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SPECIFICATION

CHIP-BASED SELECTIVE RECEIVING SYSTEM FOR A SPREAD SPECTRUM SIGNAL

+

Technical Field
The present invention relates to a signal receiving system for spread
spectrum cummunication which can enhance withstandability against noises to be

mixed in the transmission process.

Background Art

The spread spectrum communication is designed to spread data having a
relatively narrow band width into a relatively wide frequency band by modulating
its spread code sequence. Thus, this communication method requires in essence
relatively low transmission power per unit frequency, and leads to minimization
of interference to the other communication operations and excellent
withstandability against environmental noises incoming during the transmission
process..

Fig.6 is a block diagram showing general construction of a system for
performing spread spectrum communication through radio communication. In the
same drawing, transmitter TX. performs product modulation of a spread code
sequence generated from data D through sequence generator |, and modulates the
carrier wave having frequency fo generated by oscillator 2 using the product-
modulated signal. The carrier wave including data D subjected to such aspread
spectrum process is then transmitted to receiver BX: through radio
communication. [n that case, a pseudo noise sequence (PN sequence) having the
same bit periodic length as that length of data D is generally used as the
spread code sequence. Thus, the related art is described here with reference to
the so-called M-sequence which is used most widely among those PN sequences.

Transmitter R{. introduces the spread-spectrum-mudulated signal into
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amplifier 3 through an antenna {not shown! to amplify it to a desirea levei.

Then, the signal processed by frequapcy mixing with Iocal signal fu { % fol of -
local oscillator 4 is demodulated ingo a spread signal of a base band through
low pass filter'5. Thereafter, the base band spread signal and an M-sequence
code identical to the transmitter TX. and generated from sequence generator &
are supplied to multiplier 7. In that multiplier are multiplied another and
then integrated for a period of one frame of the M-sequence by integrator 8 that
produces the cross-correlation of these signals . Further, the so-obtained
signal is demodulated into the original data 0 by detection of detector 9 at the
end point of the frame. Then, the demodulated dagztzs supplied to a control
terminal of the sequence generator 6 through chip {and / or frame} timing
synchronization detector 10 to synchronize the M-sequence generation timing with
the phase of the received signal.

Fig.7 is a diagram schematically showing spectra of signals in the
transmission process, wherein reference numeral 1l designates a spectrum of the
spread-spectrum-mudulated signal while 12 of the incoming emvironmental noise.
Namely, by the demodulation (inversion) using the M-sequence in the receiver, as
shown in Fig.8, the spread-spectrum-modulated signal 1l having been spread in a
relatively wide frequency band is transformed into signal 13 with a relatively
narcow band width while the eavironmental noise 12 into signal 4 spread in a
relatively wide frequency band. Therefore, this method is now considered as a
communication method capable of minimizing the influence of environmental
noises.

However, the spread-spectrum-mudulated signal in such a system is spread
over an extremely wide frequency range. Thus, in the event that the signal
reaches the receiver through a transmission system such that colored noise like-
the environmental noise 12 of Fig.7 having highly concentrated pawer in a
relatively narrow band presents at plural points over that frequency range, the

noise lavel 14 after the inversion due to the M-sequence is drastically
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increased despite the spreading effect given by the M-sequence , thereby
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degrading the S/N ratio. N

~

The present invention was made to solve the problem of the conventional
spread spectrum communication system as mentioned above. Therefore, it is an
object of this invention to provide a signal receiving system for spread
spectrum communication which is improved in the receiving §/N characteristics by
reducing the influence of colored noise having a relatively narrow band
spectrum which is added to the receiving signal through the transmission
. s PEOCESS
? Disclosure of Invention

To achieve the above objective , the present invention provides a
receiving system for a spread spectrum signal which receives a spread-spectrum-
modulated signal produced by multiplying data to be transmitted or a carrier
wave signal generated from the data through predetermined modulation by a
predetermined spread code sequence, and performs spread spectrum demodulation by
multiplying the received signal by a waveform shaped spread code sequence
prepared from applying proper attenuation or amplification to each chip of the
spread code sequence used on that predetermined modulation. Further, to reduce
<1i the influence of incoming colored noise in the received signal, the attenuation
of spread code sequence is prepared by changing the level of each chip in the
spread code sequence to prevent the frequency component of colored noise from
being outputted during the demodulation process. Alternatively, the spread
spectrum demodulation is carried out in parallel using a plurality of different
shaped given to each chip amplitude of spread code sequences, and the frequency
range of an incoming strong noise is estimated by comparing the respective
outputs of the correlated demodulation. Then, a plurality of attenuation spread
sequences not demodulating that noise frequency component are selected to obtain

a plurality of demodulation outputs through demodulation, thereby fixing a
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demodulation data providing the most applicability amcng thesc outputs usxng

comparison judgement means. \
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Brief Description of the Drawings

Figs.1 respectively show an embodiment of the spread spectrum system
using a shaped M-sequence according to the present invention.

Figs.2 are diagrams respectively showing the principle of shaped
M-sequence according to the present invention.

Figs.3(a) to 3(c} are spectrum diagrams of Y-sequence, skipped ¥-sequence
and attenuation M-sequence, respectively. R

Figs.4(a) to 4(d) are diagrams respectively showing another embodiment
of the spread spectrum system using an shaped M-sequence according to the
present invention.

Fig.5 is a diagram showing still another embediment of the spread
spectrum system using an shaped M-sequence according to the present invention.

Fig.6 is a block diagram showing construction of an example of the
conventional spread spectrum system.

Fig.7 is a diagram schematically showing spectra of spread signals in
the transmission process.

Fig.8 is a diagram schematically showing spectra of signals subjected to
a spread demodulation.

Figs.9 show the principle of a skipped M-sequence demodulation receiving
systen.

Figs.10{a) to 10{c) are spectrum diagrams of M-sequence and skipped
M-sequence, respectively.

Fig. 1l shows a simulation model of a skipped M-sequence demodulation
receiving apparatus.

Figs.12{a) to 12{c} show frequency characteristics to be provided by

spread demodulation using an M-sequence and skipped M-sequences, respectively.
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Figs.13(a) shows idealized natural envirnnmentul noise characteristics
and 13(b} schematically shows demoduigtion characteristics of an imaginary

skipped M-sequence corresponding thereto.

Fig. 14 shows an S/N ratio with respect to p corresponding to the level
of a colored noise.

Figs. 15 respectively show demodulation characteristics in case of the
spread demodulation using a skipped M¥-sequence.

Fig.16 shows an S/N ratio in case of spread demodulation using the
M-sequencs or §§§pped M-sequences.
i* Fig. 17 is a block diagram showing comstruction of a spread spectrum
\ system using a skipped M-sequence demodulation receiving apparatus.

Fig.18(a) shows a signal length and 18(b} shows a signal instantanecus
frequency. |

Fig.19 conceptionally shows a window function.

Best Mode for Carrying Qut the Invention

For better understanding of this invention, we describe the principle
and characteristics of the skipped M-sequence demodulation receiving {SMD)
system that is a major premise of the present invention.

For avoiding the influence of colored noise from the natural environment
during the communication process, it is possible to use a method of eliminating
such colored noise by providing a proper filiter at a predetermined location
before the receiver. However, if specific frequency component FE of the
received signal is eliminated by that filter, the spread spectrum signal
included in not only the FE band but also the other bands of the received signal
is also excluded or degraded, because implmentation of an ideal filter for
eliminating the colored noise is practically almost impossible. Therefore, in
such a case, the chip voltage output to be obtained by multiplying that signal

by an M-sequence on the transmission side is not uniformly positive (or negative
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3f;- J relative to "1" {or "0") of the transaission data us shown in Fiz.9(bJ. 1Ia

addition, when this output is not unxform, the demodulation output to be
obtained by integrating these mixed p051t1ve and negative voltage outputs will
be drastically degraded. As a result, the problem of error cccurrence can not
be solved enough even by this method.

On the other hand, an improved skipped M-sequence demodulation receiving
system of the present invention can effectively avoid the influence of such
colored noise. Hereinafter, the principle of this-system will be described with
'reference to Figs.§.

In case of a conventional receiving demodulation system for receiving a
spread spectrum modulated signal without being influenced by any noise in the
transmission process and demodulating that signal using M-sequence ew composed
of 7 chips {0010111) as shown in Fig.9(a) which is identical to one used for the
modulation on the transmitter side, the multiplication output eux for those 7
chips presents a flat waveform as shown in Fig.9(b).

On the other hand, in case of demodulation using skipped M-sequence esw
having a toothless waveform as shown in Fig.9(c) in which a certain chip portion
of the M-sequence used for the modulation on the the transmitter side is omitted
, the multiplication output eusw sﬁows a waveform as shown in Fig.9(d) in which
the portion corresponding to the omitted chips is left out. Namely, by
adjusting the frequency component corresponding to the chip left out portion to
the frequency component of colored noise, the level of that colored noise can be
significantly reduced.

In this case, when the code length of the skipped M-sequence is M and
the number of using chips is u, the chip utilization facter a is defined as

= u/M. Namely, in the case of these drawings, ¥ = 7 and a = 4/T.
Accordingly, the power corresponding to the outputs ews and ewsw obtained after
the spread demodulation is a® and aa®, respectively.

There are many cases of selecting the skipped positions in such a

o
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skipped M-sequence (SM} signal. It is highly effinient if such a group of

sequences are utilized so that their. frequency characteristics can be
*

complementary to each other. Thus, the complementarity is examined from the
cross-correlation of a continuous frame composed of, for example, non-inversion,
non-inversion and inversion of i-th sequence esw: {i =0, [, 2 ...) to j-th
Sequence esu; -

For the signal modulated by M-sequence euw composed of 7 chips (0010111)
shown in Fig.9{a), two patterns of skipped M-sequences eswo {3, 4, 5) and esu:
{I, 6, 7} which are complemgqtaiftto each other are used. In that case, each
‘i numerical value in these parentheses designates each skipped chip position
constituting the 7 chips in succession.

Figs.10(a) to 10(c) show spectra of waveforms respectively repeating at
each data cycle for an M-sequence and two skipped M-sequences. Namely, the
object of this invention is to aveid the influence of incoming colored noise by
utilizing the difference between these frequency characteristics.

Next, the demodulation (multiplication) output in case of using a
simulation model.as shown in Fig.1l and inputting a sine wave to this model is
obtained to compare the frequency characteristics of this skipped M-sequence
'b demodulation receiving system with the conventional M-sequence system. The

sequences ey, esuo and esw: to be multiplied are shown in the bracket,
respectively. In that case, the input to the integrator is intercepted for the
chip interval of esu = 0, and each output is designed to be a binary number.

Figs.12{a} to 12(c} respectively show the demodulation frequency
characteristics of demodulation output e to be obtained by integrating over

each data cycle the multiplication output between each waveform of eu , €swo

{3, 4, 5) or esu: {1, 6, T} and the sine wave. In that case, the phase 8 of
this sine wave with frequency f is uniformly distributed, and the mean value of
the absolute value of that integrated voltage output over the phase 8 is

designated by e (f}.
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These characteristics correspond to the cesponse of white noise incuming

with a uniform amplitude over the useq;frequency band {0 ~ fc) when it passes
through a matched filter of the M-sequence or skipped M-sequence. If the data
rate is expressed-by fe, f. becomes 7 f. because f. designates the chip rate and
the length of M-sequence is 7 chips in this case. Thus, the horizontal axis of
Figs. 12 is shown by the unit of f.. Accordingly, the noise power PND is

obtained as follows by integrating the square of e:{f} over the used frequency

band (0 -~ fc)v
fe
PND=?% er(f)]2df (1)

This corresponds to obtaining the area defined between each curve and
the horizontal coordinate’ axis in Figs.12, and each value of the equation
designated below each graph shows the result of simulation on this area so that
the coefficient in the last term of each equation theoretically becomes 1.00.

Consequently, the obtained coefficient substantially conforms to 1.00
within the 10% error range.

It should be understood that there is strong correlation between the
spectrum in Figs.10 and the demodulation characteristics in Figs.12. Also, it

‘# should be noted that the signal input to the integrator is intercepted for the

skipped chip interval in the skipped M-sequence.

Next, the signal-to-noise ratio is estimated in the light of the above

characteristics.
Figs. 13 schematically show idealized natural environmental noise

characteristics and demodulation characteristics of imaginary skipped

M-sequence.

In Fig.13(a), No is a power density of fundamental noises, such as
thermal noise and semiconductor noise added on the receiving amplification,
which designates the white noise presenting flat characteristics over a wide

band. Also in the same drawing, pNo denotes a power density of colored noise
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which is described by multiple value o° Ne. FEticther, Bu: and B«. Are noise
bands respectively corresponding to tq§se power densities, and B« and B. are the
sums of Bu: and Bu: regarding i, respectively. Since it can be assumed that
B.. substantially conforms to the portion corresponding to the chips
demodulatable in the skipped M-sequence while Bu: to the portion corresponding

to the skipped chips, the following approximation can be established.
Bi. ‘-.afc‘-'-cz (BL +BH) oo (2)

In such an ideal model, the skipped M-segugnce demodulation receiving
oo
system is not subject to the colored noise {see Fig.13(b)}.

Now assume that the total white noise power Nwe in the fc band is equal

to the signal power a®.

In that case, the noise in the f4 band (the band corresponding to M chip

length or data rate of the M-sequence} becomes as follows.

N pom = Nob[aﬁ;(l a)) 3—[a+p(1 )]

2
=57 (p=1) (4)
On the other hand, only the band B. must be considered in case of the

demodulation using the skipped M-sequence.

= -y al .« oo (5

Namely, in case of the M-sequence demodulation, +a and -a can be
obtained as the non-inversion and inversion outputs and the peak to peak signal
power becomes S = (2aj? from the amplitude. However, in case of the skipped
M-sequence demodulation, the signal power becomes a times the Qalue of {2al?

Thus, the S/N ratio after demodulation becomes as follows :



i

- g2 =3 _ {6
(SIN)M-Nofn[G+P(1‘G)]/2 GHpl-u) 167

= iq’-az— = 4M =8b/.i.‘
(SIN)SM=GNofp/2 Nofpl2 (7)

where equation®{7) corresponds to the case of p = | in equation (6).

Fig. 14 shows the S/N ratic obtained from equations {6), {7) with respect
to p corresponding to the level of colored noise. As is clearly seen from the
same drawing, the skipped M-sequence demodulation receiving system is more
advantageous than the ideal model regarding the colored noise with strength of
p > 4 so that it can effectively avoid the influence of particularly strong
colored noise. Though {2a)? is used in this case as the signal power for
calculating the S/N ratio based on the signal amplitude corresponding to “1” and
"0" at the signal receiving point, it is also possible to use the signal power
{a?) at the transmission point shown in the equation (3). In the latter case,
though the S/N ratio is lowered by 6 dB, the theoretical result becomes the same
as the former.

Next, the influence of colored noise is evaluated about realistic models
based on the result of the aforementioned simulation.

If the demodulation output e, (f) shown in Figs.12 is changed in

accordance with the colored noise characteristics into the following forms:

ep(f)=12RoleedD gy (g)
and
ep(f)=] “"1§°‘(” (fe BL) (9)

the demodulation characteristics are obtained in the forms as shown in Figs. 15,
respectively. Figs.15{a) and 15(b) respectively show demodulation
charactecistics of models (NMl] and {NM2] by the M-sequence in case of p = !0,
while Figs.15(c) and (5(d] respectively show demodulation characteristics for

the same models by the skipped M-sequence. Thus, the in-band noise output Pueo

1 O
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is obtained by integrating the e:e(f) ‘usimg equatiocns (1}. Then, the S/N ratio

after demodulation is obtained as foL}ows.

A3

(S/N) =42l /Py e (10)

Accordingly, the characteristics of the S/N ratio respectively
calculated for the M-sequence ex and skipped M-sequences esws , €sw: €an be
expressed as shown in Fig.16. From the same drawing, it can be understood that
even in the case of realistic models, the S/N ratio of this inventive system is
markedly.higher than that of the conventional system in a relatively large range
of p. For example, difference AS/N between the S/N raties obtalned by-iSLng
the conventional ex and skipped M-sequence eswo for the noise model (M1} of
Figs.15(a}, 15(c} can be expressed as shown in Fig.18, thereby obtaining highly
improved characteristics.

Fig.17 is a block diagram of an example of the spread spectrum system
using a skipped M-sequence demodulation receiving apparatus according to the
aforementioned principle.

The most important problem in realizing this system is to fix means
effective for detecting the noise component contained in the received signal
wave. For example, the method using so-called DFT conversion is generally known.
However, this method requires complicated construction and much time in the
process. In addition, though the noise power is usually lafger than the signal
power at the signal receiving point in normal spread spectrum communication,
there is sometimes the case to the contrary in which the noise detection becomes
difficult if it is carried out only by the simple comparison as mentioned above.
Thus, we proposed a system which utilizes correlated demodulation outputs due to
another kind of M-sequence e'w and another kind of skipped M-sequence e’su
to realize simpler construction.

Namely, the term of another kind of M-sequence e« means a sequence

which has the same sequence length as the M-sequence ex and a different code or
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has a different chip position in the same kind of M-sequence. Further, the term

of another kind of skipped H—sequence.g‘su means a skipped M-sequence derived
from another kind of M-sequences e’u. ‘Now we assume that e”sw: and esu: have
substantially the'same demodulation characteristics to each other.

Thus, the correlated demodulation to the received modulated wave is
carried out using ew, e"su and e°su: to obtain ern, €"in and e"isu,
respectively. In this case, however, e*,;su: is multiplied by a~' to conform
its power level to the other oufputs.

Then, the obtained values are compared to one another and ranked in
order of mag;IZude by comparison circuit MLD,. For example, when the maximum
output is obtained as follows, the corresponding judgement result will be fixed
as designated on its right side.

Maximum output = e*(swo : 0S5 B4 S 2.5 £

e%rsur ¢ 2 fo S By S 4.5 T

e*w : flat noise (Not necessary to use the skipped
¥-sequence)

e (/M ) 1 (ditto)

Thereafter, the sequences to be used for the correlated demodulation are
determined based on the result of ranking, and desired and generally a plurality
of desired sequences are selected by selection circuit PS. In this case, when
bands in which the output of e® (sux is particularly large and noise occurs
frequently are judged, for example, as H, and H., the determination of sequences
corresponds to selecting skipped M-sequences e;sux whose output characteristics
er (f) to the signal in these bands H., H: are near to zero. Accordingly, °tsux
and ersux have characteristics complementary to each other, but do not always
have the same skipped positions. Then, the demodulated outputs obtained by
these sequences are finally compared to one another by second comparison

circuit WlDa. The particular reason for using e* w here is to avoid as much as

possible the influence of a relatively large signal component contained in the
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received signal wave.

Further, in case of the syst%m of Fig. 17, when eisu: is not large enough
as compared to e"(sm:, fading occurs‘in the frequency band corresponding to the
i-th pattern so'that it can be estimated that the signal power is reduced as
much. Therefore, it is also possible to avoid degradation of the S/N ratio due

to that fading with reference to such a phenomenon.

In such a case, it is further possible to obtain the correlated
demodulation outputs respectively corresponding to the received input and both
e*su: and esu: in Fig.17 and add them to a functionally extended MLD so as to
‘!b perform the aforementioned judgement. Namely, the skipped W-sequences are

selected to prevent the received input in the fading band from appearing in the
demodulation output to perform the final correlaféd demodulation and judgement

due to MLD..

If a sequence which can realize ideal characteristics as shown in Fig.13

(b) is present, the S/N ratio can be kept at a hiéh level with little influenced.
by increase of the colored noise level.
ﬁ As described above, a desired frequency component in the received data
i can be reduced to eliminate unnecessary components, such as noise, by using such
i skipped spread sequences.
, However, from the result of the aforementioned simulation, it can not be
said that the ideal characteristics as shown in Fig.13{b) were obtained. Namely,
though it can be estimated that many sequences for presenting more ideal S/N
characteritics will be found out by increasing the code length ¥, it is
difficult in actual fact to correspond to various characteristics of colored
noise.

Thus, the inventors have studied to improve the characteristics of this
chip-bhased selective receiving system for processing a spread spectrum signal
using the skipped spread sequences and found out a new method.

Hereinafter, an embodiment of this invention for realizing such a new

1 3



‘his Skieet Has Been Replaced

TR

method will be described in detail with reference fo the drawirgs.

Fig.2(a)} is a waveform of M-sgﬁuence eu used for spread modulation on
the transmission side in which the code length M = 15.

Figs.2(bl.to 2{d) respectively show waveforms of each example of skipped
M-sequence esw, shaping sequencé e/\ and shaped M-sequence ess relating to the
present invention respectively obtained from ew. In this case, the shaped
H-sequence ess is obtained from a summing synthesis using the skipped ¥-sequence
esw and shaping sequence e. '

Figs.3 respectively shows, frequency spectra of these sequences based on
the DFT analysis. From these é;;ﬁzngs, it is understood that the components
corresponding to 4fc and 5fo of the skipped M-sequence esw of Fig.3(b) are
reduced and slightly remained as compared with the case of Y-sequence ex of
Fig.3{a). On the other hand, in case of the spectrum of shaped M-sequence ess
relating to this invention shown in Fig.3(c}, the components corresponding to
4fo and 5f, are almost zero.

Namely, while a slight remainder appears as the spectral components
required to be eliminated in case of the aforementioned skipped M-sequence esw,
these remaining components can be cancelled by adding an appropriate shaping
sequence eA.

Actually, the construction as shown in Fig.1({a} can be considered. In
the same drawing, reference numeral !5 denotes an FET transistor as an analog
gate (AG) which can be realized with ease. Namely, in such construction, the
received signal {output of the LPF in Fig.6) is multiplied by an M-sequence used
on the modulation, and the output is introduced into the input terminal (source)
of AG 15. Thus, by adding an appropriate skipped pattern binary output e
{value corresponding to eswo) as shown in Fig.9~12 ,as an example as shown in
Fig. 1 {b) from SM-sequence generator 16 to the gate terminal of AG 15, the
outputs corresponding to the third, fourth and fifth chips are respectively

intercepted so as not Lo appear on the output side.
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Accordingly, the demodulation using an,shéped Y-sequence zan be rezlized
by applying, for example, a multivalq;d or analog pattern like eg as shown in
Fig.l{c} to the gate terminal of AG lg in place of the binary ON/OFF skipped
pattern. Thus, ‘the final data output can be obtained Sy supplying the output éf
AG 15 to integrator 17 and processing the integrated result through comparisen
Judgement circuit 18. In that case, the pattern e¢ has an intermediate level as
well as its ON level eon and OFF level eqer (though the voltage is kept at the
same level in each chip) so that the higher the voltage e.r becomes, the less
the attenuation amount is given when the signal passes through AG 15. Therefore,
by performing such multivalued {or analog) control, it becomes pogsible to
bring the frequency characteristics of demodulation output e: (f} in Figs.lz
close to the ideal characteristics as shown in Fig.13(b). Therefore, the S/N
ratio can be further improved by this method.

As shown in Figs.2, the signs of waveforms at chip numbers 3, 6, 8 of
the shaped ﬁ-sequence ess and those of waveforms at the same chip numbers 3, 6,
8 of the original M-sequence es are different from each other, respectively.
These chip number chips are the skipping points of the esw,and this phenomenon
can occur due to introduction of the modefing sequence e A. Therefore, the
signal input corresponding to e:« at each of the aforementioned chips does not
reach the input terminal of the analog gate AG 15 of Fig.l(al. Thus, a circuit
for accurately obtaining the corresponding output of ess must be required.

Fig.4(a} is a block diagram showing an embodiment of the system capable
of precise shaping correction. Namely, the system of Fig.4(a) comprises adding
a circuit portion designated by a dotted line to the system of Fig.1{a). In
such structure, outputs to be obtained by multiplying the received base-band
input signal by an M-sequence and an inversion M-sequence are prepared and then
added to AG® and AG", respectively. Thereafter, gate control inputs e.® and e¢”
are added to AG" and AG" to control the transmission amount using multivalued

patterns as shown in Figs.4(b} and 4{c), respectively. As a result, the

1 5
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transmission amount of ess as shown in Fig.2(d) can be realized orectsely. In
this case, e(" is dominant to e,". Jhe control of transmission amount due to
eg” has an effect of reducing the int;grated output corresponding to the input
signal. Thus, ei is used exceptionally for shaping the frequency spectra 4fs
and 9fo of Fig.3{b) as small as possible. If such spectra as required to be
processed are small or reduced enough in advance, the tranmission amount control
due to e,- will be unnecessary, and the desired function can be fully achieved
only by the circuit of Fig.l.

Fig.4(d) shows gate control input eg corigiponding to the skipped
M-sequence which is substantially the same as iﬁx%ig.l(b).

Fig.5 shows another embodiment of this invention, in which the'received
signal is analyzed by noise band estimation (NBE) for each frame to detect the
frequency rénge containing influential colored noise. A necessary attenuation
M-sequence for realizing a spectrum suitable for eliminating the colored noise

is selected by a control portion (not shown) based on the result of analysis

from NBE. Further, based on the obtained information, a chip channel controller

{CCC) performs demodulation using a skipped M-sequence to provide a function
equivalent to the shaped M-sequence and controls resistance of an analog gate
using a shaping sequence. Therefore, an optimum signal receiving state can be
kept automatically.

As stated above, the present invention has been described regarding the
embodiments in which the received signal is first processed by spread modulation
using an M-sequence and then demodulated by a shaped M-sequence. However, this
invention is not limited only to such a system, but can be also applied in
general to other code sequences, such as GOLD code sequences.

Further, though only wireless transmission was mentioned in the
aforementioned embodiments, wired transmission can be also used. For example,
in case of using distribution wires as transmission route, colored noise is

likely to occur at a frequency of 50 Hz {or 60 Hz) and its harmonic frequency.

1 6
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Therefore, it is necessary to select the shébed"u-sequeﬁcé in advance so
that it can perform demodulation eliqgnating such frequency components.

Next, the case using a discrete chirp signal as the transmission signal
will be described. When the length of transmission signal is denoted by N as
shown in Fig.18({a}, signal Si {=S(i}] to be multiplied to the transmission
signal can be expressed as follows if N is an odd or even number.

When N is an odd number,
S{i) = exp{[(@= </ (-1))N]i%} 0 < i < N-I
¥hen N is an even number,
S(i) = exp{[(2m/ (-1))/2N]i?} 0 < i < N-1

Further, the instantaneous frequency {obtained by differentiating the

2
»

"

phase with time) of this signal is designated as in Fig.18(b).

Accordingly, assuming that the transmitter and receiver are synchronized
enough, the signal frequency depends on each corresponding time.

Let W: be a window function, as shown in Fig.19. The window function W
lacks some time area, which corresponds to some frequency band. Let So be the
transmitted signal, and S: be a windowed signal which is obtained from Se by
multiplying Wi. Then ,the matched filter for S: has small correlation to the
lacked frequency band in Fig.19. We can also define window functions W, Wz ,--
»Wu similarly, so that each window lacks same width and different location of
time area. We can also define windowed signals S:,Sz,' ', Su which are obtained
from So by multiplying W, W2 ,---,or W« . Let Nc be the colored noise in the
channel, and assume that the energy of N. belongs mainly the frequency band,
which is lacked in Si. Then, when the received signal { SotNc) is input into
filters , each of which is matched teo S.,Sz,'-’, or Su. the output of the
filter matched to S becomes smallest.

[n such a manner, it becomes possible to improve the transmission
characteristics in case of the transmission route to which colored noise is

added.
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Accordingly, the present invention is markedly effentxve in perfocaing
the spread demodulation which is capable of suppressing the influence of colored

noise incoming only on the signal rece1v1ng side without requiring any additive

provision on the ‘transmission side.
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L. A chip-based selective receiving system for a spread spectrum signal

comprising: receiving a signal processed by spread spectrum modulation through
multiplication of a data to be transmitted by a predetermined spread code
sequence, and performing spread spectrum demodulation by multiplying the
received signal by a shaped spread code sequence prepared by proper attenuation

or amplification to each chip of the spread code sequence used on said

modulation;? e

2. iﬁghip~based selective receiving system for a spread spectrum signal
comprising: receiving a signal processed by spread spectrum modulation through
multiplication of a data to be transmitted by a predetermined spread code
sequence, applying proper attenuation or amplification to non-inversion and
inversion outputs from each chip of thé spread code sequence prepared by
multiplying the received code by the sequence used on the modulation, and adding
the obtained output to a judgement circuit after integrating it over one frame
cycle {the length of code sequence}. .
3. A chip-based selective receiving system for a spread spectrum signal |
according to claim 1 or 2, wherein the spread code sequence is an M-sequence
code.

4. A chip-based selective receiving system for a spread spectrum signal
according to claims | to 3, wherein the attenuation spread code sequence is
selected to change the level of each predetermined chip so as not to output
colored noise components mixed in the received signal after the demodulation.

9. A chip-based selective receiving system for a spread spectrum signal
according to claims 1 to 4, wherein the spread spectrum demodulation is carried
out in parallel using another kind of spread code sequence having the same
sequence length as said spread code sequence and a relatively small

cross-correlation coefficient and another kind of plural attenuation spread code
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sequences based on the spread code sequence of another kind, the outputs

obtained from the correlated demoduliyion are compared mutually through
comparison judgement means, thereafter the demodulation data is fixed as one to
be obtained throygh spread spectrum demodulation by said attenuation spread code
sequence corresponding to the frequency characteristics of another kind of
attenuation spread code sequence providing the greatest applicability.

5. A chip-based selective receiving system for a spread spectrum signal
according to claim 1, wherein a chirp signal whose frequency varies with each
chip constituting a frame is used as the spread code sequence to be multiplied
to the transmission data, and préper attenuation or amplification is applied to &
the chip output when correlated detection is performed by multiplying the

chirp signal on the signal receiving side.

7. A chip-based selective receiving system for a spread spectrum signal
according to claim 1, wherein a chirp signal whose frequency varies with each

chip constituting a frame is used as the spread code sequence to be multiplied

to the transmission data, and demodulation is performed by multiplying an
attenuation spread chirp signal prepared by applying proper attenuation or
amplification to each chip on the signal receiving side when correlated

detection is carried out by multiplying the chirp signal on the signal receiving

side.
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