
Ultra Wideband Receiver Architecture Using  High Order
Gaussian Pulses and Method of Operation Background
The present invention relates to receiver systems and
in particular to ultra wideband  receiving systems and
methods of operation. Ultra wideband (UWB)
communications are emerging as an important protocol
for  providing high speed, low power, and multi-path
resilient communications. UWB  signals, consists of a
train of extremely narrow pulses, typically on the
order of 0.2 - 2.0 nanosecond (10-9 s). Usually, the
transmitted pulse (typically Gaussian in shape)
represents the modulation or baseband data, and
accordingly, UWB systems are  sometimes referred to as
"carrier-less" systems, as the modulation signal is
not  translated to another frequency for transmission.
Further, as the pulse period is very  short compared
to the pulse period, UWB signals occupy a very broad
communication  band at low power levels, making signal
recovery extremely challenging. Fig. 1 illustrates an
exemplary Gaussian signal UWB receiver known in the
art. The  system 100 includes a UWB antenna 102,
front-end filter 104, front-end amplifier 106,
correlator 110, and backend circuitry 120. During
reception, a UWB signal 101 is  collected by the UWB
antenna 102, and front-end filter 104 operates to
limit the input  bandwidth and reduce signal strength
at image frequencies. Front-end amplifier 106
provides additional signal strength with some addition
of noise. Importantly, the front- end amplifier 106 is
required to provide sufficient gain over the entire
UWB  bandwidth, which may extend 1-7 GHz (x 109 Hz).
Such a large gain-bandwidth  product is difficult to
provide, and typically results in degraded performance
over the  entire UWB bandwidth as compared to the
amplifier's performance over a narrower  band. The
front-end amplifier's marginal performance places a
high signal to noise  ratio (SNR) requirement on the
correlation for adequate receiver performance. What is
needed is an improved UWB receiver architecture which
is operable to provide  the necessary signal gain
while preferably reducing the SNR required from
front-end  



amplifier and correlator. 1 Summary  The present
invention provides an improved UWB receiver
architecture which is  operable to provide high signal
gain while reducing the gain-bandwidth product of an
implemented front-end amplifier, or removing the
necessity for it altogether. The new  UWB receiver is
especially suited to integrated circuit form, thereby
further facilitating  the system's use in short range
high speed wireless electronics. The present invention
includes an ultra wideband receiver system operable to
process a  high order Gaussian pulse. The UWB receiver
system includes an integrator group, a  correlator
circuit and a comparator circuit. The integrator group
includes an input  coupled to receive the high order
Gaussian pulse and an output coupled to the
correlator circuit, the integrator group having two or
more successively coupled  integration stages, each
integration stage operable to integrate, over a
predefined time  period, the signal received thereby,
the integrator group operable to output, in  response,
a lower order Gaussian pulse. The correlator circuit
is coupled to receive the  lower order Gaussian pulse,
and is operable to output a correlated output signal
corresponding to the correlation between the lower
order Gaussian pulse and a  predefined reference
signal. The comparator circuit is coupled to receive
the correlated  output data, and is operable to
compare the correlated output data to one or more
predefined values for construct a data stream
representing modulation data of the high  order
Gaussian pulse. These and other features of the
invention will be more clearly understood when viewed
in light of the following drawings and detailed
description of exemplary embodiments. Brief
Description of the Drawings Fig. 1 illustrates a
conventional ultra wideband receiver known in the art.
Fig. 2 illustrates a graph showing fractional
bandwidth versus signal order of a  Gaussian pulse. 



Figs. 3A and 3B illustrates an ultra wideband receiver
and corresponding  method for processing high order
Gaussian pulses in accordance with one embodiment  of
the present invention. 2 Fig. 4 illustrates a graph
showing the time domain waveform of a high order
Gaussian pulse as it is processed by the integration
stages in accordance with the  present invention. Fig.
5 illustrates a graph showing the time domain waveform
of a high order  Gaussian pulse train as it is
processed by an ultra wideband receiver in accordance
with the present invention. Fig. 6A illustrates a
graph showing the time domain waveform of a high order
Gaussian pulse train affected by multi-path and
additive white Gaussian noise effects  as it is
processed by an ultra wideband receiver in accordance
with the present  invention. Fig. 6B illustrates a
graph showing the BER as a function of input SNR for
an  ultra wideband receiver in accordance with one
embodiment of the present invention. For clarity,
previously identified features retain their reference
indicia in  subsequent drawings. Detailed Description
of Exemplary Embodiments General Overview As known in
the art, a Gaussian pulse has the form: P(t) = (1-
2(nft)2 )e-(' )Z (1) Eq. (1) represents a 0th order
Gaussian pulse, and higher order pulses are obtained
by  differentiating the Gaussian form shown in Eq.
(1). For example, a second order pulse  is obtained by
taking the second derivative of Eq. (1). As used
herein, the term "high  order" in the context of
Gaussian pulses denotes a signal order of 2 or higher.
Fig. 2 illustrates a graph showing fractional
bandwidth versus signal order of a  



Gaussian pulse. As shown, the fraction bandwidth of
the pulse quickly decreases with  increasing order. In
particular, the fractional bandwidth of a 5th order
Gaussian pulse  is approximately 50% of that of a 0th
order Gaussian pulse, whereas the center 3 frequency
remains substantially the same. Further in the time
domain, the peak-peak  amplitude increases, and the
pulse width decreases compared to the 0th order pulse.
Analysis has shown that the change in peak-peak
amplitude for the 5th order pulse is at  least 500
times, or > 40dB compared to a 0th order pulse. The
narrow time domain  nature of high-order Gaussian
pulses, as will be shown below, allows for the
relatively  noise free amplification and recovery of
the signal, even in high noise, multi-path
environments. In the following section, a 5th order
Gaussian pulse signal will be described and  analyzed.
In the analysis, an assumption of an additive white
Gaussian noise (AWGN) channel is  adopted. An
integration stage is provided as having sufficient
bandwidth and unit  amplifier gain: fh(z~a'z =1  -00
(2) The received signal with AWGN may be written as:
Sr (t) = Sca,~sla,~ (t) + S'AWGN = SGaressian (t)
+'~Channel-noise (3)  Where the superscripts are the
order or the order related variables. When signal
passes through the first integrator, the response is
as: Sr (t) _ $h(t-z)Sr(t)dz = 5h(t-z)SGa,~s,an(t)dz+ I
h(t-z)SAWGNdV (4)  _CO _CO 4 The first quantity to the
right of the equal sign in Eq. 4 is the response of
the interested  



signal. Furthermore: +00 J h(t-r)S' ,stan(t)dr =
SGanssran(t)  Gaj -00 (5) The second quality to the
right of the equal sign in Eq. 4 is the response of
the AWGN.  The AWGN is passed through a linear time
invariant system, producing another  AWGN. The mean
and the deviation of the response AWGN signal can be
obtained  after a brief derivation: m' =E I h(Zv)SAWGN
(t -Z)d- = E(SAWGN) f h(Z)dZ = mo ' mclmnnel-noise = 0
-00 R' (Z) = E[S0AWGN (t)S0AWGN (t r)],
ffh(rl)h(r2)E[s0AWGN(t-'rl)SAWGN(t+rl -r2)l rldr2 m R
(r) Rchannel noise (r) D' = R1(0) = R (0)=D channel
noise (6) The deviation gives the amplitude or Energy
of the Gaussian noise in time domain, and
accordingly, one observes from Eq. (6) that the noise
in not amplified. Therefore, the input signal to next
integration stage can be written as: S4 (t) - S4 (t) +
SAWGN - '' Gaussian (t) ' 'channel noise (6) 5 The
aforementioned procedures are repeated until the
signal passes through a series (in  this case 5)
integration stages to produce a 0th order signal. The
resultant signal can be  expressed as: 



S (t) = SGaicrsian (t) + Schannel noise Thus, the
signal's form allows for relatively noise-free gain.
Further as known and will  be shown in greater detail
below, the integration of a high order Gaussian pulse
to a  lower order signal produces a significant
increase in the peak-peak amplitude, thus  translating
to significant signal gain for the 0th order signal.
Thus, by a process of  successively integrating a high
order Gaussian pulse, a high degree of relatively
noise- free signal gain can be achieved. This process
is employed in the present invention to  process high
order Gaussian pulse signals in ultra wideband
receivers, the architecture  and operation of which
are now presented. UWB Receiver Architecture &
Operation Fig. 3A illustrates an ultra wideband
receiver in accordance with one embodiment of  the
present invention. As illustrated, the UWB receiver
300 includes an UWB antenna  304, a channel filter
X306, an integrator group 310, a synchronization
circuit 320, a  correlator 330, and a comparator 340.
The UWB antenna 304 is configured to receive  a high
order (order 2 or higher) Gaussian modulated pulse
("high order pulse" herein),  the frequency spectrum
of which is 3.1-10 GHz in the United States. Various
types of  UWB antenna are known in the art, however,
any antenna structure or similar receiving  means
which is operable to efficiently capture a signal over
the particular UWB spectrum may be used Channel filter
306 may be of any particular filter type (e.g.,
highpass, lowpass,  bandpass, bandstop, etc.) operable
to provide the desired attenuation to the received
high order pulse. As will be further shown below, the
integrator group 310 provides a  significant amount of
relatively noise-free signal gain, thus reducing or
eliminating the  need for traditional front end signal
amplification. Accordingly, one embodiment of the UWB
receiver 300 omits signal amplification (e.g., a low
noise amplifier or LNA) 6 ahead of the integrator
group 310. Such an architecture provides advantages in
requiring fewer circuit components and less power to
operate. The invention is not  



limited to an architecture which omits an amplifier
ahead of the integrator group 310,  and a LNA can used
to provide signal gain to the high order pulse 305
before the signal  integrator group 310 in an
alternative embodiment. In such an embodiment, the
gain- bandwidth product may be relaxed, as the signal
integration process provides much, if  not all, of the
signal gain needed to sufficiently process the
received signal. For  example, the bandwidth of the
front-end amplifier maybe relaxed to provide gain only
over a relatively narrow portion of the UWB spectrum.
The integrator group 310 includes two or more
successively coupled integration stages  311-313, each
integration stage operable to integrate the high order
pulse it receives  over a predefined integration time
period, thereby producing a modulated Gaussian  pulse
of one degree lower order at the output. The process
is repeated by the  subsequent integrator stage, the
integrator group 310 producing at the output, a lower
order Gaussian pulse 315 ("lower order pulse" herein).
In a particular embodiment, the  lower order pulse 315
is a 0th order Gaussian pulse, the integrator group
310 including  the appropriate number of stages
integrator to reduce the received high order pulse 305
to a 0th order Gaussian pulse. Further specifically,
the integration time period over  which the stages
311-313 integrate may be of the same duration.
Alternatively, each  integration stage may have a
different integration time period, for example,
successive  integration stages may have successively
longer integration periods. The term  "successive
integration" includes, but is not limited to
immediately successive  integration processes, as the
system and method may include one or more intervening
structures or functionality between the integrating
stages or processes. The integrator group 310
optionally includes an automatic gain control circuit
316  which is operable to control the gain of one or
more of the integration stages 311-313.  Particularly,
the AGC circuit 316 has an input coupled to receive
the lower order pulse  315 and a control output,
whereby the AGC circuit 315 supplies a control signal
317  operable to control amplitude gain of the
integration stages 312 to which it is coupled,  based
upon the amplitude of the lower order pulse 315. In a
further embodiment, the  



automatic gain control circuit is operable to control,
based upon the lower order 7 Gaussian pulse, the
integration time period of the one or more integration
stages to  which it is coupled. Further particularly,
the integrator group 310 supplies two synchronization
signals; the  lower order pulse 315 which additionally
functions as a fine synchronization signal,  and a
course integration signal which is the output of
another of the integration stages  (e.g., shown as the
output of integration stage 312 in Fig. 2A). The
synchronization  circuit 320 receives the coarse and
fine synchronization signals 314 and 315, as well as
a local clock signal 321, and generates a reference
synchronization signal 322. The  correlator 330
includes a multiplier 332 operable to receive the
lower order pulse 315  and a reference signal 331, the
multiplier 332 producing, in response, signal 333
which  represents a pulse width narrowed version of
the lower order pulse 315. An integrator  334 is
operable to integrate the pulse width modulated signal
333 over a predefined  time period, thereby producing
a correlated output signal 335 which represents the
correlation between the lower order pulse 315 and the
reference signal 331. Reference  synchronization
signal 322 is supplied to the integrator 334 for
synchronize the timing  of the integration process. A
comparator 340 is operable to compare the correlated
output data 335 to one or more predefined values, the
result of said comparison being  the construction of a
data stream which represents the modulation data. It
is noted that  because of the significant low noise
gain provided via the group integrator 310, the  SNR
of the correlator 330 is relaxed compared to
traditional UWB receiver systems. In a particular
embodiment, the integrator group 310, the
synchronization circuit 320,  correlator 330 and
comparator 340 are monolithically formed on an
integrated circuit.  The channel filter 306 may be
included in the integrated circuit, or alternatively,
fabricated off chip and coupled to the integrated
circuit via connection means such as  bond wire or
ribbon. Connection to the ultra wideband antenna 304
may be similarly  achieved. The aforementioned
integrated circuit may be fabricated using a variety
of  



different semiconductor processing techniques,
including CMOS, BiCMOS, SiGe,  GaAs, as well as
others. Referring now to Fig. 3B in which an exemplary
method of the receiver's operation is  described,
initially at 351 a high order Gaussian pulse 305 is
successively integrated to  produce a lower order
Gaussian pulse 315 (lower order pulse). This operation
is 8 achieved by means of the integrator group 310, in
which two or more integration stages  311-313 are used
to perform the integration operations. In a particular
embodiment,  the number of integration stages 311-313
provided and the number of respective  successive
integrations performed are such that the received high
order pulse 305 is  reduced to a 0`h order Gaussian
pulse 315. As noted above, the integration time period
for each integrations stage 311-313 may the
substantially the same or different, one  embodiment
of the latter case being successively longer
integration periods in order to  capture more of the
successively wider Gaussian time domain pulse. Next at
352, the lower order pulse is correlated to a
reference signal 331, resulting in  the generation of
a correlated output signal. This operation, in a
specific embodiment,  is carried out in a by the
correlator circuit 330 of Fig. 2B. At 353, the
correlated output  signal 335 is compared to one or
more predefined values to produce an output data
stream 342 which represents the modulation data. The
one or more predefined values  may be a fixed voltage
or threshold value, or a dynamic adjusting value
controlled by  digital part and based on system
response. In either case, the comparator 340 is
operable to construct an output data stream with bit
value(s) which correlate closest to  the signal state
of the correlated output signal 335. Operation 351
optionally includes various additional processes in
accordance with the  present invention. In one
embodiment, the successive integration process
includes  producing (i) a fine synchronization signal
315 from the last of the successive  integrating
processes, and (ii) a coarse synchronization signal
314 from another of the  successive integrating
processes. In such an embodiment, the correlation
operation of  



352 includes the processes of generating a reference
synchronization signal based upon  a supplied clock
signal 321, the fine synchronization signal 315 and
the coarse  synchronization signal 314, producing a
pulse-width modulated version of the lower  order
pulse 333, and using the reference synchronization
signal 322 to synchronize  integration of the
pulse-width modulated signal 333 to produce the
correlated signal  335. In a further specific
embodiment, the comparing operation also includes
using the  reference synchronization signal 322 to
synchronization of the comparing process 353. In a
further optional embodiment, operation 351 includes
controlling the amplitude of  one or more of the
successive integration operations, using an automatic
gain control 9 circuit 316. In such an operation, the
process includes receiving the lower order pulse  315
and, based thereon, outputting a control signal 317 to
control the amplitude of the  integration stage.
Alternatively in operation 351, the automatic gain
control circuit  operates to control, based upon the
lower order Gaussian pulse, the integration time
period of the one or more integration stages to which
it is coupled. Further optionally as noted above, the
method omits signal amplification prior to the
successive integration operation in 351. Omissions of
signal amplification allows for  lower power
consumption and reduced circuit size, features which
are especially  advantageous in integrated circuit
structures. Alternatively, front-end amplification
may be employed to supplement the signal gain provided
via the integrator group 310.  When the method
includes front-end amplification, the gain-bandwidth
product of such  a front-end process may be reduced,
as the signal integration process contributes most  of
the needed signal gain. For example, front-end
amplification may be bandlimited to  a relatively
narrow region of the UWB spectrum, as the signal
integration process in  351 provides sufficient gain
over the remaining UWB spectrum. Fig. 4 illustrates a
graph showing the time domain waveform of a 5th order
Gaussian  pulse as it is processed by the integration
stages 311-313 in accordance with the  present
invention. Trace 410 shows the waveform for a 5a'
order pulse and trace 420  



shows a resulting 4th order waveform after one
integration operation. Traces 430, 440,  450 and 460
represent 3rd, 2nd, 1st and 0th order pulse waveforms,
respectively. As can be seen, the peak-peak signal
amplitude increases with decreasing signal order,
thereby providing increased signal gain. Fig. 5
illustrates a graph showing the time domain waveform
of a 5th order Gaussian  pulse train as it is
processed by an ultra wideband receiver in accordance
with the  present invention. The simulation was
performed using MATLAB(r) 6.2 simulation  software
with ideal receiver circuits described above. Trace
510 shows a train of high order Gaussian pulses, trace
520 shows channel  additive Gaussian white noise
(AGWN), and trace 530 shows the pulse train received
at the UWB receiver including the effects of the AWGN.
Trace 540 shows the 10 processed pulse train after
processing by the integrator group 310, and trace 550
shows  the processes pulse train after the correlator
circuit 330. The data, particularly traces  530 and
540, show that the processes of successively
integrating the high order pulse is  effective in
providing very good signal gain and noise suppression,
thus enabling  signal recovery with high sensitivity
and low bit error rate (BER). Fig. 6A illustrates a
graph showing the time domain waveform of a high order
Gaussian pulse train affected by multi-path and
additive white Gaussian noise effects  as it is
processed by an ultra wideband receiver in accordance
with the present  invention. The transmitted signal is
simulated having characteristics allowed by the  UWB
guidelines in the United States. The UWB receiver was
simulated using the  above described circuits using
MATLAB(r) 6.2 simulation software. Trace 610 shows the
time domain waveform of a fifth order pulse train
received  approximately 8 meters away from the
transmitting source and in a multi-path AWGN  noise
environment. Trace 620 shows the pulse train after the
integrator group 310  upon completion of five
successive integration processes. Trace 630 shows the
pulse  train at the output of the correlator 330,
indicating successful recovery of the  



modulation data. Fig. 6B illustrates a graph showing
the BER as a function of input SNR for the UWB
receiver 300 described in Fig. 6A. As shown, the BER
response indicated very good  performance. As readily
appreciated by those skilled in the art, the described
processes may be  implemented in hardware, software,
firmware or a combination of these  implementations as
appropriate. In addition, some or all of the described
processes  may be implemented as computer readable
instruction code resident on a computer  readable
medium (removable disk, volatile or non-volatile
memory, embedded  processors, etc.), the instruction
code operable to program a computer of other such
programmable device to carry out the intended
functions. 11 The foregoing description has been
presented for purposes of illustration and
description. It is not intended to be exhaustive or to
limit the invention to the precise  form disclosed,
and obviously many modifications and variations are
possible in light  of the disclosed teaching. The
described embodiments were chosen in order to best
explain the principles of the invention and its
practical application to thereby enable  others
skilled in the art to best utilize the invention in
various embodiments and with  various modifications as
are suited to the particular use contemplated. It is
intended  that the scope of the invention be defined
by the claims appended hereto. 12 CLAIMS  What is
claimed is: 1. An ultra wideband (UWB) receiver
operable to process a high order Gaussian  pulse, the
UWB receiver comprising: an integrator group having an
input coupled to receive the high order  Gaussian
pulse and an output, the integrator group comprising a
plurality of  successively coupled integration stages,
each integration stage operable to integrate,  



over a predefined time period, the signal received
thereby, the integrator group  operable to output, in
response, a lower order Gaussian pulse; a correlator
circuit coupled to receive the lower order Gaussian
pulse, the  correlator circuit operable to output a
correlated output signal corresponding to the
correlation between the lower order Gaussian pulse and
a predefined reference signal;  and a comparator
circuit coupled to receive the correlated output data,
the  comparator circuit operable to compare the
correlated output data to one or more  predefined
values for construct a data stream representing
modulation data of the high  order Gaussian pulse. 2.
The UWB receiver of claim 1, wherein each of the
successively coupled  integration stages is operable
to integrate the signal over substantially the same
time  period. 3. The UWB receiver of claim 1, wherein
each of the successive coupled  integration stages is
operable to integrate the signal received thereby over
a respective  successively longer time period. 4. The
UWB receiver of claim 1, wherein the UWB receiver does
not include a  signal amplifier coupled ahead of the
integrator group. 5. The UWB receiver of claim 1,
further comprising a synchronization circuit  operable
to generate a reference synchronization signal,
wherein the output of the last of the successively
coupled integration stages  comprises a fine
synchronization signal; 13 wherein the output of
another of the integration stages comprises a coarse
synchronization signal; and wherein the
synchronization circuit is operable to receive the
fine and coarse  synchronization signals and a clock
signal, and based thereon, produces the reference
synchronization signal. 



6. The UWB receiver of claim 1, further comprising an
automatic gain control  circuit having an input
coupled to receive the lower order Gaussian pulse and
an  output coupled to one or more of the integration
stages, the automatic gain control  circuit operable
to control, based upon the lower order Gaussian pulse,
the integration  time period of the one or more
integration stages to which it is coupled. 7. The UWB
receiver of claim 1, further comprising: an antenna
configured to receive the high order Gaussian pulse;
and a filter having an input coupled to the antenna
and an output coupled to the  signal integrator, the
filter for providing signal rejection at one or more
predefined  frequencies. 8. The UWB receiver of claim
1, wherein the signal integrator, . the
synchronization circuit, the correlator circuit, and
the comparator circuit are formed  on an integrated
circuit. 9. The UWB receiver of claim 1, wherein the
filter, signal integrator, the  synchronization
circuit, the correlator circuit, and the comparator
circuit are formed  on an integrated circuit. 10. The
UWB receiver of claim 1, wherein the lower order
Gaussian pulse  comprises a 0th order Gaussian pulse.
11. The UWB receiver of claim 10, wherein the
integrator group comprises five  successively coupled
integration stages, and wherein the high order
Gaussian pulse  received at the first integration
stage comprises a 5th order Gaussian pulse signal. 14
12. The UWB receiver of claim 1, further comprising a
signal amplifier is coupled  ahead of the integrator
group and operable to amplify the amplitude of the
received  UWB signal over a limited portion of the UWB
signal bandwidth. 13. A method for operating an ultra
wideband receiver to recover data modulated  on a high
order Gaussian pulse signal, the method comprising:
successively integrating a received high order
Gaussian pulse signal to  



produce a lower order Gaussian pulse; correlating the
lower order Gaussian pulse signal with a reference
signal to  generate a correlated output signal; and
comparing the correlated output signal to one or more
predefined values to  recover the data modulated onto
the high order Gaussian pulse. 14. The method of claim
13, wherein successively integrating comprises
successively integrating the high order Gaussian pulse
to produce a 0th order Gaussian  pulse. 15. The method
of claim 13, wherein successively integrating the
received high  order Gaussian pulse includes:
producing (i) a fine synchronization signal from the
last of the successive  integrating processes, and
(ii) a coarse synchronization signal from another of
the  successive integrating processes, and wherein
correlating comprises: generating a reference
synchronization signal based upon a supplied clock
signal, the fine synchronization signal and the coarse
synchronization signal;  producing a pulse width
modulated version of the lower order Gaussian pulse,
and using the generated reference synchronization
signal to synchronize  correlation of the lower order
Gaussian pulse signal to a reference signal. 16. The
method of claim 13, wherein successively integrating
the received UWB  high order Gaussian pulse signal
includes controlling, based upon predefined
characteristics of the lower order Gaussian pulse
signal, the integration time period of  one or more of
the successive signal integrations. 15 17. The method
of claim 13, wherein successively integrating
comprises  successively integrating the high order
Gaussian pulse signal over substantially the  same
predefined integration period. 



18. The method of claim 13, wherein successively
integrating comprises  successively integrating the
high order Gaussian pulse signal over successively
wider  integration periods. 19. The method of claim
13, wherein amplifying the signal level of the high
order  Gaussian pulse is not performed prior to the
successive integration operation. 20. The method of
claim 13, wherein amplifying the signal level of the
high order  Gaussian pulse is performed prior to the
successive integration operation over a  limited
portion of the spectrum of the UWB signal. 21. A
computer program product, resident on a computer
readable medium, for  controlling an ultra wideband
receiver to recover data modulated on a high order
Gaussian pulse signal, the computer program product
comprising: instruction code to successively integrate
a received high order Gaussian pulse  signal to
produce a lower order Gaussian pulse; instruction code
to correlate the lower order Gaussian pulse signal
with a  reference signal to generate a correlated
output signal; and instruction code to compare the
correlated output signal to one or more  predefined
values to recover= the data modulated onto the high
order Gaussian pulse. 22. The computer program product
of claim 21, wherein the instruction code to
successively integrate comprises instruction code to
successively integrate the high  order Gaussian pulse
to produce a 0th order Gaussian pulse. 23. The
computer program product of claim 21, wherein the
instruction code to  successively integrating the
received high order Gaussian pulse includes:
instruction code to produce (i) a fine synchronization
signal from the last of  the successive integrating
processes, and (ii) a coarse synchronization signal
from  another of the successive integrating processes,
and 16 wherein the instruction code to correlate
comprises: instruction code to generate a reference
synchronization signal based upon a  



supplied clock signal, the fine synchronization signal
and the coarse synchronization  signal; instruction
code to produce a pulse width modulated version of the
lower order  Gaussian pulse, and instruction code to
use the generated reference synchronization signal to
synchronize correlation of the lower order Gaussian
pulse signal to a reference signal. 24. The computer
program product of claim 21, wherein the instruction
code to  successively integrate the received UWB high
order Gaussian pulse signal includes  instruction code
to control, based upon predefined characteristics of
the lower order  Gaussian pulse signal, the
integration time period of one or more of the
successive  signal integrations. 25. The computer
program product of claim 21, wherein the instruction
code to  successively integrate comprises instruction
code to successively integrate the high  order
Gaussian pulse signal over substantially the same
predefined integration period. 26. The computer
program product of claim 21, wherein the instruction
code to  successively integrate comprises instruction
code to successively integrate the high  order
Gaussian pulse signal over successively wider
integration periods. 17 


