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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a spread spec-
trum communication system of direct sequence. More
specifically, the present invention relates to an improve-
ment in an PDI (Post Detection Integration) receiver.

Description of the Background Art

[0002] Communication using narrow band modula-
tion system such as AM, FM, BPSK, QPSK has been
conventionally used in the field of data communication.
In such a system, demodulation at the receiver can be
carried out by a relatively small circuitry. However, such
a system is weak against multipath fading and narrow
band noise.
[0003] By contrast, in spread spectrum communica-
tion system, frequency spectrum of data is spread by a
PN (pseudo noise) code at the transmitter side, while
the PN code and the data are synchronized (correlated)
on the receiver side, so that the influence of multipath
fading and narrow band noise can be reduced, which
system has attracting increasing attention as a promis-
ing technique.
[0004] The method of spread spectrum communica-
tion includes direct sequence, frequency hopping, time
hopping and a hybrid combining some of these. Direct
sequence spreads the spectrum by multiplying data and
the PN code having a chip rate considerably higher than
the data rate, of which circuitry can be implemented rel-
atively easily as compared with those used in other
methods. Use of different PN codes allow multiple ac-
cess in the same band. Such multiple access is called
CDMA (Code Division Multiple Access) or SSMA
(Spread Spectrum Multiple Access).
[0005] As described above, in the direct sequence
method, the frequency spectrum is spread by multiply-
ing a PN code which has considerably higher rate than
the symbol rate. Because of the property of PN code,
separation of multipath wave received delayed by more
than 1 chip from the received signal becomes possible.
[0006] RAKE method and PDI method have been
known as methods for improving diversity in the fading
propagation path of spread spectrum communication of
direct sequence, utilizing the above described feature.
In these methods, diversity is obtained by separating
and combining signals of respective paths delayed in
time. The RAKE receiver has a complicated structure,
and the PDI receiver has been developed in which in-
formation is transmitted by DPSK (differential phase
shift keying) by differential coding or the like in order to
simplify the structure of the receiver. In the PDI method,
as its name implies, demodulation is performed by inte-
grating detected received signals for a prescribed time

period defined by the propagation path, using a delay
circuit. In the RAKE method, signals separated in time
are each weighted, and then integrated. It goes without
saying that RAKE method has superior performance.
However, the PDI method can be implemented in a sim-
ple manner, and the properties can be improved to some
extent.
[0007] Figs. 9 and 10 are schematic block diagrams
showing the transmitter and the receiver of the spread
spectrum communication system in accordance with the
PDI method.
[0008] First, the transmitting system will be described
with reference to Fig. 9. Binary transmit data sequence
represented by +1 or 0 is first differentially coded at a
differential coding portion 86. The differentially coded
data sequence and a PN code (binary code sequence
represented by + 1 or 0) generated by a PN code gen-
erating portion 87 are input to an EX-OR circuit 88, and
an exclusive OR is provided. The resulting code se-
quence is multiplied by a sinusoidal wave generated at
a sinusoidal wave generator 89, and subjected to BPSK
modulation at a modulating portion 90. Thereafter, the
code sequence is passed to a frequency converting por-
tion 91 so that it has RF band frequency, power amplified
by a power amplifying portion 92, and then transmitted
from a transmission antenna 93.
[0009] On the receiver side, referring to Fig. 10, the
signals received by a receiving antenna 94 is subjected
to high frequency amplification by an RF amplifying por-
tion 95, and converted to have intermediate frequency
by a frequency converting portion 96. The signals which
have been converted to have intermediate frequency
are passed to a correlator 97, where the signals are cor-
related with a PN code. At this time, in such a fading
environment in that multiple paths exist, the correlated
pulses are output with the pulse width broadened. Part
of the correlated signals obtained in this manner from
correlator 97 are input to a multiplier 99 through a delay
portion 98, and remaining part are directly input to mul-
tiplier 99. The signal delayed by one symbol time by de-
lay portion 98 and the signal directly transmitted from
correlator 97 are multiplied by multiplier 99, and differ-
ential detection is performed. The detected output (out-
put from multiplier 99) is integrated for a period corre-
sponding to maximum delay spread which depends on
the propagation path, from the timing of correlation of
the direct path wave, data is detected at a detecting por-
tion 101 based on the result of integration, and differen-
tially coded data is demodulated.
[0010] By integration for a period corresponding to the
delay spread, the received powers of the direct path
wave and the delayed wave are added and demodulat-
ed, so that combined diversity effect is obtained, and the
property under fading environment can be improved.
[0011] By such spread spectrum, communication in
broader band becomes possible, enabling more effec-
tive communication against multipath fading and narrow
band noise. Further, PDI provides additional advantage
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that diversity effect can be obtained in such an environ-
ment in that fading occurs. An example of a PDI receiver
is given in "Moullec, C.; El Zein, G.: Citerne, J.: "An in-
tegrated all digital diversity receiver for spread spectrum
communications over multipath fading channels' Third
international symposium on spread spectrum tech-
niques and applications, vol. 2, 4-6 July 1994, pages
367-371, Oulu, Finland."
[0012] In the PDI method, even when there is a period
in which there is not a received signal power or only a
small received signal power within the period for inte-
gration, integration continues in that period, and there-
fore the property may possibly be degraded. Further,
when the time for integration is set, the property (maxi-
mum delay spread) of the propagation path over which
communication takes place must be known in advance,
and the time for integration must be set differently de-
pendent on the propagation path.

SUMMARY OF THE INVENTION

[0013] An object of the present invention is to provide
a PDI receiver having superior performance and simple
structure which eliminates necessity of adjustment and
which allows reduction in size.
[0014] The present invention provides in one aspect
a PDI receiver comprising A/D converting means for
sampling received signals; correlation filter means for
correlating said received signals digitized by said A/D
converting means with a predetermined sequence of
bits; demodulating means for digitally demodulating an
output from said correlation filter means; and detecting
means for detecting data by integrating those portions
of the output signals from said demodulating means
which lie within a window period which is determined in
accordance with multipath property of the propagation
path; characterised in that the A/D converting means is
arranged to sample the received signals at a sampling
frequency of at least twice a chip rate of said predeter-
mined sequence of bits; correlated value calculating
means is provided for calculating the amplitude of a cor-
related value from the correlation filter waveform of an
output from said correlation filter means; clock repro-
ducing means is provided for generating a reproduction
clock signal in accordance with the correlated value cal-
culated by said correlated value calculating means; win-
dow generating means is provided for generating a win-
dow pulse having said window period determined with
reference to the reproduction clock signal generated by
said clock reproducing means, and said detecting
means includes gate means for gating an output from
said demodulating means by the window pulse gener-
ated by said window generating means, integrating
means for integrating outputs from said gate means,
and means for detecting an output from said integrating
means.
[0015] Therefore, according to the present invention,
periods, in which received signal powers are small, out-

side the window period are excluded at the time of inte-
gration, and therefore properties are not degraded. Fur-
ther, the period of the window determining the time for
integration is defined digitally and hence such definition
can be easily realized by changing the number of sam-
ples added.
[0016] More preferably, signals are taken in the sam-
ple periods in which the calculated amplitude exceeds
a predetermined threshold value, and the signals are in-
tegrated and detected. Therefore, data can be obtained
by determining the level within the sampling period at
the detecting portion, utilizing the result of integration,
the samples having small signal components within the
window can be excluded, and hence performance can
be improved.
[0017] More preferably, in the window generating cir-
cuit, the amplitude of the demodulated output from the
demodulating circuit and a predetermined threshold val-
ue are compared in the window period, and only those
samples of which amplitudes exceed the predetermined
threshold value are integrated. Therefore, samples hav-
ing small signal components within the window can be
excluded, and hence performance can be improved.
[0018] In another aspect the present invention pro-
vides a PDI receiver, comprising: A/D converting means
for sampling received signals at a sampling frequency
which is at least twice a chip rate of a predetermined
sequence of bits; correlation filter means for correlating
said received signals digitized by said A/D converting
means with the predetermined sequence of bits; corre-
lated value calculating means for calculating the ampli-
tude of a correlated value from the correlation filter
waveform of an output from said correlation filter means;
clock reproducing means for generating a reproduction
clock signal in accordance with the correlated value cal-
culated by said correlated value calculating means; win-
dow generating means for generating a window pulse
having a window period which is determined in accord-
ance with multipath property of the propagation path and
with reference to said reproduction clock signal; inte-
grating means for integrating outputs from said correla-
tion filter means within the window period of the window
pulse generated by said window generating means; and
demodulation detecting means for demodulating and
detecting an output from said integrating means.
[0019] Therefore, according to this aspect of the
present invention, integration is performed before de-
modulation, so that difference in clock frequencies be-
tween transmission and reception can be absorbed, and
hence the demodulating circuit can further be simplified.
[0020] The foregoing and other objects, features, as-
pects and advantages of the present invention will be-
come more apparent from the following detailed de-
scription of the present invention when taken in conjunc-
tion with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Fig. 1 is a block diagram of a first embodiment
in accordance with the present invention.
[0022] Fig. 2 is a diagram of waveforms at various por-
tions of the first embodiment.
[0023] Fig. 3 is a block diagram of an example of a
window generating portion in accordance with the
present invention.
[0024] Fig. 4 is a block diagram of a second embodi-
ment of the present invention.
[0025] Fig. 5 is a diagram of waveforms at various por-
tions of the second embodiment.
[0026] Fig. 6 is a block diagram of a third embodiment
of the present invention.
[0027] Fig. 7 is a block diagram of a fourth embodi-
ment of the present invention.
[0028] Fig. 8 is a block diagram of an embodiment of
window time width control in accordance with the
present invention.
[0029] Fig. 9 is a block diagram of a transmitting sys-
tem in accordance with a conventional direct sequence
spread spectrum communication system.
[0030] Fig. 10 is a block diagram of a conventional
PDI receiver.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] In the following embodiments, the transmitting
system used is the same as the conventional example
shown in Fig. 9.
[0032] In the present invention, differentially coded
BPSK modulation (DPSK) is used for modulating infor-
mation. It goes without saying that the present invention
can be applied to differential QPSK (DQPSK) by per-
forming quadrature (four phase) differential coding at a
differential coding portion and by performing QPSK
modulation at a modulation portion.
[0033] Fig. 1 is a block diagram of the first embodi-
ment of the present invention. Signals received at a re-
ceiving antenna 9 are subjected to high frequency am-
plification by an RF amplifying portion 10, and then
passed to a frequency converting portion 11 so that the
signals have IF band frequency. Thereafter, the re-
ceived signals are converted to I and Q base band sig-
nals by quadrature demodulating portion 12, digitized
by using a sampling clock having a sampling frequency
of at least twice the chip rate of the PN code at A/D con-
verting portions 13 and 14, respectively, and then cor-
related by digital matched filters 15 and 16. An example
of the waveform at an output portion a of digital matched
filter 15 is as shown in (a) of Fig. 2. Fig. 2 (a) shows an
example in which the received signals assume + and -
values when digitized. The correlated output from digital
matched filter 16 on the quadrature side is different from
this figure.
[0034] The correlated outputs thus obtained are divid-

ed into two, one of which is subjected to differential de-
modulation by a differential demodulating portion 18,
and an example of the waveform at its output portion e
is as shown by (e) of Fig. 2. The other is input to a cor-
related value calculating portion 17, a root of square
sum of respective outputs from digital matched filters 15
and 16 is calculated, and a correlated value having high-
est correlation is detected. An example of the waveform
at output portion b is shown in (b) of Fig. 2. By using the
correlated waveform, at an output portion c of a clock
reproducing portion 19, a reproduction clock such as
shown in (c) of Fig. 2 is reproduced, which represents
a timing at which existence of the peak of correlation is
expected. By using the reproduction clock pulse as a
reference, windows of several samples are generated
as shown in (d) of Fig. 2, at an output portion d of a win-
dow generating portion 20.
[0035] Generation of the window can be readily im-
plemented by using a counter and several gate circuits.
Fig. 3 is a block diagram showing an example of window
generating portion 20. The window generating portion
includes a delay portion 26, a counter portion 27, an OR
gate 28 and a JK flipflop 29. The sampling clock and the
reproduction clock from clock reproducing portion 19
are applied to delay portion 26. An output from delay
portion 26 and the sampling clock are input to counter
portion 27, and outputs A and B from counter portion 27,
which will be described later, are input to JK flipflop 29
through OR gate 28. In the window generating portion
20, received signals are sampled at a sampling frequen-
cy which is twice the chip rate, by using a PN code hav-
ing the length of 32 chips. When a window covering two
samples preceding and succeeding the reproduction
clock pulse signal as well (a total of 5 samples) is to be
generated, in the receiver, the reproduction clock pulse
is delayed larger than at least the window time width
(here, at least three sample clocks) by delay portion 26,
using the counter or the flipflop.
[0036] For example, assume that delay of 10 sample
clocks is provided. Then the counter in the counter por-
tion 27 is reset by the present pulse, and a pulse A which
attains High only when the counter reaches the value
"52" and a pulse B which attains High only when the
counter reaches the value "56" are generated. These
pulses can both be readily implemented by the counter
and several gate circuits. These two pulses obtained in
this manner are passed to an OR gate 28 to be ORed.
By using the output, a signal which attains to High when
the pulse A is input and attains Low when the pulse B
is input is generated by JK flipflop 29. The signal gen-
erated in this manner provides a pulse which attains
High after 62 sampling clocks and Low after 66 sampling
clocks from the aforementioned reproduction clock
pulse. This pulse may be used as the window pulse. This
is only an example, and what is intended by the present
invention is to generate a window utilizing PDI in digital
manner.
[0037] Returning to Fig. 1, the outputs from differential
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demodulating portion 19 and from window generating
portion 20 are ANDed by AND gates 21 and 22, respec-
tively. Fig. 2(f) shows an example of the waveform at an
output portion f of AND gate 21. Outputs from AND gates
21 and 22 are integrated for the window period, at inte-
grating portions 23 and 24, respectively. Fig. 2(g) shows
an example of the waveform at an output portion g of
integrating portion 23. By using the result of integration,
in a data detecting portion 25, the reproduction clock is
altered to a detection clock such as shown in Fig. 2(h)
of which timing is adjusted to determine the result of in-
tegration over all the window periods (in this example,
it is implemented by simply providing a delay of 2.5 sam-
ples), and using the detection clock, the signals are de-
tected at detecting portion 25. In case DQPSK demod-
ulation is to be performed, parallel/serial conversion
(hereinafter referred to as P/S conversion) is performed,
and data is obtained.
[0038] By the present embodiment, the PDI method
can be readily implemented in digital manner.
[0039] Fig. 4 is a block diagram of the second embod-
iment. The present embodiment differs from the first em-
bodiment in that the window generating portion has ad-
ditional function to provide a pulse which attains to ON
state when the correlated value exceeds a threshold.
The details of operation will be described in the follow-
ing.
[0040] As in the first embodiment, the signals re-
ceived at receiving antennas 9 are power amplified by
RF amplifying portion 10, and passed through frequency
converting portion 11 where the frequency is converted
to IF band. Thereafter, by quadrature demodulating por-
tion 12, the IF signals are converted to I and Q base
band signals, which are digitized by A/D converting por-
tions 13 and 14, respectively. The digitized signals are
correlated by digital matched filters 15 and 16. As in the
first embodiment, in A/D converting portions 13 and 14,
the signals are sampled at a sampling frequency which
is at least twice the chip rate of PN code.
[0041] The correlated output obtained in this manner
are divided into two, and one of which is input to differ-
ential demodulating portion 18 and differentially demod-
ulated. The other is input to correlated value calculating
portion 17 and root of square sum is calculated. The out-
put from correlated value calculating portion 17 is as
shown in Fig. 5(A), for example. By using the output from
correlated value calculating portion 17, a reproduction
clock representing the correlation peak timing is repro-
duced from clock reproducing portion 19. This clock has
such a waveform as shown in (B) of Fig. 5, for example.
The above described operation is performed based on
the same principle as described with reference to the
first embodiment.
[0042] By using the reproduction clock obtained from
clock reproducing portion 19, a window corresponding
to several samples is generated, referring to a timing at
which existence of the peak of correlation is expected,
in window reproducing portion 20. The waveform is as

shown in (C) of Fig. 5, for example. Further, in the
present embodiment, a threshold is provided in the win-
dow generating portion 20. When the window is to be
produced, a pulse which attains ON only at the sample
timing where the signal level exceeds the threshold with-
in the above described window period is generated and
output. Its waveform is as shown in (d) of Fig. 5, for ex-
ample.
[0043] Here, the threshold value may be initially set
externally, or it may be internally optimized based on the
power of received signals obtained from the output of
the correlated value calculating portion 17.
[0044] Though not shown, this operation can be read-
ily implemented by providing an AND of an output from
window generating portion 20 shown in Fig. 3 described
in the first embodiment and an output of a comparator
comparing the threshold with the output from the corre-
lated value calculating portion 17 (which comparator
outputs High when the correlated value output is larger
than the threshold). Further, the outputs from the win-
dow generating portion 20 are divided into two, one of
which is directly input to a gate circuit 31, and the other
is delayed by one symbol by a delay portion 30. The
directly input window pulse and the delayed window
pulse are ANDed, and a modified window pulse of which
pulse width is different from that of the output at the win-
dow generating portion 20 is generated. Referring to the
examples of waveforms of this operation, when the out-
put from window generating portion 20 is as shown by
(E) of Fig. 5, the output from AND gate 31 would have
such a waveform as represented by (F) of Fig. 5. Here,
since the transmission symbol rate is known, the delay
portion 30 can be readily implemented by using a sam-
pling clock and a counter.
[0045] The output from differential demodulating por-
tion 18 and the output from the AND gate 31 are ANDed
at gate portions 21 and 22, and respective outputs are
integrated for the window period in integrating portions
23 and 24, respectively. Using the results of respective
integration, by using a detection timing clock provided
by adjusting the timing of the aforementioned reproduc-
tion clock, data is detected and determined at detecting
portion 25, as in the first embodiment. In case of DQPSK
demodulation, data is obtained after P/S conversion.
[0046] In the first embodiment, integration is per-
formed through the window, and even a sample having
very small symbol component has been integrated, pos-
sibly causing degradation in performance. However, on-
ly the correlated outputs at such timings that exceed the
threshold are integrated in the present embodiment, and
hence PDI having higher performance can be obtained.
[0047] Fig. 6 is a block diagram of the third embodi-
ment. The structure and operation until quadrature de-
modulation and A/D conversion are the same as in the
first and second embodiments. Fig. 6 shows a portion
in the succeeding stage of A/D conversion, starting from
digital matched filter portions. This embodiment differs
from the second embodiment described above in that a
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detecting circuit is provided directly at the output of the
differential demodulating portion, a threshold is provid-
ed for the output from the detecting circuit, and only the
samples exceeding the threshold are integrated in the
integrating circuit of the succeeding stage, thus provid-
ing similar effects. Detailed operation will be described
in the following.
[0048] The base band quadrature signals digitized in
the similar manner as in the second embodiment are
correlated in digital matched filters 15 and 16, respec-
tively. The correlated outputs are divided into two, one
of which is input to differential demodulation portion 19
and the other is input to correlated value calculating por-
tion 17. In correlated value calculating portion 17, root
of square sum of both correlated outputs is calculated
in the similar manner as in the second embodiment. By
using the output from the correlated value calculating
portion 17 obtained in this manner, a timing at which ex-
istence of the peak value of correlation is expected it
presumed at the clock reproducing portion 19, and a re-
production clock representing that timing is generated.
By using the reproduction clock, a window pulse corre-
sponding to a period determined dependent on the prop-
erty of the propagation path is generated in window gen-
erating portion 20, using the reproduction clock pulse as
a reference.
[0049] As for the method of producing a window
pulse, it can be implemented in the similar manner as
shown in Fig. 3 with respect to the first embodiment. The
outputs from differential amplifying portion 18 are divid-
ed into two, one of which is input to gate portions 21 and
22, and the other is input to an amplitude calculating
portion 40. Here, in the amplitude calculating portion 40,
a root of square sum of cosine and sin axes outputs of
differential demodulating portion 18 is calculated. The
result of calculation is compared with a threshold value
at a comparator portion 41, and a signal which is ON
only at a sample timing at which the aforementioned re-
sult of amplitude calculation is larger than the threshold
value is generated and output. The threshold value may
be initially set externally as in the first embodiment, or
it may be internally optimized based on the power of re-
ceived signals obtained from the output of the correlated
value calculating portion.
[0050] The output from comparator portion 41 ob-
tained in this manner is ANDed with the window pulse
from window generating portion 20 at an AND portion
42, and using the modified window pulse, which is the
ANDed output, the output of both components at the dif-
ferential amplifying portion 18 are gated at gate portions
21 and 22. The outputs from gate portions 21 and 22
are integrated for the window period in integrating por-
tions 23 and 24, respectively. Using the respective re-
sults of integration, data is detected at detecting portion
25 using a detection timing clock obtained by adjusting
the timing of the reproduction clock, as in the first and
second embodiments. In case of DQPSK demodulation,
data is obtained after P/S conversion.

[0051] Fig. 7 is a block diagram of the fourth embod-
iment. The present embodiment differs from the first to
third embodiments in that integration, which is per-
formed after differential demodulation in the above em-
bodiments, is performed prior to differential demodula-
tion in the present embodiment. Details of the operation
will be described.
[0052] In the present embodiment, as in the above de-
scribed embodiments, signals received by receiving an-
tenna 9 are subjected to power amplification and fre-
quency conversion to IF band, by power amplifying por-
tion 10 and frequency converting portion 11. Thereafter,
the IF signals are converted to base band quadrature
signals by quadrature demodulating portion 12, and the
signals are digitized by A/D converting portions 13 and
14. Thereafter, the signals are correlated by digital
matched filters 15 and 16. So far, the operation is the
same as the first to third embodiments. Thereafter, cor-
related outputs are divided into two, one of which is input
to gate portions 21-1, 22-1 and the other is input to cor-
related value calculating portion 17. The correlated val-
ue calculating portion 17 can be readily implemented,
in the similar manner as in the first and second embod-
iments, in which root of square sum of outputs from the
quadrature digital matched filters 15 and 16 is calculat-
ed.
[0053] The correlated output obtained in this manner
is input to clock reproducing portion 19, a timing at which
existence of the peak value of the correlation is expect-
ed is presumed, and a reproduction clock representing
that timing is generated. By using the reproduction
clock, a window pulse having a time width determined
dependent on the propagation path is generated in win-
dow generating portion 20. The window pulse is input to
gate portions 21-1 and 22-1, whereby the output from
the aforementioned digital matched filters 15 and 16 are
gated. The outputs obtained from gate portions 21-1 and
22-1 in this manner are integrated for the period of the
window pulse by integrating portions 23-1 and 24-1, and
using the result of integration, differential demodulation
is performed in differential demodulating portion 18-1.
Based on the result of differential demodulation, data is
detected at detecting portion 25 using the detection tim-
ing clock which is obtained by adjusting the timing of the
reproduction clock. In case of DQPSK demodulation,
data is obtained after P/S conversion.
[0054] In the first to third embodiments above, inte-
gration is performed after differential detection. There-
fore, when there is a difference between clock frequen-
cies for generating for PN codes between the transmitter
and the receiver, the timing of peak correlation of the
received signals may possibly be offset by 1 sample with
respect to a symbol preceding by 1 bit, which may cause
degradation in performance because of mistiming at the
time of differential demodulation in the differential de-
modulating portion in the receiver, where demodulation
is performed with a delay of 1 symbol. However, accord-
ing to the method of the present embodiment, integra-
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tion is performed prior to differential detection. There-
fore, degradation in performance caused by mistiming
can be avoided.
[0055] Further, in the differential demodulating portion
18-1, in the first to third embodiments, it is necessary to
differentially detect all the samples within the window
pulse period. However, in the present embodiment, de-
lay by 1 symbol can be readily realized by using the re-
production clock pulse, and what is necessary is only
differential detection of the timing of the result of inte-
gration within 1 symbol. Therefore, as compared with
the first to third embodiments, the circuit structure of the
differential demodulating portion can be simplified con-
siderably.
[0056] Setting of the threshold as described with re-
spect to the second and third embodiments may be
readily applied to the present embodiment, whereby the
performance can further be improved.
[0057] Fig. 8 is a block diagram of another embodi-
ment of the window generating portion in which the time
width of the window is controlled. The principle of oper-
ation will be described in detail in the following.
[0058] As described with reference to Fig. 3, a window
pulse is generated by delay portion 26, counter portion
27, OR portion 28 and JK flipflop 29, using the repro-
duction clock. This operation is only an example, and it
may be implemented by any other method. In the exam-
ple shown in Fig. 8, a comparator portion 51 and a coun-
ter portion 52 are added to the circuit shown in Fig. 3.
The threshold value and the correlated value from the
correlated value calculating portion 17 of Fig. 4 are input
to comparator portion 51, an output obtained from the
comparison between these two is transmitted to counter
portion 52, and further to counter portion 27. The win-
dow pulse from JK flipflop 29 is also input to counter
portion 52. In comparator portion 51, the correlated am-
plitude value calculated in correlated value calculating
portion is compared with the threshold value, and a
pulse which attains High only when the correlated value
is larger is generated and output. In the present embod-
iment, counter portion 22 is provided at the output of
comparator portion 51, and the number of samples
which exceeds the threshold within the sample period
which corresponds to the window pulse plus several
samples preceding and succeeding the window pulse is
counted by counter portion 52. If the resulting count is
relatively larger than the number of samples within the
window time width, the result is fed back to counter por-
tion 27 for generating the window pulse, the timing for
generating the pulse A described with reference to the
first embodiment is advanced by one or several sam-
ples, and the timing for generating the pulse B is delayed
by one or several samples. By doing so, the window
pulse time width can be made wider.
[0059] If the resulting count is relatively smaller than
the number of samples in the window time width, the
result is fed back to counter portion 27 for generating
the window pulse, the timing for generating pulse A de-

scribed with reference to the first embodiment is delayed
by one or several samples, and the timing for generating
pulse B is advanced by one or several samples. By do-
ing so, the window pulse time width can be made nar-
rower. Thus, the window time width is controlled. The
foregoing is only an example of the method for control-
ling the window time width. The feature of the present
invention is to control the window time width based on
the number of samples exceeding the threshold, within
the window pulse period and the sample period which
is obtained by adding several samples preceding and
succeeding the window pulse period used for PDI.
Therefore, any other method may be employed for ac-
tual implementation.
[0060] By using this method, the window time width
can be automatically adjusted even in a communication
path of which propagation path properties are not
known, enabling communication with optimum window
time width. Further, similar effects can be obtained by
changing the input signal to be compared with the
threshold value at comparator portion 51 from the output
of correlated value calculating portion 17 to the ampli-
tude value obtained from amplitude calculating portion
40 at the output of the differential demodulating portion
described with reference to the third embodiment.
[0061] According to the embodiments of the present
invention, in general spread spectrum communication
system of direct sequence, PDI method can be readily
implemented in digital manner. Further, by providing a
threshold in generating the window and thereby saving
samples received with low power at the time of integra-
tion, performance can be improved. Further, by perform-
ing integration prior to differential demodulation, differ-
ence in clock frequencies between the transmitter and
the receiver can be absorbed, whereby the differential
demodulating portion can be simplified. Further, by con-
trolling the window used for PDI based on the number
of samples which have exceeded the threshold, com-
munication with optimal window time width becomes
possible even through a communication path of which
propagation path properties are not known.
[0062] Although the present invention has been de-
scribed and illustrated in detail, it is clearly understood
that the same is by way of illustration and example only
and is not to be taken by way of limitation, the scope of
the present invention being limited only by the terms of
the appended claims.

Claims

1. A PDI receiver, comprising:

A/D converting means (13, 14) for sampling re-
ceived signals;
correlation filter means (15, 16) for correlating
said received signals digitized by said A/D con-
verting means with a predetermined sequence
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of bits;
demodulating means (18) for digitally demodu-
lating an output from said correlation filter
means; and
detecting means (25) for detecting data by in-
tegrating those portions of the output signals
from said demodulating means which lie within
a window period which is determined in accord-
ance with multipath property of the propagation
path;

characterised in that
the A/D converting means is arranged to sam-

ple the received signals at a sampling frequency of
at least twice a chip rate of said predetermined se-
quence of bits;

correlated value calculating means (17) is
provided for calculating the amplitude of a correlat-
ed value from the correlation filter waveform of an
output from said correlation filter means;

clock reproducing means (19) is provided for
generating a reproduction clock signal in accord-
ance with the correlated value calculated by said
correlated value calculating means;

window generating means (20) is provided for
generating a window pulse having said window pe-
riod determined with reference to the reproduction
clock signal generated by said clock reproducing
means, and said detecting means includes

gate means (21, 22) for gating an output from
said demodulating means by the window pulse gen-
erated by said window generating means,

integrating means (23, 24) for integrating out-
puts from said gate means, and

means (25) for detecting an output from said
integrating means.

2. A PDI receiver according to claim 1, wherein said
window generating means opens a gate of said gate
means during a sample period in which the ampli-
tude of the correlated value calculated by said cor-
related value calculating means exceeds a prede-
termined threshold value.

3. A PDI receiver according to claim 1, wherein said
window generating means opens a gate of said gate
means during a window period in which the ampli-
tude of the output of said demodulating means ex-
ceeds a predetermined threshold value.

4. A PDI receiver according to claim 1, further com-
prising:

amplitude calculating means (40) for calculat-
ing the amplitude of an output from said demod-
ulating means;
comparing means (41) for comparing an output
from said amplitude calculating means and a

predetermined threshold value; and
gate means (42) for gating an output signal
from said comparing means (41) and the win-
dow pulse generated by said window generat-
ing means (20), and when the output of said
amplitude calculating means is larger than said
threshold value within the window period, out-
putting a window pulse of which the pulse width
is modified.

5. A PDI receiver, comprising:

A/D converting means (13, 14) for sampling re-
ceived signals at a sampling frequency which
is at least twice a chip rate of a predetermined
sequence of bits;
correlation filter means (15, 16) for correlating
said received signals digitized by said A/D con-
verting means with the predetermined se-
quence of bits;
correlated value calculating means (17) for cal-
culating the amplitude of a correlated value
from the correlation filter waveform of an output
from said correlation filter means;
clock reproducing means (19) for generating a
reproduction clock signal in accordance with
the correlated value calculated by said corre-
lated value calculating means;
window generating means (20) for generating
a window pulse having a window period which
is determined in accordance with multipath
property of the propagation path and with ref-
erence to said reproduction clock signal;
integrating means (21-1, 22-1, 23-1, 24-1) for
integrating outputs from said correlation filter
means (15, 16) within the window period of the
window pulse generated by said window gen-
erating means; and
demodulation detecting means (18-1, 25) for
demodulating and detecting an output from
said integrating means.

6. A PDI receiver according to claim 5, wherein said
integrating means includes

gate means (21-1, 22-1) arranged to open on-
ly during the window period of the window pulse
generated by said window generating means, for
outputting an output signal of said correlation filter
means, and

means (23-1, 24-1) for integrating outputs
from said gate means.

7. A PDI receiver according to claim 5, wherein

said window generating means includes com-
paring means (51) for comparing a correlated
amplitude value at an output of said correlated
value calculating means (17) and a predeter-
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mined threshold value, and
gate means for gating the window pulse gener-
ated by said window generating means and an
output from said comparing means, and when
the output from said correlated value calculat-
ing means is larger than said threshold value
within the window period, generating a pulse.

8. A PDI receiver according to claim 5, wherein

said window generating means includes
comparing means (51) for comparing a corre-
lated amplitude value at an output of said cor-
related value calculating means and a prede-
termined threshold value,
counting means (52) for counting the number
of samples in which said correlated amplitude
value is larger than said threshold value within
an initially set window period, and
means (27) for changing the width of said win-
dow period, in accordance with a count output
from said counting means.

9. A PDI receiver according to claim 5, wherein
said window generating means includes
comparing means (51) for comparing an am-

plitude value of an output of said demodulating
means and a predetermined threshold value,

counting means (52) for counting the number
of samples in which said amplitude value is larger
than said threshold value within an initially set win-
dow period and within a sample period correspond-
ing to said window period and several samples pre-
ceding and succeeding the window period, and

means (27) for changing said window period
in accordance with a count output from said count-
ing means.

Patentansprüche

1. PDI-Empfänger, mit:

- einer A/D-Wandlereinrichtung (13, 14) zum Ab-
tasten empfangener Signale;

- einer Korrelationsfiltereinrichtung (15, 16) zum
Korrelieren der empfangenen, durch die A/
D-Wandlereinrichtung digitalisierten Signale
mit einer vorbestimmten Bitsequenz;

- einer Demodulationseinrichtung (18) zum digi-
talen Demodulieren eines Ausgangssignals
der Korrelationsfiltereinrichtung; und

- einer Erfassungseinrichtung (25) zum Erfassen
von Daten durch Integrieren derjenigen Ab-
schnitte der Ausgangssignale der Demodulati-
onseinrichtung, die innerhalb einer Fensterpe-
riode liegen, die entsprechend einer Mehrpfad-
charakteristik des Ausbreitungspfads bestimmt

ist;

dadurch gekennzeichnet, dass

- die A/D-Wandlereinrichtung so ausgebildet ist,
dass sie die empfangenen Signale mit einer
Abtastfrequenz abtastet, die zumindest dem
Doppelten der Chiprate der vorbestimmten
Bitsequenz entspricht;

- eine Korrelationswert-Berechnungseinrichtung
(17) vorhanden ist, um die Amplitude eines Kor-
relationswerts aus dem Korrelationsfilter-Si-
gnalverlauf eines Ausgangssignals der Korre-
lationsfiltereinrichtung zu berechnen;

- eine Taktsignal-Reproduziereinrichtung (19)
vorhanden ist, um ein Reproduzierungs-Taktsi-
gnal entsprechend dem durch die Korrelations-
wert-Berechnungseinrichtung berechneten
Korrelationswert zu erzeugen;

- eine Fenstererzeugungseinrichtung (20) vor-
handen ist, um einen Fensterimpuls mit der ge-
nannten Fensterperiode zu erzeugen, die unter
Bezugnahme auf das durch die Taktsignal-Re-
produziereinrichtung erzeugte Reproduktions-
Taktsignal bestimmt wurde;

- wobei die Erfassungseinrichtung Folgendes
aufweist:

-- eine Toreinrichtung (21, 22) zum Durchlas-
sen eines Ausgangssignals der Demodu-
lationseinrichtung mittels des durch die
Fenstererzeugungseinrichtung erzeugten
Fensterimpulses;

-- eine Integriereinrichtung (23, 24) zum Inte-
grieren von Ausgangssignalen der Torein-
richtung; und

-- eine Einrichtung (25) zum Erfassen eines
Ausgangssignals der Integriereinrichtung.

2. PDI-Empfänger nach Anspruch 1, bei dem die Fen-
stererzeugungseinrichtung ein Gatter der Torein-
richtung während einer Abtastperiode öffnet, in der
die Amplitude des durch die Korrelationswert-Be-
rechnungseinrichtung berechneten Korrelations-
wert einen vorbestimmten Schwellenwert über-
schreitet.

3. PDI-Empfänger nach Anspruch 1, bei dem die Fen-
stererzeugungseinrichtung ein Gatter der Torein-
richtung während einer Fensterperiode öffnet, in
der die Amplitude des Ausgangssignals der Demo-
dulationseinrichtung einen vorbestimmten Schwel-
lenwert überschreitet.

4. PDI-Empfänger nach Anspruch 1, ferner mit:

- einer Amplitudenberechnungseinrichtung (40)
zum Berechnen der Amplitude eines Aus-
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gangssignals der Demodulationseinrichtung;
- einer Vergleichseinrichtung (41) zum Verglei-

chen eines Ausgangssignals der Amplituden-
berechnungseinrichtung und eines vorbe-
stimmten Schwellenwerts; und

- einer Toreinrichtung (42) zum Durchlassen ei-
nes Ausgangssignals der Vergleichseinrich-
tung (41) und des durch die Fenstererzeu-
gungseinrichtung (20) erzeugten Fensterim-
pulses und zum Ausgeben, wenn das Aus-
gangssignal der Amplitudenberechnungsein-
richtung größer als der Schwellenwert inner-
halb der Fensterperiode ist, eines Fensterim-
pulses, dessen Impulsbreite modifiziert ist.

5. PDI-Empfänger mit:

- einer A/D-Wandlereinrichtung (13, 14) zum Ab-
tasten empfangener Signale mit einer Abtast-
frequenz, die mindestens dem Doppelten der
Chiprate einer vorbestimmten Bitsequenz ent-
spricht;

- einer Korrelationswert-Berechnungseinrich-
tung (17) zum Berechnen der Amplitude eines
Korrelationswerts aus dem Korrelationsfilter-
Signalverlauf eines Ausgangssignals der Kor-
relationsfiltereinrichtung;

- einer Taktsignal-Reproduziereinrichtung (19)
zum Erzeugen eines Reproduktions-Taktsignal
entsprechend dem durch die Korrelationswert-
Berechnungseinrichtung berechneten Korrela-
tionswert;

- einer Fenstererzeugungseinrichtung (20) zum
Erzeugen eines Fensterimpulses mit einer
Fensterperiode, die entsprechend einer Mehr-
pfadcharakteristik des Ausbreitungspfads und
unter Bezugnahme auf das Reproduktions-
Taktsignal bestimmt wird;

- einer Integriereinrichtung (21-1, 22-1, 23-1,
24-1) zum Integrieren von Ausgangssignalen
der Korrelationsfiltereinrichtung (15, 16) inner-
halb der Fensterperiode des durch die Fenster-
erzeugungseinrichtung erzeugten Fensterim-
pulses; und

- einer Demodulations-Erfassungseinrichtung
(18-1, 25) zum Demodulieren und Erfassen ei-
nes Ausgangssignals der Integriereinrichtung.

6. PDI-Empfänger nach Anspruch 5, bei dem die Inte-
griereinrichtung Folgendes aufweist:

- eine Toreinrichtung (21-1, 22-1), die so ausge-
bildet ist, dass sie nur während der Fensterpe-
riode des durch die Fenstererzeugungseinrich-
tung erzeugten Fensterimpulses offen ist, um
ein Ausgangssignal der Korrelationsfilterein-
richtung auszugeben; und

- eine Einrichtung (23-1, 24-1) zum Integrieren

von Ausgangssignalen der Toreinrichtung.

7. PDI-Empfänger nach Anspruch 5, bei dem

- die Fenstererzeugungseinrichtung eine Ver-
gleichseinrichtung (51) zum Vergleichen eines
Korrelationsamplitudenwerts am Ausgang der
Korrelationswert-Berechnungseinrichtung (17)
und eines vorbestimmten Schwellenwerts auf-
weist; und

- eine Toreinrichtung zum Durchlassen des
durch die Fenstererzeugungseinrichtung er-
zeugten Fensterimpulses und eines Ausgangs-
signals der Vergleichseinrichtung vorhanden
ist, und zum Erzeugen eines Impulses, wenn
das Ausgangssignal der Korrelationswert-Be-
rechnungseinrichtung größer als der Schwel-
lenwert innerhalb der Fensterperiode ist.

8. PDI-Empfänger nach Anspruch 5, bei dem die Fen-
stererzeugungseinrichtung Folgendes aufweist:

- eine Vergleichseinrichtung (51) zum Verglei-
chen des Korrelations-Amplitudenwerts an ei-
nem Ausgang der Korrelationswert-Berech-
nungseinrichtung und eines vorbestimmten
Schwellenwerts;

- eine Zähleinrichtung (52) zum Zählen der An-
zahl der Abtastwerte, für die der Korrelations-
Amplitudenwert innerhalb einer anfänglich ein-
gestellten Fensterperiode größer als der
Schwellenwert ist; und

- eine Einrichtung (27) zum Ändern der Fenster-
periode entsprechend einem von der Zählein-
richtung ausgegebenen Zählwert.

9. PDI-Empfänger nach Anspruch 5, bei dem die Fen-
stererzeugungseinrichtung Folgendes aufweist:

- eine Vergleichseinrichtung (51) zum Verglei-
chen des Amplitudenwerts eines Ausgangssi-
gnals der Demodulationseinrichtung und eines
vorbestimmten Schwellenwerts;

- eine Zähleinrichtung (52) zum Zählen der An-
zahl der Abtastwerte, für die der Amplituden-
wert innerhalb einer anfänglich eingestellten
Fensterperiode und innerhalb einer Abtastperi-
ode, die der Fensterperiode und mehreren Ab-
tastwerten vor und nach dieser entspricht, grö-
ßer als der Schwellenwert ist; und

- eine Einrichtung (27) zum Ändern der Fenster-
periode entsprechend einem von der Zählein-
richtung ausgegebenen Zählwert.

Revendications

1. Récepteur PDI (à post-intégration) comprenant :
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des moyens de conversion analogique/numé-
rique (13, 14) pour échantillonner des signaux
reçus :
des moyens de filtrage de corrélation (15, 16)
pour mettre en corrélation lesdits signaux re-
çus, numérisés par les moyens de conversion
analogique/numérique, avec une séquence bi-
naire prédéterminée ;
des moyens de démodulation (18) pour la dé-
modulation numérique d'une sortie des
moyens de filtrage de corrélation ; et
des moyens de détection (25) pour détecter
des données en intégrant les parties des si-
gnaux de sortie des moyens de démodulation
qui sont situées à l'intérieur d'une période de
fenêtre qui est déterminée selon une propriété
de trajet multiple de la trajectoire de
propagation ;

caractérisé en ce que
les moyens de conversion analogique/numé-

rique sont conçus pour échantillonner les signaux
reçus à une fréquence d'échantillonnage égale à au
moins deux fois un débit d'éléments de la séquence
binaire prédéterminée ;

des moyens de calcul de valeur de corrélation
(17) sont prévus pour calculer l'amplitude d'une va-
leur de corrélation provenant de la forme d'onde de
filtre de corrélation d'une sortie des moyens de fil-
trage de corrélation ;

des moyens de reproduction de rythme (19)
sont prévus pour générer un signal de rythme de
reproduction selon la valeur de corrélation calculée
par les moyens de calcul de valeur de corrélation ;

des moyens de production de fenêtre (20)
sont prévus pour générer une impulsion de fenêtre,
ladite période de fenêtre étant déterminée en réfé-
rence au signal de rythme de reproduction généré
par les moyens de reproduction de rythme, et les
moyens de détection comportent

des moyens de sélection par porte (21, 22)
pour sélectionner par une porte une sortie des
moyens de démodulation par l'impulsion de fenêtre
générée par les moyens de production de fenêtre,

des moyens d'intégration (23, 24) pour inté-
grer les sorties des moyens de sélection par porte,
et

des moyens (25) pour détecter une sortie des
moyens d'intégration.

2. Récepteur PDI selon la revendication 1, dans lequel
les moyens de production de fenêtre ouvrent une
porte des moyens de sélection par porte pendant
une période d'échantillonnage pendant laquelle
l'amplitude de la valeur de corrélation calculée par
les moyens de calcul de valeur de corrélation dé-
passe une valeur seuil prédéterminée.

3. Récepteur PDI selon la revendication 1, dans lequel
les moyens de production de fenêtre ouvrent une
porte des moyens de sélection par porte pendant
une période de fenêtre pendant laquelle l'amplitude
de la sortie des moyens de démodulation dépasse
une valeur seuil prédéterminée.

4. Récepteur PDI selon la revendication 1, compre-
nant également :

des moyens de calcul d'amplitude (40) pour
calculer l'amplitude d'une sortie des moyens de
démodulation ;
des moyens de comparaison (41) pour compa-
rer une sortie des moyens de calcul d'amplitude
et une valeur seuil prédéterminée ; et
des moyens de sélection par porte (42) pour sé-
lectionner par une porte un signal de sortie des
moyens de comparaison (41) et l'impulsion de
fenêtre générée par les moyens de production
de fenêtre (20), et, quand la sortie des moyens
de calcul d'amplitude est supérieure à ladite va-
leur seuil à l'intérieur de la période de fenêtre,
pour sortir une impulsion de fenêtre dont la lar-
geur d'impulsion est modifiée.

5. Récepteur PDI comprenant :

des moyens de conversion analogique/numé-
rique (13, 14) pour échantillonner des signaux
reçus à une fréquence d'échantillonnage qui
est égale à au moins deux fois un débit d'élé-
ments d'une séquence binaire prédéterminée ;
des moyens de filtrage de corrélation (15, 16)
pour mettre en corrélation lesdits signaux re-
çus, numérisés par les moyens de conversion
analogique/numérique, avec la séquence bi-
naire prédéterminée ;
des moyens de calcul de valeur de corrélation
(17) pour calculer l'amplitude d'une valeur de
corrélation provenant de la forme d'onde de fil-
tre de corrélation d'une sortie des moyens de
filtrage de corrélation ;
des moyens de reproduction de rythme (19)
pour générer un signal de rythme de reproduc-
tion selon la valeur de corrélation calculée par
les moyens de calcul de valeur de corrélation ;
des moyens de production de fenêtre (20) pour
générer une impulsion de fenêtre ayant une pé-
riode de fenêtre déterminée selon la propriété
de trajet multiple de la trajectoire de propaga-
tion, et en référence au signal de rythme de
reproduction ;
des moyens d'intégration (21-1, 22-1, 23-1,
24-1) pour intégrer les sorties des moyens de
filtrage de corrélation (15, 16) à l'intérieur de la
période de fenêtre de l'impulsion de fenêtre gé-
nérée par les moyens de production de
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fenêtre ; et
des moyens de détection de démodulation
(18-1, 25) pour démoduler et détecter une sor-
tie des moyens d'intégration.

6. Récepteur PDI selon la revendication 5, dans lequel
les moyens d'intégration comprennent

des moyens de sélection par porte (21-1,
22-1) conçus pour s'ouvrir seulement pendant la
période de fenêtre de l'impulsion de fenêtre géné-
rée par les moyens de production de fenêtre, pour
sortir un signal de sortie des moyens de filtration de
corrélation, et

des moyens (23-1, 24-1) pour intégrer les sor-
ties des moyens de sélection par porte.

7. Récepteur PDI selon la revendication 5, dans lequel
les moyens de production de fenêtre comprennent
des moyens de comparaison (51) pour comparer
une valeur d'amplitude de corrélation, à une sortie
des moyens de calcul de valeur de corrélation (17),
et une valeur seuil prédéterminée, et

des moyens de sélection par porte pour sé-
lectionner par une porte l'impulsion de fenêtre gé-
nérée par les moyens de production de fenêtre et
une sortie des moyens de comparaison et, quand
la sortie des moyens de calcul de valeur de corré-
lation est supérieure à la valeur seuil à l'intérieur de
la période de fenêtre, pour générer une impulsion.

8. Récepteur PDI selon la revendication 5, dans lequel
les moyens de production de fenêtre comprennent

des moyens de comparaison (51) pour com-
parer une valeur d'amplitude de corrélation, à une
sortie des moyens de calcul de valeur de corréla-
tion, et une valeur seuil prédéterminée,

des moyens de comptage (52) pour compter
le nombre d'échantillons dans lesquels la valeur
d'amplitude de corrélation est supérieure à la valeur
seuil à l'intérieur d'une période de fenêtre fixée ini-
tialement, et

des moyens (27) pour modifier la largeur de
la période de fenêtre suivant une sortie de compta-
ge des moyens de comptage.

9. Récepteur PDI selon la revendication 5, dans lequel
les moyens de production de fenêtre comprennent

des moyens de comparaison (51) pour com-
parer une valeur d'amplitude d'une sortie des
moyens de démodulation et une valeur seuil prédé-
terminée,

des moyens de comptage (52) pour compter
le nombre d'échantillons dans lesquels la valeur
d'amplitude est supérieure à la valeur seuil à l'inté-
rieur d'une période de fenêtre fixée initialement et
à l'intérieur d'une période d'échantillonnage corres-
pondant à ladite période de fenêtre et à plusieurs
échantillons précédant et suivant la période de fe-

nêtre, et
des moyens (27) pour modifier la période de

fenêtre selon une sortie de comptage des moyens
de comptage.
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