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- What motivated us to 
build a robot? 
 

- Why is it important to 
note this? 
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OBJECTIVES    MY ROLE 

Experience 

& 

Curiosity 

IEEE 
Hardware 

Competition 
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 Design 
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OBJECTIVES 
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According to ABET:  
 
ά9ƴƎƛƴŜŜǊƛƴƎ ŘŜǎƛƎƴ ƛǎ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ devising a system, component, or 
process to meet desired needs. It is a decision-making process (often 
iterative), in which the basic sciences, mathematics, and the engineering 
sciences are applied to convert resources optimally to meet these stated 
ƴŜŜŘǎΦέ 
 
ά{ǘǳŘŜƴǘǎ Ƴǳǎǘ ōŜ ǇǊŜǇŀǊŜŘ ŦƻǊ ŜƴƎƛƴŜŜǊƛƴƎ ǇǊŀŎǘƛŎŜ ǘƘǊƻǳƎƘ ŀ ŎǳǊǊƛŎǳƭǳƳ 
culminating in a major design experience based on the knowledge and skills 
acquired in earlier course work and incorporating appropriate engineering 
standards and multiple realistic constraintsΦέ 
 

OBJECTIVES    MY ROLE OBJECTIVES 



Dr. Mongi A. Abidi:  
 
 
 
Senior Design can be an opportunity for  
students to really learn and grow in an amazing  
way. ***  
 
 
 
 
***  ( probably paraphrased poorly ) 
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OBJECTIVES    MY ROLE OBJECTIVES 



What knowledge / skills will I seek to apply? 
 
What constraints am I dealing with? 
 
How can I make the most of what I have available? 
 
How can I use this opportunity to learn and grow? 
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Questions I asked myself early on: 

OBJECTIVES    MY ROLE OBJECTIVES 
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Knowledge I sought to apply / expand: 
  
 - microcontroller classes 
 - control systems class 
 - programming classes 
 - analog communications class 
 - reinforcement learning class 
 - CE curriculum in general 
 
Constraints: 
  
 - budget woes 
 - time 
 - inexperience 
 - building move 
 

OBJECTIVES    MY ROLE OBJECTIVES 
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Team Objectives: 
 
  
 - holonomic wheels / movement 
 
 - sensor deployment with wireless communication 
 
 - robot large enough to carry a smaller robot  
 
 - line following 
 
 - Did I miss anything? 
    

OBJECTIVES    MY ROLE OBJECTIVES 
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I helped with the following: 
  
 - sensor boxes (mainly capacitor sensor, others in a minor way) 
 - mechanism for the main robot to read each sensor wirelessly 
 - motors, motor controls, line sensors, battery, and chassis (early on) 
 
Things I tried: 
 
 - program interface for sub-components (API) 
 - simulator program to aid development of line sensor / main  
 - alternate robot hardware and software drivers  
    

OBJECTIVES    MY ROLE MY ROLE 
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In short?   
The work I did with the Robot Team falls under  
these headings: 

  
 - Communications 
  
 - System Architecture 
  
 - Other   

OBJECTIVES    MY ROLE MY ROLE 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER COMMUNICATION 

Wireless ς  between main robot and deployed sensors: 
  
 - each sensor acts as a client to the main robot 
 - main robot polls each sensor to decide which way to go 
   

Wired ς between each of the robot components: 
 
 - helped with I2C between Arduinos on competition robot  
 - used I2C for sensor communication on alternate robot  
 - programming interface for main controller to sub-controllers 
 - SoftSerial communication for Arduino-Arduino on alternate robot 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER COMMUNICATION 

Wireless >>  XBEE radios:  

   
  
 - low cost ( ~ $30 each ) 
 - low power 
 - ease of use 
 - met range requirements ( course is < 10 feet )   
 - small form factor (2.438 cm x 2.761 cm ) 
 
The need to make further considerations and perform  
extensive testing was limited. 
 
We were able to proceed very quickly with wireless 
communication portions of the robot tasks. 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER COMMUNICATION 

XBEE Power: 
 

 
 

 
  
  
   

In my tests, I was able to run the XBEE/FIO circuits for about 5 minutes using a 
small LiPo battery.  This was well within our needs. 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER COMMUNICATION 

XBEE Setup: 
 
X-CTU configuration program was 
used to configure the master and  
slave radios for our sensors. 
 
Channel can be selected and a PAN 
ID helps to ensure a privacy. 
 
Encryption can be used to further 
isolate network from the  
environment.  We found no need 
to use this feature in testing or 
at competition, however.  
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER COMMUNICATION 

XBEE Topologies: 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER COMMUNICATION 

XBEE Range: 
 

 
 

 
  
  
   



IE
E

E
 S

O
U

T
H

E
A

S
T

C
O

N
 2

0
1

2
 

- 
R

O
B

O
T

 T
E

A
M 

COMMUNICATION    SYSTEM ARCHITECTURE    OTHER COMMUNICATION 

Wireless ς How transfer works: 
 

 
 

 
  
  
   

All data is exchanged serially over XBEE using Easy Transfer, an Arduino library.   
This encapsulates the data and provides a checksum to ensure reliable transfer.  
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER COMMUNICATION 

Wireless ς Implementation: 
 

 
 

  

                                             VS. 

XBEE shield conflicts occurred at last minute on main robot so FIO was used 
connected to the main controller instead. 
 
Alternate robot had no such issues.  However, we were unable to program 
wirelessly in both cases.  Reset port issue?  
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER COMMUNICATION 

Wired Communication: 
 
 
 
 
 
Wired communication was used for communicating between the main Arduino 
and the secondary controllers.  
 
Both robots used I2C at first, I moved the alternate robot to SoftSerial after trouble 
with robot behavior that is inherent with using I2C for communication between 
!ǊŘǳƛƴƻΩǎ. 
 
 
 
 

I2C SoftSerial 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER COMMUNICATION 

Wired >> I2C : 
 
 
 
 
 
 
 
Requires 2 wires and a common ground / power source.  Uses !ǊŘǳƛƴƻΩǎ Wire 
library.  Devices can be chained together. Requires devices to be set up as master / 
slaves with restrictions on which device can initiate data transfer ς not desirable 
in some situations.  Blocks on I/O.  
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER COMMUNICATION 

Wired >> I2C : 
 
 
 
 
 
 
Not particularly suited for Arduino-to-Arduino communications in situations where 
both controllers must operate concurrently.  Better used for sensor.  
 
Fast I2C ς 400 kbps vs. 100kbps. 
 
Used this for alternate robot to talk with IMU which is 3 sensors in a chain. 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER COMMUNICATION 

Wired >> SoftSerial: 
 
 
 
 
 
 
Requires two wires and a ground.  
 
64-byte buffered, 2-ǿŀȅ ŎƻƳƳǳƴƛŎŀǘƛƻƴΦ  5ƻŜǎƴΩǘ ōƭƻŎƪΣ ŦƻǊ ŀƭƭ ǇǊŀŎǘƛŎŀƭ ǇǳǊǇƻǎŜǎΦ 
 
Capable of running at all Arduino serial baud rates.  In practice, I found it better to 
stick with 57.6K as was used with the FIO wireless communication. 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER COMMUNICATION 

Wired >> SoftSerial: 
 
 
 
 
 
 
 
Used this setup paired with Easy Transfer library for alternate robot when 
communicating from main controller to secondary controllers A & B. 
 
This required 4 ports on the main controller which was a bit of a sacrifice. 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER COMMUNICATION 

Wired >> Other considerations: 
 
Interrupt communication ς this was used to read encoders on alternate robot, but 
we also considered using interrupts to communicate between Arduinos. 
 
Serial Peripheral Interface (SPI) ς uses a master/slave model method for 
communication. 
 
Universal asynchronous receiver/transmitter (UART)  ς Arduino libraries are 
available that are hardware alternatives to the software serial that was used. 
 
 
These options were eliminated due to time constraints, lack of experience on our 
part, and a somewhat limited amount of information/examples available on 
Arduino-to-Arduino communication. 
 
The main reason other options were considered were the limitations of I2C as 
detailed earlier. 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER SYSTEM ARCHITECTURE 

System Architecture:  Software 
 
  

Main 

Line 
Sensors 

Task 
Sensors 

Motor 
Control 

Task 

Sensor 
Deploy 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER SYSTEM ARCHITECTURE 

System Architecture:  Software 
 
PURPOSE:  allow each of the components of the  
robot to be developed separately and independently  
yet still function as a whole. 
 
 
ALERNATIVE: one big file. 
 
 
STATUS: the competition robot used a hybrid of the method I created and the 
alternative.  The software structure I created was not used per se, but the same 
sort of idea was used. 
 
The alternate robot was created using this approach with libraries for each separate 
robot component.   

Main 

Line 
Sensors 

Task 
Sensors 

Motor 
Control 

Task 

Sensor 
Deploy 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER SYSTEM ARCHITECTURE 

System Architecture:  Software 
 
STATUS (continued):  The task sensor code I  
provided was in library form, but not used directly 
in code as we used a hardware alternative. 
 
A good part of the responsibility for not using this  
approach on the competition robot was mine.  I  
developed the API to a certain point and then abandoned the software 
development aspect of my System Architecture role in favor of a hardware 
oriented one. 
 
 
IMPACT:  I doubt software methodology really makes much difference in a 
hardware context of this scale.  The effect of not being entirely well-ordered or 
modular is/was/can be negligible at a small scale. 
 
  

Main 

Line 
Sensors 

Task 
Sensors 

Motor 
Control 

Task 

Sensor 
Deploy 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER SYSTEM ARCHITECTURE 

System Architecture:  Software 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER SYSTEM ARCHITECTURE 

System Architecture:  Hardware 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER SYSTEM ARCHITECTURE 

System Architecture:  Hardware 
 

Key Points: 
 
  
 Late start on development 
 
 Few real differences between Alternate vs. Competition robot 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER SYSTEM ARCHITECTURE 

System Architecture:  Hardware 
 

Late Start: 
 
  

I originally did NOT intend to develop hardware as a part of my System 
Architecture role other than to assist with competition hardware 
 
.ǳǘΧ 
 
- I was mostly done with my other tasks 
- I had other ideas I wanted to implement 
- /ƻƳǇŜǘƛǘƛƻƴ ƘŀǊŘǿŀǊŜ ǿŀǎ άƭƻŎƪŜŘ ƛƴέ ƛƴ  
 ways that were somewhat unchangeable  
 without scrapping the whole robot 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER SYSTEM ARCHITECTURE 

System Architecture:  Hardware 
 

Major differences: 
 
 - wheels 
 - motors 
 - battery 
  
  That seems like everything right?   
  

²ŜƭƭΣ ƴƻǘ ǊŜŀƭƭȅΧ   
 
 still has holonomic movement, still can deploy 
 sensors, still has room for a smaller robot, still 
 uses similar motor control mechanism. 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER SYSTEM ARCHITECTURE 

System Architecture:  Hardware 
 

 
                                  
     vs. 
 
   
 -  X or Y without   - X / rotate only without  

    holonomic operation      holonomic operation 
 - can do holonomic (easier) - holonomic ( difficult ) 
 - mounting is difficult   - mounting is easy 
 - cheap, but not on hand  - more expensive, but on hand 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER SYSTEM ARCHITECTURE 

System Architecture:  Hardware 
 

 
 
 
 
  

1st try: 
Applied a hub with 
epoxy.  Was very 

hard to center hub. 

2nd try:  two times the 
size of the first, but the 
hex bore enabled me 
to custom build a hub 
without machining. 
Extra height enabled 
me to try out camera. 

3rd try:  better rolling 

behavior due to dual rollers. 
Found a hub made for these 

after MUCH searching. 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER SYSTEM ARCHITECTURE 

System Architecture:  Hardware 
 

 
                                  
     vs. 
 
 
  - Voltage: 12V   - Voltage: 12V 

 - 500 rpm (free run)  - 120 rpm (free run) 
 - 300 mA (free run)  - 74 mA (free run) 
 - 6.1 Kg-cm   - 1.1 Kg-cm 
 - мΦпсέ Ȅ нΦрпέ (minus shaft) -  мΦпсέ Ȅ мΦтрέ (minus shaft) 
 - $39.95 (pololu) (not on hand) - $14.95 (jameco) (on hand) 
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COMMUNICATION    SYSTEM ARCHITECTURE    OTHER SYSTEM ARCHITECTURE 

System Architecture:  Hardware 
 
 
 
 
 
 
Comparisons between LiPo and other batteries are numerous.  In general, [ƛtƻΩǎ 
perform better and are lighter but not as cheap.  The competition robot used what 
batteries were on hand from previous years.  The alternate robot used an RC 
battery purchased for about $80 at Hobby Town in West Knoxville. 
 


