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ULTRA-WIDEBAND CORRELATING RECEIVER 

[0001] This application claims priority under 35 U.S.C. § 
120 as a continuation of co-pending US. patent application 
Ser. No. 10/718,984, ?led Nov. 21, 2003, entitled “ULTRA 
WIDEBAND CORRELATING RECEIVER,” Which is a 
continuation-in-part of co-pending US. patent application 
Ser. No. 10/676,449, ?led Sep. 30, 2003, entitled “ULTRA 
WIDEBAND CORRELATING RECEIVER.” 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to ultra 
Wideband communications. More particularly, the invention 
concerns an apparatus for receiving and demodulating ultra 
Wideband signals for Wire and Wireless communications. 

BACKGROUND OF THE INVENTION 

[0003] The Information Age is upon us. Access to vast 
quantities of information through a variety of different 
communication systems are changing the Way people Work, 
entertain themselves, and communicate With each other. For 
eXample, as a result of increased telecommunications com 
petition mapped out by Congress in the 1996 Telecommu 
nications Reform Act, traditional cable television program 
providers have evolved into full-service providers of 
advanced video, voice and data services for homes and 
businesses. A number of competing cable companies noW 
offer cable systems that deliver all of the just-described 
services via a single broadband network. 

[0004] These services have increased the need for band 
Width, Which is the amount of data transmitted or received 
per unit time. More bandWidth has become increasingly 
important, as the siZe of data transmissions has continually 
groWn. Applications such as movies-on-demand and video 
teleconferencing demand high data transmission rates. 
Another eXample is interactive video in homes and of?ces. 
Moreover, traf?c across the Internet continues to increase, 
and With the introduction of neW applications, such as the 
convergence of voice and Internet data, traffic Will only 
increase at a faster rate. Consequently, carriers and service 
providers are overhauling the entire netWork infrastruc 
ture—including sWitches, routers, backbone, and the last 
mile (i.e., the local loop)—in an effort to provide more 
bandWidth. 

[0005] Other industries are also placing bandWidth 
demands on Internet service providers, and other data pro 
viders. For eXample, hospitals transmit images of X-rays and 
CAT scans to remotely located physicians. Such transmis 
sions require signi?cant bandWidth to transmit the large data 
?les in a reasonable amount of time. The need for more 
bandWidth is evidenced by user complaints of sloW Internet 
access and dropped data links that are symptomatic of 
netWork overload. 

[0006] Therefore, there exists a need for a method to 
increase the bandWidth of Wired netWork or communication 
system, as Well as a Wireless netWork or communication 

system. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides an apparatus for 
receiving and demodulating an ultra-Wideband signal. The 
receiver may be con?gured to Work in conjunction With 
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Wireless or Wire communications mediums, Whether the 
medium is tWisted-pair Wire, coaXial cable, ?ber optic cable, 
or other types of Wire media. 

[0008] One feature of the present invention is it provides 
a receiver With demodulation capability of amplitude-, 
phase-, and timing-based modulation schemes. Another fea 
ture of the present invention is that it uses only a single 
correlator to detect and demodulate ultra-Wideband signals. 
Another feature of the present invention provides a receiver 
structured to operate in a multi-path environment. 

[0009] These and other features and advantages of the 
present invention Will be appreciated from revieW of the 
folloWing detailed description of the invention, along With 
the accompanying ?gures in Which like reference numerals 
refer to like parts throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is an illustration of different communication 
methods; 

[0011] FIG. 2 is an illustration of tWo ultra-Wideband 
pulses; 

[0012] FIG. 3 is an illustration of a conventional non 
coherent receiver architecture; 

[0013] FIG. 4 is an illustration of tWo conventional coher 
ent receiver architectures; 

[0014] FIG. 5 is an illustration of one embodiment of the 
present invention; 

[0015] FIG. 6 is an illustration of one embodiment of a 
radio frequency front-end and a correlator as shoWn in FIG. 

5; 

[0016] FIG. 7 is an illustration of the output of different 
receivers in the presence of White noise and multi-path 
conditions; 

[0017] FIG. 8. is an illustration of one embodiment of the 
pulse level quantiZation block, pulse ampli?er and energy 
estimator as shoWn in FIG. 5; 

[0018] FIG. 9. is an illustration of one embodiment of the 
Digital Signal Processor (DSP) and the template generator 
as shoWn in FIG. 5; 

[0019] FIG. 10 is an illustration of an ultra-Wideband 
pulse signal coarse acquisition process, ?ne acquisition 
method, and pulse sampling method; 

[0020] FIG. 11 is an illustration of the ultra-Wideband 
pulse acquisition process in the presence of multi-path 
interference and White noise; 

[0021] FIG. 12 is an illustration of an ultra-Wideband 
pulse receiver according to one embodiment of the present 
invention; 

[0022] FIG. 13 illustrates a method for receiving ultra 
Wideband signals according to one embodiment of the 
present invention; 

[0023] FIG. 14 illustrates a system for receiving ultra 
Wideband signals according to one embodiment of the 
present invention; 
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[0024] FIG. 15 illustrates another embodiment of a cor 
relating receiver structured to receive various data modula 
tion schemes; and 

[0025] FIG. 16 illustrates another embodiment of a cor 
relating receiver structured to operate in a multi-path envi 
ronment. 

[0026] It Will be recognized that some or all of the Figures 
are schematic representations for purposes of illustration and 
do not necessarily depict the actual relative siZes or locations 
of the elements shoWn. The Figures are provided for the 
purpose of illustrating one or more embodiments of the 
invention With the explicit understanding that they Will not 
be used to limit the scope or the meaning of the claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] In the folloWing paragraphs, the present invention 
Will be described in detail by Way of example With reference 
to the attached draWings. Throughout this description, the 
preferred embodiment and examples shoWn should be con 
sidered as exemplars, rather than as limitations on the 
present invention. As used herein, the “present invention” 
refers to any one of the embodiments of the invention 
described herein, and any equivalents. Furthermore, refer 
ence to various feature(s) of the present invention through 
out this document does not mean that all claimed embodi 
ments or methods must include the referenced feature(s). 

[0028] The present invention provides a method of receiv 
ing and demodulating a plurality of electromagnetic ultra 
Wideband (UWB) pulses, or signals. The pulses, or signals 
can be transmitted and received Wirelessly, or through any 
Wire medium, Whether the medium is tWisted-pair Wire, 
coaxial cable, ?ber optic cable, hybrid ?ber-coax, or other 
type of Wire media. 

[0029] Referring to FIGS. 1 and 2, one type of ultra 
Wideband (UWB) communication technology employs 
pulses of electromagnetic energy that are emitted at, for 
example, nanosecond or picosecond intervals (generally tens 
of picoseconds to a feW nanoseconds in duration). For this 
reason, this type of ultra-Wideband is often called “impulse 
radio.” That is, the UWB pulses are transmitted Without 
modulation onto a sine Wave carrier frequency, in contrast 
With conventional radio frequency technology as described 
above. A UWB pulse is a single electromagnetic burst of 
energy. That is, a UWB pulse may be a single positive burst 
of electromagnetic energy, a single negative burst of elec 
tromagnetic energy or a single burst of electromagnetic 
energy With a prede?ned phase. 

[0030] Alternate implementations of UWB can be 
achieved by mixing baseband pulses With a carrier Wave that 
controls a center frequency of a resulting UWB signal. 
Ultra-Wideband generally requires neither an assigned fre 
quency nor a poWer ampli?er. 

[0031] An example of a conventional radio frequency 
technology is illustrated in FIG. 1. IEEE 802.11a, a Wireless 
local area netWork (LAN) protocol, transmits radio fre 
quency signals at a 5 GHZ center frequency, With a radio 
frequency spread of about 5 MHZ. A UWB pulse may have 
a 2.0 GHZ center frequency, With a frequency spread of 
approximately 4 GHZ, as shoWn in FIG. 2, Which illustrates 
tWo typical UWB pulses. FIG. 2 illustrates that the shorter 
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the UWB pulse in time, the broader the spread of its 
frequency spectrum. This is because bandWidth is inversely 
proportional to the time duration of the pulse. A 600 
picosecond UWB pulse can have about a 1.8 GHZ center 
frequency, With a frequency spread of approximately 1.6 
GHZ and a 300-picosecond UWB pulse can have about a 3 
GHZ center frequency, With a frequency spread of approxi 
mately 3.2 GHZ. Thus, UWB pulses generally do not operate 
Within a speci?c frequency, as shoWn in FIG. 1. Because 
UWB pulses are spread across an extremely Wide frequency 
range, UWB communication systems alloW communica 
tions at very high data rates, such as 100 megabits per 
second or greater. 

[0032] Further details of UWB technology are disclosed in 
US. Pat. No. 3,728,632 (in the name of Gerald F. Ross, and 
titled: Transmission and Reception System for Generating 
and Receiving Base-Band Duration Pulse Signals Without 
Distortion for Short Base-Band Pulse Communication Sys 
tem), Which is referred to and incorporated herein in its 
entirety by reference. 

[0033] Also, because a UWB pulse is spread across an 
extremely Wide frequency range, the poWer sampled at a 
single, or speci?c frequency is very loW. For example, a 
UWB one-Watt pulse of one nano-second duration spreads 
the one-Watt over the entire frequency occupied by the UWB 
pulse. At any single frequency, such as at the carrier fre 
quency of a CATV provider, the UWB pulse poWer present 
is one nano-Watt (for a frequency band of 1 GHZ). This is 
calculated by dividing the poWer of the pulse (i.e., 1 Watt) by 
the frequency band (i.e., 1 billion HertZ). Generally, a 
multiplicity of UWB pulses are transmitted at relatively loW 
poWer (When sampled at a single, or speci?c frequency), for 
example, at less than —30 poWer decibels to —60 poWer 
decibels, Which reduces interference With conventional radio 
frequencies. UWB pulses, hoWever, transmitted through 
many Wire media typically do not interfere With Wireless 
radio frequency transmissions. Therefore, the poWer 
(sampled at a single frequency) of UWB pulses transmitted 
though Wire media may range from about +30 dBm to about 
—140 dBm. 

[0034] The present invention may be employed in any 
type of netWork, be it Wireless, Wire, or a mix of Wire media 
and Wireless components. That is, a netWork may use both 
Wire media, such as coaxial cable, and Wireless devices, such 
as satellites, or cellular antennas. As de?ned herein, a 
netWork is a group of points or nodes connected by com 
munication paths. The communication paths may be use 
Wires or be Wireless. A netWork as de?ned herein may 
interconnect With other netWorks and contain sub-networks. 
A netWork as de?ned herein may be characteriZed in terms 
of a spatial distance, for example, such as a local area 
netWork (LAN), a personal area netWork (PAN), a metro 
politan area netWork (MAN), a Wide area netWork (WAN), 
and a Wireless personal area netWork (WPAN), among 
others. A netWork as de?ned herein may also be character 
iZed by the type of data transmission technology in use on 
it, for example, a Transmission Control Protocol/Internet 
Protocol (TCP/IP) netWork, and a Systems NetWork Archi 
tecture netWork, among others. A netWork as de?ned herein 
may also be characteriZed by Whether it carries voice sig 
nals, data signals, or both. A netWork as de?ned herein may 
also be characteriZed by users of the netWork, such as, for 
example, users of a public sWitched telephone netWork 
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(PSTN) other type of public networks, and private networks 
(such as Within a single room or home), among others. A 
netWork as de?ned herein may also be characterized by the 
usual nature of its connections, for eXample, a dial-up 
netWork, a sWitched netWork, a dedicated netWork, and a 
non-sWitched netWork, among others. A netWork as de?ned 
herein may also be characteriZed by the types of physical 
links that it employs, for eXample, optical ?ber, coaXial 
cable, a miX of both, unshielded tWisted pair, and shielded 
tWisted pair, among others. 

[0035] The present invention may also be employed in any 
type of Wireless netWork, such as a Wireless PAN, LAN, 
MAN, or WAN. The present invention may be implemented 
in a “carrier free” architecture, Which does not require the 
use of high frequency carrier generation hardWare, carrier 
modulation hardWare, stabiliZers, frequency and phase dis 
crimination hardWare or other devices employed in conven 
tional frequency domain communication systems. 

[0036] One method practiced by the present invention 
involves modulation and demodulation of data by employ 
ing Differentially Phase Shift Keying (DPSK), or Phase 
Shift Keying (PSK) for an ultra-Wideband receiver. An 
incoming signal may be a plurality of ultra-Wideband 
(UWB) pulses Wherein each of the pulses includes data 
encoded Within a phase of the pulse. One method herein 
described initially estimates timing of the incoming signal 
With the use of a correlator and an energy estimator. In one 

embodiment of the present invention, the correlator pro 
duces a UWB pulse that matches in frequency and phase a 
UWB pulse generated by a UWB transmitter. The loWer 
miXing (or multiplication) product that represents the UWB 
pulse is forWarded to a UWB pulse envelope matched ?lter. 
Additional components of the correlation receiver may 
include a multiplicative miXer, ampli?ers, and band-pass 
and loW-pass ?lters. The incoming signal may be correlated 
With a local template signal then sent to the energy estimator. 

[0037] The energy estimator may include an absolute 
value detector such as a recti?er or a square laW detector that 
outputs the square of the incoming signal. The function of 
the absolute value detector is to provide a recti?ed pulse to 
an integrator. The integrator sums the UWB pulse, or signal 
across a ?nite time period and provides its output as a coarse 
timing signal to an analog to digital converter (ADC) and 
then to a digital signal processor (DSP). This summed signal 
gives the receiver a coarse timing estimate of the incoming 
signal or UWB pulse WindoW. This coarse signal, Which in 
one embodiment is Within one period of the UWB pulse, is 
appropriate for fast acquisition of UWB pulse position. The 
energy estimator provides a reference signal for accurate 
phase/frequency tuning of a UWB pulse template to an 
incoming UWB pulse, or signal. 

[0038] A number of receiver architectures are knoWn in 
the art of ultra-Wideband communications. These conven 
tional architectures can be classi?ed into tWo basic groups: 
coherent and non-coherent. One usual approach, as illus 
trated in FIG. 3, to non-coherent detection and demodula 
tion involves the use of envelope detectors 12 to provide an 
output signal 40 that is representative of an incoming signal 
10. The incoming signal 10 arrives at an envelope detector 
12 that includes a resistor R1 and a Diode D1. A negative 
part of the incoming signal 10 is suppressed by the diode D1 
and a half Wave recti?ed signal 20 is developed across the 
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resistor R1. The half-Wave recti?ed signal 20 contains high 
frequency components that are attenuated by a loW-pass 
?lter 14. A resultant loW frequency signal 30 is representa 
tive of the input signal but has a direct current (DC) offset. 
A capacitor C1 blocks the DC component of the signal 30 
and the output signal 40 is developed across a resistor R2. 

[0039] Non-coherent architectures have been used in the 
?eld of communications to receive and demodulate both 
amplitude-related signal modulation schemes, such as 
Amplitude Modulation (AM), dual sideband modulation, 
single sideband modulation, vestigial sideband modulation, 
as Well as angle-related modulation schemes such as Fre 
quency Modulation (FM) and Phase Modulation (PM). 

[0040] Conventional UWB receivers, as described above, 
typically use tWo correlating chains. A correlating chain is a 
process for performing one or more functions. For eXample, 
a continuous time correlating chain includes an analog 
correlator that includes a product (or mixer) folloWed by an 
integrator. An incoming signal is multiplied by a locally 
generated signal and transmitted to an integrator that inte 
grates and dumps the signal over a period of time. 

[0041] One correlating chain is used to provide a coarse 
timing estimate of a pulse. The coarse timing estimate is 
used to dither the frequency and phase of a locally generated 
signal. A second correlating chain is used as a data detector 
to lock-in on a precise timing of the signal and a peak of the 
pulse. 

[0042] According to one embodiment of the invention, an 
ultra-Wideband (UWB) receiver uses only a single correlator 
to estimate the coarse timing and also updates a locally 
generated signal for data detection. In another embodiment, 
the correlation receiver may include an absolute value 
detector that receives output from a pulse ampli?er and 
delivers inputs into an integrator. By using an absolute value 
detector in such a manner, this alloWs the integrator to 
integrate and dump over a Wider range of time. In addition, 
the absolute value detector provides tWice as much energy as 
typically transmitted to the integrator by adding a negative 
portion of the correlated signal (i.e., taking the absolute 
value of the signal) to the positive portion of the correlated 
signal. This is because conventional UWB receivers use a 
diode Which prevents the negative portion of a correlated 
signal from being transmitted to the integrator. Thus, only 
half of a signal is used to obtain the coarse timing signal. 

[0043] In communication systems having a transmitter 
that uses a signal modulation technique that does not include 
a carrier in a resultant spectrum, such as Dual Sideband 
Suppressed Carrier (DSBSC), a coherent detector is com 
monly used. A conventional coherent receiver architecture 
60 is illustrated in FIG. 4. An incoming signal is multiplied 
by a locally generated signal cos(u)ct) using a mixer 50(a). 
The locally generated signal is at the same frequency (no as 
a carrier of the incoming signal. The product of the incoming 
signal and the locally generated signal Will have tWo com 
ponents. Because the locally generated signal is at a carrier 
frequency, the ?rst signal component Will be loW frequency 
or close to DC. The second signal component is at tWice the 
carrier frequency. A loW-pass ?lter 52 may be used to 
attenuate a high frequency component of the output signal. 

[0044] Other coherent receiver architectures eXist, such as 
a “Costas loop” architecture 70, illustrated in FIG. 4. In this 
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architecture, a voltage controlled oscillator (VCO) 62 gen 
erates a local signal Which is mixed With an incoming signal 
by a mixer 50(b) to produce a ?rst mixed signal. A copy of 
the local signal may be phase delayed by 

[0045] and mixed With the incoming signal by mixer 50(c) 
to produce a second mixed signal. The mixed signals are 
then mixed to produce an error signal, Which may then be 
transmitted through a loW-pass ?lter 64(a), 64(b), 64(c) to 
control the VCO 62. In this con?guration, the ?rst mixed 
signal is taken as an output. 

[0046] Anumber of correlator designs, or architectures are 
used in ultra-Wideband communications. In one architecture, 
tWo correlators are used. Each correlator includes a mixer 
and an integrator. A local template signal is generated and 
delayed With a delay element to produce a second template 
signal. The ?rst template signal is correlated With an incom 
ing signal. The incoming signal is additionally correlated 
With the delayed template signal. Either the ?rst or second 
correlator provides a feedback signal to the template gen 
erator. 

[0047] FIG. 5 illustrates an ultra-Wideband correlating 
receiver constructed according to one embodiment of the 
present invention. As shoWn in FIG. 5, an incoming signal 
is received at a radio frequency (RF) front end 80. As shoWn 
in FIG. 6, the RF front end 80 may include an antenna 80(a), 
a, at least one ?lter 80(b), and at least one ampli?er (AMP) 
80(c). The ?lter 80(b) may be a band-pass ?lter (BPF). The 
ampli?er 80(c) may be a loW noise ampli?er With or Without 
gain control (GC) capabilities. 

[0048] As shoWn in FIGS. 5 and 6, the correlator 90 may 
include a mixer 90(a) and a UWB pulse matched ?lter 
(MPEF) 90(b). Additionally, there may be an optional ampli 
?er in the correlator (not shoWn). The optional ampli?er may 
include gain controlled capabilities. The mixer 50(a) mul 
tiplies the incoming signal by a locally generated template 
signal. The product of these signals has a high frequency 
component and a loW frequency component. The high 
frequency component and noise is ?ltered by the UWB pulse 
matched ?lter 90(b). 

[0049] By adjusting the frequency/phase of a UWB pulse 
shaped template to an incoming frequency/phase of a UWB 
pulse, and passing the resulting signal through the UWB 
pulse matched ?lter 90(b), the correlator 90 outputs a better 
approximation of time of receipt of the UWB pulse, and 
produces a better estimate of frequency, polarity and/or 
phase of the incoming signal, When compared to conven 
tional devices, as illustrated in FIG. 7. Speci?cally, FIG. 7 
illustrates the output from a square laW detector receiver (A), 
a direct conversion receiver (B), and a UWB correlation 
receiver (C), constructed according to one embodiment of 
the present invention. 

[0050] Referring to FIGS. 5 and 8, a cross correlated 
ultra-Wideband (UWB) pulse signal from the correlator 90 
may be forWarded to a pulse ampli?er 100 for further 
ampli?cation in ampli?er 100(a). The pulse ampli?er 100 
may include a loW-pass harmonic ?lter 100(b). The pulse 
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sequence energy estimator 120 may be used to provide a 
correlated pulse energy level in a coarse/?ne tuning process. 
The pulse sequence energy estimator 120 signal may be 
transmitted to a digital signal processor (DSP) 130 (shoWn 
in FIG. 5) that provides a correlation aperture WindoW 
signal, and/or a ?ne tuning signal for adjusting to a UWB 
pulse phase/frequency, and also executes a coarse UWB 
pulse positioning/?ne tuning algorithm. 

[0051] Additionally, all DSP 130 timing processes may be 
synchroniZed from a template generator 140 that includes a 
clock generator 140(a) (shoWn in FIG. 9). The pulse 
sequence energy estimator 120 may include an absolute 
value detector 120(a) that converts a negative portion of a 
correlated signal into a positive portion. The absolute value 
detector 120(a) may include a square laW detector. The pulse 
sequence energy estimator 120 may additionally include an 
integrate and dump function 120(b). The integrate and dump 
function 120(b) sums energy over a ?xed time period and 
outputs a signal corresponding to the amount of energy 
summed over that time period. The energy estimator 120 
may further include an analog-to-digital (A/D) converter 
120(d). The A/D converter 120(a) may provide a correlated 
pulse energy level to the DSP 130. One purpose of the 
correlated pulse energy level WindoW signal is to provide a 
reference related to the degree of correlation betWeen the 
template and an incoming pulse to the DSP 130. The DSP 
130 then makes a decision relating to WindoW aperture 
positioning and phase/frequency correction. 

[0052] As shoWn in FIGS. 5 and 8, the pulse level 
quantiZation block 110 may include a sample-and-hold 
function 110(a) and an A/D function 110(b). The correlated 
signal may be sampled by the sample-and-hold function 
110(a) and converted to a digital signal by the A/D function 
110(b). The correlated signal may carry data that represents 
polarity or pulse position in a data modulation symbol slot 
by its presence or absence in a given symbol slot location. 
The A/D function 110(b) may be multi-level Wherein it is 
capable of producing one, or more, bit resolution from a 
sample. In a preferred embodiment, the A/D function 110(b) 
is a 4-bit per sample resolution. 

[0053] As shoWn in FIGS. 5 and 9, the DSP 130 receives 
the data signal or digitiZed pulse level from a pulse level 
quantiZation block 110 and the signal that is proportional to 
pulse sequence energy content from the pulse sequence 
energy estimator 120. Preferably, an integration WindoW 
timing pulse is provided by the DSP 130 as Well, and it is 
forWarded to an integrate and dump block 120(b). The DSP 
130 may comprise one or more of: a Digital Signal Processor 
(DSP); a general-purpose computer processor; or a ?nite 
state machine. The DSP 130 may further process and format 
the received data. 

[0054] Additionally, as shoWn in FIGS. 5 and 9, the DSP 
130 may generate tWo output signals to the template gen 
erator 140. Both outputs may be based on an pulse sequence 
energy data input Which represent output from the pulse 
sequence energy estimator 120. The coarse pulse acquisition 
signal provides a correlation WindoW (TW) (shoWn in FIG. 
10A) and its position Within a symbol slot (Ts). In a 
preferred embodiment, accuracy of positioning may be 
de?ned Within one period of an ultra-Wideband pulse. The 
correlation WindoW TW may be shifted Within the symbol 
slot Ts until the pulse sequence energy (Eom) data exhibits 










