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Position Estimation of Mobile Robots Based
on Coded Infrared Signal Transmission

Halit Eren, Member, IEEE and Chun Che Fungviember, IEEE

Abstract—A system based on coded infrared signal transmis-
sion for the estimation of position of mobile robots in a structured SLAVE 1 SLAVE 2
environment is reported. Particular emphasis is placed on the 3 g
polar coordinate arrangement in which signals are sent from
the transmitters situated at the corners of the boundaries of
operation. A multisensor system, strategically situated onboard
the robot, has been found to improve the accuracy of the position
estimation substantially. The information detected by the sensors
is suitably processed to calculate the central position of the robot
geometrically. The algorithms for the position calculations and
the operational strategy are presented. This system forms the
basis for the coordination and cooperation philosophy of multiple !
mobile robots sharing the same environment and performing I
cooperative or competitive tasks.

o

Index Terms—Autonomous operations, coordinate systems, in- !
frared, mobile robots, position estimation, signal transmission.

[ e

I. INTRODUCTION

ECENT progress in computers, communications, and-
control technologies are enabling mobile robots to be- SLAVE 3 SLAVE 4
come truly autonomous. In addition, multiple autonomous
mobile robots (MAMR'’s) are maturing from research stagesg. 1. Basic system layout.
to a new realm of applications in both research laborato-
ries and industry. One of the essential components for the . . _ . .
satisfactory performance of mobile robots is the availabilit{?SkS by being directly guided by a central coordinator. This

of accurate and reliable sensory systems. Depending on Fral coordinator is_assumed to be in possession of infor-
requirements of applications, many different position sensi 'tIOI’I about the enV|'ror_1ment and the tasks to be performed
mechanisms based on different physical principles have b jch are knowng prlorl._The second_class_ of robots are
developed by various researchers [1]-[4]. Accurate predictigﬁOSe that gz_ither information ahout the_lr environment and act
of the locations of MAMR’s are important mainly for e1‘ficienta‘C(_:Ordlngly inan overall system coordinated manner [6]{8].
task division, navigation, and collision avoidance. Inevitabl)xh"? paper d',SC‘%SSGS, .the second class_ of robots,_ Whgr_e the
robots must know their own positions and the position &nvironment is .|dent|f|ed by a cod'e.d mfrared. grid vision
others at all times. Therefore, a regular update of location¥Stem- The vision re_fers to th_e ab|I|Fy ,Of mobile rObOFS,tO
needs to be implemented and the information must be effectk'/%derStand their environment in a similar way that vision
and meaningful to all robots sharing the same environment [8]/0WS humans to understand their surroundings.

A shortfall in the application of MAMR'’s is that they
require some form of central coordinator which ensures ef-
fective coordination of movements and efficient load Sharing.“_ M ATHEMATICAL APPROACH TOPOSITION ESTIMATION
However, as illustrated in the literature, the central coordinator . . .
does not have to be a separate off-board device but can i:The basic arrangement of the position sensing system that

distributed among the robots through an effective inter-robg Eivens ilrr]lfré\i;edltechnology arranged in polar configuration is

communication system operating under suitable software [ "This system is comprised of groups of infrared transmitters
At present, two classes of MAMR systems may be distin- y P group

i : : i within four transmission ns si h cor-
guished. The first class is formed by those that accomplis cated wit ou tra SMISSIO beacons stuat_ed gt €ach co
ner of the operating environment. Each transmitter is arranged
Manuscript received December 10, 1996. in such a manner that an infrared receiver located anywhere
The authors are with the School of Electrical and Computer Engineeringithin the field will always receive the emitted radiation from

Curtin University of Technology, Bentley, W.A. 6102, Australia (e-mail: . . .. .
terenh@cc_curt%edu.au)_ o Y ( at least four transmitters with a minimum of one transmitter
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TABLE |
ARRANGEMENTS OF CODES
STATION 1| ANGLE | STATION2 | ANGLE STATION 3 { ANGLE | STATION4 | ANGLE
<= 11100 80° >=11110 80° ==11101 80° ?7=11111 80°
space = 00000 10° “= 00010 10° ! = 00001 10° #= 00011 10°
$=00100 20° & =00110 20° % = 00101 20° ‘=00111 20°
(= 01000 30° *=01010 30° )=01001 30° +=01011 30°
,=01100 40° .=01110 40° -=01101 40° /= 01111 40°
0 =10000 50° 2=10010 50° = 10001 50° 3=10011 50°
4=10100 60° 6=10110 60° 5=10101 60° 7=10111 60°
8 =11000 70° :=11010 70° 9=11001 70° ;=11011 70°
Mobile Robot [ san [ a1 | a2 | a3 [ s1 $2 [ Parity | Stop

Fig. 3. Cading of infrared signals.

—2000/8 H, ] 2 bit synchronous

data clock counter

at] a1] a0f 0]

slave select logic

T1 c T2 slave select
beacon 1 beacon 2 enable
Fig. 2. Position estimation of robot. 3 bit ripple 308
counter decoder AND infra-red
gate LEDs
The underlying principle of this position sensing technique armay
is that a receiver located on the mobile robot is capable of

determining the direction from which the received infrared AND gate

radiation has originated. This is achieved by having each 20Kz
infrared LED periodically transmit a unique data character

into the operation field to be dete_Cted by_ the mfrareq Sensigé. 4. Basic block diagram of beacon and transmitter control unit.
located on the robot. Then, the triangulation calculations can

be performed on this data in order to determine the relative

position of the receiver with respect to the location of the [ll. TRANSMITTER CODES

transmitters.

An example is given below to illustrate the mathematicl;I
involved in the implementation of this technique. Fig. 2 i%h
used for the estimation of the location of a robot.

Using the characters received by the sensors on the roB
from transmitters T1 and T2 and based on the sine rule

AND gate

The transmitter codes are used to identify the beacon, the
dividual transmitter and the region of the field. Fig. 3 shows
e format of information transmitted from each transmitter.
oIhe arrangement of the codes is depicted in Table I. It can
e seen from the table that two bits are used to identify each
station, 00 being the least significant bits for station 0; 01 for
station one; 10 for station two; and 11 for station three. The
a/sin A=b/sin B =c/sin C. remaining three most significant bits determine the information
to be transmitted. For example, 000 represents an angle®of 10
With a known distance between transmitters T1 and T2, aR@d 111 an angle of 80 .
the anglesd and B are known, theX andY coordinates can The codes are distributed between the beacons and infrared
then be calculated. transmitters by the circuit shown in Fig. 4. The output from
Although, it is sufficient to receive information from onlythe synchronous 2-bit counter driven by the data clock is used

two beacons for position estimation, similar sets of calculatioR¥ the beacon select logic to determine to which beacon the
can be done using the data characters from the other beac#iming data was intended. The three ripple counter and 3 to
A total of eight possible combinations of calculations cafi decoder are used to cycle through the infrared transmitters in
be performed. The statistical techniques can then be appl®@er to ensure that each one transmits the same data character
(such as removing extremes, averaging, etc.) on the resultingan orderly sequence. The carrier frequency of 40 kHz
set of multiple coordinates in order to yield find&l and is logically ANDed with the serial data and the transmitter

Y coordinates and the direction of the movement of thenable signals in order to reduce the power consumption of
robot. the infrared LED’s.
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Sequential Configuration 4:1 Interleaved configuration

slave 0 slove 3 slave 0 slave 3
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Fig. 5. Sequential and 4:1 interleaved infrared polar configuration.

Fig. 5 shows two of the possible configurations of trans-
mission order for the signals. Present arrangements are the
sequential and interleaved modes. Comparison of these con-
figurations resulted in significant speed advantages for the
latter method. This was primarily due to the fact that an
object within the sequential system does not receive the
fourth data character from beacon 3 until all characters from
the previous beacons have been transmitted. Performance
of the system have shown that the 4:1 interleaved sys-
tem has an 81% faster response time than the sequential
method.

IV. COMPLETE DESIGN AND RESULTS

The software for position determination was done in a
modular form as follows:

1) obtaining the transmitted data;

2) deciphering the codes into angles;

3) calculating the coordinates for each transmitter;

4) formatting the results for position estimation and subse-
guent tasks.

The flow diagram of the main program is given in Fig. 6.
The program acquires the transmitted codes in an asyn-
chronous form and extracts information from these codes. The
X andY coordinates of all transmitter sets are calculated and
accurate results are extracted from the data.

The program was repeated three times for the three infrared
receivers located on the robots to enhance accuracy. An
example of the results for the position estimation is given
in Table II.

The integrity and consistency of the system have been tested
with measurements by moving the receivers at every one meter
point on a 10 mx 10 m grid. The readings were compared
with measurements taken by measuring tapes. The results are
shown in Fig. 7.

Fig. 7 shows the three recorded accuracy ratings:

Initialisation

Y

Y

Display Output Table.

Y

I [nit REC1 for int (ICT). Wait for

_cight Chars from REC1.

NO /Haveachars

occured from
REC1

Calculate Angles from infrared
codes for RECH.

Cele X + Y co-ord from each set of
station transmilters (4).

Filter And Average Co-ordinates.

Y

Output REC1 Co-ordinates in
correct format.

Init REC2 interrupts and Wait for 8
co-ordi

NO

Have 8 chars
arrived from
REC2.

4 Int every char. Sort inlo correct
variables for cach station.

TIC3 int for every char - store and
sort char inlo comect stalion var.

Calc Angles from infrared codes for
REC2.

Calc X + Y co-ord from each set of
station tr i [©)]

Filter and average co-ordinates.

1

Output REC2 co-ordinates.in
correct format.

Is a new screen
required.

Fig. 6. Flowchart of the main position estimation program.

1) @ is for very good, which has an error less than 5 cm
(0.5%);

2) X is for good, which has an error between 5 cm and
10 cm (0.5% to 1.0%);

3) O has an error of greater than 10 cm (>1.0%).

V. SYSTEM APPLICATIONS

A number of possible applications of this system are cur-
rently being studied. These are: multirobot game operations,
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TABLE I sensing-system accuracy has been detailed and the improve-
RESULTS FORPOSITION ESTIMATION ment of the accuracy with multiple sensing mechanism has
C——— X Progeam X Moo Y Program T been demonstrated. Some possible applications are suggested.
T1 T2 7.50 m 7.54m 4.80m 472 m
T2 T3 7.10 m 7.14m 4.95m 5.00 m REFERENCES
T3 T4 7.50 m 7.54m 520m 528 m
11T 7.50m 14T m 333m 342m [1] A. M. Flynn, “Combining sonar and infrared sensors for mobile robot
navigation,”Int. J. Robot. Resyol. 7, no. 6, pp. 5-14, 1988.
[2] H. R. Everett and A. M. Flynn, “A programmable near infrared
proximity detector for robot navigationSPIE, Mobile Robotsjol. 727,
00— 90— 90— 90 pp. 221-230, 1986. o N _
A |, | \1’ A ,J\ [3] J. Gonzalez, A. Stentz, and A. Ollero, “An iconic position estimator for
g O——@ () 2-D laser range finder,” ilEEE Int. Conf. Robotics Automatioflice,
L L 4 A France, 1992, pp. 2646—-2651. ) ]
(g y L S\ Q) [4] J. A. Marszalec and_ H. M Keranen, “A photoelctnc range scanner using
é A b4 4 )1 Py an array of LED chips,” inEEE Int. Conf. Robotics Automatiohlice,
G 7 X France, 1992, pp. 593-598.
L L, LA d [5] C. C. Fung, H. Eren, and Y. Nakazato, “Position sensing of mobile
M~ K A\ robots for team operations,” ilEEE IMTC/94 Conf.Japan, 1994, pp.
i 4 8 s 749-752.
g 2 A [6] K. Singh and K. Fujimura, “A navigation strategy for cooperative
, multiple mobile robots,” inProc. IEEE/RSJ Int. Conf. Int. Robots
i 3 K S N BN T s SystemsYokohama, Japan, 1993, pp. 283-288.
b A L 4 A P [7] C. Le Pape, “A combination of centralised and distributed methods for
p @A S SEEY S S\ °4 W? multiagent planning and schedulindEEE Trans. Robot. Automatol.
P SN, N 2 Y Y A S 1, pp. 488-493, 1990.
o\ “ Wy W [8] T. Tsumura, H. Okubo, and N. Komatsu, “Directly follow-up and/or
(” Vo N 4 ,J\ fj\ ye N N 2 h ] traced control systems of multiple ground vehicles,1EEE/RJS Conf.
4 Y ¥ Y T g G Int. Robots System®&aleigh, NC, 1992, pp. 1769-1776.
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VI. CONCLUSIONS terest concentrates on the applications of computa-
A position sensing system based on an infrared coded Sigfi@]al intelligence to engineering problems which include autonomous robot
. . . control, remotely operated underwater vehicle control, speech recognition,
transmission method has been discussed. Associated SOftVV]%ﬁ)cyclone parameters identification and control, hybrid energy systems,

and hardware for signal extraction has been introduced. Ta@ well log data analysis.

Fig. 7. Accuracy of position estimation.

single robot path finding and goal seeking, warehouse ap
cations, and mining applications.
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