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BLOOD PULSE MEASUREMENT BASED ON
CAPACITIVE SENSING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Priority is claimed under USC §119(e) to: (a) U.S.
Provisional Application 61/866,808 (Texas Instruments
docket TI-75359PS/74137PS1), filed 16 Aug. 2013.

BACKGROUND
[0002] 1. Technical Field
[0003] This Patent Document relates generally to noninva-

sive measurement of blood flow, such as for measuring blood
pulse (heart rate).

[0004] 2. Related Art

[0005] The vascular system of blood vessels (arteries, veins
and capillaries) circulate blood continuously, directed by the
pulsatile rhythm of the heart. Each cardiac cycle creates a
pressure wave (change in blood volume), or pulse, that propa-
gates through the vasculature.

[0006] Arteries and veins provide two means of measuring
blood flow: pressure and pulse or heart rate. Pulse is mani-
fested as a rhythmic expansion and recoil of elastic arteries
and veins. This pulsation is more pronounced in arteries,
which carry blood pumped out of the heart.

[0007] Pulse points are areas of the body where an artery is
relatively near the skin surface, permitting the external
examination (detection, measurement) of arterial pulse.
Example pulse points are the carotid artery in the neck
branching to the temporal (superficial) artery at the temple,
and the radial and ulnar branches of the brachial artery run-
ning down the forearm through the wrist. Palpation (touch) is
the common method of examining arterial pulse, and pulse
points are also referred to as compression/pressure points
susceptible to palpation.

[0008] At some pulse points, arterial pulse is also manifest
as skin vibration caused by the pulse waves propagating
through the vasculature. At these pulse points, the arterial
vibrations associated with arterial expansion/recoil (displace-
ment) are not entirely absorbed by overlying tissue layers,
and appear as skin vibration/displacement (on the order of a
hundreds of microns).

BRIEF SUMMARY

[0009] This Brief Summary is provided as a general intro-
duction to the Disclosure provided by the Detailed Descrip-
tion and Figures, summarizing certain aspects and features of
the disclosed invention. It is not a complete overview of the
Disclosure, and should not be interpreted as identifying key
elements or features of the invention, or otherwise character-
izing or delimiting the scope of the invention disclosed in this
Patent Document.

[0010] TheDisclosure describes apparatus and methods for
capacitive sensing adaptable for noninvasive measurement of
pulsation of ablood vessel within a body. The methodology is
operable in a capacitive sensing system including a capacitive
sensor, including a sensor electrode and a sensor shield, dis-
posed in proximity to a skin pulse point exhibiting pulse
displacement of skin tissue caused by pulsation of the blood
vessel (vascular pulsation). The capacitive sensor includes a
sensor electrode disposed overand spaced from the skin pulse
point, such that the distance between sensor electrode and the
skin pulse point cycles between a proximal and a distal dis-
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tance based on vascular pulsation, where the proximal dis-
tance corresponds to a proximal pulse displacement, and the
distal distance corresponds to a distal pulse displacement.
The sensor shield is disposed over and insulated from the
sensor electrode.

[0011] Aspects and features of the methodology for nonin-
vasive capacitive measurement of vascular pulsation include:
(a) exciting the sensor electrode to generate a sensor E-field
between the sensor electrode and the skin pulse point based
on sensor self-capacitance; (b) driving sensor shield to gen-
erate a shield E-field such that the sensor E-field is concen-
trated in the direction of the skin pulse point; (c) acquiring
capacitance measurements for a proximal self-capacitance of
the sensor electrode with the skin pulse point at proximal
displacement, and a distal self-capacitance of the sensor elec-
trode with the skin pulse point at distal displacement; and (d)
converting the proximal and distal capacitances into sensor
data representative of vascular pulsation.

[0012] Other aspects and features of the methodology
include capacitive sensing base on multi-phase capacitive
charge transfer in which: (a) sensor excitation is at an excita-
tion frequency with excitation/charging and transfer/dis-
charging phases; and (b) capacitance measurements are
acquired by charging the sensor electrode during the excita-
tion/charging phase, and discharging the capacitor during the
transfer/discharging phase. In addition, the shield E-field can
be generated by driving the sensor shield to generate the
shield E-field with substantially the same polarity and phase
as the sensor E-field.

[0013] In one application of the methodology for noninva-
sive capacitive measurement of vascular pulsation, the
capacitive sensor is adapted for amalgamation with an arm of
apair of spectacles, such that the sensor electrode is locatable
in proximity to skin pulse point at a superficial temporal
artery.

[0014] Other aspects and features of the invention claimed
in this Patent Document will be apparent to those skilled in
the art from the following Disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is an example functional illustration of a
capacitive sensing system adapted for noninvasive sensing of
blood pulse (heart rate), including a sensor capacitive sensor
adapted for location in proximity to a skin pulse point exhib-
iting pulse displacement of skin tissue caused by vascular
pulsation, and including a capacitance-to-digital conversion
(CDC) unit with sensor and shield drivers, and capacitance
conversion of capacitance readings into sensor capacitance
data corresponding to vascular pulsation (proximal capaci-
tance associated with the sensor electrode and the body
capacitance at proximal displacement, and distal capacitance
associated with the sensor electrode and body capacitance for
distal displacement).

[0016] FIGS.2A/2B illustrate a capacitive sensor disposed
at a skin pulse point for a blood vessel, exhibiting pulse
displacement of skin tissue caused by vascular pulsation,
cycling between respectively a proximal and a distal sensing
distance: (2A) illustrates proximal pulse displacement caused
by vascular expansion; and (2B) illustrates distal pulse dis-
placement caused by vascular recoil.

[0017] FIG. 3 illustrates an example embodiment of a
multi-channel CDC unit that implements capacitance-to-
digital conversion, with sensor excitation and shield drive for
focusing the sensor E-field, capacitance capture for proximal
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capacitance associated with the sensor electrode and the body
capacitance at proximal displacement, and distal capacitance
associated with the sensor electrode and body capacitance for
distal displacement, and data conversion of the sensor capaci-
tance readings as sensor capacitance data corresponding to
vascular pulsation.

[0018] FIG. 4 illustrates an example embodiment of a
capacitive sensor integrated into a sensor structure adapted
for attachment to (or other amalgamation with) an arm of a
pair of spectacles, that when worn locates the sensor in prox-
imity to a temple, near a temporal (superficial) artery.

DETAILED DESCRIPTION

[0019] This Description and the Figures disclose example
embodiments and applications that illustrate various features
and advantages of the invention, aspects of which are defined
by the Claims. Known circuits, functions and operations are
not described in detail to avoid unnecessarily obscuring the
principles and features of the invention.

[0020] Inbriefoverview, acapacitive sensing system canbe
adapted for noninvasive measurement of vascular pulsation.
The capacitive sensing system includes a capacitive sensor
and a capacitance-to-digital conversion (CDC) unit.

[0021] The capacitive sensor is disposed external to the
body in proximity to a skin pulse point exhibiting pulse dis-
placement of skin tissue caused by pulsation of the blood
vessel (vascular pulsation), and a body capacitance. The
capacitive sensor includes a sensor electrode and a driven
sensor shield. The sensor electrode is disposed over and
spaced from the skin pulse point, such that the distance
between sensor electrode and the skin pulse point cycles
between a proximal and a distal distance based on vascular
pulsation, where the proximal distance corresponds to a
proximal pulse displacement, and the distal distance corre-
sponds to a distal pulse displacement. The sensor shield dis-
posed over and insulated from the sensor electrode.

[0022] The CDC unit is coupled to the capacitive sensor,
and configured to convert sensor capacitance into sensor data
representative of the vascular pulsation. The CDC unit
includes excitation circuitry and capacitance acquisition/con-
version circuitry. The excitation circuitry is configured to
provide sensor excitation to excite the sensor electrode, gen-
erating a sensor E-field between the sensor electrode and the
skin pulse point based on sensor self-capacitance, and pro-
vide shield drive to drive the sensor shield to generate a shield
F-field such that the sensor E-field is concentrated in the
direction of the skin pulse point. The capacitance acquisition/
conversion circuitry is configured to acquire capacitance
measurements for a proximal self-capacitance of the sensor
electrode with the skin pulse point at proximal displacement,
and a distal self-capacitance of the sensor electrode with the
skin pulse point at distal displacement, and convert the proxi-
mal and distal self-capacitance measurements into sensor
data representative of vascular pulsation.

[0023] FIG. 1 is an example functional illustration of a
capacitive sensing system 100 adapted for noninvasive sens-
ing/measurement of blood pulse (heart rate). Capacitive sens-
ing system 100 includes a capacitive sensor 110 and capaci-
tance acquisition/conversion 130 formed by a capacitance-to-
digital conversion (CDC) unit 150, and a data processor 170.
These components need not be co-located, but to reduce the
effects of parasitic capacitance, CDC 150 is preferably
located as close as possible to capacitive sensor 110.
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[0024] Capacitive sensing system 100 is configure for
capacitive sensing based on projected self-capacitance.
[0025] CDC 150 acquires self-capacitance measurements
from capacitive sensor 110, and converts these capacitance
measurements to digital sensor data representative of vascu-
lar pulsation. The CDC sensor data can be input to data
processor 170, and processed to provide pulse (heart rate)
information.

[0026] Capacitive sensor 110 includes a sensor electrode
111 and a sensor shield 113. Capacitive sensor 110 is config-
ured for projected self-capacitance. Capacitive sensor 10 is
adapted for location at the body 120, in proximity to a skin
pulse point, exhibiting pulse displacement of skin tissue
caused by pulsation of the blood vessel (vascular pulsation).
Body 120 exhibits the physical property of body capacitance.
[0027] Pulse points are areas of the body where a blood
vessel, typically an artery, is relatively near the skin surface,
permitting the external measurement of arterial pulse.
Example pulse points are the carotid artery in the neck
branching to the temporal (superficial) artery at the temple,
and the radial and ulnar branches of the brachial artery that
run down the forearm through the wrist.

[0028] FIGS.2A/2B illustrate a capacitive sensor located in
proximity to an area of the body 220 in which an artery 222 is
at a skin pulse point 220A/222A. Skin pulse point 220A/
222A exhibits pulse displacement of skin tissue caused by
vascular pulsation, cycling between respectively a proximal
and a distal sensing distance.

[0029] Capacitive sensor 210 includes a sensor electrode
211 disposed overand spaced from the skin pulse point 220A/
220B by an air gap, such that the distance d1/d2 between the
sensor electrode and the skin pulse point cycles between a
proximal d1 and a distal d2 distance based on vascular pul-
sation 222A/222B.

[0030] FIG. 2A illustrates a skin pulse point 220A/222A in
which a proximal pulse displacement d1 is caused by vascular
expansion. While some of this vascular expansion will be
absorbed by the skin tissue 220A, some will appear at the skin
surface as a proximal expansion, corresponding to the vascu-
lar expansion 222A, resulting in a proximal pulse displace-
ment distance d1 between surface of skin 220A and sensor
electrode 211.

[0031] FIG. 2B illustrates a skin pulse point 220B/222B in
which a distal pulse displacement d2 is caused by vascular
recoil. While some of this vascular recoil will be absorbed by
the skin tissue 220B, some will appear at the skin surface as a
distal recoil, corresponding to the vascular recoil 222B,
resulting in a distal pulse displacement distance d2 between
the surface of skin 220B and sensor electrode 211.

[0032] Referring to FIG. 1, capacitive sensor 110 includes
asensor electrode 111 disposed over and spaced from the skin
pulse point (FIGS. 2A/B, 220A/222A and 220B/222B) by an
air gap, such that the distance d between sensor electrode 111
and the skin pulse point cycles between a proximal and a
distal distance based on vascular pulsation. In FIG. 2A, the
proximal distance d1 corresponds to a proximal pulse dis-
placement 222A, and in FIG. 2B, the distal distance d2 cor-
responds to a distal pulse displacement 222B.

[0033] Capacitive sensor 110 includes a driven sensor
shield 113, also coupled to a shield driver in CDC 150. Sensor
shield 113 is disposed over, and insulated from, sensor elec-
trode 111.

[0034] CDC 150 is coupled to capacitive sensor 110
through an acquisition channel, including sensor excitation,
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and including sensor shield drive. CDC 150 captures sensor
capacitance, acquiring sensor capacitance measurements,
which are converted sensor data representative of the vascular
pulsation. CDC 150 includes sense excitation and shield
drive.

[0035] CDC 150 includes excitation circuitry and capaci-
tance acquisition/conversion circuitry. CDC 150 provides
sense excitation to excite sensor electrode 111 to generate a
sensor E-field between the sensor electrode and the skin pulse
point based on sensor self-capacitance (FIGS. 2A/B, 220A/
222A and 220B/222B). CDC 150 can be configured to drive
the sensor shield to generate a shield E-field such that the
sensor E-field is concentrated in the direction of the skin pulse
point. For example, shield drive can be configured to generate
the shield E-field with substantially the same polarity and
phase as the sensor E-field.

[0036] The CDC capacitance acquisition/conversion cir-
cuitry captures capacitance measurements from sensor elec-
trode 111 corresponding to vascular pulsation. CDC 150 per-
forms capacitance acquisition to acquire capacitance
measurements for a proximal self-capacitance of the sensor
electrode with the skin pulse point at proximal displacement
(FIG. 24, 220A/222B), and a distal self-capacitance of the
sensor electrode with the skin pulse point at distal displace-
ment (FIG. 2B, 220V/222B).

[0037] Inoneimplementation, CDC 150 can be configured
for acquisition/conversion based on multi-phase capacitive
charge transfer in which sensor excitation at a specified exci-
tation frequency with excitation/charging and transfer/dis-
charging phases, and capacitance acquisition involves acquit-
ing capacitance measurements based on capacitive charge
transfer (charging the sensor capacitor during the excitation/
charging phase, and discharging the sensor electrode during
the transfer/discharging phase).

[0038] CDC 150 converts the proximal and distal self-ca-
pacitance measurements into sensor data representative of
vascular pulsation. CDC 150 outputs the sensor data for pro-
cessing by data processor, such as to determine pulse (heart
rate) information.

[0039] FIG. 3illustrates an example embodiment of a CDC
unit 350 and data processor 370 implemented in an MCU
(micro-controller unit). CDC 350 implements capacitance-
to-digital conversion, with capacitance acquisition of proxi-
mal and distal capacitance measurements, and conversion to
sensor capacitance data corresponding to vascular pulsation.
[0040] CDC 350 includes four input/acquisition channels
CIN1-4 and two shield drive channels SHLD1-2. Capaci-
tance (positive and/or negative) is measured between CINx
and GND (an example input capacitance range is 0 pF to 15
pF). The CINx channel inputs are multiplexed by channel
multiplexers 351A/B into dual acquisition/measurement
channels CHA/CHB. CDC 350 is configurable for single-
ended (CHA) or differential (CHA/CHB) capacitance mea-
surement.

[0041] CDC 350 implements capacitance acquisition/mea-
surement based on multi-phase capacitive charge transfer,
such as with a switched capacitor configuration. Excitation
block 353 is configured to provide sensor excitation and
shield drive. Sensor excitation is provided at a specified exci-
tation frequency for capacitive charge transfer (with excita-
tion/charging and transfer/discharging phases). Shield drive
can be provided synchronously with sensor excitation fre-
quency, and can be used to focus sensing direction, and to
counteract CINx parasitic capacitance.
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[0042] Sensor excitation at the excitation frequency gener-
ates a sensor E-field between the sensor electrode and the skin
pulse point based on sensor self-capacitance. During the exci-
tation/charging phase, a sense voltage is applied to CINX,
charging the sensor electrode. During the transfer/discharg-
ing phase the sensor electrode is discharged into a designated
acquisition channel CHA/CHB, transferring charge that is a
measure of the self-capacitance of the capacitive sensor.

[0043] Specifically, CDC 350 measures proximal self-ca-
pacitance of the sensor electrode with the skin pulse point at
proximal displacement (FIG. 2A, 220A/222A), and distal
self-capacitance of the sensor electrode with the skin pulse
point at distal displacement (FIG. 2A, 220B/222B).

[0044] Excitation block can be configured to drive the sen-
sor shield to the same voltage as CINx (i.e., at the sensor
excitation frequency), so that any capacitance between the
CINx and SHLDx pins does not affect CINx charge transfer.
That 1s, SHLD1-2 can be driven so that the shield E-field is at
substantially the same polarity and phase as the sensor
E-field. SHLD1 is used to shield channels coupled to acqui-
sition CHA (through multiplexer 351A), and SHL.D2 is used
to shield channels coupled to acquisition CHB (through mul-
tiplexer 351B). In a single ended configuration, SHLD1 is
shorted to SHLD2. If a shielded cable is used for sensor
connection, the cable shield should be connected to the
SHLDX pins.

[0045] CAPDAC 354 can be used to balance common-
mode or offset capacitance. CAPDAC provides a negative
capacitance with a programmable resolution, connected
internally to the CINX pins (Sensor Data=~(CINx or CINy)-
CAPDAC)). For example, CAPDAC 354 can be used for
programmable shifting of the input range, adding a program-
mable offset capacitance, enabling input capacitance mea-
surements in the range of O pF to 15 pF with an offset capaci-
tance up to 100 pF.

[0046] CDC 350 includes a capacitance-to-digital con-
verter, offset and gain calibration 356, and configuration and
data registers 357.

[0047] Converter 355 performs capacitance acquisition and
data conversion. Converter 355 measures CHA/CHB input/
acquisition capacitance, subject to CAPDAC offset, based on
analog charge transfer. Specifically, sensor capacitance mea-
surements (proximal/distal self-capacitance) are acquired
through phased charge transfer, such as with a switched
capacitor arrangement. Converter 355 performs analog-to-
digital conversion, converting the sensor self-capacitance
measurements into digital data, such as with a sigma delta
converter. Configuration and Data Registers 357 includes
data registers used in conjunction with capacitance capture
(acquisition/conversion) by converter 355.

[0048] Offset and gain calibration 356 can provide offset
calibration coefficient(s) for parasitic capacitance offset cali-
bration, which can be combined with offset provided by the
on-chip CAPDACs 354, and gain calibration used to normal-
ize capacitance measurements of the CINX input channels
based on stored gain coefficient(s). Configuration and Data
Registers 357 includes configuration registers that store con-
figuration values for offset/gain calibration. Offset registers
can store digitized capacitance values (for example, in the
range of -16 pF to +16 pF) which can be added to each
channel to remove parasitic capacitance due to external cir-
cuitry, including tuning offset capacitance provided by CAP-
DACs 354. Gain registers can store gain factor correction (for
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example, in the range of 0 to 4) which can be applied to each
channel in order to remove gain mismatch due to external
circuitry.

[0049] CDC 350 can be configured for interfacing to a
single-ended, or dual differential capacitive sensors. For
single-ended configurations, CDC 350 is coupled to a single-
ended capacitive sensor through input CINx and GND—in
this configuration SHLD1 is internally shorted to SHLD2.
For differential configurations, interfaced to a differential
capacitive sensor with dual sensors, CDC 350 measures dif-
ferential, unbalanced capacitance at CINx within the input
capacitance range (for example, 15 pF). In this configuration
the SHLD1 signal operates with CHA, and the SHLD?2 signal
operates with CHB. CAPDAC is disabled.

[0050] CDC 350 canbe configured to support two modes of
operation, single acquisition and repeated acquisition. In
single acquisition mode, only one capacitance acquisition/
measurement is enabled. CDC 350 is configured for appro-
priate acquisition parameters (repeat bit=0, and, for example,
sample rate and notch filter), and an acquisition is performed
by capturing the capacitance measurement, storing the result
in a register and setting a measurement-done bit. In repeated
acquisition mode, CDC 350 performs cycled acquisitions.
CDC 350 is configured for appropriate acquisition param-
eters (repeat bit=1 and repeat value, and, for example, sample
rate, notch filter), and an acquisition is performed by captur-
ing the designated number of capacitance measurements,
storing the results in a register and setting a measurement-
done bit. Cycled acquisition remains on until the repeat bit is
set to *0”.

[0051] Results can be transferred to data processor 370 ina
read operation. The results in the capacitance measurement
registers 357 can be cyclically updated even if the registers
are not read.

[0052] CDC 330 can be interfaced to an MCU processor
370, such as through an I2C interface. Sensor data captured
into dataregisters 357 is output to the MCU processor 370, for
processing as vascular pulse information.

[0053] FIG. 4 illustrates an example embodiment of a
capacitive sensor 410, including a sensor electrode 411,
adapted for amalgamation with an arm of a pair of spectacles
490. For example, sensor 410 can be integrated into a pulse
sensing structure adapted for attachment to the spectacles
arm—the pulse sensing structure can also integrate a CDC
unit, co-located with capacitive sensor 410, along with wire-
less communication to a data processor. When worn, spec-
tacles 490 locate sensor 410 in proximity to a temple, near a
skin pulse point at a temporal (superficial) artery.

[0054] The Disclosure provided by this Description and the
Figures sets forth example embodiments and applications,
including associated operations and methods, that illustrate
various aspects and features of the invention. These example
embodiments and applications may be used by those skilled
in the art as a basis for design modifications, substitutions and
alternatives to construct other embodiments, including adap-
tations for other applications, Accordingly, this Description
does not limit the scope of the invention, which is defined by
the Claims.

1. A capacitive sensing system adapted for noninvasive
measurement of pulsation of a blood vessel within a body,
comprising:
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a capacitive sensor disposed external to the body in prox-
imity to a skin pulse point exhibiting pulse displacement
of skin tissue caused by pulsation of the blood vessel
(vascular pulsation);

the capacitive sensor including:

a sensor electrode disposed over and spaced from the
skin pulse point, such that the distance between sensor
electrode and the skin pulse point cycles between a
proximal and a distal distance based on vascular pul-
sation, where the proximal distance corresponds to a
proximal pulse displacement, and the distal distance
corresponds to a distal pulse displacement; and

a sensor shield disposed over and insulated from the
sensor electrode;

a capacitance-to-digital conversion (CDC) unit coupled to
the capacitive sensor, and configured to convert sensor
capacitance into sensor data representative of the vascu-
lar pulsation, including:
excitation circuitry configured to:

provide sensor excitation to excite the sensor elec-
trode, generating a sensor E-field between the sen-
sor electrode and the skin pulse point based on
sensor self-capacitance; and

provide shield drive to drive the sensor shield to gen-
erate a shield E-field such that the sensor E-field is
concentrated in the direction of the skin pulse
point; and
capacitance acquisition/conversion circuitry configured
to:
acquire capacitance measurements for a proximal
self-capacitance of the sensor electrode with the
skin pulse point at proximal displacement, and a
distal self-capacitance of the sensor electrode with
the skin pulse point at distal displacement; and

convert the proximal and distal self-capacitance mea-
surements into sensor data representative of vascu-
lar pulsation.

2. The system of claim 1, wherein the CDC unit is config-
ured to convert sensor capacitance into sensor data based on
capacitive charge transfer, and

wherein the excitation circuitry is configured to provide
sensor excitation at an excitation frequency with excita-
tion/charging and transfer/discharging phases; and

wherein the capacitance acquisition/conversion circuitry is
configured to acquire capacitance measurements based
on capacitive charge transfer by charging the sensor
electrode during the excitation/charging phase, and dis-
charging the sensor electrode during the transfer/dis-
charging phase.

3. The system of claim 2, wherein the excitation circuitry is
configured to provide shield drive to generate the shield
E-field with substantially the same polarity and phase as the
sensor E-field.

4. The system of claim 1 further comprising a data process-
ing unit configured to process the sensor data to provide heart
rate information.

5. The system of claim 1, wherein the capacitive sensor is
adapted for amalgamation with an arm of a pair of spectacles,
such that the sensor electrode is locatable in proximity to skin
pulse point at a superficial temporal artery.

6. A capacitance-to-digital conversion (CDC) unit oper-
able in a capacitive sensing system adapted for noninvasive
measurement of pulsation of a blood vessel within a body, the
capacitive sensing system including a capacitive sensor dis-
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posed external to the body in proximity to a skin pulse point
exhibiting pulse displacement of skin tissue caused by pulsa-
tion of the blood vessel (vascular pulsation), the capacitive
sensor including a sensor electrode disposed over and spaced
from the skin pulse point, such that the distance between
sensor electrode and the skin pulse point cycles between a
proximal and a distal distance based on vascular pulsation,
where the proximal distance corresponds to a proximal pulse
displacement, and the distal distance corresponds to a distal
pulse displacement, and a sensor shield disposed over and
insulated from the sensor electrode, the CDC unit compris-
ing:

excitation circuitry configured to:

provide sensor excitation to excite the sensor electrode,
generating a sensor E-field between the sensor elec-
trode and the skin pulse point based on sensor self-
capacitance; and

provide shield drive to drive the sensor shield to generate
a shield E-field such that the sensor E-field is concen-
trated in the direction of the skin pulse point; and

capacitance acquisition/conversion circuitry configured to

convert sensor capacitance into sensor data representa-

tive of the vascular pulsation, including:

acquiring capacitance measurements for a proximal
self-capacitance of the sensor electrode with the skin
pulse point at proximal displacement, and a distal
self-capacitance of the sensor electrode with the skin
pulse point at distal displacement; and

converting the proximal and distal self-capacitance mea-
surements into sensor data representative of vascular
pulsation.

7. The CDC unit of claim 6, configured to convert sensor
capacitance into sensor data based on capacitive charge trans-
fer, and

wherein the excitation circuitry configured to provide sen-

sor excitation at an excitation frequency with excitation/
charging and transfer/discharging phases; and

wherein the capacitance acquisition/conversion circuitry is

configured to acquire capacitance measurements based
on capacitive charge transfer by charging the sensor
electrode during the excitation/charging phase, and dis-
charging the sensor electrode during the transfer/dis-
charging phase.

8. The CDCunit of claim 7, wherein the excitation circuitry
is configured to provide shield drive to generate the shield
E-field with substantially the same polarity and phase as the
sensor E-field.

9. The CDC unit of claim 6 wherein the sensor data is
provided to a data processing unit configured to process the
sensor data to provide heart rate information.

10. The CDC unit of claim 6, wherein the capacitive sensor
and the CDC unit are adapted for amalgamation with an arm
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of a pair of spectacles, such that the sensor electrode is locat-
able in proximity to skin pulse point at a superficial temporal
artery.

11. A capacitive sensing method adaptable for noninvasive
measurement of pulsation of a blood vessel within a body, the
method operable with a capacitive sensor disposed external to
the body in proximity to a skin pulse point exhibiting pulse
displacement of skin tissue caused by pulsation of the blood
vessel (vascular pulsation), the capacitive sensor including a
sensor electrode disposed over and spaced from the skin pulse
point, such that the distance between sensor electrode and the
skin pulse point cycles between a proximal and a distal dis-
tance based on vascular pulsation, where the proximal dis-
tance corresponds to a proximal pulse displacement, and the
distal distance corresponds to a distal pulse displacement, and
a sensor shield disposed over and insulated from the sensor
electrode, the method comprising:

exciting the sensor electrode to generate a sensor E-field

between the sensor electrode and the skin pulse point
based on sensor self-capacitance;

driving sensor shield to generate a shield E-field such that

the sensor E-field is concentrated in the direction of the
skin pulse point;

acquiring capacitance measurements for a proximal self-

capacitance of the sensor electrode with the skin pulse
point at proximal displacement, and a distal self-capaci-
tance of the sensor electrode with the skin pulse point at
distal displacement; and

converting the proximal and distal capacitances into sensor

data representative of vascular pulsation.

12. The method of claim 11, wherein capacitance measure-
ments are based on capacitive charge transfer, and

wherein sensor excitation is at an excitation frequency with

excitation/charging and transfer/discharging phases;
and

wherein capacitance measurements are acquired based on

capacitive charge transfer by charging the sensor elec-
trode during the excitation/charging phase, and dis-
charging the sensor electrode during the transfer/dis-
charging phase.

13. The method of claim 12, further comprising:

driving the sensor shield to generate the shield E-field with

substantially the same polarity and phase as the sensor
E-field.

14. The method of claim 11, further comprising:

processing the sensor data to provide heart rate informa-

tion.

15. The method of claim 11, wherein the capacitive sensor
is adapted for amalgamation with an arm of a pair of spec-
tacles, such that the sensor electrode is locatable in proximity
to skin pulse point at a superficial temporal artery.
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