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Abstract

The present work shows a Local Positioning System {LPS) of mobile robois (MR) using simultaneous emissions
of the ultrasonic beacons. In order to solve the problem of the simultaneous emission of the ultrasonic beacons,
the well-known technique called Direct Sequence Code Division Multiple Access (DS-CDMA) is used. This
technique modulates the ultrasonic signal (50 kHz) with a 127-bit Gold code for every beacon. In this way, it is
possible to detect the arrival time of the code, by carrying out the simultaneous correlations with the assigned
codes to each beacon. For determining the absolute position, the technique of triangulation will be used from the
Time-of-Flight Differences (DTOF) obtained between a reference beacon and the others. Using this method,
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1. INTRODUCTION
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ultrasonic pulse to obtain the TOF for every beacon. This method requires a centralized communication and
process system, which, starting from the obtained TOF, computes the robot's position and communicates it to the
robot [2].

There exist several previous works that have used the codification of the ultrasonic signal to implement
advanced sensors for the detection of obstacles in robotics, using pseudo-random sequences [3] [4], Barker codes
[5], or Golay codes [6]. In absolute positioning with uitrasounds, Hayas [7] has been the first one in using Gold
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sequences of 511 bits. The triangulation technique will be used in order to obtain the absolute position of the
RM, using the differences in times-of-flight (DTOF's) [8].

2. SYSTEM DESCRIPTION

Gold codes are a particular set of pseudo-random sequences (PN), which have high auto-correlation and low
cross-correlation properties [9]. If different Gold codes are assigned to users in a Direct-Sequence Spread
Spectrum (DSSS) system, their signals can be sent simultaneously and can be still separated at the receiver. The
wide bandwidth provided by the PN code allows the signal power to drop below the noise threshold without loss
of information.

In the proposed system, every beacon has assigned a 127-bit Gold sequence that identifies it (see figure 1). The
symbol, formed in this case by a 50 kHz carrier cycle (7:=20us), is modulated in BPSK by the Gold sequence,
providing a signal whose duration is 127-20us=2.54ms (see figure 2). This signal is emitted by each beacon in a
periodic and continuous way.

All the beacons are synchronized by a common clock (f4=500kHz) and they emit periodically every 40ms (see
figure 2), avoiding in this way the necessity of carrying out a synchronism from the mobile robot by means of
some wireless system (RF, infrareds, etc.).
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Fig 1. Example of a 127-bit Gold sequence.
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Fig. 2. Signal emitted by each beacon.

SLug consider a beacon system formed by 5 beacons placed over the floor, with an approximated height of 3m,
vbinto 2 6x6m surface (figure 3). The nearest beacon to the robet is considered as reference beacon {beacon 33
’5?' W, was located at the coordinates (e=3m, y=3.lm, z=lm). Figare S shows the captured signal
*responding 1o the simultaneous emission of the 5 beacons, having a signal-noise ratio of 0dB.
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Fig. 3. Example of a beacon system. Fig. 4. Signal captured at the robot position.

Once the signal is captured, the correlations between the received signal and the Gold sequences from every
beacon are carried out. The maximum values in the correlation function determined the arrival instant of the
corresponding sequence (see figure 5). The nearest maximum to the time origin determines which is the
reference beacon. It will be enough to compute the difference in samples among the other maximum values jn
the different correlation functions, and to multiply by the sampling frequency, in order to obtain the differences
in times-of-flight between the reference beacon and the rest. These values will be used in the positioning
algorithm to determine the robot's absolute position.
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Fig. 5. Cross-correlations between the received signal and 127-bit Gold sequences for every beacon,
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3. ABSOLUTE POSITION CALCULATION

Coosidering a group of N beacons (¥=5), a equation system can be proposed (1) to obtain the absolute position
of the RM in 3D (x, y, z), using the positions where the beacous are located (x; ; ,z;) and the differences in
times-of-flight among a reference beacon (for example, beacon 1) and the rest, so:

(x-x) +(=-pn)Y +z-z) =d;
(*‘7"xz)2 +(y-y;)’ +(z-2,)" =(d, 4C'AT§2)2
(x=x) +(-y3)’ +(z~2) =(d, +c-AL)

)

(x—-I,V)Z '*’U‘”)’x)z *‘(z‘zu)z =(d, +c-AL,)

Where d; is the distance to beacon ! (reference one), considered as a variable, and ATy, ATy;... ATy are the
differences in tmes-of-flight measurements, among the reference beacon and the rest We assume the
propagation speed ¢ of ultrasounds (¢ = 342 m/s). Developmg the squared values, subtracting the first equation
to the others and regrouping terms, a lineal equation system is achieved, which can be solved in a simple way, by
the lineal minimum square method, shown in (2):

Ai=b | @
Where,
2x,-2x, 2y,-2y, 2z,-2z, -2AT,
A= ‘2)2, "2x3 2)’; "'2)"3 22; —223 -2CAT;3 (3)
2%, -2x, 2y, -2y, 2z,-2z, -2AT,
[ x
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z
d, |
[ AT, +x! +yl +2! —x} -y} —z}
fo| ATy tx 4yl 4zl —x -yl 2 (5)
AT, +x 4yl vz X —yh7h
The solution is equal to (6):

i=(ATA)"A"b | )
4. HARDWARE IMPLEMENTATION OF SYSTEM

Every beacon generates a Gold code using a FIFO serial memory, at which the samples of the ultrasonic signal
modulated in BPSK are directly stored, followed by the suitable amount of null samples necessary to achieve the
repetition period. The output of the FIFO memory is connected to the power driver that excites the ultrasonic
trangducer. The used transducer is Murata Super Tweeter Driver (ESTDO!), which has a wide bandwidth
(100kHz) and a large emission pattern (figure 6).

The receiver is based on an acquisition system formed by an 8-bit ADC (£,=500kHz) connected to 2 64 kbyte
FIFO memory, enough to achieve the repetition period of the ultrasonic signal in the beacons. The FIFO memory
is read by a FPGA device, that carries out the correlation between the acquired signal and the corresponding
Gold code. The maximum value of the cormrelation is stored and, afterwards, sent to the CPU, where the
positioning algorithm is performed.
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Fig. 6. Frequency characteristics and directivity of Super Tweeter Driver (Murata).

The size of the FIFQ memory is determined by the dimension of the capturing window, fixed by the repetition
period of sequences. At each emission, at least one maximum from the correlation function should be detected.

5. CONCLUSIONS

A Local Positioning System (LPS) for mobiles robots (MR) using emissions simultaneous from ultrasonic
beacons has been presented. To solve the problem of the simultaneous emission of the ultrasonic beacons, the
DS-CDMA technique has been used, by modulating the ultrasonic signal (50kHz) with a 127-bit Gold code in

determination of the absolute position is performed using the triangulation technique with the DTOF's obu;ined
among one reference beacon and the others,
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