1 DESCRI PTION W RELESS SENSOR DEVI CE TECHNI CAL FI ELD The present
invention is directed to a wirel ess sensor device, and nore particularly
to such wirel ess device including a power generating elenment that converts
an external energy into an electric power for transmtting a sensed result
as a radio signal. BACKGROUND ART Japanesg Patent Publication No.

2004- 24551 di scl oses a self-contained sensing systemincluding a power
generating nmeans for transmtting a sensed result. The systemincludes a
sensor for sensing a tenperature, an acceleration, or infrared ray to give

a sensor signal indicative of a sens& llgﬂozﬁl ue, and an A/ D converter
whi ch converts the sensor signal int a ta. The digital data are
processed by a mcroprocessor so as to be transmtted through a radio

transmitter as a VEE-ESQREFNSRRBEYIGRI | is included as the power

generating neans in order to supply an operating power to the A/ID
converter, the mcroprocessor, and the radio transmtter. Because of that
the solar cell is not expected to constantly generate sufficient power to

keep the sy$E@RNIEARFRED the systemrequires a power regul ator which
enabl es the operation only while nuch power is being generated at the
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that the radio trans ter along w converter consumnes

relatively tL] [ 3 ' i.fel ess

transm ssi ohgﬁg@#ﬁﬁg{gc@e\&@%\%ﬁﬁf %vﬁcoea%%@?ﬁ% ié Eﬂ %f%éﬁggﬁg e]e%eﬁ’t thlak
converts an external energy into an electric power for transmitting a sensed resuit

as a radio signal.

BACKGROUND ART

Japanese Patent Publication No. 2004-24551 discloses a self-contained
sensing system including a power generating means for transmitting a sensed
result. The system includes a sensor for sensing a temperature, an acceleration,
or infrared ray to give a sensor signal indicative of a sensed analog value, and an
A/D converter which converts the sensor signal into digital data. The digital data
are processed by a microprocessor so as o be transmitied through a radio
transmitter as a radio signal. A solar cell is included as the power generating
means in order to supply an operating power to the A/D converter, the
microprocessor, and the radio transmitter. Because of that the solar cell is not
expected to constantly generate sufficient power to keep the system operative,
the system requires a power regulator which enables the operation only while
much power is being generated at the solar cell in order o transmit a reliable
sensor result.  Also because of that the radio transmitter along with the A/D
converter consumes relatively large electric power, the system suggests the use

of a wireless transmission technology generally known as UWB (Ulira Wide



2 Band) transm ssion. which operates at a | ow power. However, there is
still a need of mnimzing the operating power in the wreless sensor
system particularly in case that the AID converter is not necessary and
only one-bit information is sufficient as the sensor result, in order to
keep a reliable sensing operation over ag_extended period of tine while
relying upon the power generator of limted power generating capacity.

DI SCLOSURE OF THE I NVENTION In view of the above problem the present

i nvention has been acconplished to provide a wirel ess sensor device which

Is | ess power consunmi png, and |s capable of operati over r ol onged
period of ﬁ%g)fwﬂ&mﬂ |°(EF»WB'Cb Opreégﬁeébﬁ‘tea &)éY]EBWeF'eQﬁPWQV?ﬁgh%er @ISS@ sensor
devi ce includes a sensor configured to sense a target object and provide a
sensor si gnageddf minimizigg itee eperating Rewev bR WIERJASS SPOROIIYSIER, t ar get
object, a signal processing circuit configured to anplify the sensor

si gnal and ganieulanlyamebié itest the &YDr canvaniar dgnst gecdssaandnd ardy eneibin
circuit configured to receive the anplified anal og signal and provide a

det ection opfdtiationdeulicidiamsithe Kireek FeuIRNbRlrsbIRRD Apsibieyonsing
predeterm ned detection threshold. Also included in the device is a radio
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converts an external energy into the electric power to be accunulated in

t he power supply. The essential feature of the present invention resides

in that a controller is included to activate the radio transmtter
DISCLOSURE OF THE INVENT!SN

In view of the above problem, the present invention has been
accomplished to provide a wireless sensor device which is less power consuming
a_nd is capable of operating over a prolonged period of time for providing a
rellable sensor result.  The wireless sensor device includes a sensor configured
{0 sense a target object and provide a sensor signal of varying IeQeEs indicative of
condition of the target object, a sighal processing circuit configured to amplify the
sensor signal and give an amplified electric analog signal, and a detection circuit
configured to receive the amplified analog signal and provide a detection output
(Dout) when the electric analog signal goes beyond a predetermined detection
threshold. Also included in the device is a radio transmitter which is configured
to transmit a radio detection signal (RS) in response to the detection output.
Further, the device includes a power supply configured to provide an eleciric
power to the signal processing circuit and the radio transmitter; and a power
generating element which converts an external energy into the electric power to
be accumulated in the power supply. The essential feature of the present
invention resides in that a coniroller is included to activaté the radio transmitter

only in response to the detection output, permitting the radio transmitter to



only in response to the detection output, permtting the radio transmtter
to -3- generate the radio detection signal. Accordingly, the radio
transmtter can be kept inactivated until receiving the detection output,
t hereby saving energy to prolong the operating life of the power supply,
i.e., the device. In a preferred enbodinegt, the radio transmtter includes
a regulator, a clock, a pulse generator, and a driver. The regulator is
connected to receive the electric power fromthe power supply and is
configured to supply an operating voltage for a short tinme period only
upon receiving the detection outpyt fromthe, &et %ction circuit. The clock
i s acti vat egengisie theo&dio dgtachien&ianalt i ?60961"9 etnerragip FRas G WPt o
provide a clock signal. The pulse generator is configured to generate,
based upon iépt indaitdetad gntil recshving thautelestioaontruty theyeby sapngsiey &  t he
detection output. The driver is activated upon receiving the operating
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detection signal” through an antenna. Wth this arrangenent, the clock and
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transmtting the rad etection signal. Accordingly, the driver, which is
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processing circuit, the controller may be configured to give a sleep node
of oper at i ngetegtion circuit.  The clock is activated upon receiving the otgoerat;ng voitag%
from the regulator to provide a clock signal. The pulse generator is configured
to generate, based upon the clock signal, short pulses identifying the presence of
the detection output. The driver is activated upon receiving the operating
voltage from the regulator to radiate the short pulses as the radio detection signal
through an antenna. With this arrangement, the clock and the driver are made
active only upon receiving the detection output for transmitting the radio detection
signal. Accordingly, the driver, which is inherently the most power consuming
unit in the radio transmitter, can be kept deactivated in the absence of the
detection output, whereby the radio transmitter is held in & minimum power
consumption mode while not recelving the detection output, which enables to
further reduce a power requirement to the device and therefore prolong the
effective operating time.
In order to further save the energy on the side of the signal processing
circuit, the controller may be configured to give a sleep made of operating the
signal processing circuit at a reduced power, and to shift the sleep mode to a

normal mode for reliable detection once there is acknowledged a slight sign

leading to the detection output. In the normal mode, the signal processing



signal processing circuit at a reduced power, and to shift the sl eep node
to a normal node for reliable detection once there is acknow edged a
slight sign leading to the detection output. In the nornmal node, the
signal processing -4- circuit operates at a rated power to obtain the
electric signal (Vout) of rated anplitudg proportional to the rated power.
In the sleep node, the signal processing circuit operates at the reduced
power to obtain the electric signal (Vout) of |ow anplitude proportional
to the reduced electric power. In this connection, the detection circuit
I's configured to have a wake-up threshol.d whic is lower, i.e., stricter
han 1 he depbed! aporreahal siecpRieo SRAIING ealidi el (VoUNTetd { he
normal node to the sl eep node when the electric signal (Vout) of rated
anpl i t ude bamphitigid proporiiona te e sriedfavest. t i dahslegp rande: ibekaienalt he

sl eep nmode until the electric signal of the | ow anplitude goes beyond the
wake- up t hr pejrelsdingTdircuties paatemaioihepstiu¢éd poiver $o obtain thdeleditiesighettri c
signal (Vout) of rated anplitude goes beyond the detection threshold in
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sleep mode until the electric signal of the low amplitude goes beyond the
wake-up threshold. The detection output {Dout) is given when the electric signal
(Vout) of rated amplitude goes beyond the detection threshold in the normal
mode.
The sensor may be an infrared ray sensor for detection of a motion of the
target object by monitoring a critical change of infrared ray emitted from the
target object, for example, human body. The infrared ray sensor is configured to
provide the sensor signal which varies in positive or negative directions in
response to the motion of the target. In this instance, the detection circuit is
configured 1o have a threshold selector which provides a detection range (A1-A2)
defined by upper positive-and lower negative ones of said detection threshold,
and also a wake-up range (B1-B2) defined by upper positive and lower negative
ones of the wake-up threshold. The detection circuit includes a comparator unit
which receives the detection range and the wake-up range selectively from the
threshold generator for comparison of the analog signal with the selected one of

the ranges. The comparator unit generates a first signal either when the electric

signal (Vout) of rated amplitude goes beyond the detection range or when the



ones of the wake-up threshold. The detection circuit includes a conparator
unit which receives the detection range and the wake-up range sel ectively
fromthe threshold generator for conparison of the analog signal with the
sel ected one of the ranges. The conparator unit generates a first signal
either.when the electric signal (Vout) of; rated anplitude goes beyond the
detection range or when the .5- electric signal (Vout) of |ow anplitude
goes beyond said wake-up range, and otherw se generating a second signal.
The controller is configured to select the detection range in response to

the first sj : -up_ range in, response to the second
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ray sensor, while saving the energy. The detection circuit may include an
out put pr oVARIEEIIGMTANTS B spOngaitedne fitst gignal ared stlectidteewbkepaahgetin
(Dout) when receiving the first signal fromthe conparator unit at an
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0 generate the detection output (Dout) when receiving the first signal from the
comparator unit at an input of said output provider. The input is connected to
the comparator unit through a switch which Is controlled by the controlier to close
only in response to the first signal. Thus, the output provider is protected from
generating a false detection signal in the absence of the first signal, thereby
improving detection reliability.

Further, the controller is connected to monitor a level of the electric
power accumulated in the power supply for keeping the normai. mode and
disabling the sleep move while the electric power is higher than a predetermined
power level. That is, while sufficient power is available, the detection circuit is
kept free from a shifting between the modes, and therefore can be free from
being influenced by unstable circuit operation which might appear during the
transient mode shifting, assuring a reliable detection.

Still further, the sensor may be defined by a photovoltaic cell which
senses an illumination level on one hand and which converts light into electrical
energy for accumulating electric power in the power supply.

These and still other advantageous features of the present invention will



kept free froma shifting between the nodes, and therefore can be free from
bei ng i nfluenced by unstable circuit operation which m ght appear during
the transient node shifting, assuring a reliable detection. Still further,
the sensor may be defined by a photovoltaic cell which senses an
illumnation | evel on one hand and which_gaonverts light into electrical
energy for accunulating electric power in the power supply. These and stil
ot her advant ageous features of the present invention will -6- becone nore
apparent fromthe follow ng detail ed description of the preferred

enbodi nent s, when taken in conjuncti on,wth satta . drawi ngs. | EF
N A A R @*'gwm%@%Sﬁ?aégﬁéﬁﬁ?%f%%ﬁﬁwfﬁgﬁfce in
accordance with a preferred enbodi nent of the present invention; FIG 2 is
a circuit deEposimentswir tEniR Qnivnstionemie Hrattasnaddransgs devi ce;

FIG 3 is a graph illustrating an operation of the device; FIG 4 is a

bl ock di agram of a sensor device in accordance with another preferred
enbodi ment of the present invention; and FIG 5 is a block diagram of a

sensor devi BRIER FESCHIRTRENVD F THE DRAVWANG®r ef erred enbodi nent of the
present invention. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON Referring now

to FIG 1, Efigreid 8 pkRRWMadraah s o s<ifbr eRvice iAGRebARITR with bhrafdred erred

enbodi ment of the present invention. The device is specifically arranged

to detect aelt?a‘b%ﬂngﬁféﬂﬂeéjfregenﬁ’mﬁéﬁﬁén't he. human cones into or out of a
a by use

surveill ance are an infrared ray sensor which generates an

electric  gg, 21is a ciroutt diagram of a detection circuit employed in the above device;

FIG. 3 is a graph illustrating an operation of the device;

FIG. 4 is a block diagram of a sensor device in accordance with another
preferred embodiment of the present invention; and

FIG. 5 is a block diagram of a sensor device in accordance with a further

preferred embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

Referring now to FIG. 1, there is shown a sensor device in accordance
with a preferred embodiment of the present invention. The device is specificaliy
arranged to detect a human motion, i.e. whether the human comes into or out of
a surveillance area by use of an infrared ray sensor which generates an electric
sensor signal responsive to infrared radiation from the human, although the
present invention should not be limited to this particular instance. The infrared
ray sensor 10 generates the sensor signal which varies in positive and negative
directions in response to the motion of the human coming into and out of the
surveiliance area.

The device includes a signal processing circuit 20 which processes the

sensor signal to give an amplified analog signal, and a detection circuit 50 which



sensor signal responsive to infrared radiation fromthe human, although the
present invention should not be limted to this particular instance. The
infrared ray sensor 10 generates the sensor signal which varies in
positive and negative directions in response to the notion of the hunman
comng into and out of the surveillance -grea. The device includes a signal
processing circuit 20 which processes the sensor signal to give an
anplified anal og signal, and a detection circuit 50 which -7- co . npares
the anal og signal with predetermned criteria to provide a detection
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power supply, _100.1s  Jincluded in the device to provide an electric power to

t he signal %?B gft%f,%’ Wﬁ'rcguirt respenserie tae detestion altpuiLRow) gemedatebeiridadi o

transmtter 90. Also included in the device is a power-generating el ement
110 which d&WiRipe @ radiedeiaciian sigraldiRS)thorougheare bRENHaQ DOUEH tHae abe
accunmul ated in the power supply 100. The power generating elenment 110 is
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the electric power. A controller 120 is provided to give a cohsi'sten
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in the absence of a critical condition sensed by the se _ _ of
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sensor si grfvicd s bolveP PehBfating element 110 which converts an external energy into
the electric power to be accumulated in the power supply 100. The power
generating element 110 is realized in this embodiment by solar cell which
converts the iight into the electric power. A controlier 120 is provided to give a
consistent detection result to the radio transmitter 90 as well as to save the
energy In the absence of a critical condition sensed by the sensor, the details of
which will be discussed later.
The signal processing circuit 20 is composed of a current-voltage
converter 30 converting the current signal, i.e., the sensor signal output from the
sensor 1Q into a corresponding voltage signal, and a voltage amplifier 40 which
amplifies the voltage signal into the amplified analog signal (Vout) of which
amplitude varies depending upon an amplification factor instructed from the
controller 120. In this connection, the controller 120 provides a normal mode of
operating the signal processing circuit 20 at a rated power, and a sleep mode of
operating the signal processing circuit 20 at a reduced power for saving the
energy. In the normal mode, the signal pracessing circuit 20 operates at a high

amplification factor and therefore at a high power consumption to provide the

analog signal (Vout) of rated amplitude. In the sleep mode, the signal



sensor 10 into a corresponding voltage signal, and a voltage anplifier 40
which anplifies the voltage signal into the anplified anal og signal (Vout)
of which anplitude varies dependi ng upon an anplification factor
instructed fromthe «controller 120. In this connection, the controller 120
provi des a normal node of operating the.gi.gnal processing circuit 20 at a
rated power, and a sl eep node of operating the signal processing circuit
20 at a reduced power for saving the energy. In the normal node, the
signal processing circuit 20 operates at a high anplification factor and
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shown in FIG 2, the detector circuit 50 has a conparator unit 70 conposed
of conparators 71Asehord ind-iér dsihe setesnipaeiecuing0 haalacwprepayaier unit/dlt) from
the signal processing circuit 20 selectively with a wi de detection range

(VAL to VA2}ompdsadmdcompanatoes @ arehg2 ir{ vRlertto cuBPare dispanhiogadignaldef i ned
by predeterm ned thresholds which are in turn defined respectively by
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50 also includes a selector 60 which is conposed of switches 61 to 64 in
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non-inverting n arator 71, and give t ed vol¥ages

(a2 a0 VEBMqgad B0 tpbtr it BFostiTME LR ORI Bl PRI oy

et ot on AR d Valadeh A TSR WO 5BIB o ool dbul o 4™
includes a selector 60 which is composed of switches 61 to 64 in order to give
the divided voitages (VA1 and VB1) selectively to non-inverting input of the
comparator 71, and give the divided voltages (VA2 and VB2) selectively to the
inverting input of the comparator 72. The selector 60 is controlied by the
coniroller 120 {o select the detection range (VA1 to VA2) given to the comparaior
unit 70 in the normal mode, and select the wake-up range (VB1 to VB2) given to
the comparator unit 70 in the sleep mode. The inverting input of the comparator
71 and the non-inverting input of the comparator 72 are commonly coupled io
receive the analog signal (Vout). The outputs respectively from the comparators
71 and 72 are fed into an AND-gate 73 which provides a logical product of L-level
output, which is referred to as a first signal in the following description, when the
signal (Vout) goes beyond the detection range (VA1 to VA2) in the normal mode
or beyond the wake-up range (VB'i to VB2) in the sleep mode, as shown in FIG,
3 Otherwise, i.e., when the signal (Vout) is within the detection range in the
normai mode or the wake-up range (VB1 to VB2) in the sleep mode, the

AND-gate 73 provides a H-level output, which is referred o as a second signal.

The conirolier 120 is connected to receive the output from the AND-gate 73 io



the conparator unit 70 in the sleep node. The inverting input of the
conparator 71 and the non-inverting input of the conparator 72 are
commonly coupled to receive the analog signal (Vout). The outputs
respectively fromthe conparators 71 and 72 are fed into an AND-gate 73
whi ch provides a |ogical product of L.-leyel output, whichis referred to
as a first signal in the follow ng description, when the signal (Vout)
goes beyond the detection range (VAL to VA2) in the normal node or beyond
t he wake-up range (VBl1 to VB2) in the sleep node, as shown in FIG

3
O herw se, i.e., when the signpal (Vout) is thin the detection rapge jn
the nor malSeleeidhernarmal ipee inprasprgee (ine w&t\?@m i A ﬁ'é'ﬁstf"@é'ﬁr%gglod%e
AND-gate 73 provides a Hlevel output, which is referred to as a second
signal . Thie thersieen heda apon secsiving dhe secondsignal & theenamaunode & t he
AND-gate 73 to -9- select the normal node in response to the first signal,
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signal in the normal node energy savings. Wen the signal (Vout) of
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node. Otherwise, the switch 76 is kept open such that the_ output rovi der
80 gi ves noB@wthich respandisjotgentateoiinepiateption catidbouhel daesvyich 76 is
controlled by the controlier 120 o close only in response to the first signal, i.e.,
only when‘ the signal (Vout) goes beyond the detection range (VA1 to VA2) in the
normal mode. Otherwise, the switch 76 is kept open such that the output
provider 80 gives no detection output. The output provider 80 includes a
transistor 81 having a drain connected to a reference voltage source Vdd, and a
source connected to an output terminal of the detector unit 50. A gate of the
transistor 81 defines an input of the output provider 80 which is connected 1o
receive the output from the comparator unit 70 through the switch 76. A pull-up
resistor 82 is connected across the gate-drain path of the transistor 81 so that the
transistor 81 generates the detection output (Dout) upon receiving the first signal
(Vout), i.e., the H-level output from the AND-gate 73.  In the absence of the first
signal (Vout) fed to the gate of the transistor 81, it refrains from generating the
detection output (Dout). The switch 76 is inserted beiween the AND-gate 73
and the gate of the transistor 81 in order to avoid a possibility that transistor 81
generates the detection output in the absence of the first signal.  Also the swiich

76 is conirolied by the controller 120 to open only for a short time immediately

after the controlier 120 shifts the sleep mode to the normal mode and vice versa,



transistor 81 having a drain connected to a reference voltage source Vdd,
and a source connected to an output termnal of the detector unit 50. A
gate of the transistor 81 defines an input of the output provider 80 which
is connected to receive the output fromthe conparator unit 70 through the
switch 76. A pull-up resistor 82 is connected across the gate-drain path
of the transistor 81 so that the transisfor 81 generates the detection

out put (Dout) upon receiving the first signal (Vout), i.e., the Hlevel
output fromthe AND-gate 73. In the absence of the first signal (Vout) fed
to the gate of the transistor 81, it refrains fromgenerating the
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and the gate of the transistor 81 in order to avol t
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operating voldagiiordE G Li8ck 88, £hASK o3ReAM d4"8nd a driver 96. The regulator 92
is configured to supply a stable operating voliage VREG 1o the clock 93 and the
driver 96 only for a short time period each upon receiving the detection output
(Dout), i.e., recognition of the human presence. That is, the regulator 92 is
triggered by the detection output (Dout) to supply the operating voltage VREG
using a power supplied from the power supply 100, and otherwise supply no
operating voltage at all. Upon receiving the operating voltage VREG, the clock
93 is activated to provide a clock signal to the pulse generator 94 which
generates, based upon the clock signal, short pulses identifying the presence of
the detection output with or without an address of the sensor device. The driver
96, which is activated by the operating voltage VREa from the regulator 92 to
receive the short pulses from the pulse generator 94 and radiate the short pulses
as the radio detection signal (RS} through an antenna 97. The radio transmitter
90 has an power input 81 through which the electric power is constantly supplied
to the regulator 92 and the pulse generator 94 so that the regulator 92 and the
pulse generator 94 are ready for activating the clock 93 and the driver 96 in

prompt response to the detection output (Dout) from the detection circuit 50.



driver 96 only for a short tinme period each upon receiving the detection
output (Dout), i.e., recognition of the human presence. That is, the
regulator 92 is triggered by the detection output (Dout) to supply the
operating voltage VREG using a power supplied fromthe power supply 100,
and ot herw se supply no operating voltag£1at all. Upon receiving the

operating voltage VREG the clock 93 is attivated to provide a cl ock signal

to the pul se generator 94 which generates, based upon the clock signal,
short pul ses identifying the presence of the detection output with or

W t hout an address of the sensor device. The driver 96, which is activated
by the oper aterlivesOBdgeludrEar applifiganctbeeinsHBes gporeddoweicbruanyrdhehor t
pul ses fromthe pul se generator 94 and radiate the short pulses as the
radi o det eccomposiegtsadf theSpdidhiranghitzn 9on whiledhehuldh genaditor 94 andiet er

90 has an power input 91 through which the electric power is constantly

supplied tgsdigior @@uhatsatledhodadbiiieviBitgsigo apaektaipvolRijeSeoridipte 138

regul ator 92 and the pulse generator 94 are ready for activating the clock
From the det SorToRoRet APEGEal, ARG 3fobod BELRAUEIOION BPRIDOLBYH ang
white the ot 8 Rl IEEe O ShBonasS PRYRT a8 st ehel g BRERRbYRE °°
"1 the. abscRbBTRAoIRR URvtast. TATIRT: iR npSGURY Ui Eeouiafi S2isuehlnm Eicr o0
consunes | ess power and assures prolonged operating life of the sensor
devi ce. Fur PRERUNGValaaeoYRRP PRl TOf Fie $|%f§fﬁﬁfai%?9§?g sappItineg itraeeivepEigat i ng
vol tage VREG only for the short tinme period each tine it receives the
det ecti on odeinetionDadpyt (Qd), theiradiprieansriittes OIS resetriatoed lawmpowar | ow power

consumption mode immediately after transmitting the radio signal (RS). The

radio signal is received at a nearby receiver for recognition of the human

presence or the detected resulit,

The pulse generator 92 is configured to constitute a ultra wide band
transmission (UWB) system, a wireless communication technology that does not
use a carrier wave, hut rather a train of very short puises in the order of hundreds
of picosecond range. The syétem therefore requires only a small electric power
at the instant of transmitting the data.  In the present embodiment, the data is
basically composed of one-bit sighal identifying whether or not the detection
output (Dout) is H-level, requiring only a very short tfransmission time. For
example, when the radio transmitter 90 transmits the radio detection signal (RS)
per ten seconds, each transmission is completed within one millisecond at an
average operating current of 2 mA, consuming only 0.2 pA. In this manner, the
radio transmitter 90 of the UWB system can operate in a low energy consumption
mode, and therefore reducing the power requirement of the sensor system.

The power supply 100 is configured to have a voltage booster 102 which

amplifies the voltage supplied from the solar cell 110, and a capacitor 104



consunption node inmedi ately after transmtting the radio signal (RS). The
radio signal is received at a nearby receiver for recognition of the human
presence or the detected result. The pul se generator 92 is configured to
constitute a ultra wide band transm ssion (UAB) system a wreless

communi cation technol ogy that does not uge a carrier wave, but rather a
train of very short pulses in the order of hundreds of picosecond range.
The systemtherefore requires only a small electric power at the instant
of transmtting the data. In the present enbodinent, the data is basically
conposed of one- bi not etection . output
Coosed o iy B Lot S5h o RSSl sk
exanpl e, when the radio transmtter 90 transmts the radi o detection signal
(RS) per tlbe sigaalrocessivg circHit 20 §1a datecion Sirplis B8 anfltthe radiadransmitier
mllisecond at an average operating current of 2 mA, consumng only 0.2 A
I n this mardr, Fohexampis, dhe mboseicirteits 20, 50, ttl’]be“ade’cralysmﬁ’mr@@mndéhat e In
a | ow energy consunption node, and therefore reducing the power

requi r enentydadeiBo 66188 902 28 eebh dERylRy ofaiam ¥t 49 BveRgRosdrisuini§itbr 0
have a vol tage ooster 102 V\:hl ch amplifies the voltage supplied fromthe

sol ar cell % A ng u;réoélnot;h%a[ @ﬁé’r‘&!ﬂ% bt bf‘@vadﬂ?i ahhigfhyel tage

for supplylng the re ectrlc power t he signal processing

ETHE T S Y R
vol Cage” bocg 1 192 815y 5 992 BTV oo BBl O 5B o
tm hQ' ggnmsO?prgirggitrlpegoeroealrgig%eioss thc\a/ solar} cteﬂ ‘lS“I()I irslsrtegaﬁgd tcg p}%\/g ralit];lvgv?ers ésr%eerrgtlgfg
capacity of 20 pW or more, which is easy to be accomplished only with the use of
an amorphouse photovoliaic cell having an effective surface area of 3 cm?® at an
illumination of about 200 lux or more. Thus, the sensor device can permit the
use of small-sized solar cell, and is therefore assembled into a small package.
FIG. 4 illusirates a sensor device in accordance with a second
embodiment of the present invention which is identical to the above embodiment
except that the controller 120 monitors the power level being generated at the
solar cell 110 for comparison with a predetermined power level. The like parts
are desighated by like reference numerals, and no duplicate explanation is
repeated. As long as the power level is higher than the predetermined power
level, the controller 120 responds to fix the normal mode, i.e., disable the sleep
mode, so as to keep the entire system awake for immediate detection.
Otherwise, the controller 120 allows the shifting between the normal mode and
the sleep mode for energy saving.
FIG. 5 illustrates a sensor device in accordance with a third embodiment

of the present invention which is identical to the first embodiment except that the

sensor 10 is prepared as an illumination sensor made of a photovoltaic cell. In



consunes 10 gWwto 20 W Provided that the voltage booster 102 sees no

el ectric conversion loss, the solar cell 110 is required to have a power
generating capacity of 20 Wor nore, which is easy to be acconplished only
with the use of an anorphouse photovoltaic cell having an effective

surface area of 3 cnR at an illumnati oq of about 200 |lux or nore. Thus,
the sensor device can permt the use of &ral | - si zed sol ar cel |, and is
therefore assenbled into a small package. FIG 4 illustrates a sensor

device in accordance with a second enbodiment of the present invention
which is identical to the above enbodi nent except that the controller 120
noni tors t ithispavwbodinestst, teephgtoyelieicatedd s earemonty atilizesl 4s theopower
conparison with a predeterm ned power |level. The |ike parts are designated

by like refqifhatngai@nahs11@ndLiRe pdue drealasignatbdnsl l@reference prat@als, As
long as the power Tevel is higher than the predeterm ned power Ievel, the

controller t b X h@@e i.e., disable the sleep
node, so asérﬁgné?@gﬂ?%%de%ﬁlé%%s%i?er%?gag& or imedi ate detection.
O herwi se, the coptroller 1 I if Ll t de
and the sleep lh?‘iﬂh e%tgg\?esé&\%&mg?%\mt%étﬁﬁgt}ggrs\aéﬁggréa{bgg%g%dﬁbec\gfioce
in accordance with a third odi ment the present ipyention whi i
i dentical ttBethEnan F%Qn%%‘ﬁ?b te@mg?{f}anlﬂpn’ﬁrp]%lorg%zg(gg:th@r?%erﬁ?llé\éeg\ligg as
an illum nation sensor made of a photovoltaic cell. In -13- this
enbodi ment ,shawd prbbevealerpicted ta be limites! todRgdmrjcdar embadinentsand sae
generating elenment 110. Like parts are designated by |ike reference
nureral s, embrapastuphy oierdenepl,aaahi amaitempepaizire senapie Visption sgRSeHe
above enbodinents illustrate the sensors for detection of

the like which gives the detection output when the sensed parameter exceeds a

predetermined threshold or goes beyond a threshold range. Likewise, the
power generating element may be anyone that converts the external energy,

such as thermal or mechanical energy into the electric power.



the human notion and for detection of the illumnnation |evel, the present

i nvention should not be interpreted to be limted to the particular

enbodi ments and can enconpass any ot her sensor, such as a tenperature
sensor, vibration sensor or the like which gives the detection output when

the sensed paraneter exceeds a predeternL ed threshol d or goes beyond a

t hreshol d range. Likew se, the power generating el enent nay be anyone that
converts the external energy, such as thermal or nmechanical energy into
the electric power. -14- CLAIMS: 1. A wireless sensor device conprising: a
sensor configured to sense a target object and provide a sensor signal of
varyi ng | evel&lifdi cati ve of condition of the target object; a signal
processing circuit configured to anplify said sensor signal to give an
anplified electric analog signal; a detection circuit configured to receive
said anplified anal og signal and provide a detection output (Dout) when

said el ectryc ARgit&I8s§isBR3br §8@8e ReyMding: Predeterm ned detection
threshold; a radio transmtter configured to transmt a radi o detection

: | (RS i _ . . ; _ \
zlo%? ?gu§ ed) t Ic?q%?'gﬁge gﬁutﬁeﬁéﬁﬁé{;\%%gb@? %Hgipéﬁ\gpgv%%%cesg'%galafr cuit,
sai d detection cj

S Set ot | by S RIFR AP B SRR bEPRHE By ° Poer generating
accumul at ed iansiaﬁgldpl%%\égéin?;uc%%luﬁ'cocn%g&?ec t%riar%% n‘yi snai(tj g%tnsor signal to give an
amplified electric analog signal;
a detection circuit configured to receive said amplified analog signal and
provide a detection output (Dout) when said electric analog signal goes beyond
a predetermined detection threshold;
a radio transmitter configured to transmit a radio detection signal (RS) in
response 1o said detection output;
a power supply configured io prévide an electric power to said signal
processing circuit, said detection circuit;, and said radio transmitter; and
a power generating element converting an external energy into said elecitic
power to be accumulated in said power supply.
characterized in that
a controller is provided to activate said radio transmitter only in response {o

said detection output, permitiing said radio transmitter to generate said radio

detection signal.

2. The wireless sensor device as set forth in claim 1, wherein
said radio transmitter comprises:

a regulator connected 1o receive said electric power from said power



a controller is provided to activate said radio transmtter only in
response to said detection output, permtting said radio transmtter to
generate said radio detection signal. 2. The w rel ess sensor device as set
forth in claiml, wherein said radio transmtter conprises: a regul ator
connected to receive said electric power fromsaid power -15- supply and
configured to give an operating vol tage T6 "a short tinme period only upon
receiving said detection output (Dout) fromsaid detection circuit; a clock
configured to be activated upon receiving said operating voltage to
provide a clock signal; a pulse generator configured to generate, based
upon sai d cPHRRY@ghemfiguradie ghia ar oppwsing Yoliags fone shatimesasiod orly
detection output; and a driver configured to be activated upon receiving
sai d oper at Upgnveteising sdid cetection swgut @art) fromasaidodatediien eirsgit;d short

pul ses as said radio detection signal through an antenna. 3. The w rel ess

sensor devi aelack sifigiesd o be SdiRhBdlupdMesRiing ¥ty pBEARIY WiltdgR to
configured to provide a nornal node of operating said sighial processing

circuit at grhde& o%’c‘['l@é' gjobtain said electric signal (Vout) of rated
anpl i tude p?oportlgona tighs!ii d rated electric power, and a sl eep node of

oaid eleotric i nalot vaierer Silduaiie BhuBrdfonartd DRER S bePR sRtithc
i echol o oBeRPERES SRR s ehie BCL TSR Bl e v P
a driver configured to be activated upon receiving said operating voltage
from said regulator so as to radiate said short pulses as said radio detection

signal through an antenna,

3. The wireless sensor device as set forth in claim 1, wherein

said controller is configured to provide a normal mode of operating said
signal processing circuit at a rated power to obtain said electric signal (Vout) of
rated amplitude proportional to said rated electric power, and a sleep mode of
operating said signal processing circuit at & reduced power for obtaining said
electric signal (Vout) of low amplitude proportional to said reduced electric power,

said detection circuit being configured to have a wake-up threshold which
is fower than said detection threshold,

said controller being configured to switch said normal mode to said sleep
'mode when said electric signal (Vout) of rated amplitude becomes lower than
said detection threshold, and to keep said sleep mode until said low amplified
electric signal goes beyond said wake-up threshold, and

said detection circuit being configured to give said detection output

(Dout) when said electric signal {Vout) of rated amplitude goes beyond said



said controller being configured to switch said normal node to said sleep
node when said electric signal (Vout) of rated anplitude becones | ower than
said detection threshold, and to keep said sleep node until said | ow
anplified electric signal goes beyond said wake-up threshold, and said
detection circuit being configured to giyﬁ3§aid detection output (Dout)
when said electric signal (Vout) of rated anplitude goes beyond said -16-
detection threshold in said normal node. 4. The wirel ess sensor device as
set forth in claim3, wherein said sensor is an infrared ray sensor for
detection of a notion of said, target object of generating infrared ray,
sai d sensord%ﬁ%ﬁ?@ﬁﬁ@SBﬁkﬂﬂ§§W%69"@?5@& €. which varies in positive or
negative directions in response to the notion of said target object, said
detection circuit having a threshold selector which provides a detection
range (Al-A2) defined by upper positive and | ower negative ones of said

detection thre¥helwrelessisehser deviekeas et fatipm ¢iBin B2 whigéinned by upper
positive and | ower negative ones of said wake-up threshold, said detection

circuit includi ngsﬁd%@?@@f?é@tﬁ iﬂ*fayrbdway%anséﬁmrmﬁaﬁirﬂof ApiARh dai@nge

and sai d wake-up range sel ective fromsaid threshold generator, said

Co ot 9B A A YR, o TP BB e S R
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target object,
sajd detection circuit having a threshold selector which provides a
detection range (A1-A2) defined by upper positive and lower negative ones of
said detection threshold, and also a wake-up range (B1-B2) defined by upper
positive and lower negative ones of said wake-up threshold,
said detection circuit including a comparator unit which receives said
detection range and said wake-up range selectively from said threshold
generator,
said comparaior unit generating a first signal (Cout) either when said
electric signal (Vout) of rated amplitude goes beyond said detection range or
when sald electric signal (Vout) of low amplitude goes beyond said wake-up
range, and otherwise generating a second signal (Cout},
said controller selecting said detection range in response to said first
sighal (Cout), and selecting said wake-up range in response 1o said second
signal {Cout), and

said detection circuit providing said detection output only upon seeing

said first signal (Cout) in said normal mode.



said controller selecting said detection range in response to said first
signal (Gout), and selecting said wake-up range in response to said second
signal (Gout), and said detection circuit providing said detection out put
only upon seeing said first signal (Cout) in said nornmal node. -17- 5. The
W rel ess sensor device as set forth in claim4, wherein said detection
circuit includes an output provider configured to generate said detection
out put (Dout) when receiving said first signal fromsaid conparator unit
at an input of said output provider, said input being connected to receive
said first signal fromsaid conparator unit through a switch which is
control | ed By Fhpdvicelpss sensor devied gsset Enityin (Hamégp WeEeo said first
signal. 6. The wirel ess sensor device as set forth in claim3, wherein said
control ler is consaidtdatetinmoincuibinchudesvart ootpus aravidereconfigurpd i generate
accunmul ated in said power supply and to keep said nornmal node and di sabl e

sai d sleep m%e&@cﬁcﬁa é@t‘p@l’t gbeat) Witerpeameiving shicofiret sighainfranpsaid etoenmaratst
power |evel. 7. The wirel ess sensor device as set forth in claiml,

wherein sai gnﬁ%}qaﬁ Vbl?ttd:f_rs%\{a gﬁfbmrgﬁagisl ng an illumnation level and is

defined by aic ce cdnverts light into electrical
energy, said phot ov.al.t ai I f 8 ng el enent
for accunul ati ng ?"f]l@ @P%@f?iﬁg Goagﬁgfecﬂ%tljggg dssag%\?\ié Qﬁ\@%%lqm S%d

comparator unit through a switch which is controlled by said controller to close

only in response to said first signal.

6. The wireless sensor device as set forth in claim 3, wherein

said controlier is connected to monitor a leve! of said electric power
accumulated in said power supply and to keep said normal mode and disable
said sleep move while sald electric power is higher than a predeterminecf power

level.

7. The wireless sensor device as set forth in claim 1, wherein

said sensor is provided for sensing an illumination level and is defined by
a photovoltaic cell which converis light into electrical energy, said photovoltaic
cell also defining sald power generating element for accumulating the electric

power into said power supply.



