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' to that body. Numerous examples of body monitors are known.
15 In connection with correctional facilities, prisoners may wear
body monitors that, among other things, help correctional
officers keep track of the prisoners' whereabouts. Likewise, in
schools and day care centers students may wear body monitors.
Hospital patients may wear body monitors to sense various
20 patient parameters. Body monitors may be placed on various
items of industrial equipment to sense operational parameters.
In these and other situations, some form of control facility
receives or otherwise processes information from the body
monitors. For security reasons and/or for judging the validity
25 of information being received from the body monitors, the : )
control facility may need to verify that the body monitor is
actually associated with the body being monitored.
Techniques are known for detecting the absence of a
body. These known techniques may demonstrate acceptable
30 reliability when body monitors are used in stable environments
or with cooperative people. In situations where body monitors
are used around uncooperative or otherwise mischief-prone
people, or when the environment within which body monitors
are used changes widely or is tamper-prone, reliably detecting
35 the absence of a body is a difficult but important task.
One known body detector intended for use in connection
with prisoner monitoring senses the capacitance of a capacitor
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are used changes wdely or is tanper-prone, reliably detecting 35 the
absence of a body is a difficult but inportant task. One known body
detector intended for use in connection with prisoner nonitoring senses the
capaci tance of a capacitor 2 that usgs the body as a dielectric. An
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declared. The faise silence error occurs when the alarm
system fails to declare an alarm in response to a situation
15 where an alarm should have been declared.

When a body detector uses the above-discussed technique
for comparing a body capacitance against a minimum
capacitance, the minimum capacitance may be set very low to
minimize false alarms. However, the capacitances being

20 detected for body monitoring are very low, and any minimum
capacitance that significantly reduces false alarms is
difficuit to distinguish from stray capacitance. In other
words, false alarm failures can be reduced only at the expense
of false silence failures. Consequently, the system is

25 unreliable because the system experiences either numerous
false alarm errors or numerous false silence errors.

SUMMARY OF THE INVENTION
Accordingly, it is an advantage of the present invention
30 that an improved body detector is provided.
Another advantage of the present invention is that a body
detector is provided which improves reliability in detecting
the absence of a body by reducing false alarm and false silence
errors.
35 Another advantage is that the present invention adapts to
the individual or body upon which it is installed and does not
require individual adjustment for each body being monitored.
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reside is neessided A Daselite Qatlie is generated in response to the first
dielectric constant. A second dielectric constant of the region
within which the body should reside is measured. The second
15 dielectric constant measurement and the baseline value are
compared to determine whether the second dielectric constant
value falls within a first acceptable range about the first
dielectric constant. If it does not, an alarm is given. If it
does, then the second dielectric constant value becomes the
20 new baseline value. Thus, the baseline value tracks slow
changes in dielectric constant. Rapid changes that fall outside
an acceptable range above or below the baseline value cause an
alarm. However, an alarm is declared when the new dielectric
constant value falls outside a second acceptable range.
25
BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention
may be derived by referring to the detailed description and
claims when considered in connection with the Figures,

30 wherein like reference numbers refer to similar items
throughout the Figures, and:

FIG. 1 shows a cross-sectional view of a body detector
configured in accordance with the present invention and
installed on a body;

35 FIG. 2 is a flow chart of tasks performed by the body
detector; .

FIG. 3 is a sample timing chart depicting the body

detector adapting to changes in capacitance;
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encnrcles a person's arm 12 near the wrist, substantially as a
watch does. Body detector 10 includes a circuit housing 14
that attaches on opposing sides thereof to a strap 16.
Electronic circuits 18, discussed in greater detail below,
15 reside within housing 14. Body detector 10 uses circuits 18 in
performing the body detection function along with other

second enbo

monitoring functions which are not relevant to the present

invention.

Body detector 10 additionally includes a body capacitor
20 20. Capacitor 20 includes a first electrode 22 and a second
electrode 24. First electrode 22 is electrically coupled to
electronic circuit 18 via connection 21, for example, although
other types of electrical coupling may be employed. A back
plate of housing 14 serves as electrode 22, and a material (e.g.,
25 conductive foil) embedded in strap 16 serves as electrode 24.
Electrodes 22 and 24 couple to circuits 18 and serve as

electrically separated plates for capacitor 20.

The capacitance exhibited by capacitor 20 depends on the
dielectric constant of the material filling a region 26 which
30 resides between electrodes 22 and 24. The dielectric constant

of air is relatively low, allowing air to store very little

electric energy as electrodes 22 and 24 become energized.
Thus, when a significant amount of air resides in region 26,
capacitor 20 exhibits a low capacitance, typically on the order
35 of a few picoFarads. On the other hand, the dielectric constant
of human and animal tissues is greater than that of air.
Consequently, when arm 12 resides within region 26, a greater
quantity of electric energy may be stored as electrodes 22 and



body ‘detector; and 5 FIG 6 is a timng diagramdepicting the
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15 Moreover, the tightness of body detector 10 does not
remain constant over time, even under normal conditions. For
example, the wearer may gain or lose weight, engage in
strenuous physical activities or rest, hold arm 12 in a vertical
or horizontal orientation, and the like. Any of these events
20 will cause the tightness of body detector 10 on arm 12 to
change. As tightness increases, the dielectric constant of
region 26 and the capacitance exhibited by capacitor 20
increase. As tightness decreases, the dielectric constant of
region 26 and the capacitance exhibited by capacitor 20
25 decrease.

On the other hand, even though the dielectric constant
and capacitance change over time, under normal conditions
they do not change rapidly. In other words, the normal and
generally legitimate activities which lead to capacitance

30 changes cause capacitance change to take place slowly.
lllegitimate activities, such as removal of body detector 10
from arm 12, tend to take place more quickly.

FIG. 2 is a flow chart of tasks performed by body
detector 10 to detect the absence of a body, for example arm

35 12. During a task 28, body detector 10 takes a first
measurement of capacitor 20 (FIG. 1). Attask 28,arm 12 is
assumed to be present in region 26. By taking a measurement,
those skilled in the art will appreciate that task 28 need not

~



of hurran and animal tissues is greater than that of air. Consequently, when
arm 12 resides within region 26, a greater quantity .of electric energy may
be stored as el ectrodes 22 and 5 24 becone energi zed, and capacitor 20
exhibits a higher capacitance. However, 6the di fference between dielectric
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one embodiment, the baseline value may represent a movmg
average of several previous capacitance measurements.
15 FIG. 3 is a sample timing chart depicting values measured
by body detector 10 as it adapts to changes in the capacitance
of capacitor 20. Of course, those skilled in the art will
appreciate that the capacitance of capacitor 20 need not
change precisely as shown in FIG. 3, but that the capacitance
20 may change in any manner. The baseline value obtained (task
30) and recorded (task 32) corresponds to baseline capacitance
34 at the point in time when task 30 is performed. A string of
baseline capacitances 34 for different points in time defines a
line 36.
25 Referring back to FIG. 2, after task 30 has adjusted the
baseline value, a task 38 takes a second measurement of
capacitor 20 and/or of the dielectric constant of region 26
(FIG. 1). After task 38, a query task 40 determines whether
the second measurement indicates a capacitance that is less
30 than an absolute minimum value 42 (FIG. 3). Absolute minimum
value 42 is set to correspond to a very low capacitance and
dielectric constant. In other words, the second measurement
is unlikely to indicate a capacitance and dielectric constant
less than absolute minimum value 42 unless arm 12 (FIG. 1) is
35 actually not present in region 26. Preferably, minimum value
42 is set low so that false alarms are minimized. On the other
hand, a chance exists that the capacitance exhibited by
capacitor 20 may exceed minimum value 42 due to stray



25 decrease. On the other hand, even t hough the dielectric constant and
capaci tance change over tine, under normal conditions they do not change
rapidly. In other words, the normal and generally legitimte activities
which lead to capacitance 30 changes cause capacitance change to take
pl ace sl owy,
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represent a &'l %orrespond to an abnormally high capacitance and
dielectric constant. In normal operation in accordance with

15 legitimate activities, the capacitance of capacitor 20 should
not exhibit such a great value. Thus, task 44 detects an
abnormal situation where meddling, such as inserting a high-
dielectric material in region 26 (FIG. 1), may be taking place.

So long as task 44 determines that the second

20 measurement indicates a capacitance and dielectric constant
less than absolute maximum value 46 (FIG. 3), body detector 10
performs a task 48. Task 48 obtains an evaluation value. The
evaluation value equals the absolute value of the second
measurement minus the baseline value obtained (task 30)

25 and/or the stored baseline value (task 32). In other words, the
evaluation value characterizes the difference, whether plus or
minus, between tHe current measured capacitance and the
baseline capacitance. After task 48, a query task 50
determines whether the evaluation value obtained in task 48 is

30 greater than a threshold value 52 (FIG. 3). Threshold value 52
corresponds to a capacitance tolerance range around baseline
capacitance 34. So long as the current measured capacitance
of capacitor 20 is within a range 54 of baseline capacitance
32, plus or minus threshold value 52, no alarm condition is

35 declared.

Referring back to FIG. 2, when the current capacitance as
indicated by the second measurement obtained above in task 38
is within range 54 (FIG. 3), program control returns to task 30
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en task 50 determines that the evaluation value is
outside range 54 (FIG. 3), an alarm condition is declared. This
15 alarm condition resuits when the capacitance of capacitor 20
is less than baseline capacitance 34 by at least the amount of
threshold value 52. In addition, this alarm condition results
when the capacitance of capacitor 20 is greater than baseline
capacitance 34 by at least the amount of threshold value 52.
20 Use of the evaluation value causes the chances of a false
silence error condition to be very small. An alarm condition
may also be declared (task 40) when the second measurement
(task 38) indicates a capacitance less than minimum value 42
or when (task 44) the second measurement {(task 38) indicates
25 a capacitance greater than maximum value 46.
When an alarm condition is declared, a task 56
annunciates the alarm. The alarm may be annunciated by
sending a data message to a control facility (e.g., by electrical,
radio, optical and/or acoustic signals), producing a beeping
30 sound, or in any other manner known to those skilled in the art.
After task 56, program control may return to task 30 or
additional tasks (not shown) may be performed to further
process the alarm.
Many different circuits may be devised to generally
35 accomplish the functions depicted in FiGs. 2-3. For example,
FIG. 4 is a block diagram of a first embodiment of body
detector 10. Capacitor 20, discussed above in connection with
FIGs. 1-3, couples between a ground node 58 and a signal




agai nst mnimum value 42 by itself is unreliable because of an undesirably
hi gh chance of encountering a false silence error 5 condition.
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capacitgnee gl "gRES Input Sfa "grebter than comparator 70 and to'g capact tance
first data input of a "less than" comparator 72. A circuit 74
provides a maximum value constant to a second data input of
greater than comparator 70, and a circuit 76 provides a
minimum value constant to a second data input of less than
20 comparator 72.

The data output of counter 68 may express a count using
many bits of data. A most significant bit of the data output
from counter 68 couples to an up/down control input of an
up/down (U/D) counter 78. Up/down counter 78 is not

25 contained in threshold detector 66. Rather, up/down counter
78 serves as storage element 32 (FIG. 2) in this embodiment of
the present invention. A data output of up/down counter 78
couples to inputs of logic circuits 80 and 82, which detect
absolute maximum and absolute minimum values, respectively.

30 FIG. 4 depicts circuits 80 and 82 as being in threshold detector
66. In addition, the data output of up/down counter 78 couples
to a data input of a counter 84. A terminal count output of
counter 84, such as an overflow or zero detection output,
couples to a clear input of counter 68, to a load input of

35 counter 84, and to a clock input of counter 78.

Outputs from greater than comparator 70, less than
comparator 72, absolute maximum circuit 80, and absolute
minimum circuit 82 couple to data inputs of a latch 86. In



32, plus or mnus threshold value 52, no alarmcondition is 35 decl ared.
Referring back to FIG 2, when the current capacitance as indicated by the
second neasurenent obtai ned above in task 38 is within range 54 (FIG 3),
program control returns to task 30 to update the control or baseline

{epl aced w ARGy Fhe SeMel SPuds AUtBHE B CRINtRAB4 GOMBIASRR Ave to the

gurrent t capafoctlaimpmutodf Imnhca&omr?eutm@bf&éﬂch86ftidtum@§\ltb€asel i ng g val ue
oes not pregj C. 3 cyt.ren i tance measured durin

t he previ 8u§§@g¢|§ri—ﬁrﬁhgﬁﬁﬂ%gl?t"%é'wggt %bpm%)ﬁé%%gﬁf:ﬂ%g& §9e value is )

slightly adjdatadaput ofta mictopronessoned0i rigontrollec-transmittey, to nore closely

o eSpep] o aaatoraty lhgsss iy S veN Bt | e <hanges

10 result in a rreasurgrren )aci t ance changes
remai n wit hivid Asdaf@ a8ad peldkass bugigemicropagessar9Qc cdmnsaitiersl ow changes

(FIG 3). Weenhagsdh fiputalRich caiplesab 4 batg\utpat iofn val ue is outside
range 54 (FIG 3 an_al ondi t.,on is decl d. This 1 5 alarm
condi tion r&RIGFP fmqwc%h%?'gﬁw gg“ﬂﬁ[?iﬁ?%ta é]'@%i%quégs t han
basel i ne capehichaouplés tbya elodkanput iofemioropracessor @G ahdlal val ue 52. In
2 T, et M PR L S LT
511 e o - atadad) SERalOBPUMEDY G3Rer N apkPHErGBRLISA 30 1 50 e
e a u er 84 a
declared (133 fquehcy of the sfs%ibgsigmﬁ;?&%% to counter 84 may,
for example, be roughly around the same order of magnitude as
15 the range of frequencies produced by signal generator 60.
In operation, a control or baseline value is recorded in
up/down counter 78. This baseline value represents a count
that corresponds to baseline capacitance 34 (FIG. 3). This
baseline count is loaded into counter 84 at the beginning of a
20 count cycle and defines a duration or timing window for the
count cycle. Counter 84 counts a constant frequency clock
signal starting at an initial value loaded therein until a
terminal count is achieved. While counter 84 is counting
and has not yet achieved its terminal count, counter 68 in
25 threshold detector 66 remains enabled and continues to count.
Since counter 68 is enabled, it counts oscillations of the
variable frequency signal produced by signal generator 60. In
other words, counter 68 counts oscillations of this variable
frequency signal for a duration determined in response to the
30 control or baseline value recorded in up/down counter 78.
When counter 84 reaches its terminal count, counter 68
becomes cleared so that the next counting cycle may start over
again. The final count achieved by counter 68 will depend upon
the capacitance of capacitor 20. Activation of the terminal
35 count on counter 84 denotes the end of a counting cycle.
Generally speaking, counters 68, 78, and 84 couple
together so that the final count achieved by counter 68 in each
cycle is around the middle of the counting range for counter 68.



(task 38) indicates a capacitance |less than m ni mum value 42 or when (task
44) the second neasurenent (task 38) indicates 25 a capacitance greater

t han maxi mum val ue 46. Wen an alarmcondition is declared, a task 56
annunci ates the alarm The alarm may bej pnnunci ated by sending a data

t i 11 s s . ' ' tical d/
g T N S S e S
known to thoeeustinglfeam 6000 255, thencounteks 58, 78,0camchi@4ont rol may

t to t LLg | dt
fur ther  pr occogPRrite T REED He cd it drcuiiet e Gifie T28, P foft 12, | °
gener al | y 35significans bisofi datar utnutctromiepuptey68 transitions- 3. For exanpl e,

galeaciAft 1);5 gobégﬁégﬂiﬁr(mﬂye@? Ehﬂ?‘ﬁsgg?iﬁgifﬁﬂi)hﬁat%%t \?hﬂé&@%éﬁrl ég bet ween
a ground nod%Z?Baréaésg's?}gﬂ‘ﬁ couny I, §r%@r%§).miﬂﬁ|%¥?ﬁ‘\esﬁhﬁr, Iocapaci t or
2? i's co:JpI edpﬁdawhmtmtrohonq;p/@mvﬂigbuneer 7 8rsgtconitreiled mgrti ng fi rcuit 62
of signal ge : LS S es

bet wean an-oEbat b8 silpfiBR e Rrliied by iRerdy Rk SRrBRL: I g
circuit 62. cowrt will @@a@b@em@g in the sext @yele.alf theacount i greater capaci t or

20. Signg ofH BF Yqul tBPAfiddR \%leeﬁthdw;ﬁ@ ug%b
t capa

frequency
that varies 1n,response to% e cap%&ke nce o wrfégéu{aarlu?%t he

|
diel ectric ceREaWn ¢oURte; i iseop itp degreass t&\?egu'@ﬂ%paci tance range
for 10 capadétarmined By couht@o84nsy thay asenallertdsurty Witkbef a few kil oHertz

or several ”Sﬁé‘a'?ﬁéazm the next cycle.
Before counter 84 leaves its terminal count, up/down

15 counter 78 is incremented or decremented as indicated by the
most significant bit from the data output of counter 68, and
this new value is loaded into counter 84 as an initial value
from which counting begins in counter 84 in the next cycle.

In addition, when counter 84 reaches its terminal count,

20 the outputs of greater than comparator 70, less than
comparator 72, absolute maximum logic circuit 80 and
absolute minimum logic circuit 82 are recorded in latch 86.
Since the final count attained by counter 68 in each cycle is
held to a value roughly in the middle of the count range for

25 counter 68, threshold value 52 (FIG. 3) may be defined as a
constant offset from this middle value. in the preferred
embodiment, maximum circuit 74 may desirably define a
constant number equal to the middle value plus a
predetermined number, for example thirty-two. Minimum

30 circuit 76 may desirably define a constant number equal to the
middle value minus a predetermined number, for example
thirty-two. The output from greater than comparator 70
activates when counter 68 attains a final count value greater
than the middle value plus a predetermined number. Less than

35 comparator 72 activates when counter 68 attains a final count
value less than the middle value minus a predetermined
number. Together comparators 70 and 72 detect when a
capacitance exhibited by capacitor 20 is outside range 54.

-



The output of inverting circuit 62 and of signal generator 60 couples to an
I nput of a threshold detector 66 at a clock input of a counter 68. A data
out put of counter 68 couples to a 1 5 first data i nput of a "greater than”
conparator 70 and to a first data inputf a "less than" conparator 72. A

circuit 74 provid ITB.XI num val ue cofstant to a s oncénggta I nput of
greater than conp tezmaxifpym, apd minimumg CH’ICHWS i num val ue

co?st ?nt f t 0 raoaitop thedsdselinepudlues réeﬁﬁt{éwﬂﬂuﬁﬂdownfﬁmm@;?%Zt Thi dat?
out put of ¢ at a nos
significant %ﬁ m%gﬁ%%e@%oﬁgﬁg qq(it% ctj?ﬁrln%]%?qu 6% USo an up/ down
control i npwheft capacjtances nearity ahsolute nrigimupl and/rahsmlmteer 78 is not 25
cont ai neq | m,ﬁ t r serves as
st or age gl er}rrg%l?r"gé &QE tf?to? ?QHW%{errgﬁwgggﬁgﬁe pr esenitgl nventi on.
data out put &9 ans @6\/&2 astivate. 78 couples to inputs of logic circuits 80

and 82, which detl‘ﬂﬁ;‘i'o ﬁ%éée‘b? gEXUrdER ﬁﬁ@céﬁﬁ@l@f f‘arﬁwﬁh al ues,
respectlvely 30

det ect or 66. ”?W%H’Sﬁ@l Wreéﬁéﬁé‘?‘gr{ﬂ% 36’% '1%]9 ﬁel&ﬁﬁ Iﬂg tcgtrjglsggl ?o
a data i nputoutipuasaecotded &4 latéht 88 .mifahy clarmingueonditioh isount er 84, such
counter 18, ipgicHtef Ty EsFEl] BBr8tdy 6. FTUTRekssd §00T ek Thput of
count er 78 annmater&@rma@p@apaate Baﬁﬁboh‘pﬂﬂame eroed| ess than conparat or
52 absol ut eerﬁBbUFﬂ"léh‘é'ﬂfé'éFarﬁprs éﬁt@hn’ﬂﬁfé&b? traRsEMAIg 8Qdth 82 couple to
ata i nput s at
message to a control facnllty (not shown) via transmitter 94.
FIG. 5 is a block diagram of a second embodiment of body
15 detector 10. The first embodiment (FIG. 4 and associated text)
counts a signal whose frequency varies in response to the
capacitance of capacitor 20, and the counting takes place for a
duration controlled by the baseline or control value. This
second embodiment counts a substantially constant frequency
20 signal for a duration which varies in response to the
capacitance of capacitor 20. The frequency of the signal being
counted is controlled by the baseline or control value.
The second embodiment includes controller-transmitter
88 (FIG. 5) having substantially the same configuration as
25 discussed above in connection with FIG. 4. A clock or data
output bit from controller-transmitter 88 couples to an input
of a pulse generator 98. Pulse generator 98 generates pulses
100 (top trace, FIG. 6). Several hundred microseconds or more
may transpire between each pulse 100, and pulses 100 may be
30 initiated under the programming control of controller-
transmitter 88. A resistor 102 couples between the output of
pulse generator 98 and a first node of capacitor 20. An anode
of a diode 104 also couples to the first node of capacitor 20,
and a cathode of diode 104 couples to the output of pulse
35 generator 98. A second node of capacitor 20 couples to ground
node 58.
Referring to FiGs. 5-6, the first node of capacitor 20
generates pulses 106 (middle trace, FIG. 6) in response to



addition, the ternminal count output of counter 84 couples to a clock input
of latch 86. An output of latch 86 couples to a controller-transmtter
circuit 88, and nore particularly to a data input of a mcroprocessor 90.
Controller-transmtter 5 circuit 88 ad%’tional ly includes a nenory 92,

whi ch coupl es via at g and address Lo ncroprocessqr,90. Transmtter
94 has an in s%ﬁgz)-c@{m{éega&bp!ifﬁ%ijé d§tasktves Or Al g‘ﬂﬁ%@@or 90. An

osci | I ator cijna¢cbrddndewith the @blamwtllttmhia_ttbddnmgsst?, a cl FCkki _nlouttoff
m Cr opr ocessaqy. . secon | clock input o
counter 84. 6@?%2&?%‘3\8@‘&%%‘fcg{’&é@%gﬁe‘i*ﬁ%ﬂggk*éﬁﬁﬂgéf’f??&??? const ant
frequency si gil2.s Tihe speed lag whichttive cdargedacdumulates aasies in0. The

f r equencyg of ' ' - r , for exanple, be
roughly a"';’ouﬁég‘?%@ééé)gﬁeﬂ%ﬁ%ﬁﬁ%@%&%ﬁ?% élf%éelqé?lange of frequencies
produced by €apagitageadeadstogoslowergghargingtimeandlessl or basel i ne val ue
I's recorded ic‘ég'a@lt‘éﬁgé I6Q49L8'a fastef ithardingimes M@iéﬂeq_lﬁlgérW@ms a count

t hat correspopds. it o, baseline capacjtance 3% I ., Jhi s baseline count
07 oaded | nOBRUIRES. BPSHON IS SB8IGR 5 GUSK-CURPELIOUEI T o an def i nes
a duration odi¢den @A .wWATtwdngly ! tnlse Qererayor 98 i_ﬁm_mnbina%mloung sda here
constant, Are i i oaded therein
until a lér m%ﬂ%?éﬁfﬁh?PhQ%a%ﬂ%?@%tde?%qrgégégme‘?j g%at@gcounti ng and
has not yet setoadeembodimentd Sgnal@enerataubdeogies toxmpaditarshol d
detector 66 rRiRh |ed: | | ounter 68 is
enabled, it c unt_gﬁrgggieﬁlﬁ}g%%gtg@téﬁgm\%r% 8@“&?2‘&?&‘@?% gnal produced
by signal gefEREIHG WEE, Whig H%Wemwye@@lﬁgi%eawwm @f osci |l ati ons of
this variabl eapaeitep®Y. signal for a duration determined in response to the

30 contyol or baselipe . ,val ye recorded il up/ down, counter, 78. \When counter
84 reaches its tef’fﬁ%ﬁr Stc%%ﬁli? ,°f&§\9ﬁF§Pr cBupfes to'an input of a
threshold detector 108. Threshold detector 108 represents an

inverting analog comparator or Schmitt trigger invertor circuit
whose output switches states when its input voltage reaches a
predetermined threshold level 110, depicted by a dotted line
20 (middle trace, FIG. 6). Desirably, threshold level 110 is set so
that an average capacitance exhibited by capacitor 20 causes a
pulse 106 to charge to threshold level 110 at roughly the
. center of the duration for pulse 100. Thus, as the capacitance
of capacitor 20 decreases, pulses 106 charge to threshold
25 level 110 faster, and as the capacitance of capacitor 20
increases, pulses 106 charge to threshold level 110 more
slowly.
The output of threshold detector 108 and the output of
pulse generator 98 couple to inputs of an AND gate 112. An
30 output of AND gate 112 couples to an enable input of a counter
114. The output of AND gate 112 produces a signal 116, shown
in the bottom trace of FIG. 6. Signal 116 initially activates
when a pulse 100 activates, and remains active until pulse 106
charges to threshold level 110. While signal 116 remains
35 active, counter 114 is free to count. While signal 116 is
inactive, counter 114 is prevented from counting.
A data output of controller-transmitter 88 couples to a
fatch 118. An output of latch 118 couples to a control input of



beconmes cleared so that the next counting cycle may start over again. The
final count achieved by counter 68 will depend upon the capacitance of

capacitor 20. Activation of the termnal 35 count on counter 84 denotes
the end of a counting cycle. Generallylslggaki ng, counters 68, 78, and 84

coupl e together so.that the@iiaal Cﬁ%lint ta’evegr by counter 68 in each
cycle is ar cufuMercallyjepatrolled os RE (NG Qa2

texarzrrf_ﬂge, t ihf Symuhiesizeyst 26. a@okbcﬂhbug;bmt oﬁm(?br@mhésizef 1(20mtitng frog] ?go
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val e 126 TrOMBSoc ShveH Bt ourRREE 12, ol SFFERbEBUEBE! 65
transitions coumrterckh4 couplés taraydata inplitreSeontrolletsarismistert es at val ues
1 27 andgl?2 If the count is less than this mddle value, the up/down

control On up/down counter 78 is controlled to increase the duration
determ ned by coudata genesatachly conteelipsrtrapsmittar 88 pee sborached in t he

next cycle. jhfjatéle 10BN THeSe WA Hogkam tﬁ@ﬁ'réﬁué?%t% ?\gtlitﬂ‘i\@(ﬁ“ ddl e val ue,

t hen t he up/ down contr ol up/.down “count er 78 | ed to decrease
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transmitter 88 uses this count to form a baseline or control
value which is stored in latch 118. Thus, latch 118 serves as
15 storage element 32 (FIG. 2) in this second embodiment. The
baseline value programs the oscillation frequency of NCO or
synthesizer 120, and this frequency is preferably controlled so
that the count at the data output of counter 114 approaches its
middle value, similar to counter 68 (FIG. 4 and associated
20 text). In this second embodiment, comparisons for determining
whether the count supplied by counter 114 is outside of range
54 (see FIG. 3), are performed by controller-transmitter 88
under program control. Likewise, comparisons for determining
whether the baseline value programmed in latch 118 indicates
25 current capacitance greater than absolute maximum value 46
(FIG. 3) or less than absolute minimum value 42 are performed
by controller-transmitter 88.
In a variation (not shown) of this second embodiment, a
constant frequency oscillator may be substituted for NCO or
30 synthesizer 120, while the maintenance of the baseline value
along with comparisons for range 54 and values 42 and 46 (FIG.
3) are all performed under software control in controller-
transmitter 88.
In summary, the present invention provides an improved
35 body detector. The reliability demonstrated in detecting the
absence of a body is improved because a technique for adapting
the definition of an acceptable capacitance range to past
capacitance measurements is used to reduce false silence and

eNEY¥unt er 68. 11 For



conparator 72, absolute maximumlogic circuit 80 and absolute m ni num | ogic

circuit 82 are recorded in latch 86. Since the final count attained by

counter 68 in each cycle is held to a value roughly in the mddle of the

count range for 25 counter 68, thresh\(ﬂa value 52 (FIG 3) may be defined
u

as a constant ,offset fromthis mddle . In the preferred enbodi nent,
nexi num ci rcEﬁlﬁe rﬁ&ﬁ"ﬂ@ﬁ‘?%@t‘?"éefﬁ‘m é%\?ﬁﬁct%tc ' I?"lﬂ%?dé@wal to the
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l ess than thinstalieil.e e presentiavention esaptaitocchangim@r . Toget her
conparators éﬁvﬁ‘aﬁm@%tﬂpﬁgﬁ%lﬁgﬁ?s@cﬁ%ﬁﬁbﬁ | &Fdrticgd by capacitor 20

is outside ran sol ut e maxj m an ni mum cbrcuits 80 and 82

e. 54, .
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observed, 4 r 82 activate. M croprocessor 90, under the
control of progralhemresent inventiors has desh describad gbé2e withds t he

itg”es“O' d detgelehc® tbpteterreaUMB diMehtd. CRoRRver! tide kifledling condition

the art will recognize that changes and modifications may be
made in these preferred embodiments without departing from

15 the scope of the present invention. For example, the present
invention is not limited to use as an item of wrist apparel, but
may encircle a leg or other portion of an animate or inanimate
body. Likewise, those skilled in the art will appreciate that
numerous changes in particular components and in the order of

20 various tasks may be made without departing from the scope of
the present invention. These and other changes and
modifications which are obvious to those skilled in the art are
intended to be included within the scope of the present
invention.



10 i ndi cat ed by threshold detector 66, m croprocessor 90 annunci ates an
appropriate alarm In the preferred enbodi nent, the alarmis annunciated by
transnitting a data nessage to a control facility (not shown) via ™~
transmtter 94. FIG 5 is a block diagrggn of a second emioshcs®hl Bih rRGREM 1

5 detector 1 0. The first enbodi rren%% e 4 and associ zmg@ﬂm"ﬂﬂ ts a
si gnal whose frequency varies in res e to the capacit dﬁ For
20, and the counting takes place for a duration controll i ne
or control VWHéﬁ-isqI&i@eﬁffs?”d enbodi ment counts a substantially constant
frequency 20 signal tor a duration which varies in response to the

capaci tance of capacitor 20. The frequency of the signal being counted is

control I gd by theq baﬁn'aggﬁrﬁusCM) for dahptivelhdetrtinyabséeek wEnt i ncl udes
controll er-tr%&l)?n é{fg Fl G %Eﬁﬁ]ng substantially the sane
confi gurat i ofy P2LY2 | g 2ppara COMIRPPon with FIG 4. A clock or
data output bit faacapacitor{R0)rexhibiting an@sséiatedmursento an i nput of a
pul se gener I I : op trace,
FIG 6). Se\%%qaﬁaunn%’]e%?dm ?F}gé@é&ﬁé? goﬁ@@b%&ﬁ%ﬁéﬂg’?@o et ween each
pul se 100, ahif peesant; ferpsat east anpertionef adieleatrie ferogr ammi ng
control 1of c%ﬂar(gg a%litort(rz;g)sm tter 88. A resistor 102 couples between the
out put of pul se geénerator 98 and él féés}%ﬁod&oi agaﬁ)ti)i ZQ&CQn anode of
a diode 1 04 al sod SENAlGenasator(69, 88, 9&el 02, an itdorT b, a cat hode
011: di ode 1041 t8)pteapled tdsailitmpdcitdr cm;,efo?ﬁorodg&mga(m?%g- ? ZeCOEd node
0 capaC|t0r. 'i) (0] ..Relerrd . -0, the
first node o?'agﬁﬁgg’f‘) ﬁﬁné% b?%ﬁ%ﬂ?ﬁgg&)él{%%'f# ‘gﬂ{rgnfr ace, FIG 6) in
response to capacitance of said capacitor (20);
15 a storage element (78) for recording (32) a control value
corresponding to a baseline capacitance (34);
a threshold detector (66), coupled to said signal
generator (60) and said storage element (78), for determining
(48, 50) when said current capacitance is less than said
20 baseline capacitance (34) by at least a predetermined
threshold value (52); and
means (68), coupled to said storage element (78), for
replacing (38, 30) said control value recorded (32) in said
storage element (78) with a new control value.
25
2. An apparatus (10) as claimed in Claim 1 wherein said
replacing means (68) additionally couples to said threshold
detector (66) and is configured so that said new control vaiue
is responsive to said current capacitance exhibited by said
30 capacitor (20).

3. An apparatus (10) as claimed in Claim 1 wherein:
said capacitor (20) comprises an item of wrist apparel
having a circuit housing (14) and a strap (16); and
35 said capacitor (20) comprises a first electrode (22)
disposed on said housing (14) and a second electrode (24)
disposed on said strap (16).

A 00



13 pul‘ses 100. Wil e each pulse 100 is active, or at a hi gfThis 8keed Has Been Replaced
c

accordance with the polarities illustrated in FIGs. 5-6, ca _
slow y accumul ates a charge through resistor 102. The speed
charge accumul ates varies in 5 respon\iﬁ?to t he capacitance of capac

20. Greater capacitance leads tg_a slowef charging tine and | ess .
capaci t ance | eads 4 oAR amarQFU%Z&%ia?rgclamd W\%éainbih\ybemo ctivates, )
nost of thi sspiil gRrietator @OY compprRéstdi egallatbrogenfifdred’ss0r di ngly, pul se

generator 98 %n cogjgi.nat‘ on .ESO Wi th freS| st or Zé‘fjﬂoé?ﬁf or.m si gnal generator 60
(FIG 4) for tPa} SALSIgRE erptateRat 3 TEeguency WeRVRe8 N coupl es to

capaci tor 20résponselto said sugeat dapatitenbebits a paraneter, such as

char gi nggi me, which is responsive to the capacitance of capacitor 20. 1 5
The first” node of capacitor 20 couples to an input of a threshold detector
108. Threshol d deﬁecAﬂrammat@(é@gmsSclamnedm ainy4awhergjn saigbar at or or
Schmtt trig | | : | ; en its

i nput vol taggﬁieeéygmgwégfr\der{jg@r ﬁq_n %eﬁ’?éegﬁgf‘géﬂ g@%féaﬁilghﬁ?eg?ct ed by a

S, a, \
dotted |ine s_xgunmsgalaéiqr\SaQ said signa)) for g duratipr detarmaines 0 1 evel 1 10 is

set so that pEsRRIABE saRPashtronvalRxhi bited by capacitor 20 causes a pul se
106 to clgfrge to threshold level 1 10 at roughly the center of the duration
S

for pul 100. Thus, as the capacitance of capacitor 20 decreases, pul ses
106 charge to thr &hAhdagsaratey ¢l 0) asOclabmedin Clairh dswhereinagaidi t ance of

chonty. The_ SIFEL SRRt GO GORRABRBIEC, 18 L The output of pul se
generator 98 coupBdoulseiganaratest (28);AND gate 112. An '
a resistor (102) coupled in series between said pulse
15 generator (98) and said capacitor (20); and
a second threshold detector (108) having an input coupled
to said capacitor (20), said second threshold detector (108)
configured to activate when a charge stored in said capacitor
(20) exhibits a predetermined level.

20
7. An apparatus (10) as claimed in Claim 1 wherein said
threshold detector (66) comprises a counter (68) configured to
count a clock signal for a duration controlled by said signal
produced by said signal generator (60).
25

8. An apparatus (10) as claimed in Claim 1 wherein:
said threshold detector (66) additionally determines (48,
50) when said current capacitance exhibited by said capacitor
(20) is greater than said baseline capacitance (34) by at least
30 a predetermined threshold value (52); and
additionally comprising means (88, 90, 92, 94), coupled
to said threshold detector (66), for communicating (56) an
alarm when said current capacitance is less than said baseline
capacitance (34).
35
9. An apparatus (10) as claimed in Claim 1 wherein said
threshold detector (66) additionally determines (40) when said

W



30 output of AND gate 112 couples to an enable input of a counter 114. The
out put of AND gate 112 produces a signal 1 16, shown in the bottomtrace of
FIG 6. Signal 116 initially activates when a pulse 100 activates, and
remai ns active until pul se 106 chargeseig threshold level 1 10. Wile
signal 1 1 6 remains 35 actiyv q] 1 14 is free to count. Wile
signal 11 6“1"3’“‘5&'@9?95”681]%?%?5 tham ajpregeteanined miniMWlunt i ng. A dat a
out put of cooap@¢¢gmcé(4z$n1tter 88 couples to a latch 11 8. An output of

| atch 118 couples to a control input of 14 a nunerically controlled
oscillator (NCO or frequency synthesizer 120. A clock output of NCO or
synt hesi zer 120 cd0pl As apparatus {kO) msuclaimhed du@iaim 1 whereingaid dat a out put

of count r 5 88.
Dot & gongy at L C5hoKP dBRel @a%%‘?ﬁﬁ”g"9a%e‘@*‘“ﬁ%§ FA3) WAATEAET Do “These
data pr ogr anedient IC@@@é;W@y'Cﬁtls\ﬂﬁﬁéw nod Pé'?ﬁ??@@i"ﬂ@d magignyaci | | ates, and
count er 1%@&@{@,«,@@@4@)03C| | ations when it is enabled to do so by
signal 1 16. The count provided at the data output of counter 1
14 corresponds to the capacitance of capacitor 20 and to the dielectric
constant of region 26 (FIG 1). Controller- transmtter 88 uses this count
to forma baseline or control value which is stored in latch 118. Thus,
latch 1 18 serves as 1 5 storage elenment 32 (FIG 2) in this second
enbodi ment. The baseline val ue prograns the oscillation frequency of NCO or
synthesi zer 1 20, and this frequency is_preferably controlled so that the
count at the data output of counter 1 14 approaches its

This Shect Has Been Replaced
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m.ddl e value, simlar to counter 68 (FIG 4 and associated 20 text). In
this second enbodi nent, conparisons for determ ning whether the count
supplied by counter 1 14 is outside of range 54 (see FIG 3), are perforned
by controller-transmtter 88 under progr@am control. Likew se, conparisons
for determ ning whether the basel] J? rammed in latch 118
i ndi cates 25 current capaci tancg(glsx Epﬂ‘mgabsol ute maxi mum val ue 46
(FIG 3) or less than absolute nininumvalue 42 are performed by
controller- tm oS V ion (not shown) of this second
enbodi nent , ator may be substituted for NCO or
30 synt hesi zer 1A2(bodmde'eatne (18 rdeteats when atbodya§EPR) iscabséne al ong
W th conpari 2 ), are all

S re COE#‘ M@lf&%&lT@?fﬁo@ ﬁﬁnf’pgéa

performed un er so I'n contr.o er 88. In sumary,

the present .dﬂﬁ@ﬁ@nbﬂlq&e@rm&nﬁam@m@a Ibe negign é6ddsor. The
rel i ability GRAbred!d¥iaicapdeiter|(200 fhiehieRsIRAB0ay (1200 1S | mproved

because a techni %u apt I&@?q {1{ ﬁg' nition of CCeptabl e
capaci t ance RS 'Fos%'é(@? q,sa?) eeHiG tBgLcARaGitance; qf d to reduce fal se
sil ence and caphgitionl (20)aisaneasured (28N dThionreastrément daflagihces conf i gur ed

i n accorganc 8 (e.q.
i ndi vi duﬂ‘?) %p%gé\‘mé.'ﬁai&t &eﬁ n!ﬂé%(?%&?ﬁ%gqgjn%g?d&gq i ndi vi dual
adj ust ment  f @eceadntimsdy Theisegomdnneasatementis ebeeked to varifyi f i cant
mai nt enance it 94 Wﬁﬂ‘\lﬁ’%ﬁl &m g42)‘%h6' ﬁﬂrml]l % 4%)9'?/5&(3 | nyent i on ‘adapt s
to chang| ng en d ronngnt al ﬂ ns sSuc zont a of verti cal
addition, it is checke to verify that it is w:thm a more
narrow range (54) that is defined in response to the baseline
15 wvalue. The second measurement is then used to adjust the

baseline value and the process repeats. The range (54) within

which the capacitance must stay slowly adapts to changes in

the capacitance of the capacitor (20). Abrupt changes in the

capacitance cause an alarm to be annunciated.

20
(FIG. 1 accompanies this abstract).



position, work activity, sweat, weight gain or loss, and the |ike, which

af fect the snugness with which a body nonitor 10 attaches to a body. The

present invention has been described above with reference to preferred

enbodi ments. However, those skilled in the art will recognize that changes

and nodifications may be nade in these preferred enbodi nents w thout

departing from1 5 the scope of thel pfesent invention. For exanple, the

present invention is not limted to use as an itemof wist apparel, but

may encircle [CT g othgl portion of an animate or inani mate body.

Li kewi se, those SkiTI&d in the art will appreciate that numerous changes in

particul ar conponents and in the ordef8of 20 various tasks may be made

wi t hout departing fromthe scope of Yhe present invention. These and ot her

changes and nodifications which ar{§9§ RETI T pose ldkilled in the art are
e —he

intended to be included within t 5156 gsent invention. -16

- CLAIMS 1. A nethod for dete € ody, said nethod
conprising steps of: 5 asuNmhg as/first di ric constant of a
region within which sal@d b shoul @ esi2de; €€ e‘%gt' bafgl ine value in
response to said first \di ctric constant, said sel vat¥e
correspondi ng to a basel?Y dielectric cggpstant; 10 retaining said

basel i ne val ue in a nenor measuri ng a-second dielectr constant of said
region

12
T FIG. 3
MAXIMUM g
VALUE , 6/ - 46
54 1

A 54 34 \/ 34 7 \Z >
(capacrTanc) 34; Z Z/ é /% 52

¢ ok

% 36
MINIMUM i ]
VALUE /~ ]



mLthiﬁ whi ch said body shoul d reside; wherein said neasuring steps are
carried out by a self-contained, portable unit conprising an itemof wi st
apparel having a circuit housing and 15 a strap and sai d sel f-contai ned,
portable unit conprises a capacit@ /idcluding a first el ectrode di sposed on
sai d housing and a second el ectrode di sposed on said strap, and eval uating
said second dielectric constant nea enment and said Lbl val uefrom
said nenory to determ ne whet he BEGIN sai d second di elgé-e @const is

| ess than said baseline diel ectr-e-—-aeffst ant; wherein said neasuring steps
conprise steps of: producing a siggal exhlblting a paraneter responsive to

a current capacitance sgi 128t or coupled to 25
TR,

said capacitor, said $i €ncy that varies in
ent  capaci t ance

corresponding to s
signal by a cl ocki
said clocking circuit
is configured to count
signal produced b

trol value in

said retaining st i Nn¢TUdes .4 2 oro|n' ai

a nenory, said mam)ﬁ—c r@rl ﬁi%a 04i pr ock{i nput
coupl ed to said cl ocki p&AEIr ofl out put art a | oad i nput,
said | oad input coupled TO saila ernlna coun out put; and wherejn said
eval uating step includes steps of: determ ning, by a tfeshold
detector coupled to said oscil arnd_sai d nmenory, when
SECOND
MEASUREMENT
LESS THAN
MINIMUM

a cl ocking
ipl ed to
fifst counter
|1 ¢d by said
and wherein

40

SECOND
MEASUREMENT
GREATER THAN
MAXIMUM

44

N

EVALUATION VALUE EQUALS
SECOND MEASUREMENT
MINUS STORED
BASELINE VALUE

EVALUATION
VALUE GREATER THAN
THRESHOLD

48

ANNUNCIATE ALARM' 56




A

- 17 - (i) said current capacitance is |l ess than said baseline val ue by at

| east a first predeterm ned threshold val ue;

(i1) said current capacitance

exhi bited by said capacitor is greater than said baseline value by at |east
a second 5 predeterm ned threshold val ue;
is less than a predeterm ned m ni nrum capacitance,;

t hr eshol d det ect or

repl acing said control

val ue via an up/d
count out put
dat a out put
data input of g NE

(iii) said current capacitance
and (iv) said current

capacitance is greater than a predet8rp ged nmaxi num capacitance, said
10 being configured to count oscillations of said
signal for a duration determ ned in response to said control val ue;
68| ue recorded in said nenory with a new control
coun?g havi ng a clock input coupled tofsaid termna
i npyt couplgg to a nost ? nifigcant bit of a
(gg 7 ﬁaV|ng a dat{ %ut cpupled to a
Py ' C Oyt ar m when said
i \ net hod as
Itional dielectric

current capagitance 1S

clained in claim

constant changes ijn said regi©
response to said dielectric 25
claim1 wherein sgid eval uating ighep

whet her said secornid dielectric constant i s

di el ectric constant

L

88

CONTROLLER/
TRANSMITTER

i

FIG. 5

FIG. 6
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30 by at least a predeterm ned threshold value. 4. A nethod as clained in
claim1 additionally conprising a step of determ ning whether said second
dielectric constant is greater than said baseline dielectric constant by at
| east a 35 predetermi ned threshol ¢ \c/{aléje. 5. Anmethod as clained in claim
1 additionally conmprising a step of determ ning whether said second
dielectri caFenercgt is Lgss than a predefermned mininimdiel aclidc m o '
constant val uef - -8 46 A metéﬁ)d| as claimed in claim IIHRIEISH'()QM |y
conprising a step of deterninhgg whet Rgry sai d second diel ectri QEppeTaRi s
greater than a predeterm ned i mum diteg ectric constant value. 5 7. A

met hod as cl ai med= Fn=—ct+atm eddi+ional |y conprising a step of annunciat§ng
an al ar m wheggshSAGANAIL uati ng step Heterpin ! diel ectri
constant is leskGENERABROR basel i nel di el gctlri c c&HRUMRER 10 8] A net hod f

adaptively dexelm ni ng absetsfce”of al bodyy ,g d% hod conprisgng steps o
5 et sai f | iét;!‘
15

or

ody, sent, forns east a |

portion of apgdigleciric for saidq capagitpr; wher ei njsaiMd
capaci torZ@onprises|a self-contained, |poftdble unit conprising af8item o}
wri st appar elhpving j ' a first

:

3 : a—c| Nsa pousi-nd apd ja strap, inclb%‘i;n
el ectrode \df spoged on sak\ housi ng pnd CC’L”EAR' ectrod OUiT osed on sajd

strap; | | | )

| 1| |
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est-abli shing a control
retaining said control
exhi bited by said capacitor;
exhi bited by said 25 capacitor is |ess-th@n-said: bas

at | east a predeterm ned threshold val ue; and updat
with a new control value that is responsive to said curfent ‘FapAci - andaEc -
exhi bited by said capacitor. 30 GLAIMS ng| a_ exhi b| tin

paranmeter responsive to said current capacitance: of  sai'd’ “capatl ior. ! ,8’3{

oscill ator coupl ed jo ﬁahﬁ’e ﬁga%lrt

frequency that

cl ocki ng si gnal

ePm¢l c$lepsi o

936 as n response @te§ﬁlﬁgq(l?§:’ gg%n(ggﬁgl:él ;:B

val ue corresponding to a pasekimes@8,
value in a menory; measur i ng Be:Guk
deternmining if said: cirrg

ing,.Sa

si_gnal

' aip,e{c,l,jt gr}ce
%_\cagag,l t a’ucé

l_.ag’)am J,afnge

5
d cont ol Valtge

coupl ed to5sai d cl omleasgrinig auifirshndiefectsiei ¢oostant af oa tegionhavithin sai d
WRicHP id By (should Yestda;d cl ock signal for

o Sa%'q%@l%ﬁ%%d?%%%"ﬁénﬁ?bf’% i leshBrite I el Coun e

first counter
controll ed by
control val ue
havi ng a cl oc

a duration

kdielgeiricc 6apstant; ssajdi baseline ovalyue, crriasprandingt 1o & ¢ er ni nal

count output apaseliheadielegttic sondtamtiad i nput coupled to sai d terninal

count out et

osci | | ator and sai d_nenor
| ess than said basel9%®

15

20

25

30

35

40

det enratairﬁ'ﬁgi @érdabhagﬁﬁawau@ehffé he

g a S&cond dlelectrc consta

steps of:

to said

%,

ddr}(gé saédgneratl ng é

an
wherein 35 a first counter is

| ed '
rrent capacitance is
néﬁ gsal region

within which said body should reside; wherein said measuring
steps are carried out by a self-contained, portable unit
comprising an item of wrist apparel having a circuit housing and
a strap and said self-contained, portable unit comprises a
capacitor including a first electrode disposed on said housing
. and a second electrode disposed on said strap; and
evaluating said second dielectric constant measurement
‘and said baseline value from said memory to determine whether
said second dielectric constant is less than said baseline
dielectric constant; wherein said measuring steps comprise

producing a signal exhibiting a parameter responsive o a
current capacitance of said capacitor by an oscillator coupled to
said capacitor, said signal oscillating at a frequency that varies
in response to said current capacitances, said current
capacitance corresponding to said second dielectric constant;

and

generating a clocking signal by a clocking circuit, wherein
a first counter is coupled to said clocking circuit and to said
oscillator and wherein said first counter is configured to count
said clock signal for a duration controlled by said signal
produced by said oscillator to provide a control value; and
wherein said retaining step includes a step of recording said
control value in a memory, said memory comprising a second
counter having a clock input coupled to said clocking circuit, a
terminal count output and a load input, said load input coupled to
said terminal count output; and wherein said evaluating step

includes steps of:

determining, by a treshold detector coupled to said

oscillator and said memory, when:

* c L n -] *
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capaci‘tance by a least a first predeterm ned threshold value; (ii) said
current capacitance exhibited by said capacitor is greater than said
basel i ne capacitance by at |east a second predeterm ned threshold val ue; 10
(iii) said current capacitance is |ess theap a predeterm ned m ni num
capacitance; and (iv) said current capacitance is greater than a
predeterm ned maxi num capacitance; said threshold detector being configured

to count oscillatiqi} ofsaidi dunregnédaﬁan’tan@ is desst than delidr basekihe n
response to Sfi)q‘!ué"ﬂ%) at Ié?é#% ffrﬁpﬁébﬁgeﬁﬁi'n%ff?ﬁi‘ééﬂold%g erecorded n

S ooty et ", it Qe CaBAGtaCe exhIBNaauRY: SBIA CARRRIEY 1 o s

i nput coupled to s
nmost si gni fi cddtgisiatenithandsaid baseline oraluei by ratr lnast caursegoreb and havi ng
a data output mredetermired ihresholbuialal; sai d second count er; and

comuni cating an al t e

basel i ne capgm tanc@”y \éghqa éﬁ%g’fl’%ﬁl@ Eﬁﬁ%c@%gn%a&' jff i’grrﬁﬁ'léﬁ

addi tional |y dBIIMWNgaRaciances and ermi ni ng whet her said current

capaci tance is grediv) tsaid edfrénbacapacitancepdsi greater Hhaat al east a

predet er m ned graiei8fhihedt! maxiridm capacildhce) Baidothréshélchidetdctor cl ai m 8

capaci tantd cﬁ’%‘@é@bﬁﬁﬂﬁﬁ%‘"@dﬁwﬂﬁ} daligp ﬁﬁm“ﬁf&%i@ﬁ?hﬁtéwﬁm A et hod

as clai med i n dYratiane dedermingchiin yresponssiei saidy contiol valieget er ni ni ng
whet her sai d currenteptaging sait contrgr valus ret:erde?d Anedaick menearynmwithum

capaci tance. Ig.ndiy"E&mesl @ ILFel i l%/gbﬂ‘ﬂ*b%uﬂfkﬂ‘ haoigy laY cfdbk G@pwr | Si ng
a step of annu@cd;%dngo %’5.& rMinar Sotit output, an up/down input coupled
15 o a most significant bit of a data output of said first counter
and having a data output coupled to a data input of said second
counter; and
communicating an alarm when said current capacnance is
less than said baseline value.
20
2. A method as claimed in claim 1 addmonally comprising
steps of:
detecting dielectric constant changes in said region; and
adjusting said baseline value in response to said dielectric
25 constant changes.

3. A method as claimed in claim 1 wherein said evaluating
step comprises a step of determining whether said second
dielectric constant is less than said baseline dielectric constant

30 by at least a predetermined threshold value.

4. A method as claimed in claim 1 additionally comprising
a step of determining whether said second dielectric constant is
greater than said baseline dielectric constant by at least a
35 predetermined threshold value.

5. A method as claimed in claim 1 additionally comprising
a step of determining whether said second dielectric constant is
less than a predetermined minimum dielectric constant value.
40
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- 20 - deternmining step determ nes that said current capacitance is |ess
than sai d baseline capacitance. 13. An apparatus for adaptively detecting
absence of a 5 body, said apparatus including a clocking circuit for
generating a clocking signal, said appar.aygs.conprising: a capacitor

exhi biting an associ ated current capacitance, said capacitor being a

sel f-contai ned, portable unit conprising an itemof wist apparel having a

circuit housing andéa « rrapthod as efditBddnacibimst adtditionally dompriving on
sai d housi ng agdg psf‘di‘OB%t%rﬁiﬁi é’%‘hgtr%io%gfb %c%?iqd dibfediric S@OHBARAE! ! O
configured so that,'sal,d body, 1 gresenci, orns at ,. geastt. a Bor | Qn of "a
dielectric forgg%ﬁt&chFJEiQOPfe gome amﬁP(!mHthq's Gigcsgras aci tor,
for produci ng ¥al®. signal exhibiting a parameter responsive to said
current capgacitance of said capacitor; a storage elenent for recording a

control value that eorr t i.ne agi y a ed to
sata torage-ocqeal - AT SN e eI
Sstorage el enen ; »Fcoupl e (0]
sai d osci || at odeterthinasdtiratosaitk sdconshtdielentric ecanstant rig ldssn thandsaid r ent

capaci tance i sphgsinEhdiefeditficPespktdist. capaci tance by at |east a 25
pr edet er 'QFd threshol d val ue, wherein said threshold detector conprises:. a

first countler configured a counéapscilLatio s of said signal for a duration
determined in respofise dnathod yhadaptively determining absence of a body,
said method comprising steps of:

configuring a capacitor so that said body, if present, forms
at least a portion of a dielectric for said capacitor;

15 wherein said capacitor comprises a self-contained,
portable unit comprising an item of wrist apparel having a
circuit housing and a strap, including a first electrode disposed
on said housing and a second electrode disposed on said strap;

establishing a control value corresponding to a baseline

20 capacitance; '

retaining said control value in a memory;

measuring a current capacitance exhibited by said
capacitor;

determining if said current capacitance exhibited by said

25 capacitor is less than said baseline capacitance by at least a

predetermined threshold value; and

updating said control value with a new control value that
is responsive to said current capacitance exhibited by said
capacitor.

30 producing a signal exhibiting a parameter responsive to
said current capacitance of said capacitor by an oscillator
coupled to said capacitor, said signal oscillating at a frequency
that varies in response to said current capacitance;

generating a clocking signal by a clocking circuit, wherein

35 a first counter is coupled to said clocking circuit and to said
oscillator and wherein said first counter is configured to count
said clock signal for a duration controlled by said signal
produced by said oscillator;

recording said control value in said memory, said memory
40 comprising a second counter having a clock input coupled to said

e
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val ue, said threshold detector for determ ning when: 30 (i) said
current capacitance is |less than said baseline capacitance by at |east a
first predeterm ned threshold value; (ii) said current capacitance

exhi bited by said capacitor is greater § Sai d baseline capacitance by at
| east a second predeterm ned threshold val ue; 35 (ii1i) said current
capacitance is less than a predeterm ned maxi nrum capacitance; and (iv) said

cugI r\%t capac iclgikifg Iélraui@ataeltefrhmalacmmdmm R @x%a@nm?wagﬁwnce

an erein s counter having a
cl ock input C%%Fsihgpgg‘g d@??gé:kl nspgér?ﬁﬁa! %urﬁe ﬁﬁﬁﬂr count .out put and a
| oad i nput, said I eT’HBUBQs by. & fhite I@G QC(SO%:SQ!‘R ed i said ount

out put; and woscilatos sand rsgidamemgomgamhemnpri ses an up/ down count er
Pﬁ\[il):,l?gcgu OCk '“pl( Oléﬁugdcdlﬁeﬁﬁ' itaned isqe8% m#rpt ‘sta’ld%'as’élhrst .
count er and h ﬁg’t %& S’%tﬁ)‘%ﬁﬁé ?’{%&%Pegﬁﬁﬂga Bﬂ%sglp@ﬂf%u&cond
counter. 14. An apfhblat @ﬁldsc'éﬂrﬁf\h&ﬂnaﬁltﬂfﬁemel@' by saifldcappeiter ng
means addi tional |y is agnelater tthanasalict basslinkdcajpéeitance By atnidaist aonfi gured
so that said %%wg r@HeYé’tlnH'iTl IS thissHyIg! \‘/Euteo said current capacitance

exhi bi ted, by sai cI a¢ ned

wherein sHf d osci || ié SCI%%?Vggg aﬁ?%ﬁqc& 6§ E8R+ r@nédrig’%h%ké?t"%@zﬁdd

signal 15 osdninigee eapacitaneee®nd t hat varies in response to said
current capacitancgjv) said current capacitance is greater than a
predetermined maximum capacitance; said threshold detector
being configured to count oscillations of said signal for a
15 duration determined in response to said conirol value;
replacing said control value recorded in said memory with
a new contro! value via an up/down counter having a clock input
coupled to said terminal count output, an up/down input coupled
to a most significant bit of a data output of said first counter
20 and having a data output coupled to a data input of said second
counter; and
communicating an alarm when said current capacitance is
less than said baseline capacitance.

25 9. A method as claimed in claim 8 additionally comprising
a step of determining whether said current capacitance is
greater than said baseline capacitance by at least a
predetermined threshold value.

30 10. A method as claimed in claim 8 additionally
comprising a step of determining whether said current
capacitance is less than a predetermined minimum capacitance.

11. A method as claimed in claim 8 additionally

35 comprising a step of determining whether said current

capacitance is greater than a predetermined maximum
capacitance.

12. A method as claimed in claim 8 additionally
40 comprising a step of annunciating an alarm when said

”"mc‘ mllj llljl "I,SI " I", This is the replacement sheet
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16. Ah apparatus as clainmed in claim215 wherein said threshold detector
conprises a counter configured to count 20 oscillations of said signal for
a duration determned in response to said control value. 17. An apparatus
as clainmed in claim13 wherein said oscildlggar conprises: 25 a pul se
generator; a resistor coupled in series between said pul se generator and
sai d capacitor; and a second threshold detector having an input coupled to
sai d capaci t or detevndinérg ostépt [detehinesichatt saidbeungntooépgoitarce 0is30

activate when gddh3ngR siief %sbnnsabg gﬁmé or exhibits a predeterm ned

|l evel . 18. An apparatus as clained in c alm 13, wherein said threshold
detector conprises a counter cou?led to said clocking 35 circuit and to

sai d oscillator andidherAn rapparatus fat eadamiveéymfdeje%ﬂgtabsﬂma ofadd cl ock
signal for & dbbﬂyl csaudoappal'ataé mcladnn@ @l @Itfdka ogiveit foy genérating a

conpri oi ng meaQidckifg DeigRiat: sBid adpafl Hb”aﬁh@tf TR T
comuni cating an al & rﬁ?ﬂﬁé’ﬂ%a@ﬂ“&’um%rﬁnc éi'-frEeme&am%ﬁ@f’d
basel i ne capacisaithczapatorAbeingaaasel- darﬂamnaubt poetaplelcunitt compprisingce of
a 5 body, saignapgai QSfUWri%@fﬁwpéﬂem%a\ﬁngaﬁaﬁrémf rfau“snhgtam anstpgpoci at ed
current CaRAC ivf&ﬁ&rqj%‘ "iB?e“dtut iYe *&ﬁ’é\;ﬁ?sé% sfk‘?é’ arf"d %%'c%pﬁ”'t
conprising an | CIrCUIt ous and rap,
Sctrode dlspose on sald strap, %said capacitor conligured so
that said body, if present, forms at least a portion of a
dielectric for said capacitor;
an oscillator, coupled to said capacitor, for producing a
15 signal exhibiting a parameter responsive to said current
capacitance of said capacitor;
a storage element for recording a control value that
corresponds to a baseline capacitance;
means, coupled to said storage element, for replacing said
20 control value recorded in said storage element with a new
control value; :
a threshold detector,” coupled to said oscillator and said
storage element, for determining when said current capacitance
is less than said baseline capacitance by at least a
25 predetermined threshold value, wherein said threshold detector
comprises:
a first counter configured a count oscillations of said
signal for a duration determined in response to said controi
value, said threshold detector for determining when:
30 (i) said current capacitance is less than said baseline
capacitance by at least a first predetermined threshold value;
(ii) said current capacitance exhibited by said capacitor
is greater than said baseline capacitance by at least a second
predetermined threshold value;
35 (iii) said current capacitance is less than a predetermined
maximum capacitance; and
(iv) said current capacitance is greater than a
predetermined maximum capacitance; and
wherein said storage element comprises:
40 a second counter having a clock input coupled to said clocking
circuit, a terminal count output and a load input, said load input
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including a first el ectrode di sposed on said housing and a second 10

el ectrode di sposed on said strap, said capacitor configured so that said
body, if present, fornms at |east a portion of a dielectric for said
capacitor; an oscillator, coupled to saLdfapacitor, for producing a signal
exhibiting a paraneter responsive to said current 15 capacitance of said
capacitor, said oscillator configured so that said signal oscillates at a
frequency t hatcoupledsto saidtprmirmlt coaat cbutput eahdcwpeceinasaéd a cl ocki ng

C'rCU'lt folr prraglaﬁﬂu Meah8ckd rfée%“%h WhaS@uﬁde?”ﬁa&m ) mﬁﬁfdkf di “93
storage e emoitPahAoUPLEd" (" 3BR ﬂ%n&wﬁzﬁt '”Lﬁauﬁp%ﬁobﬁf‘qu ol ed 1o
sai d cl ocki ngcoupledtto & eesh significant h;btqjua data output ofnpaid firstd | oad

i nput coups ed counteés @ntlehavm? acdatd cutpatcoupldd tesa datadipipert el saikbupl ed
to said oscil 's%tc?)'hdaﬁﬁ f I;ol 5 storage el enent, said threshold detector
for determ ning whe t‘l ?é sai d current capamtance Is |l ess than said
basel i ne capaci tance by at least a first predeterm ned threshold val ue;
(ii) said current cdbacAnanpparatusas «iainyed dndclaipadBdt whereingsaid er t han

sai d basel i ne repRasing am‘éarts/ aidutnenan ac8lpleetondaitt eHRsHoTUNedtédtopshol d
val uer (i) s Ood i§ LoriliureaPes | C§ai'dsne%\?%otrﬂﬂﬂ falleC i Y BEAbAEN ST’ MU

capaci tance cur [ en eat
predet er mi ned S@ ﬁ‘ﬂl défH?Ei%lWe :ﬁ?ﬁ‘aé‘éﬁa Eﬁrﬁﬁﬁglc‘@p@é’!t@ét or conprising a

first counter conflgured to count oscillations of said signal for a
durgt i on deterlm ned|5 N ARSEH éﬁath@ &8 dairfSd Al cheinUe3 WhRRSIn samp! ed to
sa g StoTage Sediifor Eﬁ@wrrf 8 A %S48t Wohigutsl USo" st L8fa ' Sighidli @

st orage eI errer?t
oscillates at a frequency that varies in response to said current

capacitance.

16. An apparatus as claimed in claim 15 wherein said
threshold detector comprises a counter configured to count
20 oscillations of said signal for a duration determined in response
to said control value.

17. An apparatus as claimed in claim 13 wherein said
oscillator comprises:
25 a pulse generator;
a resistor coupled in series between said pulse generator
and said capacitor; and
a second threshold detector having an input coupled to said
capacitor, said second threshold detector being configured to
30 activate when a charge stored in said capacitor exhibits a
predetermined level.

18. An apparatus as claimed in claim 13, wherein said
threshold detector comprises a counter coupled to said clocking
35 circuit and to said oscillator and wherein said counter is
configured to count said clock signal for a duration controlled by
said signal produced by said oscillator.

19. An apparatus as claimed in claim 13 additionally
40 comprising means, coupled to said threshold detector, for
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40 control value, said replacing neans coupled to said threshold detector
and configured so that said new control value is - 23 - responsive to
said current capacitance exhibited by said capacitor, wherein said

repl aci ng means conprises an up/down counper .having a cl ock input coupl ed
to said termnal count output, an up/down input coupled to a nost
significant bit of a 5 data output of said first counter and having a data
out put coupl edcommunlizating pat atdrmawueaesamj cuoreritecapacitancdiisgless cui t

for generati nglﬁﬁlé&alggséll,waé &irfdlg) said first counter is coupled to
said clocking circurt and to sal OSCI ator and wherein said first counter

is configured to count 10 said clock signal for a duration controlled by
sai d signal producedOby Aiiappasatus debedapliveii sletecting ahsence ohial
threshol d det epbdy, Said appamusamm@mmgl arm when said current

capaci tance is 'essa t Eapazfior GBI APRARIANER dirdit cABaRARALE!US as

claimed in claim I n,sal OScCl nerator a

resi stor coupl 8@ ﬁ%' peing. A sel (‘P r'g’@ H@S@f’!ﬁa‘i’gf
capaci tor; andan #enpd wrist stpparel draavingra reitguity iwusm@mnctcm;stmp,t o said

capaci tor, sai phchadipgdat firstsélelctrodie! aidpusder iondsaRnholigimyl &l aCse¢ahd when
a charge JiPrediddirode Hi§ABASY 8h &b Birhp, BAHCEEHAETON Contighfed &
that said body, if present, forms at least a portion of a
dielectric for said capacitor;
an oscillator, coupled to said capacitor, for producing a
signal exhibiting a parameter responsive to said current

15 capacitance of said capacitor, said oscillator configured so that
said signal oscillates at a frequency that varies in response to
said current capacitance;

a clocking circuit for providing a clockmg signal;
a storage element for recording a control value that

20 corresponds to a baseline capacitance, wherein said storage
element comprises a second counter having a clock input coupled
to said clocking circuit, a terminal count output and a load input,
said load input coupiled to said terminal count output;

a threshold detector, coupled to said oscillator and said

25 storage element, said threshold detector for determining when:

(i) said current capacitance is less than said baseline

capacitance by at least a first predetermined threshold value;
(ii) said current capacitance exhibited by said capacitor
is greater than said baseline capacitance by at least a

30 second predetermined threshold value;

(iii) said current capacitance is less than a predetermined
minimum capacitance; and

(iv) said current capacitance is greater than a
predetermined maximum capacitance,

35 said threshold detector comprising a first counter configured to
count oscillations of said signal for a duration determined in
response to said control value;

means, coupled to said storage element, for replacing said
control value recorded in said storage element with a new

40 control value, said replacing means coupled to said threshold
detector and configured so that said new control value is
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responsive to said current capacitance exhibited by said
capacitor, wherein said replacing means comprises an up/down
counter having a clock input coupled to said terminal count
output, an up/down input coupled to a most significant bit of a
data output of said first counter and having a data output
coupled to a data input of said second counter;

a clocking circuit for generating a clocking signal, wherein
said first counter is coupled to said clocking circuit and to said
oscillator and wherein said first counter is configured to count
said clock signal for a duration controlled by said signal
produced by said oscillator; and

means, coupled to said threshold detector, for
communicating an alarm when said current capacitance is less
than said baseline capacitance.

21. An apparatus as claimed in claim 20 wherein said
oscillator comprises:

a pulse generator;

a resistor coupled in series between said pulse generator
and said capacitor; and

a second threshold detector having an input coupled to said
capacitor, said second threshold detector being configured to
activate when a charge stored in said capacitor exhibits a
predetermined level.

This is the replacement sheet
R OO L

Dete: = 1 DEC 1997



