B = UNIVERSITYosTENNESSEE UF

KNOXVILLE

SoutheastCor2012 iHardware
Competition

Finall i essatdaban
| EEE RoboticsTéaaim
ECE=1d00

Department of Electrical Engineering

and Computer Science



B ~:UNIVERSITYo TENNESSEE UF

KNOXVILLE

Harrison (Jay) Cross

Computer Engineering
IEEE Robot Team

=
<
n
I_
I_
é
9V
=
O
O
I_
7))
<
n
T
|_
™
O
)
Ll
LUl
=




| meUNIVERSITYoTENNESSEE bF

KNOXVILLE

Final Pres

Objectives
Senior Design
Robot Team

My Role

Communication
System Architecture

Notes
Things | Tried
Lessons Learned
Future Work
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What motivated us to
build a robot?

Why is it important to
note this?

IEEE
Hardware
Competition

Experience
&
Curiosity
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enior Des sign

According to ABET:

G9YIAYSSNRAY I RS devidng a dystemiicknrspooneiBrOS & a
process to meet desired needsis adecisionrmaking procesgoften

iterative), in which the basic sciences, mathematics, and the engineering
sciences are applied to convert resources optimally to meet these stated

Yy SSRA& ®¢

G{GdzRSyda Ydzad o6S LINBLI NBR F2NJ Sy 3
culminating in a major design experience based onki@vledge and skills
acquired in earlier course woand incorporating appropriate engineering
standards and multiplesalistic constraint® €
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Dr. Mongi A. Abidi:

Senior Design can be an opportunity for
students to really learn and grow in an amazin
Way. *%k%*

*** ( probably paraphrased poorly )
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enior Des g

Questions | asked myself early on:
What knowledge / skills will | seek to apply?
What constraints am | dealing with?

How can | make the most of what | have available?
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How can | use this opportunity to learn and grow?
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Senior Design

- - - =
—

Knowledge | 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

- iInexperience
- building move

OBJECTIVESERVA@NON=
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Team Objectives:

- holonomicwheels / movement
- sensor deployment with wireless communication
- robot large enough to carry a smaller robot

- line following
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- Did | miss anything?
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| 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 | tried:
- program interface for stisomponents (API)

- simulator program to aid development of line sensor / main
- alternate robot hardware and software drivers
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In short?
The work | did with the Robot Team falls under
these headings:

- Communications

- System Architecture
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- Other
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Wirelessg between main robot and deployed sensors:

- each sensor acts as a client to the main robot

Wired ¢ between each of the robot components:

- helped with ¥C betweerArduinoson competition robot

- used ¥C for sensor communication on alternate robot

- programming interface for main controller to swontrollers

- SoftSerial communication for Arduis&rduino on alternate robot
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- 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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XBEE Power:

ZigBee™  Bluetooth™  Wi-Fi™ GPRSIGSM
802.15.4 802.15.1 802.11b .A1XRTHCDMA,'

Web,
Video, WAN, VoicefData
Ermail

Application monitoring & Cable
Focus Control Replacement

System
Resource
Battery Life
{(days)
Nodes Per
Network
Bandwidth
{(kbps)
Range
(meters)

4KB-32KB 250KB+ i1MB+

100-1000+ 1-7 «1-5 1-7

255/65K+ 20 1,000
20-250 64-128

1-75+ 1,000+

Reliable,
Key Low Power, Cost, Speed,
Attributes Cost Convenience Flexibility
Effective

Reach, Quality
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In my tests, | was able to run the XBEE/FIO circuits for about 5 minutes using a
smallLiPobattery. This was well within our needs.
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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.

Remote Configuration

PC SEttings] Fange Test] Terminal  Modem Configuration ]
Prafile
Save

hodem Parameters and Firmware Farameter ‘iew YWersions

Read | Wfrite | Hestu:ure| Clear Screen

Download new

VEIZIONE. ..

[ Abways update firmware Show Defaults

Modemn: <BEE Funchion Set
|<B24 ~| |~BEE 802.15.4

B4 Metwarking & Security

B ICICH - Channel

B (333210 - Pak 1D

B 0] DH - Destination Addrezz High
B [FFFF] DL - Destination Address Low
B 0] kY - 16-bit Source Address

B 5H - Serial Mumber High

B 5L - Serial Mumber Low

B (0] kb - AT Mode

B (31 FR - %Ees Reties

B [0 RM - Fandom Delay Slats

“erzion

~| |1EE ~|
e

o]V IVIVN[erNl[  ON SYSTEM ARCHITECTURE
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XBEE Topologies:

CLUSTER TREE

PAN Coordinator

Full Function Device
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@ Reduced Function Device
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XBEE Range:

Table 1-01. Specifications of the XBee®/XBee-PRO® RF Modules

Performance

IndooriUrban Range Up to 100 & {30 m) %ﬂt:m&w f. (92 m}), up w0 200 ft (60 m} Intemational

Up to 1 mide (1600 m), up 10 2500 ft (750 m)
Intemational vanant

Outdoor RF Iine-ofsight Range Up te 300 fi (SO m)
Transmit Power Output | | 63mW (18dBm)"

(software selectabie) tmW (0 dBm) 10mW (10 dBm) for Intemational variant
RF Data Rate 250,000 bos 250,000 bys

Senial Interface Data Rate $200 bps - 250 kbps 1200 bps - 250 kbps
(software selectable) (non-standard bsud rates also supported) {non-standard baud rates also supporied)

Racetver Sensitvity 92 d8m (1% packet error rale) -100 ¢Bm (1% packe! eror rate)
Power Requiremants
Supply Voitage 28-34V 28-34V

| 250mA (@3.3 V) { 150mA for intemational variant)
Transmit Current (typical) 4SmMA(@33V) RPSMA medule only: 340mA (@3.3 V) (180mA for
intemationa vanam{

Idie / Receive Current (typical) | 50mA @33V)  55mA @33V)
Power-down Cutrent <10 pA <10 pA

o]V VIV N[erNp[ ' ON SYSTEM ARCHITECTURE OTHER



| neUNIVERSITYo TENNESSEE UF

KNOXVILLE

Wirelessc How transfer works:

struct TxFX DATA STRUCTUERE
int task number:
int task status;
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All data is exchanged serially over XBEE using Easy Transfer, an Arduino librar
This encapsulates the data and provides a checksum to ensure reliable transfer.

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

o]V VIV N[erNp[ ' ON SYSTEM ARCHITECTURE OTHER



| meUNIVERSITYo/TENNESSEE UF

KNOXVILLE

4 )

SoftSeria

\_

Wired communication was used for communicating between the main Arduino
and the secondary controllers.

Both robots used?C at first, | moved the alternate robot to SoftSerial after trouble
with robot behavior that is inherent with usingd for communication between
I NRdzA Yy 2 Qa
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Wired >>|4C

12C .
Peripheral § Peripheral
Device #1 & Device #2

Requires 2 wires and a common ground / power source. UdedR dzWife2 Q &
library. Devices can be chained together. Requires devices to be set up as mast
slaves withrestrictions on which device can initiate data transfemot desirable

In some situationsBlocks on 1/0O.
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Wired >>|4C

12C .
Peripheral § Peripheral
Device #1 & Device #2

Not particularly suited for Arduinto-Arduino communications in situations where
both controllers must operate concurrently. Better used for sensor.
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Fast 4C¢ 400 kbps vs. 100kbps.

Used this for alternate robot to talk with IMU which is 3 sensors in a chain.
ool [[ef: Nl ON SYSTEM ARCHITECTURE OTHER
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Wired >>SoftSerial:

ounpsy =

G

® vom

Requires two wires and a ground.

64-byte buffered, 26 @ O2YYdzy AOF iA2yd 5285y Qi
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Capable of running at all Arduino serial baud rates. In practice, | found it better t
stick with 57.6K as was used with the FIO wireless communication.

o]V VIV N[erNp[ ' ON SYSTEM ARCHITECTURE OTHER
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Wired >>SoftSerial:

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

o]V VIV N[erNp[ ' ON SYSTEM ARCHITECTURE OTHER
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Wired >>0Other considerations:

Interrupt communicationg this was used to read encoders on alternate robot, but
we also considered using interrupts to communicate betwéetuinos

Serial Peripheral Interface (SRjuses a master/slave model method for
communication.

Universal asynchronoureceiver/transmitter (UARTY ¢ Arduino libraries are
available that are hardware alternatives to the software serial that was used.

Theseoptions were eliminateddue to time constraints, lack of experience on our
part, and a somewhat limited amount of information/examples available on
Arduinoto-Arduino communication.
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The mairreason other options were consideredere the limitations ofIC as
detailed earlier.

o]V VIV N[erNp[ ' ON SYSTEM ARCHITECTURE OTHER
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System Architecture Software

Task
Sensor
\ / Deploy
Malin

\
/ Sensors

Motor
Control
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System Architecture Software

PURPOSHEllow each of the components of the
robot to be developed separately and independently
yet still function as a whole.

\ Task
/ Sensors

Motor
Control

ALERNATIVENe big file.

STATUShe competition robot used a hybrid of the method | created and the
alternative. The software structure | created was not used per se, but the same
sort of idea was used.
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The alternate robot was created using this approach with libraries for each separ
robot component.
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System Architecture Software

STATUS (continued)fhetask sensor code |
providedwas in library form, but not usedirectly
In code as we used a hardware alternative.

B
Sensors
A good part of theesponsibility for not usinghis Motor

approach on the competition robot was mine. | ks

developed the API to a certain point and thaimandoned the software
development aspecbf 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-areliéred or
modular is/was/can baegligibleat a small scale.
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System Architecture Software

Rabot.h

class Robot
{
public:
char lineData[le]:
int motorDatal4]:
char taskDatal[4d]:

Robot (woid) :

woid starti{int baudRate] ;

int pollTask(woid);

int pollLine(woid) ;

int motor(int motorl, int motors, int motors, int motord, int time) ;
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System Architecture Hardware
Key Points:

Late start on development

Few real differences between Alternate vs. Competition robot
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System Architecture Hardware

Late Start:

| originally did NOT intend to develop hardware as a part of my Syste
Architecture role other than to assist with competition hardware

. dzii X

| was mostly done with my other tasks

| had other ideas | wanted to implement

| 2YLISGAGAZ2Y KI NRgI NI
ways that were somewhat unchangeable
without scrapping the whole robot
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System Architecture Hardware

Major differences:

- wheels
- motors
- battery

That seems like everything right?

28ttt y2iG NBIFffa
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still hasholonomicmovement, still can deplc ‘
sensors, still has room for a smaller robot,
uses similar motor control mechanism.
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System Architecture Hardware

e §

- X or Y without - X / rotate only without

holonomicoperation holonomicoperation
- can doholonomic(easier) - holonomic( difficult )
- mounting is difficult - mounting is easy
- cheap, but not on hand - more expensive, but on hand
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System Architecture Hardware

1sttry:

<t

Applied a hub with
epoxy. Was very
hard to center hub.

3rd try: better rolling
behavior due to dual rollers.
Found a hub made for the$
after MUCH searching.

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.
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System Architecture Hardware

- Voltage: 12V - Voltage: 12V

- 500 rpm(free run) - 120 rpm(free run)

- 300 mA(free run) - 74 mA(free run)

-6.1 Kgcm -1.1 Kgcm

-Mmdncé (Bnuashgpn é -mdncé (Bnumshafp ¢
- $39.95 pololu) (not on hand)  -$14.95 famecq (on hand)
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System Architecture Hardware

Comparisons betweehiPoand other batteries are numerous. Ingenefalh t 2 Q3a
perform better and are lighter but not as cheapThe competition robot used what
batteries wereon hand from previous yearsThe alternate robot used an RC
battery purchased for about $8@t Hobby Town in West Knoxville.
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