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Abstract: ) . In particular, it has been noted that walking frereise

In this study, an effective noncontact techniquetf@ s especially effective for long-term weight los§], [
detection of human physical activity is proposed® Wave ncreasing HDL [6], reducing blood pressure [7],dan
develop a method for measuring human physical GV |oyering the risk of heart disease and canceraiid. In

which is based on detecting the electrostatic itidnc the last decade, human walking analysis has attiatiich

current generated by the walking motion under nomact : ey ; .
and non-attached conditions. A theoretical model the attention from computer vision researchers motivatg its

electrostatic induction current generated becafisechange  Wide application potential. Normally, in vision-leshuman
in the electric potential of the human body is gisoposed. Walking detection, motion features are extractednfimage
By comparing the obtained electrostatic inductiamrent ~ sequences. Subsequently, feature amounts are cednpar
with the theoretical model, it becomes obvious thids  an identification process. However, in conventiohaiman
model effectively explains the behavior of the wiavm of  walking detection methods, experimental conditisnsh as
the .electrosta.\tic.induction current. The normal kivey the distance between the subject and camera, tjle ah
oo oot o oo ey RosE ot [hecamera, and e picl denay ofhe camemgnly
results show that detailed information regafding/sixtal mflgence the recognition rate of th_e system. Mgegpthe
activity such as a walking cycle can be estimatsidgiour main .dra\_/vback of these methods is that they cadatect
proposed technique. This suggests that the propos@gYthing in the dead zone of the camera. Furthezmmoany
technique, which is based on the detection of théking 'Mage-processing systems require complex logicgtmrie
signal, can be successfully applied to the estomatf the disturbances caused by the motion of objettsrdhan
human physical activity. humans.
Alternatively, body-mounted accelerometers are
Keywords: Human walking, Electrostatic induction, Human €xtensively used for monitoring human motion beeaus
physical activity these systems are inexpensive compared to an eptasiic
motion capture system. Another advantage of bodyntenl
1. INTRODUCTION accelerometers is that the system is availableniindoor-
outdoor space. Additionally, several methods haeenb
presented to measure human activity using various
techniques, e.g., an ultrasonic motion analysigesysto

benefits of physical activity for the prevention of ,
cardiovascular disease, cerebral accidents, and samcers temp_orally and spatially measure th? am_ount Of.. huma
activity, an electromagnetic 3D orientation estiomat

3{3 n;g‘éWevlllheesr;abifge?ﬁcrgsrffebe;efﬁai;e ?gg:ge': ars stem that uses the earth’s magnetic field, angta@able

disabilities increases. Researchers have made oumer umtergzaPé(r:‘r\enr:t()tsl?/gte;nsal)i/t&iz r?gféesgéryﬂgwfs\/:réo;ge:{}es

attempts to develop methods to measure physicalitact ' L . X

o . S sensor or marker that remains in contact with thigjext.

This is because precise measurements of physitiaityac :

would allow assessment of physical activity in saene way Therefore, thgse methods hav_e_ not been appliedote n
. -~ . . o contact detection for human activity measurement.

as a physical activity diary. Estimates of physiaativity

are often made using self-report measures. Howelese In this paper, we present a new direction for a mm

have some disadvantages such as the impossibifity §gg\é'|2'r§;tgt?at'weti;cg'Célg/élhoate%ogﬁ Q?ffagtis\immgﬁagtr
estimating activity patterns throughout the day Hid Y. P

fluctuations in health status [2]. Therefore, ohjec Leucﬂgﬁuiégr;[]eeddfégct'gﬁa?fgumg t";‘é‘:ﬂ?%?ﬁ%ﬂ
measurement methods for physical activity are ctitrg a g y charge. 1 9

great deal of attention as they would overcome th etection of an electrostatic induction currentlosorder of
limitations of self-report measures. In particular, pproximately sub-picoamperes  flowing - through an

measurement of the acceleration of a_subjects bodfiCINE SRR 8 BB BT (O 8 SRS
provides information on the amount, frequency, an P

- . o L : n the type of footwear and floor material. Howevwee
duration of physical actlvﬁy d[S]' ﬁn objectl\fe psigal confirmeﬁpthat this technique has sufficient sdavig'rt to
activity measurement method such as accelerometry c g .
also assess free-living activity. Objective physiaativity detect the electrostatic induction current generdig the

. : A walking motion in daily life. This technique effectly
measurements [4] make it obvious that participaitionon- . . )
exercise physical activity such as housework aralr st explains the behavior of the waveform of the etestatic

el )= induction current flowing through a given measureme
climbing improves mortality risk. electrode using a capacitance model for the hurodg.b

Physical activity improves health and well-beingheT
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2. PRINCIPLE

The human body is electrically charged during wadki
[8]. In the case of a subject that is standing atkimg, we
assume that there are two highly resistive layete/den the
feet of the subject and the floor, as shown in RigOne
layer is the sole of the subject’'s footwear. Thieeotis the
surface of the floor. Capacitan€ of the feet relative to
the ground may be calculated as the sum of capaeita
of the sole and capacitan€eof the floor surface.

1 1
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1
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On the other hand, addition, the electric capacédD
between the sole and floor can be expressed asvill

X, +&,S.(x—x,)

= EaSnC
(X - Xo)Xo

T lox)

whereS; is the contact area between the sole and figr,
is the delamination area of the sole against ther fk is the
distance between the sole and the eaghs the distance
between the floor surface and the easths the permittivity
of the air gap between the sole and floor, ands the
averaged permittivity of the floor materials betwethe
floor surface and the earth. Therefore,
capacitanceCg of the human body during walking motion
can be expressed as follows:
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Therefore, potentialUg of the human body during
walking motion can be expressed as follows:

Qe _ Qs
Ce Cy

(X = X5) %,
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Qg is the instantaneous charge of the human bodwygluri
walking motion. The induced charg®, of a measurement
electrode placed at a certain distance from thgestiban be
expressed as follows:

Q=CWU;g -V), (5)

the electri

(x- Xo)xo

-0

‘A{Xof S -(X— Xo) X5

|

Snc = (X=%)" &,

ds,

} ©)

@)

where

_ Qs |
[£aSch0 + ‘sf Sc (X - XO)]2

Sole: C;
Surface layer: C
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Fig. 1: Scheme of the interaction between the human
body and the surface layer of the floor in walkingtion

We assume that the human body is a good conductor.
The third term in Eq. (6) represents the curreduged by
the motion of the foot before it is lifted off tHikwor. When
the toe of the right foot is lifted off the flodhe contact area
S between the sole and floor decreases. Therefbe, t
electrostatic induction currehincreases as predicted by the
third term on the right-hand side of Eq. (6). Theand term
in Eq. (6) represents the current induced by théiamcoof
the foot before it is lifted off the floor. Howevehe second
term of Eq. (6) has little influence on the elestatic
induction current because the permittivity of the & is
small compared to the averaged permittivity of ftoeor
materialss; . The first term represents the current induced by
the motion of the foot and leg after the foot ftelil off the
floor. The first term is approximately proportiontal the
velocity of the foot. Therefore, in the case of kimad
motion near the measurement electrode as showig.ih, it
is possible to measure the current generated upeldect
non-contact conditions.

where C is the capacitance between the human body and

measurement electrode in the wireless portableoseaad
V is the potential of the measurement electrodemFitoe
above two equations, the induced currgntiowing through
the measurement electrode can be expressed asdollo

|

1

_dQ _
o g2

dt t

3. EXPERIMENTAL METHOD

A schematic of the measurement system for detetiieg
electrostatic induction current generated by thanges in
the electric potential of a subject’s body is shawriig. 1.
The electrostatic induction current flowing througmn
electrode in the wireless portable sensor placssl tkan 5
m from the subject’s body is converted into voltageng an
I-V converter with a conversion ratio of 20 V/pA and
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comprising an operational amplifier (op-amp). The/  sampling frequency was sufficient for detecting teeh
converter consists of two low-input-current op-amphere  events. The measurement electrode is square walle
the feedback capacitandg; is 1 pF and the feedback length of 2 cm. A photograph of the wireless pddaaensor
resistancdr; is 10 TQ as shown in Fig. 2. The selected low-is shown in Fig. 3.

noise op-amp has an input offset voltage ofi¥0and input The wireless portable sensor was placed in cedingn
offset current of 1 pA. The feedback resistor cate to  ordinary house with a wooden floor as shown in BigThe
the op-amp is a hermetically sealed high regidtat tan subjects were asked to walk normally wearing slipfme a
prevent stray current due to humidity. For suchwooden floor. The subjects (A, B, and C) were 3lthga
measurements with high input resistance, a cormegiti men aged between 19 and 20 years. The subjectsasked
guarding method is absolutely imperative for shidused to walk in a cycle of 100 steps per minute in orttekeep
with op-amps; this prevents stray currents fromeeny the same cycle of walking.

sensitive nodes. Sensitive nodes are completelysued
by a guard conductor that is kept at the same ralect C -
potential as the sensitive node. In addition, itiduc NS
currents generated by commercial power sourcesfesiin !
the form of noise. Therefore, a filtering systenthwa cutoff

frequency of 20 Hz is used. This measurement system

unaffected by the noise from other electronic dewisuch
as mobile phones or microwave ovens. The analagpkig
are subsequently converted into digital signalshgisan Portable wireless sensor
analog-to-digital (A/D) converter. (
o =
I Surface layer: Cy
Ry ; )
Electrode W\, L \ Floor
Amplifier =
- Output Fig. 4. Schematic of system for detecting walkingtion
— in house by using portable sensor
+

4. RESULTSAND DISCUSSION

Figure 5 shows the typical waveform of the current
Fig. 2: Schematic circuit diagram of the I-V corteer generated by the human motion of walking. Cadence
components are observed in the resulting wavefomedch
o case. These components indicate the presenceaif eygle
ﬁ in the walking motion. This gait cycle consists af
: combination of alternating swing and stance ph&seshe
left and right feet. The waveform contains cadence
component for both feet during bipedal walkingstreveals
that the toe of the left foot is lifted off the dio while the
heel of the right foot simultaneously comes intateat with
130mn the floor. When the toe of the right foot is lifteéf the floor,
the effective sole ared&, decreases and the distange,
between the right foot and floor increases contislyp As a
result of the walking motion, the currehtflowing through
the measurement electrode increases, as predigtetieb
third term on the right-hand side of Eq. (6). Inpich
successionl, decreases, as predicted by the first term on the
right-hand side of Eq. (6). Furthermore, in theosethalf of
Fig. 3: Photograph of portable sensor the swing phase, a rapid decreaseimduces a decreaselin
as predicted by the third term on the right-hamtk f Eq.
The analog signals are subsequently converted int@). In rapid successioh,decreases, with an increase in the
digital signals using an A/D converter. We usedZigBee effective sole areaS, resulting from the heel contact, as
protocol for wireless data transmission to a peabon predicted by the first term on the right-hand déEg. (6).
computer from the portable walking detection systBata Therefore, Eq. (6) effectively explains the behawb the

were acq“'feo' at a sampling frequency of 100 Hz!clwhs waveform of the electrostatic induction currehtflowing
safe given that the actual data transmission rat@igBee rouah the measurement electrode
thiflmoud :

networks is as low as about 10 kbps. However, . . .
The portable sensor was placed in ceiling of amnarg

r ”

Portable sensor
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house with a wooden floor, as shown in Fig. 4. $hbjects
were asked to walk normally wearing slippers onceaen
floor. The waveforms of the electrostatic inductimnrents

generated by walking motion are shown in Fig. 6e Th comparing the typical

change in the intensity of the walking signal obtal by the
portable sensor suggests that the subject is dgasliser to
the portable sensor and then moving away fromheré&fore,
detailed information about physical activity candstimated
using our proposed technique. We have developed
effective non-contact technique for the detectiérhoman

physical activity using human-generated body charge
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Fig. 5: Typical waveform of current generated byriain
walking motion
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Fig. 6: Typical waveform of current generated byriain
walking motion

5. CONCLUSIONS

through an electrode.

We proposed a theoretical model for the electrmstat
induction current generated by the walking moti®y
waveform of the electrostatic
induction current obtained by walking motion withet
theoretical model, it became obvious that this rhode
effectively explains the behavior of the waveforr tbe
electrostatic induction current|, flowing through the
aneasurement electrode. The normal walking motiohs o
daily living were obtained using a portable serisoated in
an ordinary house. The obtained results showedittatled
information regarding physical activity such as alking
cycle could be estimated using our proposed tecieniq
Therefore, the proposed technique based on thetaetef
the walking signal can be successfully applied, axdy to
estimate human physical activity, but also to awonfithe
safety of an elderly person living alone.
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This paper described the development of an effectiv

non-contact technique for the detection of humaysiaial
activity using human-generated body charge. Thubrtejue
involves the detection of an electrostatic inducturrent
on the order of approximately sub-picoamperes fhawi



