
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. 'Illus, this communication method requires in essence 

relatively low transmission power per unit frequency, and leads to minimization 

of interference to the other connnunication 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 conununication. In the 

same drawingt transmitter TX, performs product modulation of a spread code 

sequence generated from data D through sequence generator l, and modulates the 

carrier wave having frequency f o 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 RX1 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 RX, introduces the spread~spectrum-mudulated signal into 
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amplifier 3 through an antenna (not shown! to zmpl!fy it t~ a deq1rea lave~. 

1ben, the signal processed by freque~cy mixing with local signal f~ { £:;: fo) of 
\ 

local oscillator 4 is demodulated into a spread signal of a base band through 

low pass filter·s. Thereaftert the base band spread signal and an M-sequence 

code identical to the transmitter TX, and generated from sequence generator 6 

are supplied to multiplier 1. 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 O by de~~ction of detector 9 at the 
~ ... ._""f. .. ~· 

end point of the frame. Tilen, the demodulated dat~~ is supplied to a control 

terminal of the sequence generator 6 through chip (and I 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 11 _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 11 having been spread in a 

relatively wide frequency band is transformed into signal 13 with a relatively 

narrow band width while the environmental noise 12 into signal li 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. 

However1 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. 1 having highly concentrated power in a c 
\ 

relatively narrow band presents at plural points over that frequency range, the 

noise level l~ after the inversion due to the M·sequence is drastically 
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increased despite the spreading effect given by the M-sequcnce , thereby 

degrading the S/N ratio. 
\ 

"' lhe present invention was made to solve the problem of the conventional 

spread spectrwn·.communication system as mentioned above. Tilerefore, it is an 

object of this invention to provide a signal receiving system for spread 

spectrum communication which is improved in. the receiving S/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 

...... process . 
-:;:. .. ":·• 

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. Further1 to reduce 

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 3pplicabilit1·amcng t~esc o~tputs usi~g 

comparison judgement means. 

Brief Oescripti6n of the Drawings 

Figs. l 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 M-sequence,skipped M-sequence 

and attenuation ~-sequence, respectively. 

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 embodiment 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 

system. 

Figs. lO(a) to lO{c) are spectrum diagrams of M-sequence and skipped 

M-sequence, respectively. 

Fig.11 shows a simulation model of a skipped M-sequence demodulation 

receiving apparatus. 

Figs. l2(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 nat.ural envi.··nnmentJl noise characteristics 

and 13(b) schematically shows demodu(ation characteristics of an imaginary .. 
skipped M-sequence corresponding thereto. 

Fig.14 Shows an SIN ratio with respect top 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 SIN ratio in case of spread demodulation using the 

M-sequell;C..e or sj~pped M-sequences. 
~ .... , 

Fig.17 is a block diagram showing construction 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 instantaneous 

frequency. 

Fig.19 conceptionally shows a window function. 

Best Mode for Carrying Out the Invention 

For better understanding of this invention, we describe the principle 

and characteristics of the skipped M-sequence demodulation receiving (SMDl 

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 impassible. Titerefore, 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 

5 



iii UT 
relative to "1" (or non1 of the transmiss~on data uS shown in Fi6.9(bJ. l~ 

addition, when this output is not uniform, the demodulation output to be .... . , 
obtained by integrating these mixed positive and negative voltage outputs will 

be drastically degraded. As a result, the problem of error occurrence 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 ta Figs.9. 

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 eM 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 eww 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 esM 

having a toothless waveform as sho~n 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 eMsw shows a waveform as shown in Fig.9fd) 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 factor a is defined as 

a = u/M. Namely, in the case of these drawings, M = 7 and a = 4/7. 

Accordingly, the power corresponding to the outputs 0MM and eMsM obtained after 

the spread demodulation is a2 and aa2
, respectively. 

lbere are many cases of selecting the skipped positions in such a 
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1 skipped M-sequence (SM) signal. It is highly efiir.ient if sud, 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 esw1 (i = 0, l, 2 ... ) to j-th 

sequence eu•; . 

For the signal modulated by M-sequence ew composed of 1 chips (0010111) 

shown in Fig.9{a), two patterns of skipped M-sequences eswo (3, 4. 5) and esM1 

{l, 6, 7) which are complelll{!ntary to each other are used. In that case. each 
• . ;;.:oo• ·;f.:j,t 

numerical ~alue in these parentheses designates each skipped chip position 

constituting the 7 chips in succession. 

Figs.lO(a) to lO(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 avoid 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.11 and inputting a sine wave to this model is 

obtained to compare the frequency characteristics of this skipped M-sequence 

demodulation receiving system with the conventional M-sequence system. The 

sequences eM. esMo and esM1 to be multiplied are shown in the bracket, 

respectively. In that case, the input to the integrator is intercepted for the 

chip interval of esM = 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 e1 to be obtained by integrating over 

each data cycle the multiplication output between each waveform of eM , eswo 

(3, 4. 5) or esw1 (1. 6, 7) 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 e is 

designated by e1 (f). 
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These characteristics correspor.d tei the resr.ionsa of white noise incumin~ 

with a uniform amplitude over the use~ frequency band (0 - fcl when it passes .. 
through a matched filter of the M-sequence or ~kipped M-sequence. If the data 

rate is expressed·by f4, fc becomes 1 f4 because fc designates the chip rate and 

the length of M-sequence is 1 chips in this case. Thus, the horizontal axis of 

Figs.12 is shown by the unit of f4. Accordingly, the noise power PND is 

obtained as follows by integrating the square of er(f) over the used frequency 

band {O - f c). 

( 1) . 

This corresponds to obtaining the area defined between each curve and 

the horizont~l 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.IO 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. 

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

character i.st ics. 

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 

8 

' . 



ii ii Dr 
which is described by multiple value or N~. F.ti\t~er, a~. anrl a~1 Are noi~d 

bands respectively corresponding to these power densities, and BH and B~ are the 
.\ 

sums of BK1 and BL, regarding i, respectively. Since it can be assumed that 

e~l substantially conforms to the portion corresponding to the chips 

demodulatable in the skipped M-sequence while BH1 to the Portion corresponding 

to the skipped chips, the following approximation can be established. 

• • • ( 2) 

In such an ideal model, the skipped M-seg~nce demodulation receiving 
~:;. 

system is not subject to the colored noise {see Fig.13(b)}. 

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

to the signal power a i. 

• • • ( 3) 

In that case, the noise in the f 4 band {the band corresponding to M chip 

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

N PDM = No fo [ ex + p ( 1 • ex ) J - ..r_ ( ( I ) ] 
2 -2M ex+p -ex 

=L.. 
2M 

( p = 1) (4) 

On the other hand, only the band BL must be considered in case of the 

demodulation using the skipped M-sequence. 

• • • ( s) 

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 ~ (2alz from the amplitude. However, in case of the skipped 

M-sequence demodulation, the signal power becomes a times the value of (2al 1 • 

lbus. the S/N ratio after demodulation becomes as follows : 
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" ( S I N ) 4qa2 = 4M = SM .\ 
SM= a No fo/2 No fo/2 

(7) 

'6 \ \ I 

where equation·{J) corresponds to the case of p = l in equation (6). 

Fig.14 shows the S/N ratio obtained from equations (6), (7) with respect 

to p corresponding to the level of colo~ed noise. As is clearly seen from the 

same drawing, the skipped M-sequence demodulation receiving sygtem 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 
sf;;,c 

colored noise. Though {2a} 2 is used in this case ·as the signal power for 

calculating the S/N ratio based on the signal amplitude corresponding to "ln and 

"O" at the signal receiving point, it is also possible to use.the signal power 

(ai) 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: 

and 

e lP ( f) = 1 No fc er ( f) 
a 

(8) 

(9) 

the demodulation characteristics are obtained in the forms as shown in figs.15, 

respectively. Figs.IS{a) and lS(b) respectively show demodulation 

characteristics of models (NMll and (NM2} by the M·sequence in case of p # LO. 

while Figs.l5{c) and 15(d) respectively show demodulation characteristics for 

the same models by the skipped M·sequence. Thust the in-band noise output PHPo 
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is obtained by integrating the e1 P {f) ·usin~ eqtlC.ltio·.1 (~}. Then, the SIN ratio 

after demodulation is obtained as fo\_laws. 
' 

·z 
(S /N) =::.4 a /PNPD • • • ( 1 0) 

Accordingly, the characteristics of the SIN ratio respectively 

calculated for the M-sequence ew and skipped M-sequences eswo , esM1 can be 

expressed as shown in Fig.16. Fram the same drawing, it can be understood that 

even in the case of realistic models, the SIN ratio of this inventive system is 

markedly higher than that of the conventional system in a relatively large range 
-~··c -f/."•* 

of p. For example, difference LlS/N between the SIN ratios obtafned by using 

the conventional·ew and skipped M-sequence eswo for the noise model (NMI) of 

Figs.lS(a), lS(c} can be expressed as shown in Fig.16, 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 example1 the method using so-called OFT conversion is generally known. 

However, this method requires complicated construction and much time in the 

process. In addition, though the noise power is usually larger 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 ta 

another kind of M-sequence e•M and another kind of skipped M-sequence e•sw 

to realize simpler construction. 

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

which has the same sequence length as the M-sequence ew and a different code or 
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has a different chip position in the same Idnd o.f M-seq•Jence. Further, the term 

of another kind of skipp~d M-sequence,e•sw means a skipped M-sequence derived 
' ., 

from another kind of M-sequences e•w. Now we assume that e·sw1 and eswi have 

substantially the·.same demodulation characteristics to each other. 

Thus, the correlated demodulation to the received modulated wave is 

carried out using eM, e•sM and e·sw1 to obtain e1w, e*rw and e·1sw, 

respectively. In this case, however, e• tst.t 1 is multiplied by a~ 1 to conform 

its power level to the other outputs. 

Then,~_the obtained values are compared to one another and ranked in 
l:"-.t 

order of magn.itude 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* tsMO o::a BH ~ 2. 5 fo 

e•1sM1 2 fo:;; BH:;; 4.5 fo 

e•1w flat noise (Not necessary to use the skipped 

M-sequence) 

e1M : (S/N)M ) 1 (ditto} 

Thereafter, the sequences to be used for the correlated demodulation are 

determined based on the result of ran~ing, 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• 1swx is particularly large and noise occurs 

frequently are judged, for example. as Hi and Hz, the determination of sequences 

corresponds to selecting skipped M-sequences ersMK whose output characteristics 

er (f) to the signal in these bands H., Hz are near to zero. Accordingly, e•rswK 

and e1sMK have characteristics complementary to each other, but do not always 

have the same skipped positions. Ulen. the demodulated outputs obtained by 

these sequences are finally compared to one another by second comparison 

circuit MLDa. 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 e1sMl is not large enough .. . "' 
as compared to e•1sMi1 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•sM• and esM• in Fig.17 and add them to a functionally extended MLD so as to 

perform the aforementioned judgement. Namely, the skipped M-sequences are 

selected to prevent the received input in the fading band from appearing in the 

demodulation output to perform the final correlated demodulation and judgement 

due to MLDi. 

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 high level with little influenced. 

by increase of the colored noise level. 

As described above, a desired frequency component in the received data 

can be reduced to eliminate unnecessary components, such as noise, by using such 

skipped spread sequences. 

However. from the result of the aforementioned simulation, it can not be 

said that the ideal characteristics as shown in Fig.l3(bl were obtained. Namely, 

though it can be estimated that many sequences for presenting more ideal SIN 

characteritics will be found out by increasing the code length M, 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-based 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 
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method will be described in detail with referenca tc, the drGwir.gs. 

Fig.2(a) is a waveform of M-~quence ew used for spread modulation on ., 
the transmission side in which the code length M = 15. 

Figs. 2 (bJ. to 2 {d)_ respectively show waveforms of each example of skipped 

M-sequence esw, shaping sequen_ce e6. and shaped M-sequence ess relating to the 

present invention respectively obtained from ew. In this case, the shaped 

M-sequence ess is obtained from a summing synthesis using the skipped M-sequence 

esw and shaping sequence e~. 

Figs.3 respectively sho~ .. frequency spectra of these sequences based on 
... ,:a.a ;r .... 

the OFT analysis. From these drawings, it is understood that the components 

corresponding to 4fo and 5fo of the skipped M-sequence esM of Fig.3(b} are 

reduced and slightly remained as compared with the case of M-sequence ew 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 

4f o and Sf o 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 e6,. 

ActuallYt the construction as shown in Fig.l(a) can be considered. In 

the same, drawing, reference numeral 15 denotes an FET transistor as an analog 

gate (AGl 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 esNol as shown in Fig.9~12 ,as an example as shown ln 

Fig. lib) 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 to appear on the output side. 
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Accordingly, the demodulation usin~ an.shaped ~-seq~ence :an be realize~ 

by applying. for example, a arultival'\ed or analog pattern like ec as shown in 
't 

Fig.l{c) to the gate terminal of AG 15 in place of the binary ON/OFF skipped 

pattern. lhus, ihe final data output can be obtained by supplying the output of 

AG 15 to integrator 17 and processing the integrated result through comparison 

judgement circuit 18. In that case, the pattern e, has an intermediate level as 

well as its ON level eoN and OFF level eoFr (though the voltage is kept at the 

same level in each chip) so that the higher the voltage e.8 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 possible to 

bring the frequency characteristics of demodulation output er (f) in figs.12 

close to the ideal charact~ristics as shown in Fig.13(b). lherefore, the SIN 

ratio can be further improved by this method. 

As shown in Figs.2, the signs of waveforms at chip numbers 3t 6, 8 of 

the shaped M-sequence ess and t~ose of waveforms at the same chip numbers 3, 6, 

8 of the original M-sequence ew are different from each other, respectively. 

These chip number chips are the skipping points of the esM,and this phenomenon 

can occur due to introduction of the modefing sequence e /J.. 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(a). Thus, a circuit 

for:- accurately obtaining the corresponding output of e •• 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.l(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·t 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(cl, respectively. As a result, the 
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transmission amount of ess as shown ir. Fi&.2(d} car. be rea!izcd ~rec1sely. In 
this case, e,• is dominant to e,-. The control of transmission amount due to ., ., 
e.- has an effect of reducing the integrated output corresponding ta the input 

signal. Tilus, e;: is used exceptionally for shaping the frequency spect~a 4fo 

and Sfo 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 e1 corresponding to the skipped 
.... -;;; ... 

·P. •t 

M-sequence which is substantially the same as in.Fig.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 range 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 recei~ing 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 sllaped 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 or SO Hz (or 60 Hz) and its harmonic frequency. 
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Therefore, it is necessary to select the shapedr ·M-aequence in· advance so 

that it can perform demodulation eliminating such frequency components . . , 
Next, the case using a discrete chirp signal as the transmission signal 

will be describe~. 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 fallows i~ N is an odd or even number. 

When N is an odd number, 

S(i) = exp{((27tf(-l))/N]i2} 0 < i < N-1 

When N is an even number, 

S(i) = exp{((27tf(-l))/2NJi2} 0 < i < N-1 

Further, the instantaneous frequency (obtained by differentiating the 

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 dep~nds on each corresponding time. 

Let w, be a window function, as shown in Fig.19. 'Ille window function w, 
lacks some time area, which corresponds to some frequency band. Let Sa be the 

transmitted signal, and S1 be a windowed signal which is obtained from So by 

multiplying W,. Then ,the matched filter for s, has small correlation to the 

lacked frequency band in Fig.19. We can also define window functions W,, W2, ··· 

,WM similarly, so that each window lacks same width and different location of 

time area. We can also define windowed signals s,,Sz, ···, SM which are obtained 

from Sa by multiplying W 1, Wz , ···,or WM • Let Ne be the colored noise in .the 

channel,and assume that the energy of Ne belongs mainly the frequency band, 

which is lacked in S,. Then, when the received signal ( So~Nc) is input into 

filters. each of which is matched to S1,S2, ···,or SM. the output of the 

filter matched to s, becomes smallest. 

ln 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 mr.rkedly .. effei:tiile io pertoc.atng . . . . . 

the spread demodulation which is capable of suppressing the influence of colored ., .. 
noise incoming only on the signal receiving side wit~out requiring any additive 

provision on the·transmission side . 

• 
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' 1. 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. -. 
'Ji:·c ·=t .. .;t 
.... --

2. 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, applying proper attenuation or amplification to non-inversion ~nd 

inversion outputs from each chip of the 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 l 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 1 to 31 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. 

5. A chip-based selective receiving system for a spread spectrum signal 

according to claims l 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 

l 9 
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sequences based on the spread code sequenc~ of (4.00ther kind, t~le OJtputs 

obtained from the correlated demodulation are compared mutually thr'ough 
'\ 
' comparison judgement means. thereafter the demodulation data is fixed as one to 

be obtained thro~gh 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. 

6. 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 co4e sequence to be multiplied 

to the transmission data, and proper attenuation or amplification is applied to .->t~c 

the chip output when correlated detection is performed by multiplying the 

chirp signal on the signal receiving side. 

1. A chip-based selective receiving system for a spread spectrwn 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 p~oper 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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