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SYSTEM AND METHOD FOR LOW POWER
SAMPLING OF PLETHYSMOGRAPH
SIGNALS

BACKGROUND

[0001] This specification relates generally to sampling of
signals. More particularly, this specification relates to for low
power sampling of plethysmograph signals.

[0002] Pulse oximeter is an instrument to determine con-
centration of oxygen in the blood flowing through the periph-
eral arteries (i.c. arteries that are farthest from the heart). The
measure of oxygen in the peripheral arteries is referred to as
“Saturation of Peripheral Oxygen’ abbreviated as SPO, and
expressed in percentage values. Pulse oximeter determines
SPO, based on a ratio of amount of red (wavelength 600-750
nm) and infrared (wavelength 850-1000 nm) light energy
transmitted through (or reflected from) the peripheral arter-
ies. Pulse oximeter enables instantaneous in-vivo measure-
ments of arterial oxygenation as well as heart rate and perfu-
sion signals, and thereby provides an early warning of arterial
hypoxemia, for example

[0003] Low power consumption is a pre-requisite for por-
table and wearable medical sensors which allow the subject to
move freely. In the case of pulse oximeter, the power con-
sumption is largely due to the power requirement of the light
sources (LEDs), which are normally driven continuously at a
high rate. Conventional techniques available for reducing the
power consumption of the LEDs are based on reduction of the
amplitude and/or width of the LED pulses. Further, sampling
rates lower than the Nyquist rate of the plethysmograph signal
may be employed to reduce the LED power. However, such
techniques require additional signal processing tasks such as
signal-to-noise ratio measurements and sophisticated recon-
struction algorithms which are computationally complex.

[0004] Thereis aneed for an enhanced low power sampling
of plethysmograph signals.

BRIEF DESCRIPTION

[0005] In accordance with one aspect of the present tech-
nique, a method is disclosed. The method includes measuring
a plethysmograph waveform indicative of a plurality of car-
diac cycles. The plethysmograph waveform includes a sys-
tolic waveform and a diastolic waveform, corresponding to
each cardiac cycle. The method further includes estimating a
first start time and a first duration for the systolic waveform of
a first cardiac cycle, based on at least one cardiac cycle from
the plurality of cardiac cycles. The method also includes
computing a plurality of amplitudes at a plurality of time
instants for the first duration of the systolic waveform of the
first cardiac cycle. The method further includes determining a
second start time and a second duration of the systolic wave-
form of a second cardiac cycle from the plurality of cardiac
cycles based on the plurality of amplitudes. The second car-
diac cycle is acquired after the first cardiac cycle in time
sequence. The method also includes assigning the second
cardiac cycle, the second start time, and the second duration
to the first cardiac cycle, the first start time, and the first
duration respectively. The method further includes iteratively
performing the steps of measuring, estimating, computing,
determining and assigning for the plurality of cardiac cycles
acquired sequentially in time to generate a sampled plethys-
mograph data.
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[0006] In accordance with another aspect of the present
technique, a system is disclosed. The system includes a sensor
configured to measure a plethysmograph waveform indica-
tive of a plurality of cardiac cycles. The plethysmograph
waveform includes a systolic waveform and a diastolic wave-
form corresponding to each cardiac cycle. The system further
includes a timing module communicatively coupled to the
sensor and configured to estimate a first start time and a first
duration for the systolic waveform of a first cardiac cycle,
based on at least one cardiac cycle from the plurality of
cardiac cycles. The system also includes a sampling module
communicatively coupled to the timing module and the sen-
sor. The sampling module is configured to compute a plurality
of amplitudes at a plurality of time instants for the first dura-
tion of the systolic waveform of the first cardiac cycle. The
system further includes a processing module communica-
tively coupled to the sampling module and the timing module.
The processing module is configured to receive the plurality
of amplitudes from the sampling module and determine a
second start time and a second duration of the systolic wave-
form of a second cardiac cycle from the plurality of cardiac
cycles, based on the plurality of amplitudes. The second
cardiac cycle is generated after the first cardiac cycle in time
sequence. The processing module of the system is also con-
figured to assign the second cardiac cycle, the second start
time, and the second duration to the first cardiac cycle, the
first start time, and the first duration respectively. The pro-
cessing module of the system is configured to iteratively
perform receiving, determining and assigning steps for the
plurality of cardiac cycles generated sequentially in time to
generate a sampled plethysmograph data.

[0007] In accordance with another aspect of the present
technique, a method is disclosed. The method includes gen-
erating a plethysmograph waveform indicative of a plurality
of cardiac cycles. The plethysmograph waveform includes a
systolic waveform and a diastolic waveform, corresponding
to each cardiac cycle. The method also includes estimating a
first start time and a first duration for the systolic waveform of
a first cardiac cycle, based on at least one cardiac cycle from
the plurality of cardiac cycles. The method further includes
computing a plurality of amplitudes at a plurality of time
instants for the first duration of the systolic waveform of the
first cardiac cycle. The method also includes determining a
second start time and a second duration of the systolic wave-
form of a second cardiac cycle from the plurality of cardiac
cycles based on the first plurality of amplitudes. The second
cardiac cycle is generated after the first cardiac cycle in time
sequence. The method further includes reconstructing a plu-
rality of diastolic amplitudes corresponding to the diastolic
waveform of the first cardiac cycle based on the plurality of
amplitudes. The method further includes assigning the sec-
ond cardiac cycle, the second start time, and the second dura-
tion to the first cardiac cycle, the first start time, and the first
duration respectively. Finally, the method includes iteratively
performing computing, determining, reconstructing and
assigning steps for the plurality of cardiac cycles generated
sequentially in time to generate a sampled plethysmograph
data.

DRAWINGS

[0008] These and other features and aspects of embodi-
ments of the present specification will become better under-
stood when the following detailed description is read with
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reference to the accompanying drawings in which like char-
acters represent like parts throughout the drawings, wherein:
[0009] FIG. 1 is a block diagram illustrating a system for
low power sampling of plethysmograph signals inaccordance
with an exemplary embodiment;

[0010] FIG.2isa graphrepresentative of a plethysmograph
waveform having two successive cardiac cycles in accor-
dance with an exemplary embodiment;

[0011] FIG. 3 is a graph representative of a systolic wave-
form of a first cardiac cycle in accordance with an exemplary
embodiment;

[0012] FIGS. 4-8 are graphs illustrating identified portions
of a first cardiac cycle among a plurality of cardiac cycles in
accordance with an exemplary embodiment;

[0013] FIG. 9 is a graph representative of a plurality of
plethysmograph waveforms obtained using reconstruction
techniques in accordance with an exemplary embodiment;
[0014] FIG.10isaflow chartillustrating a plurality of steps
involved in low power sampling of plethysmograph signals in
accordance with an exemplary embodiment; and

[0015] FIG.11isaflow chartillustrating a plurality of steps
involved in determining a second duration of a systolic wave-
form of a second cardiac cycle among a plurality of cardiac
cycles in accordance with an exemplary embodiment.

DETAILED DESCRIPTION

[0016] Embodiments of the present specification relateto a
system and a method for determining a plurality of ampli-
tudes corresponding to a sampled plethysmograph data. Spe-
cifically, in certain embodiments, a plethysmograph wave-
form indicative of a plurality of cardiac cycles is generated.
Each cardiac cycle of the plethysmograph waveform includes
a systolic waveform and a diastolic waveform. A first start
time and a first duration of the systolic waveform of a first
cardiac cycle are estimated based on at least one cardiac cycle
from the plurality of cardiac cycles. Estimating the first dura-
tion involves determining an average value of the plurality of
cardiac cycles and deriving the first start time and the first
duration based on the average value. A plurality of amplitudes
at a plurality of time instants of the first duration of the
systolic waveform of the first cardiac cycle is then computed.
A second start time and a second duration of the systolic
waveform of a second cardiac cycle from the plurality of
cardiac cycles, are determined based on the plurality of
amplitudes. The second cardiac cycle referred herein is gen-
erated after the first cardiac cycle in time sequence. The
computation of the plurality of amplitudes of the first cardiac
cycle, determining of the second start time and the second
duration of the second cardiac cycle are performed for the
plurality of cardiac cycles generated sequentially in time to
generate a sampled plethysmograph data.

[0017] FIG. 1 is a block diagram of a system 100 used for
low power sampling of plethysmograph signals in accordance
with an exemplary embodiment. Specifically, the system 100
is used for generating a sampled plethysmograph data from a
subject 102. The system 100 includes a sensor 104, a timing
module 106, a sampling module 108, a processing module
110 and a reconstruction module 112,

[0018] In the illustrated embodiment, the sensor 104 is
coupled to a peripheral artery of the subject 102 and config-
ured to generate a plethysmograph waveform from the sub-
ject 102. The sensor 104 includes an emitter (LED, OLED,
laser diode, etc.) for emitting a red light and another emitter
for emitting an infrared light. The peripheral artery may be in
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a finger, a toe, ear, nose, forehead or other tissue sites on the
subject 102. The light from the red and infrared light sources
are emitted to the peripheral artery sources to capture the
plethysmograph waveform created by the volumetric change
of blood flowing through the peripheral artery. Specifically,
the sensor 104 is configured to measure a plethysmograph
waveform indicative of a plurality of cardiac cycles. The
plethysmograph waveform includes a systolic waveform and
a diastolic waveform corresponding to each cardiac cycle.

[0019] Thetiming module 106 is communicatively coupled
to the sensor 104. The timing module 106 provides timing
signals to the sensor 104 for switching on and off the light
sources. The timing module 106 is configured to estimate a
firsttime and a first duration of the systolic waveform ofa first
cardiac cycle, based on at least one cardiac cycle from the
plurality of cardiac cycles. The timing module 106 is further
configured to determine an average value of the plurality of
cardiac cycles and estimate the first start time and the first
duration based on the average value. In one embodiment, the
timing module 106 is a hardware component. The timing
module 106 may include timing circuitry and a plurality of
computing elements configured to generate the timing sig-
nals. In another embodiment, the timing module 106 is stored
in a memory and executed by at least one processor.

[0020] The sampling module 108 is communicatively
coupled to the sensor 104 and the timing module 106. The
sampling module 108 is configured to receive the plethysmo-
graph waveform from the sensor 104 and the timing signals
from the timing module 106. The sampling module 108 is
configured to perform sampling of the plethysmograph wave-
form. The sampling module 108 computes a plurality of
amplitudes at a plurality of time instants for the first duration
of the systolic waveform of the first cardiac cycle. In one
embodiment, the sampling module 108 is a customized hard-
ware module. In another embodiment, the sampling module
108 is stored in the memory and executable by at least one
processor.

[0021] The processing module 110 is communicatively
coupled to the timing module 106 and the sampling module
108. The processing module 110 is configured to receive the
plurality of amplitudes from the sampling module 108 and
determine a second start time and a second duration of the
systolic waveform of a second cardiac cycle from the plurality
of cardiac cycles, based on the plurality of amplitudes. The
processing module 110 is further configured to assign the
second cardiac cycle, the second start time, and the second
duration to the first cardiac cycle, the first start time, and the
first duration respectively. The processing module 110 is also
further configured to process the plurality of cardiac cycles
generated sequentially in time to generate a sampled plethys-
mograph data. The processing module 110 may include at
least one processor and a memory (not shown).

[0022] At least one processor of the processing module 110
may include at least one arithmetic logic unit, microproces-
sor, general purpose controller or other processor arrays to
perform the desired computations. The processing capability
of at least one processor, in one example, may be limited to
reception of the sampled plethysmograph data. The process-
ing capability of at least one processor, in another example,
may include performing more complex tasks such as estimat-
ing a duration of a cardiac cycle and a start time instant of a
systolic waveform, or the like. In other embodiments, other
type of processors, operating systems, and physical configu-
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rations are also envisioned. In certain embodiments, the pro-
cessing module 110 may include the timing module 106, and
the sampling module 108.

[0023] Inoneembodiment, the processing module 110 may
also include at least one memory module. In another embodi-
ment, the processing module 110 is communicatively
coupled to at least one memory module. The memory module
may be a non-transitory storage medium. For example, the
memory module may be a dynamic random access memory
(DRAM) device, a static random access memory (SRAM)
device, flash memory or other memory devices. In one
embodiment, the memory module may include a non-volatile
memory or similar permanent storage device, and media such
as a hard disk drive, a floppy disk drive, a compact disc read
only memory (CD-ROM) device, a digital versatile disc read
only memory (DVD-ROM) device, a digital versatile disc
random access memory (DVD-RAM) device, a digital versa-
tile disc rewritable (DVD-RW) device, a flash memory
device, or other non-volatile storage devices. In one specific
embodiment, the non-transitory computer readable medium
may be encoded with a program to instruct at least one pro-
cessor to generate the sampled plethysmograph data.

[0024] The reconstruction module 112 is communicatively
coupled to the sampling module 108 and configured to gen-
erate an entire cardiac cycle based on the plurality of ampli-
tudes generated from the sampling module 108. The term
“entire cardiac cycle” mentioned herein refers to a plurality of
systolic amplitudes corresponding to a systolic waveform of
the cardiac cycle and a plurality of diastolic amplitudes cor-
responding to a diastolic waveform of the cardiac cycle. In
one embodiment, the reconstruction module 112 is a custom
hardware module. In another embodiment, the reconstruction
module 112 is stored in a memory and executable by at least
one processor. In yet another embodiment, the reconstruction
module 112 may be integrated with the processing module
110. The reconstruction module 112 is further configured to
process the sampled plethysmograph data corresponding to
the systolic waveform of the first cardiac cycle and generate a
plurality of amplitudes of the diastolic waveform of the first
cardiac cycle. The reconstruction module 112 is configured to
generate a plurality of amplitudes 114 of the entire cardiac
cycle.

[0025] FIG.2isa graphrepresentative of a plethysmograph
waveform 200 having two successive cardiac cycles 202, 204
among a plurality of cardiac cycles in accordance with an
exemplary embodiment. The x-axis 222 of the graph 200 is
representative of time and the y-axis 224 is representative of
magnitude of the plethysmograph waveform 200. The
plethysmograph waveform 200 includes the first cardiac
cycle 202 and the second cardiac cycle 204. In the illustrated
embodiment, the second cardiac cycle 204 is generated after
the first cardiac cycle 202 in time sequence. Each cardiac
cycle has a systolic waveform and a diastolic waveform. In
the illustrated embodiment, the first cardiac cycle 202 has a
systolic waveform 206 and a diastolic waveform 208. The
second cardiac cycle 204 has a systolic waveform 210 and a
diastolic waveform 212. The systolic waveform 206 of the
first cardiac cycle 202 has a first start time 214 and a first
duration 216. The first cardiac cycle 202 has an entire dura-
tion 228 including the first duration 216 and a duration (not
shown) corresponding to the diastolic waveform 208. The
systolic waveform 210 has a second start time 218 and a
second duration 220. The systolic waveform 206 of the first
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cardiac cycle 202 has a start time 232 and the systolic wave-
form 210 of the second cardiac cycle 204 has a start time 234.
[0026] In the illustrated embodiment, a plurality of ampli-
tudes 226 are determined by sampling the plethysmograph
waveform 200 for the first duration 216 from the first start
time 214. The processing module is configured to identify a
portion of the first cardiac cycle 202, which occurs within the
first duration 216. The identification of the portion of the first
cardiac cycle 202 occurring within the first duration 216,
involves processing the plurality of amplitude 226 within the
first duration 216. In the illustrated embodiment, the systolic
waveform 206 is the identified portion of the first cardiac
cycle 202 occurring within the first duration 216. Further, the
second start time 218 and the second duration 220 of the
second cardiac cycle 204 are determined based on the iden-
tified portion of the first cardiac cycle 202. Further, a plurality
of amplitudes 230 are determined by sampling the plethys-
mograph waveform 200 for the second duration 220 from the
second start time 218. The identification of a portion of the
second cardiac cycle 204 occurring within the second dura-
tion 220, involves processing the plurality of amplitudes 230
within the second duration 220. In the illustrated embodi-
ment, the systolic waveform 210 is the identified portion of
the second cardiac cycle 204 occurring within the second
duration220. Since, the red and infrared emitters are powered
“ON” during the sampling period, the power required for
operating the sources is reduced. The processing of the plu-
rality of amplitudes 226 and identification of the portion of
the first cardiac cycle 202 are explained in greater detail with
reference to subsequent figures.

[0027] Further, a second start time 218 is estimated corre-
sponding to the second cardiac cycle 204. Determination of
the second start time 218 involves determining the start time
232 of the systolic waveform 206. The start time 232 is a time
instant among the plurality of time instants corresponding to
the plurality of amplitudes 226. The start time 234 of the
systolic waveform 210 is determined by adding the entire
duration 228 to the start time 232. The start time 234 of the
systolic waveform 210 of the second cardiac cycle 204 is
assigned to the second start time 218. In some embodiments,
the plurality of time instants 226 may not include the start
time 232 of the systolic waveform 206. In such embodiments,
the second start time 218 is assigned with a value equal to the
entire duration 228 added to the first start time 214.

[0028] FIG. 3 isa graph representative of the systolic wave-
form 206 indicative of the first cardiac cycle 202 of the
plethysmograph waveform in accordance with an exemplary
embodiment of FIG. 2. The graph has the x-axis 222 repre-
sentative of time and a y-axis 224 representative of amplitude
of the plethysmograph waveform. The first cardiac cycle has
the first start time 214 and the first duration 216. The first
duration 216 includes asystolic rise duration 302, a first offset
duration 300 before the systolic rise duration 302 and a sec-
ond offset duration 304 after the systolic rise duration 302.
The first offset duration 300 and the second offset duration
304 are determined to compensate for any variations between
the plurality of cardiac cycles. In one embodiment, the first
offset duration 300 and the second offset duration 304 has 5-8
samples and the systolic rise duration 302 includes about
10-12 samples. In alternate embodiments, first offset duration
300 and the second offset duration 304 may vary.

[0029] The first start time 214 and the first duration 216 are
determined such that the systolic waveform 206 occurs within
the systolic rise duration 302. In some embodiments, the
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systolic waveform 206 does not occur within the systolic rise
duration 302. In such embodiments, the systolic waveform
206 may occur within the first duration 216. If the systolic
waveform 206 occurs before the systolic rise duration 302,
the first offset duration 300 includes an initial portion of the
systolic waveform 206. If the systolic waveform 206 occurs
beyond the systolic rise duration 302, the second offset dura-
tion 304 includes a remaining portion of the systolic wave-
form 206.

[0030] Although in the illustrated graph, the first start time
214 coincides with a start of the first offset duration 300, it
should not be interpreted as a limitation of the technique. The
first start time 214 may coincide with any point on the first
cardiac cycle 202. In the illustrated embodiment, the systolic
rise duration 302 includes the systolic waveform 206. In
another embodiment, the systolic rise duration 302 may not
include the systolic waveform 206. The first duration 216 may
correspond to a portion of the systolic waveform 206, a por-
tion of the diastolic waveform 208, or a combination thereof.
The first duration 216 may be assigned different values for
successive cardiac cycles of the plethysmograph waveform.
For one cardiac cycle, the first duration 216 may have a
smaller value compared to the duration of the systolic rise.
For another cardiac cycle, the first duration may have a value
equal to an average duration of the entire corresponding car-
diac cycle.

[0031] Inanexemplary embodiment, the plurality of ampli-
tudes 226 are processed to determine a portion of the first
cardiac cycle 202, within the first duration 216. The process-
ing involves determining a peak value 306 among the plural-
ity of amplitudes 226. The processing also involves determin-
ing a pattern of the plurality of amplitudes 226. In the
illustrated embodiment, for example, the pattern of the plu-
rality of amplitudes 226 is a rising pattern. In other embodi-
ments, a pattern of the plurality of amplitudes 226 may be a
falling pattern, an oscillating pattern and the like. In the
illustrated embodiment, the identified portion of the first car-
diac cycle 202 is the systolic waveform 206. In other embodi-
ments where other patterns are determined, the identified
portion of the first cardiac cycle 202 may be the diastolic
waveform 208, a portion of the systolic waveform 206, or a
portion of the diastolic waveform 208. The second start time
and the second duration are determined based on the identi-
fied portion of the first cardiac cycle 202, the first start time
214, and the first duration 216. The determination of the
second start time and the second duration are explained in
greater detail with reference to subsequent figures.

[0032] FIG. 4 is a graph representative of the identified
portion of the first cardiac cycle 202 of the plethysmograph
waveform, corresponding to the first duration 216 in accor-
dance with an exemplary embodiment of FIG. 3. The x-axis
222 is representative of time and the y-axis 224 is represen-
tative of the amplitude. The first start time 214 corresponds to
“zero” value on the x-axis 222 and the first duration 216
corresponds to the entire x-axis 222. The identified portion of
the first cardiac cycle 202 includes the systolic waveform 206
occurring in the systolic rise duration 302 of the first cardiac
cycle 202. In such an embodiment, a threshold for determin-
ing the peak amplitude 306 is estimated based on the plurality
of amplitudes 226.

[0033] Inanalternate embodiment, the identified portion of
the first cardiac cycle 202 includes the systolic waveform 206
and also at least a portion of the diastolic waveform 208. The
identified portion occurs within the systolic rise duration 302.
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In such an embodiment, a first value less than the first duration
216, is assigned to the second duration. Assigning the first
value less than the first duration 216, to the second duration
facilitates to restrict the sampling process to the systolic
waveform of the second cardiac cycle.

[0034] FIG. 5isa graph representative of a portion of a first
cardiac cycle 502 of a plethysmograph waveform, corre-
sponding to a first duration 512 in accordance with another
exemplary embodiment. The x-axis 504 is representative of
time and the y-axis 506 is representative of the amplitude. A
first start time 510 corresponds to “zero” value on the x-axis
504 and the first duration 512 corresponds to the entire x-axis
504. In the illustrated embodiment, the identified portion is a
portion of a systolic waveform 500 of the first cardiac cycle
502. The graph includes a peak amplitude 508 and does not
include an initial portion of the systolic waveform 500.
[0035] FIG. 61s a graph representative of a portion ofa first
cardiac cycle 602 of a plethysmograph waveform, corre-
sponding to a first duration 610 in accordance with another
exemplary embodiment. The x-axis 604 is representative of
time and the y-axis 606 is representative of amplitude. A first
start time 608 corresponds to “zero” value on the x-axis 604
and the first duration 610 corresponds to the entire x-axis 604.
The identified portion is an initial portion of a systolic wave-
form 600 of the first cardiac cycle 602. The graph does not
include a peak amplitude of the systolic waveform 600.
[0036] Inthe embodiments of FIGS. 5 and 6, the identified
portion of the first cardiac cycle includes a portion of the
systolic waveform of the first cardiac cycle. The identified
portion of the first cardiac cycle occurs within and beyond the
systolic rise duration. In such embodiments, a second value
greater than the first duration is assigned to the second dura-
tion. The second value greater than the first duration facili-
tates sampling of the entire systolic waveform of the second
cardiac cycle during the second duration.

[0037] FIG. 7is a graph representative of a portion ofa first
cardiac cycle 702 of a plethysmograph waveform, corre-
sponding to a first duration 710 in accordance with another
exemplary embodiment. The x-axis 704 is representative of
time and the y-axis 706 is representative of amplitude. A first
start time 708 corresponds to “zero” value on the x-axis 704
and the first duration 710 corresponds to the entire x-axis 704.
The identified portion is a portion of a systolic waveform 700
of the first cardiac cycle 702 having a plurality of low ampli-
tude values 712.

[0038] FIG. 8isa graph representative of a portion ofa first
cardiac cycle 802 of the plethysmograph waveform, corre-
sponding to a first duration 810 in accordance with another
exemplary embodiment. The x-axis 804 is representative of
time and the y-axis 806 is representative of amplitude. A first
start time 808 corresponds to “zero” value on the x-axis 804
and the first duration 810 corresponds to the entire x-axis §02.
The identified portion is aportion of a diastolic waveform 800
of the first cardiac cycle 802. The waveform 800 includes a
plurality of amplitude values 812 which decrease with respect
to time.

[0039] Inthe embodiments of FIGS. 7 and 8, the identified
portion of the first cardiac cycle does not include a portion of
the systolic waveform. In such embodiments, a third value
equal to the entire duration is assigned to the second duration.
Assigning the third value equal to the entire duration facili-
tates sampling of the entire cardiac cycle. The processing
module is configured to determine the entire duration of the
first cardiac cycle based on the plurality of amplitudes.
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[0040] FIG.9isa graph 900 representative of a plurality the
plethysmograph waveforms obtained using reconstruction
techniques in accordance with an exemplary embodiment.
The x-axis 902 of the graph 900 is representative of time and
the y-axis 904 is representative of amplitude. In an exemplary
embodiment, a plurality of diastolic amplitudes correspond-
ing to a diastolic waveform of a first cardiac cycle is deter-
mined using a linear interpolation technique. Linear interpo-
lation technique involves determining diastolic amplitudes
using a linear equation. In another embodiment, a plurality of
diastolic amplitudes of a diastolic waveform of a first cardiac
cycle is determined using a diastolic template. A mathemati-
cal model of the diastolic waveform is used as a diastolic
template to determine the plurality of diastolic amplitudes. In
the illustrated embodiment, a curve 908 is representative of a
reconstructed cardiac waveform generated using an interpo-
lation technique based on a diastolic template. In alternate
embodiments, other mathematical methods such as logarith-
mic and polynomial based interpolation techniques may be
used to generate the reconstructed cardiac waveform. A curve
910 is representative of a reconstructed cardiac waveform
obtained by sampling both a systolic waveform and a dias-
tolic waveform. It may be noted herein that the curve 908 is
more proximate to the curve 910 compared to the proximity
of the curve 906 with reference to the curve 910.

[0041] FIG.10isaflowchart 1000 illustrating a plurality of
steps involved in low power sampling of plethysmograph
waveform in accordance with an exemplary embodiment.
The method includes generating a plethysmograph waveform
from a sensor 1002 indicative of a plurality of cardiac cycles.
The plethysmograph waveform includes a systolic waveform
and a diastolic waveform, corresponding to each cardiac
cycle. A first start time and a first duration of the systolic
waveform of a first cardiac cycle are estimated 1004 based on
at least one cardiac cycle from the plurality of cardiac cycles.
The first start time and the first duration are determined based
on an average value of the plurality of cardiac cycles. A
plurality of amplitudes is computed 1006 at a plurality of time
instants of the first duration of the systolic waveform of the
first cardiac cycle. A second start time and a second duration
of the systolic waveform of a second cardiac cycle are deter-
mined 1008 based on the plurality of amplitudes. It should be
noted herein that the second cardiac cycle is generated after
the first cardiac cycle in time sequence. The plurality of
amplitudes is processed to identify a portion of the first car-
diac cycle which occurs within the first duration.

[0042] A plurality of diastolic amplitudes of the diastolic
waveform of the first cardiac cycle is determined 1010 based
on a reconstruction technique. The reconstruction technique,
in one embodiment, includes determining the plurality of
diastolic amplitudes using a diastolic template. In another
embodiment, the reconstruction technique includes deter-
mining the plurality of diastolic amplitudes using a linear
interpolation technique or a polynomial interpolation tech-
nique. The second cardiac cycle, the second start time, and the
second duration are assigned 1012 to the first cardiac cycle,
the first start time, and the first duration respectively. The
method further includes checking generation of additional
plethysmograph waveform 1014 and initiating an iterative
operation if the additional plethysmograph waveform is avail-
able for processing. The iterative operation involves deter-
mining plurality of amplitudes, a second start time, and a
second duration, and then reconstructing a plurality of dias-
tolic amplitudes. The iterative operation is performed for the
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plurality of cardiac cycles generated sequentially in time to
generate a sampled plethysmograph data 1016.

[0043] FIG. 111saflow chart 1100 illustrating a plurality of
steps involved in determining a second duration in accor-
dance with an exemplary embodiment. The method includes
obtaining a plurality of amplitudes 1102 as discussed previ-
ously with reference to the flow chart of FIG. 10. A peak value
is determined 1104 based on the plurality of amplitudes. In
one exemplary embodiment, a plurality of derivative values
of the plurality of amplitude values are determined by deter-
mining a difference of successive sample values of the plu-
rality of amplitudes. The plurality of derivative values may
exhibit “jitter peaks”. The term “jitter peaks” is referred to
herein as a plurality of peak values among the plurality of
derivative values which are adjacent to each other. The jitter
peaks are removed from the plurality of derivative values to
generate a plurality of jitter-free derivative values. A maxi-
mum value among the plurality of jitter-free derivative values
1s determined as the peak value.

[0044] The determined peak value is compared with a
threshold 1106 to determine the portion of the first cardiac
cycle. In one embodiment, the threshold value is retrieved
from the memory of the processor. In another embodiment,
the threshold value is provided by the user. If the peak value
is lesser than the threshold, the portion of the first cardiac
cycle within the first duration is determined as a diastolic
waveform 1108. If the peak value is greater than the thresh-
old, the portion of the first cardiac cycle includes at least a
portion of the systolic waveform. Further, a location of a
sample value among the plurality of amplitudes, correspond-
ing to the peak value is determined. The location of the
sample value corresponding to the peak value is then ana-
lyzed 1110 to verify if the location of the sample value cor-
responds to the last sample of the plurality of amplitudes. If
the sample having the peak value is the last sample among the
plurality of amplitudes, the identified portion does not include
the systolic waveform. The identified portion of the first car-
diac cycle within the first duration includes a portion of the
systolic waveform 1112. If the sample having the peak value
is not the last sample among the plurality of amplitudes, the
identified portion includes the systolic waveform. The iden-
tified portion of the first cardiac cycle within the first duration
includes the systolic waveform 1114.

[0045] When the identified portion of the first cardiac cycle
includes a portion of the systolic waveform, a first value
greater than the first duration is assigned to the second dura-
tion 1116. When the identified portion of the first cardiac
cycleincludes the systolic waveform, a second value less than
the first duration is assigned to the second duration 1118.
When the identified portion of the first cardiac cycle includes
a portion of the diastolic waveform, a third value equal to the
duration of the cardiac cycle is assigned to the second dura-
tion 1120.

[0046] When the identified portion of the first cardiac cycle
includes the systolic waveform, one time instant among the
plurality of time instants, corresponding to a start of the
systolic rise duration is determined. The determined time
instant is assigned to the second start time.

[0047] Exemplary embodiments disclosed herein disclose
a sampling technique for generating a sampled plethysmo-
graph data with minimum power requirements. The systolic
waveform of the cardiac cycle is sampled and the diastolic
waveform is reconstructed based on the plurality of ampli-
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tudes of the systolic waveform. The emitters are powered only
during a systolic rise period, thereby reducing the power
requirement.

[0048] It is to be understood that not necessarily all such
objects or advantages described above may be achieved in
accordance with any particular embodiment. Thus, for
example, those skilled in the art will recognize that the sys-
tems and techniques described herein may be embodied or
carried out in a manner that achieves or improves one advan-
tage or group of advantages as taught herein without neces-
sarily achieving other objects or advantages as may be taught
or suggested herein.

[0049] While the technology has been described in detail in
connection with only a limited number of embodiments, it
should be readily understood that the specification is not
limited to such disclosed embodiments. Rather, the technol-
ogy can be modified to incorporate any number of variations,
alterations, substitutions or equivalent arrangements not
heretofore described, but which are commensurate with the
spirit and scope of the claims. Additionally, while various
embodiments of the technology have been described, it is to
be understood that aspects of the specification may include
only some of the described embodiments. Accordingly, the
specification is not to be seen as limited by the foregoing
description, but is only limited by the scope of the appended
claims.

What is claimed as new and desired to be protected by
Letters Patent of the United States is:

1. A method, comprising:

(D) measuring a plethysmograph waveform indicative of a
plurality of cardiac cycles, wherein the plethysmograph
waveform includes a systolic waveform and a diastolic
waveform, corresponding to each cardiac cycle;

(1) estimating a first start time and a first duration for the
systolic waveform of a first cardiac cycle, based on at
least one cardiac cycle from the plurality of cardiac
cycles;

(1IT) computing a plurality of amplitudes at a plurality of
time instants for the first duration of the systolic wave-
form of the first cardiac cycle;

(IV) determining a second start time and a second duration
of the systolic waveform of a second cardiac cycle from
the plurality of cardiac cycles based on the plurality of
amplitudes; wherein the second cardiac cycle is
acquired after the first cardiac cycle in time sequence;

(V) assigning the second cardiac cycle, the second start
time, and the second duration to the first cardiac cycle,
the first start time, and the first duration respectively; and

iteratively performing (II), (IV), (V) for the plurality of
cardiac cycles acquired sequentially in time to generate
a sampled plethysmograph data.

2. The method of claim 1, further comprising determining
an average value of the plurality of cardiac cycles and esti-
mating the first start time and the first duration based on the
average value.

3. The method of claim 1, wherein the first duration com-
prises a systolic rise duration, a first offset duration before the
systolic rise duration and a second offset duration after the
systolic rise duration.

4. The method of claim 3, wherein the determining further
comprises identifying a portion of the first cardiac cycle,
which occurs within the first duration.

5. The method of claim 4, wherein the identifying com-
prises determining a peak value of the plurality of amplitudes.
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6. The method of claim 5, wherein the determining further
comprises assigning a first value less than the first duration, to
the second duration, when the identified portion of the first
cardiac cycle occurs within the systolic rise duration.

7. The method of claim 6, wherein the determining further
comprises assigning a second value greater than the first
duration, to the second duration, when the identified portion
ofthe first cardiac cycle occurs within and beyond the systolic
rise duration.

8. The method of claim 7, further comprising determining
an entire duration of the first cardiac cycle.

9. The method of claim 8, wherein the determining further
comprises assigning a third value equal to the entire duration,
to the second duration, when the identified portion of the first
cardiac cycle is the diastolic waveform.

10. The method of claim 3, wherein the determining com-
prises determining the second start time based on one time
instant among the plurality of time instants, corresponding to
a start time of the systolic waveform of the first cardiac cycle.

11. A system comprising:

a sensor configured to measure a plethysmograph wave-
form indicative of a plurality of cardiac cycles, wherein
the plethysmograph waveform includes a systolic wave-
form and a diastolic waveform corresponding to each
cardiac cycle;

a timing module communicatively coupled to the sensor
and configured to estimate a first start time and a first
duration for the systolic waveform of a first cardiac
cycle, based on at least one cardiac cycle from the plu-
rality of cardiac cycles;

asampling module communicatively coupled to the timing
module and the sensor, wherein the sampling module is
configured to compute a plurality of amplitudes at a
plurality of time instants for the first duration of the
systolic waveform of the first cardiac cycle; and

a processing module communicatively coupled to the sam-
pling module and the timing module, wherein the pro-
cessing module is configured to:

(D) receive the plurality of amplitudes from the sampling
module;

(1) determine a second start time and a second duration
of the systolic waveform of a second cardiac cycle
from the plurality of cardiac cycles, based on the
plurality of amplitudes; wherein the second cardiac
cycle is generated after the first cardiac cycle in time
sequence;

(IIT) assign the second cardiac cycle, the second start
time, and the second duration to the first cardiac cycle,
the first start time, and the first duration respectively;
and

iteratively perform (I), (IT), (III) for the plurality of car-
diac cycles generated sequentially in time to capture a
sampled plethysmograph data.

12. The system of claim 11, wherein timing module is
further configured to determine an average value of the plu-
rality of cardiac cycle and estimate the first start time and the
first duration based on the average value.

13. The system of claim 12, wherein the processing module
is configured to identify a portion of the first cardiac cycle,
which occurs within the first duration.

14. The system of claim 13, wherein the processing module
is further configured to determine a peak value of the plurality
of amplitudes.
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15. The system of claim 14, wherein the processing module
is further configured to assign a first value less than the first
duration, to the second duration, when the identified portion
of the first cardiac cycle occurs within a systolic rise duration
of the first duration.

16. The system of claim 15, wherein the processing module
is configured to assign a second value greater than the first
duration, to the second duration, when the identified portion
of the first cardiac cycle occurs within and beyond the systolic
rise duration.

17. The system of claim 16, wherein the processing module
is configured to determine an entire duration of the first car-
diac cycle.

18. The system of claim 17, wherein the processing module
is configured to assign a third value equal to the entire dura-
tion, to the second duration, when the identified portion of the
first cardiac cycle is the diastolic waveform.

19. The system of claim 15, wherein the processing module
is configured to determine the second start time based on one
time instant among the plurality of time instants, correspond-
ing to a start time of the systolic waveform of the first cardiac
cycle.

20. The system of claim 11, further comprising a recon-
struction module communicatively coupled to the sampling
module configured to generate a plurality of diastolic ampli-
tudes corresponding to the diastolic waveform of the first
cardiac cycle.

21. A method comprising:

(D) generating a plethysmograph waveform indicative of a
plurality of cardiac cycles, wherein the plethysmograph
waveform includes a systolic waveform and a diastolic
waveform, corresponding to each cardiac cycle;

(1I) estimating a first start time and a first duration for the
systolic waveform of a first cardiac cycle, based on at
least one cardiac cycle from the plurality of cardiac
cycles;

(1IT) computing a plurality of amplitudes at a plurality of
time instants for the first duration of the systolic wave-
form of the first cardiac cycle;

(IV) determining a second start time and a second duration
of the systolic waveform of a second cardiac cycle from
the plurality of cardiac cycles based on the first plurality
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of amplitudes; wherein the second cardiac cycle is gen-
erated after the first cardiac cycle in time sequence;

(V) reconstructing a plurality of diastolic amplitudes cor-
responding to the diastolic waveform of the first cardiac
cycle based on the plurality of amplitudes;

(V1) assigning the second cardiac cycle, the second start
time, and the second duration to the first cardiac cycle,
the first start time, and the first duration respectively; and

iteratively performing (I10), (TV), (V), (V1) for the plurality
of cardiac cycles generated sequentially in time to gen-
erate a sampled plethysmograph data.

22. The method of claim 21, wherein the reconstructing
comprises determining the plurality of diastolic amplitudes
using a diastolic template.

23. The method of claim 21, wherein the reconstructing
comprises determining the plurality of diastolic amplitudes
using a polynomial interpolation technique.

24. A non-transitory computer readable medium encoded
with a program to instruct at least one processor based device
to:

(D) generate a plethysmograph waveform indicative of a
plurality of cardiac cycles, wherein the plethysmograph
waveform includes a systolic waveform and a diastolic
waveform, corresponding to each cardiac cycle;

(1) estimate a first start time and a first duration for the
systolic waveform of a first cardiac cycle, based on at
least one cardiac cycle from the plurality of cardiac
cycles;

(1IT) compute a plurality of amplitudes at a plurality of time
instants for the first duration of the systolic waveform of
the first cardiac cycle;

(IV) determine a second start time and a second duration of
the systolic waveform of'a second cardiac cycle from the
plurality of cardiac cycles based on the plurality of
amplitudes; wherein the second cardiac cycle is gener-
ated after the first cardiac cycle in time sequence;

(V) assign the second cardiac cycle, the second start time,
and the second duration to the first cardiac cycle, the first
start time, and the first duration respectively; and

iteratively perform (IIT). (IV), (V) for the plurality of car-
diac cycles generated sequentially in time to generate a
sampled plethysmograph data.
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