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(57) ABSTRACT 

A signaling System is provided in which a spread spectrum 
code is cyclically shifted by a cyclical shift dictated by a bit 
pattern of one or more bits. The cyclically shifted spread 
Spectrum code is used to modulate a carrier frequency, and 
transmitted from a transmitter to a receiver. At the receiver 
the Signal including the cyclically shifted Spectrum code is 
demodulated to recover the cyclically shifted code. The 
cyclical shift is then determined and the bit pattern which is 
asSociated with the cyclical shift is output. The method can 
be used in direct Sequence spread Spectrum communication. 
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SYSTEM FOR SPREAD SPECTRUM 
COMMUNICATION 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation in part applica 
tion entitled SYSTEM FOR SPREAD SPECTRUM COM 
MUNICATION, Ser. No. 09/803,258 and is related to the 
application Ser. No. 09/803,285 Shi, et al., entitled System 
for Code Division Multi-Access Communication, and appli 
cation Ser. No. 09/803,259, Lee et al., entitled A Protocol for 
Self-Organizing Network Using a Logical Spanning Tree 
Backbone, and application Ser. No. 09/803,322 Shi et al., 
entitled A Multiple Access Protocol and Structure for Com 
munication Devices in an Asynchronous Network, filed 
concurrently here with. 

FIELD OF THE INVENTION 

0002 This invention pertains to spread spectrum com 
munications. More particularly this invention pertains to a 
Spread spectrum receiver, a spread Spectrum transmitter, a 
Spread spectrum communication System and a method of 
Signaling using Spread Spectrum Signals. 

BACKGROUND OF THE INVENTION 

0.003 Currently there is an interest in very low power 
wireleSS communication enabled devices. The uses of Such 
devices include asset tracking devices, wireleSS Sensors, 
WireleSS actuators for applications including asset tracking 
Systems, wireleSS Sensor networks, industrial and environ 
mental monitoring and control Systems, wireleSS personal 
computer peripherals, toys, Security Systems, etc. 
0004. With the proliferation of wireless communication 
Services there is paucity of available spectrum. Therefore, 
System designers have turned to the unregulated Instrument, 
Scientific, and Medical (ISM) bands of 2.45 Ghz and 900 
MHz. However, due to the fact that they are unregulated, the 
likelihood of a wireleSS System having to contend with high 
levels of interference must be taken into account. 

0005 One class of wireless communication system that is 
robust in terms of tolerance of interference is spread Spec 
trum communication. One type of Spread spectrum commu 
nication is Direct Sequence Spread Spectrum (DSSS) com 
munication. DSSS communication Systems are in fact able 
to contend with Signal to Noise Ratios (SNR) of less than 
unity. 

0006. In conventional DSSS communication systems a 
binary data Signal that is biased So that the two signal States 
have equal and opposite Signal levels is multiplied by a 
higher frequency Signal, thereby spreading its spectrum. The 
higher frequency Signal comprises a Series of pulses that are 
polarized according to the values of a Series of elements of 
a DSSS code. In conventional DSSS communication infor 
mation is encoded by choosing the polarization of a 
Sequence of pulses corresponding to a DSSS codes, accord 
ing to the value of a corresponding data bit. 
0007 One signaling system uses different codes to com 
municate different N-bit bit patterns thereby achieving a 
higher data rate. Unfortunately for a given DSSS code length 
there are only a limited number of DSSS codes that are 
sufficiently uncorrelated to be used reliably in the same 
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communication System. If the codes are not Sufficiently 
uncorrelated, the robustness of the System to interference 
can be degraded due to the need to increase threshold levels 
used in construing a received symbol. 

0008 One possible solution is to use a much longer 
DSSS code length so that there will be more uncorrelated 
DSSS codes that can be used for higher order M-ary 
Signaling in order to achieve higher signal rates. Unfortu 
nately, the processing of longer DSSS codes increases power 
consumption and reduces battery life. The latter is unac 
ceptable for low power wireleSS devices that are intended to 
be Sustained in operation for long periods by a battery. 
0009 What is needed is spread spectrum signaling 
method that can achieve higher data rates without having to 
use longer DSSS codes, or otherwise increasing power 
consumption. 

BRIEF DESCRIPTION OF THE FIGURES 

0010) The features of the invention believed to be novel 
are set forth in the claims. The invention itself, however, 
may be best understood by reference to the following 
detailed description of certain exemplary embodiments of 
the invention, taken in conjunction with the accompanying 
drawings in which: 

0011 FIG. 1 is a schematic of a communication system 
according to a preferred embodiment of the present inven 
tion. 

0012 FIG. 2 is a block diagram of a transmitter used in 
the communication System shown in FIG. 1 according to a 
preferred embodiment of the invention. 
0013 FIG. 3 is a block diagram of a receiver used in the 
communication System shown in FIG. 1 according to a 
preferred embodiment of the invention. 
0014 FIG. 4 is a flow chart of a signaling method 
performed by the transmitter shown in FIG. 2 according to 
a preferred embodiment of the invention. 
0015 FIG. 5 is a plot of a sequence of 8 bits in signal 
form. 

0016 FIG. 6 is a plot of DSSS baseband signal generated 
by the transmitter shown in FIG.2 based on the bit sequence 
shown in FIG. 5. 

0017 FIG. 7 is a flow chart of a method of processing a 
received signal that is performed by the receiver shown in 
FIG. 2 according to a preferred embodiment of the inven 
tion. 

0018 FIG. 8 is a flow chart of a process for determining 
a relative cyclical shift of a Spread Spectrum code included 
in a DSSS signal. 

0019 FIG. 9 is a hardware block diagram of the trans 
mitter shown in FIG.2 according to a preferred embodiment 
of the invention. 

0020 FIG. 10 is a hardware block diagram of the 
receiver shown in FIG. 2 according to a preferred embodi 
ment of the invention. 

0021 FIG. 11 is a schematic of a OQPSK modulator 
used in the transmitter shown in FIG. 2 and FIG. 9. 
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0022 FIG. 12 is a schematic of a demodulator used in the 
receiver shown in FIG. 3 and FIG. 10. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0023. While this invention is susceptible of embodiment 
in many different forms, there are shown in the drawings and 
will herein be described in detail specific embodiments, with 
the understanding that the present disclosure is to be con 
sidered as an example of the principles of the invention and 
not intended to limit the invention to the specific embodi 
ments shown and described. Further, the terms and words 
used herein are not to be considered limiting, but rather 
merely descriptive. In the description below, like reference 
numbers are used to describe the Same, Similar, or corre 
sponding parts in the Several views of the drawings. 

0024. According to preferred embodiments of the present 
invention, Signaling methods, apparatuses, and Software are 
provided for communicating by reading a sequence of N 
bits, cyclically shifting one of a plurality of predetermined 
Spread spectrum code by a number of places that depends on 
the exact bit pattern of the N bits, modulating a carrier Signal 
with the cyclically shifted Spread spectrum code at a trans 
mitter, and preferably with another spread spectrum code 
that is maintained in a fixed cyclical shift State and thereby 
Serves as a reference, demodulating the Signal to obtain a 
Sequence of complex chip values at a receiver, optionally 
multiplying each Nth complex chip value by another 
(N+K)th complex chip value displaced from it in the 
Sequence by a fixed number (K) of chip periods to obtain a 
Series of differentially decoded values, correlating the 
received signal with one or more reference codes to deter 
mine a cyclical Shift of the cyclically shifted code, and 
outputting the exact bit pattern. The present invention pro 
vides a System that can more efficiently use a single spread 
Spectrum code to represent a greater number of bits, by using 
different cyclical shift States of a plurality of Single spread 
Spectrum code to represent different bit patterns. Shorter 
codes can be used to achieve higher data rates. Shorter codes 
require leSS Signal processing therefore power consumption 
is reduced. 

0.025 FIG. 1 is a schematic of an exemplary communi 
cation system 100 used according to a preferred embodiment 
of the invention. 

0026. A first communication apparatus 102 comprises a 
first transmitter 104, and a first receiver 106. 

0027. A second communication apparatus 108 comprises 
a second transmitter 104, and a second receiver 106. 

0028. A transmission medium 112 couples the first com 
munication apparatus, and the Second communication appa 
ratus. The transmission medium can comprise free Space. 

0029 FIG. 2 is a block diagram of a transmitter 104 
(FIG. 1) used in the communication system shown in FIG. 
1. Binary data input at the binary data input 202A of an N 
bit parser 202 is parsed into groups of N bits and output at 
an parser output 202B. 

0030) A bit pattern encoder input 204A of a bit pattern 
encoder 204 is coupled to the parser output 202B. The bit 
pattern encoder 204 selects a unique cyclical shift (that can 
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be expressed as an integer), based on each possible bit 
pattern of the N bits, and outputs the cyclical shift at a bit 
pattern encoder output 204B. 
0031) A cyclical shift input 206A of a cyclical shifter 206 
is coupled to the bit pattern encoder output 204B for 
receiving the cyclical Shift. A first pseudo noise Sequence 
(PN) memory 208 is used to store a PN code. The PN code 
preferably comprises a binary Sequence. For use in commu 
nication the Zeros of a PN code can be interpreted as 
negative ones, e.g., for Selecting the polarization of Signal 
depending on an element of a PN code. The PN memory 
includes a memory output 208A coupled to a PN input 206B 
of the cyclical shifter 206. The cyclical shifter receives the 
PN code, cyclically shifts it by a number of places indicated 
by the cyclical shift received from the bit pattern encoder 
and outputs a cyclically shifted code at a cyclical shifter 
output 206C. 
0032. According to an alternative embodiment of the 
invention, a second bit pattern encoder output 204C of bit 
pattern encoder 204 is coupled to a first PN memory input 
208B of PN memory 208, and a plurality of PN codes are 
stored in PN memory 208. In response to the N bit pattern 
received from N bit parser 202, bit pattern encoder 204 
selects on the PN codes stored in PN memory 208 and a 
cyclic shift value, sending the selected PN code value to PN 
memory 208 via second bit pattern encoder output 204C and 
the selected cyclic shift value to cyclical shifter 206 via bit 
pattern encoder output 204B. 
0033) A first pulse shaper input 212A, of a pulse shaper 
212 is coupled to the cyclical shifter output 206C for 
receiving, e.g., Serially, the cyclically shifted code. The 
pulse shaper 212 Serves to generate a first baseband Signal 
that comprises a Sequence of pulses, one for each element of 
the cyclically shifted code. The rate at which pulses are 
generated is termed the chip rate. Each pulse covers a chip 
period. The pulse shape is designed to limit the bandwidth 
of an RF signal generated by modulating a carrier wave with 
the baseband Signal. For example, the pulse shape can be a 
half a cycle of a Sine function. The polarity of each pulse in 
the baseband Signal depends on the value of a corresponding 
element of the cyclically shifted code. 
0034) A second PN memory 210 includes a second PN 
memory output 210A that is coupled to a Second pulse 
shaper input 214A of a Second pulse shaper 214. The Second 
pulse shaper 214 generates a Second baseband Signal based 
on a second PN code stored in the second PN memory 210. 
0035. The first pulse shaper 212 includes a first baseband 
Signal output 212B coupled to a first baseband Signal input 
216A of an Offset Quadrature Phase Shift Key (OQPSK) 
modulator 216. The second pulse shaper 214 includes a 
Second baseband Signal output 214B coupled to a Second 
baseband signal input 216B of the OQPSK modulator 216. 
An oscillator 218 includes a carrier frequency output 218A 
coupled to a carrier frequency input 216C of the OQPSK 
modulator. The OQPSK modulator 216 generates a OQPSK 
RF signal by mixing a carrier wave received from the 
oscillator 218 with the first and second baseband signals 
received from the first 212 and second 214 pulse shapers 
respectively, and outputs the OQPSK RF signal at an RF 
output 216D. 
0036) An amplifier input 220A of a power amplifier 220 
is coupled to the RF output 216D of the OQPSK modulator 
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216 for receiving the OQPSK RF signal. The amplifier 220 
amplifies the OQPSK and outputs an amplified OQPSKRF 
Signal at an amplifier output 220B. 
0037. A medium interface input 222A of a medium 
interface 222 is coupled to the amplifier output 220B. The 
medium interface 222 comprises an output 222B coupled to 
the transmission medium 112. The medium can for example 
comprise free Space, in which case the medium interface 222 
preferably comprises an antenna. 
0038. The first memory 208 and second memory 210 can 
be implemented as a Single physical memory, e.g., a Read 
Only Memory (ROM). 
0039 FIG. 3 is a block diagram of the receiver 106 used 
in the communication System shown in FIG. 1 according to 
a preferred embodiment of the invention. 
0040. An input 302A of a receiver medium interface 302 

is coupled to the transmission medium 112. In the case that 
the transmission medium 112 is free Space, the receiver 
medium interface 302 preferably comprises an antenna. The 
receiver medium interface receives the OQPSK RF signal 
transmitted by the transmitter 104 (FIG. 2) after it has 
passed through the transmission medium 112. The OQPSK 
RF signal is likely to be greatly attenuated after passing 
through the transmission medium. 
0041. A tuned receiver amplifier 304 includes an input 
304A that is coupled to an output 302B of the receiver 
medium interface 302, for receiving the OQPSK RF signal. 
The tuned receiver amplifier 304 amplifies the OQPSK RF 
Signal and outputs an amplified OOPSK Signal at an ampli 
fier output 304B. 
0042 Ademodulator input 306A of a QPSK demodulator 
306 is coupled to the amplifier output 304B for receiving the 
signal therefrom. The QPSK demodulator 306 demodulates 
the OQPSK RF signal and outputs a quadrature phase 
baseband Signal at a quadrature phase output 306B, and an 
in-phase baseband signal at an in-phase output 306C. The 
QPSK demodulator which is described below in more detail 
with reference to FIG. 12, preferably comprises a digital 
Second Stage, So that the output at the quadrature phase 306B 
and in-phase 306C outputs comprise Sequences of quantized 
and Sampled chip values. Together the two outputs constitute 
a Sequence of complex chip values. The quantized and 
Sampled chip values are output at a rate that is preferably a 
multiple of the chip rate. 
0.043 A complex chip multiplier 308 includes a first input 
308A coupled to the quadrature phase output 306B of the 
QPSK demodulator 306, and a second input 308B coupled 
to the in-phase output 306C of the QPSK demodulator 306. 
The complex chip multiplier multiplies each Nth chip in the 
Series of complex chip values by the complex conjugate of 
another complex chip value displaced from Nth chip by a 
fixed number (K) of chip periods, and thereby generates a 
chip-by-chip differentially decoded (CBCDD) sequence. 
Preferably the fixed number of chip periods is equal to one 
So that complex chip values associated with adjacent chips 
of each baseband Signal are involved in each product. For 
example, an Nth complex element of the CBCDD sequence 
is obtained by multiplying an (N-1)th complex chip value 
by the complex conjugate of an Nth complex chip value. 
Complex chip multiplication Serves to reduce an undesirable 
modulation of the complex chip values caused by frequency 
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drift between the transmitter oscillator 218 and a receiver 
local oscillator 1016 (FIG. 10). The process and purpose of 
complex chip multiplication is the Subject of a co-pending 
application Ser. No. 09/803,285 entitled SYSTEM FOR 
CODE DIVISION MULTI-ACCESS COMMUNICATION, 
filed on Mar. 9, 2001 and hereby incorporated herein by 
reference. 

0044) In connection with the present invention it is noted 
that when applied to an M-sequence type of PN code, the 
process of chip multiplication has the effect of shifting the 
PN code by a number of places or producing a result that is 
equivalent to taking the negative of the PN code and shifting 
the result by a certain number of places. 
004.5 The receiver 106 comprises a first reference code 
memory 320, a second reference code memory 314, a first 
dot product operator 326, a Second dot product operator 312, 
a first comparator 330, and a second comparator 316. 
0046) The complex chip multiplier 308 includes an out 
put 308C, for outputting the real part of the product obtained 
by complex chip multiplication. The output 308C of the 
complex chip multiplier 308 is coupled to a serial input 
310A of a shift register 310, and to a serial input 328A of 
shift register latch 328. A parallel output 310B of the shift 
register 310B is coupled to a first parallel input 312A of a 
Second dot product operator 312. A Second reference code 
memory 314 includes a parallel output 314A coupled to a 
Second parallel input 312B of the Second dot product opera 
tor 312. 

0047. After each element of the CBCDD series is input 
into the serial input 310A of the shift register 310 and 
previously stored CBCDD series elements are shifted, the 
Second dot product operator 312 performs a dot product 
operation between a sub-series of the CBCDD series that is 
loaded onto the shift register 310 and a reference code stored 
in the Second reference code memory 314, and outputs a dot 
product value at a dot product operator output 312C. 
0048. A second comparator 316 includes a first input 
316A coupled to the Second dot product operator output 
312C for receiving successive dot product values therefrom. 
The Second comparator 316 further comprises a Second 
input 316B that is coupled to an output 318A of a threshold 
value source 318. After each dot product value is received by 
the second comparator 316, the second comparator 316 
compares the dot product value to a threshold value received 
from the threshold value Source 318. In the case that a dot 
product value exceeds the threshold value, the Second com 
parator 316 outputs a first comparator affirmative signal at a 
first comparator output 316C. 
0049. The shift register latch 328 also continually 
receives the CBCDD series and in response to each new 
element of the CBCDD stores that new element in a first 
position of an input register, and shifts other elements of the 
CBCDD series by one place in the input register. The shift 
register latch 328 further comprises a control input 328C 
that is coupled to the output 316C of the first comparator 
316. In response to receiving the Second comparator affir 
mative signal from the Second comparator, the Shift register 
latch 328 transfers the contents of the input register to a 
parallel output 328B. The parallel output 328B is coupled to 
a first parallel input 326B of a first dot product operator 326. 
0050. A first reference code memory 320 includes a 
parallel output 320A coupled to a parallel input 324A of a 
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cyclical shifter 324. The cyclical shifter receives a first 
reference code from the first reference code memory 320. 
The cyclical shifter 324 further comprises a parallel output 
324B that is coupled to a second parallel input 326A of the 
first dot product operator 326. The cyclical shifter 324 
further comprises a trigger input 324C that is coupled to the 
Second comparator output 316C. In response to the Second 
comparator affirmative Signal, the cyclical shifter 324 Suc 
cessively presents the first reference code in a Series of 
cyclically shifted States at a cyclical shifter parallel output 
324B. Each Successive State has a different cyclical shift, e.g. 
cyclically shifted by one place relative to a preceding State. 
In response to receiving each Successive cyclically shifted 
State at its Second parallel input 326A, the first dot product 
operator performs a dot product operation between the first 
reference code presented in a cyclically shifted State at its 
second parallel input, and a sub-series of the CBCDD series 
that has been latched over to the parallel output 328B of the 
shift register latch 328, and outputs a dot product value at an 
output 328C. Therefore, the first dot product operator, out 
puts a Succession of dot product values corresponding to a 
Succession of cyclical shift States of the first reference code. 
0051. According to an alternative embodiment of the 
invention, cyclical shifter 324 further comprises a code 
selector output 324D coupled to a code selector input 320B 
of first reference code memory 320. In response to the 
Second comparator affirmative signal, the cyclical shfiter324 
Successively presents the first reference code in a Series of 
cyclically shifted States at a cyclical shifter parallel output 
324. After all shifted estates of the first reference code have 
been presented, first reference code memory 320 receives a 
request from cyclical shifter 324 via code Selector output 
324D and code selector input 320B, for a new reference 
code. First reference code memory 320 then presents this 
new reference code in a Series of cyclically shifted States at 
cyclical shifter parallel. After all shifted States of this new 
reference code have been presented, a request for yet another 
new code is sent via code selector output 324D to first 
reference code memory 320. 
0.052 A first comparator 330, includes a first input 330A 
coupled to output 326C of the first dot product operator 326, 
and a first input 330B coupled to the output 318A of the 
threshold value source 318. Rather than using a single 
threshold value source for the two comparators 316, 330, 
two separate threshold Sources can be used. The first com 
parator 330 performs comparisons between each dot product 
value in the Succession of dot product values received from 
the first dot product operator 326 and the threshold value 
received from the threshold value Source 318. In the case 
that a dot product value exceeds the threshold value, the first 
comparator 330 outputs a first comparator affirmative signal 
at a first comparator output 330C. 
0053. The second comparator output 316C and the first 
comparator output 330C are coupled to a first 332A and 
second 332B inputs of a time comparer 332. The time 
comparer 332 determines a time difference between a time 
at which the first comparator affirmative Signal is generated 
by the first comparator 316, and a time at which a second 
comparator affirmative signal is generated by the Second 
comparator 330. The time difference is linearly dependent 
on a relative cyclical shift between a first spread spectrum 
code that is included in the received Signal and after differ 
ential decoding correlates with the reference code presented 
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at the first reference code memory parallel output 320B, and 
Second spread spectrum code that is included in the received 
Signal and after differential decoding correlates with the 
reference code Stored in the Second reference code memory 
314. The time comparer converts the time difference to a 
relative cyclical shift by applying a linear relation and 
outputs a signal indicative of a relative cyclical shift 
between the first spread spectrum code and the Second 
Spread spectrum code at a time comparer output 332C. 

0054) A relative shift to bit pattern decoder 334 includes 
a relative cyclical shift input 334A coupled to the time 
comparer output 332C. The relative shift to bit pattern 
decoder outputs an information Symbol or bit pattern that 
depends on the relative cyclical shift at an output 334 that is 
coupled to a binary data output 336. 
0055 According to a preferred embodiment of the inven 
tion the first reference code memory 314 includes a first 
reference code generated by operating on the first PN code 
by multiplying each (Nth) element by another element 
(N+K)th displaced from the first by a fixed number (K) of 
places. The Second reference code memory 320 includes a 
Second reference code obtained by operating on the Second 
PN code in the same manner. 

0056 According to a preferred embodiment of the inven 
tion the fixed number used in generating the reference codes 
stored in the memories 314320 is equal to the number of 
chip periods used by the complex chip multiplier. For the 
purpose of identifying an element displaced from another 
element of the PN code by the fixed number of places, the 
PN code can be treated as a circular array. 
0057 The comparators 316,330 compare successive dot 
product values that correspond to Successive Symbol length 
or spread Spectrum code length Sub-Series of the Series of 
complex chip values, to one or more threshold value 
received from the threshold value source 318, and output 
Signals indicative of the outcome of the comparisons. 
According to a preferred embodiment of the invention the 
comparator compares each dot product value to a single 
threshold value, and if the dot product value exceeds the 
threshold outputs a signal that is indicative of the fact that a 
received spread spectrum code has been correctly correlated 
with a reference code, in other words a correct cyclical shift 
has been determined. 

0.058. The first reference code memory 320, cyclical 
shifter 324, first dot product operator 326, shift register latch 
328, and first comparator 330 function as a first correlator. 
The shift register 310, second dot product operator 312, 
Second reference code memory, and Second comparator 316 
function as Second correlator. 

0059. According to an alternative embodiment of the 
invention multiple versions of a PN code in different cyclical 
shift states are stored in the first reference code memory 320 
and Successively read out and applied to the first dot product 
operator 326. 

0060 According to an alternative embodiment of the 
invention rather than Storing PN codes in memory they can 
be generated using a generator polynomial. 

0061 FIG. 4 is a flow chart of a signaling method 400 
performed by the transmitter 104 shown in FIG.2 according 
to a preferred embodiment of the invention. In step 402 
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binary data is read. In step 404 the binary data is parsed into 
N bit groups. Process block 406 is the beginning of a loop 
that Sequentially processes Successive N bit groups. In Step 
408 for each N bit group a cyclical shift is selected that 
corresponds to a bit pattern of the N bit group. In proceSS 
block 410 a first Direct Sequence Spread Spectrum (DSSS) 
code is cyclically shifted by the selected cyclical shift to 
obtain a cyclically shifted DSSS code. A PN code can be 
used as a DSSS code. In process block 414 the cyclically 
shifted DSSS code is transmitted along with a second DSSS 
code. The second DSSS code serves as a reference with 
respect to which a relative cyclical shift of the first DSSS 
code is determined. In decision block 416 it is determined if 
there is more data to be processed. If So then in process block 
412, the loop started in process block 406 is incremented to 
the next N bit group and the process loops back to proceSS 
block 406. If the outcome of decision block 416 is negative 
then the process terminates. 

0.062. In an alternative embodiment, step 407 is per 
formed between steps 406 and 408. In step 407, for each N 
bit group a first DSSS code is selected that corresponds to a 
bit pattern of the N bit group. 
0.063. The signal generated by the transmitter 104 shown 
in FIG. 2 according to the method shown in FIG. 4 will be 
described below with references to FIGS. 5 and 6. 

0064 FIG. 5 is a plot 500 of a sequence of 8 data bits in 
Signal form. Each bit period covers one time unit shown on 
the abscissa of the plot. The plot shows an eight bits 
sequence as follows: 0,0,0,1,1,0,1,1. If the bit parser 202 
(FIG. 2) were to parse this sequence into Successive groups 
of two its the following 2-bit sequences result: 00, 01, 10, 11. 
Thus in the exemplary signal 500 each of the four possible 
bit patterns of a two bit Sequence is represented. Each bit 
pattern is an information symbol, and a DSSS code is 
transmitted in a unique cyclical shift State to convey each bit 
pattern. 

0065 FIG. 6 is a plot of DSSS baseband signal 600 
generated by the pulse shaper 212 in response to the bit 
signal shown in FIG. 5 according to an exemplary embodi 
ment of the invention. The baseband signal 600 includes 
four Symbol periods i.e., the period covering the ranges of 
Zero to two, two to four, four to Six, and Six to eight. Each 
of the four symbol periods which correspond to symbols 00, 
01,10, and 11 respectively, includes a Series of pulses based 
on a DSSS code in a particular cyclical shift state that 
corresponds to the information symbol for the symbol 
period. 

0.066 During each symbol period there is a sequence of 
pulses equal in number to the number of elements in the 
DSSS code. Each pulse is polarized according to the Sign of 
the corresponding element of a DSSS code in a cyclical shift 
State corresponding to the Symbol for the Symbol period. 

0067 ADSSS code in the baseband signal 600 in a first 
cyclical shift State is 1,-1,1,1,1,–1,-1) is used to encode an 
information symbol of 00. The series of pulses during the 
first symbol period is based on the DSSS code in the first 
cyclical shift state. Cyclically shifting the DSSS code to the 
left by one place from the previous state yields the DSSS 
code in a second cyclical shift state which is -1,1,1,1,–1,- 
1,1). The latter cyclical shift state is used to encode a bit 
pattern (information symbol) of 01. The series of pulses of 
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the baseband signal 600 during the second symbol period is 
based on the DSSS signal in the second cyclical shift state. 
Similarly, as shown in FIGS. 5 and 6 a third cyclical shift 
state of the DSSS code 1,1,1-1-1,1-1 (shifted by two 
places to the left from the first cyclical shift state) is used to 
encode a bit pattern of 10 for the third symbol and a fourth 
cyclical shift state of the DSSS code 1,1,–1,-1,1,–1,1 
(shifted by three places to the left from the first cyclical shift 
state) is used to encode a bit pattern of 11 for the fourth 
Symbol period. 
0068 Thus as illustrated in the forgoing discussion, a 
single DSSS code can be used to convey two bits of 
information, by transmitting it in four different cyclical shift 
States. According to another exemplary embodiment of the 
invention four bits are conveyed using 16 cyclical shift 
states of a 63 element PN code. 

0069. One type of code used for spread spectrum com 
munication is the maximal length of M-Sequence. These 
codes have lengths of 2-1. In order to encode all the 
possible bit patterns of an N-bit Sequence by using different 
cyclical shift states 2 cyclical shift states are needed. 
According to an embodiment of the invention, a Zero is 
appended to an M-Sequence in order to obtain a Sequence 
that has 2 possible cyclical shift states and can be used to 
encode all the possible bit patterns of an N-bit Sequence. 
Thus by appending a Zero to a 63 element M-Sequence, a 64 
element M-Sequence is obtained that has 64 distinct cyclical 
shift States and can be used to encode 6 bits of information. 

0070 According to an embodiment of the invention, the 
Second baseband Signal output by the Second pulse shaper 
214 (FIG. 2) includes a periodic signal that is based on a 
DSSS sequence in a fixed cyclical shift state. In other words 
the Sequence of pulses generated for each Symbol period is 
based on the same cyclical shift state of the same DSSS 
code. For example, for use in combination with signal 600 
which is output by the first pulse shaper 212 according to an 
exemplary embodiment, a Signal which includes a repeating 
pattern of a sequence of pulses based on a 7 element PN code 
other than that shown in FIG. 6. At the receiver the 106 the 
baseband Signal output by the Second pulse shape 214 is 
used as a reference relative to which the cyclical shifts of 
cyclically shifted DSSS codes in the baseband signal 600 
output by the first pulse shaper are judged. 
0071 FIG. 7 is a flow chart of a method of processing a 
received signal that is performed by the receiver 106 shown 
in FIG. 1 according to a preferred embodiment of the 
invention. In step 702 a received signal is demodulated to 
obtain quantized and Sampled in-phase and quadrature phase 
Signals in the form of a Series of complex chip values. 
0072. In step 704 each (Nth) complex chip value in the 
Series of complex chip values is multiplied by the complex 
conjugate of another (N+K)th complex chip value that is 
displaced from the Nth by a fixed number (K, where K is an 
integer) of chip periods to obtain a chip-by-chip differen 
tially decoded CBCDD sequence. In step 706 the CBCDD 
Sequence is parsed into Sub-Sequences. According to an 
alternative embodiment of the invention step 704 is elimi 
nated and Sub-Series from the Series of complex chip values 
are used in finding relative cyclical shifts of spread spectrum 
codes included in received signals. 
0073 Process block 708 is the start of a loop that pro 
ceSSes Successive Symbol length Sub-Sequences. In Step 710 
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a relative cyclical shift between a Sub-Sequence and a first 
reference code is determined. In Step 712 a relative cyclical 
shift between the Sub-Sequence and a Second reference code 
is determined. 

0074) In step 714 the difference between the first relative 
cyclical shift and the Second relative cyclical shift is taken. 

0075). In step 716 N (an integer number of) bits with a bit 
pattern corresponding to the difference calculated in proceSS 
block 714 are output. In an alternative embodiment, in step 
716 N bits with a bit pattern corresponding to the difference 
calculated in process block 714 and the identity of the first 
reference code used in proceSS block 710, are output. 

0076. In step 718 it is determined if there is more data 
(Sub-Sequences) to be processed. If So, then in process block 
720 the loop started in process block 708 is increment to 
consider the next Sub-Sequence, and then loops back to 
process block 708. 

0.077 According to one embodiment of the invention the 
demodulator 306 oversamples the received signals, and 
outputs more than one sample, for example four complex 
Samples for each pulse of the first baseband Signal. Due to 
the fact that the first and Second baseband Signals are 
Superposed, each of these four Samples will in general 
include a term based on the first baseband Signal and a term 
based on the Second baseband Signal. Given Such a Sampling 
rate, the complex chip multiplier 308 would preferably 
multiply each complex chip value, in the Sequence output by 
the modulator 306 by another that is displaced from it by 
four places (equal to one chip period). In this example, the 
resulting CBCDD Sequence is parsed into Sequences that are 
four times longer than the spread Spectrum codes used to 
generate the received signals. In this example, each refer 
ence code used to correlate the received signals can be 
obtained by multiplying each Nth element in a spread 
spectrum code used to generate the Signals by an (N+1)th 
element, and duplicating each element of the differentially 
decoded spread spectrum code four times. For example 
treating the code 1,-1,1,1,1,–1,-1) as a circular array and 
multiplying each element by the next one obtains a differ 
entially decoded code of -1.-1,1,1,-1,1,-1). Duplicating 
each element four times one obtains a reference code of 
-1.-1.-1.-1.-1, -1.-1.-1,1,1,1,1,1,1,1,1,–1,-1.-1.-1,1,1, 
1,1-1.-1.-1.-1. 
0078 FIG. 8 is a flow chart of a process for determining 
a relative cyclical shift of a Spread Spectrum code included 
in a DSSS signal. 

0079 Process block 802 is the start of a loop that suc 
cessively uses a reference code in a Sequence of cyclically 
shifted states. In step 804 a dot product is performed 
between the reference code and a sequence of values derived 
from a received signal. Preferably the values are complex 
values, more preferably the values are obtained by chip by 
chip differential decoding of complex values derived from a 
received signal. 

0080. In decision block 806, an inequality involving the 
dot product value computed in step 804 is tested. If the 
inequality is true, then in step 810 the current cyclical shift 
state is output. If not then in process block 808 the cyclical 
shift State is incremented, and the process loops back to 
process block 802. In a hardware implementation the 
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inequality relation can be testing using one or more com 
parators, as discussed above with reference to FIG. 3. 
0081. In an alternative embodiment, if the inequality of 
decision block 806 is false, the number of cyclical shift 
States tested for this reference code is tested in decision 
block 807. If all cyclical shift states of this reference code 
have not been tested, then in process block 808, the cyclical 
shift State is incremented, and the process loops back to 
process block 802. If all cyclical shift states of this reference 
code have been tested, then in process block 809, the 
reference code is incremented, and the process loops back to 
process block 802. 
0082) Referring to FIG. 9 an exemplary hardware block 
diagram of a transmitter 104 is shown. 
0083) The transmitter 104 comprises a data input 902 that 
is coupled to a digital Signal buS 916. A program memory 
910, spread spectrum code memory 912, and chip pulse 
shape memory 914 are coupled to a digital Signal processor 
(DSP) 906 through the digital signal bus 916. The three 
foregoing memories 914,912, 910 can be implemented, for 
example, as a Single physical memory, e.g., a Programmable 
Read Only Memory (PROM). The spread spectrum code 
memory can be used as the first PN memory 208 (FIG. 2) 
and the second PN memory 210 (FIG. 2). 
0084. The program memory 910 is a computer readable 
medium that Stores Software for operating the receiver. The 
Spread spectrum code memory 912 Stores spread spectrum 
codes. The chip pulse memory 914 stores a digital repre 
Sentation of the pulse shapes used in generating baseband 
signals (e.g. 600, FIG. 6). 
0085. An output of the digital signal processor 906, is 
coupled to an input of a first digital to analog converter 
918A. The digital signal processor 906 combines the rep 
resentation of the chip pulse shape, the spread spectrum 
code, and a binary data Sequence into a digital representation 
of baseband Signals. A first digital representation of a 
baseband Signal is used drive a first digital to analog 
converter 918A.. For example the first digital representation 
of a baseband Signal can include a cyclically shift spread 
Spectrum code. A Second digital representation of a base 
band Signal is used to drive a Second digital to analog 
converter 918B. The second digital representation of a 
baseband Signal can for example include periodic repeats of 
the Same spread Spectrum code in the same cyclical shift 
state. The first 918A and second 918B analog to digital 
converters generate first and Second analog baseband Sig 
nals. 

0086) The modulator 208 has a first input 216A coupled 
to an output of the first digital to analog converter 918A, and 
receives the first analog baseband Signal therefrom. The 
modulator 208 has a second input 216B coupled to an output 
of the second digital to analog converter 918B, and receives 
the analog version of the Second baseband Signal therefrom. 
The modulator 216 has a carrier frequency input 216C 
coupled to an output 218A of the oscillator 218, and receives 
a carrier frequency Signal therefrom. The modulator 216 
Serves to modulate the carrier frequency signal with the 
analog versions of the baseband Signals, and output a 
resulting RF signal. Preferably the modulator 216 is OQPSK 
modulator. Alternatively the modulator can be a QPSK 
modulator. 
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0087. The power amplifier 220 comprises an input 220A 
coupled to an output 216D of modulator 216 for receiving 
the RF signal. 
0088 An antenna 920 comprises an input 920A coupled 
to the output 220B of the amplifier 220 for receiving the RF 
signal. The antenna 920 serves to couple the RF signal into 
free Space. 
0089. The program memory 910 can be used to store 
programs the functioning of which is illustrated with refer 
ence to FIG. 4. Furthermore, functional blocks shown in 
FIG. 2 including the N bit parser 202, bit pattern encoder 
204, cyclical shifter 206, first pulse shaper 212, and second 
pulse shaper 214 can be implemented as programs Stored in 
the program memory, and executed by the DSP 906. 
0090 FIG. 10 is a hardware block diagram of the 
receiver 106 according to a preferred embodiment of the 
invention. 

0091) A receiver antenna 1002 includes an output 1002A 
coupled to an input 1004 of a receiver amplifier 1004. The 
receiver amplifier 1004 includes an output 1004B coupled to 
an input 1006A of an RF to intermediate frequency con 
verter 1006. A local oscillator 1016 includes an output 
1016A coupled to an oscillator input 1006D of the RF to 
intermediate frequency converter 1006. The RF to interme 
diate frequency converter 1006 preferably is an analog stage 
of a QPSK demodulator (e.g., 306, FIG. 3). The RF to 
intermediate frequency converter 1006 comprises an in 
phase output 1006B that is coupled to an input 1008A of a 
first low pass filter 1008, and a quadrature phase output 
1006C that is coupled to an input 1010A of a second low 
pass filter 1010. The first low pass filter 1008 includes an 
output 1008B coupled to an input 1012A of a first digital to 
analog converter 1012. Likewise, the Second low pass filter 
1010 includes an output 1010B coupled to an input 1014A 
of a Second analog to digital converter 1014. An output 
1012B of the first analog to digital converter 1012, and an 
output 1014B of the second analog to digital converter 1014 
are coupled to a receiver digital signal bus 1024. A receiver 
digital signal processor (DSP) 1022, Read Only Memory 
(ROM) 1020, Random Access Memory (RAM) 1018 are 
also coupled to the receiver digital signal bus 1024. The 
ROM 1020 can be used to store programs that are executed 
by the receiver DSP 1022 in operating the receiver 104, 
including the programs illustrated with reference to FIG. 7 
and FIG. 8. The RAM 1018 is used as a works space for 
running the aforementioned programs. Functional blockS 
shown in FIG. 3 including the complex chip multiplier 308, 
first comparator 330, time comparer 332, shift register 310, 
second dot product operator 312, cyclical shifter 324, first 
dot product operator 326, shift register latch 328, second 
comparator 316, and relative shift to bit pattern decoder 334 
can be implemented as programs Stored ROM and executed 
by DSP 1022. The threshold 326 can be a value stored in 
ROM 1020 or RAM 1018. The ROM 1020 can be used as 
the reference code memory 316. 
0092 FIG. 11 is a schematic of an OQPSK modulator 
216 used in the transmitter shown in FIG. 2 and FIG. 9. The 
modulator 216 includes the first modulator input 216A that 
is coupled through one-half chip period delay 1102 to a first 
first mixer input 1106A of a first mixer 1106. The second 
modulator input 216B is coupled to a first second mixer 
input of a second mixer 1108. 
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0093. The output 218A of the oscillator 218 is coupled to 
a second second mixer input 1108B of the second mixer 
1108, and to an input 1104A of a 1/2 phase shifter 1104. An 
output 1104B of the phase shifter 1104 is coupled to a 
second second mixer input 1106B. An output 1106C of the 
first mixer 1106 is coupled to a first input 1110A of a Summer 
1100. Similarly an output 1108C of the second mixer 1108 
is coupled to a second input 1110B of the Summer 1110. The 
output of the Summer 216D is the output of the modulator 
216. 

0094 FIG. 12 is a schematic of the demodulator 306 
used in the receiver 104 shown in FIG. 3 and FIG. 10. The 
demodulator comprises the RF to intermediate frequency 
converter 1006. The demodulator input 306A is coupled to 
a first input 1202A of a first mixer 1202, and a second input 
1204A of a second mixer 1204. Local oscillator 1016 is 
coupled to a second input 1204B of the second mixer 1204, 
and to an input 1206 of a 1/2 phase shifter 1206. An output 
1206B of the JL/2 phase shifter 1206 is coupled to a second 
input 1202B of the first mixer. An output 1202C of the first 
mixer 1202 is coupled to the input 1008A of the first low 
pass filter 1008. An output 1204C of the second mixer 1204 
is coupled to the input 111 OA of the second low pass filter 
1110. 

0095 The demodulator 306 comprises a digital stage 
1222. The digital stage 1222 of the demodulator 306 can be 
implemented as a program stored in the ROM 1020 (FIG. 
10) and executed by the DSP 1022. The output 1012B of the 
first analog to digital convert 1012 is coupled to a first input 
1208A of a first digital mixer 1208. The output 1014B of the 
Second analog to digital converter 1014 is coupled to a first 
input 1210A of a second digital mixer 1210. The inputs 
1208A, 1210A of the first and second digital mixers 1208, 
1210 serve as inputs of the digital stage 1222. A low 
frequency oscillator 1212 is coupled to a Second input 
1210B of the second digital mixer 1210, and through a 1/2 
phase shifter 1214 to a second input 1208B of a the first 
mixer 1208. An output 1208C of the first digital mixer 1208 
is coupled to an input 1216A of a first low pass filter 1216. 
An output 1210C of the second digital mixer 1210 is coupled 
to an input 1218A of a second low pass filter 1218. 
0096] A first output 1216B of the first low pass filter 1216 
is coupled to a first non-inverting input 1220A of a first 
Summer 1220. A second output 1216C of the first low pass 
filter 1216 is coupled to a non-inverting input 1222A of a 
second Summer 1222. A first output 1218B of the second low 
pass filter 1218 is coupled to a Second non-inverting input 
1220B of the first summer 1220. A second output 1218C of 
the second low pass filter 1218 is coupled to an inverting 
input 1222B of the second Summer 12222. An output of the 
first Summer 1220 Serves as the quadrature phase demodu 
lator output 306B. An output of the second summer 1222 
serves as the in-phase demodulator output 306C. 
0097. The transmitter 104 and the receiver 106 can be 
implemented in whole or in part as one or more Application 
Specific Integrated Circuits (ASIC). 
0098. The computer readable medium used in connection 
with the present invention as a memory for Storing programs 
can comprise volatile memory Such as RAM, or a medium 
that contains data in a transient State, Such as a communi 
cation channel, network circuits, or a wireleSS communica 
tion link, or preferably nonvolatile memory including but 



US 2002/0186750 A1 

not limited to, flash memory, Read Only Memory (ROM), 
EPROM, EEPROM, disk drive. The computer readable 
medium used as a work Space for Signal processing opera 
tions, can comprise Random Access Memory (RAM). 
0099. The present invention, as would be known to one 
of ordinary skill in the art could be produced in hardware or 
Software, or in a combination of hardware and Software. The 
System, or method, according to the inventive principles as 
disclosed in connection with the preferred embodiment, may 
be produced in a single computer System having Separate 
elements or means for performing the individual functions 
or Steps described or claimed or one or more elements or 
means combining the performance of any of the functions or 
Steps disclosed or claimed. 
0100. The invention is not limited to any particular 
computer program or logic or language, or instruction but 
may be practiced with any Such Suitable program, logic or 
language, or instructions as would be known to one of 
ordinary skill in the art. 
0101) While the preferred and other embodiments of the 
invention have been illustrated and described, it will be clear 
that the invention is not So limited. Numerous modifications, 
changes, variations, Substitutions, and equivalents will occur 
to those of ordinary skill in the art without departing from 
the Spirit and Scope of the present invention as defined by the 
following claims. 

What is claimed is: 
1. A method for operating a transmitter to transmit data, 

the method comprising the Steps of 
reading one or more bits, 
determining a first cyclical shift based on a bit pattern of 

the one or more bits, 
obtaining a direct Sequence spread Spectrum code char 

acterized by the first cyclical shift; and 
transmitting the first direct Sequence spread Spectrum 

code. 
2. The method according to claim 1, wherein: 
the Step of reading a plurality of bits comprises the 

Sub-Step of: 
reading N bits; and 
the step of obtaining a 2 element first direct sequence 

Spread spectrum code that includes an M-Sequence 
and one or more appended ZeroS. 

3. The method according to claim 1 wherein the step of 
obtaining a first direct Sequence Spread Spectrum code 
characterized by the first cyclical shift State comprises the 
Sub-steps of 

reading the first direct Sequence spread Spectrum code in 
a State characterized by a Second cyclical shift; and 

cyclically shifting the first direct Sequence Spread spec 
trum code. 

4. The method according to claim 1 wherein the Step of 
obtaining a first direct Sequence Spread Spectrum code 
characterized by a first cyclical Shift comprises the Sub-Step 
of: 

reading the first direct Sequence Spread spectrum code 
from a memory. 
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5. The method according to claim 1 wherein the step of 
obtaining a first direct Sequence Spread Spectrum code 
characterized by a first cyclical Shift comprises the Sub-Step 
of: 

reading one of a plurality of direct Sequence Spread 
Spectrum codes from a memory based upon the bit 
patterns of one or more bits. 

6. The method according to claim 1 wherein the step of 
transmitting the first direct Sequence spread spectrum code 
comprises the Sub-Step of: 

transmitting the first direct Sequence spread Spectrum 
code in a first channel of a phase shift key Signal. 

7. The method according to claim 1 further comprising the 
Step of: 

transmitting a Second direct Sequence spread Spectrum 
code. 

8. The method according to claim 1 wherein: 
the Step of transmitting the first direct Sequence Spread 

Spectrum code comprises the Sub-Step of 

transmitting the first direct Sequence Spread spectrum 
code in a first channel of a quadrature phase shift key 
Signal; and 

the Step of transmitting the Second direct Sequence 
Spread spectrum code comprises the Sub-Step of: 

transmitting the Second direct Sequence Spread spec 
trum code in a second channel of the quadrature 
phase shift key Signal. 

9. A method for operating a receiver, the method com 
prising the Steps of 

receiving a signal that includes a first direct Sequence 
Spread spectrum code, 

determining a correct relative cyclical shift of the first 
direct Sequence spread Spectrum code; and 

outputting one or more bits having a bit pattern associated 
with the correct relative cyclical shift. 

10. The method according to claim 9 wherein the step of 
determining a correct relative cyclical shift comprises the 
Sub-Step of: 

performing a dot product operation between the first 
direct Sequence spread spectrum code and a reference 
code at a plurality of relative cyclical shifts to obtain a 
plurality of dot product values. 

11. The method according to claim 10 wherein the step of 
determining a correct relative cyclical shift further com 
prises the Sub-Step of: 

testing one or more inequality relations involving each of 
the plurality of dot product values in order to identify 
the correct cyclical shift that corresponds to a first dot 
product value from the plurality of dot product values 
that passes one or more inequality relations. 

12. The method according to claim 9 wherein the step of 
receiving a Signal comprises the Sub-Step of 

receiving a Signal that includes the first direct Sequence 
Spread spectrum code, and a Second direct Sequence 
Spread spectrum code. 
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13. The method according to claim 12 wherein the step of 
receiving a Signal comprises the Sub-Step of 

receiving a quadrature phase shift key signal including the 
first direct Sequence spread spectrum code in a first 
channel, and a Second direct Sequence spread spectrum 
code in a Second channel. 

14. The method according to claim 12 wherein the step of 
determining a correct relative cyclical shift comprises the 
Sub-step of: 

determining the correct relative cyclical shift of the first 
direct Sequence spread spectrum code relative to the 
Second direct Sequence spread spectrum code. 

15. The method according to claim 14 wherein the step of 
determining a correct relative cyclical shift comprises the 
Sub-step of: 

performing a dot product operation between the first 
direct Sequence Spread spectrum code and a first ref 
erence code at a plurality of relative cyclical shifts to 
obtain a first plurality of dot product values, 

testing one or more inequality relations involving each of 
the first plurality of dot product values in order to 
identify a first relative cyclical shift which corresponds 
to a first dot product value from the plurality of dot 
product values that passes at least one inequality rela 
tion among the one or more inequality relations, 

performing a dot product operation between the Second 
direct Sequence spread Spectrum code and a Second 
reference code at a plurality of relative cyclical shifts to 
obtain a Second plurality of dot product values, 

testing one or more inequality relations involving each of 
the Second plurality of dot product values in order to 
identify a Second relative cyclical shift which corre 
sponds to a first dot product value from the plurality of 
dot product values that passes at least one inequality 
relation among the one or more inequality relations, 
and 

Subtracting the first relative cyclical shift from the second 
relative cyclical shift to obtain the correct relative 
cyclical shift. 

16. The method according to claim 9 wherein the step of 
receiving a Signal comprises the Sub Steps of: 

demodulating the Signal using a quadrature demodulator; 
and 

Sampling the Signal to obtain a Sequence of complex chip 
values including the first direct Sequence spread spec 
trum code. 

17. The method according to claim 16 further comprising 
the step of: 

multiplying each Nth complex chip value in the Series of 
complex chip values by a (N+K)th complex chip value 
in the Series of complex chip values that is Separated 
from the Nth complex chip value by a K places to 
obtain a decoded Sequence. 

18. The method according to claim 17 wherein the step of 
determining a correct relative cyclical shift comprises the 
Sub-step of: 

performing a dot product operation between the decoded 
Sequence and a reference code at a plurality of relative 
cyclical shifts to obtain a plurality of dot product 
values, and 
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testing one or more inequality relations involving each of 
the plurality of dot product values in order to identify 
the correct cyclical shift that corresponds to a first dot 
product value from the plurality of dot product values 
that passes one or more inequality relations. 

19. A method for operating a receiver, the method com 
prising the Steps of 

determining a correct relative cyclical shift and direct 
Sequence spread Spectrum code of the first direct 
Sequence spread Spectrum code; and 

outputting one or more bits having a bit pattern associated 
with the correct relative cyclical shift and direct 
Sequence spread Spectrum code. 

20. A spread spectrum transmitter comprising: 
a bit pattern encoder for receiving one or more bits at an 

input and outputting a predetermined relative cyclical 
shift value in response to each possible bit pattern of the 
one or more bits at an output; and 

a cyclical shifter for receiving the relative cyclical shift 
value at an input and outputting a first spread spectrum 
code that has been shifted by the predetermined cycli 
cal shift value at a cyclical shifter output. 

21. The spread spectrum transmitter according to claim 20 
further comprising: 

a modulator including a first modulator input for receiving 
a first baseband Signal including first Spread Spectrum 
code that has been shifted by the predetermined cycli 
cal shift value. 

22. The spread spectrum transmitter according to claim 21 
further comprising: 

a first pulse shaper for receiving the first Spread Spectrum 
code that has been shifted by the predetermined cycli 
cal shift value at a first pulse shaper input that is 
coupled to the cyclical shifter output and outputting the 
first baseband Signal based on the first spread spectrum 
code that has been shifted by the predetermined cycli 
cal Shift value at a first pulse shaper output that is 
coupled to the first modulator input. 

23. The spread spectrum transmitter according to claim 22 
wherein the modulator further comprises: 

a Second modulator input for receiving a Second baseband 
Signal. 

24. The spread spectrum transmitter according to claim 23 
further comprising: 

a Second pulse shaper for outputting the Second baseband 
at a Second pulse shaper output that is coupled to the 
Second modulator input, in response to receiving a 
Second spread Spectrum code at a Second pulse shaper 
input; and 

a memory for Storing the Second spread spectrum code 
including a memory output coupled to the Second pulse 
shaper input. 

25. A spread spectrum transmitter comprising: 
a processor programmed to: read binary data; 

parse the binary data into a plurality of groups of N bits, 

Select a cyclical shift based on a bit pattern of each of the 
plurality of groups of N bits; and 
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generate a cyclically shifted spread spectrum code by 
cyclically shift a first spread spectrum code by the 
cyclical shift. 

26. The spread Spectrum transmitter according to claim 25 
wherein the processor is further programmed to: 

generate a digital representation of a first baseband Signal 
that includes the cyclically shifted Spread spectrum 
code. 

27. The spread Spectrum transmitter according to claim 26 
further comprising: 

a first digital to analog converter coupled to the processor 
for receiving the digital representation of the first 
baseband Signal and outputting a first analog baseband 
Signal; and 

a modulator including a first input coupled to the first 
digital to analog for receiving the first analog baseband 
Signal and modulating a carrier wave with the first 
analog baseband Signal. 

28. The spread Spectrum transmitter according to claim 27 
wherein the processor is programmed to: 

generate a digital representation of a Second baseband 
Signal; and 

the transmitter further comprises: 

a Second digital to analog converter coupled to the 
processor for receiving the digital representation of 
the Second baseband Signal and outputting a Second 
analog baseband Signal; and 

the modulator includes: 

a Second input coupled to the Second digital to 
analog for receiving the Second analog baseband 
Signal and modulating the carrier wave with the 
Second analog baseband Signal. 

29. A spread spectrum receiver comprising: 

a first correlator for determining a relative cyclical shift of 
a first received spread Spectrum code, and 

a relative shift to bit pattern decoder for outputting the 
identity of an information symbol based on the relative 
cyclical shift of the received spread spectrum code. 

30. The spread spectrum receiver according to claim 29 
further comprising: 

a Second correlator for determining a relative cyclical 
shift of a Second received spread spectrum code; and 

a time comparer for determining the relative cyclical shift 
of the first received spread Spectrum code with refer 
ence to the relative cyclical shift of the Second received 
Spread spectrum code. 

31. The Spread spectrum receiver according to claim 30 
further comprising: 

a quadrature phase shift key demodulator for demodulat 
ing a signal that includes the first received spread 
Spectrum code and the Second received spread spec 
trum code, and outputting a Series of complex chip 
values at an in-phase output and a quadrature phase 
output. 
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32. The Spread spectrum receiver according to claim 31 
further comprising, 

a complex chip multiplier including: 
a first input coupled to the in-phase output, and a 

Second input coupled to the quadrature-phase output 
for receiving the Series of complex chip values and 
multiplying each Nth complex chip value in the 
Series of complex chip values by a (N+K)th complex 
chip value in the Series of complex chip values that 
is separated from the Nth complex chip value by a K 
places to obtain a decoded Sequence to obtain a 
differentially decoded series. 

33. The spread spectrum receiver according to claim 30 
wherein the first correlator comprises: 

a shift register including: 
a first Serial input for receiving the differentially 

decoded Series, and 
a first parallel output; 
a first dot product operator including: 

a first parallel input coupled to the first parallel 
output; 

a Second parallel input; and 
a first dot product operator output, and 

a reference first code memory including: 
an first memory output coupled to the Second parallel 

input; and 
a first comparator including: 

a first input coupled to the output; and 
a Second input; 
a threshold value Source coupled to the Second input; 

and 

a first comparator output; 
34. The Spread spectrum receiver according to claim 33 

wherein the Second correlator comprises: 
a shift register latch including a 

a Second Serial input for receiving the differentially 
decoded Series, 

a Second parallel output; and 
a control input coupled to the first comparator output; 

and 

a Second dot product operator including: 
a third parallel input coupled to the Second parallel 

output; 

a fourth parallel input; and 
a Second dot product operator output; and 

a Second reference code memory including: 
a Second memory output; and 

a cyclical shifter including: 
a fifth parallel input coupled to the Second output, and 
a third parallel output coupled to the fourth parallel 

input; and 
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a Second comparator including: 
a first input coupled to the Second dot product operator 

output; 

a Second input coupled to a threshold value Source; and 
a Second comparator output. 

35. The Spread spectrum receiver according to claim 34 
wherein the time comparer includes: 

a first input coupled to the first comparator output, and 
a Second input coupled to the Second comparator output. 
36. A spread spectrum receiver comprising: 
a processor programmed to: 

determine a first relative cyclical shift of a first received 
cyclically shifted spread spectrum code; and 

output an information Symbol associated with the first 
relative cyclical shift. 

37. The spread spectrum receiver according to claim 36 
wherein the processor is programmed to: 

correlate the first received cyclically shifted spread spec 
trum code with a first reference code; 

correlate a Second received spread spectrum code with the 
first reference code; 

determine the first relative cyclical shift relative to the 
Second received spread spectrum code. 

38. A computer readable medium containing program 
ming instructions for operating a transmitter, the computer 
readable medium including programming instructions for: 

reading one or more bits, 
determining a first cyclical shift based on a bit pattern of 

the one or more bits, 
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obtaining a first direct Sequence Spread spectrum code 
characterized by the first cyclical shift, and 

transmitting the first direct Sequence spread Spectrum 
code. 

39. A computer readable medium including programming 
instructions for operating a receiver, the computer readable 
medium including programming instructions for: 

receiving a signal that includes a first direct Sequence 
Spread spectrum code, 

determining a correct relative cyclical shift of the first 
direct Sequence spread Spectrum code; and 

outputting one or more bits having a bit pattern associated 
with the correct relative cyclical shift. 

40. A communication System comprising: 
a transmitter including: 

a bit pattern encoder for receiving one or more bits at 
an input and outputting a predetermined relative 
cyclical Shift value in response to each possible bit 
pattern of the one or more bits at an output; 

a cyclical shifter for receiving the relative cyclical shift 
value at an input and outputting a first spread Spec 
trum code that has been shifted by the predetermined 
cyclical Shift value at a cyclical shifter output; and 

a receiver including: 
a first correlator for determining a relative cyclical 

shift of the first Spread Spectrum code, and 
a relative shift to bit pattern decoder for outputting 

the identity of an information symbol based on the 
relative cyclical shift of the received spread Spec 
trum code. 


