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(57) ABSTRACT

A real-time signal processing system and method based on
multi-channel independent component analysis (ICA). A
one-pass recursive ICA processor uses a computation module
to perform multi-channel ICA on a set of first data to generate
a plurality of second data and third data. A noise removing
module uses the computation module to identify noise in the
second data and remove the identified noise to generate a
plurality of fourth data. A reconstruction module uses the
computation module to reconstruct the set of first data based
on the fourth data and the third data to generate a plurality of
fifth data. The one-pass recursive ICA processor, the noise
removing module, the reconstruction module and the compu-
tation module are all implemented on a single chip, such that
the one-pass recursive ICA processor, the noise removing
module and the reconstruction module share the same com-
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REAL-TIME SIGNAL PROCESSING SYSTEM
AND METHOD BASED ON MULTI-CHANNEL
INDEPENDENT COMPONENT ANALYSIS

FIELD OF THE INVENTION

[0001] The present invention relates to a real-time signal
processing system and method, and more particularly, to a
real-time signal processing system and method based on
multi-channel independent component analysis.

BACKGROUND OF THE INVENTION

[0002] There are activities continuously going on in the
nerve cells of the human brains, and these cell activities emit
electromagnetic waves, which are known as the brainwaves.
[0003] Electroencephalogram (EEG) is a diagram that
records changes in the potential difference between two
points on the skull over time, usually measured in microvolts.
The generation of the potential difference is related to the
potential of the cell membrane. There is a potential difference
between two sides of any cell membranes. This is because the
attraction between excess intracellular negative ions and
extracellular positive ions results in a potential between the
outer and inner layers of the cell membrane. The potential
difference recorded by EEG is a collective result of millions
of nerve cells near the surface of the cerebral cortex, i.e., the
sum of the potentials of multiple brain cells in a specific point
in time rather than the potential change of a single brain cell.
[0004] AnEEG scan can record the potential changes in the
brain cells in order to determine whether the brain has dis-
charge or potential abnormalities, and this can be used by
physicians to diagnose epilepsy, central nervous system and
dementia, for example. However, brainwaves are easily sub-
jected to noise interference, such as those caused by eye
rolling or moving, blinking, muscle vibration, noise from the
power supply and so on. Such noise will affect the processing
and computing of brain-wave related applications. Therefore,
eliminating noise interference is crucial to the technology of
brainwave measurement.

[0005] However, the hardware currently used for eliminat-
ing noise in brainwave measurement technology tends to be
cumbersome and/or costly. If software is used for reducing
the cost of hardware, noise may not be removed effectively.

[0006] Therefore, it is a challenge in the art to reduce the
hardware cost of the EEG detection equipment while achiev-
ing real-time processing.

SUMMARY OF THE INVENTION

[0007] A real-time signal processing system based on
multi-channel independent component analysis (ICA)
includes a one-pass recursive ICA processor for performing
multi-channel ICA ona set of first data to generate a plurality
of second data and third data; a noise removing module
coupled with the one-pass recursive ICA processor for receiv-
ing the plurality of second data, identifying noise in the plu-
rality of second data and removing the identified noise to
generate a plurality of fourth data; and a reconstruction mod-
ule coupled with the noise removing module and the one-pass
recursive ICA processor for receiving the plurality of fourth
data and third data, and reconstructing the set of first data
based onthe plurality of fourth data and third data to generate
a plurality of fifth data.

[0008] The set of first data are raw data, the second data are
aresult of the raw data after ICA with the noise, the third data
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are an unmixing weight matrix for separating the set of first
data to generate the plurality of the second data, the fourth
data are a result of the raw data after ICA and noise removal,
and the fifth data are a result of the raw data after multi-
channel ICA, noise removal and signal reconstruction.
[0009] In addition, the real-time signal processing system
based on multi-channel ICA further includes a receiving cir-
cuit and an output circuit, wherein the receiving circuit is
coupled to the one-pass recursive ICA processor to input an
input signal to the one-pass recursive ICA processor and
sample the input signal to obtain the set of first data, and the
output circuit is coupled to the reconstruction module to
receive the plurality of fifth data and output an output signal.
[0010] Moreover, the real-time signal processing system
based on multi-channel ICA further includes a computation
module coupled to the one-pass recursive ICA processor, the
noise removing module, and the reconstruction module,
wherein the one-pass recursive ICA processor uses the com-
putation module to perform multi-channel recursive ICA in a
single pass on the set of first data to generate the plurality of
second data and third data, the noise removing module uses
the computation module to perform noise identification on
the plurality of second data and remove the identified noise to
generate the plurality of fourth data, and the reconstruction
module uses the computation module to perform reconstruc-
tion on the set of first data based on the plurality of fourth data
and third data to generate the plurality of fifth data.

[0011] Furthermore, the receiving circuit, the one-pass
recursive ICA processor, the noise removing module, the
reconstruction module, the output circuit and the computa-
tion module in the real-time signal processing system based
on multi-channel ICA are implemented on a single chip.
[0012] A real-time signal processing method based on
multi-channel independent component analysis (ICA)
includes the steps of: (1) performing multi-channel ICA on a
set of first data to generate a plurality of second data and third
data; (2) identifying noise in the plurality of second data and
removing the identified noise to generate a plurality of fourth
data; and (3) reconstructing the set of first data based on the
plurality of fourth data and third data to generate a plurality of
fifth data.

[0013] Before step (1) above, the method further includes
receiving an input signal and sampling the input signal to
obtain the set of first data, and performing the next sampling
after step (1) is finished.

[0014] Compared to the prior art, the real-time signal pro-
cessing system and method based on multi-channel one-pass
recursive independent component analysis (ICA) can reduce
hardware cost while processing the input signals effectively
in real time to provide precise output signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The present invention can be more fully understood
by reading the following detailed description of the preferred
embodiments, with reference made to the accompanying
drawings, wherein:

[0016] FIG. 1is a schematic block diagram illustrating the
basic components of a real-time signal processing system
based on multi-channel one-pass recursive independent com-
ponent analysis (ICA) in accordance with the present inven-
tion;

[0017] FIG. 2 is a schematic block diagram illustrating the
basic components in the real-time signal processing system
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based on multi-channel one-pass recursive ICA in accordance
with an embodiment of the present invention;

[0018] FIG. 3 is a schematic block diagram illustrating the
flow of a real-time signal processing method based on multi-
channel one-pass recursive ICA in accordance with an
embodiment of the present invention;

[0019] FIG. 4 is a flowchart illustrating the real-time signal
processing method based on multi-channel one-pass recur-
sive ICA in accordance with the present invention;

[0020] FIG. 5 is a schematic diagram illustrating input sig-
nals of the real-time signal processing system based on multi-
channel one-pass recursive ICA in accordance with the
present invention; and

[0021] FIG. 6 are results of the real-time signal processing
system performing the real-time signal processing method
based onmulti-channel one-pass recursive ICA in accordance
with the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0022] The present invention is described in the context of
the following specific embodiments. Those with ordinary
skills in the arts can readily understand other advantages and
effects of the present invention upon reading the disclosure of
this specification. The present invention can be implemented
or applied in other different embodiments.

[0023] Referring to FIG. 1, a real-time signal processing
system based on multi-channel one-pass recursive indepen-
dent component analysis (ICA) 1 in accordance with the
present invention is shown, which mainly includes a one-pass
recursive [CA processor 12, a noise removing module 13, and
a reconstruction module 14.

[0024] The one-pass recursive ICA processor 12 performs
multi-channel recursive independent component analysis
(ICA) in a single pass on a set of first data to generate a
plurality of second data and third data, wherein the set of first
data are raw data, the second data are the result of raw data
after ICA with noise, and the third data are an unmixing
weight matrix for separating the set of first data to generate
the plurality of the second data.

[0025] The noise removing module 13 is coupled to the
one-pass recursive [CA processor 12 to receive the plurality
of second data, identify the noise in the plurality of second
data and remove the identified noise to generate a plurality of
fourth data, wherein the fourth data are the result of raw data
after ICA and noise removal.

[0026] The reconstruction module 14 is coupled to the
noise removing module 13 and the one-pass recursive ICA
processor 12 to receive the plurality of fourth data and the
third data, and reconstruct the first data based on the plurality
of fourth data and the third data to generate a plurality of fifth
data, wherein the fifth data are the result of raw data after ICA,
noise removal, and reconstruction.

[0027] In addition, as shown in FIG. 1, the real-time signal
processing system based on one-pass recursive ICA 1 may
usually further include a receiving circuit 11, an output circuit
16, and a computation module 15.

[0028] The receiving circuit 11 is coupled to the one-pass
recursive ICA processor 12 to input an input signal to the
one-pass recursive ICA processor 12 and sample the input
signal to obtain the set of first data. Moreover, the receiving
circuit 11 waits for the one-pass recursive ICA processor 12 to
finish ICA and generate the second data or third data before
performing the next sampling on the input signal. The noise
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removing module 13 immediately performs identification
and noise removal upon receiving the second data and sends
to the reconstruction nodule 14. The reconstruction module
14 performs reconstruction of the set of first data based on the
fourth data and the third data in real time to generate the
plurality of fifth data.

[0029] The output circuit 16 is coupled to the reconstruc-
tion module 14 to receive the plurality of fifth data and output
an output signal for the subsequent use.

[0030] The computation module 15 is coupled to the one-
pass recursive ICA processor 12, the noise removing module
13, and the reconstruction module 14, such that the one-pass
recursive ICA processor 12 uses the computation module 15
to perform the recursive [CA in a single pass on the set of first
data to generate the plurality of second data and third data; the
noise removing module 13 uses the computation module 15to
perform noise identification on the plurality of second data
and remove the identified noise to generate the plurality of
fourth data; and the reconstruction module 14 uses the com-
putation module 15 to reconstruct the set of first data based on
the plurality of fourth data and third data to generate the
plurality of fifth data. Therefore, the one-pass recursive ICA
processor 12, the noise removing module 13, and the recon-
struction module 14 share the same computation module 15.
[0031] In FIG. 1, the receiving circuit 11, the one-pass
recursive ICA processor 12, the noise removing module 13,
the reconstruction module 14, the computation module 15,
and the output circuit 16 are all implemented on the same chip
to achieve a system on chip (SOC). Moreover, the one-pass
recursive ICA processor 12, the noise removing module 13
and, the reconstruction module 14 all share the same compu-
tation module 15 to achieve low hardware cost.

[0032] Next, FIGS. 2 and 3 further describe the real-time
signal processing system based on one-pass recursive ICA in
accordance with the present invention and its operational
flows. FIG. 2 is a schematic block diagram illustrating the
real-time signal processing system based on one-pass recur-
sive ICA in accordance with an embodiment of the present
invention, and FIG. 3 is a flowchart illustrating a real-time
signal processing method based on one-pass recursive ICA in
accordance with an embodiment of the present invention.
[0033] As shown in FIG. 2, a real-time signal processing
system based on one-pass recursive ICA 2 in accordance with
the present invention includes a receiving circuit 21, a one-
pass recursive ICA processor 22 coupled to the receiving
circuit 21, a noise removing module 23 coupled to the one-
pass recursive ICA processor 22, a reconstruction module 24
coupled to the one-pass recursive ICA processor 22 and the
noise removing module 23, acomputation module 25 coupled
to the one-pass recursive ICA processor 22, the noise remov-
ing module 23, and the reconstruction module 24, an output
circuit 26 coupled to the reconstruction module 24 and a
transceiver 27 coupled to the output circuit 26. The real-time
signal processing system based on one-pass recursive ICA 2
in accordance with the present invention can be implemented
on a chip 20.

[0034] As shown in FIG. 2, the computation module 25
includes a decomposer 251, a multiplier 252, a memory 253,
abus 254 coupled to the decomposer 251, the one-pass recur-
sive ICA processor 22 and the reconstruction module 24, a
bus 255 coupled to the multiplier 252, the one-pass recursive
ICA processor 22 and the reconstruction module 24, and a
memory controller 256 coupled to the memory 253, the one-
pass recursive ICA processor 22 and the reconstruction mod-
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ule 24. The one-pass recursive ICA processor 22 includes a
first-stage processing module 22¢ and a second-stage pro-
cessing module 22b. The second-stage processing module
22b comprises: a one-pass recursive unmixing weight sub-
module for calculating the unmixing weight matrix in a single
pass; a nonlinearity submodule coupled with the one-pass
recursive unmixing weight submodule for determining the
nonlinearity function with hyperbolic tangent; a kurtosis sub-
module coupled with the nonlinearity submodule for calcu-
lating the kurtosis value of the second data; a time-varying
forgetting factor submodule coupled with the one-pass recur-
sive unmixing weight submodule for calculating the forget-
ting factor; and a normalization submodule coupled with the
one-pass recursive unmixing weight submodule for calculat-
ing the normalization of the third data. The nonlinearity sub-
module comprises: a mirrored nonlinearity look-up unit for
determining the hyperbolic tangent of the second data; a state
selected multiplexor coupled with the mirrored nonlinearity
look-up unit and the output register for determining nonlin-
earity function in accordance with the system state of the
one-pass recursive ICA processor; a kurtosis selected multi-
plexor coupled with the state selected multiplexor for deter-
mining nonlinearity function in accordance with the output
result of the kurtosis submodule; and an output register
coupled with the state selected multiplexor for buffering the
determined nonlinearity function.

[0035] The flow chart of the real-time signal processing
method based on one-pass recursive ICA in accordance with
the present invention is described below in conjunction with
FIG. 3. The receiving circuit 21 receives an input signal such
as a brainwave signal. The receiving circuit 21 samples the
input signal with a sampling frequency of 128 samples per
second.

[0036] Tt should be noted that the first data X are repre-
sented by amatrix, and X, represents an element in the matrix,
so X and X, both indicate the first data. Data below are
represented in the similar way.

[0037] The one-pass recursive ICA processor 22 includes a
first-stage processing module 22¢ and a second-stage pro-
cessing module 224.

[0038] The first-stage processing module 22a4 performs
whitening process on the first data X, to generate a covariance
matrix Cov(X,) of the first data X,. Then the decomposer 251
is used to perform processing on the covariance matrix Cov
(X,) to generate a whitening matrix P which is equal to the
inverse-square-root covariance matrix Cov(X,). Then the
multiplier 252 is used to perform float-point operation on the
whitening matrix P, and the first data X, to remove depen-
dency between the data, thereby generating sixth data Z, . The
processes performed by the first-stage processing module 22«
are shown in equations (1) to (3) below.

Cov(X)=E| X X7 M
P=Cov(X)™? o)
Z=PxX 3)

[0039] The second-stage processing module 225 performs
the independent component analysis training on the sixth data
7, in order to generate the third data, i.e., an unmixing weight
matrix W,, and the multiplier 252 is used to carry out process-
ing on the sixth data 7, and the third data W, to generate the
second data wherein the processing performed by the second-
stage processing module 225 on the second data Y, the third
data W, and the sixth data Z, is one-pass recursive ICA algo-
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rithm. The processes performed by the second-stage process-
ing module 224 are shown in equations (4) to (11) below. The
second data’Y generated are the result of the raw data X after
one-pass recursive ICA with noise.

Y=WxZ @
A wxfTxw ®)
AW= = |wo 22 27
A T ToAfT =y =1
W=W+ AW ®)
w w Y @
W= = =Wx(W, w2
IRRUAT
0.995 ®)
. m,nsmooo
(n) = 0.095
—_ 1000
D007+ 251"
Efy* ®)
kuri(y) = {): ) -
(EWyth”
f(y) = -2 tanh(y), for Super- Gaussian components (10
F{y)= -2 tanh(y), for Sub- Gaussian components (1)

[0040] , wherein A(n) is the time-varying forgetting factor,
kurt(y) is the kurtosis function of the second data, f(y) is the
nonlinearity function, W is the one-pass recursive unmixing
weight maxtix, and equation (7) is the normalization of W.

[0041] In other words, the first data X after going through
the first-stage processing module 22a and the second-stage
processing module 225 can be separated into data of indepen-
dent multiple channels, and among these independent mul-
tiple channels, it is not yet known which contain the signal
and which contain noise.

[0042] The noise removing module 23 can perform noise
identification on the second data Y and remove the identified
noise to generate the fourth data Y, i.e., the result of the raw
data after ICA and noise removal.

[0043] The reconstruction module 24 can use the multiplier
252 and the decomposer 251 to perform processing on the
square-root matrix P and the third data W, and then use the
multiplier 252 to perform processing on the fourth dataY , the
processed inverse-square-root of a corvance matrix W and the
third data W to generate the fifth data X, i.e., the result of the
raw data X after multi-channel ICA, noise removal, and sig-
nal reconstruction. The processes performed by the recon-
struction module 24 are shown in equations (12) to (17)
below.

D) = [d(@), di + 1), ... ,d(i+m=1)] 12)
d(D(i), D())] = max[|d(i +k) - d(j+ k)] (13)
B" = {number of d[D(i), D()] <r}/(N-M -1) (14)
1 N-m (15)

B = 2B
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-continued
SampEn(m, r) = In[B™(r)] - [n(B™*(r)] (16)
Xc=WlxY, = (ED'E) Y, (n

[0044] 1t should be noted that the above equations (1) to
(13) are exemplary means for implementing the first-stage
processing module 22a, the second-stage processing module
22b and the reconstruction module 24 of the present inven-
tion, and the present invention is not limited as such.

[0045] The computation module 25 is now further
described in more details. The one-pass recursive ICA pro-
cessor 22, the noise removing module 23, and the reconstruc-
tion module 24 of the present invention all share the same
computation module 25. In the computation module 25, the
decomposer 251 performs singular value decomposition
(SVD). The decomposer 251 is designed to he shared in order
to reduce hardware cost. In addition, since the accuracy of the
matrix multiplication used in the present invention has a great
impact on the results of the subsequent system computations,
so the IEEE 754 double-precision float-point arithmetic, for
example, can be used to construct the multiplier 252 in the
computation module 25. The multiplier 252 is constructed
with only a set of float-point multiplier, so reduction of hard-
ware cost can be achieved. Moreover, the memory 253 in the
computation module 25 stores intermediate values of internal
operations, that is, 1o store data afier being processed by the
second-stage processing module 225 for use by the subse-
quent noise removing module 23 and the reconstruction mod-
ule 24, Furthermore, the computation module 25 provides
function to one of the first-stage processing module 224, the
second-stage processing module 225, the noise removing
module 23, and the reconstruction module 24 at a time, that s,
each of the modules has to wait for the previous module to
finish before performing its operation. Such time division
multiplexing ensures these modules will not contend
resources.

[0046] Theoutput circuit 26 can receive the first data X, the
second data Y and the fifth data X _to output a corresponding
output signal. Thus, the output circuit 26 can output three
types of signals, i.e., the unprocessed signal, the signal after
ICA with noise, and the signal after ICA, noise removal, and
signal reconstruction. In addition, the computation module 25
also outputs a control signal to the output circuit 26 to control
one of said three types of signals outputted by the output
circuit 26.

[0047] The transceiver 27 sends out the output signal via a
network medium such as Bluetooth and the like.

[0048] Next, the flow of the real-time signal processing
method based on multi-channel one-pass recursive indepen-
dent component analysis (ICA) in accordance with the
present invention is generally described in FIG. 4.

[0049] Instep S31, ICA is performed on a set of first data
(i.e., raw data) Co generate a plurality of second data (i.e., the
result of the raw data after ICA with noise) and third data
(which are an unmixing weight matrix for separating the set
of first data to generate the plurality of the second data). It
should be noted that, before step S31, an input signal is first
received and sampled to obtain the set of first data, and the
next sampling is performed only after step S31 is completed.
In addition, step S31 further includes that the set of first data
are processed to generate a covariance matrix of the set of first
data, the covariance matrix is processed to generate a whit-
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ening matrix P, which is equal to the inverse-square-root
covariance matrix Cov(X,), and then a float-point operation is
performed on the whitening matrix P and the set of first data
to generate sixth data; and the sixth data are processed to
generate the third data, and the sixth data and the third data are
processed to generate the second data. Furthermore, in step
S31, a one-pass recursive ICA algorithm is performed on the
second data, the third data and the sixth data.

[0050] Instep S32, noise identification is performed on the
plurality of second data to remove the identified noise so as to
generate a plurality of fourth data (i.e., the result of the raw
data after ICA and noise removal).

[0051] InstepS33, reconstruction is performed on the setof
first data based on the plurality of fourth data and third data to
generate a plurality of fifth data (i.e., the result of the raw data
after ICA, noise removal and signal reconstruction). More-
over, step S33 further includes that the reconstruction module
uses the multiplier and the decomposer to process an inverse
matrix of the third data, and uses the multiplier to process the
processed inverse matrix of the third data and the fourth data
to generate the plurality of fifth data.

[0052] Next, the present invention is described with refer-
ence to FIGS. 5 and 6, FIG. 5 is a schematic diagram illus-
trating input signals of the real-time signal processing system
based on multi-channel one-pass recursive independent com-
ponent analysis (ICA) in accordance with the present inven-
tion, and FIG. 6 is the results of the real-time signal process-
ing system performing the real-time signal processing
method based on one-pass recursive multi-channel indepen-
dent component analysis (ICA) of the present invention. In
FIG. §, brainwaves are used as examples, wherein the peaks
in the signals are the noise, such as eye-movement noise. It
can be seen that, after processing by the real-time signal
processing system based on multi-channel one-pass recursive
independent component analysis (ICA) in accordance with
the present invention, the noise is removed as shown in FIG.
6 by the non-existence of peaks that were originally present in
FIG.S.

[0053] In an embodiment, the real-time signal processing
system based on multi-channel one-pass recursive indepen-
dent component analysis (ICA) in accordance with the
present invention is designed on a chip with an area of 1829x
1821 um?® with an operating frequency of 50 MHz, for
example. The power of the chip can be simulated with Nano-
sim, wherein the power is approximately 8.56 mW under 1.0
V and a working frequency of 50 MHz.

[0054] Insummary, the real-time signal processing system
based on multi-channel one-pass independent component
analysis (ICA) in accordance with the present invention is
designed on a single chip, wherein the one-pass recursive ICA
processor, the modules and the circuits on the chip all share
the same computation module, so that various operations can
be carried out in a time division multiplexing manner. More-
over, the one-pass recursive ICA processor of the present
invention performs one-pass recursive independent compo-
nent analysis immediately upon receiving the first data
sampled by the receiving circuit, and the receiving circuitalso
waits for the one-pass recursive ICA processor to finish per-
forming the ICA on the first data and outputting the result to
the noise removing module before carrying out the next data
sampling. As a result, hardware resources on the chip can be
efficiently used to reduce hardware cost and achieve real-time
processing of signals.
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[0055] The above embodiments are only used to illustrate
the principles of the present invention, and should not be
construed as to limit the present invention in any way. The
above embodiments can be modified by those with ordinary
skill in the art without departing from the scope of the present
invention as defined in the following appended claims.

What is claimed is:

1. A real-time signal processing system based on multi-
channel one-pass recursive independent component analysis
(ICA), comprising:

a one-pass recursive ICA processor for performing multi-
channel recursive ICA calculation in a single pass on a
set of first data to generate a plurality of second data and
a plurality of third data;

a noise removing module coupled with the one-pass recur-
sive ICA processor for receiving the plurality of the
second data, identifying noise in the plurality of the
second data and removing identified noise to generate a
plurality of fourth data; and

a reconstruction module coupled with the noise removing
module and the one-pass recursive ICA processor for
receiving the fourth data and the third data, and recon-
structing the set of the first data based on the fourth data
and the third data to generate a plurality of fifth data.

2. The real-time signal processing system based on multi-
channel one-pass recursive ICA of claim 1, wherein the set of
the first data are raw data, the second data are a result of the
raw data after ICA with the noise, the third data are an unmix-
ing weight matrix for separating the set of the first data to
generate the plurality of the second data, the fourth data are a
result of the raw data after ICA and noise removal, and the
fifth data are a result of the raw data after multi-channel ICA,
noise removal and signal reconstruction.

3. The real-time signal processing system based on multi-
channel one-pass recursive ICA of claim 1, further compris-
ing a receiving circuit and an output circuit, wherein the
receiving circuit is coupled to the one-pass recursive ICA
processor to input an input signal to the one-pass recursive
ICA processor and sample the input signal to obtain the set of
the first data, and the output circuit is coupled to the recon-
struction module to receive the plurality of the fifth data and
output an output signal.

4. The real-time signal processing system based on multi-
channel one-pass recursive ICA of claim 3, further compris-
ing a computation module coupled to the one-pass recursive
ICA processor, the noise removing module and the recon-
struction module, wherein the one-pass recursive ICA pro-
cessor uses the computation module to perform the multi-
channel recursive ICA calculation in a single pass on the set
of the first data to generate the second data and the third data,
the noise removing module uses the computation module to
perform noise identification on the second data and remaove
the identified noise to generate the fourth data, and the recon-
struction module uses the computation module to perform
reconstruction on the set of the first data based on the fourth
data and the third data to generate the fifth data.

5. The real-time signal processing system based on multi-
channel one-pass recursive ICA of claim 4, wherein the
receiving circuit, the one-pass recursive ICA processor, the
noise removing module, the reconstruction module, the out-
put circuit, and the computation module are implemented on
a single chip, and the one-pass recursive ICA processor
includes a first-stage processing module and a second-stage
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processing module, and the computation module includes a
decomposer, a multiplier, a memory, a memory controller,
and a bus controller.

6. The real-time signal processing system based on multi-
channel one-pass recursive ICA of claim 5, wherein the first-
stage processing module is coupled with the receiving circuit
for processing the set of the first data to generate a covariance
matrix of the set of the first data, using the decomposer to
process the covariance matrix to generate a square-root
matrix of the covariance matrix, and using the multiplier to
perform a float-point operation on the square-root matrix and
the set of the first data to generate sixth data, and the second-
stage processing module is coupled with the first-stage pro-
cessing module so as to process the sixth data to generate the
third data, and use the multiplier to process the sixth data and
the third data to generate the second data.

7. The real-time signal processing system based on multi-
channel one-pass recursive ICA of claim 6, wherein the sec-
ond-stage processing module performs a one-pass recursive
ICA algorithm on the second data, the third data and the sixth
data.

8. The real-time signal processing system based on multi-
channel one-pass recursive ICA of claim 6, wherein the sec-
ond-stage processing module comprises:

a one-pass recursive unmixing weight submodule for cal-

culating an unmixing weight matrix in a single pass;

a nonlinearity submodule coupled with the one-pass recur-

sive unmixing weight submodule for determining a non-
linearity function with a hyperbolic tangent;

a kurtosis submodule coupled with the nonlinearity sub-
module for calculating a kurtosis value of the second
data;

a time-varying forgetting factor submodule coupled with
the one-pass recursive unmixing weight submodule for
calculating a forgetting factor; and

a normalization submodule coupled with the one-pass
recursive unmixing weight submodule for calculating
the normalization of the third data.

9. The real-time signal processing system based on multi-
channel one-pass recursive ICA of claim 8, wherein the non-
linearity submodule comprises:

a mirrored nonlinearity look-up unit for determining a
hyperbolic tangent of the second data;

a state selected multiplexor coupled with the mirrored non-
linearity look-up unit and an output register for deter-
mining a nonlinearity function in accordance with a
system state of the one-pass recursive ICA processor;
and

a kurtosis selected multiplexor coupled with the state
selected multiplexor fur determining a nonlinearity
function in accordance with an output result of the kur-
tosis submodule,

wherein the output register is coupled with the state
selected multiplexor for buffering the determined non-
linearity function.

10. The real-time signal processing system based on multi-
channel one-pass recursive ICA of claim 5, wherein the
reconstruction module uses the multiplier and the decom-
poser to process an inverse matrix of the third data, and uses
the multiplier to process the processed inverse matrix of the
third data and the fourth data to generate the plurality of the
fifth data.
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11. A real-time signal processing method based on multi-
channel one-pass recursive independent component analysis
(ICA), comprising the steps of:

(1) performing multi-channel one-pass recursive ICA on a

set of first data to generate a plurality of second data and
a plurality of third data;

(2) identifying noise in the second data and removing the
identified noise to generate a plurality of fourth data; and

(3) reconstructing the set of the first data based on the
fourth data and the third data to generate a plurality of
fifth data.

12. The real-time signal processing method based on multi-
channel one-pass recursive ICA of claim 11, before step (1),
further comprising receiving an input signal and sampling the
input signal to obtain the set of the first data, and performing
a next sampling after step (1) is finished, and wherein step (1)
further comprises:

(1-1) processing the set of the first data to generate a cova-
riance matrix of the set of the first data, and processing
the covariance matrix to generate a square-root matrix of
the covariance matrix, and performing a float-point
operation on the square-root matrix and the set of the
first data to generate sixth data; and

(1-2) processing the sixth data to generate the third data and
processing the sixth data and the third data to generate
the second data.
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