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(57) Abstract: The present invention discloses a
method and system for processing a plurality of sig-
nals together in a single circuitry using a multi-fre-
quency chopping. The system is configured to include
a first level chopping, an amplifier for amplification, a
second level chopping, a filter for filtration and an
Analog to Digital Converter (ADC). The system is
further configured to receive low frequency input sig-
nals and apply the first level of chopping by translat-
ing signals to a higher frequency. Further, the system
is configured to amplity the signals and apply the
second level of chopping to translate the signal back
to original frequency. During second level of chop-
ping, signals are translated to new frequencies other
than their baseband by chopping each signal at a dit-
ferent frequency. Further, the signals are combined
into a single signal and send to an Analog-to-Digital
Converter (ADC) for digitizing.
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| SIGNAL ACQUISITION USING A MULTI-FREQUENCY CHOPPING
IN A SINGLE CIRCUITRY

FIELD OF INVENTION

[001] The embodlments herein relate to 51gna1 acqulsmon and more
paxfticularly, to process different signals received from -different channels
together in a single circuitry using multi-frequency chopping.

BACKGROUND

[002] Slgnal acqulsmon system measures - real wbrld“ physical
coneltlons and convert ‘an acqulred analog s1gna‘l mto a dlgltal signal for
processmg. A typical signal acqulsmon system includes a sensor to acquire the
analog' signal and convert the analog signal to the digital signal using an
Analog-to-Digital Converter (ADC). When measufing low frequency analog
signals using . the signal acquisition system, - Ihe analeg' signals have
unfavorable noise characteristics at low frequency and it is necessary to
'process the analog signals in a high frequency.

[003] For example, consider biopotential signals generated due to the
electrochemical vactivity of certain cells present in different organs (like
nervous, muscular or glandular tissues) of a body a human or non-human
object. These signals have very low amplitude and their frequency content is

quite low (few hundreds of mHz to few hundreds of Hz). Generally, a multi-
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?:.v Channel biopotential Slgn al-'acciui'sition systemv ‘hay“ing"several, electrodes is
- usedto jcvletect*’-e‘ir'ld- achire the biopotential"si"gnal"sl’from the human or‘ non-
| human object Each blopotentlal channel mclude an electrode for acqumng a
| blopotentlal s1gnal an amphﬁer for amphfymg the acqulred blopotentlal s1gna1
and "a filter for filtering out undesired - amplified signals to provide a
| biopptential outputsitgn‘al. As the freqliency of these types of signals is very
' 1o'w‘,“'the effect of noise‘is very hlgh and greater‘diffllcdlties in 1ts measurement
and assessment." Moreover the effects of DC offse‘t are also high at these :
| fr‘equenciest
[004] Currently, chopper stabilization is a technique to combat noise
) ‘and the DC offset of the amphﬁer constituting the analog front end of the
.. srgnal acqulsltron system In the chopper stablllzatlon low frequency srgnals 4
' are chopped to translate to higher frequencles where norse is much lower and.
effects of DC offsets are absent. Further, at these frequencies, high gains are
ava'ilable for the translated signals. Once desired amount of gain is achieved,
the resultmg signals are chopped again to translate it back to its orrgmal
frequency Thus, each signal is processed md1v1dually by usmg separate
‘circui,try for chopping and acquisition.
[005] As a result, over all power consumption, component count

(Integrated Chip area) of the signal acquisition system increases which in turn
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: mcreases the complexrty of the system Thus there is a need to s1mp11fy the

_" ‘analog front end of the 51gna1 acqulsmon system _‘:“_:order to reduce the overall
: power consumptron and component count in the s‘ystem N
H | - OBJECT OF INVENTION
[006] The prmc1pa1 ob_]ect of the embodiments herein is to provide a
.method and system to process a plurallty of srgnals together in a single
clrcultry usmg a multl-frequency choppmg
| [007] Another object of the mventlon ls‘ to provide a method: and
system to process a plurality of biopotential signals in a single circuitry using a
‘ ’multl4frequency chopping. | |
&MI\_M.B.X
[008] In view of the foregomg, an embodlment herein provrdes a
method’to process a plurality of signals together.m a smgle circurtry using a
‘multi-frequency chopping, wherein the method comprises receiving said
plurality of signals from a plurality of channels. Further, the method comprises
applying a second level of chopping to the received plurality of signals in at
least one second frequency other than a first frequency, wherein the second
level of choppivng is applied after a first level of chopping using the first

frequency; wherein applying the first.level of chopping and the second level of

chopping processes the plurality of signals together in the single circuitry.
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- [009] Embodiments funher dlSClOSe a system for processmg a plurahty
o “vof slgnals together in a smgle 01rcu1try usmg a mult1 frequency choppmg,
'\yherem the system comprlses at least one chopp_er_ _amphﬁer, a filter, ‘an
:Analog to Digital Converter (ADC).‘ The :sy_stem is conﬁgured'to receive said
‘pluralrty of srgnals from a plurahty of channels. The system is further
.conﬁgured to’ apply a second level of choppmg to the received plurahty of
,srgnals in at Ieast one second frequency other than a first frequency, wherein
the second levet of chopoing is applied after a ﬁr‘st level of chopping using the
first frequency, wherein applying the first level of choppmg and the second
level of chopplng processes the plurahty of signals together in the single
’ <‘c‘1rcu1try. | ' |
' [OOIO]These and other aspects of the emhodiments herein will be
better eppreciated and understood when considered in conjunction with the
following description and the accompanying drawings.
BRIEF DESCRIPTION OF THE FIGURES
[0011] The embodiments herein will be better understood from the
following detailed description with reference to the drawings, in which:
[0012] FIG. 1 illustrates an overview of a signal acquisition system
using a multi-frequency chopping, as disclosed in the embodiments herein;

[0013] FIG. 2 is a flow diagram illustrating a method for processing
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different _signal_s together in‘ asingle 'circuitry‘rusingié rnnlti-f‘reQuency chopping
' ‘techmque as dlsclosed in the embodlments herem
[0014] FIG. 3 1llustrates an example conﬁguratlon of the signal
acqnlsmon system usmg:_the -rnultr-frequency chopping, as drselosed in the
embodiments herein;
- [0015] FIG 4 is'a flow diagram illuvstr‘aiing‘a ‘method for. processing
Idiffe'rent silgnals rogether in a Single .circuitr'y using multi-frequency chopping
~using the examnle conﬁguratien of the FIG. 3, as riieclosed in the embodiments
herein; ..
[0016] FIGS. 35a-50 depict exa.mple graphs usmg the example. ‘
conﬁguratlon of the FIG 3,as dlsclosed in the embodlments herein;
[0017] FIG 6 111ustrates another example conﬁgu.ratlon of the srgnal
| acquisition system using the multi-frequency chopping, as dlsclosed in the
embodiments herein; _
~ [0018} FIG. 7 is a flow diagram ilinstrating' a method for processing
different signals together in a single eircnitrj/ using multi-frequency chopping
using the example configuration of the FIG. 6, as disclosed in the embodiments
herein;
[0019] FIGS. 8a-8)j depict example graphs using the example

configuration of the FIG. 6, as disclosed in the embodiments herein; and

'h
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[v0f020]“FIGS.“ 9}21-‘9g‘ depicts. example ‘simﬁlation graphs using the

| f‘exarix‘l:plc éonﬁguratio‘n’(‘)f‘ the F IG. 3, as dist_ﬁlosed m the embodiments herein.
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DETAILED DESCRIPTION OF EMBODIMENTS .
[0021] The embodiments herem and the various features and' v
aovantageous detalls thereof are- explalned rnore fully w1th reference to the
’ non-limmng embodlments that are 111ustrated in the accompanymg drawings
“and detailed in the following description. Descriptions of well-known
) icomponents and processmg techmques are omitted so as to not unnecessanly
oiascure the embodimems herem Also the various embodiments described
,herem are not necessanly mutually exclusnve as some embodiments can be
combined with one or more other embodiments to form new embodiments.
The term ‘or” as used lierem, refers to a non- excluswe or, unless otherw1se
: indicatede The: examples used herem are mtend'ed' merely to facilitate ‘an
vunderstan"ding'of ways m which ‘the‘ embodirnents herein cnn‘be nractieed and:
to furtner eneble those skili‘ed in the art to practiee tlie embodiments herein.
Accordingly, the examples should not be construed as limiting the scope of the
~ embodiments herein. .
B [0‘022]‘Prior‘ to describing the present inVention in detail, it is useful to
: provi'de deﬁnitions for key terms and concepts used herein. Unless defined
otherwise, all technical and scientific terrns used -lierein have the same meaning
as.commonly understood by‘a personal having ordinary skill in the art to which

this invention belongs.
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| [0023] Flrst srgnal Refers to any mput s1gna1 havmg very low
‘amphtude (uV mV) and low frequency content (few hundreds of mHz to few
‘ hundreds of Hz) For example ‘a bropotentral srgnal
| [0024] Second srgnal Refers 10 any mput srgnal havmg very low
.‘ amplltude (uV-mV) and Iow frequency content (few hundreds of mHz to few
. hundreds of Hz) For example a bropotentlal srgnal |
, ~[0025] First frequency: Refers to any higher frequency where noise ‘is
' rnuch'lower and effects of DC offset are absent.on the input si‘gnal. In an
) embodlment at this frequency, high gain can be attamed for the given signal.
[0026] Second frequency Refers to any hlgher frequency, Wthh is
* other than the ﬁrst frequency', where the noise is much lower and the effects of-
Direct‘Current (DC) offset are‘ahsent on the ‘inputsignat. In an embodiment,' at
- this frequency, high gain can be attained for the given srgnal
[0027] First level of choppmg Refers to translatmg a desired low
frequency signal into a higher frequency by modulating the low frequency
_ signal ‘w‘ilth a higher frequency :carrier signal. -
[0028] Second level of chopping: Refers to translating a high frequency
signal back to its original frequency (i.e., to its baseband) by demodulating the
‘modulated signal with a different frequency other than the frequency used in

 the first level of chopping.
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1 [0029] Multi-fr_equency chopping: Refers to chopping an input signal
‘ Qith c'li‘fferentfrequencies in the first level of chohpihg»and in the second level
:' of chopplng such that the mput s1gnal is translated not to a baseband but to a
‘. new frequency o o h
| [0030] The embodiments herein disclose‘ a system and method for -
~ processing 51gnals together in e single circuitry using multi-frequency
‘chopping In an embodiment, the system can be configured to include a ﬁrst
level: choppmg, an amplnﬁer for amplification, a second level choppmg, a filter
for ﬁltenng chopped signal and an Analog-to Dlgltal Converter (ADC). The
‘slgnal acquisition system is further configured to receive low frequency input "
stgnals‘ (for example: a first signal and a seconu signal) and process them
together in a single circuitry using multi-frequency chopping.

_‘[0031] In an embodiment, during first level chopping, the signal
acquisition system can be configured to translate the plurality of input signals
(for example: the first signal and the second signal) to higher frequenci‘es by
modulating‘ the first signal and second signal With a higher frequency (for
example: a first frequency). Further, the signal acquisition system can be
configured to amplify the chopped first signal and chopped second signal to
achieve suitable gains. In an embodiment, the amplification of the chopped

- input signals can be done by passing the signals through the amplifier. Once
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' .»th“e- desired amount of gain is achieVed ‘at the higher frequency, the signal
acquisition system can be configured to translate the amplified first srgnal and
‘second srgnal back to ongmal frequency by. applymg second level of chopping.
o In an embodrment durmg second level of choppmg, the signal acqulsmon. |
system can be conﬁgured to translate the ﬁrst srgnal back its ongmal frequency
by demodulatmg the first signal with the first frequency. Further, the signal
acquisition system can be conﬁgured to translate the second sfghal to a
‘ ‘different.fréquency‘by demodulating the second Signal with different frequency
'compared to the first frequency (for example a second frequency) |
[0032] After applying’ "the second level of choppmg, the srgnal_~
' »acqulsmon system- can be further conﬁgured to combine the two chopped
51gnals and creates a smgle signal. Further the ﬁlter can be conﬁgured to filter
| the n01se in the smgle srgnal In an embodlment the filtration removes norse
‘and harmomcs that are added to the input srgnal durmg the ﬁrst level of
chopping -and the second level of chopping. Further, the signal acqursmon
system can be configured to send the filtered signal to the ADC in order to
d“i'g'itize the signal. |
o f0033]'In7an embodiment, during first level of chopping, the signal
acquisition system can be configured to translate the first signal and the second

signal to different higher frequencies by modulating the first signal and the

10
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| “"second srgnal w1th the ﬁrst frequency and the second frequency. respectrvely
: "vThe srgnal acqursrtlon system can be further conﬁgured to combme the two
o chopped srgnals and creates a smgle 31gnal Further the srgnal acqmsmon
‘ system can be configured to amplrfy the combined s_1gnal by passing through

~ the amplrﬁer ‘ |
| [0034] The srgnal acquisition system can be further conﬁgured to
,translate the amplified signal back to lower frequency by applymg second level
of chopping. In an embodiment, during second level of chopping, the signal
acquisition system can be configured to translate the combined signal to lower
frequency by demodulating the signal either with the first frequency or the

second freduency.

[0035] As the above signal acquisition systern combines different input
signals into a single signal, while processing the signals, a single circuitry can
be used. Hence, this reduces over all power consumption, component count
(and IC area, if) of the system. In other words, the system complexity can be
rediced since the single circuitry is used for processing different input signals.

[0036] For example, while processing biopotential signals, each
individual channel present in biopotential signal acquisition system deliver
multiple copies of a single signal to offer redundancy and to rule out channel

abnormalities. Hence, for processing each biopotential signal in analog

11
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y G domam separate crrcurtry must be used Wthh 1ncreases overall power‘
‘consumpt1on and system complex1ty By usmg the sngnal acqulsmon system
I _usmg multr frequency choppmg, all 1nput s1gnals can. be- combmed mto a
smgle srgnal and the s1ngle c1rcu1try can’ beused to process all the mput
51gnals |
| - [0037] Refemng now to the drawmgs and more partlcularly to FIGS 1
thr'ough‘ 8, where similar reference characters denote corresponding features
consistently throughout the figures, there are shown embodiments. |
r['(‘)()‘3'8‘] FIG. 1 ‘illustratesan* overview o‘f;a: signal acquiSitlon syStem
using amulti-frequency c'hop;’)i'ng, a's disclosed in 'the 'embiodi.ments» herein. In
an embodiment,‘ the signal acquisition system IO(V):-‘ can be conﬁgured to include
a first level chopping, an a:nr)liﬁer 101 “for ampliﬁoation; a second level
chopping, a ﬁlter 102 for filtratlon and an Analog to Digital Converter (ADC)
103.. The ‘signal acquisition system 100 can be 'flu'ther configured to acquire
' ‘different input signals‘ (for e)kamole: signal 1, signal 2, signal 3, and signal 4)
and process them together in a vsingle circuitry using a multiv-frequency
chopping.
. [0039] During first level chopping, the signal acquisition system 100
can be configured to translate the input signals i.e., signal 1, signal 2, sngnal 3

and srgnal 4 to higher frequencies by modulatmg the signals with a ﬁrst

12
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"‘frequency The s1gna1 acqu1sit10n system lOO can be further conﬁgured to
‘k_;.amphfy the chopped 1nput s1gnals ie., 51gnal 1, 51gnal 2, srgnal 3 and signal 4
‘ to achieve suitable gams In an embodlment the ampliﬁcation of the chopped
. ?‘mput signals - can be performed by passmg the chopped signals: through the
arnpliﬁer 101. Once the desired amount of gain is achieved at the higher
frequency, the signal acquisitionsystem 100 can be configured to translate the
ampliﬁed input signals: back to their original 'frequency by applying second
level of choppmg In an embodlment durmg second level of choppmg, the
. .vs1gnal acqursition system 100 can be conﬁgured to n'anslate s1gna1 1 back 1ts ‘
.Iongmal frequency by demodulating sngnal 1 with. the first frequency Further,
the 51gnal acquisition system 100 can be c0nﬁgured to translate the other
‘s1gnals (signal 2, signal 3 and s1gna1 4) to, different lower frequencnes by
-demodulating e'ach signal with a second frequency, a third frequency and a o
fOurth‘ frequency.
[0040] After the second level of chopping, the signal acquisition
system 100 can be configured to combine the four chopped signals and creates
* a single signal. The filter. 102 in the signal acquisition system 100 can be
configured to filter the single signal. In an embodiment, the filter 102 can be
conﬁgured to. remove noise and harmonics that are added to the input signal

during the first level of chopping and the second level of chopping. The signal

13
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' 'acqulsrtlon system 100 can be further conﬁgured to send the ﬁltered s1gnal to

| ff‘,the ADC 103 whlch dlgmzes the smgle s1gnal

[0041] Durmg ﬁrst level of choppmg, the sngnal acqulsmon system 100
‘can be configured to translate the input 51gnals, to different hrgher frequencies
by modulatmg each input sngnal i.e., s1gnal 1, signal 2, signal 3, and 51gnal 4
wrth the first. frequency, the second frequency, the th1rd frequency and the
| fourth frequency respectively. The signal acquisition system 100 can be further
conﬁgured to combine the chopped signals and creates a smgle signal. Further
the chopping amplifier 101 can be configured to amplify the single signal.
| [0042] Further, the signal ‘acquisition system 100 can be configured to
translate the amplified signal to a lower frequency by applying second level of
chopping. In an ‘embodiment, during second level of chopping, the signal
acqu‘isition system ‘100 can be configured to translate the signal back by
demodulating the combined signal with any one of the first frequency or the
second frequency or the third frequency or the fourth frequency. For example,
the signel 1 is obtained from an Electrocardiography (ECG) electrode, the
signal -2 is obtained from an Electroencephalography (EEG) electrode, the
signal 3 is obtained from an Elec‘tromyography (EMQG) electrode and the signal
4 is obtained from an Electrooculography (EOG) electrode.

-[0043] Although the FIG. 1 is described with four input signals, it is to

14
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| ‘be gndérstood that the there can be ‘any number of mput sig‘nals which cé.n‘»bc |
' processed togetherm _vtlvle .';i‘hglé c‘ircuitf;s";usiné “’rvljjt.llti-freQuen'cy chbpping
it'ec‘l‘m'iqu‘e as déséribed h‘etéi:n.‘ | )
) -[0044] FIG. 2 is a flow diagram which illustrating a method 200 for
processing different signals together in a Single circuitry using the multi-.
- freqﬁeripy chvo'pp.ing‘ tc‘achn'ique,“és disclosed in the embodiments heréin. In an
-enibodiment‘,'uat"step 202 ,‘ t.hé‘ method 2'0()‘ inclydes receiving a plmality’of
input signals from signal sources. For examble,' fhe method 200: allows the
plurality of sensors to receive blurality of signals. The signal a’cquisitionA
L systein '10'0“receivés the input signals and processes:tﬁem fogether in ‘a. Sing-le'
“ci.rcﬁitry_,utsing a"ml';lti-ﬁiequlenc;,y <;h0p'pir‘1g."At step 204, the 'me‘thod‘ 200
inc.l.ud'eé applyihé a'ﬁrét level bf 'chdpping to the ﬁlurality of .input signals
using a first frequency. The signal acquisition system 100 translates the
plurality of input signals to higher frequencies by 'chopping (modulating) the
- sigf}als with-a higher frequency (first freqdencyj. At stép 206, the method 200
includes applying the secbnd level of chopping for' the chopped input signals
using a second frequency. During the ‘sec;)nd level of choéping, the method
200 allows the signal acquisition system 100 to translate the signals to different
frequency by demodulating the signals with frequencies other than frequencies

used for first level of chopping (a second freéuency). As a result, all the input

b
'h
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.signalé are tranélated to differeﬁt frequencies and the method 200 ﬁ.lrfher
_,‘-a.llc")ws the signal acquisition system to cqrt}binej%differen‘t signals to create a
slingle 'sig11ai; The varioué aéfs; steps, op.era}tiovn:s; and éctiéns 1n t‘he r.ne‘thod‘ 200
: may  be performed ‘in uthe‘ order presented, in‘ ‘a differer_it order  or
simultanéously. Further, in some embodiments, some of the acts, stepé,
opei'atibns, and actions may be omitted or modiﬁed‘ v‘vithout‘ departing from the
scdpe of the invention. |
[0045] FIG. 3 illustrates an example configuration of the signal
“acquisition system using the mﬁlti~frequency chopping, as disclosed in the
: embpdiments hgrein. in this configuration, thev signal acquisition system 100 is
I(v:onﬁguljed‘t‘b include a-ﬁrsf level'choppihgv, .an.ami)liﬁer lbla, an amplifier
101b, a secon‘d level éhopping, a filter 102, and an ADC 103,. In an
embodiment, the signal acquisition system 100 is configured to receive two
input signals i.e., signal 1 (first signal) and signal 2 (second signal) and process
thé two signals in a single circuitry by using multi-frequency chopping. For
example, the single 1 is'an ECG signal and signal 2 is an EMG signal. The
signal ‘acquisition system 100 is further configured to apply the first level of
chopping to translate the first signal and the second signal to higher
freqliencies. In an embodiment, the first level of chopping can be applied by

modulating the signals with a single higher frequency (f1). As a result, the first

16
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b';‘_sxgnal and the second s1gnal are shlfted to the hrgher frequency (fl) where the

-n01se is low and the effects of DC offset are absent In an embodlment the

. _;;ﬁlter 102 is conﬁgured to ﬁlter the noise from the ﬁrst and the second srgnals

' H'\after the first: Jevel of choppmg In an embodlment the amphﬁer 101a is

conﬁgured to amphfy the chopped ﬁrst s1gnal to su1table a gain. In an

embodlment the amphﬂer 101b is conﬁgured to amphfy the chopped second

‘srgna‘l to suitable a gain. : ‘ |

3 [0046] ane the desired amount of gain- is’ achie\/ed at the higher
:frequency ‘(fl) .for thev first ‘signal, the 'sign'al ecquisition system 100 .is ‘

3 conﬁgured to translate the amplified first signal back to its original frequency

by app_lying second level of chopping. In an embodiment, during second level

of 'chopping‘l,’”the'Signal"acquisition system 100 is'conﬁg‘ured to translate flrst

:signaI",Eack' its original frequency by demodutating the first signal with

frequency fl. Once the desired amount of gain is ‘achieved at the higher

frequéncy (fl‘),_the signal acquisition system 100 can be configured to translate

the amplified second signal to a lower frequency' which is other than its

fba'seband; by applying the second level of chopping. In'an embodiment, during

‘second level of chopping, the signal acquisition system 100 is configured to

translate the second signal by demodulating the second signal with a different

frequency (f2) other than the first frequency (f1).
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[0047] After applymg second level of choppmg at both the srgnals the
"bsrgnal acqu1s1t10n system 100 1s further conﬁgured to combine the two
- '» lchopped sngnals and create a smgle s1gnal Now the ﬁlter 102 is conﬁgured to
ﬁlter the combined s1gnal to remove noise and harmomcs that are added to the
signals during the first level of chopping and the second level of chopping.
, Finally, the ADC 103 is conﬁgured to convert the combined analog signal to
digital signal | |

© [0048] FIG. 4 is'a flow diagram illustrating a method 400 for
processing different signals together in a single circuitry using multl-frequency

) chopoing'using the example configuration of thelFIG. 3, as‘ disclo'sedv in the
, ,4enlb0diments h:erein’.vl'n an embodiment. at sten, 4(l2, the method 400 includes
‘ receii'ing a nlur'e.lity of input signals (for enampl'e: a ﬁrst'signal and .a second
signal) from signal sources. For example, the 'rnetlxoti 400 allows the plurality
of sensors to receive plurality of signals.' The signal acquisition system 100
receives the signals (the first signal and the second signal) and processes them
together in a single circuitry using the multi-frequency chopplng‘. At step 404,
the method 400 .includes applying first level of chopping to the ﬁrst signal and
the second signal. The method 400 allows the signal acquisition system 100 to
translate the first signal and the second signal to higher frequencies by

chopping (modulating) the signals with a higher frequency (f1). At step 406,
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| 'the'<meth’(')d’40.(v) incll_ixde'syami)lifyinéthe chopped '_si‘.gnval’s to. achiéve suitable
| »gaih's. For éxéihple, the 'arl;n_plif.'ler 101a and 101b is-é‘onﬁgurédt to amplify the
. choppéd ﬁfst »sig‘nal and the ch‘opbed‘ second signal réSpectively.

[0049] At step 408, the méthod 400 i,nclude's'a:pplyilhg‘ the second level

of chopping for amplified first signal and second signal. During the second '

| leQei of choppin_g, the method 400 allows the signal acquisition system 100 to |
- ‘tr'a;nslyate the ampliﬁéd signél‘s to different frequencies other than frequencies
used for first level of chopping‘ by demodﬁlating the first amplified signal and
the second amplified signal with frequéncy fl and f2 (other than fl1)
respectively. At step 410, the method 400 includes combining the chopped first
'signalv'and second signal to a siﬁglc signal. At step 412, the method 400
includes filtering the combined signal for removing noise and harmonics that
are added during first level of chopping and second level of chopping. The
- method 400 allows the signal acquisition system 100 to filter the combined
signal by using the filter 102; At step 414, the method 400 includes sending the
ﬁl‘tered‘ signal to the ADC 103 for digitizing the signal. The method 400 allows
the signal acquisition system 100 to digitize the combined signal by sending
the signal to the ADC 103. The various acts, steps, operations, and actions in
the method 400 may be performed in the order presented, in a different order

or simultaneously. Further, in some embodiments, some of the acts, steps,

19



WO 2015/114667 PCT/IN2015/000058

= | ope‘ra‘ticnsv and 'ac:tions may ‘bfe ornitte'd~ or modlﬁedWIthout departing from the
scope of the mventlon | R |
| [0050] FIGS 5a-50 deplcts example graphs usmg the example
conﬁguratron of the FIG. 3, as drsclosed in the embodlments_herem. It should
“be noted that the example graphs provided in the figures are diagrammiatic and
nor to scale; In all the graphs Y —anis represents the magnitude of the signal in
dB whlle the X-axis represents the frequency in Hz where S (f) represents the
power spectral density of the srgnal and N (f) represents the Noise spectral
density.
| [0051] In the FIG 5a, the graph deprcts a baseband mput srgnal (S1)
| 'wrth very low frequency and low amplrtude g
[0052] In the FIG 5b the graph depicts. the mput signal (Sl) after first
Ievel Qf chopping. As the choppmg mvolVes translatmg signal to a higher
freqnency (fl )','the input Signal shifts to the higher frequency (f1). The graph
-also shows the harmonics of the input signal (S1). - |
| [0053] In the FIG. 5c, the graph depicts the noise spectral density of
noise that is added during the ampliﬁcation of the input signal (S1) using a -
chopper amplifier. It is shown in the graph that at higher frequencies, the effect
‘of noise is low and constant.

[0054] In the FIG. 5d, the graph depicts chopped input signal (S1) after

20



WO 2015/114667 PCT/IN2015/000058

: amphﬁcatlon along with its harmomcs o "
| [0055] In the FIG 5e the graph depncts a baseba.nd mput 51gnal (82)
' Wlth very low frequency and low amplitude.

[0056] In the FIG 5f the graph deplcts the mput signal (S2) after first
level of chopping. As the chopping involves translating signal to some higher
‘fr‘equency,‘ the ihput signal shifts toa higher frequency (same frequency which
is used for signal (S1) i.e., f1). The graph also shows the harmonics of the
input .signal (82).

[0057] In the FIG. 5g, the graph depicts the noise spectral density of
noise that is added during the amplification of the input signal (S2) using a

'chepper amplifier. It is shown in the graph that at higher frequencies, the effect ‘ |
of noise is low and constant.

[0058] In the FIG. Sh, the graph depicts chopped input signal (S2) after
amplification along with its harmonics.

| [0059] In the FIG. 5i, the graph depicts the input signal (S1) after
~second level of chepping with frequency which is used at first level of
chopping (f1). Hence, the input signal (S1) shifts back to its original frequency
after second level of chopping. This also shows harmonics that are obtained
after second level of chopping.

[0060] In FIG. Sj, the graph depicts noise spectral density of the input
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R srgnal (Sl) after second level of choppmg
| | [0061] In the FIG 5k the graph deprcts the mput 31gnal (S2) after
. second level of choppmg (whrch is a dlfferent frequency when compared with
| -the ﬂequency used at the first level of choppmg) Hence, after second level 00f
chopping, the input signal (S2) is not shifted to the baseband but to a different
ﬁequency | | | | | |
[0062] In the FIG 51, the graph depicts noise spectral densny of the
input s1gna1 (S2) after second level of chopping.
[0063] In the FIG 5m, the graph deplcts final summed signal (S) of the
rnput srgnal (S1) and mput 51gnal (82) after second level of" choppmg along
o W1th their harmomcs
- [0064) In the FIG. 5n, the graph deplcts the noise spectral den51ty after |
surnmlng the 1nput signal (S1) and input sxgnal (SZ).
| 'IOO65] In the FIG. 50, the graph depicts the filtered signal Of the
combmed mput signal (Sl) and the input sngnal (S2). After filtration the
addmonal harmomcs and noise are ehmlnated from the signal.
[0066] FIG. 6 illustrates another example configuration of the signal
acquisition system using the multi-frequency chopping, as disclosed in the
ernbodiments herein. In this configuration, the signal acquisition system 100 is

'conﬁgured' to include a first level chopping, an amplifier 101, a second level
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o choppmg, a ﬁlter 102 and an ADC 103.
| [0067] In an embodlment the 51gnal acqulsmon system lOO is
conﬁgured to receive two 1nput s1gnals ie., s1gnal 1 (first signal) and s1gnal 2
(second signal) and process the two 51gnals ina smgle circuitry by usmg multi-
| freqhency chopping. For example, the single 1 is an ECG signal and signal 2 is
An EMG s.ignal. The si_gnal acquisition system 100 is further conﬁgured' to
apply the first level of chopping to translate the first signal an:d the second
siénal to higher'frequeneies. In an embodiment, the ﬁrsf level of chopping can
'.be i applied by modulating each signal (i.e., the ﬁrst signal and the second
signal) with different higher frequencies (f1 end £2). As a result, the first signal
andthe second signal are shifted to different higher frequeneies where the
"noise is low and the effects of DC offset arie’absent.' In an embodiment, the
- filter 102 is configured kto filter the noise from the first and the second signals
after the first level of chopbing.
. [0068] New,‘ the signal acquisition system‘ 100 1is -configured to
cembine‘the' chd‘pped\first signal and the second s‘i‘gna'l into a single signal. . In
an embodiment, the amplifier 101 is cenﬁgured to amplify the combined signal
with suitable gain. Once the gain is achieved, the signal acquisition system 100
- is configured to apply the second level of chopping.

[0069] In an embodiment, the second level of chopping can be done to
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: translate the amphﬁed srgnal to the lower frequency by demodulatmg the
' srgnal w1th either frequency fl or 2 Now the ﬁlter 102 is conﬁgured to filter
: : the srgnal to remove norse and harmomcs that are’ added to the 51gnals durmg
"the first level of choppmg and the second level of choppmg Finally, the ADC
103 is configured to convert the combined analog signal to digital signal.
[0070] FIG. 7 is a flow diagram illustrating a method 700 for
processing different signals together in a single circuitry using multi-frequency
chopping using the example configuration of the FIG. 6, as disclosed in the
embodiments herein. In an embodiment, at step 702, the method 700 includes
acquiring piurality of input signals (for example: a first signal and a second
. signal) from signal sources. For example, plurality of sensors is configured to
acquire plurality of signals. In an embodiment, the signal acquisition system
100 is conﬁgured to acquire input signals (the first signal and the second
signal) and process them together in a single circuitry using a multi-frequency
chopping.
| [0071] At step 704, the method 700 includes applying the first level of
chopping to the first signal and second signal. The method 700 allows the
signal acquisition system 100 to translate the first signal and the second signal
to higher frequencies. The first level of chopping can be applied by modulating

each signal (i.e., the first signal and the second signal) with different higher
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frequencxes (f1 and £2). At step 706 the method 700 mcludes combrmng the
: chopped 31gnals to a smgle srgnal The method 700 allows the srgnal |
:acqu1smon system 100 to. combrne the chopped ﬁrst srgnal and the second -
" signal into a single srgnal. |
[0072] At step 708, the method 700 amplifying the combined signal.
The method 700 allows the amplifier 101 to amplify‘ the combined signal with
soitable 'gairt At step 710‘ the method 700 includes appl.‘ying the second level -
of choppmg to the amplified signal. The method 700 allows the s1gnal
acquisition system 100 to translate the amplified srgnal to the lower frequency
: bydemodulatmg the srgnal‘wrth either f1 or f2. At step 712, the method 70(‘)A‘
includes ﬁltering the chopped signal. The methocl 700 allows the _fllter 102 to
filter the signal to remove noise and harrrlonics that are added to the signals
during the first level of chopping and the secorrd lelvel of chopplng. At step
714, the m'ethod'700 includes sending the filtered signal to the ADC 103. The
method 700 allows the ADC 1:03 to convert the combined analog signal to
digital signal.
; [0073] ’l"he various acts, steps, Operations, and actions in the method.
700 may be performed in the order presented, in a different order or
simultaneously. Further, in some embodiments, some of the acts, steps,

operations, and actions may be omitted or modified without departing from the
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‘-s‘cvope of the invention =
[0074] FIGS. 8a- 8J deplct graphs m accordance with the FIG 6 It
- vvshould be noted that the example graphs provnded in the ﬁgures are
‘dlagrammatrc and not to scale In all the graphs Y -axrs shows the magmtude
of the signal while the X-axis represents the frequency in Hz where, S (f)
represents the power spectral density of the signal and N ® represents the
‘Noise spectral densrty | |

[0075] In the FIG. 8a, the graph depicts a baseband input signal (Sl) |

with very low frequency and low amplitude.

| [0076] In the FIG. 8b, the graph depicts the input signal (S1) after first
level of chopping. As the chopping involt/es translating signal to a higher
frequency (f1), the input signat shifts to the higher frequency (f1). The graph
also shows the harmonics of the input ASigna‘l (S1)..

[0077] In the FIG. 8¢, the graph depicts a baseband input signal (S2)
with very low frequency and low amplitude.

[0078] In the FIG. 8d, the graph depicts the input signal (S2) after first
level of chopping. As the chopping involves translating signal to some higher
frequency (f2), the input signal shifts to a higher frequency (f2). The graph also
shows the harmonics of the input signal (S2).

{0079] In the FIG. 8¢, the graph depicts combined signal (S) after
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‘ _comblmng both the chopped input sngnal (Sl) and the mput sngnal (S2).
[0080] In the FIG 8f, the graph deplcts the n01se spectral densnty of
' noIse added durmg the ampllﬁcatlon
[0081] In the FIG 8¢, the graph deplcts the s:gnal obtamed after
amphfymg the summed signal.
[0082] In the FIG. 8h, the graph depicts the signal obtaihed after
: chopping_ the atnpliﬁed sIghal Ior second level .along with their harmonics.
, ‘P‘Ience, the coxhbined si gnal is shifted back to origInal frequency. |
B [0083] In the FIG 8i, the graph depicfs noise spectral .densify after
s,econd level of chopping. |
[0084] In the FIG 8j, the graph deplcts the ﬁltered signal of the
'combmed mput 51gna1 From the graph 1t is shown that after filtration the
additional harmonics and noise are eliminated.
| [0085] FIGS. 9a-9g depicts example simulation graphs 'us‘ing the
eXample ,conﬁgﬁratiqn of the FIG. 3, as disclosed in ‘the embodiinents herein.
In all the simulation graph‘s, X-axis represents the frequency and Y-axis
represenis magnitude in dB |
[0086] In the FIG. 9a, the simulation graph depicts an ihput signaI (S1)
in frequency domain.

'[0087] In the FIG. 9b, the simulation graph depicts another input signal
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. (82) in frequency domain.

[0088] In the FIG. 9c, the simulation graph. deplcts the input signal (S1)
vafter chopping with frequency 2 kHz for first time ‘(ﬁrst level of chopping). |
H'ence,» the input signal is translated to the high frequency(f]‘)‘”Z kHz,

[0089] In the FIG. 9d, the simulation graph depicts the input signal (S2)
after chopping with frequency 2 kHz for first time (first level of chopping).
‘Hence the mput signal is translated to the high frequency (f1) 2 kHz.

[0090] In the FIG. 9e, the snmulatron graph depicts the amphﬁed mput
Signal (S1) after chopping with frequency 2 kHz for second time (second level

| of chopping). Hence, the 'input signal is transiated ‘back to its original
frequency | |

[0091] In the FIG 9f the simulation graph depicts the amphﬁed mput
51gnal (S2) after choppmg w1th frequency 2.1 kHz (different: frequency when
compared to first level of chopping) for second time. Hence, the input signal is
translated back to a new lower frequency (i.e., 100 Hz) but not to its baseband.

t0092,] In the FIG. 9g; the simulation graph depicts the final signal that
is ebtai'ned after summing the two signals (input signal 1 and input signal S2)
after second level of chopping.

[0093] The embodiments disclosed herein can be implemented through

at least one software program running on at least one hardware device and
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| 'pérfbﬁniﬁg hétwd_rk ménab‘gémen‘tfun‘ctions‘_to control the neﬁwdrk elements.
; _‘ o [0094]‘The embodiment disclosed herei.‘r‘rv‘speéiﬁés a system and
mcthoﬂ for prdéessing different—signals together m é' single circuitry during
| signal acquisition. The mechanismuallows :using a mﬁlti-ﬁeguency‘ chopping
‘ providing a system thereof.
[0095] The foregoing description of the speciﬁc embodiments will so
fully réveai the“general nature of the embodimenfs herein that others can, by
‘ appljling current knoWledge, readily modify. and/or adépt for various
applications such specific embodiments without departing from the generic
concept, and, therefore, such adaptatibns and modifications should and are
| intendeci to be comprehended within the meaning and range of equivalents of
: 'the' disclosed embodiments.’It is to be understood that the phraseology or
terminology employed herein is for the purpose of' deséription and not of
limitation. Therefore, while the embodiments herein have been desbribed in
terms of preferred embodiments, those skilled in the art will recognize that the
embodiments herein‘ can be practiced with modification within the spirit and

scope of the claims as described herein.
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, CLA’IMS:”-.“; e
We claim: R
1 A methad to prOcéssi a plurality of s‘ignals‘t’ogether in a single circuitry
using a rhulti—frequency chopping, the method comprising:
receiving said plurality of signals from a plurality of channels;
and
applying a second level of chépping to said received plurality of
signals in at leas£ one second frequency othef than a ﬁrst"freq‘uency,'
wherein said second level of chopping is applied aﬂér a first level of
chopping using said ﬁrst frequency, wherein apblying said first level of |
~' chof)ping and said second level of chopping processes Said plurality of
éignéls togéthér in sétid singlebircuitry. | | |
2. The method of claim 1, wherein said method further’ comprises
- amplifying said received plurality of signals before applying said
second level of chopping.
3. The method of claim 1, wherein said method further comprises:
combining said plurality of bchopped signals t(“) create a single
signal; |
filtering said created single signal; and

sénding said single signal to an Analog-to-Digital Converter
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(ADC).
| 4 :‘The metﬁod of élaifn‘ 1, wherein said 'method"fﬁrther‘ comprises:
| abplying said first fevei of cho.ppi‘n‘g t(')"r. said received plmlralityvof
signals 1n one of: said first frequency, saici Seéond frequency; wherein
said received plurality of signals are amplified after said first level of
_chopping; |
- applying said second level of chopping to said amplified
plurality of signals in éaid first frequency and said at least oﬁe second
frequency;
combining said plurality of choppedéignals to create said single
signal; |
filtering said created single signal; and
sending said single signal to said ADC.
5. The method of claim 1, wherein said method further comprises:
applying said first level of chopping to said received plurality of
signals in said first frequency and said at least one second frequency;
combining said plurality of chopped signals to create said single
signal after said first level of chopping;
amplifying said single signal;

applying said second level of chopping to said amplified single
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signal in one of: said first frequency, said second frequency;
filtering said chopped single signal; and
sending said single signal to said ADC.

6. A system for processing a plurality of signals together in a single
circuitry using a multi-frequency chopping, the system compris'es at
least one chopper amplifier, a ﬁl;ef, an Analog to Digital CQnQener
‘(ADC), wherein said system is configured to:

receive said plurality‘ of ‘signals‘fvmm a plurality of channels;

' anci | |

apply a second level of chopping to said received plurality of |
éignals'in at least one éeco‘nd frequency bthef than a first frequency,
wherein‘ said secon& level of chopping is applied after a first level 6f
chopping using said ﬂrsf frequency, wherein applyihg.“said first level of
choppiﬁg and said second level of chopping processes said plurality of

| signals together in said single circuitry. - | |

7. The system of claim 6, wherein said system is further configured to
amplify said received plurality of signals before applying éaid second
vlevvel of chopping by said at least one chopper amplifier.

8. | The éysterh of claim 6, wherein said system is further configured to:

combine said plurality of chopped signals to create a single
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signal;
filter said created single signal by said filter; and
send said single signal to an Analog-to-Digital Converter
(ADC).
9. The system of claim 6, wherein said system is further configured to:
-apply said first level of | chopping to said‘ received plurality of
' signals'in one of: said ﬁrst frequency, said second frequency, wherein
,said fc¢eiv§d plurgli_ty of signals are amplified after séid‘ﬁrst level of
choppiné by said at least one chopper amplifier;
_ ‘apply said second level of chopping to said amplified plurality
of signais in said ﬁrsf frequency and said at least one second frequency;
conibine said plurality of chbpped signals to create said single .
§i»gna1'; ‘
ﬁlter'séid created single signal by said filter; and
send said single signal to said ADC.
10. The system of claim 6, wherein said system is further configured to:
| apply said first ievel of chopping to said received plurality of
H signals in said first frequency and said at least one second frequency';
c'ombine‘ said plurality of chopped signals to create said single

signal after said first level of chopping;
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amplify said single signal by said chopper amplifier;

apply said second level of chopping to said amplified single
signal in one of: said first frequency, said second frequency;

filter said chopped single signal by said filter; and

send said single signal to said ADC.
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Signal sided amplitude spectrum of signal 2
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Signal sided amplitude spectrum of chopped signal 1
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Signal sided amplitude spectrum of amplitude first signal after second round of chopping
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