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Project Introduction
The goal of this project was to find a way to efficiently automate the equipment of this generation to still be useable in the future, focusing specifically on vehicles. We have worked toward constructing a robot that will be placeable in a vehicle and be
remotely operated. The operator will use a computer to monitor the location of the robot and vehicle and to send specific
commands to the robot operating the vehicle.

Test Results
This project has not been completed to the specifications set forth in the
PDR phase. This is a direct result to both the large scope of this project and
the poor time management practiced by the members of this group during
this working semester. At the end of the PDR semester, this project was
divided into eight subsystems, five of which have been completed. These
subsystems are detailed in the table below:

In order to construct the subsystems built so far, we have spent $1520.09. Our team consists of senior electrical engineering
major Josh Deremer, senior computer engineering major Alexander Newell, and senior mechanical engineering major Jake
Swinton. Dr. Kevin Barnett, Dr. Anthony Choi, and Dr. Richard Kunz will serve as technical advisors for our project. This
design is fully expected to work as the subsystems currently implemented have worked nearly seamlessly. With a longer
schedule, this project would have been successfully completed.
The UVO device was inspired by an outstanding research grant offered by NASA. The objective was to explore the freedom
and flexibility offered by unmanned craft without having to perform expensive retrofit operations to adapt existing vehicles
in order to be compatible. This line of technology, further adapted and enhanced, could allow NASA (or any other organization) to expand their unmanned exploration efforts, while being allowed to utilize their existing fleets of vehicles. Additional
advantages include the ability to remotely pilot a wide range of vehicles in their stock configuration (under ideal conditions)
with less than one hour of setup time from an untrained operator. Other potential motivations for our project include advancing the capabilities of robotics, building novel devices for the operation of motorized vehicles and equipment, and expanding
the knowledge base in the field of distributed and embedded systems.
The goal of our project is to explore the potential commercial and research applications of unmanned, remotely piloted vehicles. A platform will be developed that can be installed in less than an hour in a vehicle with no retrofitting, customization, or
other accommodations made for the platform. The platform is designed to enable remote piloting of a diverse group of vehicles via an easy to use graphical user interface, be highly configurable, and easily reproducible.

All tests performed on the camera subsystem have been completed successfully. The camera subsystem is complete and ready for delivery to the client.

The third test performed on this subsystem was ensuring the DC/DC converter worked properly and provided a steady voltage. See table below for
the use case testing of the converter:

Subsystem 1: Robot Body
The robot body has been completed. Internally, the robot body contains all
power supplies and control logic pertinent to the successful operation of the The fourth test performed on this subsystem was ensuring the Raspberry Pi
robot. This system is fully wired and organized on the baseplate of the
could connect to the host computer. See Table 9 below for the use case testbody, with the connections being made to the other systems built into the
ing of the Pi:
bulkheads in the front plate. The top plate has been machined to allow for
the mounting of the camera system. All plates have been fully machined
and attached together using a system of piano hinges on each of the sides.
The first test performed on this subsystem was ensuring the working functionality of the master power switch. See the table below for the use case
testing of the switch:
All tests performed on the robot body have been completed successfully.
The robot body is complete and ready for delivery to the client.

The first test completed on the camera system was ensuring the removability of the camera plate from the motor. See Table below for the use case
testing of this:

The second test performed on this subsystem was ensuring all relays
switched properly. See the table below for the use case testing of the
switch:

The camera system has been completed. Three IP cameras are mounted on a
printed plastic eight inch circular plate that has been glued together in the
The third test completed was ensuring the camera plate can be rotated incremiddle as well as held together by the mounting of the center camera as
mentally left and right. See below table for the use case in testing the camshown in the figure below. This plate is mounted on a servomotor that has era plate rotation:

that allowed the passage of a rod of 0.5” diameter. The brackets were
then fixed to the robot body through use of a socket wrench.
A 15” length of 0.5” diameter aluminum rod was cut from material
found in the shop. Both ends of the rod were faced using the lathe to ensure flat ends. While the piece was still in the lathe, a file was used to
chamfer both ends of the rod to rid the piece of sharp edges. The rod was
then taken to the mill, where 0.125” pinholes were drilled through each
end. The rod now mounts on the brackets on the front of the robot.
The figure below shows the interface with the robot body.

The vertical milling machine was first used to take 0.125” off of each
side plate (5052 H32, dimensions 12”x12”) so these plates would fit
flush with front, bottom, and back plates. Next, the chop saw was used
to cut the cabinet hinge down to sizes appropriate for the frame. The
grinder was then used to remove any sharp edges on the hinge pieces.
Each panel was marked, and the mill and drill press were used to machine the connector, screw, and rivet holes in each panel of the robot
body. A rectangular hole in the top panel was milled, allowing the camera servomotor to be mounted flush with the panel.
Using 0.125” x 0.25” rivets and rivet gun, the hinge pieces were riveted
to the bottom, front, back, and right sides of the robot helping to form a
rigid robot body. The left side of the robot is held together with nuts and
bolts that allow the user to access the Raspberry Pi easier when programming. The 3” hinges were riveted to the top panel of the robot (size
0.25” x 0.5”) and grinded down by the air grinder to a length that allowed clearance with the complimenting rivets on the back panel, completing the construction.

Power Calculations
Based on the specifications given in the documentation for our components, we will need
Size
both a 12 volt power source and a 6 volt power source. We chose to use the ML22-12 battery
Current Length
as our 12 volt supply. This battery is a lead acid 22 amp-hour rechargeable battery. As shown Battery (Amphours)
(Amps)
(Hours)
in the table to the right, this battery will power all of our 12 volt components for 2.44 hours 6 Volt
24
11.6
2.07
before requiring recharging. We also chose to use two ML12-6F2 batteries for our 6 volt sup- 12 Volt
22
9
2.44 Pedal Operation Subsystem
plies. These batteries are lead acid 12 amp-hour rechargeable batteries. As shown in the
aforementioned table these batteries will power all of our 6 volt components for 2.07 hours before requiring recharging. Both The design and manufacture of the robot “legs” subsystem consumed a
large amount of time throughout the project. To maintain the goal of unitypes of batteries are charged from a 115 VAC source such as an American wall outlet.
versality, the design of the appendages had to account for a wide number

In conclusion, by our calculations we were limited in our testing time to at most the 2.07 hours our 6 volt batteries will last
for before we must recharge. In experimentation and testing, however, we never required use of the device for more than 1.5
hours at a time, and between testing sessions we had adequate time to recharge the device between tests. If our application
were to be shifted to commercial production, a battery with greater amp-hour capacity would most likely be desired in industry or by consumers, but the power granted by our batteries was more than enough for research and development.

One of the first noticeable setbacks was the performance of the camera
servo motor. During testing, it was determined that the motor purchased for this application had only 180 degrees of rotation. This is
clearly not ideal for turning the cameras to see in all directions. The
solution decided upon was to open up the motor and rework some
parts of it. The figure to the right of this text shows the internal wiring
of the camera motor. The motor contained a potentiometer that provided positional feedback as to the angle the motor was currently at. The
control board in the motor did not allow the motor to turn any further
once it had reached a certain angle.

<html>

Construction of Physical Subsystems
each side of the channel.
The figure below shows the upper legs that were constructed:

Camera Motor Hack

In order to remedy this issue, the potentiometer was disconnected and
replaced with two resistors soldered in series. On one end, the voltage
that was originally applied to the potentiometer was soldered to the resistor. The ground wire was soldered to the other end of
the second resistor. The potentiometer feedback wire was then soldered to the connection point of the two resistors. In this
configuration, the control board constantly reads from the potentiometer feedback was at the midpoint between the two angles
it could turn to. Effectively, the control board was fooled into thinking the motor was always positioned at 90 degrees.
Another modification made to the motor was in the gearing. The large gear to which the potentiometer was connected to had a
plastic extension that acted as a physical stop if the motor rotated too far. This stop was cut off and filed down in order to prevent it from interfering with the continual rotation of the motor.
Once both these modifications were completed, the motor was reassembled and tested. The camera motor was proven to be
able to rotate continuously in a single direction for any defined period of time.

Subsystem 2: Camera System

These operational requirements allow us to ensure the device we deliver is easily operable, efficient, and most importantly of
all, safe to operate. Further development of the project is contingent upon these specifications being met.

By combining each of our subsystems together, the complete UVO Device is created. The System Diagram shown in the figure below details the interconnections between all the various components of the system. The user controls the robot through
the Flight Joystick (Component 1). The Flight Joystick is connected to the control computer (2) which runs the software displaying the GUI (3) and processes the inputs from the Flight Joystick. These inputs are encoded and sent over the internet to
the 4G receiver (4) in our robot frame (5). The receiver delivers internet access to our IP Cameras (16, 17, & 18) and to the
Raspberry Pi (6). The Raspberry Pi then decodes the information from the control computer and uses the input/output pins
available to distribute these controls to each of the actuators (7 & 8) and the motors (9, 10, 11, & 12). Batteries (13, 14, &
15) located inside the robot frame power each of the mechanical components as well as the cameras and the Raspberry Pi.

Each subsystem was thoroughly tested in the above manner, beginning
with unit functionality tests, progressing to integration tests of unit functionality, followed by subsystem testing and then system integration
testing. For a complete list of Tests and results, please see attached CDR
Test Results section. The final device, shown in the figure below, has four
of eight subsystems complete and fully tested, while another is ‘featurecomplete’ (untested but fully implemented) and the remaining three are
in progress.

The second test completed was ensuring the cameras automatically connect
to the Iphone hotspot when turned on. See table in next column for the use
case testing of the connection:

In addition to the above general requirements of the project, the device itself has a set of constraints (defined by the NASA
of degrees of freedom. The manufacture of the legs comprised of four
phases, leg interface with the front of the robot, upper leg construction,
Robot Frame
grant and our client) enumerated below.
The robot frame construction consisted of the machining of six panels on lower leg construction, and foot construction. To assemble this subsysHandheld kill switch will cut power to the golf cart at any time independent of our implemented system
the body of the robot, as well as the assembly of said panels. The figure tem, the following components were built:
These operational requirements allow us to ensure the device we deliver is easily operable, efficient, and most importantly of below shows the robot frame during assembly.
Interface with Robot Body
all, safe to operate. Further development of the project is contingent upon these specifications being met.
It was paramount to devise a way to interface the pedal operation sub
Robot must be operational in less than 1 hour installa
The GUI interface “Kill” button is pressed
system with the robot body in a manner that allowed the legs to be adjustable and adaptable to a variety of environments. Multiple designs
tion time

The vehicle is out of range
were considered for this application, but the design that was decided up
Robot operates gas, brake, steering, shift, and ignition

The steering wheel activates a bump switch
on was one that allowed smooth movement of the legs to a wide variety

Remotely controlled through computer application

The gas pedals activate a push button
of locations.
The 3” architectural channel was cut to two lengths of 3 inches to serve

Robot must have kill switches implemented such that all 
Handheld kill switch will cut power to the golf cart at
as brackets on the face of the robot. Holes to mount the bracket to the
processes stop when:
any time independent of our implemented system
front robot panel were drilled. Next, a hole was drilled in the brackets

Electrical System and Power

One of our project’s most important subsystems, the camera feeds, suffered from two components having unforeseen limitations, necessitating the team explore alternative approaches to utilize these components to meet specifications. The team’s
Electrical and Computer engineers used their knowledge of reverse-engineering methods and skills of innovation to overcome
these setbacks, and detailed below is each workaround and how they were implemented.

been granted 360 degree rotation capabilities. The cameras are powered
from cables running from the front of the robot frame to the back of each
camera. Once turned on, the cameras automatically establish a connection
to the internet by tethering to a 3G phone hotspot and begin transmitting
their video feeds. These video feeds are accessed by the control program
and displayed for the user to see from left to right in order in the GUI.

The applications of this project are endless. With some basic customization, the robot can be altered to operate a tank in battle remotely by a user with a joystick sitting safely in the barracks. Automation can be added to allow for autonomous operation of any vehicle on public roads. The prototype can be adjusted to operate tractor-trailers and haul large quantities of inventory cheaply across the country.
The design of this prototype has been completed. A series of subsystems receive commands from a flight joystick through a
host computer. These commands are interpreted by a Raspberry Pi device which distributes the commands to the respective
subsystems. Eight subsystems have been defined for this project: robot frame subsystem, camera subsystem, gas pedal subsystem, brake pedal subsystem, user control subsystem, steering subsystem, ignition subsystem and gear shift subsystem. The
first five subsystems have been successfully constructed and implemented in this project. The final three subsystems have
been designed, but not yet implemented. Project scope has proven to be a major hurdle during the construction phase of this
project.

Component Hacking

Foot Construction
The feet of the robot consist of two aluminum plates, dimensions 4” x 5” x 3/8”. These pieces of metal were salvaged from
the scrap metal rack in the machine shop. Corners and edges
were cleaned up using grinders to ensure no sharp edges remained on the plates. The remaining two actuator brackets
were fixed to the top of the plate by tapping a hole in the center
of the plate. The excess bolt was then grinded flush to the foot
to maintain a large contact area with the pedals. Next, two
strap slots were milled into the top part of the foot. Finally, a
lashing strap was cut down to an appropriate size and attached
to the foot through the strap slots. The figure below shows a
picture of the foot portion of the pedal operation system.

<body topmargin=""1"" leftmargin=""0"" rightmargin=""0"" bgcolor=""#757575""
onload=""Init()"">
<applet name=""cvcs"" codeBase=http://YOUR_DEVICE_IP:80 "" archive=""aplug.jar"" code=""aplug.class"" width=320 height=240>
<param name=""RemotePort"" value=80>
<param name=""Timeout"" value=5000>
<param name=""RotateAngle"" value=0>
<param name=""PreviewFrameRate"" value=2>
<param name=""Algorithm"" value=""1"">
<param name=""DeviceSerialNo"" value=""YWRtaW46NjY2amVzdXM="">
</applet>
</body>
</html>

Webcam Applet Hack

Since Dlink requires its users to access their cameras via their closed cloud API, ‘MyDlink,’ a workaround was required to display the feeds in our
standalone control application. First, a copy of the
java applet used to stream the live feed to MyDlink
was extracted from the IP Camera’s firmware by
force-logging in via FTP. Next, the device’s

firmware was configured to connect to the internet wirelessly via my iPhone’s 4g hotspot (the configuration utility that came
packaged with the camera fails to set this up without major errors). Finally, a custom HTML document was written by our
Lead Programmer to run the Java applet remotely in a ‘WebBrowser’ control inside our main form. Although this solution is
very ‘hacky,’ it is the most robust and versatile method of capturing the camera stream aside from using your ordinary web
browser to log into MyDlink to view the camera feeds one at a time; this is the only solution tested to work within the confines of our setup. Above you may see the custom HTML script used to run the applet.

Lower Leg Construction

The lower leg of the robot leg consists of two 18” long 6063-T53 architectural channels, dimensions 2” x 1” x 0.125”. Like the upper leg channels, these legs were also cut from the larger channel piece using the
horizontal band saw. The edges of the channel were then cleaned up using grinders to ensure a finished look and feel. The actuators were lined
up at the bottom of the channel, and hole was drilled accordingly to fix
the actuator bracket to the underside of the channel via a 5/16 – 18 bolt.
However, the bolt was too long and would interfere with the larger channel.
To ensure that the smaller channel fit flush inside the larger channel, a
5/16 – 18 hole was tapped in the 2” channel. The bolt was threaded
through the bracket and channel, and the air grinder was used to grind
the bolt down. Zip ties were then used to fix the actuator to place down Assembly
the length of the channel.
Finally, two holes that mirrored those in the larger channel were drilled. To assemble the pedal operation subsystem the rod is first inserted through one of the sides of the bracket. Next, a hose
The figure below shows a picture of the lower leg portion of the pedal
clamp, the upper portion of the brake leg, two more hose
operation subsystem.
clamps, the upper portion of the gas leg, and the last hose
clamp is hung on the rod. The rod is then fed through the other
bracket and secured via the hitch pin. The lower leg portion is
fixed to the upper leg portion by positioning the leg according
to the desired leg length, and fastening the two pieces together
with the 5/16 – 18 bolts, washers, and wing nuts. Then the foot
portion is fixed to the end of each actuator via the actuator
bracket and pin. The strap then secures the foot to the pedal of
Upper Leg Construction
the vehicle being used. Finally, the hose clamps are tightened
The upper part of the robot leg consists of two 1’ long 6063-T53 archion sides of the upper legs to fix the location of the pedal operatectural channel pieces, dimensions 3” x 1” x 0.125”. First, the legs were
tion subsystem.
cut from the large channel bar via the horizontal band saw. The edges of
the channel were then cleaned up using grinders to ensure a finished
The entire finished product may be seen in the figures in
look and feel of the component. The channels were then marked along
Section B: Device Testing Phase.
the top, and holes down the length were drilled at two-inch intervals using the mill. Next, a hole large enough to fit the rod was drilled through

User Interface (GUI)

Results and Conclusions

The Graphical User Interface used to control our system is a Windows Forms application written in C#
(.Net Framework 4.5). It’s written using modular extensions called ‘User Controls’ that take some of the
building blocks of Windows Applications provided in the .Net framework and adds the custom functionality needed to pilot the test vehicle remotely. The three Java applets shown load the IP Camera feeds to allow
the Operator to see a 120 degree arc in front of the device (that may also be adjusted using our rotating
camera platform). The program connects to the Raspberry Pi used to control the actuators and motors of the
device via the SSH protocol, which offers versatile commandline-based control and cryptographic security
of the transmission. Finally, the steering ballast and accelerator/brake pedal controls are designed in such a
way to accept either keyboard input or commands from our control interface, a flight joystick– or a
combination of the two. The IP
Addresses used to connect to
the webcams and Raspberry Pi
are configurable using special
dialogs under the Configuration menu, and if operation becomes unsafe, the user may
engage the software killswitch
to completely let off of the accelerator and engage the brake
to its maximum capacity. The
user interface is designed to
give maximum ease of use and
depth of control.

The development of the Universal Vehicle Operator has been a partial success. All systems that have
been completed work fully and function properly according to the specifications laid out in the design
phase. These systems include the robot body, the camera system, the gas pedal operation system, the
brake pedal operation system, and the user control system. The systems that are not completed have not
been neglected due to poor design, but merely due to the scope of the project and time management of
those working on the project. If given more time to work on the project, the entire system could be successfully completed as designed with full confidence in its functionality. However, the scope of this
course suggests that not more than one hundred hours be spent by each member on the project. Each
member of the project team has logged nearly twice that amount in working toward the completion of
this project.
In the end, this project has provided the design group with great experience in the design and development of this robot. As Thomas Edison once said, “I have not failed. I’ve just found 10,000 ways that
won’t work.” This build has provided invaluable experience and knowledge that was not available leading in to the project. Many things were learned pertaining to the effectiveness of the design and implementation of these systems. In the section below, many recommendations are laid out for both the client
and future groups working on the project to consider and learn from the design failures made thus far.
The scope of this learning was not merely limited to one discipline but has extended to all facets of this
project.
For a complete listing of recommendations for the further improvement and extension of this design,
please consult our Critical Design Review documentation.
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