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(57) ABSTRACT

A system and method for operating robots in a robot
competition. One embodiment of the system may include
operator interfaces, where each operator interface is oper-
able to control movement of a respective robot. A respective
operator interface may be in communication with an asso-
ciated operator radio, where each radio may have a low
power RF output signal. A robot controller may be coupled
to each robot in the robot competition. A robot radio may be
coupled to a respective robot and in communication with a
respective robot controller and operator radio. The robot
radios may have a low power RF output signal while
communicating with the respective operator radios.
Alternatively, the radios may be short range radios, where a
distance of communication may be a maximum of approxi-
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58 Claims, 12 Drawing Sheets

TAGE 10t 2100
STAGE 108 -
12 — 12
fC
102
1060 FIELD I 106c
119¢
PLAYER STATON 3
g | PARSHIONTH 1100 3 e ke G2/ O ”DE e
ai j@] e~ 7 A3 w
G S 1180—{[RC1] e {RCS el I %
0O O O o
12 124
106¢
1055 p
PLATER STATON 21| 110 PLAYER STATION 2
M5 — r\/HSd
(oK1 2o
ST e 4 f
122
128 STAGIG
0 0o o o o0
0o o o o o
O O 0o o O




US 6,674,259 Bl

Sheet 1 of 12

Jan. 6, 2004

U.S. Patent

/AN |
o O O O o
O OJ O 0O O
O O o O \D
ONIVLS 92l
w
b S ey v ail \ma
mu:_o  vv | i LY |1 20
(TS pae—— N M H_ Ll — gl
7 NOILVIS ¥3Ad PO a1 - = @zu 0L | |z NolvLS ¥3IMd
o901 07N\, 901
pzi1] N qzil

[
X i1 wg %8l 108 N-ogy oyl e
mw‘ £10 —H v 8 g ~ - ﬂoml 10 VMNM
31| T 291 09} | 1061
¢ NOLVIS ¥3AV1d 011 D Jo WO O B0LL™ | |} NOIYIS ¥3Ad
5 %11 T
2901 GRELE 0g0|

iy _4Q|L gl

0L~




U.S. Patent

Jan. 6, 2004

204
N PRE-COMPETITION
CHECKIN
| |
206
N\ STAGE
UPCOMING
CONTESTANTS
| §
208~ LOAD
FIELD
|
210 \
COMPETE
|
212
N UNLOAD
FIELD
MORE
CONTESTANTS
?
216

FIG. 2

Sheet 2 of 12 US 6,674,259 B1




U.S. Patent Jan. 6, 2004 Sheet 3 of 12 US 6,674,259 B1

[6 ~<—— Pilot Controls + Conirol System Deta 15
fl (=-—m————_-_-__—__——_-———— =
Duplex Feedback + Dotg ———s-
Radio -
gég‘ FROC o
™ MODEM 119
118 .
e VI AL
, 344 342 RC 0l
MEM H Master pP Sensor Input 315\\
] \ 56 321'\ 318
Pilot Controls In (
i
/348 346 Piot Feedback +— "IMEM
MEM H User pP 322 313 — 320
Address Selector | DISPLAY
392 330
MEM H Output pP 354
[Address Selector
| 34 | /HOU
Robot Control 312 AC
Qutput Remote Radio Port <—s
508\ 302
Enable/Disable Signal WP
310
Status Indication MEM
506 304~
Address Selector

FIG. 3



US 6,674,259 Bl

Sheet 4 of 12

Jan. 6, 2004

U.S. Patent

14

914

AN 9l
3Oy SADA
$10SU3G ——P BT S10d
81y~ 504 fojay dwng'10)0p | PP
0cy SIYOYMS duy ; B syuskor
- 2 onog [ 00N B8 - -
= 2 B = 7 7 g2 |= = |s
s 2 g Z w o s ls o |2
= O = & = |z =< |z
= bngag/woibosy < ac
= e 1A
puo Jaypj 78¢-Sy L
1310107 ¢ g 300}
1060y —>] opoy e C— Jojpsady e
040 J0)0Jad
o’ 1 o S T I
o5l IPA
& pIDOQYSOQ 9 %100 _._ Segit PIDOQSO(] WA
Hoa <4 > Rioipixny Gil
80y~ J0q0y 0] S)0JJu0) \ 7
0¥ 07

oom\ﬂ\\

Competition Port



U.S. Patent Jan. 6, 2004 Sheet 5 of 12 US 6,674,259 B1

S
=z ) & =
A4
) nJ—m all 10 Or 0/
U TJbl __1Jdbkl 199
S35 O 5 1353 10
[
SHBL—1 || | - é YIBNN WAL
oo
=]l J 0
= M
NOIlIHdWOC)—>[ = M 193135 )
. § M ~
O|l| S ’ K
O S 1 = TINNVHD
sasny ——a( ) =
O _ g 118vSI0
§IM0d ] Che—— 13534 1080
T@ Pl 19 [] 9] [°] RN

UL 10 Ui I Ul _JU

PORT 2 —

DASH BOARD ——»
PORT 1



U.S. Patent Jan. 6, 2004 Sheet 6 of 12 US 6,674,259 B1

o
- =
£ 8 & g §
< = =2 = A =
hant o- — =>4 §
\ 4
S A WO s T w Q/
B8kl 1J6l loJloIL/roJ\O
/I
t— S35
& . g e— V3008 11V430/335N
s3sn3s—a | _
o — YIANON V3L ©
oD o =]
oD = .
o g ] | fe— 135 )
oo < ~—
o P S Y
= Sr17 ) oD
SINAIND Wid —{ |5 = oD
oD OD | — SINAINO AVIZY
[ams} [ams)
an on
(nmn} [sm]
[ams]
[ame]
5[l [°][°] S
Ut T 0

ANALOG ——»~
DIGITAL ——»



U.S. Patent

Jan. 6, 2004 Sheet 7 of 12 US 6,674,259 B1
L
OPERATOR OPERATOR ROBOT ROBOT
INTERFACE RO RO 1% CONTROLLER
CONTROL SYSTeM |—114a -1 7 CONROL SYSTEW | 1160
ROO STARTUP 04 ROI0 STARTUP P
TR T READ TEAN
i NUMBER 1t I NuNBER LR
T8 Dispuay T T8~ CHECK FOR TETHER
NUMBER CONNECTION
T0B~ READ COMPETITIN M0~ yar FOR TEHER
PORT 0R RADIO CONN
L N gL HANDSHAKE WITH
s SET 70 LAST FREQUENCY || USER PROCESSOR,
CHAMN SET DATA TYPES
SET FREQUENCY CHANNEL : FL S T
. - 2% CONFIRN
L PILOT CONTROLS AND 126 78
T4 COMWNCATE O | cowrroL Sy o | PLOT CONTROLS AND AT
70— - CONTROL SYSTEM DATA 2%
7 - / RECENE
DATA
738
VERIFY CORRECT
TEAM NUNBER
AND CHNNEL
IF NOT CORRECT CHANNEL, 744
SET TO NEXT CHANNEL — REPEAT (SCAN)
70— CONFIRN UNTIL CORRECT
" FREQ CHANNEL
00K 10 ML
CONFIR -
ENABLE RADIO TRANSMIT
8 CONFRM
"9 -0
D :ﬁ BEGIN NORMAL
KA OPERATION
%EDBACKTAND o |_COVROL SISTEM DA
CONTROL SYSTEM DATA 75
56— 758
DSPLAY FREQUENCY
CHANNEL
T80 Beon NORMAL
QPERATION

FIG. 7




U.S. Patent

(PERATOR
INTERFACE

CONTROL SYSTEM

TETHER STARTUP
—_—

8020

806

808

810

812

840

842

B4

Jan. 6, 2004 Sheet 8 of 12 US 6,674,259 B1
Lo
OPERATOR ROBOT ROBOT
R0 R0 11% COMTROLLER
11k 11 /7 CoNRoL e |— 1180
B0t TEHER STARLP _| 814
READ TEAN ) LR T
NUMBER NUVBER SELECTOR
DISPLAY TEAM 16 cuec R TETHER
e | Jcomvecrion
READ COMPETTION B8 cweok FoR R0
L o | comecron
READ CHAWNEL WAT NTL TETHER
| JseLec (R RADO
COMNECTION EXSTS
DETECT TETHER 822~
| comnecrion HANDSHAKE WTH
USER PROCESSOR,
SET DATA TYPES
PLOT CONTROLS AND CONTROL SYSTIM DATA o6
0 :?QECENE
WA e
VERIFY CORRECT
TEAN NUMBER
REPEAT (SN AND CHANNEL
UNTIL CORRECT 830
FREQ CHANNEL IF NOT CORRECT
CHANEL, SET T0
I [ T
83— LOXK T0
FREQ CHANMEL
835 = BEGN NORWAL
| opeRon
FEEDBACK AND CONTROL STSTEM DATA
5%
WAT UNTIL RECENE
CORRECT TEAH .
AND FREQ CHANNEL
DISPLAY FREQUENCY
L Jomne.
BEGIN NORMAL
| operaTon

FIG. 8




US 6,674,259 Bl

Sheet 9 of 12

Jan. 6, 2004

U.S. Patent

|
|
i
|
_
,
|
|
!
_
I
,
f
_
,
_
4
|
,
|
_
4
_
f
_
*
_
_
!
_
f

6 9Id
\\\\\\\\\\\\\\\\\\\\\\\\\\\\ :
SLHAIT "SOONOTOS | -
"SHOLON TIVWS 0L | S10d 1¥0dN
SHNIS VI 1ndIN0 ; ﬂ -
Sonls o syoton own [ | % , S1d0 N N
0L SYNIIS A 1ndIn0 W u\,_wmm b
swﬁm %8 6 s LN S
¥0 WIISAS TONINO
- VIV0 TS U8 T o waisks T0uNeD | YIVO WALSAS TOINGD E ogzwvaéw '
Wivo VY0 HISAS T08IND O Y3 ONY YOVB0334
SSI00d o O VRO *
yiv0 T 5!
LNy |
o V1Y W3S |
| V30
m_az_ﬂ 4
IO O 7] _
SinN
0TV (V3 M
Yiv0 tlé " 806
NN 4 %6 /106
016 snm %w zogu&%_m_u YI¥0 WILSAS 10YINGD YIY0 WILSAS T0MINOD
U S0 QW SONGD 100 | gy SI0MINGD LOTd
, 41 Sl¥0d OV
%0 | -
" IS 00V 16 NOLV3d0
— g~ i1 WSS 104D ogl ] oy~ NN NE3B
40SST0Md ¥3553004 WSSHOM | o611 000 00w IVRIN
|||||||| O O £ s L 100 HOL¥30 Y030
YITIONING) 108CY oy W




U.S. Patent

Jan. 6, 2004

Sheet 10 of 12

US 6,674,259 Bl

OPERATOR INTERFACE 110
50
- 1000 - 1002 ; 1004
(PERATOR ROBOT ROBOT
INTERFACE CONTROLLER FEEDBACK
o POWER ON o VAUD RX 0 O PWM 1
o SEARCH,/X o NO DATA o O PHM 2
© VALID RX o LOW BATTERY o O REIAY
o NO DATA/RADIO o LOW BATTERY o o RELAY 2
o NO DATA/RADIO o BASIC ERROR O SWITCH 1
o F1 MAN o AUX FUSE o SWITCH 2
o 2 AX 1006 o SWIICH 3
© F3 RADD 18 | CHANNEL
o f4 [0GIC
FIG. 104
ROBOT CONTROLLER 1180
/1008 1/1010 /1012
CONTROLLER CONTROLLER FUSE
STATUS ALERTS FAULTS
o POWER ON o LOW BATTERY o F1 MAN
o SEARCH/TX o NO DATA/RADIO o 2 10GIC
o VAUD RX o BASIC INTT ERROR o 5 AKX
© BASIC RUN o BASIC RUN ERROR o 4 RADIO

FIG.

10B



US 6,674,259 Bl

Sheet 11 of 12

Jan. 6, 2004

U.S. Patent

qQolL -7 "

o000l -7

g1 914

8011
[

9011
\

VIVO YOSNIS

1041NOD

AVIYLS VIVD XNIdNn

VIiL9oIld

Al 01
[ i

104INOD VIV 1011d

WYILS VIVO MNFINMOG




U.S. Patent Jan. 6, 2004 Sheet 12 of 12

1202

; START )

!

1204\

ISSUE RADIOS BEING
LOW RANGE, COMMERCIALY
AVAILABLE, AND
SUBSTANTIALLY THE
SAME TO CONTESTANTS
OF A ROBOT COMPETITION

|

1206\

ENTER THE
CONTESTANTS TO
PARTICIPATE IN THE
ROBOT COMPETITION

|

COORDINATE INDIVIDUAL
MATCHES DURING
THE ROBOT
COMPETITION

1210 i
END

FIG. 12

US 6,674,259 Bl



US 6,674,259 B1

1

SYSTEM AND METHOD FOR MANAGING
AND CONTROLLING A ROBOT
COMPETITION

RELATED APPLICATION

This application claims priority from co-pending U.S.
Provisional Patent Application No. 60/238,354, filed Oct. 6,
2001, which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

The principles of the present invention generally relate to
robot competitions, and more specifically, but not by way of
limitation, to a system and method for managing,
controlling, and providing safety for robot competitions.

2. Description of Related Art

Robot competitions have become popular in the recent
past. The robot competitions are used as incentive to moti-
vate people of all ages to become interested in math, science,
and engineering; robot design and development; and used as
entertainment events. One popular robot competition is
organized for high school students and sponsored by large
corporations. In these robot competitions, contestants of the
robot competitions are asked to create robots to perform a
wide range of tasks, such as picking up tennis balls, stacking
blocks of wood, and everything in-between. Other popular
robot competitions have been organized and conducted by
people with robots built as a hobby to perform more
advanced activities. Still yet, more robot competitions have
been organized by for-profit promoters, and match contes-
tants against one another to design large, dangerous robots
that clash in an arena for a fight, such as a boxing or
wrestling match.

Robot competitions are generally concerned with four
issues: (i) event safety, (ii) event integrity, (iii) event flow,
and (iv) event control. These four issues are important from
liability, learning, and revenue generated standpoints.

Event safety is an extremely important issue for robot
competitions. Depending upon the robot competition, the
robots may range in size from ounces to hundreds of pounds,
and may reach speeds of up to 30 miles per hour or more in
relatively short distances. Additionally, the larger robots
may include weapons, such as gripping devices, hammers,
rotating arms, and saws to be utilized during the robot
competitions. Robots having such devices may be extremely
dangerous for the contestants, organizers, and spectators of
the robot competitions if an uncontrolled situation occurs.

While the size, strength, and capabilities of the robots
may in and of themselves be dangerous, the event safety
issue is exponentially increased due to tens or several
hundreds of robots being entered in any robot competition.
And, as contestants prepare and test the robots prior to
entering the arena for an event, the contestants routinely lose
control of their robots due to a robot malfunction, radio
control interference, or human error.

With regard to radio interference, robot competitions have
been conducted traditionally in two ways, (i) allowing
contestants to utilize mixed, non-uniform radio equipment,
and (ii) requiring contestants to utilize consistent radio
equipment. In the case of contestants utilizing mixed radio
equipment, contestants generally have adapted model air-
plane radio controllers for the robots because these radio
controllers have more capability and frequency channels
than radio controllers for remote control cars, for example.
However, because the model airplane radio controllers trans-
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2

mit at high power levels, two watts or more, in general, these
radio controllers are problematic for robot competitions due
to, for example, radio frequency (RF) noise, electromagnetic
interference (EMI), co-channel interference, and multipath
effects due to being in an indoor environment. These radio
control problems may cause unexpected effects, such as a
contestant controlling a robot of a different contestant or a
robot performing mysterious actions. Also, the use of mixed
radio equipment often results in two or more contestants
operating on or near the same frequency, which will likely
cause a contestant to unknowingly drive a robot of another
contestant, thereby creating a dangerous situation for the
contestants, organizers, spectators, and robots.

With regard to event integrity, an organizer of the robot
competition is concerned about conducting a fair and honest
competition. In the traditional robot competitions, contes-
tants utilizing both the mixed and consistent radio equip-
ment have no absolute regulation to prevent early starts, late
starts, or late stops of the robots. For activity-type
competitions, a contestant may cheat and start or continue
the activity prior to or after a clock starts and stops,
respectively. In a fight-type competition, a contestant may
strike an opposing robot prior to or after the clock starts and
stops, respectively. If such an early or late strike occurs, the
opposing robot may suffer irreparable damage, and the
contest may be jeopardized, thereby destroying the integrity
of the event as the contest cannot be replayed.

With regard to event flow, as radio controllers are essen-
tially unregulated, including operating on the same frequen-
cies and having high power transmitters, robot competition
organizers are required to confiscate radio controllers from
the contestants to minimize safety hazards. The organizers
often utilize as many as fifteen people to confiscate and
guard the radio controllers in a storage room. In the case of
non-consistent radio equipment, organizers have instituted
different techniques, including both low budget and elabo-
rate techniques, to assign frequency channels to contestants.
These techniques range from (i) attaching a number to a
clothes pin to be used for checking out the radio controller
for a match, (ii) utilizing a software program specifically
written to ensure that two contestants do not operate on the
same or close frequency simultaneously, and (iii) utilizing a
spectrum analyzer to monitor frequency channel usage.
Even using these techniques to avoid having two radios
operating on the same frequency, mistakes have routinely
been made and safety has been jeopardized. It is common to
find a contestant’s radio to be transmitting on a different
frequency than expected. Some common causes are human
error, intentional misuse, mislabeled crystals, poor or old
equipment, and lack of knowledge of the equipment by the
contestant. Also, contestants routinely have additional radio
controllers that are “backups™ that are not confiscated and
pose a safety hazard.

In the case of using consistent radio equipment, such as
having transmitters operating on frequency channels A, B,
C, and D, confusion and accidents routinely occur as con-
testants have trouble with installation of the radio
equipment, forget to return the radio equipment, or simply
use their own radio equipment. And, installing radio equip-
ment into the robot electronics for the first time may produce
unexpected results or no results at all. Pragmatically, con-
testants want to perform last minute testing of the robots
prior to entering the robot competition. Without having a
radio controller because the organizers only have enough for
competition purposes, such a test is not possible.
Furthermore, as the robots may weigh several hundred
pounds or more and be tract driven, the contestants may
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need radio control to move the robot between different
staging areas, and to load and unload the robot from the
arena. Furthermore, issues resulting from poor control of
match starts and stops, as mentioned previously, leads to
re-match requests by contestants for the reason of fairness.
Re-matches cause havoc for schedules, adding complexity
and confusion to event flow. Logistical problems associated
with the event flow issue often cause delay before, during,
and after a match, and alter smooth flow of the overall robot
competition.

With regard to the event control issue, organizers of the
robot competition are interested in controlling frequency
usage and regulating start and stop times of the robots for
safety, event integrity, and event flow considerations.
However, traditional robot competitions have been unsuc-
cessful in implementing a viable solution to handle the event
control issue. While the coordinators have tried to regulate
and assign frequency channels, problems still occur. Orga-
nizers are subjected to rely on unregulated equipment and a
contestant honor system. Data rejection via a checksum or
robot identifier signal to be verified by the robots is an idea
that simply has not been instituted. Also, contestants tend to
start and stop a match early and late to gain a competitive
advantage and frequency channels are routinely crossed due
to a mix-up of issuing radio controllers by the organizers of
the robot competitions.

The above issues provide just a sampling of the problems
that organizers and contestants of robot competitions have
faced. Other issues that the organizers face are Federal
Communication Commission. (FCC) control for the radio
frequency and RF power usage, governmental oversight of
safety issues, and television networks desiring more stream-
lined competition for production purposes. With the popu-
larity of the robot competitions becoming increasing larger,
these issues need to be solved.

SUMMARY OF THE INVENTION

To solve the problematic issues of robot competitions,
including (i) event safety, (i) event integrity, (iii) event flow,
and (iv) event control, a system and method has been
designed to manage and control robot competitions. The
principles of the present invention may include components
that can be divided into two basic categories, components
used by the contestants, and components used by the event
organizers. The various contestant and organizer compo-
nents have been seamlessly integrated into a complete
wireless robot control system. The wireless robot control
system may be used by robot designers and contestants of
the robot competition to pilot and control the robot(s). The
wireless robot control system also provides a simple method
of ensuring that the equipment includes safety features
according to the principles of the present invention and may
be easily identified as having the safety features by the event
organizers simply by recognizing the equipment brand. The
components used by the event organizers form a competition
control system and ensure event safety and integrity to
manage event flow and to provide control over the equip-
ment of the contestants as needed to safely conduct the
competition. The system may provide for a field controller,
arena controller, operator interface, and robot controller to
be utilized to ensure for event safety, integrity, flow and
control of a robot competition. By utilizing the system and
method, event organizers can focus more on the goals of the
competition, whether for educational or entertainment
purposes, and spend less time on communication and com-
petition issues.

The principles of the present invention include a system
and method for operating robots in a robot competition. One

10

15

20

25

30

35

40

45

50

55

60

65

4

embodiment of the system may include operator interfaces,
where each operator interface is operable to control move-
ment of a respective robot. A respective operator interface
may be in communication with an associated operator radio,
where each radio may have a low power RF output signal.
A-robot controller may be coupled to each robot in the robot
competition. A robot radio may be coupled to a respective
robot and in communication with a respective robot con-
troller and operator radio. The robot radios may have a low
power RF output signal while communicating with the
respective operator radios. Alternatively, the radios may be
short range radios, where a distance of communication may
be a maximum of approximately 500 feet.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the method and appa-
ratus of the present invention may be obtained by reference
to the following Detailed Description when taken in con-
junction with the accompanying Drawings wherein:

FIG. 1 is an exemplary diagram of a robot competition
including a field with contestants and robots;

FIG. 2 is an exemplary flow diagram flow for conducting
the robot competition conducted on the field of FIG. 1;

FIG. 3 is an exemplary block diagram of components of
a system for controlling the robot competition conducted on
the field of FIG. 1;

FIG. 4 is an more detailed block diagram of the compo-
nents of FIG. 3;

FIG. 5 is an exemplary mechanical schematic of an
operator interface of FIG. 4;

FIG. 6 is an exemplary mechanical schematic of a robot
controller of FIG. 4;

FIG. 7 is an exemplary interaction diagram of the control
system of FIG. 4 showing an exemplary flow for radio
startup;

FIG. 8 is an exemplary interaction diagram of the control
system of FIG. 4 showing an exemplary flow for tether
startup,

FIG. 9 is an exemplary interaction diagram of the control
system of FIG. 4 showing a flow of operations for conduct-
ing normal operation of the control system;

FIG. 10 is an exemplary display for providing a contestant
of the robot competition information being fed back from
the robot to the contest;

FIGS. 11A and 11B are exemplary data downlink and
uplink data streams, respectively, for communicating infor-
mation between the operator interfaces and robots of FIG. 1;
and

FIG. 12 is an exemplary flow diagram describing a
method for conducting the robot competition of FIG. 1.

DETAILED DESCRIPTION OF THE DRAWINGS

The present invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.
This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art.

Robot competitions have become increasingly popular in
the recent past. The robot competitions include high school
students, who compete to create robots to perform an
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activity, such as picking up tennis balls and placing the
tennis balls in a bucket, and robot enthusiasts who create
large, dangerous robots that compete on a field within an
arena in a fight. These robot competitions may include thirty
contestants for local competitions and as many as 500
robots, thousands of contestants, and tens of thousands of
spectators for a national competition.

There are generally four issues of concern for organizers
of the robot competitions, including: (i) event safety, (ii)
event integrity, (iii) event flow, and (iv) event control. The
organizers have addressed these issues in a variety of ways,
but ultimately a system is needed to properly address and
handle these issues. The system and methodology described
herein address these and other issues.

The system, according to the principles of the present
invention, may include a field controller, arena controller(s),
operator interfaces, and robot controllers. The field control-
ler may be utilized by the organizers to perform field
management of the robots participating on and off the field
of the arena. At least one arena controller may communicate
with the field controller to assist in executing the field
management. For example, the field controller may be
utilized by the organizer of the robot competition to enable
and disable the robots to start and stop a match. The operator
interfaces may be coupled to the arena controller(s) and be
utilized to control and monitor the robots by the contestants
of the robot competition. The operator interfaces commu-
nicate with the robot controllers via radios being of essen-
tially the same type and having low radio frequency (RF)
power output, generally below approximately 0.25 watts, to
reduce interference between robots. The radios may also be
identified as having a short communication range, such as
approximately 500 feet. Additionally, each operator inter-
face may be assigned a frequency channel on which to
communicate to a respective robot during the competition.

To address safety issues, the robot controller, and appli-
cable software and/or hardware as understood in the art, may
control the radio coupled thereto to sweep through the
competition frequencies, which are restricted otherwise,
until a positive determination is made to identify control
data, such as checksum, team number, and frequency chan-
nel number. By identifying the control data, organizers may
ensure that each robot operates on a separate frequency in
response to a corresponding operator interface. And, once a
robot controller is assigned the correct frequency channel
number, it may lock to that frequency until powered off.

To allow for contestants to test the robots in a staging area
or pit 124 area prior to competing, the robot controller may
include an input port for a tether cable from an operator
interface. The operator interface may be the same as the
operator interface typically utilized to control the robot or
another operator interface with reduced capabilities. Also,
the tether input port may be the same as the input port for the
radio coupled to the robot. By utilizing a tether, in the
staging, RF noise and potential safety hazards are reduced.

Because the system for operating the robot competition
addresses the four issues of concern for the organizers, robot
competitions may be safely and smoothly conducted. And,
because the organizers can sell consistent equipment to the
contestants prior to the robot competition, the contestants
may simply design the robot controllers into the robot and
concern themselves with the mechanics of the robot design
rather than communication issues. Utilizing the system, the
organizers may avoid scrutiny from government agencies,
such as the FCC, as the radios of the system meet FCC
regulations and the system provides a high level of safety to
protect contestants and others attending the robot competi-
tion.
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FIG. 1 is an exemplary diagram of an arena 100 for
conducting a robot competition. The arena 100 generally
includes at least one field 102 and stage or table 104 for
organizers to oversee the field 102. Player stations
106a-106d may be located around the perimeter of the field
102 to allow contestants to reside during a match of the robot
competition.

A competition control system, according to the principles
of the present invention, includes a number of components
to conduct and control the robot competition. The compo-
nents may include a field controller (FC) 108 coupled to
arena controllers (AC1-AC4) 110a-110d (collectively 110)
via cables 112a-112d (collectively 112), respectively.
Operator interfaces (OI1-OI4) 114a—114d (collectively 114)
may be further coupled to respective arena controllers 110.
Operator radios 115a—115d (collectively 115), coupled to
respective operator interfaces 114, may be utilized to com-
municate information between the operator interfaces 114
and associated robots 116a—116d (collectively 116). The
operator radio 1154 may be either external or part of the
operator interface 114a. Each of the robots 116 includes a
robot controller 1184—118d (collectively 118) coupled to
robot radios 119a-119d (collectively 119). The robot radio
119 may be either external or part of the robot controller 118.

To avoid having radio interference or fading when a robot
116 a associated with an operator interface 114 a is posi-
tioned across the field 102 and closer to a different operator
interface 114d, a centralized radio and/or antenna grouping
120 may be utilized to communicate between the operator
interfaces 114 and robot controllers 118. A pits arca 124 is
utilized by event organizers to provide a common area for
robots and contestants not presently competing, and may be
utilized by contestants to test, repair, and prepare the robots
between matches. A staging area 122 is utilized by organiz-
ers to assist in event flow by collecting or “staging” robots
and contestants prior to a match, and is utilized by contes-
tants to test and prepare the robots prior to a match.

FIG. 2 is an exemplary flow diagram 200 for conducting
a robot competition utilizing the arena 100 of FIG. 1. While
the flow diagram 200 is general in nature, given that tens or
hundreds of robots may be competing in a single robot
competition, event flow, which includes safely and timely
moving robots onto and off-of the field 102, is important for
organizers, contestants, and spectators of the robot compe-
tition. By improving flow of a robot competition, more
events may be conducted and more robots can compete,
which ultimately increases spectator interest and reduces
expensive schedule time if filming crews are present. A
comparison between traditional robot competitions and
robot competitions utilizing the control system according to
the principles of the present invention are described with
regard to FIG. 2.

The process starts at step 202. At step 204, the organizers
conduct a pre-competition checkin to register the contestants
and robots into the robot competition. To ensure safety,
robots may not communicate on the same frequency at the
same time, during matches and pre-match preparation. In a
traditional robot competition, if the contestants used
inconsistent, commercially available radio control
equipment, such as model airplane radio controllers, every
contestant was assigned a different frequency channel. If,
however, different frequency channels for all of the robots
could not be procured, a radio checkin/checkout procedure
was utilized, which limited the contestants from performing
adequate pre-match testing in the pits 124. In the case of
using custom control equipment provided by at least one
organizer of robot competitions, all radios, which included
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high power radios, were confiscated at checkin or a special
dongle (i.e., jumper setting cable) was installed to each robot
entering and exiting the field. The instant control system
allows contestants to simply register without having to
relinquish the operator interface 114 (i.e., radio controller)
because the radio controllers are low RF power, competition
channels are protected and accessible via arena controllers
110, and practice channels are available, for example.
Additionally, organizer intervention is greatly reduced as the
control system coordinates the frequency channels and data
rejection, utilizing, for example, frequency channel number,
team number, and checksum, during communication
between the operator interfaces 114 and the robot controllers
118. It should be understood that the frequency channel
number may simply be a channel number as various com-
munication techniques, such as code division multiplexing,
do not utilize frequency per se. Also, the channel number
may include a time slot number for a time division multi-
plexing communication technique.

At step 206, contestants to partake in an upcoming event
are staged in the staging area 122 to ensure that the contes-
tants and robots 116 are prepared for the event. In the
traditional robot competitions, contestants using commercial
equipment organizers had to verify that contestants in the
staging area 122 were communicating on different frequency
channels from those competing, loading, unloading, and in
the staging area 122 or request that radio controllers remain
powered off In the case of contestants using custom control
equipment of the organizer of robot competitions, contes-
tants could not use the radios in the pits 124 due to the
limited number of frequency channels and the high power
transmission would interfere with others in the pits 124 and
field 102. While the custom control equipment had tether
capabilities, AC power outlets had to be available, which
was generally not the case. The instant control system
provides “open” or test channels and may include a tether
connection capable of receiving power from the robot. If the
radio link is used, the low power transmission does not
substantially interfere with the robots competing. Because
competing robots are on frequencies unavailable to contes-
tants not on the field, same frequency interference should not
occur.

At step 208, radio communication is typically used to
ensure that the robots 116 are ready to compete. In the
traditional robot competitions with contestants using com-
mercial equipment, the organizers had to verify that contes-
tants loading were on different frequency channels from
those unloading, competing, and staging. Organizers had no
control over unsafe actions. For the custom control equip-
ment robot competitions, contestants had to wait for those
unloading before loading due to a limited number of fre-
quency channels and high radio power. In the instant control
system, contestants loading the robots 116may power the
robots 116 as the robots 116 may be automatically assigned
different frequency channels. Additionally, the organizers
may disable robot movement globally within the arena to
reduce setup time or individually to halt unsafe operating
conditions.

Once a contestant situates the robot 116a on the field 102
, using the instant control system, the robot 1164 is powered
on and the robot controller 118 searches available frequency
channels for a preassigned team number. The operator
interface 114a may be connected to the arena controller 110a
at the player station 106a. The arena controller 110a pro-
vides the operator interface 114a with power, communicates
a password to the operator interface 114a thereby allowing
access to competition-only channels, commands the proper
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channel to use to the operator interface 1144, and commu-
nicates a signal to disable movement of the robot 116a.

Once the operator interface 114a and robot controller
1184 have established communication, the operator interface
1144 indicates that a good link exists. Field coordinators
check that each robot has a good link before starting the
match. In one embodiment, the operator interfaces 114 and
arena controllers 110 may indicate that a good link has been
established by turning on lights.

Further at step 208, a pre-competition checkout is
performed, typically by an organizer asking, “Are the robot
ready?” and “Are the contestants ready?” As robot compe-
titions typically have a specific starting area for the robots
prior to the start of a match, time is lost when contestants test
the robots 116 and move out of the areas. The robots 116
must be moved back within the areas manually or remotely,
which may be dangerous to anyone on the field 102. In the
case of using commercial radio controllers, determining if
the robots 116 are ready requires testing the control system
by moving the robots 116, robot arms and/or weapons,
which may be dangerous to anyone on the field 102.
Clearing the field 102 first causes delay. Since radio equip-
ment remains on, as the radios cannot be turned off, the
contestants are confident that their equipment is ready. In the
case of using custom control equipment, determining if the
robots 116 are ready requires testing the control system and
moving the robots 116, robot arms and/or weapons, which,
again, is dangerous to anyone on the field. Again, clearing
the field 102 first causes delay. Once the system is tested, the
operators system is powered off by the competition coordi-
nators to prevent contestants from moving prior to the start
of the match. Because the system is powered off, the
coordinators and contestants cannot be certain that the
system will come back on properly and timely. Additionally,
the robot radios 119 remain listening to the frequency
channels and are susceptible to noise and adjacent channel
reception as no data rejection exists in the system. With
regard to the instant control system, determining if the
robots are ready requires checking for communication
between the operator interfaces 110 and the robot controllers
118. The communication check may be performed without
verbal communication or hand signals, as performed in the
past. Since the radios 115 and 119 remain on with robot
movement disabled, the contestants are confident that the
equipment is ready.

Furthermore, the robots 116 remain in place as a control
system check by moving the robots 116 and/or the compo-
nents on the robots is unnecessary, thereby providing addi-
tional safety to anyone on the field 102.

At step 210, a match of the robot competition is per-
formed. The beginning of the match is important in robot
competitions, specifically when collecting points is
involved. The robots should start and stop at precisely the
same time. Stopping the match may be even more important
for determining the final number of points and preventing
damage infliction after the end for a “late hit”. Also, during
a match, it is possible for a contestant to violate the rules of
the game to the extent that a disqualification occurs. In an
event involving more than two robots 116, disqualification
generally involves stopping the infringing robot 116.

With regard to the use of commercial equipment, since the
radio control equipment is always on, early starts may occur,
which results in restarting the event and using additional
time. An uncontrolled stoppage of the event creates an issue
as noise within an arena may be overwhelming for the
contestants, thereby requiring event coordinators to use hand
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signals to identify event stops, and a proper stoppage may
not occur. With regard to using custom control equipment,
because the control system is completely turned off to avoid
early movement, timely startup for all of the robots 116 may
not occur and a restart is needed. Another possible outcome
of the startup for one of the robots not occurring is that the
organizers and/or judges do not notice the situation, thereby
creating a disadvantage for the robot(s) that did not properly
start. This outcome commonly results in a contestant
requesting re-matches, team dissatisfaction, and significant
organization difficulties. Stopping the event involves turning
the system power off. Although the system may be powered
off, the robots 116 are actively trying to receive signals and
may cause the robots 116 to lurch or move due to radio
frequency noise and/or adjacent channel communication,
which tends to change the position of scoring objects.

By comparison, the instant control system provides for
communication to be present before, during, and after an
event. The competition organizers may control the events
electronically or electrically so as to ensure that each robot
starts and stops at substantially the same time. Also, dis-
abling an individual robot 1164, for example, may easily be
accomplished using the instant control system. To start a
match or event, an enable signal may be issued to each of the
arena controllers 110. The enable signal is communicated to
the operator interfaces 114 and then to the robot controllers
118. Outputs of the robot controllers 118 are unlocked and
the robots receive full control. During operation, a disable
signal to a particular arena controller 110a may be utilized
to disable the robot for a rule infringement or dangerous
situation. To stop the match, a disable signal may be issued
to each of the arena controllers 110, which is ultimately
communicated to the robots 116 to prohibit movement by
locking or turning off the outputs of the robot controllers
118. If communication is lost during the event due to a low
battery condition on the robot 1164, the low battery condi-
tion may be indicated by the robot controller 118a and
operator interface 1144 to identify that the communication
problem was the fault of the contestant and not outside the
control of the contestant, such as a jamming signal.

At step 212, the robots are unloaded from the field. With
regard to the use of commercial equipment, since the radio
control equipment is always on and in control of the robot,
and since removing heavy robots requires multiple contes-
tants to be on the field 102 along with the robots, the
situation may be dangerous. With regard to using custom
control equipment, although the system may be powered off,
the robots 116 are actively trying to receive signals and may
cause the robots 116 to lurch or move due to radio frequency
noise and/or adjacent channel communication, which may
be dangerous to contestants unloading robots from the field
102. By comparison, the instant control system allows
unloading to be performed manually with robots disabled, or
semi-automatically using either radio or tether communica-
tion.

At step 214, a determination is made as to whether more
contestants are to compete. If yes, then the field is loaded at
step 208 and the next event takes place. Otherwise, the robot
competition ends at step 216.

FIG. 3 is an exemplary block diagram of the instant
control system 300 for conducting a robot competition. The
control system 300 includes the arena controller 110a,
operator 114a, operator radio 115a, robot controller 118a,
and robot radio 119a.

The arena controller 110a is positioned at the player
station 106a and includes a processor 302 coupled to a
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memory 304. A channel selector 306, such as a series of dip
switches, is further coupled to the processor 302, and is
utilized by the organizer of the robot competition to select a
frequency channel for the contestant utilizing the arena
controller 110a. Alternatively, the channel selector 306 may
be a memory device that is loaded via data input, possibly
from the field controller. Further yet, in the case of using
TDMA communication, the channel selector 306 may be
used to set a time slot, and in the case of using CDMA, the
channel selector may be used to set a code. An input port to
the arena controller 110z may include an enable/disable
signal port to receive an enable/disable signal 308. An output
port to the arena controller 110¢ may include a status
indication port 310 to output status indicators. Input/output
ports may include a remote radio port 312 that communi-
cates with a remote radio (not shown). Multiple remote
radios may be collocated or optimally placed to provide
optimal communication within an arena between the opera-
tor interfaces 114and the robots 116a. An operator radio
1154 may be disabled via the arena controller 110a during
communication to the robot 116a using the remote radio. An
operator interface port 314 of the arena controller 110a
receives data from the operator interface 114a to commu-
nicate to the robot 116a from the remote radio. It should be
understood that antennas coupled to the remote radios may
be collocated and provide the same functionality of collo-
cating the remote radios. While multiple arena controllers
110 have been designated to be used around the arena 100,
one or more arena controllers having input ports for multiple
operator interfaces 114 could be utilized to reduce the
number of arena controllers 110.

In operation, the arena controller 110g is utilized to assist
the field controller 108 in managing the robot competition.
A software program may be stored in the memory 304 and
executed by the processor 302. The field controller 108 may
issue an enable/disable signal to the processor 302 of the
arena controller 110a to enable and disable the operation, not
communication, of the robot 116a. The processor 302 is also
operable to provide a status indicator to be used to notify the
field controller 108 directly or simply turn on and off a light
to indicate to the organizers, contestants, and audience of the
robot competition that the contestant has full and proper
communication with the robot 116a. The processor 302 also
reads the channel selector 306, which is generally selected
by the organizers, and utilized for data discrimination pur-
poses by the robot 116a. Further, configuration bits estab-
lished by the organizers may be read to determine input/
output logic.

The operator interface 1144, utilized by the contestant to
control and monitor the robot 1164, may be coupled to the
arena controller 110z during an event of the robot compe-
tition. The operator interface 1144 includes a processor 316
coupled to a memory 318, an address selector 319, and a
display 320. The display 320 may include LEDs and LCDs
to indicate information to the contestant. Alternatively, the
display 320 may be external from the operator interface
114a. The operator interface 114a further includes a pilot
control input port 321 and a pilot feedback output port 322.
A pilot control device (not shown), such as a joystick, may
be utilized to control the robot 116a via the operator inter-
face 114a. The pilot feedback output port 322 may be
coupled to an external display, such as a computer monitor.
Two input/output ports, an arena controller port 324 and a
radio port 326 are used for communicating between the
arena controller 110a and operator radio 1154, respectively.

In operation, power may be provided from the arena
controller 110a to the operator interface 114a. By providing
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power from the arena controller 110a to the operator inter-
face 114a, connection between the two devices may be
ensured, and the frequency channel of the operator interface
114a may be controlled. Additionally, if the operator inter-
face 114a were allowed to power up independent of the
arena controller 110a, the operator interface 114a would
default to a non-competition channel. Communication
between the arena controller 110a and the operator interface
114a may be used to authorize access to restricted compe-
tition channels and check the status of the link between the
robot controller 118a and the operator interface 114a. The
enable/disable signal and autonomous mode commands may
be communicated between the arena controller and the
operator interface 114a via data packets or other data
transmission technique. The address selector 319 may be
read by the processor and communicated to the. robot
controller 1184 to identify the operator interface 114a as part
of data discrimination.

The operator interface 114a receives operational data,
which may be analog or digital, via the pilot controls input
port 321 to control the robot 116a. The processor 316
communicates the operational data via the operator radio
115a to control the robot 116a. Feedback data from the robot
116a may be received via the radio port 326 and processed
by the processor 316. The pilot feedback output port 322
may be RS-232 standard to provide the feedback data for
display on a computer or the display 320. During a
competition, the operator interface 114a is connected to and
communicates data with the arena controller 110a to ensure
that the operator interface 114a communicates with the
proper robot 116a, for example.

The operator radio 1154 may be full duplex and includes
a modem 328 and a processor 330 with associated memory
(not shown). Alternatively, the operator radio 1154 may be
half duplex. An antenna 332 may be coupled to the radio
115a. The robot radio 1194 includes substantially the same
hardware components as the robot radio 1194, including: an
antenna 334, modem 336, and processor 340.

In operation, the operator radio is utilized to communi-
cation information between the operator interface 114a and
the robot controller 118a. The radio processor 330 of the
operator radio 1154 may be electronically programmable or
selectable by the processor 316 of the operator interface
1144 to support scanning. In one embodiment, a low power
(e.g., less than approximately 0.25 watts) at a frequency
band of approximately 900 MHz. The low power is used to
minimize transmission distance to less than approximately
500 feet (i.e., short range communication), and to reduce the
ability for other transmitters to cause interference onto other
frequency channels. An RS-422 data link as understood in
the art may be used between the radio modem 328 and the
radio controller 330. Alternatively, a different or non-
standard data link may be utilized.

The data stream between the operator radio 1154 and the
robot radio 1194 includes pilot controls and control system
data on the downlink (i.e., from the operator radio 115a to
the robot radio 119a) for controlling the robot 116a, and
sensor feedback and control system data on the uplink. The
data stream may be communicated using data packets as
understood in the art. The data stream may be communicated
using time division multiplexing (TDM) and code division
multiplexing (CDM), for example. Control system data may
include team number, mode (i.c., enable, disable, or
autonomous), channel number, packet number, and check-
sum.

The robot controller 1184 may include a master processor
342 and associated memory 344, a user processor 346 and
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associated memory 348, an output processor 350 and asso-
ciated memory 352, and an address selector 354. The master
processor 342 may be coupled to the user 346 and output
350 processors. The user processor 346 may further be
coupled to the output processor 350. The address selector
354 may be coupled to the master processor 342. It should
be understood that fewer or more processors may be utilized
and/or configured in different ways, however, using three
processors 342, 346, and 350 provides a clear distinction of
function for the processors.

In operation, the radio controller 118 receives the down-
link data from the robot radio 119a4. Team number may be
used to synchronize the radio controller 118a to the fre-
quency channel of the operator interface 114a by scanning
for a team number match. The team number may addition-
ally be used to reject data received from the wrong (i.c.,
non-corresponding) operator interface 1144 on the same or
adjacent channel. As is understood in the art, a signal
communicated on an adjacent channel may often be received
and interpreted as being on the proper channel but having
lower power. The mode may be used to define the current
control state of the radio controller 1184 to enable or disable
robot control outputs from the output processor 350 to allow
or prohibit movement of the robot 116a. In one embodiment,
the master processor 342 may receive and interpret the mode
and command the output processor to enable or disable
output drivers of the output processor 350. Additionally, the
mode may designate the robot controller 118 to operate the
robot 1164 in an autonomous mode (i.e., non-contestant
driven).

In the autonomous mode, the master processor 342 may
receive downlink data, but ignores the downlink data as the
robot 116a is operating in a self-guided mode. Also, the
master processor 342 does not send a disable signal to the
output processor 350 due to a time-out (i.e., missed data
packets) state caused by not receiving or ignoring the
downlink data. The autonomous mode allows the user
processor 346 to use sensor data received from a sensor
input port 356 to control the robot 116a.

The uplink data, including sensor feedback and control
system data, may be communicated in data packets and
contain robot sensor data and looped-back pilot control data.
The system data may include team number and frequency
channel number. By communicating the uplink data to the
operator interface, data discrimination may occur and the
contestant may obtain positional and status data of the robot
116a before and during a match of the robot competition.

Software programs operating in the processors 342, 346,
and 350 may be stored in the associated memories 344, 348,
and 352, respectively, and operate in serial or parallel to
operate the robot 116a. The master processor 342 reads the
address selector 354 to perform frequency scans and data
verification. The frequency scan may scan through the
restricted frequency channels dedicated for competition and
be performed by the master processor 342 and/or the pro-
cessor 340 of the robot radio 119a. It should be understood
that the restricted radio channels may be inaccessible with-
out the password being issued to the operator interface 114a
by the arena controller 110a. And, once the frequency scan
sets the robot radio 1194 on the correct channel, the robot
radio 119a may be locked to that frequency channel by the
processor 340 or master processor 342 until the robot
controller 1184 is powered down.

The user processor 346 may be utilized to communicate
information to the master processor 342 on initialization to
configure the data packets to be sent to the user processor
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346. The user processor may receive control data from the
master processor 342, and allows the contestant to program
the handling of robot control outputs and feedback data,
although some data may be communicated directly back to
and handled by the master processor 342. The output pro-
cessor 350 receives data from the master 342 and user 346
processors, and generates the robot control output to driving
the actuators, such as motors and relays, on the robot 116a.
If the robot 1164 is commanded to be disabled, then the
output processor 350 does not output the robot control
output.

An alternative embodiment to disabling one or more
robots 116 may include a secondary communication path
that allows disabling of robot movement to ensure additional
safety by having an alternative or redundancy path of
communication. The secondary communication path may
utilize a secondary radio (not shown) coupled the arena
110a, field controller 108, or emergency button that may be
readily accessible to the organizers, contestants, or audience.
The secondary radio (not shown) may operate over the same
or different frequency channels and communicate directly to
the robot radios 119 using the same or different bit streams.
Alternatively, the secondary radio may communicate
directly to a secondary robot radio (not shown) that couples
to the output processor 350. The secondary radio may be a
low or high range and/or power radio to power down robots
within approximately 500 feet or more of the emergency
button. A disable signal may be communicated as discussed
herein.

FIG. 4 is a more detailed exemplary block diagram of the
control system 300 of FIG. 3. As shown, the pilot controls
input port 321 of the operator interface 114a may include
digital and analog input lines and/or buses for receiving data
from operator control devices, such as joysticks, switches,
and potentiometers (pots), for example. Additionally, power
may be delivered from the operator interface 1144 to the
operator control devices. A competition port 402 may also be
included with the operator interface 114a to allow the
organizer of the robot competition to have certain compe-
tition functions, such as accessing the restricted frequencies
used for competition, turn on and off power, and enable/
disable control of the robot 116a. A power converter 404
may be utilized to convert 115 VAC from a wall to a DC
voltage. The pilot feedback port 322 may communicate
sensor data from the robot 1164 to an auxiliary dashboard or
display 406. The operator interface 114a may communicate
to the robot controller 118a via the operator 1154 and robot
119« radios. Alternatively, the operator interface 114a may
communicate with the robot controller 118a via a tether
using the RS-232 interface standard.

The robot controller 1182 may be coupled to a battery 408
to provide power that may be converted to digital and analog
voltages by a converter (not shown) within or external from
the robot controller 118a. The robot controller 1182 may
output pulse width modulation signals and digital output
signals (i.e., robot control output) to power amplifiers 410 to
drive a big motor and relay modules 414 to drive smaller
motors, pumps, solenoids, and valves. Feedback signals
from sensors, pots, and switches may be received by the
robot controller 1184 in analog or digital form. Analog-to-
digital (A/D) converters may be utilized to convert the
analog feedback signals so that the master processor 342 of
the robot controller 1184 may communicate the information
in packets back to the operator interface 114a.

FIG. 5 is an exemplary hardware schematic of the opera-
tor interface 114a showing exemplary input and output
ports. Ports 1-4 are provided to allow a contestant to utilize
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multiple control devices to operate the robot. Additionally, a
number of selectors, such as user channel and address (i.e.,
team number) selector 319, are shown as being accessible to
the contestant. Alternatively, the selectors may be software
switches. Other selectors and ports should be recognized by
those skilled in the art. On the face of the operator interface
1144, a display containing LEDs and seven-segment LEDs,
or an LCD, may be provided to display the contestant
information. The display 320 is discussed further with
regard to FIG. 10A.

FIG. 10A is an exemplary display of the operator interface
110a. As shown, there are three groups of LEDs, including:
operator interface 1000, robot controller 1002, and robot
feedback 1004 groups. The operator interface group 1000
provides a status of hardware and/or communication opera-
tion of the operator interface 110a. The robot controller
group 1002 provides a status of power and communication
operation of the robot controller 118a. The robot feedback
group 1004 provides software controlled status of sensor and
actuator devices on the robot 116a. A seven-segment LED
display 1006 may be included to display the frequency
channel on which the operator interface 110a is currently
communicating, and to display other relevant numeric data.

FIG. 6 is an exemplary mechanical schematic of the robot
controller 118a providing selectors and communication
ports, including communication ports for a radio and tether
input, as previously discussed and understood in the art.
Additionally, a display including indicators, such as LED s,
may be provided on the robot controller 1184, to provide the
contestant an indication as to the status and operation of the
robot controller 118a. The display of the robot controller
118a is discussed further with regard to FIG. 110B.

FIG. 110B is an exemplary display of the robot controller
118a. The display includes three groups, including controller
status 1008, controller alerts 1010, and fuse faults 1012
groups. The controller status group 1008 indicates power,
communication, and software execution of the robot con-
troller 118a. The controller alerts group 1010 notifies the
contestant as to power, communication, and software execu-
tion of the robot controller 118a during operation of the
robot 116a. The fuse faults group 1012 provides an indica-
tion as to fuses that fail during operation of the robot 116a.
It should be understood that the items displayed are exem-
plary and may be different based on desirability by the
developer, operator, and/or contestants of the robot compe-
tition for both the operator interface 110a and the robot
controller 118a.

FIG. 7 is an exemplary interaction diagram 700 describ-
ing operations and communications between operator and
robot components for startup of the control system using the
operator radio 115a. The process starts at step(s) 702a and
702b as both the operator interface 114a and robot controller
118a are started up independently.

With regard to the operator interface 114a, the team
number is read at step 704 and displayed at step 706. At step
708, the competition port is read to determine whether the
operator interface 1144 is being utilized in a robot compe-
tition setting. The frequency channel selector may then be
read, if necessary, at step 710. The operator interface 114a
commands the operator radio 1154, or the processor 330
therein, to the frequency channel, and a confirmation may be
communicated back to the operator interface 114a. Data
may now be transmitted by the operator radio 115a there-
after.

With regard to the robot controller, the team number is
read at step 716. At step 718, the robot controller 118a
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determines whether control is to be performed via a tether
connection. The robot controller 118a waits until a tether or
radio connection is made. The master processor 342 per-
forms a handshake with the user processor to get data types
to be used for data communication at step 722. At step 724,
the robot controller 118a sets the robot radio 119« to the last
frequency channel used and a confirmation is communicated
back to the robot controller at step 726. The master processor
342 waits for data to be received from the robot radio 119a
at step 728.

At step 730, data continues to be communicated from the
operator interface 114a to the operator radio 115a. The data
may include the pilot controls and control system data, and
may be communicated from the operator radio 1154 to the
robot radio 119a. The robot radio 1194 communicates the
data to the robot controller 118a at step 734. The data is
received at step 736 by the master processor 342, and a
verification process to determine whether the correct team
number and frequency channel were received at step 738.
The team number is deemed to be correct if the team number
received from the operator interface 114a matches the team
number of the robot controller 118a. The frequency channel
number is deemed to be correct if the frequency channel
number received from the operator interface 114a matches
the frequency channel that the robot radio 1194 resides. If
the team number is not correct, then the data is discarded and
the robot controller may wait for data again at step 728.

If the frequency channel is not correct, the robot controller
118a sets the robot radio 1194 to a next frequency channel
at step 740. The robot radio 119a confirms the channel
selection to the robot controller 118a at step 742. The
frequency channel is scanned or swept at step 744 until the
frequency channel of the robot radio 1194 matches the
frequency channel received from the operator interface
114a. Once the frequency channel of the robot radio 1194
matches the frequency channel received from the operator
interface 1144, the frequency channel of the robot radio 1194
is locked at step 746 and confirmed at step 747. To avoid
possible safety problems, the frequency channel of the robot
radio 119a remains locked until the robot controller 118a is
powered off. At step 748, radio transmission of the robot
radio 119a is enabled and confirmed at step 749. At step
750,the robot controller 118a begins normal operation.

At step 752, feedback and control system data is com-
municated from the robot controller 118a to the robot radio
119a. The feedback and control system data is thereafter
communicated to the operator radio 1154 and ultimately to
the operator interface 114a at step 756. The frequency
channel may be displayed on the operator interface 114a at
step 758. Normal operation of the operator interface 114a
may begin at step 760. It should be understood that startup
of the control system using the operator radio 1152 may be
performed in a different manner than shown in FIG. 7, but
that the functionality may achieve similar results.

FIG. 8 is an exemplary interaction diagram 800 describ-
ing operations and communications between operator and
robot components for tether startup of the control system
using the operator radio 115a. The process starts at step(s)
802a and 802b as both the operator interface 1144 and robot
controller 1184 are started up independently.

With regard to the operator interface 114a, the team
number is read at step 804 and displayed at step 806. At step
808, the competition port is read to determine whether the
operator interface 1144 is being utilized in a robot compe-
tition setting. The frequency channel selector may then be
read, if necessary, at step 810. The operator interface 114a
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detects a tether connection at step 812. Once the tether
connection is detected, the operator interface 114a starts
sending data and communicates via the tether connection
and does not communicate via the operator radio 115a.

With regard to the robot controller, the team number is
read at step 814. At step 816, the robot controller 118a
determines whether control is to be performed via a tether
connection. The robot controller 1182 may also check for a
connection to the robot radio 119a. The robot controller
1184 waits until a tether or radio connection is made at step
820. At step 822, the master processor 342 performs a
handshake with the user processor to get data types to be
used for data communication.

At step 824, the operator interface communicates pilot
controls and control system data via the tether, which may
be a wire cable or fiber optic line, for example. The robot
controller receives the data at step 826 and verifies the
correct team number and channel at step 828. If it is
determined that the robot controller is not set to the correct
channel, the next channel is selected at step 830. The robot
controller 118a repeats the channel verification process at
step 832 until the channel of the robot controller 118a
matches the frequency channel number communicated by
the operator interface 114a.

At step 834, after the frequency channel of the robot
controller 118a matches the frequency channel of the opera-
tor interface, the frequency channel of the robot controller
1184 is locked. By locking the frequency channel of the
robot controller 1184 until the robot controller 118a is
powered down, safety is further increased. At step 836, the
robot controller 1184 begins normal operation.

At step 838, the robot controller 1184 communicates
feedback and control system data via the tether connection
to the operator interface 114a. At step 840, the operator
interface 114a waits until the correct team number and
frequency channel is received from the robot controller
118a. The frequency channel is displayed on the display 320
of the operator interface 1144 or external display at step 842.
The operator interface 114a begins normal operation at step
844. It should be understood that startup of the control
system using the tether may be performed in a different
manner than shown in FIG. 8, but that the functionality may
achieve similar results.

FIG. 9 is an exemplary interaction diagram of the control
system of FIG. 4 showing a flow of operations for conduct-
ing normal operation of the control system. At step(s) 902a
and 902b, normal operation of the operator interface 114a
and robot controller 118z commences. As shown the robot
controller 1184 has been expanded to include the three
processors, including the master processor 342, user pro-
cessor 346, and output processor 350. It should be under-
stood that the robot controller 118a could include one
processor to perform the functions of the three processors,
but separating the functions onto the different processor
reduces the load for each processor. Alternatively, rather
than using a processor for the output processor 350, for
example, a digital logic circuit or other device may be
utilized for performing the functions of the output processor
350.

At step 902,the processor 316 of the operator interface
1144 reads the pilot controls input port 321, which may
include multiple input ports as shown in FIG. § to read
multiple control devices, such as joysticks and switches. At
step 904, pilot controls and control system data are com-
municated to the operator radio 1154, which further com-
municates the pilot controls and control system data to the
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robot radio 119a at step 906. The robot radio 119a thereafter
communicates the pilot controls and control system data to
the master processor 342 at step 908.

At step 910, the master processor 342 receives the data.
The master processor may perform a data integrity test (not
shown) using the control data, such as checksum, channel,
and team number, before utilizing the received data for
controlling the robot 116a. If it is determined that the data
is not valid for any reason, the robot 116a may utilize the
previously valid data for up to five data receptions, for
example. After the five data receptions, the robot 116a may
be disabled by turning off control output from the output
processor 350 and/or robot power, for example. The analog
inputs from sensors located on the robot 110 are read by the
master processor at step 912. At step 914, the digital inputs
from sensors located on the robot 110a are read by the
master processor 342. Information, including pilot controls
and control system data, analog data, and digital data, may
be communicated over a serial bus to the user processor 346
at step 916. At step 918, the serial data is read by the user
processor. Using a serial bus provides the contestant the
ability to replace the user processor with a new or different
processor and be confident that the new or different proces-
sor can operate in the robot controller without major rework,
such as rewiring or altering of signal timing. The data
received via the serial bus is processed at step 920. The data
may be utilized to control the operation and/or movement of
the robot 110a.

At step 922, the user processor 346 communicates feed-
back and control systems data to the master processor 342.
The feedback and control systems data may be utilized by
the master processor to further control the robot 110a. At
step 924, the user processor may communicate data across
another serial bus to the output processor 350. The data,
which may include information to drive actuator devices,
such as motors and switches and/or lights, may be received
by the output processor 350 at step 926. Again, the use of the
serial bus allows the contestant to upgrade the robot con-
troller 118a by simply changing the output processor 350
that utilizes a serial bus. At step 928, pulse width modulation
(PWM) signals that are used to drive large motors efficiently
may be output from the output processor 350 to the actuator
devices. At step 930, output signals to smaller actuators,
such as small motors, solenoids, and lights, may be output
from the output processor 350.

At step 932, the master processor 342 of the robot
controller 118a communicates feedback and control systems
data 932 to the robot radio 1194, which further communi-
cates the data to the operator radio at step 934. At step 936,
the operator radio 1154 communicates the feedback and
control systems data to the processor 316 of the operator
interface 114a. The data is received by the processor 316 of
the operator interface at step 938, and displays are updated
at step 940. The displays may include the display 320 of the
operator interface or an external display communicated via
the pilot feedback port 322 at step 942. The process is
repeated at step 944 until, the unit is shut down or commu-
nication is lost, for example. It should be understood that
normal operation of the control system may be performed in
a different manner than shown in FIG. 9, but that the
functionality may achieve similar results.

FIGS. 11A and 11B show exemplary downlink 1100z and
uplink 11005 data streams, respectively. Both of the data
streams 1100z and 11005 include both control and data
information, and may be communicated using data packets.
As understood in the art, the downlink data stream 1100a
communicates data from the operator interface 115a to the
robot controller 1184, and the uplink data stream 11005
communicates data from the robot controller 118a to the
operator interface 1154 .
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The downlink data stream 1100a includes control 1102
and pilot 1104 data, which may include analog and digital
data, to control functionality or operability and movement of
the robot 116a. As suggested, the pilot data 1104 includes
data generated by a contestant using a control device, such
as a joystick, to control the robot 116a. The uplink data
stream 11005 includes control 1106 and sensor 1108 data,
which may include analog and digital data, to operate as
telemetry data for the contestant. The sensor data 1108 data
may be utilized for display purposes. TABLES 1 and 2
provide exemplary downlink and uplink, respectively, data
stream information.

As shown, both the downlink and uplink data packets
utilize a hexadecimal number, Oxff, Oxff, which is 255 in
base ten, in the first two bytes to indicate a start of the data
packet. The value of the start of the data packet may
alternatively be another value. The other bytes, therefore, are
to remain between 0 and 254 so that the processors do not
consider a non-start byte the start of a data packet. The data
included in the data packets are not arranged in any par-
ticular order, such as passing control data first and pilot data
second.

The control data includes CTRL__A, CTRL_ B, CTRL__
C, PACKET NUMBER, CHECKSUM_A, and
CHECKSUM__B. The CTRL__A data includes four mode
bits, including an enable/disable bit and autonomous mode
bit, and four team number bits. The CTRL__B data includes
eight bits of additional team number. The CTRL__C data
includes two mode bits and six channel number bits. The
packet number may indicate a particular packet for reference
purposes. The CHECKSUM__ A and CHECKSUM_ B data
are BCH style checksums as understood in the art. It should
be understood that the control data may be alternatively
organized and a different number of bits may be used to
communicate the information. Furthermore, other control
information may be communicated on the downlink and
uplink data packets for system control purposes.

The pilot data in the downlink packet includes analog and
digital data. Both the analog and digital data is communi-
cated in a digital format. The PWM data is pulse width
modulation data that is used to control motors, for example.
Digital data may be used to control switches, relays, and
lights, for example. It should be understood that alternative
pilot data may be communicated on the downlink data
packet. The sensor data in the uplink packet includes analog
and digital data for indicating operation and status of the
robot and electromechanical devices coupled thereto. The
particular data communicated on the uplink may be selec-
tively applied by the contestant. It should be further under-
stood that the downlink and uplink data may include more
or fewer number of bytes of data.

The robot controller 118a and operator interface 114have
processors and associated software operable to receive and
communicate the uplink and downlink data as understood in
the art. Additionally, the robot controller 118a and operator
interface 114 may include hardware or software for parsing
and forming the uplink and downlink data packets as under-
stood in the art.

TABLE 1
DOWNLINK DATA PACKET

BYTE DATA BYTE DATA

12 Oxff, Oxff (start of packet) 15 PWM7
3 PWM1 16 CHECKSUM__A

4 SWITCHES_A 17 PWMS
5 PWM2 18 CHECKSUM__B

6 SWITCHES_B 19 PWM9



US 6,674,259 B1

TABLE 1-continued
DOWNLINK DATA PACKET
BYTE DATA BYTE DATA

7 PWM3 20 PWM10

8 CTRL_A 21 PWM11

9 PWM4 22 PWM12

10 CTRL_B 23 PWM13

11 PWMS 24 PWM14

12 CTRL_C 25 PWM15

13 PWM6 26 PWM16

14 PACKET NUMBER

TABLE 2
UPLINK DATA PACKET
BYTE  DATA BYTE DATA

1-2 Oxff, Oxff (start of packet) 8 CTRL_A
3 ANALOG1 9 ANALOG4
4 SWITCHES_A 10 CITRL_B
5 ANALOG2 1 ANALOGS
6 SWITCHES_B 12 CTRL_C
7 ANALOG3 13 ANALOG6

FIG. 12 is an exemplary flow diagram 1200 describing a
method for conducting the petition of FIG. 1. The process
starts at step 1202. At step 1204, sets of operator interfaces
and radios being substantially the same are issued to con-
testants of the robot competition. The issuance may be
provided for cost or no cost. At step 1206, the contestants to
participate in the robot competition are entered. The orga-
nizers coordinate individual matches he robot competition at
step 1208. The coordination may include assigning fre-
quency channels, starting and stopping the matches, super-
vising point scoring for the contestants, and ensuring safety
of the robots both on and off the field of the arena 100. The
process ends at step 1210.

Although the robot control system 300 herein described is
directed to being utilized for a robot competition, the prin-
ciples of the present invention may be utilized for non-robot
competition applications. Such non-robot competition appli-
cations may include educational uses, military applications,
and general hobby robot applications. Other potential appli-
cations may include transportation vehicles, heavy
equipment, amusement park rides, and those vehicles desir-
ing remote safety controls, for example. Additionally, while
the robot control system 300 generally includes using low
power radios for indoor use, applications that are performed
outdoors generally desire longer ranges. To accommodate
the longer ranges, radio power may be increased to com-
municate over longer distances.

The previous description is of a preferred embodiment for
implementing the invention, and the scope of the invention
should not necessarily be limited by this description. The
scope of the present invention is instead defined by the
following claims.

We claim:

1. A system for operating robots in a robot competition,
said system comprising:

a plurality of operator interfaces, each operator interface
being operable to control movement of a respective
robot;

a first plurality of radios, each radio being in communi-
cation with a respective operator interface, and having
a low power RF output signal;
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a plurality of robots;

a plurality of robot controllers, each robot controller
coupled to a respective robot; and

a second plurality of radios, each second radio coupled to
a respective robot and in communication with a respec-
tive robot controller and first radio, and having a low
power RF output signal while communicating with the
respective first radios.

2. The system according to claim 1, wherein the low
power RF output signal is a maximum of approximately 0.25
waltts.

3. The system according to claim 1, wherein said first
plurality of radios have a maximum communication range of
approximately 500 feet.

4. The system according to claim 1, wherein said first
plurality of radios are substantially the same.

5. The system according to claim 1, wherein said first and
second radios operate in full duplex.

6. The system according to claim 1, wherein said first and
second radios communicate on an RS-422 communication
standard.

7. A system for operating robots in a robot competition,
said system comprising:

a plurality of operator interfaces, each operator interface
being operable to control movement of a respective
robot;

a first plurality of radios, each radio being in communi-
cation with a respective operator interface, and having
a short communication range;

a plurality of robots;

a plurality of robot controllers, each robot controller
coupled to a respective robot; and

a second plurality of radios, each second radio coupled to
a respective robot and in communication with a respec-
tive robot controller and first radio, and having a short
communication range.

8. The system according to claim 7, wherein said first
radios have low power RF output signal of a maximum of
approximately 0.25 watts.

9. The system according to claim 7, wherein the short
communication range is a maximum of approximately 500
feet.

10. The system according to claim 7, wherein said first
plurality of radios are substantially the same.

11. The system according to claim 7, wherein said first
and second radios operate in full duplex.

12. The system according to claim 7, wherein said first
and second radios communicate on an RS-422 communica-
tion standard.

13. A system for controlling a robot competition having a
plurality of robots engaged therein, said system comprising:

at least one arena controller operable to provide control of
the robots;

a plurality of operator interfaces coupled to said at least
one arena controller; and

a plurality of operator radios being in one-to-one corre-
spondence with said plurality of operator interfaces and
coupled thereto.

14. The system according to claim 13, wherein each of
said plurality of operator radios operate on a separate
channel as commanded by a corresponding arena controller.

15. The system according to claim 14, wherein said at
least one arena controller further provides control of said
operator interfaces.

16. The system according to claim 13, wherein said
operator radios are capable of communicating on channels
restricted for tournament use.
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17. The system according to claim 13, wherein the control
includes at least one of the following:

enabling and disabling of the robots, and

allocating of a channel.

18. The system according to claim 13, further comprising
a plurality of robot controllers operable to control a corre-
sponding robot, each robot controller coupled to a robot
radio to communicate with a corresponding operator radio.

19. The system according to claim 18, wherein the robot
controllers include a sweep means for sweeping the operator
frequencies of the robot radios.

20. The system according to claim 13, further comprising
a field controller coupled to said at least one arena controller.

21. The system according to claim 20, wherein said field
controller is integrated with an arena controller.

22. The system according to claim 20, wherein said field
controller allocates channels on which said operator radios
communicate.

23. The system according to claim 20, wherein said field
controller enables and disables said at least one arena
controller.

24. A method for controlling a robot competition within
an arena having a plurality of robots engaged in competition
therein, said method comprising:

installing at least one device for engagement by contes-
tants of the robot competition;

allocating, by the at least one device, a plurality of
channels for communication of signals to the robots
during the robot competition;

assigning a unique channel to each contestant engaging
the at least one device; and

conducting the robot competition with the engaged con-
testants.

25. The method according to claim 24, wherein the at least

one device is an arena controller.

26. The method according to claim 24, wherein control of
the robot is selectively enabled and disabled via the at least
one device.

27. The method according to claim 24, wherein said
assigning includes:

sweeping the plurality of channels by a robot;

identifying the control signal; and

locking to the unique channel.

28. The method according to claim 24, wherein the
plurality of channels are restricted for tournament use.

29. The method according to claim 28, wherein a pass-
word is utilized to provide access to the restricted channels.

30. A system for providing dual-mode communication
between an operator and a robot, said system comprising:

at least one operator interface having at least two com-
munication ports, a first operator interface operable by
the operator for controlling movement of the robot;

a first radio, coupled to a first communication port of an
operator interface, to communicate data on a channel;

a second radio, mechanically coupled to the robot, for
communicating with said first radio;

a robot controller mechanically coupled to the robot, said
robot controller having at least two communication
ports for receiving the data to control the robot, said
second radio being coupled to a first communication
port of said robot controller, a second communication
port of said robot controller being operable to receive
the data from said operator interface via a tether con-
nection.

31. The system according to claim 30, wherein transmit

power of at least one of said first and second radios is
disabled during the tether connection.
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32. The system according to claim 30, wherein the cable
is conductive or optical.

33. The system according to claim 30, wherein the tether
connection includes coupling a tether cable between a
second communication port of the operator interface and the
second communication port of said robot controller.

34. A method for determining a channel of communica-
tion between an operator interface and a remote control
device, the operator interface and remote control device
having associated device numbers, said method comprising:

assigning the channel to the operator interface;

transmitting a signal on a first channel, the signal includ-
ing a device number, channel number, and checksum;

selecting, by the remote control device, a second channel
to receive the signal;

receiving the signal including the device number, channel

number, and checksum;

verifying the checksum to confirm integrity of the signal;

determining if the second channel and the channel number

match; and

determining if the transmitted device number corresponds

to the device number of the remote control device.
35. The method according to claim 34, further comprising
locking the channel of the remote control device.
36. The method according to claim 34, wherein the remote
control device is a robot.
37. The method according to claim 34, wherein the
determining of the channel occurs during a robot competi-
tion.
38. The method according to claim 34, wherein each of
the device number, channel number, and checksum are
transmitted in a single data packet.
39. The method according to claim 34, further comprising
selecting a different channel if the second channel and
channel number do not match.
40. A method for conducting a robot competition, said
method comprising:
issuing to contestants of the robot competition a plurality
of radios being low range, commercially available, and
substantially the same, the radios being operable
receive data to control movement of respective robots;

entering the contestants to participate in the robot com-
petition; and

coordinating individual matches during the robot compe-

tition.

41. The method according to claim 40, further issuing
operator interfaces.

42. The method according to claim 40, further issuing
robot controllers.

43. The method according to claim 40, wherein each of
the radios has a maximum radio frequency power of 0.25
waltts.

44. The method according to claim 40, wherein each of
the radios has a maximum communication of approximately
500 feet.

45. The method according to claim 40, wherein said
issuing includes selling the radios to contestants of the robot
competition.

46. The method according to claim 40, wherein said
entering includes registering contestants prior to participat-
ing in the robot competition.

47. The method according to claim 40, wherein said
coordinating includes regulating operation of the sets of
operator interfaces and radios.

48. The method according to claim 47, wherein the
regulating includes assigning a unique operating channel to
each radio.
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49. The method according to claim 47, wherein the
regulating includes starting and stopping the individual
matches substantially simultaneously.

50. A method for conducting a robot competition, said
method comprising:

issuing to contestants of the robot competition a plurality

of radios and operator interfaces, the radios being
commercially available, and substantially the same, the
radios being operable to receive data to control move-
ment of respective robots;

entering the contestants to participate in the robot com-

petition; and

coordinating individual matches during the robot compe-

tition.

51. The method according to claim 50, further issuing
robot controllers.

52. The method according to claim 50, wherein each of
the radios has a maximum radio frequency power of 0.25
watts.
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53. The method according to claim 50, wherein each of
the radios has a maximum communication of approximately
500 feet.

54. The method according to claim 50, wherein said
issuing includes selling the radios to contestants of the robot
competition.

55. The method according to claim 50, wherein said
entering includes registering contestants prior to participat-
ing in the robot competition.

56. The method according to claim 50, wherein said
coordinating includes regulating operation of the sets of
operator interfaces and radios.

57. The method according to claim 56, wherein the
regulating includes assigning a unique operating channel to
each radio.

58. The method according to claim 56, wherein the
regulating includes starting and stopping the individual
matches substantially simultaneously.

* * * * #*
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