are modified.   

 

b.  Video code: 
 

The video transmission utilized the same program, GStreamer, as did the audio 

transmission.  The scripts used are as follows: 

 

 1)  Helmet: 

 

The helmet was preconfigured to start identifying the desired network and stream to it 
upon bootup.  This script was configured for ease of use and was placed in the 
BeagleBoard’s bootup partition directory.  The transmit script in its raw form (prior to 
default bootup configuration) is shown below: 
   

#!/bin/bash 

 
MULTICAST_IP_ADDR=224.1.1.1 
VIDEO_UDP_PORT=5000 
HELMET_AUDIO_UDP_PORT=5002 
TRAINER_AUDIO_UDP_PORT=5004 
VIDEO_SOURCE=/dev/video0 
 
gst-launch-0.10 v4l2src device=$VIDEO_SOURCE ! queue ! 'video/x-raw-

yuv,width=640,height=480' ! x264enc bitrate=500 speed-preset=superfast 

tune=zerolatency ! queue ! rtph264pay ! udpsink host=$MULTICAST_IP_ADDR 

port=$VIDEO_UDP_PORT auto-multicast=true 

 

This script uses the gst-launch command to send wireless video via a device to a known 

receiver.  The device is a component listed under Linux’s partition directory system.  The 

pipeline then determines the resolution, latency, compression encoding algorithm, and 

receiving IP address used to transmit. 

  
2)  Trainer: 

 
The corresponding receive script is shown below: 
 

#!/bin/bash 
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#This script recieves video from the script helmet-vid.sh 
 
INPUT_AUDIO_DEVICE=null 
 
MULTICAST_IP_ADDR=224.1.1.1 
VIDEO_UDP_PORT=5010 
HELMET_AUDIO_UDP_PORT=5002 
TRAINER_AUDIO_UDP_PORT=5004 
 

gst-launch-0.10 udpsrc multicast-group=$MULTICAST_IP_ADDR auto-
multicast=true port=$VIDEO_UDP_PORT caps='application/x-rtp, 
media=(string)video, clock-rate=(int)90000, encoding-name=(string)H264, sprop-
parameter-
sets=(string)\"Z0KAHukBQHpCAAAH0AAB1MAIAA\\=\\=\\,aM48gAA\\=\", 
payload=(int)96, ssrc=(uint)3315029550, clock-base=(uint)3926529534, seqnum-
base=(uint)45576' ! gstrtpjitterbuffer drop-on-latency=true latency=500  ! 
rtph264depay ! ffdec_h264 ! ffmpegcolorspace ! videocrop top=90 left=50 
right=50 bottom=50 ! ximagesink sync=false 

 
As with the audio script, the receiving end handles the incident data by readying 

itself on a specific port.  It then buffers, uncompresses the incoming data 

packets, defines a color space, and customizably crops the image to remove 

vignetting and peripheral distortion.     

 
ii.  GPSD 

GPS data was relatively simple to implement.  After finding a sufficient solution in 
Socat, the following scripts were configured to transmit and receive GPS data 
across a wireless network from a known source and sink.  The transmit 
command is 

  
gpspipe -rt | socat - TCP4:$TRANSIP:1099  

   
whose corresponding receive command is  

 
socat TCP4-LISTEN:1099 - 
 
Here the data is being communicated across port 1099.  This number is arbitrary 

but must reside between 1000 and 2000 as is protocol for secure packet transfer.  The 

pipeline element here “|” functions similiarly to the exclamations in the previous scripts.  

$TRANSIP is a user-defined IP address receiving the GPS data. Time- and position-

sensitive GPS data require no data packet dropout, thus we choose TCP4 network 

transmission. 
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Appendix 2:  Budget and Suppliers 

 
● Total cost of helmet (first build): $921 

○ Electrical system: $344 
○ Helmet shell: $577 

● Total cost of helmet (subsequent builds): $494 
○ Electrical system: $344 
○ Helmet shell (after initial fabrication): $150 

● Final budget including Design Day poster: 

○ $2,972.15 

● Bill of Materials with suppliers of components and materials. 
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Appendix 3:  Gantt chart 

 

 
 

 


