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1.1 P08205 Senior Design Project Data Sheet
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1.2 P08208 Senior Design Project Data Sheet
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2.1 Organizational Chart

Figure 2.1.1 Organizational Chart

2.2 Subsystem Breakdown

Figure 2.2.1 Subsystem Breakdown of Membership
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2.3 Roles & Responsibilities

Figure 2.3.1 Roles and Responsibilities Matrix
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2.4 Review of RIT RP Project History
The RP Family started in AY 2006-2007 with the
RP10 and RP100 teams. The purpose was to
have a complete robot capable of carrying a 10kg
and 100kg payload, respectively. The robots
would be designed to be easily built by an
outsider for the purpose of carrying their projects
without having to design and develop a new robot
from the ground up.
Each was further divided into a Platform team
and a Motor Module team. Each robot of the
family was to resemble each other, just like a real
family.

Figure 2.4.1 Photo of RP10

Being the first generation, the robots had some problems that needed to be addressed and
had not implemented more advanced ideas. There was very little consideration for easy
access when it came to repairs of broken parts. The motor modules exhibited trouble in
steering, a result of the slop in the turntables.

Figure 2.4.3 Photo of RP100
Figure 2.4.2 CAD Model of RP10

Three additional teams were started in AY 2007-2008. In the fall, the second generation
of RP10 was begun. Their goal was to redesign the entire robot so that it was
significantly smaller than the RP100 and implement navigation. During winter, two
teams were created for carrying 1kg payloads. Even with the smaller payload, the robots
are expected to be smaller than both the RP100 and the RP10. With the knowledge
acquired from the previous teams, these two would need to further improve the designs.
In addition, one of the teams would need to implement a wireless system. These two
teams are the ones focused upon in this review.
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2.5 Customer Requirements

Figure 2.5.1 Customer Requirements
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2.6 Quality Functional Deployment

Figure 2.6.1 Quality Functional Deployment Matrix
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2.7 Functional Diagrams
Drive System

Figure 2.7.1 Functional Diagram of Drive System
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Steering

Figure 2.7.2 Functional Diagram of Steering System
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User Control / Wireless

Figure 2.7.3 Functional Diagram of User Control / Wireless
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2.8 MSD I Schedule
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3.0 Mechanical Subsystems
The P08208 group is primarily responsible of the mechanical design of the motor
modules. Three of the four subsystems are organized under P08208: Drive, Steer, and
Yoke. The Platform subsystem is organized under the P08205 group, as design
incorporates the placement on electronic components. Collaboration is emphasized with
cross-project membership of subsystems.

3.1 Drive Design
A. Overview
The Drive subsystem is the system responsible for the motor and transmission of the
motors power through the rotating yoke to the wheel, driving the RP1 robotic module.
The Drive subsystem will be directly responsible for meeting the velocity and
acceleration requirements set for our robotic module which are currently 10 in/s and 18
in/s2 respectively. It will have shared responsibility with the robustness, ease of access,
ease of repair, and smoothness requirements.

B. Concept Development & Selection Process
Concepts
Concept 1

The motor is directly mounted to the side
of the yoke. This increases power
transmission efficiency due to fewer
gears and no belts. This is also a less
complicated design from the current
drivetrain setup. On the other hand it
greatly increases the complexity of
powering the motor. Due to the weight of
the motor, the yokes moment of inertia
will also raise making it more difficult to
turn the wheel. The system is also no
longer balanced.

Figure 3.1.1 Motor attached on side of yoke

- 16 -

Concept 2

This idea removes the belt system on the
outside of the yoke and replaces this
system with a direct friction wheel to
power the main wheel. This idea reduces
the number of parts and complexity of
the drivetrain. The downsides are it is not
fully synchronous. It will require a large
normal force against the driving wheel in
order to ensure no slip. This is also a
friction limiting process, so it would be
unable to handle large torques.

Figure 3.1.2 Direct Friction Wheel

Concept 3

Figure 3.1.3 Past Drive Train Configuration
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This is the past drivetrain configuration.
Power is transmitted through a series of
miter gears then through two pulleys with
a synchronous belt. This system is
relatively inexpensive and light weight. It
is also compact which works well for our
application. The use of the belt allows for
a greater degree of freedom on tolerances
of the axels. The belt also will not
transmit bending moments further
through the drive system. Using the belt
allows for greater adaptability since
changing gear ratios will be easy if
needed. The obvious criticisms of this
design are its mechanical complexity and
power transmission inefficiencies.

Selection Stage Matrix
Selection Criteria
Efficiency
Serviceability/Ease
Assembly
Adaptability

Weight
5.00%

1
4

Concepts
2
2

3
3

15.00%
15.00%

4
1

3
2

3
4

of

Degree of Tolerances/Accuracy
of Parts
10.00%
3
2
3
Robustness
20.00%
1
3
4
Cost
10.00%
4
3
3
Standalone (in terms of its
negative
effect
on
other
subsystems)
Yoke
7.50%
2
2
3
Steering
7.50%
1
3
3
Electronics
10.00%
1
3
3
Totals
100.00% 2.18
2.33
3.05
Rank
3
2
1
Figure 3.1.4 Weighted Pugh Chart for Drivetrain Packages After Initial Pugh

Criteria & Justification for Pugh’s Method of Concept Selection
Efficiency
Efficiency was selected to describe the inherent mechanical complexity of the system.
The idea being here, the more components there are in a drivetrain the larger the
mechanical inefficiencies will summate. This value of efficiency is directly linked to the
torque requirements of the drive motor. Ideally we would like the efficiency to be as high
as possible in order to get the highest acceleration for the robotic module.
Scoring the Concepts: Concept 1 has the motor almost directly attached to the driving
wheel; there is a set of miter gears to move the power perpendicularly. This makes the
design efficient through the reduction of geartrain components. Concept 3 features a
complex arrangement of gears, axels, and pulleys. This complexity leads to the poor
mechanical efficiency of this design. This is Concept 3’s largest drawback. Concept 2
doesn’t feature a synchronous drive, but rather a friction wheel to transmit power from
the motor to the wheel. The fact that the friction wheel can slip means that this potential
increase in non conservative forces will detract from the mechanical efficiency of the
system.
Serviceability/Ease of Assembly
Serviceability/ease of assembly addresses the ability to access drivetrain component parts
and service them if necessary. One of the driving ideas behind the RP1 module is that it
has to be easily assembled by someone that is not an expert with a low number of vital
parts. It also needs to have easy access to important components for servicing. These
reasons made this criterion very important.
Scoring the Concepts: Concept 1 is fairly easy to build since there are very few parts.
The miter gears here are fairly critical in regards to the tolerances, this requires careful
placement of the motor relative to the drive axel. Concept 3 has a set of miter gears which
again are somewhat critical and will require careful placement. The synchronous
components are simple to connect and not as critical. The shear volume of parts will add
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to the difficulty of assembly and serviceability. Concept 2 is difficult to assemble, in the
way that, a large force needs to be placed between the frictional wheel and the driving
motor. On the other hand, there aren’t a large amount of parts which makes it easier to
assemble and service.
Adaptability
The adaptability criterion here represents the ability to change parts and the drive ratios
of the drive system. Adaptability is essential for the use of different motors and
configurations. The RP1 robotic module must be able to work for many different
applications, so designing adaptability into our design is vital. With our current drive
motor we will need to gear up the final drive ratio in order to attain the required speed, so
this ability to change gear ratios is important to our current design.
Scoring the Concepts: Concept 1 does not permit the ability to change motors easily and
it is difficult to change gear ratios substantially through the miter gears. Concept 3
presents many different opportunities to change the gear ratios and the sizing of the
components. This makes this concept a good demonstration of adaptability. Concept 2
makes it very difficult to change gear ratios. Also the changing of gear ratios will require
modifying the yoke in this concept.
Accuracy of Parts
The accuracy of parts entails the degree of accurateness that the drive system components
must preserve in order to maintain operation. This idea is directly linked to design for
manufacturability. The greater the tolerances on parts the easier it will be for us to
manufacture RP1.
Scoring the Concepts: All three concepts have at least one part of the drivetrain that’s
somewhat critical in regards to tolerances. In Concept 1, 2, and 3 the miter gears have to
be located to high tolerances in order to sustain the gears meshing. The belt on Concept 3
does not have to be held to as tight tolerances. In Concept 2 the friction wheel has to be
placed carefully in order to preserve the frictional contact patch. This is what made the
rating for Concept 2 lower than the rest.
Robustness
Robustness describes the ability of the drivetrain to sustain an impact and still be able to
uphold operation. It is also used here in regards to the location of critical components in
potentially harmful locations as well as impact propagation through the drivetrain. This
design criterion was highly stressed for RP1, so we rated this high.
Scoring the Concepts: Concept 1 has the motor mounted directly to the outside of the
yoke putting this critical item in harms way. Also on impact the tire will direct forces
through the drivetrain and jeopardize the drive motor. Concept 3 has its pulleys and belt
located on the inside of the yoke protected it from potential impacts. The use of a belt
will also end transmission of forces through the drivetrain thereby protecting the motor.
The belt also allows for greater misalignment then gears would which adds to the
robustness in the event that an axel is plastically deformed. Concept 2 features the same
force propagation effect through the drivetrain as Concept 1. A problem unique to this
concept is that debris picked up on the wheel will adversely affect drivetrain smoothness
and increase loading in the axels.
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Cost
While cost in important, all the drivetrain concepts are cheap as compared to other
components on the robotic module. For these reasons we decided to rank it lower for this
subsystem.
Scoring the Concepts: Concept 1 is ranked slightly better then Concepts 2 and 3. This is
because there are significantly less parts in this concept. Concepts 2 and 3 are fairly
similar in terms of cost and are therefore ranked the same.
Standalone (in terms of its effect on yoke, steering, and electronics)
The adverse effects of the drive system on other subsystems are a very important
consideration. The reason for this is because we don’t want to create a great drivetrain at
the expense of a worse overall system. For these reasons we gave a significant waiting to
this criterion. The effects of the drivetrain subsystem on the yoke, steering, and
electronics subsystems will be discussed.
Scoring the Concepts: Concept 1 negatively affects other subsystems more then all the
other concepts. It increases the size the yoke needs to be in order to mount the motor to
the yoke. It introduces a new problem of getting power to the motor through the rotating
yoke, adversely affecting the electronics. Since the motor is mounted far from the
rotation of the steering this substantially increases the moment of inertia that the steering
will have to overcome. This makes it harder to steer. Overall these issues are concept 1’s
most significant shortcoming. Concept 3 has a small affect on the yoke, since the pulleys
will be placed there. The pulleys do not really define the size of the yoke and therefore do
not negatively affect the yoke. The weight added on the yoke is not large enough to
unfavorably affect the steering. No electronics will have to travel through the yoke so that
is unchanged. Concept 2 will need to have a large friction wheel in order to attain the
speed requirements. This will require making the yoke much larger giving it a higher
center of gravity. This is undesirable. Mass is centralized about the steering axis making
the yoke easy to turn more on par with concept 3. Finally this design will not affect
electronics since no electronics will need to be run through the yoke.

Conclusion
When the aforementioned criteria were scored for all the concepts the winning design
was Concept 3. Concept 3 did well in all regards and displayed no chief weak points. The
other concepts had vital weaknesses which lowered their scores appreciably. For these
reasons it is clear that Concept 3 is the best design for the drivetrain on RP1.
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3.2 Steering Design
A. Overview
The mechanical system for the RP1 Motor Module, Project 8208, will closely resemble
those developed for the RP10 and RP100 models. Their design intent will be reproduced
in the RP1 mechanical subsystems, maintaining infinite steering capability, vertical motor
configuration, and the general overall parts layout. Figure 1 details the major components
of the steering subsystem, as it stands on the current RP10 motor module.
Turntable/Steering Gear

Steering Motor/
Drive Gear

Lower Yoke
Assembly

Drive Wheel
Figure 3.2.1: Steering Subsystem
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B. External/Internal Concept Search Results
In addition to the current configuration of mechanical system (Figure 1), Figures 2-6
represent external solutions that were discovered and evaluated for applicability to the
RP1 Concept.

Figure 3.2.2: Track Drive Systems
http://www.4qd.co.uk/robot/start.html#das

Figure 3.2.5: RP10 P07201 Mechanical
System Concept – Mecanum
Figure 3.2.3: US Patent # 03938608
US Patent # 03938608

Figure 3.2.6: RP10 P07201 Mechanical
System Concept – Active Split Offset Castors
Figure 3.2.4:Zero Turn Mowers
http://www.popularmechanics.com/home_journa
l/gardening/1273471.html?page=5
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C. Concept Screening and Selection Process - From RP10 P07201
The following screening stage (Figure 7) and selection stage (Figure 8) Pugh matrices are
the results of work done by RP10 P07201 in selecting and screening concepts for their
mechanical system. What follows is the conclusion that the team drew, quoted from
published documentation.
Screening Stage Matrix
Fixed Steering & Drive Motor Concentric Shafts

Two-wheel Mecanum

Active Split Offset Castors with
fixed drive motors
Active Split Offset Castors
(ASOC*) with rotating drive
motors

Fixed Steering & Drive Motor Pinion & Internal Gear

Sum

Fixed Steering & Drive Motor Pinion & Spur Gear

Accurate
Motion
Steerability
Speed of
steering
Scrubbing**
Durability
Ease of
Manufacture
Cost
Commercial
Portability
Ease of Control
Size of
Package

Fixed Steering Rotating Drive
Motor

Steering/Power
Transmission
Package

0
-1

0
0

0
0

0
0

-1
0

0
-1

0
0

0
0
-1

0
0
0

0
0
0

0
0
0

1
1
0

1
1
-1

1
1
0

1
1

0
0

0
-1

-1
0

-1
-1

1
-1

-1
-1

0
0

0
0

0
0

0
0

-1
-1

0
0

0
0

-1

0

1

1

-1

-1

-1

-1

0

0

0

-4

-1

-1

Figure 3.2.7: Unweighted Pugh Chart for Steering/Power Transmission Packages
(From RP10 P07201 Concept Selection/Screening Process)
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*ASOC
Designs
involve 2
independe
ntly driven
conventio
nal wheels
on one
shaft that
are
allowed to
rotate
freely on a
vertical
axis
**The
rotation of
a wheel
about its
vertical
axis. This
can
produce
high wear
on a wheel
as well
requiring
high
amounts
of power.

Selection Stage Matrix
D

E

F

G
Active Split Offset
Castors with fixed
drive motors

Active Split Offset
Castors (ASOC) with
rotating drive motors

Two-wheel Mecanum

Fixed Steering & Drive
Motor - Concentric
Shafts

Total
Rank
Continue?

Fixed Steering & Drive
Motor - Pinion &
Internal Gear

0.2
0.0
5
Steerability
Speed
of 0.0
steering
5
Scrubbing
0.1
Durability
0.2
Ease
of
Manufacture
0.1
0.0
Cost
25
Commercial
Portability
0.2
0.0
Ease of Control 25
Size
of 0.0
Package
5

C

Fixed Steering & Drive
Motor - Pinion & Spur
Gear

Accurate
Motion

B (Ref)

Fixed
Steering
Rotating Drive Motor

Weight
Steering/Power
Transmission
Package

A

3

3

3

3

2

3

3

2

3

3

3

3

2

3

3
3
2

3
3
3

3
3
3

3
3
3

5
5
3

4
4
2

4
4
3

4

3

3

2

1

4

1

4

3

2

3

2

2

2

3

3

3

3

2

3

3

3

3

3

3

1

3

3

2
2.8
25
5
No

3

4

4

1

1

3
2
No

3.025
1
Yes

2.95
3
No

1
2.52
5
7
No

2.875
4
No

2.825
5
No

Figure 3.2.8: Weighted Pugh Chart for Steering/Power Transmission Packages
(From RP10 P07201 Concept Selection/Screening Process)

D. Conclusions (From RP10 P07201 Concept Selection/Screening Process)
“Both the weighted and unweighted Pugh charts confirm that Concepts B, C & D are the
strongest candidates. To differentiate these three designs we utilized three factors: safety,
ease of manufacture, and size. The external pinion on Concept B creates a higher risk for
safety and size. The welded joint of Concept D requires special skills and tools that B &
D do not. As a result we conclude that Concept C, Fixed Steering & Drive Motor - Pinion
& Internal Gear, is that our choice of concept for the Steering/Power Transmission
Package.”
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E. Concept Refinement
The RP1 iteration has built upon the work of the RP10 P07201 Senior Design team. Once
concepts were generated and the initial evaluation was performed, relying heavily on the
work already completed, it was decided to utilize a modified version of the previous
design. In scaling down the motor module, a major change became necessary in the
steering mechanism in order to preserve space and serviceability. Due to the decreased
turntable size, the steering will be driven from outside of the turntable thru-hole, in a
manner similar to the concept shown in Figure 9. A second round of screening will be
performed on the three concepts that have resulted from the refining process. The current
configuration options include:
A. Turntable and separate spur gear with direct drive from the steering motor,
OR
B. Turntable with integrated spur gear and direct drive from the steering motor
(Figure 9),
OR
C. Turntable with belt drive system to transmit power from the steering motor to
the lower yoke assembly.

Figure 3.2.9: Concept B for Steering Subsystem
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F. Steering System Selection Process –
Weighted Pugh Matrix Explanation & Justification
The three concepts introduced in section E will now be evaluated by the Pugh process,
using the weighted Pugh Matrix shown in Figure 10, with explanations, justification, and
conclusions to follow.
A
TT* and spur gear
Selection Criteria
Compactness
Ease of Assembly/
Serviceability
Mitigates Eccentricity
Effects

Concepts
B
TT w/ external teeth

C
Belt driven steering

Weight

Rating

Weighted
Score

Rating

Weighted
Score

Rating

Weighted Score

5%

3

0.15

3

0.15

2

0.1

13%

3

0.375

5

0.625

2

0.25

18%

3

0.525

5

0.875

5

0.875

Negative Effects on
other subsystems

10%

2

0.2

4

0.4

3

0.3

Accuracy/
Repeatabillity

10%

4

0.4

4

0.4

3

0.3

Cost

23%

4

0.9

1

0.225

4

0.9

23%

3

0.675

4

0.9

3

Robustness

Total Score
Rank
Continue?

3.23

3.58

0.675
3.40

3

1

2

Maybe

Maybe

Maybe
*TT = Turntable

Figure 3.2.10: Steering Subsystem – Selection Stage Matrix

Criteria & Justification for Pugh’s Method of Concept Selection
Robustness
Robustness is the most important criterion for the RP1 motor module, based on stated
customer needs and the related engineering specifications. Module robustness in terms of
its ability to withstand shock and falls with minimal damage is a major design goal of this
RP iteration. Specific to the steering subsystem concept selection process, however,
robustness was not a deciding factor. The three concepts were determined to exhibit
comparable performance in terms of end use robustness. Concept B was ranked slightly
higher, simply because there are fewer parts, which reduces the potential for
misalignment and failure upon impact.
Cost
The cost is a significant limiting factor when considering the open architecture future of
the RP family. Concepts A and C have the ability to use standard parts that are readily
accessible, while Concept B uses a specialized component with limited availability and a
high associated price tag. The cost of Concepts A and C were therefore ranked equally,
better than average, to reflect the extreme disparity from Concept B.
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Mitigates Eccentricity Effects
The eccentricity effects became a major concern in benchmarking past RP models. For
clarification, the eccentricity effects result from high tolerance demands on the meshing
of the existing gearing within the subsystem. The spur gear was installed to the yoke
without maintaining concentricity to the axis of rotation. The result is poor performance
of the steering system due to inconsistent meshing during rotation. Concepts B and C
both eliminate the concern of these eccentricity effects, in their own way, and so receive
the highest ranking above the existing Concept A. Concept B has inherent centering of
the gear with the rotation axis, while the belt drive easily forgives slight misalignments,
accommodating more lenient tolerances.
Ease of Assembly/Serviceability
The Ease of Assembly/Serviceability is a measure of complexity within the subsystem.
Again as a result of benchmarking past RP models, this was established as an opportunity
for significant improvement. The target for the RP1, as identified in the Engineering
Metrics, is <5 minutes to access critical components within the steering subsystem.
Concept C uses a greater number of individual parts, earning the lowest ranking of the
three. The rank increases for Concept A, and Concept B, with many critical parts
integrated into one OTS component, ranks significantly better than the others.
Negative Effects on Other Subsystems
Loosely related to the ease of assembly and serviceability is the magnitude of adverse
effects that a concept will have on the other subsystems. This criterion is focused on
design implications between functions. For instance, Concept B will simplify yoke and
drive system designs as a result of fewer parts, connections and fasteners that must be
considered. Concepts A and C rank equally, for different reasons. Concept A will present
problems in steering motor placement, as this will be entirely dependent on the desired
gear ratio and resulting pitch diameters. Yoke design and assembly will therefore rely
heavily on the design of Concept A, with significant trickle-down effects resulting from
design modifications. Concept C grants higher tolerance for an evolving steering system
design in terms of motor placement, but inherently adds complexity to the lower yoke
design. This is a result of the necessary provision of a free belt travel path, as well as the
bulk added to the system, inherent in belt drive system components, such as hubs and
guards on pulleys.
Accuracy/Repeatability
This criterion refers to the capability of each concept to minimize backlash and ensure
confidence in the performance of the steering system. The engineering metric of
“steering variation from desired path” is addressed. All concepts ranked similarly in this
regard. Concepts A and B have rigid positive engagement between all drive components,
and so rank higher than concept C, which introduces a level of flexibility and slip
inherent in the belt drive. This potential backlash will contribute to greater deviation from
the desired path.
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Compactness
The remaining criterion for screening concepts is the compactness of the design. The
determined target engineering specification for the RP 1 size envelope is 10”x 5”x 5”
(height x length x width). All concepts rank similarly in this regard. Concepts A and B
rank equally, with the ability to bring the steering drive motor as close as possible to the
drive motor, depending on pitch diameters for the gears. Concept C adds to the horizontal
dimension by forcing the steering motor outward, relative to the other concepts. It also
adds to the vertical dimension of the module due to the face width and hub sizes of the
pulleys.

G. Conclusion
Upon completing the Pugh process for Concept Screening and Selection, we are as yet
undecided on a design direction for the steering subsystem. Concept B was shown to be
the best choice, even with heavy weighting and ranking considerations going to the cost
difference. However, the cost factor was found to put Concept B out of feasible budget
reach. For this reason, Concept B must be eliminated. This leaves Concepts A and C,
which scored comparably with the current Selection Criteria, particularly when
considering the sensitivity of each concept to slight alterations in score. The RP1 team
plans to move forward with the belt driven steering system, contingent upon input and
guidance from the customer and the Concept Design Review panel of guests.
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3.3 Yoke Design
A. Overview
The Yoke System’s goal is to integrate the Drive and Steer systems. In turn, these
systems would need to fit with the platform. The primary concern of the Yoke System is
to ensure robustness and durability so that the system may still function after normal
abuse.
The Yoke System is generally the frame of the entire motor module. As such, it would
protect other subsystems so that a hit or fall does not damage any major component.

B. Concept Development & Selection Process
Initial Concepts
The following concepts were the initial designs for the yoke.
Concept 1: Traditional Yoke Fully Enclosed
This Concept is designed around
maximum strength and protection. It
would be constructed out of 1/4 “ Al
and be screwed together with hardware.
The pros to this design are strength,
rigidity and protection, but it would be
very heavy as well as costly to make.

Figure 3.3.1 Fully Enclosed Yoke

Concept 2: Open Fork Concept
This Concept is designed around
minimizing weight. It consists of two
AL bars mounted in parallel to act as a
fork for the drive wheel. This concept
is cheap and lightweight, but is less
rigid and strong. It also offers no
protection for the drive system.

Figure 3.3.2 Open Fork Yoke
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Concept 3: Open Forks with guard:
This Concept is essentially a modified
open fork design. It has the same
construction as concept two except it
has a rectangular guard around the
miter gear area. This Design offers
some protection against external
impacts such as small objects, as well
as improving overall rigidity.

Figure 3.3.3 Open Fork with Guard Yoke

Concept 4: Forks with foil guard:
This concept again is a modification of
the open fork design. This model would
have a thin al piece of sheet metal or
foil that would wrap around the entire
fork and drive system. It would be
secured by screwing the foil into the
forks. This Design fully encloses the
drive system without a huge increase of
weight.

Figure 3.3.4 Fork with Foil Guard Yoke

Screening Stage Matrix - Initial Concepts
Concept
1 (reference)
Fully Enclosed
0
0

2
Open Fork
+
-

3
Yoke w/ Guard
+
-

4
Forks w/ Foil Guard
+
-

Ease of Assembly
& Disassembly
Manufacture
Cost
Professional
Appearance
Protection/Safety
Score

0

+

+

0

0
0

+
+

0
+

+
+

0

0

-

0

0
0

2

0

1

Rank

3

1

3

2

Criteria
Lightweight
Robust

Figure 3.3.5 Initial Yoke Pugh Method
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Criteria & Justification for Pugh’s Method of Concept Selection – Initial Concepts
Light weight
One of the major requirements of the RP-1 is being overall lightweight. Since the overall
Rp-1 has a max weight goal of 5 lbs, it is vital that the yoke have a minimum weight.
Concept 1 although strong, is very heavy since it contains a lot of material. Concept 2 is
very light weight since there is little material. Concepts 3 and 4 also are lighter then 1,
but slightly heaver then 2.
Robust
One of the requirements of the RP-1 is to be both durable and strong. It is requested that
it be able to take a fall from a table without any major damage. Since the yoke is Subject
to such impact, it must be very strong. Concept 1 is built for maximum strength.
Concepts 2, 3 and 4 are all relatively strong, but not to the level of 1.
Ease of Assembly / Disassembly
The criterion of assembly/disassembly refers to how quickly the RP-1 can be taken apart
or put together. In the case of the yoke, this may be required to access parts for
modification, replacement, or repair. In this field concept 1 having the most hardware
would be somewhat difficult. Concept 2 is rather open and simple, allowing easy access
and assembly. Concept 3 has some hardware, taking slightly more time then 2. Concept
4 would also require about the same effort to disassemble as 4.
Manufacture
One of the goals of the RP family is to be open source and easy to make. Concepts 2 and
4 would require little machine work, while 3 and 1 would require much more fabrication.
Cost
Cost is an important factor in the future mass production of RP-1’s as well as the project
budget. Based on materials concept 1 would cost the most. Concept 3 would be slightly
less then 3, while 1 and 2 would be fairly close in price.
Professional appearance
It is desired by the customer that the RP-1 have a professional appearance. Thus it is
important for the yoke to meet these standards. It was determined 1 2 and 4 were all on
the same level of appearance, while 3 looked somewhat less professional.
Protection/ safety
This category is how well critical components are protected from outside damage, as well
as injuring an operator. Concepts 1 and 4 fully enclose the drive system offering
maximum protection. Concept 3 offers limited protection, while 2 offers almost none,
having a fully exposed drive system.
Screening Stage Conclusion:
After reviewing the designs and looking at the size constraints of the yoke, It was
determined that a guard would not be needed on such a small scale. This leads to
choosing to use an open fork concept. This concept was further refined into two open
fork concepts, and then reviewed and scored.
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Refined Concepts
The following concepts were developed after an initial Pugh evaluation. They were
modeled off of the open yoke design (concept 2):
Revised Concept A: Single Bend Yoke
This concept is basically a simplistic
version of the open fork design. It would be
fabricated from a single piece of al bar
stock and bent to shape. This concept is
lightweight and cheap to manufacture, but
would have some difficulty with drive train
assembly.

Figure 3.3.6 Single Bend Yoke

Revised Concept B: Tube Fork Concept
This concept is also based off the open
for design. It is constructed out of ¾” al
tube stock. The forks attach to the
upper platform or turntable by screwing
onto square pegs attached to the
platform. The major advantage in this
design is ease of assembly and
disassembly as well as improved
rigidity.

Figure 3.3.7 Tube Fork Yoke

Selection Stage Matrix - Revised Fork Concepts

Column
Lightweight
Robust
Ease of Assembly
& Disassembly
Manufacture
Cost
Professional
Appearance
Protection/Safety
Total

Rank

Weighted
value
0.2
0.25

Single bend
Concept A
Weighted
Raw Score
score
4
0.8
2
0.5

Tube Forks
Concept B
Weighted
Raw Score
score
3
0.6
4
1

0.15
0.15
0.05

3
2
5

0.45
0.3
0.25

5
4
4

0.75
0.6
0.2

0.1
0.1
1.00

2
3

0.2
0.3
2.8

4
3

0.4
0.3
3.85

2
Figure 3.3.8 Weighted Yoke Pugh Method with Revised Fork Concepts
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1

Criteria & Justification for Pugh’s Method of Concept Selection
(Open Yoke Revised Concepts):
Concept A: Single bend yoke
Concept B: Tube forks
Light weight
Both Concepts A and B are lightweight, but Concept A score slightly higher, since there
is less material.
Robust
Using thin aluminum Bars for the forks lead to some rigidity concerns as well as overall
strength concerns. Using aluminum tube stock would greatly improve rigidity with
minimum gain in weight.
Ease of Assembly / Disassembly
Both of the concepts are fairly easy to assemble/disassemble. Concept B proved to be
much more favorable for axel removal, since each fork leg can be removed
independently.
Manufacture
Although concept A initially seemed easier to manufacture, it was determined it would be
quite difficult to get perfect 90 degree bends. Concept B also has minimal machine work.
Cost
Both concepts are based off stock materials, so both are rather cheap. It was determined
concept B would however be slightly more expensive.
Professional appearance
It was determined that Concept B was far more professional in looks then A. Concept A
may look somewhat sloppy/ thrown together in appearance.
Protection/ Safety
Since both designs are an open fork design they scored even in this area. Again it was
determined that the small scale should not require any additional protection to the yoke.
If it is later determined that it is necessary both designs allow this modification.

Selection Stage Conclusion
Based on the evaluation criteria it has been determined that the tube fork concept best fits
the project needs and thus will be used in the prototype design pending any
recommendations from design review for modification.
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3.4 Platform, Mounting, & Test Fixture Design
A. Overview
The goal of the platform system is to make a platform capable of three tasks. The first
entails the ability of the platform to connect two motor modules and two idler modules
together. This must be accomplished such that when the motor modules are activated,
they act as one system. The second is to allow for an area where overall system
components can be secured. These components may include objects such as a battery or a
microcontroller. The final task of the platform is the inclusion of a surface on which a
1kg maximum payload may be placed, where the payload may take a variety of shapes
and sizes. Therefore, a safe and sturdy platform is required for the successful launch of
the RP1 motor module platform.

B. Concept Development & Selection Process
Concepts
Concept A
Pros
• Simple design
• Allows free rotation of
turntable
• No extra material needed for
plate
• Low cost
• Little fabrication necessary
Cons
• Having to use screws on plate
• Ease of insertion of screws
into holes
Figure 3.4.1 Concept A Not Mounted: RP1 with
plate having screws protruding upwards.

Figure 3.4.2 Concept A Mounted: RP1 could be
attached to platform using wing nuts.
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Concept B
Pros
• Secured to platform
and prevents
horizontal and vertical
movement effectively
• No screws directly
attached to RP1
• Allows for free
movement of turntable

Figure 3.4.3 Concept B Not Mounted: RP1 has extended
wings and slot cutout is complex.

Figure 3.4.4 Concept B Mounted: RP1 slides into dock and
fasteners are used to secure.
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Cons
• Extended wings
increase size and
weight of RP1
• Difficult to fabricate

Concept C
Pros
• No extended
wings on RP1
• Low cost
• Little
fabrication
required
• Cutout need
not be perfect
square

Figure 3.4.5 Concept C Not Mounted: Cutout in actual
platform may not necessarily be square-like.

Figure 3.4.6 Concept C: RP1 easily slides under and into
platform (similar design to RP10 platform).

Screening Stage Matrix

Figure 3.4.7 Initial Pugh Matrix
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Cons
• If using a
fastener system
similar to
Concept A ,
there may be
difficultly to
load from
underneath
• If using no
fasteners, there
will be slop in
the interface
• Lower
strength of
platform on
possible thin
edges around
RP1

Selection Stage Matrix

Figure 3.4.8 Ranked Weighted Pugh Matrix

Criteria & Justification for Pugh’s Method of Concept Selection
Easy to Use & Attach
Ease of use and attachment is a category which is inherent of the mounting system. Since
permanent mounting to a platform is not desirable for a motor module designed to be
interchangeable, a simple quick system for mounting is desired. Each of the mounting
systems is fairly straightforward, although Concept B would get a slight edge due to its
guided method to attaching the RP1. The slot creates a simple method of physically
mounting the RP1 to a platform.
Robust
A mounting system that is robust would have qualities of strength and durability. This
would include cyclic mounting as well as the ability to properly hold the RP1 modules to
the platform. The ability to hold the RP1 modules in place plays a key factor in the
maneuverability of the platform as a whole. In this case all concepts were also very
similar. The slotted design gets the advantage due to its slot being able to support both
horizontal and vertical type movements in a single RP1 module.
Easy to Assemble
Ease of assembly is a key factor in determining the amount of specialty equipment
needed to create the platform mounting system. Due to the complexity of machining a
slot into the platform as seen in Concept B, the ranking given was the minimum of one.
In terms of ease of assembly, Concept A’s need for just a couple of machined holes,
attachment of set screws to the RP1 middle plate, and some wing nuts proves its lack of
requiring any special equipment.
Locks Securely
In order for slop in the motor module and platform connection to be minimized, a secure
lock is necessary. In the case of Concept A, the use screws directly attached to a plate on
the RP1 provides the ability of the RP1 to quickly and securely attach to the platform.
Concept B’s holes through the slot leaves no solid grounding point for a fastener thus
making it not as reliable as Concept A.
Compact RP1 Size
Having a compact RP1 motor module is critical in the area of weight. Using extended
wings, as seen in Concept B, adds unnecessary weight and size to the RP1. Since Concept
A’s screws are attached directly to a plate already required for the yoke, this design adds
no extraneous weight to the motor module.
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Limits orientation
This category is to maintain specific motor module orientations while connected to the
platform. This would create easier communication with the controls. The decision made
was that both concepts provide equal opportunity for limiting the mounting orientation of
the RP1 motor modules.

Conclusion
The Screening Stage Matrix shows that Concept C, or the design from the RP10 platform,
could be improved upon by new concepts.
Upon reflection of the Pugh Method, Concept A is the champion, although Concept B is
not far behind. Concept A is most advantageous in the ease of assembly category as the
two concepts are polar opposites in manufacturing. This category was the one that truly
set apart Concept A from Concept B.
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4.0 Electrical Subsystems
Project P08205 is focused on PWM controlled motors to be controlled by wireless
communication, and responsible for the electrical subsystems: Electronics and Controls.
The Platform subsystem is also organized under the P08205 group, as design incorporates
the placement on electronic components. Collaboration is emphasized with cross-project
membership of subsystems.

4.1 Electronics
A. Overview
The Electronics subsystem is responsible for making sure the user commands are sent
to the robotic platform wirelessly. This involves encapsulating the data that needs to
be sent and making sure it is sent securely to the microprocessor where the user
command will be executed. This subsystem is also used to send data back from the
motor controllers to the user. This subsystem would involve two units. One would
be connected to a computer that would send the user commands. The other unit
would be attached to the platform and be able to communicate back and forth with the
wireless unit on the computer. The unit on the platform would also be responsible for
sending the data to the microcontroller.

B. Circuitry Location - Concept Development & Selection Process
Concepts
1. “P08201” - Place wireless receiver and microcontroller (PWM generator) on
platform – controls all MM’s. Each MM would be fitted with 2 motor controllers.

WT
Platform

MC

SMC

WT = Wireless Transceiver
MC = Micro Controller
SMC = Steering Mtr. Contr.
DMC = Driver Mtr. Contr.

DMC

MM
.
.
.
.
Pros: -Cheaper
-Easy to fix/troubleshoot
-Makes designing MM’s simpler (in terms of placing electrical
components)
Cons: -If unit breaks entire platform stops functioning
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-Adds to platform complexity
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2. “P08201 with Single Motor Controller” - Place wireless receiver and
microcontroller (PWM generator) on platform – controls all MM’s. Each MM
would be fitted with 1 motor controller to control both motors.
WT

Dual
Mtr
Cont.

MC

Platform

MM
.

Pros: -Cheaper
-Easy to fix/troubleshoot
-Makes designing MM’s simpler (in terms of placing electrical
components)
Cons: -If wireless unit breaks entire platform stops functioning
-Adds to platform complexity
-More complex motor controller needed
3. “Everything on Motor Module – Individual Motor Controllers” -Place all
components (wireless receiver, microcontroller, motor controllers) on the MM
itself. Platform would only need to hold power circuitry.
WT

MC

SMC

DMC

MM

Pros: -Each motor module can be operated separately from the rest
-Allows for infinite MM configurations
-If electrical components go down then other MM’s won’t be
affected
Cons: -More Expensive
-Raises complexity of each MM in terms of size, durability
-Increases programming responsibilities
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4. “Everything on Motor Module – Single Motor Controller” – Place all
components (wireless receiver, microcontroller, single motor controller to control
both motors) on the MM itself. Platform would only need to hold power circuitry.

WT

MC

Dual
Mtr
Cont

MM

Pros: -Each motor module can be operated separately from the rest
-Allows for infinite MM configurations
-If electrical components go down then other MM’s won’t be
affected
Cons: -More Expensive
-Raises complexity of each MM
-More complex motor controller needed
5. “Everything on Platform” - Place wireless receiver, microcontroller, as well as
all motor controllers that would control all motors connected to platform
WT

Platform

MC

MM

Mtr
Cont.

MM

Mtr
Cont

Pros: -Cheaper for wireless (less components)
-Easy to fix/troubleshoot
-Makes designing MM’s simpler (in terms of placing electrical
components)
Cons: If any component breaks entire system won’t function
-More complex motor controller needed
-Increase programming responsibilities
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Criteria for Pugh’s Method of Concept Selection
The criterion used for these Pugh diagrams was chosen based on the QFD chart. The
location of the circuitry plays a large part in both motor module as well as platform
design. The following is a breakdown of these criteria and how each of the chosen
concepts affects those criteria.
Cost
Cost is quite a large concern for this project. With a budget of $2000 it is important that
all components be chosen carefully and efficiently especially for electrical components
since they can be expensive. The fewer components needed the more cost effective the
project becomes. The reference design, which is based on the RP10 - P08201 design,
helps cut down on cost by only requiring one wireless transceiver as well as one
microcontroller which are both placed on the platform and can be used with multiple
modules. The “Everything on Motor Module” design greatly increases the cost as a
wireless transceiver and a microcontroller are required for every motor module. The
third concept, “Everything on Platform” is similar to the first design as it requires only
one wireless transceiver and one microcontroller to work with multiple motor modules.
Size – Electronics
The size of the electronics criterion is the overall footprint of all the electronic circuitry
required for the project. Size is an issue for this project since it is to be a scaled down
version of the RP10. The reference design cuts down on the footprint by taking
advantage of the fact that a single wireless transceiver and a single microcontroller would
be sufficient for controlling the platform. The second concept, “Everything on Motor
Module” increases the footprint by requiring the additional wireless and microcontroller
circuitry that is needed by all motor modules. The third design again is similar to the
reference design since it only requires one wireless transceiver and one microcontroller.
Size – Platform
This criterion is about the affect of the electronics on the platform size. The base design
has very little impact on this size since the wireless transceiver and microcontroller are
small. The layout of the second design has no impact on the platform size. All circuitry
is removed from the platform. The third design has a negative effect on the platform size
since it places all the circuitry on the platform.
Size – Motor Module
This criterion is about the affect of the electronics on the motor module size. The only
impact of the base design is from the motor controllers which are small. Off loading the
wireless and microcontroller also help to reduce this size. The second design greatly
impacts the module size since each module has all the necessary circuitry to operate
independently. The third design can help to reduce the size of the motor module since no
circuitry is needed on the module itself. This is an improvement of the base design.
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Ease of Assembly
Making the module easy to assemble is one of the goals of the project. Therefore fewer
components would be one way to make assembly simpler. The base design only requires
the motor controllers to be on the module itself. The second design makes assembly
more difficult as you now have more components to place on the module. This could
turn out to be difficult. The third design may not have much effect on the module but it
does increase the difficulty of designing and assembling the platform. Placing all the
components on the platform could prove to be difficult.
Ease of Repair
Ease of repair can be seen as how easy and how quickly a broken component can be
replaced. For the base design, the wireless unit as well the microcontroller can be
quickly removed and replaced since they are on the platform. The motor controllers may
prove to be more difficult since they are on the modules and could be well protected. The
second design makes things more difficult since there are now more components and they
are all placed in the tightly into the module. The third design is an improvement of the
base design since now all electronics are in one easy to access spot.
Weight – Electronics
Since the RP1 is a scaled down version of the RP10 the overall weight also needs to be
scaled down. While the weight of the circuitry will probably not be substantial it is still
something to keep in mind. The base design cut down on weight by only requiring a
single wireless unit and a single microcontroller. The second design increases the weight
of the overall unit since every module needs a wireless unit and microcontroller. The
third design should be almost identical in weight to the circuitry of the base design.
Weight – Module
This criterion looks specifically at the weight the circuitry components add to the motor
module. Due to the small size of the motor controllers the base design doesn’t add much
weight to the motor module. The second design increases the weight of the module by
adding two additional electrical circuits. The third design actually lightens the module
since there are relatively no circuits on the module.
Weight – Platform
The electrical components placed on the platform also add to its weight. The base design
adds some weight due to the fact that the wireless unit and the microcontroller are placed
on it. The second design adds no weight to the platform since all the circuitry is on the
module itself. The third design has the most impact on the weight of the platform since
all the circuitry is placed on it.
Power Consumption
Power consumption is important to consider since it can affect the size of the power
supplies (in turn could add weight). All three designs should have relatively small power
consumption due to the nature of the electronic components used. The second design
will use more power since each module has additional circuitry.
Heat Generation
The overall heat generated by the electrical components should be negligible since the
complexities of the circuits are fairly simple and logic is also simple. The only concerns
may be from the second design as all the components would be placed tightly together
(and possibly enclosed) on the motor modules themselves.
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Screening Stage Matrix

Selection Stage Matrix

Conclusion
Upon review of the Pugh Method, it has been determined that the RP10 (P08201) design
be recommended for use for the RP1 motor module. Although the third design
(“Everything on Platform”) also appears to be a viable option it was decided that the base
design simplifies the platform design and makes the RP1 design better resemble the RP10
design.
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C. Wireless Control – Concept Development & Selection Process
Concepts
1. Futaba 7C 2.4GHz RC Controller
2. Crossbow - Zigbee Protocol
3. OOPic Robotic Kit
4. Bluetooth
5. 802.11b/g
Criteria for Pugh’s Method of Concept Selection
Cost
Cost is one of the biggest factors to consider when looking at the wireless subsystem.
This subsystem can get quite expensive very quickly. The reference design used in the
Pugh Diagrams is a radio controller designed for remote controlled toys such as airplanes
and cars. This particular device is on the higher end of the products available for remote
control. The Crossbow units, as well as Bluetooth and 802.11b/g solutions are cheaper to
implement while the OOPic Robotic Kit runs about the same price as the reference
design.
Size
Size is also an important issue for the RP1. Ideally the smallest parts would be best as
long as they are effective at doing what they are needed for. After looking at all the
components and doing comparisons it was found that none of them seem to offer any
decrease in size from the reference design.
Weight
The RP1 should be as light as possible. Since it is being designed to carry a 1kg payload,
it would not make sense for it weigh 100kg. Even though the circuitry needed to
implement the wireless system would not weigh all that much it still must be considered.
Since all of the components are about the same size, they weigh about the same and there
is no real weight benefit from choosing one over the other.
Range
The range of the wireless unit is important. You may not always be able to have a
computer close by. A longer range makes the RP1 more portable. In terms of range a
Bluetooth solution may not be as viable a choice since most Bluetooth devices have a
range around 10m. Devices such as the OOPic Kit and the reference design can get into
the hundreds of meters of range. The use of 802.11b/g could also be used since there are
literally hundreds of access points (around campus).
Ease of Assembly
Assembling the wireless subsystem should be quick and easy. It should only involve
connecting the wireless unit to power as well to the microcontroller. All of the concepts
that were looked at have all been well developed and all meet the requirement of being
easy to assemble. There really is no clear advantage of one over another.
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Ease of Repair
Since the motor module will have to pass the “drop test” it is important that all the
components that we use be durable. Since the wireless unit is essentially a circuit board
the durability is fairly good. In the case that something does break, then the whole unit
will probably have to be replaced. If the unit is easy to assemble this shouldn’t be hard as
long as the new component doesn’t have to be ordered. Again there seemed to be no
concept that offered a clear advantage for this criterion.
Ease of Implementation
This criterion describes the difficulty of integrating a solution into the robotic platform.
This could mean special coding that needs to be done or any additional hardware that
must be created. Essentially ease of implementation is how easy it is to talk to the
microcontroller. In this case all 4 concepts offered easier ways than the reference
concept being that additional circuitry would be needed to interpret the signals sent by the
wireless receiver on the platform. The OOPic Robotic Kit was simplest since a
microcontroller could also be purchased that was made to work with the OOPic wireless
system.
Power Consumption
Power consumption is how much power is needed to keep the wireless system running.
The less power needed the better. In general most wireless designs are made to be as low
power as possible since they need to be portable. Larger batteries are not as portable so
the system has to be as low powered as possible to reduce power supply size. With that
said there was no clear advantage amongst the designs.
Heat Generation
Heat generation is also something to keep in mind. The wireless units are small and
pretty low power so they will not give off much heat. Also the wireless processors won’t
be doing very intense calculations so they should not be too overworked.
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Screening Stage Matrix

Selection Stage Matrix

Conclusion
Upon review of the Pugh Method, the conclusion was made to use the Crossbow –
Zigbee Protocol wireless system. The two sensors that will be used are the TelosB which
can connect to the PC and the MicaZ unit which would sit on the platform. These are the
same units being used by the P08201 team. The advantage here is that it may be possible
to swap out the RP1 wireless unit with and RP10 wireless unit and not have any drop in
performance.
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4.2 Controls
A. Overview
The controls subsystem primarily focuses on the motors, their functional components,
and their control interface. An appropriate drive and steer motor will be chosen according
to the needs of the drive and steering subsystems. To control the speed and direction of
the motors, a motor controller will be selected. PWM signals from the motor controller
will be used to drive the motors.
The controls subsystem directly affects the drive and steer motors for the motor module.
With the use of the PWM signals and motor controller, the speed and direction of the
motors can be controlled.

B. Motor Controller (H-Bridge) – Concept Development and Selection
Selection Stage Matrix
H-Bridge
Manufacturability
Cost
Efficiency
Modularity
Open Source
Robust
Size
Durability
Total

PWM Motor Controller
3A
0
0
0
0
0
0
0
0

0
Figure 4.2.1 Initial Pugh Matrix for H-Bridges

P08201
0
0
+
0
0
+
0

Victor 883
0
0
+
0

1

-3

Screening Stage Matrix
PWM Motor Controller
3A
Weight Rating Weighted Score
Rating
Manufacturability
10%
5
0.5
2
Cost
20%
5
1
5
Efficiency
15%
3
0.45
4
Modularity
10%
3
0.3
5
Open Source
10%
4
0.4
5
Robust
20%
4
0.8
3
Size
15%
3
0.45
3
Total
100%
27
3.9
27
Overall Rank
1
Figure 4.2.2 Weighted Pugh Matrix for H-Bridges
H-Bridge
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P08201
Weighted Score
0.2
1
0.6
0.5
0.5
0.6
0.45
3.85
2

Rating
5
1
5
2
1
4
1
19

Victor 883
Weighted Score
0.5
0.2
0.75
0.2
0.1
0.8
0.15
2.7
3

Criteria for Pugh’s Method of Concept Selection
For selection of h-bridge concepts, a Pugh diagram was created with eight different
criteria. The criteria were created based on the engineering metrics (EM’s) required for
the project.
Manufacturability
This category rates the difficulty of production for each concept.
EM considered: # of unique components, # of specialty equipment required
Cost
This criterion rates the price of an individual component and how it fits into our overall
budget.
EM considered: cost of product
Efficiency
A category to determine if the component is capable of driving the selected motor.
EM considered: acceleration, speed, linear variation from desired path, steering variation
from desired rotation
Modularity A criteria that measures how a component can modified and maintained
independently of the system.
EM considered: # of unique components, # of specialty equipment required, and time to
access critical components
Open source
A rating that determines how well a component which can be modified by the user.
EM considered: # of unique components, # of specialty equipment required, and time to
access critical components
Robust
This rates how well a component can withstand extreme conditions.
EM considered: time to repair after tabletop drop
Size: A rating of how much room is necessary for the placement of the component.
EM considered: weight of powered MM, weight of idle MM
For the h-bridge concepts, three choices were reviewed: a PWM motor controller 3A
from SuperDroid Robots, an IFI Victor 883, and a custom design currently used by the
RP10 team. Each concept was rated by the criteria previously mentioned.
Manufacturability
Both the 3A and Victor scored a 5, while the custom design was ranked 2. The 3A and
Victor are made by an outside manufacturer, can be custom built if necessary, and have
been tested. The custom design must have all parts ordered, be assembled correctly, and
tested to determine if it will work.
Cost
The 3A and custom design scored a 5 for their low cost of approximately 30$ per
controller, while the Victor is currently at 140$ per unit.
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Efficiency
All designs are capable of driving the motors. But the 3A was ranked lower because it is
rated at 3 amps continuously. If for some reason our motors lock up, the 3A is rated to
handle a 6 amp surge.
Modularity
All h-bridge concepts ranked about the same and were average for this category.
Open source
The custom design ranked highest in this category because each component can be
manually modified while the 3A and Victor will prove slightly difficult to modify. The
Victor, in this case, is the most difficult to modify.
Robust
The 3A and Victor ranked high because they are manufactured by outside vendors and
appear to be capable of withstanding a tabletop drop. The custom design ranked lower
because it may be more damaged than the other components when dropped.
Size
The 3A and the custom design are small and can be placed on the module without adding
much weight and taking up a lot of space. The Victor is heavy and very large.
Conclusion
Overall, it seems the SuperDroid 3A controller will be the choice for our robot. It ranks
slightly higher than the custom design in the matrix and fulfills the needs for our project.
The controller has been tested and is capable of driving the motors. The custom design is
a close choice; however, it has not been built or tested and is only theoretical at this point.

C. Processor Type – Concept Development and Selection
Concepts
1. Microcontroller and Prefab Circuit
2. Microcontroller Only
3. FPGA
Screening Stage Matrix
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Selection Stage Matrix

Criteria & Justification for Pugh’s Method of Concept Selection
The criteria for this concept selection were chosen based on the overreaching goals of the
project family as well as the specific improvements the RP1 will have compared to the
RP10.
Cost
Low cost is important, both as long-term goal and as a reason to use the RP1 rather than
the more powerful RP10. Thus cost is the most important criteria. The manufactured
microcontroller will cost more per new unit to reproduce than the microcontroller or
FPGA with a PCB developed by the team, but the FPGA has a high development cost,
and developing the PCB for the microcontroller with have a cost a well.
Size
This is the other main criteria to improve upon over the RP10. Thus, it is the second
most important. However, the size should be about the same regardless of processor
type.
Ease of Assembly
This is related to the time to access critical components and to repair any damage. The
manufactured board is better here because it is a single unit and if it is damaged then a
whole new board has to be bought, and it is relatively easy to remove the old board and
replace a new one. If damage occurs on one of the other boards, the part that has failed
must be located and removed, which requires soldering. If the part that failed can't be
found or there is extensive damage, the whole board must be rebuilt, though this is
cheaper than buying a new manufactured board.
Ease of Replication
This is how easy it would be for someone to re-create this project using the design
produced. The manufactured board is rather easy to replicate. The user simply has to
download the code, secure the board to the platform, and wire everything. The other
options are harder to replicate, as the user has to put the board together in addition to
these tasks.
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Ease of Implementation
This was included because it was a concern raised by Dr. Lukowiak in taking the FPGA
option. The computer engineers on this team do not have much experience with FPGA
design for hardware and software, and he stated that there is a long learning curve and we
might not be able to complete it. The FPGA would also require a PCB to be designed by
the team. For this reason, the FPGA concept got a low score. The manufactured board
would require programming and little else, so it got a high score. The microprocessor
with a developed PCB would take the same effort in programming, but as with the FPGA
would additionally need a PCB to be designed.
Power consumption
This is an important consideration in any mobile system, so it was included. The
processor and accompanying electronics are not expected to be a major drain on the
power supply of the system. Each concept would require roughly the same amount of
power, depending upon the actual implementation. Thus, all concepts received the same
score.
Heat generation
This is another factor that could be important, but like with power consumption, the
processor system is not expected to be a significant source of heat. With this considered,
all concepts received the same score.
Conclusion
The Pugh diagram showed the manufactured board with a microprocessor to have the
highest score. However, the scores were very close and different weights or a small
difference in rating could have a significant impact. We have tentatively selected the
manufactured board concept.
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D. User Interface Concept Discussion
Overview
Concepts for different aspects of the front-end user interface are presented in this
document, including user feedback, user input method, and programming language used.
It seems to have already been decided that the user commands will come from a laptop.
Given this, there will have to be a program written to run on that laptop and accept user
input. With this in mind, it is only sensible that the heaviest processing, take place here,
at the most powerful processor, when possible.
Feedback to the User
The question of user feedback is one that should be considered in order to ensure that the
user is getting all the information that they want or need in an intuitive and accessible
manner. One possible source of feedback would be a video that is mounted on the
platform or one of the motor controllers. This is important, as it will allow the user not to
have to look away and switch attention between two fields of view when operating the
RP1. This will probably be implemented if there is time as the project nears completion.
Another idea is to show the user a model of the RP1, such as a stick image with lights and
warnings. Although not giving as much information visually, this would allow problem
areas that were detected to be highlighted. For example, a motor that failed or was
getting too hot could be shown in red to the user. These concepts are heavily intertwined
with the sensor systems, as the processor must have the data available in order to present
it to the user.
Method of User Input
There is a set of typed commands that was made by a previous project. It has been stated
that the project should support those commands. Therefore, at a minimum these
commands will be supported, and additional commands may be supplied. In addition to
this, other methods of input to the RP1 may be supported as well. One option is the
ability to support joystick input so that the user would simply move the joystick and
wouldn't have to look at the screen at all. Another option is to control the RP1 through
the arrow keys.
Programming Language
The languages with which the team has the most experience are assembly, Java, and C.
Variations of C such as C++ and nesC and other variations of C are included under the
category of C. There are many other languages that could be considered as well, but they
have been left out to lack of familiarity.
Potential Development
If time allows the user interface could be improved greatly. It could allow the user to
specify the shape of the platform by drawing it on a grid and could allow the user to input
the number and location of the powered motor modules. Additional microprocessors
could be easily integrated in this way to allow for more motor modules. The front-end
software will be implemented with these things in mind. At the end of this project,
suggested improvements will be outlined to guide continued development.
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