
US 20060030287A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2006/0030287 A1 

Vanderhelm et al. (43) Pub. Date: Feb. 9, 2006 

(54) ADAPTIVE NOISE REDUCTION SYSTEM 

(75) 

(73) 

(21) 

(22) 

(63) 

7.7. 

FOR A WIRELESS RECEIVER 

Inventors: Ronald John Vanderhelm, Surrey 
(CA); Wenkai Zhong, Burnaby (CA); 
Peter R.H. McConnell, Vancouver 
(CA) 

Correspondence Address: 
THELEN REID & PRIEST, LLP 
P. 0. BOX 640640 
SAN JOSE, CA 95164-0640 (US) 

Assignee: SIERRA WIRELESS 

Appl. No.: 11/243,359 

Filed: Oct. 3, 2005 

Related US. Application Data 

Continuation of application No. 10/163,036, ?led on 
Jun. 4, 2002, noW Pat. No. 6,968,171. 

Publication Classi?cation 

(51) Int. Cl. 
H04B 1/10 (2006.01) 

(52) Us. 01. .......................................... .. 455/296; 455/295 

(57) ABSTRACT 

A receiver With reduced near ?eld noise is described. The 
receiver has a far range receiving section con?gured to sense 
a desired signal that includes near ?eld noise. The receiver 
further includes a near range receiving section con?gured to 
sense a near ?eld noise reference signal. An adaptive noise 
canceller (AN C) of the receiver is con?gured to detect the 
magnitude of an error vector from the far range receiving 
section. The AN C is con?gured to adjust the phase and gain 
of the near ?eld noise reference signal in response to the 
magnitude of the error. Accordingly, the AN C can generate 
a corrected near ?eld noise reference signal that is added to 
the desired signal With an adder. The near ?eld noise is 
canceled by the addition of the corrected near ?eld noise 
signal. The ANC uses a least mean square technique to 
determine the amount of correction needed. 
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ADAPTIVE NOISE REDUCTION SYSTEM FORA 
WIRELESS RECEIVER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of Invention 

[0002] The present invention relates generally to noise 
cancellation systems and more particularly to an adaptive 
noise cancellation system capable of reducing received 
noise. 

[0003] 2. Status of the Prior Art 

[0004] Considerable radio noise is generated by Personal 
Computers (PC’s), as Well as other portable computing 
devices. The noise created by these devices can interfere 
With the reception of signals by devices such as Wireless 
Wide Area NetWork Adapters thereby reducing the sensitiv 
ity of the adapter and hence the range to the base station. 

[0005] The interference can be reduced by suppressing the 
noise at the source through improved design of the noise 
emitting electronic device. Alternatively, the noise can be 
reduced by choosing an antenna for the receiving device 
Which isolates the antenna from the computer using distance 
(i.e., remote cable connection) or other means. HoWever, 
these solutions have not been effective because of the 
reluctance of device manufacturers to increase product cost 
and a user’s reluctance to use a remote cabled antenna. 

[0006] A common problem With both PCMCIA and OEM 
Wireless modules is that host generated noise can cause 
desense of the modem on one or more channels of the 
Wireless data service. Desense refers to host generated 
Electro-Magnetic Interference (EMI) increasing the effec 
tive level of the noise ?oor and reducing the effective 
sensitivity of the receiver. Measurements have shoWn that 
desense in the laptop environment for the PCS band can be 
as high as 19 dB and for the 850 MHZ band can be as high 
as 30 dB. 

[0007] The desense typically arises from digital clock 
noise generated by the computing device. The clock noise 
creates harmonics and other spectral components Which lie 
Within the bandWidth of the radio channel being used. If 
these spectral emissions occur Within the channel being used 
for data communication, then problems of interference can 
occur. The emissions are strong enough to signi?cantly 
degrade the input sensitivity of the receiver, even though 
their strength is loW enough to meet regulatory emission 
requirements. 

[0008] Most common current paths Within an electronic 
device (such as a personal computer) consist of I/O cables, 
printed circuit board (PCB) signal traces, poWer supply 
cables, and poWer-to-ground loops. Each of these current 
paths can function as an antenna Which radiates electric and 
magnetic ?elds. Interaction of these ?elds With other signals 
is EMI. The magnitude of the EMI is a function of several 
characteristics of the transmitted signal—such as frequency, 
duty cycle, and voltage sWing (i.e., amplitude). Determining 
the role of transmitted signal characteristics is best analyZed 
in the frequency domain using a Fourier transformation. Any 
periodic function in the time domain f(t), may be represented 
by an in?nite series of sines and cosines: 
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Where 

0J=2 n/T (2) 

and 

T =1 /frequency. (3) 

The magnitude of the coef?cients An and BD are determined 
from the duty cycle, edge rate, and magnitude of the digital 
signal. 

[0009] If the signal is non-periodic (such as hardWare With 
a microcontroller Which references RAM, Flash, I/O 
devices, control lines, etc. in a time varying fashion), the 
Fourier Series representation of f(t) (i.e., Equation 1) Would 
contain terms for a Wide range of fundamental components 
such as fundamental frequencies and all of their harmonics. 

[0010] In a typical PCMCIA or OEM installation, the 
signal spectrum near the logic boards Would appear to be 
fairly Wideband in nature and comprise a large number of 
individual spectral peaks Whose amplitude Would vary in 
time With the function being performed by the digital logic 
of the board. FIGS. 1 and 2 illustrate representative 
eXamples of time domain and frequency domain Waveforms. 

[0011] The frequency spectrum generated by the high 
clock speeds and sharp edges of clocks in modern digital 
devices can eXtend Well into the GigaHertZ region. As such, 
these signals may be Within the allocated bandWidth of 
commercial communication services. As previously men 
tioned, these signals may be relatively loW in amplitude to 
satisfy the requirements of regulatory emission levels. HoW 
ever, these signals are quite strong When compared to the 
Received Signal Strength Indication (RSSI) of Wireless 
netWork transmissions. For eXample, the RSSI from a base 
station may be in the order of about —85 dBm, but the level 
of interference from nearby digitally generated noise may be 
in the order of —80 dBm. As is evident, a —5 dBm signal to 
noise ratio results in this eXample and Would degrade the 
overall Wireless netWork performance. 

[0012] The present invention addresses the above-de 
scribed interference problems associated With electronic 
devices by providing a system and method of adaptive noise 
cancellation. In this respect, the present invention provides 
a system Which can adaptively cancel electronic device 
generated noise from nearby radiating electronic devices. 

BRIEF SUMMARY OF THE INVENTION 

[0013] In accordance With the present invention, there is 
provided a receiver With reduced near ?eld noise having a 
far range receiving section that is con?gured to sense a 
desired signal having near ?eld noise. The receiver further 
includes a near range receiving section con?gured to sense 
a near ?eld noise reference signal. An adaptive noise can 
celler (ANC) of the receiver is con?gured to detect the 
magnitude of an error vector from the far range receiving 
section and adjust the phase and gain of the near ?eld noise 
reference signal in response thereto. Accordingly, the AN C 
is con?gured to generate a corrected near ?eld noise refer 
ence signal that is added to the desired signal With an adder. 
The near ?eld noise is canceled by the addition of the 
corrected near ?eld noise signal. The AN C uses a least mean 
square technique to determine the amount of correction 
needed. 

[0014] The far range receiving section includes a far range 
antenna, a far range bandpass ?lter and a far range ampli?er 
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Which are operative to sense the desired far ?eld signal 
having near ?eld noise. Similarly, the near range receiving 
section includes a near range antenna, a near range bandpass 
?lter and a near range ampli?er Which are operative to sense 
the near ?eld noise reference signal. In order to generate the 
corrected near ?eld reference signal, the receiver further 
includes a phase corrector electrically connected to the AN C 
and operative to correct the phase of the near ?eld noise 
reference signal in response to the magnitude of the error 
vector. Furthermore, the receiver includes a gain corrector 
electrically connected to the ANC and operative to correct 
the gain of the near ?eld reference signal. 

[0015] In accordance With the present invention, the 
receiver may further include a demodulator electrically 
connected to the ANC and operative to demodulate the 
signal therefrom. In order to further process the signal from 
the far ?eld antenna, the receiver may further include an 
in-phase path and a quadrature phase path. The in-phase path 
has a mixer operative to mix the signal from the far ?eld 
bandpass ?lter With a local oscillator signal that has been 
phase shifted by ninety degrees. The in-phase path further 
includes a loW pass ?lter electrically connected betWeen the 
mixer and a digital to analog converter (DAC). The loW pass 
?lter and the DAC are operative to produce a digital repre 
sentation of the received signal before processing by the 
AN C. Similarly, the quadrature phase path includes a mixer 
to mix the signal from the far range bandpass ?lter With a 
local oscillator signal. The signal from the mixer in the 
quadrature phase path is then passed through another loW 
pass ?lter and another DAC before being inputted into the 
AN C. 

[0016] In accordance With the present invention, it is also 
possible to correct the phase and gain of the near ?eld noise 
reference signal using a tap delay line (TDL) Which receives 
compensation coef?cient signals from the ANC. Speci? 
cally, the ANC generates a gain compensation coef?cient 
signal and a phase compensation coef?cient signal in 
response to the magnitude of the error from the far range 
receiving section. The gain compensation coef?cient signal 
is mixed With the near ?eld noise reference signal to 
generate a gain compensated near ?eld noise reference 
signal. The phase compensation coefficient signal is mixed 
With the near ?eld noise reference signal to generate a phase 
compensated near ?eld noise reference signal. Next, the gain 
compensated near ?eld noise reference signal and the phase 
compensated near ?eld noise reference signal are added 
together to generate the corrected near ?eld noise reference 
signal. 

[0017] In accordance With the present invention, there is 
provided a method for reducing near ?eld noise in a desired 
signal. The method commences by sensing the desired signal 
having near ?eld noise. Next, a near ?eld noise reference 
signal is sensed. A compensation signal is then generated 
With an adaptive noise canceller by detecting the magnitude 
of an error vector from the far range receiving section. The 
phase and gain of the near ?eld noise reference signal is then 
adjusted With the compensation signal in order to generate a 
corrected near ?eld noise reference signal. Finally, the 
corrected near ?eld noise reference signal is added to desired 
signal in order to cancel the near ?eld noise. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] These, as Well as other features of the present 
invention, Will become more apparent upon reference to the 
draWings Wherein: 

[0019] FIGS. 1 and 2 are time domain and frequency 
domain Waveforms for an example of clock noise; 

[0020] FIG. 3 is block level diagram of a noise cancelling 
receiver constructed in accordance With a ?rst embodiment 
of the present invention; 

[0021] FIG. 4 is a block level diagram of a second 
embodiment of the noise cancelling receiver; 

[0022] FIG. 5 is a block level diagram of a third embodi 
ment of the noise cancelling receiver; 

[0023] FIG. 6 is a block level diagram of a fourth embodi 
ment of the noise cancelling receiver; 

[0024] FIG. 7 is a block level diagram of an adaptive 
noise canceller; 

[0025] FIG. 8 is a block level diagram of a Finite Impulse 
Response (FIR) ?lter; 
[0026] FIG. 9 is a Waveform diagram for a single carrier 
Wave (CW) interferer; 

[0027] FIG. 10 is a Waveform diagram for the signal in 
FIG. 9 Without any interference; 

[0028] FIG. 11 is a Waveform diagram showing the output 
of the adaptive noise canceller converging; 

[0029] FIG. 12 is a Waveform diagram shoWing the mean 
square error converging for the adaptive noise canceller; 

[0030] FIG. 13 is a Waveform diagram shoWing a signal 
With multiple interferers; 

[0031] FIG. 14 is a Waveform diagram shoWing the mean 
square error converging for multiple interferers; 

[0032] FIG. 15 is a Waveform diagram shoWing the mean 
square error converging for a signal With time-varying 
interferers; 
[0033] FIG. 16 is a bit diagram for a CDPD code shoWing 
a forWard synchroniZation Word; 

[0034] FIGS. 17 and 18 are Waveform diagrams shoWing 
correlation of the forWard synchroniZation Word; and 

[0035] FIG. 19 is a Waveform diagram shoWing the mean 
square error converging for the synchroniZation Word. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0036] Referring noW to the draWings Wherein the shoW 
ings are for purposes of illustrating a preferred embodiment 
of the present invention only, and not for purposes of 
limiting the same, FIG. 3 illustrates a ?rst embodiment of a 
direct conversion receiver 10 having adaptive noise cancel 
lation. The receiver 10 has a far range signal antenna 12 for 
sensing a desired signal and associated noise. The noise is 
from the near ?eld and generated by the host electronic 
device of the receiver 10. The far range signal antenna 12 is 
connected to a duplexor 14 Which alloWs the signal antenna 
12 to be used for both transmitting and receiving a signal. 
For simplicity, only a receiver portion for the receiver 10 is 
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shown in FIG. 3. However, it Will be recognized that the 
receiver 10 may include a transmit portion that is part of a 
receiver 10 such that the antenna 12 is can be used to 
transmit signals as Well. 

[0037] Connected to the duplexor 14 is a bandpass ?lter 
(BPF) 16 With a pass band for the desired frequencies to be 
received. The output of the bandpass ?lter 16 is fed into a 
loW noise ampli?er (LNA) 18 Which ampli?es the received 
signal. The output of the LNA 18 is fed to an adder 20 Which 
adds the signal detected by the signal antenna 12 With a 
noise cancellation signal, as Will be described in greater 
detail beloW. The far range signal antenna 12, BPF 16, and 
LNA 18 form a far range receiving section of the receiver 10. 

[0038] The receiver 10 further includes a local oscillator 
(LO) 32 Which generates a local oscillator signal from a 
phase lock loop (PLL) (not shoWn). The phase of the LO 
signal from the LO 32 is shifted ninety degrees by phase 
shifter 34. The phase shifted LO signal is then mixed With 
the signal from the adder 20 With mixer 36 in an in-phase (I) 
path of the receiver. The output of the mixer 36 is inputted 
into a loW pass ?lter (LPF) 40 Which passes the desired loW 
frequencies of the mixed signal. The output of the LPF 40 is 
inputted into an analog to digital converter (ADC) 46 Which 
produces a digital representation of the signal. After the 
signal has been converted into a digital representation, the 
signal is inputted into an adaptive noise canceller 50. 

[0039] The signal from the adder 20 is also processed 
through a quadrature phase (Q) path of the receiver 10. 
Speci?cally, the output of the adder 20 is inputted into mixer 
38 Which mixes the signal With the LO signal from the LO 
32. The output of the mixer. 38 is passed through LPF 42 and 
then ADC 48. The digital representation of the signal (in the 
quadrature phase path) from the ADC 48 is then inputted 
into the AN C 50. The output of the AN C 50 is inputted into 
a demodulator 52 for signal conversion. 

[0040] The ANC 50 is able to measure the magnitude of 
the error vector for the complex baseband signal from the 
quadrature and in-phase paths. Then the AN C 50 can adjust 
the gain and phase of a noise canceller loop to minimiZe the 
effects of any error. Speci?cally, the receiver 10 has a near 
range interferer antenna 22 Which detects any near range 
interference caused by radiating EMI from the electronic 
host device. The interferer antenna 22 can therefore obtain 
a near ?eld noise reference signal Which is passed through 
BPF 24 and LNA 26. The interferer antenna 22, BPF 24 and 
LNA26 form a far range receiving section of the antenna 10. 
Next, the gain of the noise reference signal is adjusted 
according to a compensation signal generated by the AN C 
50. 

[0041] Speci?cally, the output of the LNA 26 is inputted 
into gain corrector 28 Which adjusts the gain of the noise 
reference signal in response to a gain compensation signal 
generated by the ANC 50. After passing through the gain 
corrector 28, the phase of the noise reference signal is 
adjusted by a phase corrector 30 in response to a phase 
compensation signal generated by the AN C 50. The output 
of the phase corrector 30 is then inputted into the adder 20 
such that the corrected noise reference signal is added to the 
received signal to minimiZe interference. 

[0042] If s(t) represents the desired signal from the signal 
antenna 12 and n1(t) represents the undesired noise also 
received from an interferer at antenna 12, then the receiver 
path signal is: 
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h(l)=5(l)+”1(l) (4) 

[0043] The interference loop path should ideally receive 
the undesired noise only and Will be scaled and phase shifted 
due to the BPF 24, LNA 26 and the physical separation 
betWeen signal antenna 12 and interferer antenna 22. The 
signal at interferer antenna 22 is: 

[0044] At the adder 20, the desired signal is added With the 
scaled and phase shifted noise reference signal to result in: 

GU) = k0) + "2(1) (6) 

[0045] The goal of the ANC 50 is to minimiZe the term 
n1(t)+G*a*n1(t—"c+(I>). By minimiZing the error vector mag 
nitude for the desired signal s(t) at baseband, the ANC 50 
desires a situation Where: 

_1 (3) 

[0046] The advantage of this scheme is that once G and (I) 
are optimiZed in terms of the error vector magnitude, they do 
not need to adapt to any changes in the time domain 
characteristics of the interference. Because only tWo param 
eters are adapted (i.e. G and (D), it is easy for the ANC 50 
to calculate the result using a beast Mean Squares (LMS) 
equaliZer. Alternatively, the adaptation could easily be dealt 
With by Falconer’s algorithm. HoWever, the convergence of 
the equaliZer must also ensure equaliZer self-noise doesn’t 
degrade the performance of the demodulator 52. In order for 
the noise cancellation scheme to Work, the noise n2(t) must 
be highly correlated With n1(t), but it does not need to be 
knoWn in advance. 

[0047] In order to ensure optimal cancellation, the tWo 
paths (i.e, the received signal path and the noise cancellation 
path) should be identical as possible. Accordingly, identical 
BPF’s 24, 16 and LNA’s 18, 26 should be used. This Will 
ensure that any effects of differential group delay betWeen 
the desired channel and the interference channel Will be 
minimiZed. 

[0048] The noise reference signal from the near range 
interferer antenna 22 can be derived in various Ways. A ?rst 
method is to create a loop identical to the signal antenna 12 
in terms of connectoriZation and cabeling, except that the 
loop Would be terminated With a short circuit to ground. This 
method provides a conducted interference reference. Alter 
natively, H-?eld antennas could be used to sample the 
interference. Because the desired signal antenna 12 is an 
E-?eld antenna, an H-?eld antenna Would offer rejection of 
the desired signal Which is bene?cial for the cancellation 
process. 

[0049] Referring to FIG. 4, the receiver 10 of FIG. 3 can 
be alternatively implemented using a delay line structure. 
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For instance, in the case Where the interference is a single 
sinusoid, the phase corrector 30 and gain corrector 28 can be 
reduced to a simple tWo-stage tapped delay line The 
receiver 56 of FIG. 4 comprises an identical receiver portion 
as that shoWn in FIG. 3. HoWever, the gain corrector 28 and 
the phase corrector 30 are replaced With delay lines. Spe 
ci?cally, the noise reference signal from interferer antenna 
22 is fed through BPF 24 and LNA 26 before being inputted 
into mixer 58 that mixes the noise reference signal With 
coef?cient a1. Similarly, the noise reference signal is phase 
shifted by "c in shifter 62 and then mixed With coef?cient a2 
by mixer 62. The scaled and phase shifted noise reference 
signals from the mixers 58 and 60 are then added together 
by adder 64 to generate the scaled and phase shifted replica 
of the interference. By appropriate scaling of the tWo coef 
?cients a1 and a2, the gain and phase of the noise reference 
signal is adjusted to cancel the near ?eld interference in the 
signal channel. The actual phase of the TDL output is 
governed by the ratio of a1/a2. 

[0050] In the example shoWn in FIG. 4, "u must be greater 
than or equal to l/Af, Where l/Af is the bandWidth over 
Which the AN C 50 is required to operate. The embodiment 
of the receiver 56 is ideally suited for single frequency 
interference and may also Work for multiple carriers depend 
ing on their relative phases and amplitudes. Ideally, for 
multiple interfering carriers, a higher order TDL structure is 
required. 

[0051] Referring to FIG. 5, a circuit 68 for adaptive 
cancellation at baseband using an independent RF interfer 
ence channel is shoWn. The circuit 68 is similar to circuits 
10 and 56, yet the I and Q channels for both the interference 
and the signal plus interference are available separately. The 
received signal is processed using converter 70, While the 
noise reference signal is processed using converter 72. The 
converters 70 and 72 are identical structures, as seen in FIG. 
5. 

[0052] Accordingly, the noise reference signal has an I 
path Wherein the noise reference signal from the LNA 26 is 
mixed by a mixer 136 With a LO signal from LO 132 that has 
been phase shifted ninety degrees by LO shifter 134. After 
being mixed With the phase shifted LO signal, then the noise 
reference signal is passed through LPF 140 and DAC 146 
and into AN C 50. Similarly, the noise reference signal from 
LNA 26 is mixed With the LO signal from LO 132 by mixer 
138 in the Q path. The mixed noise reference signal is then 
passed through LPF 142 and DAC 148 before being inputted 
into AN C 50. The AN C 50 is able to separately process the 
noise reference signal in order to cancel the noise in the 
desired signal. Accordingly, the AN C 50 can add the noise 
cancel signal to the received signal in order to cancel noise. 

[0053] Referring to FIG. 6, an adaptive noise cancellation 
circuit 74 With beam forming is shoWn. As Will be recog 
niZed by those of ordinary skill in the art, a phased array 
antenna can be used to direct a main antenna lobe toWards 
a desired signal and/or direct antenna nulls toWard far range 
interferers (i.e., other base stations or sources of interference 
in the far ?eld). The phased array antenna system is formed 
by tWo or more antennas Which are combined at complex 
baseband in such a Way as to form an antenna pattern to 
minimiZe the effects of far ?eld interference. HoWever, the 
beamforming technique is only applicable to far ?eld inter 
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ferers because the received signal and near ?eld noise is the 
same (or nearly the same) at each antenna and in the near 
?eld of the array. 

[0054] HoWever, by including an RF sWitch 76 that 
sWitches betWeen the near range interferer antenna 22 and a 
far range interferer antenna 23 it is possible to reduce both 
far ?eld and near ?eld noise. Accordingly, the circuit 74 
includes RF sWitch 76 Which is operable to sWitch betWeen 
the near range interferer antenna 22 Which senses the near 

?eld reference signal and the far range interferer antenna 23 
Which senses the far ?eld signal plus interference. Further 
more, the circuit 74 includes an AN C and adaptive steering 
module 51 Which controls the sWitch 76 in order to choose 
Which antenna 22 or 23 is to receive the noise reference 
signal. The AN C and adaptive antenna steering module 51 is 
similar to the ANC 50 but further includes the ability to 
choose and steer the antenna beam as desired. Accordingly, 
the ANC and adaptive antenna steering module 51 could 
implement either a phase array beam steering algorithm to 
minimiZe far ?eld interference, or an adaptive noise cancel 
ing technique to minimiZe the near ?eld interference, as 
previously described. 

[0055] As previously mentioned above, the AN C 50 uses 
a cancellation technique in order to generate the compen 
sation signal that cancels noise in the desired signal. A 
general form of the AN C 50 is shoWn in FIG. 7. In general, 
the ANC 50 seeks to reduce the noise induced error in a 
signal such that a statistical criterion or cost function is 
optimiZed. The ANC 50 uses the error e(n) betWeen the 
received signal and the desired signal in the derivation of the 
cost function. The desired signal s(k) is corrupted by some 
noise source n(k). 

[0056] The tWo most common optimiZation techniques 
are: 

[0057] (1) Minimum Mean Square Error—minimiZes the 
expectation E{e2(k)} Where E denotes the expectation 
operator, e(k)=d(k)—y(k) is the estimation error, d(k) is the 
desired response and y(k) is the actual ?lter output. 

[0058] (2) Exponentially Weighted Least Squares Error— 
minimiZes the sum 
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[0059] Where N is the total number of samples and 1 
denotes the exponential Weighting factor Whose value 
is close to 1. 

[0060] As previously mentioned, the ANC 50 processes 
the noise reference in such a Way as to minimiZe the cost 
function. In order for this cancellation to occur, there must 
be some degree of correlation betWeen the noise reference 
signal and the noise Which is degrading the signal. The most 
common form to realiZe the adaptive cancellation technique 
is the direct form even though other forms are available (i.e., 
cascade form, parallel form, and lattice form). A system 
block diagram for a direct form conventional FIR ?lter is 
shoWn in FIG. 8. 






