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= study the effect of conformation over the data signal,
the code or the spreaded signal, Results show that these

evices, and wireless in-house communications in
general, have been intensively studied in the last years.
This interest has produced two main technologies for
data transmission: Radio-frequency systems present a
robust technology and wide operating zones, but they
uire'legal procedures for frequency assignment and
~th 1€ cost of the devices can be high. On the other hand,
" optical communications systems are becoming more
id  more important for in-house  wireless
s . -
mmunications. They lack of for short operating areas
ey provide high transmission speeds with low cost
ize, making them suitable for integration on nearly
Il 'system, (including very small calculators or mobile
elephones). Other important advantages for wireless
ptical networks are reduced installation complexity
high ‘security versus intruders.Kahn has studied
extensively [1] high-speed optical wireless. Spread
ectrum (SS) techniques[2] have been also used in
derto ‘improve the optical link characteristics in
reless communications [3,4].
; In this work, we study the use of
ormation techniques on Direct Sequence Spread
Pectrum . (DSSS) systems. This study is based on
seband, -intensity modulated optical communications.
e2 follow a guideline of studies over signal
rmation for other modulation families as QAM,
BSK “or- GMSK [5] [6]. These results should can be
tly applicable to ASK or PSK modulated radio-
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2. DSSS systems over the optical infrared channel

As is well known, wireless diffuse optical
channels present some different characteristics
compared with the radio-frequency omes. First of all
transmission losses are bigger than in radio-frequency ,
due to the electro-optical conversion of optical power
into electrical current in optical receivers. Optical
channels are also affected by several additional sources
of noise [1]. They include radiation from natural an
artificial illumination, introducing important
interference  signals. Indoor  optical  diffuse
communications channels are also severely affected by
multipath propagation. It is produced by the multiple
reflections in walls and others obstacles of the
transmitted  signal. This phenomenon produces
dispersion on the channel time-response, and inter
symbol interference .

The use of SS signals introduces some
advantages that can improve the performances of a
wireless optical communications system. SS systems
have a large narrowband interference signals rejection
capability when these interferences are incorrelated with
the spreaded data signal[7]. Some interferences in the
infrared optical channel (as those produced by
illumination or infrared remote controls) can be
considered  narrowband  interferences.  Another
improvement introduced by SS techniques is the
reduction over the multipath propagation effect. SS
also allow several users to share the same channel at
the same time and in the same frequencies, by means of
Code Division Multiple Access (CDMA). All the
advantages explained are lacked by  the higher
bandwidth required by SS schemes compared with
conventional ones. If we use a traditional optical
communication system we will be able to transmit
higher bit rates, but using equalization stages [8].



3. Pulse Conformation in optical DSSS systems

Modifications over the waveform of a signal
can be studied as a type of filtering. The signal
conformation pursues to reduce both bandwidth and
power consumption. There are several possibilities in
the conformation process of DSSS signal, as can be
seen in table 1.

Data | Code [Modulated
3 signal
YES | NO NO
NO | YES NO
NO NO YES
YES [ YES NO

Table 1. Conformation possibilities

CONFOR.

The conformation processes presented in this
paper are obtained from those used on well-known
modulation schemes, as could be FQPSK [9].

3.1. Sinusoidal Conformation

It consists in the substitution of the abrupt
transitions between the transmission level of 1's and O's
by smother curves. They follow a sinusoidal function,
In figure la we show the results over square pulses.
Figure 1b shows the corresponding eye diagram. The
comparison between the spectral power density of the
conformed and not conformed signals is shown in
figure 1c.
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Figurel, Sinusoidal-conformed pulses

Filtered signal presents a reduction in its high

frequency components, in comparison with the square

pulse signal. Results of conformation of different DSSS

conformation schemes obtained for each case on table
1 are shown below.

3.1.1 Data conformation

If we conform the data signal and using a
non-conformed signal as spreading code, the resulting
DSSS modulated signal and its spectral power density
are represented in figure 2.

Figure 2. DSSS modulated signal for data conformation
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As code signal is not conformed, its spectra]
components are unmodified, but data signal has a
bandwidth reduction, This fact produce a the process
gain (Gp)[10], whose expression is givenin (1)

BW,

Gp =
BW 4z

)

The Spreaded Signal bandwidth (BWgp) can be
considered to be equal to the code signal bandwidth.
BWysar is the data signal bandwidth. As the data
bandwidth has been reduced by conformation, we have
higher process gains. The higher Gp the lower the signal
to noise ratio (S/N), necessary for a correct
demodulation in presence of narrow band interference.

. Other advantage of conformed signal is the
reduction of the high frequency components on the
modulated signal. This produces an important reduction
of the adjacent carrier interference (ACI) The
simulation results were obtained from a 4 Mbps data
signal and an 80 Mchips/s code signal. For not
conformed signals the obtained process gain were
Gp=20 (13dB) while for sinusoidal data conformation it
was improved to 27 (14.3dB).

3.1.2 Code pulse sinusoidal conformation

Figure 3  shows the time and spectral
representation of the conformed-code DSSS signal.
Figure 3. Signals for code conformation
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As it can be seen, the modulated signal
presents some glitches, produced by simultaneous
transitions in code and data signals.

In the SPD of the spreaded signal a high
frequency components reduction have been produced,
higher than for data conformation., It also improves the
systtm ACI. But as the conformed-code signal
bandwidth has been reduced while the data signal
bandwidth is unmodified, the Gp value is reduced.
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resented on figure 4.
nned Spread signal,time and spectral representation

smon and tracking processes
elope variations will appear in
nformatmn ‘while for code

: conformmg both code and
d ‘complexity increase, because
‘codification modules. " This
ot producc a proportionally
o Vement Therefore, the
us -is the spreaded signal
7 e modulation bandwidth.
IplEXityito nly one conformation module
o1l fages in the receiver will not
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4. Conformation procedure

‘We have selected a digital implementation of
waveforms generated in the conformation processes
mentioned before. In this way, it is necessary to know
the output curves of the conformation filters in order to
quantify and store them in Jook-up tables. The
conformed signal generation consists in a selection of
the corresponding curve to put in the output and then, a

™ ™
digital to analog conversion of the samples of that curve
from the look-up table values. :

Sinusoidal conformation comsists in the
substitution of transition slopes for sinusoidal function.
In this way, only four curves have to be storage in the
memories. Those curves are shown in the next figure.

Figure 6. Sinusoidal conformation curves

For 0-1 and 1-0 tramsitions we use two
different sinusoidal functions and for no transition (0-0
and 1-1) we have to select from another to function.
Time duration of each function is the same as the pulse
interval (bit or codes pulses).

‘We have to study the input sequence in order
to select, in each time interval, what function have to be
put in the conformation output. In this case, it is
necessary to analyze the value of two consecutive bits
and select the function that determines the following
table.

Before Bit | Following Bit | Function
0 0 Low level

0 1 Up sinusoidal

1 0 Down sinusoidal
1 1 High level

Table2. Curve selection logical function

So the comrect function can be selected with a
very simple logic circuit. It are composed by a flip-flop
that implement a serial to parallel conversion of every
two consecutive bits, as is shown in the figure 7.
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Figure 7. Decision circuit

The next step in conformation is the addressing
in the look-up table, of each sample of the selected
function. In order to simplify this process we can
distribute the memory in four zones, which contain the
samples of each function. In this way it is possible to
implement an indexed addressing, the base direction
determines the function to implement and the offset
address each sample of that function. This is
represented in the figure,

RN
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BASE ADDRESS
oy  OFFSET
Figure 8. Indexed adressing
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This system is implemented ag follows: base
direction is obtained from the decision circuit and a two
bits counter generates the offset, as shows the following

graphic.
DECISION

— CIRCUIT

MEMORY

Figure 9. Look-up table control circuit

Conformation digital implementation allows
the use of the same circuit to perform conformation for
any frequency of the input sequence. We only have to
change the system clock of the conformation circuit in
order to accept the new sequence rate. The
conformation circuit general scheme can be see in the
figure below.
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Figure 10. Digital conformation circuit

8. Conclusions

The use of conformation techniques for DS§
systems, introduces some advantages, as a lowgs: _
bandwidth and power consumption

circuit, a Jook-up table memory.and a digital to analog
converter.  All these structures can be easily
implemented at our working baud rates, ;
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