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(57) Abstract: A pestconirol system (20) includes pest control devices {(110) installed about an area or building (22). These devices
(110} each include a bait member and a communication circuit. The communication circuit may be in the form of a passive RF tag
= that transmits information indicative of bait status and an identifier unique to each pest control device (110). A hand held interrogator
(30) is provided to locate and communicate with the pest controi devices (110) via the communication circuit. A data collection unit
(40) to accumulate data gathered from the pest control devices (110) may altemnatively or additionally be utiiized. The device (110)
includes a sensor that has an electrically conductive pathway comprised of a nonmetallic material. Other pest control devices to
detect varying nonzero levels of pest activity are also disclosed. Still another device includes one or more environmental sensors to
further evaluate and predict pest behavior.
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conti nuatdp d Dol ternational Patent Application Nunber
PCT/ U8995 S Pﬂef%fegliél\]ul y 1999, which is hereby incorporated by
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to techni ques ering data devi ces.
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has Iong,.%?él @st% d,@g\gge Pests of frequent concern include various types
of insects and ents ubterranean ternites are a particularly
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R ..proposed to eliminate termites and certain other harmful pests of both the insect and
noninsect variety. In one approach, pest controi relies on the blanket application of
chemical pesticides in the area to be protected. However, as a result of environmental
regulations, this approach is becoming less desirable.

20 Recently, advances have been made to provide for the targeted delivery of
pesticide chemicals. U.S. Patent Number 5,815,090 io Su is one example. Another
example directed to termite control is the SENTRICON™ system of Dow
AgroSciences that has a business address of 9330 Zionsville Road, Indianapolis,
Indiana. in this system, a number of units each having a termite edible material are

25  placed in the ground about a dwelling to be protected. The units are inspected
routinely by a pest control service for the presence of fermites, and inspection data is
recorded with reference to a unique barcode label associated with each unit. !f
termites are found in a given unit, a bait is installed that contains a slow-acting
pesticide intended to be carried back to the termite nest to eradicate the colony.

30 However, techniques for more reliably sensing the activity of termites and other
pests is desired. Alternatively or additionally, the ability to gather more comprehensive
data relating to pest behavior is sought. Thus, there is a continuing demand for further
advancement in the area of pest control and related sensing technologies.
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and wherei n _detection of the separation or displacenent with the circuit
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-8 Provi- ded a pest control device, conprising: a bait nenber operable to
be consmestiordhe tharpttadsiie t@y!etect@nmbafmfdlff@mQpn@r@de@me@ of thelpasti ng one or
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the one oF Nore. sengi ng consunpti on or
di spI aceneot more Selnemgaldmmﬁsfrber the circuit being operable to nonitor the
a, nunber di fferent non of the pest

consunpt | on. BReAER LG ABANST SREChHE PSRN IGR hord POUGSaA el ectr |
pot ent i géstlcBnttdl Qevied &oftiprisRGSa SiffuRtintiLdELaBhBer AeftiftaMgcduplaget anot her
aspect ggnstmgeelgéeer?tg géaéeiglvae;)g}tlfr%% orgehaelgo?hérsangra?r\aflhgeeddto be consumed or
displaced by one or more pests, the sensing elements each corresponding to a
different one of a number of electrically resistive pathways, the circuit being responsive
to alteration of one or more of the sensing elements to provide information
representative of a degree of pest consumption or displacement.
According to yet another aspect of the present invention, there is provided a
pest control device, comprising: a circuit including an electrode operable to be
consumed or displaced by one or more pests, capacitance of the electrode changing in
response to pest consumption or displacement, the circuit being operable to monitor a
property corresponding to the capacitance of the electrode to provide information
representative of a degree of the pest consumption or displacement.
According to yet another aspect of the present invention, there is provided a
| method, comprising: operating a pest conirol device including a circuit with a sensor

arranged to be at least partially consumed or displaced by one or more pests;
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electrically coupled sensing elenents spaced apart from one anot her and
arranged to be consumed or displaced by one or nore pests, the sensing

el enents each corresponding to a different one of a nunmber of electrically
resistive pathways, the circuit being responsive to alteration of one or
nore of the sensing elenents to yrovide information representative of a
degr ee §Ftaplisfingpiistpze @ degresiplssnsRrarasimplinnsdifplagementuith ot her aspect

of the Eﬁ&ﬁt‘%ﬁ}eépﬂﬁ@ﬁoié&i}an{aﬁig%ﬁa hist @freefﬂeiﬁ e enddf: et&mmiﬁ%é sd&rqce.

‘conprising: a circuit including an el ectrode operable to consuned or

di spl acednisyo degree of sanser pesumptioapadisplageerend fvith e etcait in edeonskdmgi ng i n

respons St _C I Lspl he CitcULt I erable to
o or el A RBTRANG ofihe S0 ARG B seprelorter iy e RS UOE R Cre 1 o

pr ovi dewhafeir perfdrdance effthe sstablzhingeandfthadetegninibgds nétbasedsih detestignpt i on or
di spl acenent ccording to.yet another aspect of the present invention,
there i Ee-nb‘?vcﬂ/?{??eﬁ‘aanetw&ﬂ8ﬁaﬁ?@8h%?isg?%%yérﬂﬁe?%ﬁ PrHYOR F%é%“‘tw‘@otﬁ?r ol device

i ncludi Bgey, circuit with a sensor arranged to be at |east partially
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i ncl ude® ¥"GHi t’srﬂ?@‘oﬁgbaftef@ﬁ i RAIRON. Apfterriate opg of MEreRRCIeSIf of pests. In
anot her pggtbodi nent, a uni que technique to gather data concerning pest
-activity is provided. A further enbodi nent includes a unique pest control
devi ce to defegthergiabadimentf the rressnd inyentiasyiaclydescz ueidug pesticestradf  pest. As
used heg.el Lees |\t devi ce that is
used |t 5o s B8R o MR B pdoFhalih SEAAE o' ARUARGS "orne or
nor e spgathersdadé froqdbe pesirwoting deeing dn omsembbditieat, theegatatusivent i on i ncl udes
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control devices using wireless techniques and can al so be
- least some of which are configured to provide information relating to different levels of

pest activity in addition to an indication of whether pests are present or not.

Still another embodiment of the present invention includes a pest control device
with a circuit including one or more sensing elements operable to be consumed or
displaced by one or more pests. This circuit monitors an electrical and/or magnetic
property of the one or more sensing elements that is indicative of different nonzero
levels of pest consumption or displacement.
| fn yet another embodiment of the present invention, a pest contro! device
includes a circuit with an element operably changed by a degree of consumption or
displacement that is comprised of an electrically conductive, nonmetallic material.
Additionally or alternatively, this element can be composed of a material having a
volume resistivity of at least 0.001 ohm-cm.

In still another embodiment, a sensor includes one or more portions operable to

be separated or removed from each other and a circuit operable to monitor a property
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different types, at |east sonme of which are configured to provide
information relating to different |levels of pest activity in addition to
an indication of whether pests are present or not. Still another enbodi nent
of the present invention includes a pest control device wth a circuit
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circuit operable to nonitor a property -3 28 February 2005 corresponding to
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or MOr € PRl 302 itRMahiRafRN S Best billrd RERA AR Sk o fiERYal can occur due
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cheni caP"APt&PH{Fons to nane only a few In an alternative enbodi nent of
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envi ronnmental sensors to gather data about one or nore correspondi ng
--environmental - characteristics: O-her -enbodi nents, forns, aspects;: -
features, and objects of the present invention shall becone apparent from
the draw ngs and description contained herein. -3a 28 February 2005 WO

02/ 26033 PCT/ USOQ 26373 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
diagrammatic view of a first type of pest control system according to
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the present invention that includes several of a first ty2Februgpe200<ontr ol
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alongsthe seciipm i bRgndfatlio 81 Selbed buithrof thd Systdt of Fighy If agrammat i c
view of a fourth type of pest control systemaccording t t'hepgresent
i-nventi-on t hatFig.$dé a@ebematicniew Bf ciyguiinuer ihepesbvaniiasing @ssenakly ofrig. 3.18 is a
partial cuta ' SHESK Wep m I
device. 35 %'\l]?gyv?ggga%ect ?jg)%a‘%xa_\rﬂpg}v&oéB?ﬁ%égs%nsorrg%%@%ﬂ?g ou%tt)h type
of pest ¢eanheoperinsmpd with hesystampafFight section |ine 19-19 shown in Fig. 18.

4 Fig. 11 is a diagrammatic view of a second type of pest control system
-20 - -according to the present invention that includes a second type of pest control device.
Fig. 12 is an exploded, partial assembly view of the second type of pest control
device.
Fig. 13 is an end view of an assembled sensor of the second type of pest
_ control device.
25 Fig. 14 is a diagrammatic view of a third type of pest control system according
to the present invention that includes a third type of pest control device.
Fig. 15 is a partial cutaway view of a sensor for the third type of pest control
device.
Fig. 16 is a sectionat view of the sensor for the third type of pest control device
30 taken along the section line 16—16 shown in Fig. 15.
| Fig. 17 is a diagrammatic view of a fourth type of pest control system according
to the present invention that includes a fourth type of pest control device.
Fig. 18 is a partial cutaway view of a sensor for the fourth type of pest control
device.
35 Fig. 19 is a sectional view of the sensor for the fourth type of pest control
- device taken along the section iine 19—19 shown in Fig. 18.
4
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, : . . . 528 F
2005 v 08 HEasEHE g sbims e f ] wne B5RE ST BEIRERRED Evacn) ENTS
For the pur poddg.@2 ip aaliagrammatio viemci rasdesranth iypeadt pg:slmqrr:trbrsiyisﬁh:srgf etjhien e
ar ui ngs “SRREE BFordbont IBHGR yRF PRigho: b sivi B T Ped ol BB, ' 11

nevert hel ess Hdg.23liaddiowtbart ot trees examgle afi 4 priocedure bf thbresenpinveritionhe

i che acuetrhie EortiehaAShe diiors Bt RS, ol B sF ' O

pri ndi0pl esveithtspseinsvent i on as descri bed herein are contenplated as would
normal |y occur to one skilled in the art to which the invention rel ates.
Fig. | illustrates pest control system 20 of one enbodi ment of the present
10 invention. System 20 is arranged to protect building 22 from danage due
to pests, such as subterranean termtes. System 20 includes a nunber of
pest control devices 110 positioned about building 22. In Fig. 1, only a
few of devices 110 are specifically designated by reference nunerals to
preserve clarity. System 20 also includes interrogator 30 to gather

i nformati on about devices 110. Data gathered from devices 15 110 with
--interrogator-30-is-collected in Data Collection Unit (DCU) 40 through
communi cation interface 41. Referring additionally to Fig. 2, certain
aspects of the operation of system?20 are illustrated. In Fig. 2, a pest
~control service provider P is shown operating interrogator 30 to
interrogate pest control devices 110 |ocated at |east partially bel ow 20
ground G using a wireless comunication technique. In this exanple,

i nterrogat or 30 '




I's shown in a hand-held form convenient for sweeping over28Febmraty 305
establish wreless communication with installed devices 110. Additional
aspects WP ONBEm 20 and its operation are described i nPEHNAWASEN Wit h
Figs. 8-10, but first further details concerning a representative pest

~control device 110 ﬁ%ﬁﬁbﬁ?ﬁk%gﬁﬁ#ﬁf%%ﬁﬁbD@\ﬁ#S 3-7. Figs. 3-7

Il lustrates various res of pest contrtol device oinitially
detect pests, Fpethe ptepasecif piendting ab Ldderstandingrai dhid prirciolds gdheed wi t hdpiSt
noni t ori . L r A ' .3 an ,
pest noni 8?@5%@13}6‘%%@’ ndﬁé@fngh?ﬁ ﬁgte&aq%gg'?% t%nggtcl’:%%cﬁ f(g‘rtﬁlé ﬁ%wé@enbl y axis
A. Axi s Andspenificdargusigetwil he usedbiy descriliesthe same. iovihneéveythele8s bad 4; where
the view e PP W ' : L he ' . Fig. 3.
poct TonTadRRol el nrhalidn AHE BB YR inbohdoftfs Wl oA iy
comuni c att¢retions anskfurtheruheodificatiing in thsdedoibed embedimenBeasdanyiuithersenbl y 114
I ncl udes . | ];pfcrm- . i . : | s 132 are
each 35 ﬁg@@aﬁ(r%?)snﬁn gﬁ%gi' [rrg% @rtﬁ%ﬁvéﬁﬁﬂo%e&é?"%oﬂyes@I)aé%E@ééns] Ie{:gﬁgd;s of
pests. Fuapuighioipally occonia onesifiled in thg aridawhichdhe inventimheretsftesa mat eri al t hat
is a favorite . mZéb 33 PCT/ US00
/ 263£é I n oneF@Sgﬂbﬁgagf%ﬁ%@g@osyg% grg%ﬁ%ﬁ:g%ﬁ&tﬁg\s{gu%%&ﬁe nbers 132
are &dchinvaniidne SystermPois arrangkd toprotechbuitting @2 amape siue to plests;onponent .
I'n ot her &Pl RforfdMean &l S SystON 203 ciisG Ml t?&iotf g&gg&ﬁ{rél dbdiges an
‘include a pesti Ci Je, ﬁave a 'co%pos?tion ot her r{] A oo , Of a conbi nation
of thesel1@pesiianed abguthuilding@2hdn Fig. dxeniph taw oldavicepdd0 appspaciicaliyevi ce 110
is direc t r &) , ndi ngly .
differ en%lg%%ﬁrf%%@? ?IGE%GQ{;G Q@'ﬁ ra%atlgﬁ Fensénn%&rlar 2§?(§st§'ﬁyz|8iaaé§aqqf1§/ﬁ&%ed. Sensor
subassentntgrropaior 3040 gather inftsmatiomatmut dedcesSd9s oPatadthered irpinclerides bet ween
bai t : | LGSy : : I: ' |1y assenbl ed
10 v}ger\?vnzfd %g%ﬁrg%af%'l%%dgé?@gﬁf%D‘@%Z(%&EE%& gﬁit Ezcntés})o@) gIHS general ly
el ongat egoaminigaipndnigrigoe tilon 152a opposite end portion 152b as shown in

' acent br caRolrsLediiorl o35 ot aherks ) he obGBIGT BRI 20, 2P C D¢
menber s acdliuptratedotin g @na pastriogirolserice reddet ischownopatptinge vi ew of
e oA 0% Rk Bk U S Pllodly YRSl 1L
of a#l el gLnd SUging 2 wirgless communication technique. In this example, interrogator 30
is shown in a hand-held form convenient for sweeping over ground G to establish
wireless communication with installed devices 110. Additional aspects of system 20
and its operation are described in connection with Figs. 8-10, but first further details
concerning a representative pest control device 110 are described with reference to
25  Figs. 3-7.
Figs. 3-7 illustrates various features of pest control device 110. To initially
detect pests, pest control device 110 is internally configured with pest monitoring
assembly 112. Referring more specifically o Figs. 3 and 4, pest monitoring assembly
_ 112 is llustrated along centerline assembly axis A. Axis A coincides with the view
30 planes of both Figs. 3 and 4; where the view plane of Fig. 4 is perpendicular {o the
view plane of Fig. 3.
Pest monitoring assembly 112 includes sensor subassembly 114 below
communication circuit subassembly 116 along axis A. Sensor subassembly 114
includes two (2) bait members 132 (see Figs. 3 and 6). Bait members 132 are each
35 made from a bait material for one or more selected species of pests. For example,
bait members 132 can each be made of a material that is a favorite food of such pests.
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| oop or pathway 154 shown in the broken view of Fig. 4. A®Rebradre 2008ld] e
sensor ortlon represented by the break lines of Fig. 4, the four segnents
of pat h\/\ﬁ’ 0285933cont i nue al ong a general Iy straight, par &CPAISO¥AITR (ot
shown) , and correspondi ngly 20, join the four pathway segnents of end

portion Jqﬁ%ff\eegghge cﬁﬁeceaqoenbthgsnéﬁnq%.{ésn \g#&@#@i@‘ééc RAlhyay

segnents of en rtion 152b en at anof er br eak |nes Pat hway
154 t er nifaEm eka ﬁPfE woad pleck “tﬂhOletlaematicldepomBmemt Ipeitier e@Piesifelcent

* Substr al o, 4R pPhoRIYt LARdAlrd P97 corPego B Roldo apgd g1 Conduct or 153

arelis corrprlse of one or nore nmaterl a ceptible to consunpti on or
di spl acerfortposifion pthesdansverd, aha sembinatiaolihese fggg.!@'es daslil ghehg assenbl y

112 Bhessafaiilre peabofoRdiRad 18 W0aHaRsPI0 2ypoBl fadlorRrlishance. or a

conbi nati on one or nore pest spécies of interest. |ndeed,
it has beteﬁmf%uﬁsovﬁ%nonﬁﬂg!yrdlféﬁrwt@@mpaglw effeacgrﬂadmeraleﬂ@ﬁaﬁﬁﬂ@caﬂm be
readi |y digggl aced during the consunption of adjacent edible materials, such
as bait 30 nmenbers 132. As substrate 151 or conductor 153 are consunmed or

di spl aced, pa¥ansaysubmssenblldqalsglingudgsisenaer. 150niSenget 1a04s depictedn be
utilized Wty C | [ nor e
corres pon%ﬂ%&ﬁﬁe%rgﬁnggﬁ 13%;6?@?' ggﬁé)?mﬁ r’?fﬁ\% dr%%ihg{se o aﬁeﬁnﬁlﬁgr e fully

descrlfbedigvepihash centrol dﬁvleeﬂﬁmaoéﬁlgﬁ ﬁ%@@ﬁ‘eﬁ@sgsmeraﬁmepe@at%mct or 153
can be ornaersne%omdnhtgzs%agsé.tetéhagﬂrﬁomﬁs%{s%hm lﬁ?‘lg%h@hnés?’i rﬁ.ea&.-a' n

degree of consunption or dis nber’s exerts a
nechani c oo af éeg%ﬁff1|59|'%¥ﬁpfff$ﬂtﬁdtbéfra Rateofadiacent kraak Eﬂ‘éﬁﬁ:ﬁ%ﬁraﬂw y of pat hway

154 i n a poftiohd 1%93%6%23%9@&%%@ e 4 550R ﬁc&@ﬁ&ﬁn Metig a4 @Pl e manner.

For this alter native, substrate and/ or conductor 153 need not be
directly Rf%\‘%hﬁ%ﬁ?uﬂﬂgmes\b?‘&@e&fﬁyf ifPQa pest of interest. Pest nonitoring

assenly 112 faunsheisd uﬂEthQae&Jtﬁtrﬁgui'st? BiBarAe T8 Béaﬁ%@ coﬁ&\jb?&rqgsttﬁhts ensor

subassenbly 114. G rcuit subasse I S arrange detect 5 and

comuni cdf arrarged taprovide %@@Ql%%’ﬁﬂ éaa tsytha f@ﬁh@fgeél ¢l¢ptmeély §endn§h‘ée
el ect ri cabopbigRhviAyef5LhoiliR WYbréRéh \ﬂéw of P@O& ?\wstﬁ@ Mitdidle dekfbor O rcui

subassenbly 116 irncludes circuit enclosure housi ng comruni cati on

circuitr )poim repegsanigd by the bregk lingscafiFith 4n§‘!$tf@'|ﬂfssegﬂt¢"¥5(ﬁf P@MHéﬁl y coupl i ng
conmmuni ¢ %hf?{ﬁhe‘é!élgqf'é béﬁer&@ps&a‘?ght Sﬁ‘d?ﬁléi rolRO(ridt SIS CancPeRAZHEHEMN e dy |1ﬁ4

VariQus qperatio aspects his 10 arrangenent are dESCI’I

conné®t i dﬁ“mQﬂQUFP%fbwaBS%“%? éf onsk pastion 524 eninusatong of thediregldinesover pi ece
120, o-rivigh thefour %Bﬁm’&?%@gﬂa@ﬂts ok BAd (l)&ﬁélli' 158 Bnding ﬁf‘é‘rfoi}'lérlbf telbrEal ar outer

peri meter about axis_A. Enclosure I S shown nore % assenbled in
lines. Pathway 154 terminates with a pair of electrical contact pads 15

adjacent
substrate edge 155 of end portion 152a.
Substrate 151 and/or conductor 153 are/is comprised of one or more materials
25  susceptible to consumption or displacement by the pests being monitored with pest
monitoring assembly 112. These materials can be a food substance, a nonfood
substance, or a combination of both for the one or more pest species of interest.
Iﬁdeed, it has been found that materials composed of nonfood substances will be
readily displaced during the consumption of adjacent edible materials, such as bait
30 members 132. As substrate 151 or conductor 153 are consumed or displaced,
pathway 154 is eventually altered. This alteration can be utilized to indicate the
presence of pests by monitoring one or more corresponding electrical properties of
pathway 1564 as will be more fully described hereinafter. Aliernatively, substrate 151
and/or conductor 153 can be oriented with respect to bait members 132 so that a
35  certain degree of consumption or displacement of bait members 132 exerts a
mechanical force sufficient to alter the electrical conductivity of pathway 154 in a
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| " menbers 140,

Fig. 4 relative to Fig. 3. Cover piece 120 defines cavity28Rébrbayiges by
inner lip 123. Base 130 defines channel 131 (shown in phanto sized to
recei ve WONRH03324 and 15 al so includes outer flange 133PESAISMYRBEY to
engage inner |ip 123 when base 130 is assenbled with cover piece 120 (see

Fi 4 0 120
ond” base SRS fRRNAR 1ok i hildrted B sty 1 AR BRANRSTASSHEBN nBLOCT
print ed hedinegtibecnstmedeéu displaced by thei p&stlotln’cemqbonents 166. Referring al so

(Lo FLg. S, & W ol 308 oo 30RR IRARRI N PL.pBasSH?B1g conneCt | on

_ N Sat on el T eul 5, axis A
i s perpe savRiad io sensor sidbagsembly [1ahe Ciraudit sgbasepmbiyd |16 ésdanmngetitk deﬂembel ed

sh h h
ot 2 andeohlhicePnud Soii 3o Alod 7 o ol Une BRIt Bepgaicy  Cr 000
ant enna Pe:meaﬁm ofgiathveyri S tof sensor gabhsgsetrivy Uid. tQircui subassemblyd 16r i nt ed
Wi ring bgay E%Q:‘}'ﬁgl deMr@§Wh&%|ﬁqg§£&ﬁﬁmalﬁﬂf&caﬁ9 164"l BH%rp%lfb‘fl udes four

supports 13 eac openi ng therethrough”as best l'ustrated in
Fig. 4. Baseecligo m%ntsaﬂapwfqmmchabhcmphag lcomimamication giravitact6oda 138 bet ween

ad) acent sBalgsBlor YRR Emelafioy 1l AepAfopd e binieh rifigcs 129 (shour

in hantonlln rr|n gener connecti on nenbers
140 é@c h ajrapgendentare describgd lrmormaﬁmwltmﬁgm&ato ma:@maﬁac HEnvldsutelithas neck

O ti 0n_ b A GalEaleOTd, Bind 454, AR ihel E4H RRAASIAAYD POTLi 0N of

t he respective conrnection me connectl er 140,
proj ect i 6ﬁctla180utgr praterabott 1da Ae &ncloawreciBris sipwyromare fuﬂnaasseafolembs 146.

Proj ecti gy ﬁuaﬂ%t 556678 p %812§Qféﬂﬁér?r§aét:é%ﬂ¥‘ﬁ?£”8§’ﬁrme&‘b?; Hﬁém%‘d from

an el ectrl cal y con tive, astoneric one mant each
35 conne@@ﬁ@ﬁ%ﬂﬁiﬂ@ﬂs mn¢|§3ﬂrﬁ%®mlo@haﬂ’©ﬁ'ﬂbmd¢mm€aﬁmDrfg\gsi%amlne r ubber,

TUSPLE?, cBETRIUIE QE (NG LR R el R i asp g0 oo o

- .Cr-anf or das%mbjﬂ'dmh cRigratiens] 1204seq Rigoflher enbodi ments, a differ ent
b
conposi tion C@?}n*ﬂﬁlg‘rléﬁ%n citBuifty ? Hﬁ)sﬁigggd GOWeEH thRd? of Gk 09 aﬁé ase

130, the correspon alr o are inserte a respectlve
pair of d@@npﬁgunqrmatl@ﬁ cwmbiﬁosmslui%cowmwmtﬁmmmmtmrmbeard| ng into
recess 1 figRa 65 [ Ilghtly

| arger 1 han CEa BRI ApbAS 1667 FRIlnd RS 1o Pl o eop viehlls o of | 91

resul®, anmasggmblyobbaseh30, renrnecen memb@rs_tw.andwle@gs p@ramuwcaaﬁmr med untl |

fe)li![ L%dga%ﬁédiﬁy 166.01%Hg.L4) 8xis A5iB PetdelbicORF B 18 vikd plafd G 8685teB&HEd B 145
like labeled cross-hairs. Base 130 includes posts 132 to engage mounting holes
through printed wiring board 164. Base 130 also includes mounts 134 to engage coil
antenna 162 and maintain it in fixed relation to base 130 and printed wiring board 164

25 when assembled together. Base 130 further includes four supports 136 each defining
opening 137 therethrough as best lllustrated in Fig. 4. Base 130 is shaped with a
centrally located projection 138 between adjacent pairs of supports 136. Projection
138 defines recess 139 (shown in phantom in Fig. 3).

Referring generally to Figs. 3-5, connection members 140 each include a pair

30  of connection nubs 146. Each nub 146 has neck portion 147 and head portion 145
that extend from opposing end portions of the respective connection member 140. For
each connection member 140, projection 148 is positioned between the corresponding
pair of nubs 146. Projection 148 defines recess 149. Connection members 140 are
formed from an electrically conductive, elastomeric material. In one embodiment, each

35  connection member 140 is made from a carbon-containing silicone rubber, such as
compound 862 available from TECKNIT, having a business address of 129 Dermody
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' connunlcatlon CIFCUIt subassenb

through opening 137, it returns to its original shape w t?8 Rewkary2005

securely_en ng 10 the opening nmargin. By appropriate sizing and shapi ng
of head W@‘g’zg‘WMS and neck portion 147 of nubs 146, o EWU g“é 6387 can be

sealed to resist the passage of noisture and debris when base 130 and

connect i %e@?'@?ﬁﬁférdlﬂlg 67 A 62 NP eRes] 19%%4?%ﬁ1b0?ﬂﬁ?ents$ BoyMsrbi Fig- S,

printed wirin oard 164 contacts one nub 146 of each connection. nenber
140 afterCOMEiHW?a"Q%Uﬁq er connection nmenbers 140 are assenbled with base

130, encl osur%Jals%eﬂnsneé%ﬁ%&%&%mhén{b%@ﬁhmwbmsmlm doftb&pdi@liflgt Y 122 with
o-ring 124 carried in channel 131. During Insertion, cover piece 120

‘and/ or b&3kE oi nebs:146:are dngerted Hrpughne sespestive Pafrlcéﬁg@"l%'l e SHBROMsNt 0 cavity
122 bgyondgi W’ﬁ?ﬁrojécﬁor?—?@e e)?té'ﬁi:hné ﬁ‘l@é re%@é’sefsgj | 1951 Popfiorpivs ?f%ﬁﬁ’ Oﬂ'I?.ﬁ)Se ngage

each other wth snap- ¥/ connection.” The angled profile of 20
t he outer14§Lﬁ$'éﬁ§bt°ch‘9 silaaﬂy Igtmr hf@.the f@pegtlvempgnmsﬂﬁmrom\ywﬁwlsm:e cover

bi ece 120 acands BReit] At ifodiRSHREAE fofibnd M aBkMballieioriBa gl P ovi des a

resilient seal resi st the |ntru5|on of nplsture an ris rnto cavity

122. The fll'*b{rR@ﬁS'BQl fhraxgh the respestive peaing 1870 Qnegdipad peitiopd4e extendsias a
conpl i MeMBiYh BeHind 37 h%tuﬁ%rio ﬁh %ﬁgiﬁﬁl%h%be With Iﬂecl? ¢4 éé&reuﬁénégjg

IS assenb , senso
asserBl edne epeNNgE3WimH| BY q%owgat%lg@mamﬁ@hemu sblnqaddwrtp;nz*eﬂﬁ Emdd"qcéc ess 149

of each ﬁﬁﬁﬂq@ﬁ?'cﬁﬁuﬂi@?mﬂeb érﬂﬂ?scféféﬁpbé)é(edﬁﬁ% rdsist thccﬁégb% & bPfhol¥RIFRE" S 140

are S|zed to be sli elastically defornmed by the |nsert|on of en
portion fsgalebrmwhweg@@s 30pnd cogrueﬁlonm&m%prﬁﬂégarﬂ;assgrr@&,edtgg@b% iAgd by

connect | aRodfe IG5, bfteu%iffbatd 159 LorkEa ohe ndf 136 erealNCdiRbdliohensor 150

in contact therewi th. Once end portion 152a is inserted into connection
menbers MRMbes]AR aflarrsEswblys el ectrical |y contacted by a different one of

connggti on MeEARF SonkBtion rﬂei‘hldél‘% 149%"@ aé‘éé?nﬂ&ﬁwﬁﬁ‘ Bhse I, 8REISsPEHABRA Wi ring

board 164 electrically coup ;t)at way to printed wiring board 164.

- Ref err i ng@seniptpg;by mseﬁlﬁgéﬁm a%%un %@W&& p}@bto inent3dorargadinebanned and pest
35 noni t 9Bk NBUASS %@hlﬁn ]ébze Gﬁeélsem(?ﬁlﬁﬂor Hdde FIBQ ela@tlca?l? %ﬂrm%ﬁéts enbly 114

and ci rcwt subassenb are shown assenbl ed together and nested in
car ryi ng AR ER qwdsgntwarﬂéb}a?abgvozéwer D! 33 speintiat eover piso® 1298843 to

Bl nt ai 1 bBSE §30EHIRIda0A oBiBF At kY srdk A2 yp8 of Birinechi r'M'id%g'lE%m?'Sﬂe BP0 is in

the formof a frame {hat includes base 192 attached to op osmg si de
- menbéPs ihpoutesgustace pibase 130dacilifatesdhis form.of agsembly. Opre poves Piese #28. 6, with

the ot hepng@ k& B0 VareldoRARAEE M thik Iarite Wridd 24 Prédiass & rélfieAt sapfy nonitoring
assenbly 112 in a |ike manner. Side

resist the mtrusmn of moisture and debris into cavity 122. The inner surface of cover

piece 120 engaged by base 130 has a complimentary profile that can also assist with

sealing.

25 After communication circuit subassembly 116 is assembled, sensor 150 is
assembled to subassembly 116 by asserting end portion 152a into recess 149 of each
connection member 140 carried by base 130. Connection members 140 are sized to
bé slightly elastically deformed by the insertion of end portion 152a into recess 149,
such that a biasing force is applied by connection members 140 to end portion 152a to

30  securely hold sensor 150 in contact therewith. Once end portion 152a is inserted into
connection members 140, each pad 156 is electrically contacted by a different one of
connection members 140. In turn, each nub 146 that contacts printed wiring board
164 electrically couples pathway 154 to printed wiring board 164.

Referring to Fig. 6, an exploded view of pest control device 110 and pest

3_5 monitoring assembly 112 is depicted. in Fig. 6, sensor subassembly 114 and circuit

subassembly 116 are shown assembled together and nested in carrying member 190
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5. nenbers 194 are joined together by bridge 196 opposite2$Berudt92008r i dge
196 is arranged to define a space 198 contoured to receive the' assenbled
encl osur®O0P286%8%  circuit subassenbly 116. Pest control BEVUSW23E i ncl udes
housi ng 170 with renovabl e cap 180 arranged for placenent in the ground as

shown, f I AR = ' : [ 2

I nter s-ec'(tulS Wﬁ?ﬁt H’lfi‘h)@nﬂ%g%?eﬁiﬁé‘o% %gﬂgségﬁgﬁé nﬁ@oegﬁgﬂggfl rt@/pzng menber
190 are domed g ame Hwéinclugias base1$hatidsbed kyopposingsife wemhensd 947 &nly Housi ng
170 has i . PRI L ' 171 b

- incl u_desq{ﬁgp?grg@ endb:lez %%%%B@%@? (?r\‘/]vlﬁ'lghQ’pvltlltalt-@fe]l‘ranjeomler%f(t egé*@?ﬂgmaggl 110 in
t he gr ourl@2adpngithe biddemsidg of pestimpnitoringearsembly & imarike sanner. SSidapert ur e

not gho ' ' L 5@{;@&[- ,Qg@bl of slots 174
élefi ng‘d \b@@grﬂ%éﬁﬂ%g%gin%g}t%%%\ﬂg%b?par |gﬂ%§%‘?€{§2ela?] i?gé&'of or the
i ngr ess @vangeq ogisling aispaes 188 canteured taaiepeive tievassemblesianglosd® 118ofa nunber

of pratruygdi 9‘5’%’!3%% ew of which are designated by reference nunerals
1764, 17%&,15[1 C, )é?ﬁa'nd 176e in Fig. 6 to assist with positioning of

pest control desl eantrolidevige t1dngjudasiwusing 1ZAvdthiramodeble bad@d 172, pest
nmoni t ori %FBP | hidOin et ' 80. Cap
180 i ncl %gggﬁ omb\%?%ﬁ%?tgﬁg?b@gi’%;% %%é“}é‘gf%r%%@ﬁ%a'g“ﬁ .r%“nﬂ%sgﬁ‘i% of
housitfg Hetines/ghamber 312 inBoseding gbening ¢ 68.cBeshmaniiodngassertly 112 arshin be

rot at ed | ' ' [ L4} '

i sassentT NG BERORF 1003re cifed By eobl ety JreR I ofdiiclE, |

conf i gur &tousing 130 bas ess pedian &1 eppasiée end perigad&1ie.abnd portian 4Rty t ool , such

ot . . . . \
D ef e r o CgaE FPoRdd G 1786 aselsOu P SpSmbl of bEGbhNl 118 Hfrolrdac
170, and ilbgisatedin iHa. 2raked 375 terminatasiia kn apettwe 4net showdketls communicationy

d \witR Wi ks : ' h t
TRyt i RhanBBTE2 it oL P oIS 17U SRR nO 17 B 7ieg TP D021 S

-.conponen Partiglariywel-stitesifouthedngress gndeedress of sermites frempaliapbien py2.ene or
o . . k . .
CYCOLAC FRuBRLY7E hbt ablRbll 6f SIBirGiindHandB¥ 8k B Fnich ¥ GE0GHAa by SCL 1 ©

Pl astics, having a business astics Avenue sfield, MA
01201, TYsieteare pumereks 176en1 78 ithGC, 476 randy1 76 Fig. Bitaasaistiwithchanber 172

Peoan | BB oot GO PR IA=(0) 20 1 1S o L e
pest2@ct i vi t y Onse jgside aambsr 472, pestymenijoring assembly gw parcbe securgdin Fi gs.
g 10. In gg%rsgngg@%{s%%?féz% %5‘186’%61%&98&%%&1@%}’6:@% 184 QraRgdPlr vary 2005
engage channels 179 of housing 170. After cap 180 is fully seated on housing 170, it
can be rotated to engage prongs 184 in a latching position that resists disassembly,
This latching mechanism can include a pawl and detent configuration. Slot 182 can be
25  used to engage cap 180 with a tool, such as a flat-bladed screwdriver, to assist in
rotating cap 180. lt is preferred that carrying member 190, base 130, cover piece 120,
housing 170, and cap 180 be made of a material resistant to deterioration by expected
environmental exposure and resistant fo alteration by the pests likely to be detected
_ with pest control device 110. In one form, these components are made from a
30.  polymeric resin like polypropylene or CYCOLAC AR polymeric plastic material
available from General Electric Plastics, having a business address of One Plastics
Avenue Pittsfield, MA 01201,
Typically, pest monitoring assembly 112 is placed in chamber 172 after
housing 170 is at least partially instafled in the ground in the region to be monitored.
35 Assembly 112 is configured to detect and report pest activity as will be more fully
explained in connection with Figs. 8-10. In one mode of operation, pest conirol device
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110 is reconfigured to deliver a pesticide after pest act28Fdbyudrg20€3 ected
wWth pest nonitoring assenbly 112. Fig. 7 is an expl oded assenbly view of
one exampPd2B$933such a reconfiguration. In Fig. 7, pest BORUSH26dBvice 110
utilizes pesticide delivery assenbly 119 as a substitute for pest
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f th LGAL | f. . . ' ; 10, ch as
torm esﬁé‘aﬁﬁﬁéﬁ %Pﬂgutz@?}m%%%“%?i%ﬂ Zﬁ%@iﬁsﬁsﬁi gﬁ%%h? ‘E‘i&gat ane
debri s i reqtira tch 2 abd feynevingeeap Hathrero houging 3@ nTypicallg,2he sem . This
| at.) . ' ' 112 from
chanper - o8 386 RbeHBRE i Rl P A eclantig TR o R RRISE DS 1T 1ot anc
at | east gn@ngo fPastemonitcing pssdmipiy it 12 isghém extegctadfdormboesing 287@bwpllingat | east |
80 | bs. ' LLOr . I,S renove
Fr om cha Uit st P62t hasbet] Bl 2k «BBIGRHGH 18P MBI HO o roer 172
of hHusi nests Bach 45 lergitesprerisantoltine accuragation af @ sibkiantal prasstofiviy add 9
1l ueaasth otz b o ofiE 808P T2l o BT 1172,
end 1174aegumuiaion chohampgatierremovalyf pegt mdnfielingvassemtiiat1 2o chamberent ar y
subassenty 18 A mBEP tog ot difiigBat, ARRIAN S e Ho polady'
rermoval @#s.pefqullingdorce canidrmorassefetsbly datidast B0 thsholilling foree. Aperture 1178 is
sceors oty ShiEtbelen BRI BRI PRl rp laggeT oLy 116
- del i ver ydelysarasisgmblydl 19ds planéd inahachbst T2 abhatisingui70 throbgls eperting/ 17816, it is
I d i t rebeds ; | kn_the manner
Pt ovi ous o R eliyehy Sssdtbly 179 inbitef BRsicRotHE, 1 A eiahrper
i nt er r oght % Gwrmabad 13€2 conteins pesticide bersivg maijx membeol 128. rBpedd@at at i ve pg;t
trol ' | b, ot @ryd circuitry 1
819 nFir 8. @%%W%%%@veg\hyﬁ?gtgﬁggé%{ ‘?pgﬁg?#?m%‘gﬁ Y gf#}éﬁéémh!c?lyﬁa%g 160 connect ed
t o c¥hduewrpplimastary fnnee tiyeading Mmobghaamn Eapi1d A6 defitrsrapetiue 1178. IGilguitls, I
oh L ; : : ; ; . e-pol e,
S gl o PbeSemely 11b ¥ ddibbritih Linko? B bstolel BURRF BY Shertolnbdl of Y T
provi de @®ogitasing@ssemblydil2 fromdrausingal70p dpievitke 14784e acoandingly sized Anghest

et cot of TS Sicurcip PRI RERE b 1o RIS T RER 2 0 her e
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Statgs I efifchh Slbabsaofy F8! ft 6 hdett ifi cREMBerf72C AR b4Y' P8 cdpie iR gd >4
housing 170 in the manner previously described.
Fig. 8 schematically depicts circuitry of interrogator 30 and pest monitoring
assembly 112 for a representative pest control device 110 of system 20 shown in Fig.
1. Monitoring circuitry 169 of Fig. 8 collectively represents communication circuitry
30 160 connected to conductor 153 of sensor 150 by connection members 140. In Fig. 8,
-pathway 154 of monitoring circuitry 169 is represented with a single-pole, single-throw
switch corresponding to the capability of sensor 150 to provide a closed or open
electrical pathway in accordance with pest activity. Further, communication circuitry -
160 includes sensor state detector 163 to provide a two-state status signal when
35 energized; where one state represents an open or high resistance pathway 154 and .
the other state represents an electrically closed or continuous pathway 154,
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stinul at ﬂhﬂ$9851|19%mthe@ﬂrnmnl cation circuitry 160 transmits information to

Qaapagavélhﬁtt%ﬂtserﬂaei g{grg%t t hTh' s

%ﬁ@d
W rel ess transm ssi on correspon S Ea t status m ne
det ect or ene/gized dyanaxternel sfaviatien paexmtath:reﬂgml remdatgriegator a@rﬂqemedat i on

code 167 iR Ghtdnid. 1%9_0' Lﬁé%é' a%teéter fefanPeodeUia7 emslmm bParef

conmuni cation circuit nonitorin circult ar e deplcted In
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provi ded by M croc Technol ogi es, Inc 55 West
Chandl erldGAEﬂ(@!iQQﬂO@lW 20 Integrated circuit |IC includes code 167 and

detector 163. H'ef%rﬁﬁggﬁddrﬁ % t&rﬂ?e{@ %&ﬂﬂ&ﬁé&tﬂoﬂ%ﬁclgﬁqu VB, that

are connected to a par COI ant enna capaC|tor C.
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depi ct ed enbodi I's con ure to a regulated 25 D.C
el-ectri. CCQBP@FW%FBGARQIU%WW‘QV clatesrﬂied@wt tesiviot Roan@fNEt  a hi gher

potenti airansré‘iﬂi &18hPte’d lo%tﬁﬁﬁdcﬂjneﬁtsl ?e@'rét&@g:rétﬁﬂ@lé §%a§§n!ré“ﬁdd% RF i nput

recei ved h coil antenha 162 via connéctions The Veo

connect i 5 Fﬁ%ﬁ"?ﬂdgn@‘lc@ﬁ% Peves (RRIBLode Q%MQPGFA?O&H"Q\{'@C' Ry Micreghil st or Q1
and one ?ECHH&TOQ%SE Wdf@@55 W&i @ﬁ&ncﬂé@v& 5@h§l’§dh§‘eﬂ2 odsobalbigghe base of

transistor QL i's electrical coug he ot her of electrical contact
pads24 56 Integiated SirsyiblC 'RC'PQB%'P% caé!dlq¢tQ,Q§<PI'r'r‘@§t ed between the Vss

connection of |d &isa¥ %xdd&g t@é‘?ﬁ? aﬂfegghrsc%ﬁﬁéélbﬁé VQ&nd gE'Qhﬁt(Hré e&tridctef to

transistor 01 i s coupl OR 1 npu When I ntact, the

seri al | ya@araieknaiwor cégpli a'&tanmaﬁ %amﬁqnaﬁ@r@t ﬁ%@ﬁltqm hapg capacitance

of about 390 picoFarads (pF), and coil antenna 162 has an inductance of about 4,16
milliHenries (mH) for the depicted embodiment. IC is configured to supply a regulated
25 D.C. electric potential via contacts Vg and Vs, with Ve being at a higher potentia.
This electric potential is derived from the stimulus RF input received with coil antenna
162 via connections V, and V.  The Vg connection of IC is electrically coupled to the
emitter of transistor Q1 and one of the electrical contact pads 156 of sensor 150. The
base of transistor Q1 is electrically coupled to the other of electrical contact pads 156.
30 Resistor R is electrically connected between the Vss connection of IC and the base of
transistor Q1. The collector of transistor Q1 is coupled to the SENSOR input of IC.
When intact, the serially connected electrically conductive pathway 154 and
connection members 140 present a relatively low resistance compared to the depicted
value of 330 Kilo-ohms for resistor R. Accordingly, the voltage presented at the base
35 of transistor Q1 by the voltage divider formed by R, connection members 140, and
electrically conductive pathway 154 is not sufficient to turn on transistor Q1-- instead
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circuits 32 34, the sane coil i n ot her

enbod®nents. EhBatia ilystrates @nn@lmwpaﬂrm%@ﬂpteéreg@f@r thplmter@ggm ( 1/ 0
port 37 apthdiRIEBIAF S&itfor] &icait 58 48y Herstd RF étﬂtﬁétfoﬂgs‘?’ér%is attdl B Poceh@

power source (not shown) to energize circuitry 3 Is ty |calry in the
form of HRXR) @touit 34 ke raceive andrlf mp@t Geauite B9 and 34 a&we@@ opsratively shown) .

Contr ol | gsupiéd 18F6nRSII B8P WRRAnEEo§ME: 8 is'Shbkn WRAIREPSRIcScoilk for@itBuixanpl e
32 and 34, the same coil may be used for both in other embodiments. Controller 36 is
25  operatively coupled to Input/Ouiput (I/0) port 37 and memory 38 of interrogator 30.

Interrogator 30 has its own power source {not shown) to energize circuitry 31 that is
typically in the form of an electrochemical cell, or battery of such cells {not shown).
Controller 36 may be comprised of one or more components. in one example
controller 36 is a programmable microprocessor-based type that executes instructions

30 loaded In memory 38. In other examples, controller 36 may be defined by analog
computing circuits, hardwired state machinellogic, or other device types as an
alternative or addition to programmable digital circuitry. Memory 38 may include one
or more solid-state semiconductor components of the volatile or nonvolatile variety.
Alternatively or additionally, memory 38 may include one or more electromagnetic or

35 optical storage devices such as a floppy or hard disk drive or a CD-ROM. In cne
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or general purpose variety conputing device that I's adapte
i nt er f ac 40wy operatively cedpling I/Ogporbdititainisjaeebd to receive and store data
from i nter r ooghiuo¥hn Delbralddiing fBAAY B¥ttop pBlsbndl GoPVicPhanBRI! ¥
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store data from interrogator 30. in another embodiment, unit 40 may be remotely

located relative to interrog'ator 30. For this embodiment, one or more interrogators 30
communicate with unit 40 over an established communication medium like the

25 telephone sysiem or a computer network like the internet. In yet another embodiment,
ihterrogator 30 is absent and unit 40 is configured to communicate directly with
communication circuitry 160. Interrogator 30 and/or unit 40 is arranged to

- communicate with one or more pest control devices through a hardwired interface. In
still other embodiments, different interface and communication techniques may be
30  used with interrogator 30, data collection unit 40, and devices 110 as would occur o

those skilled in the art.

In a preferred embodiment directed to subterranean termites, substrate 151 is
preferably formed from a nonfood material that is resistant to changes in dimension
when exposed to moisture levels expected in an in-ground environment. i has been

35 found that such a dimensionally stable substrate is less likely to cause inadvertent
alterations to the electrically conductive pathway 154. One preferred example of a
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i s great &hm-gemingtedqima mose pisirrederosxinent the volume resistivity of conductor

153 comprised of a carbon-containing material is greater than or equal to 0.1 chm-cm.
In a still more preferred embodiment, the volume resistivity of conductor 153
25 comprised of a carbon-containing material is greater than or equai to about 10 chms-
cm. In yet other embodiments, conductor 153 can have a different composition or
volume resistivity as would occur to those skilled in the art.
in further embodiments, other electrically conductive elements and/or
| compounds are contemplated for pest control device conductors that are not
30 substantially subject to ionization in aqueous solutions expected in pest control device
environments. In still further embodiments of the present invention, metal-based
conductors are utilized notwithstanding the risk of electrical bridging or shorting.
Referring generally to Figs. 1-9, certain operational aspecis of system 20 are
further described. Typically, interrogator 30 is arranged to cause excitation circuit 32
35 togenerate an RF signal suitable to energize circuitry 169 of device 110 when device
- 110is within a predetermined distance range of interrogator 30. in one embodiment,
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i oni zat i GvchepamireueMBINAMAYhe em@@ta@@lﬁemqbé% 1o aiematig prewplingof as

~envi rgniept ltuloﬂzcﬁirbrjn taﬁd%&@é’rlnfélﬁzbg t0r8BtnSaydhcilidiea RisGRU aubiBjeent | on,

met al - based con S are utl notw t'hstanding the risk of electrical
bri dgi ng indficaierotia qegverionattype (pof e it pravisiefnigyogatiop states todhe oper at i onal
aspects PN Acdedqr € further described. Typically, interrogator 30 is
arranged 0 cause excltation circuit 32 35 to generate an RF si gnal

suitabl e to erafering furthet ta the flowerarbef Rigni0g termite copteah pepses2201af® i s wit hin
a predet gy g,g%% 3 t 15
28pFebr ugr{t/ﬂeggg?%mgﬁgé B%@Y%ri}%gdé /mg%ﬁ@%d clg'r?ttérdc%l er f%ﬂ?{égé g?‘?anged to
aut offlt i @umbesobpeat cgaliel devicem 1t arerinsialiad lﬁﬁl%ﬁ%ﬂﬁl@ﬂ@ﬁﬁhonw a periodic
basis. | negf ﬂa%rn PR BRtectdd) B Iys&émﬁbtn'lugiﬁmg'egéﬁ Ie”Pié grd%l’dé%t ed by an

operator f rou an operator cont cou I nt r 30 (not

shown) . daﬂlsam@b@meap@ﬁsltm dwtnbuw@p efea/mneb@qu Heyicess1 1:9@@“96?‘ gbeitve to
aut omat i g H’cﬁu%@é 'tcfl}g? Plotétied %ﬁbe %@%se@e@ﬁ@& tR9b&BCRast! gah%ixy ogat or 30

may i ncl u VIS or audi cator of convention type (not
shown) t@f@ﬁd\bﬁwgfﬁv@aﬁ)@mfrﬁwlﬁﬂﬁ& to the operator as needed.

Ref ensi ng T ur @iy oSQséﬁEb fd%%%‘?fda@fm:?élg -cath insted With aﬁ.%¥ fBhitdHngc ess - 220
of a further e | ment e present rnvention is |l ustrate I n stage
.222.of - piagserskly 138 each pciydingeeair of bajh mambesa i 82 pf yimenieringvadetythati nst al | ed

in a spagggl aﬁ’r&%ﬁtasra%% bg%ﬁﬁ!eﬁaﬁ%n%ggl?estéhdﬁﬁaﬁt%l aeshbigh. eﬁthﬁg By way

of nonlim tI ng exanp c@% {:)I’ ovIi ram o one OSSI
di stri butbﬁenqumdahatmea ny &f leaites asiallish %@@fco%mur@ﬁ ﬁ@eyzz to be

pr ot ect egyy Qﬁ@ t&Fet&IWt@tH?é fdoa%ﬁﬁrcgeﬂoﬁgéthu%ﬁ@/ %vi%sllﬂ?érte iRBaikiphdeY in - P! aced
bel ow ground as illustrated in Fi or

process 220, devices 110 are
Cinitéalt b reenitering senfigugationite psigblisd suchpathvgys W§h any teé@ﬁ%ﬁwﬂ?ﬁymmb%ach

i ncl udi ng, t?«neRz?duﬁa Qf tﬂéaérba SR Eifisred désikld 18 b@%tb&é& TKhicH 85 'b‘éﬁdiné bat are
favored as a subterranean termtes and do not include a pesticide.
It has Once in place a map of devices 110 is generated in stage 224. This map
includes indicia corresponding to the coded identifiers for installed devices 110. In one
example, the identifiers are unique to each device 110. Pest monitoring loop 230 of
25  process 220 is next encountered with stage 226. In stage 226, installed devices 110
are periodically located and data is loaded from each device 110 by interrogation of
the respective wireless communication circuit 160 with interrogator 30. This data
corresponds to bait status and identification information. In this manner, pest activity
in a given device 110 may readily be detected without the need o extract or open each
30 device 110 for visual inspection. Further, such wireless communication techniques
permit the establishment and building of an electronic database that may be
downloaded into data collection device 40 for long term storage.
It should also be appreciated that over time, subterranean pest monitoring
devices 110 may become difficult to locate as they have a tendency to migrate,
35 sometimes being pushed further underground. Moreover, in-ground monitoring
devices 110 may become hidden by the growth of surrounding plants. In one
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been found that once a colony of termtes establish a patmrﬁé}ggoéyod
sour ce, thg}g will tend to return to this food source. Conseg
devi ces YYI*2F%initial Iy placed in 20 a nonitoring conf PEUUEMYHA % o

establish such pathways with any termtes that might be in the vicinity of

the ar eae%oélHeHF?Méﬁégd?&%d% hQipe dé&@&@ﬁ@&!m a'i%geééo k! ding 22.  Once

I n place devices 110 1s generated in sta This map
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dovi ces bdShlbiefi8a by XAEREate ol Bt EBRMAIAIATIEANE ofuueACh devi co 110
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subt 8 r aﬁB‘?Iﬁa‘fiﬁt I Bisi 'W"Z@Wl R!'@%edﬂf!)mﬁﬁ?e wiilizerdn genignction with g ocate as
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under groun Mor eover, in-ground nonitori glg devices 110 may becorre hi dden

by the gPOWCR adHte ¥L3tAGRA6-nlp Biuhecembodipaal, thedocaling-eperalionmaphs WO
02126033 /Rfrdf Hﬁ@ﬁéé’(ﬁ%&wﬁﬁﬁ% Wtor—btﬂ{tr%ﬂédj&%lﬁﬁnlé&lﬁ'ﬁnﬁﬂléﬂjhﬁhﬂnﬁ evi ces

110 are arranged so | nt errogator 30 onl communj cates W th

cl osest atyre forinterrogaters3Q (Betion tW'Stwef'WWﬁ@%@nWaﬂﬂﬁﬂoprl ate

sel ef3 | Ofevide, tﬁ&&%@é”iﬂ%ér%ﬁﬁiﬁ&t@%ﬁ@@ﬁm Hfa?%%@&l@d by& and each of
devices 110, and the position of devices 11 ive to each ot her.

. Accor di n¥irgless FRrenLRgion tedmiguathaldass et 'P@'“@%H}? tnsaigsigr o path along the

ground t RieAfRaRSH b Yr & SHBTHRLET Map! FUIRACH difatvdlsmbodlfvhiee 110. For
such enbodi nents, the wirel ess conmuni cati on subsystem 120 provi ded by

i nt er r oglee@lization ol evices 19 with infegpgater 3pmay,pehhesiesirad.nr ocedur e and means to

nore reliabl yplggsd £oPnexd bH&ﬂmﬂﬁs’ c6Kuiokal 238, eoridifohal 278 tee8 whetHepposed to
nore limted visual or netal detection 10 approaches. |Indeed, this

| ocat zafMost e slaiigpianalss gorrrspending je.a brokep aa}fwwﬂ bninglicais tefite unj que

i dent i fi gérvity. IEHeeSIN CoRIIMIHM 258 IshRgamR, ﬁféﬂ%@ﬁt@ﬂng Rop 1280 Petdrid 16 O NMOr e
rapidly seryice a site in stage 226. |n further enbodi mant the | ocating

oper at i off2gR 260 again ’F‘H@F"ré’ﬁﬁ‘ﬁﬂ% 10 with BF%"THQGM Soarﬁ-oﬁ?)g?%f’@b’ Eont r ol | ed
conmuni CadpeRidd aifither @f ithbsRthis fashion. Typically, the rate of repetition of loop 230

is on the order of a few days or weeks and may vary. If the test of conditional 228 is

25  affirmative, then process 220 continues with stage 240. In stage 240, the pest control’
- service provider places a pesticide laden bait in the vicinity of the detected pests. In
one example, pesticide placement includes the removal of cap 180 by the service
provider and extraction of pest activity monitoring assembly 130 from housing 170.
Next, for this example, pest control device 110 is reconfigured, exchanging pest
30  monitoring assembly 112 with pesticide delivery assembly 119 as previously described
in connection with Fig. 7.

In other embodiments, the replacement device may include a different
configuration of communication circuit or lack a communication circuit entirely. In one
alternative, the pesticide is added to the existing pest sensing device by replacing one.

35  ormore of the bait members 132, and optionally, sensor 150. in still another
embodiment, pesticide bait or other material is added with or without the removal of
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feature for interrogator 30 (not shown) to assist in refijypgniherp@ration
of a given 15 device. Nonetheless, in other enbodi nents, devices 110 may be
checked WP %&2648 r el ess communi cation techni que that doesPREUSIRSPBde t he
transm ssion of identification signals or a coordinating nmap. Further, in

aI t er nat kL Qgat or 30
ot PTG EBemly 122 36 VA (Ao ombGing it pestidt E Brovdb i &
Condl ti oﬁﬁeream\fd@sthét ipfnstalled adiaoentig thef installedsdeyiags! 16 withvrest advity.espondi ng

to a br Obﬁfh@g hWBYe: aCéngﬂt%%Bl%ﬂBﬁ Bﬂ%tége 246, tlﬂ i Héégléagief tolrBrd &St of

condi ti.onal I'S negative en noni returns to stage 226
to agal nmﬁtﬁtﬁlm 88 maay of the temutesiastpossiblerin M@mltmi the deyiceBI® mlm;etﬂ@

repeaj ed,ay agﬁmg waefgggéc&sassd fRaf tﬁb%sfagﬁénearbamway gl.é Hest b2 o

repetltlono s on the or s or sand may
vary. |freadhav@met@ﬂewmqmeﬁﬂatdezzglemhe_r@obnvmamhers«e then process 220

ti t Rey d
ol aces a. pest N s2eto L moloEG, 260ks creb ek ifTHaR 24z, 3ESKGRS P DT At
one exan%‘laa deyiees 110 wtlpuabeb@mnqdmllwdwked»eirrmmmbomeraiaibe180 by the
mbly 130
o houl IS5 AR DI Fkb oy BRI S ol il 57501

from hou5| est evice

recotff i gQﬁ%QOﬂté)léMWan@KM%hﬂsﬁmﬂbQQbﬁn atothesdavirieg 110N thet h pest i ci de
del i ver ymaﬁ 'r&/od%%?‘di‘ﬂﬁrnl?rc‘c?JNtiL irfidS by b?ﬁ%ﬁér}r@ﬁ%th' ﬁeﬁ@ﬁ&ﬁ%ﬁ! OIQ o}ﬂ?érh Fig. 7.

I n ot her ment s e repl acenent  devi ce ma er ent
confi gur qvb@mrngntsocwum msaa@tmrmy besipplapented @r @P@Qﬂﬁrﬂh elegrord® circuit

t I I t t
censi ng HeufrABRsing hPRER dclify haifigRiy bkl 150 Bk b IRieEg )" b
opt i onal bait m@@mra cmubmatwnﬂf approaehesieay bepgréarmedn iy opealiareatye, bait or
oth I ruary 2005

V0 05 2605V BUPIER 1 il pethbiip Boic SRAAETRIB bl M ASTAR U2 Y, er
-errbodl meprovide esopen gecuilyepdipg uod & meresubgiantial emeuntiefiadconsimption i nstal | ed
adj acent ésqrakél?plééb'slte?éﬂvﬁ% %‘éﬁaﬂﬁu@]&nﬂb%ﬁg&%ﬁ Ghbplolifg mode! gt he

peStICI acenent operatio e to return or
mai nt ai notagr alermatives, ttmeep@sémptbé\s gy qﬁt)gszllnﬂr@ bwnﬁmtqd cinstead being he devi ce

110 wherggbipeto %%Eeﬁféﬁé{d&mnéf@ﬁana‘ﬁﬁe%hﬁﬁess& ﬂhafkow eemageéﬂcﬂéed pat hway
to the nest ma% serve ready avenue to dellver t sticlide to the

ot he?l col ony 242 N’ﬂcbfion@l is pnepuntesad thet tefes Wb%ibel'ZBQCQ% 28RAcount er ed
with st %u%"c%ntnllﬁb St ﬂl@qeé’tﬂo? cg&w rﬁta§441.$%ﬁﬁ9,a;w&u fhalt & 8cdR2BM Rl | Y

checked. I n one enbodl nment |nspec i on of devices 110 corresponding to
pesti ci deengaye — t@np@nd@pn@@%u%@mopp epsgl. tIngonditional 248, it is determined if

more pesticide bait needs to be installed. More bait may be needed to replenish
consumed bait for devices where pest activity has already been detected, or pesticide
25  bait may need td be installed in cotrespondence with newly discovered pest activity for
devices 110 that remained in the monitoring mode. [f the conditional 246 test is
affirmative, then loop 252 returns to stage 240 1o install additional pesticide bait. li no
additional bait is needed as determined via conditional 246, then loop 250 returns to
repeat stage 242. lLoops 250, 252 are repeated in this manner unless the test for
30 conditional 244 is negative. The repeitition rate of loops 250, 252 and correspondingly
the interval between consecutive performances of stage 242, is on the order of a few
days or weeks and may vary. lf the test of conditional 244 is negative, then devices
110 are located and removed in stage 260 and process 220 terminates.
Data collected with interrogator 30 during performance of process 220 can be
35 downloaded into unit 40 from time to time. However, in other embodiments, unit 40
may be optional or absent. In stili another alternate process, monitoring for additional
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10 pest control service provider while the inspection of @gp‘g{mﬁ9%§§s 110
in the nonitoring node ordinarily continues to be perforned wt

i nt err og®WPI2883 | n other enbodi nents, visual inspecti oRCHAPOHW3T3
suppl emented or replaced by electronic nonitoring using the pest activity

moni t or i Y g%ﬁz ' ' PQ [f i a
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process _ cont1nue - en conditional 246 is encountered. In
condi ti onal 244g. Tiltillysiratastpesheantrel systenmBP@ ohanntheriembaogimant gbldgs t o be
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need 100 Isles¢tipedalResticontrobeysiamn goh inshdles npsticontioli devige Sd6 wae datapest activity

for deViQﬁﬁ&:ﬁ&%?hft Rgh, P@é’i‘%itoﬁfzﬂ (:1e8icte @3(5)r&%ﬂio‘e@rctr@lﬂtry”?ﬂ?reéﬁgvgﬁlg%oﬁﬂﬂéi tional

246 test is affirmative, op returns to stage 240 to install
addi t i ond® senssr Be9 by cpanaction membersit-t i onal bait is needed as determ ned

via condi ti ONHlerdifig afihishdif s Pl beehol] GowFRRA 2 eRllG B2 Loops 250,

252 are repeated In"this nmahner unless the test conditional 244 is
negat i ve inclugessubeirate 36 thad caies elegisigallyseistieoretwor 358 Netwark@dagly  t he

i nt |5 | LSl th d f
I ntepya u&ﬁidé%%rhtgﬁ(gb?g:ﬁgéﬁ%@ Q%B%@Q?E@hgﬁoﬁm%h{ !’%}lsg?e e order o

a few days or we vary. test of ¢ 244 is
--negat i ve braneges gepatbways 3osnaced aparhiren anednothe along isnbsitadg@5R60 and

process el ' | rbﬁr%?&' v BY.

per f or ma%lég _gaftggdg 5352%%?3%9%{%%@%‘%@% 5éa5%2%rdi to Iﬁénrieﬁgﬁgiﬁog%ti me to
time. HoJEwdR Fig. d1oNedwork 353 gxiends omgentacuppdsibp ajedapBhDivaubsiralgbsent . I n
still an to@kn | | |yl I 8 February
3005 Vo BB B LM R E R Tan e halood iy 820 omblis™ ot be

- desPPablmonitpiiRg eleeyit 36Be nonitoring units may be renoved. In a further

e St 11 bt ed R T o e e T of
) , part of the
per f or naifBRleBENteRdomm glsansor 359 iy shown-hBensanB6Qiseonfigured taibe tolledi | ecti on
H“eb l)fs ﬁ%léedr ?ggtétég ?vﬁhgg% SbbRGRsdhbIY aRRA hs SIvh IRER. 1898 pfotideGEVi CES 1N
number of adjacent layers 360, only a few of which are designated by reference
25 numerals. It should be understood that axis A1 in Fig. 13 is perpendicular to the Fig.
13 view plane and is cotrespondingly represented by like-labeled cross-hairs.
Referring back to Figs. 11 and 12, circuitry 320 is contained in circuit enclosure 318.
Enclosure 318 can be configured in a manner.like enclosure 118 of pest monitoring
_ subassembly 114 for pest control device 110. Indeed, enclosure 318 is arranged to
30 receive a pair of connection members 140 to electrically couple pads 356 of sensor
350 to circuitry 320 in the same manner that pads 156 of sensor 150 are coupled to
circuitry 160. Circuitry 320 includes a reference resistor Rr connected in series with
network 353 when circuitry 320 and sensor 350 are coupled together to form
monitoring circuit 369. A voltage reference Vg is also coupled across network 353 and
- 35 reference resistor Rg, The voltage across reference resistor Rg, designated:V,, is
- selectively digitized by Analog-to-Digital (A/D) converter 324 using standard
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Additionally or alternatively, interfacing wth interrogas®fep30a,gngoor unit
40 may be through a hardw red comruni cati on connection. Fig. 11

i |1 ustrat"@238¢P control system 300 of another enbodi menPCE‘%SP[H%“”present

i nvention where |like reference nunerals refer to |like features previously

d [ . : | | 310 d
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15 i ncl udrsecesson3deds agrogremsiable digigalmicropr@6assor arrangenient thabexedutast ri cal | y
resi skiv : EVekTe t her al ong
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by a dif freeeassonagsi eandre defineqbg analogicgmpating dileuite; hkrdedrad siate nmekehihe om

cont act g : | coupl ed

t oget her R&ﬂg’t%&?ﬁgg‘gggﬁgéglg? %ﬁia? %ﬁﬁ%&rﬁagn%draﬁ 'g‘e%qébbﬁganrﬁr?%?lfan' t(%l rcuit 369.
Wt h f ur tdirewitry.eMemeicis aisp praterabiyiineluded isf camrguniaagion sirbuitry 2@iksstonel ed and

I mpl emen S, ' 8 I8 i 0 be
rolod. | ReRyERs dBRRRRIocinl A RGMLr 228 Mendaf). uFRBOR R | 27
13 t d0pr dntearal 9 A/Bunebeertasf324 ¢ asnssdr 326, sepadde fromlejther, beacombinatioh ar e
desi gnat gglyhy.reference 25 nunerals. It should be understood that axis A
in Fig. 13'1's perpendicular to the Fig. 13 view plane and is

cor r espondi nglGomragnieatipntairduib§28 isiod alvitslsise dypey such-asdhe activeRufdgrassivg back to
Figs. 11 | Lk Y ' ' ' ' ma w318,
Ent osur SRS SomIRANA Krci bt pRGIu dBbabbhin EMEGRYN 7 L.,
moni t or i ’Ystemn Ak SemimLpication diksuit 888 is aremged to cewmukicate Withipreesdor encl osur e

318 g amban | ' . ' r

ol cctti o3Py PRemefvollor RBlofI B GERRTR B RIS I Wl . oo

--ranner -t firput/odiput (V6Y petts frheriwirtdEommeunicatiph.ed to circuitry 160. Circuitry
320 i ncl udes | 0 | efd ] etwork 353

when circuit ri‘/b '{%;%qgﬁg%ggﬂ;&?ﬁ%@ge@rgﬁb%ﬁﬁg?%?ﬁ hélto%?%éﬁ{ g?%oﬂoni toring

circuit Zemmurication gisiti32Baan hecoriined inpp integratedgircuiteris or unit. wor k 353 and

35 ref ' : . i ,
dos! gnat carGe" BfuthSad Bna ESeSRURG 1RGN RUESBOCET S MssfiE)
conngt etyPRRPWesechigy an exdamalisource; Zativecwithits gwiz power sa0r@2 628033 PCT/ USCO

126373 t eehBlindiETof this, di gital output from AID converter 324 is provided to
processor 326

Data collection unit 390 includes an active wireless transmitter /receiver
(TXR/RXR) 392 configured to communicate with communication circuit 328 of device
310, processor 394 coupled to TXR/RXR 392, interface 396, and memory 398.

25  Processor 394 and memory 398 can be the same as processor 42 and memory 44 of
data collection unit 40, respectively, or be of a different arrangement as would occur to
those skilled in the art. Interface 396 provides for the option of a hardwired interface to
device 310 and/or other computing devices (not shown). Data collection unit 390 is

_ configured to receive and process information from one or more pest control devices

30. as will be more fully described hereinafter.

Referring generally to Figs. 11-13, it should be understood that network 353
can be represented by an equivalent resistance Rs; where Rs is a function of R1-R13
(Rs =f(R1-R13)). When R1-R13 are known, Rg can be determined by applying
standard elecirical circuit analysis techniques for series and paralle{ resistances.

35~ Furthermore, it should be understood that Hi and Rs can be modeled as a voltage
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Processor 326 is operatively coupled to conmunication ci r%upéb 2005
Processor 326 can be conprised of one or nore conponents n one” exanpl e,
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descr i bethargin 8V tiwagds thBahiddle iohgengen88&in tike vioinfly gbaxid A1 1Jhe pestshoul d be
understo re b uj vaI ent resi stance
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dlspiacement can result from the removal of one or more pieces from sensor 350 due
to pest activity. Even if a piece of sensor 350 is not removed by pests, separation or
displacement of sensor 350 can stilt occur due to pest activity that separates or
25 displaces a first poition relative to a second portion in one sensor region, but leaves
the first and second portions connected together in another sensor region. For
example, in Fig. 13 sensor portion 374 is separated or displaced relative to sensor
portion 376 by the formation of opening 370; however, sensor portions 374 and 376
remain connected by sensor portion 378.
30 it should be further understood that by spatially arranging the resistive
pathways 354 in a predetermined manner, sensor 350 can be configured to generally
indicate a progressively greater degree of consumption and displacement as the value
of Rs, and accordingly Vi, change. For instance, the arrangement of substrate 351
shown in Fig. 13 can be used to place resistive pathways 354 closer to substrate end
35  portion 357 near the outer sensor margin 372, such as those resistive pathways 354
corresponding to R8 and R9. Because these resistive pathways 354 are closer to the
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portions connectée I'n"another sensor region. For exanple, in Fig.
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understood that a number of different resistive network arrangements could be utilized
at the same time in device 310 to facilitate the detection of differing degrees of pest
25  consumption or displacement. In another alternative embodiment, a multilayer
configuration is provided by stacking together a number of separate layers and
electrically interconnecting the layers as required to provide a desired sensing
network. In yet another aliernative, sensor 350 is utilized in an unrolled, single layer
_ configuration rather than being arranged as shown in Fig. 13. Still other embodiments
30 inciude a different resistive sensing network configurations as would occur to those
skilled in the art.
Referring 1o Figs. 14-16, a further pest control system embodiment 400 utilizing
a resistive network to determine different degrees of pest activity is illustrated; where
like reference numerals refer to like features as previously described. System 400
35 includes data collection unit 390 as described in connection with system 300 and pest
control device 410. Pest control device 410 includes circuitry 420 coupled to sensor

22




- Further

shown in Fig. 13 can be used to place resistive pathways $b 8hot O
substrate end 35 portion 357 near the outer sensor margin 3€3b%és?ﬁcg %s

t hose re¥WPR26B3pat hways 354 corresponding to R8 and ROPCBASHUAETX hese
resi stive pathways 354 are closer to the 21 28 February 2005 WO 02/26033
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| ayers aieﬁ,ﬁms@fbrﬁmg oﬁxgéiamaeﬂﬁ@ fesleRERs rn&%raﬁw?o rla{éréﬂ?:% anot her
alternative, sensor O 1s utilized in an unrolled, single |ayer

conf i gur AoRage Ymt Hie valtage agepntpferenemigsistal Has Mo linput iAG) coyerien 324, ot her

enbodi meNnts  gypstrate 451, layers 454a and 454b, and/or members 455 are provided from a
material that is consumed or displaced by pests of interest. Further, sensor 450 is
25  arranged so that pest consumption or displacement results in opening the electrical
connections of the resistive members 455 to network 453 through separation or
displacement of one or more portions of sensor 450 relative to other portions of sensor
450 as explained in connection with Fig 13. Fig. 16 depicts region 470 where material
has been separated or displaced from sensor 450, resulting in open electrical
30 connections. In Fig. 16, the phantom outline 472 indicates the form factor of sensor
450 prior to pest activity. As more resistive members 455 are electrically opened, the
equivalent resistance Ry of network 453 increases, causing a corresponding change in
V; that is monitored with circuitry 420 to determine different relative levels of pest
consumption or displacement activity.
35 In one embodiment, resistive members 455 each generally have the same
-resistance, such that: RP1 = RP2 =. . . = RPN within expected tolerances. In other
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occur to those skilled in the art. Referring to Figs. 14-16, a further
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determ ne different degrees of pest activity is illustrated; where 1ike
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arranged so that pest consunption or splacenment” resalts 1'n opening the
el ect ri c&Blc, respectively. Processor 526 is arranged {o selectively open and close swilches
530a-530c¢ by sending corresponding signals along the respective pathways 531a-
631c. Switches 530a-530c¢ are each schematically illustrated as being of the single-
25  pole, single-throw operational configuration. Switches 530a-530c can be of a
semiconductor type, such as an lnsulated Gate Field Effect Transistor (IGFET)
arrangement, an electromechanical variety, a combination of these, or such other
types as would occur to those skilled in the art.
Circuitry 520 also includes reference capacitor Cr that is coupled in parallei to
30 . switch 530c, and voltage amplifier (AMP.) 523. Voltage amplifier 523 amplifies input
voltage Vg and providés and amplified output voltage V,; o A/D converter 324 to be
selectively digitized. '
in Fig. 17, sensor 550 includes sensing element 553a that is schematically -
depicted in the form of a capacitor with electrode 554. Collectively, circuitry 520 and
35 sensor 550 define monitoring circuit 569. Within monitoring circuit 569, voltage
reference Vg, switches 530a~530c, reference capacitor Cg, and sensor 550 provide
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connections of the resistive nenbers 455 to network 453 tHgp epeg ati on
or displacenent of one or nore portions of sensor 450 re|ative to other
portionsWBf023#Hdor 450 as explained in connection with PEHUSH/2683. 16
depicts region 470 where material has been separated or displaced from
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300. 2&or cenaimsideor dispinced bya r&sBof lﬁtefﬁﬁér Adpgsts gopue erlisplageuihese  of
swi t ches (a@0Ris, 80 BortiBh dr GidREtriBY5T AR efeliibd 55,8 1 dMEVeY ct3bparatedl b and
relative to another. Fig. 19 illustrates region 570 that has been consumed or displaced
by pests. Region 570 corresponds to the phantom overlay 580 shown in Fig. 18. This
type of mechanical alieration of sensor 550 tends to change the ability of electrode 554
25 to hold charge Q and correspondingly changes capacitance Cg of sensor §50. For
example, as the area of electrode surface 554a decreases, the relative charge-holding
capacity or capacitance of electrode 554 decreases. In another example, as the
dielectric dimensions are altered or the dielectric composition changes, capacitance
typically varies. in a further example, a change in distance between electrode 554 and
30 the ground as caused by separation or displacement of one or more portions of sensor
550 can impact the ability to hold charge.
Referring generally to Figs. 17-19, one mode of operating circuitry 520 is next
described. For each measurement taken with this mode, a switching sequence is
executed by processor 526 as follows: (1) switch 530a is closed while holding switch
35 530b open to place voltage reference Vi across sensor 550, causing a charge Q fo
build on electrode 554, (2) after this charging period, switch 530a is opened; (3) switch
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531 ¢, respectively. Processor 526 is arranged to sel ecti d
cl ose switches 530a-530c by sending correspondi ng signal %’89%%551%99?%@51
respect i V@ B2 ays 531 a- 531 c. Switches 530a-530c ar BCLEEH/26373
schematically illustrated as being of the-single 25 pole, single-throw
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throughout these repetitions for this mode. As a result, reference capacitor Cg is not

0]

reset as the repetitions are executed. Once a desired number of the repetitions are
completed {a “burst”), A/D converter 324 digitizes input voltage V. By executing the

25  repetitions rapidly enough, the amount of charge Q transferred from electrode 554 to

. reference capacitor Crincreases. This increased charge transfer provides a relative
increase in gain. Accordingly, gain can be controlled by the number of repetitions
executed per burst. Also, reference capacitor Cr operates as an integrator to provide
adegree of signal averaging.

30 In other alternative embodiments, network 560 can be operated to continuously
‘repeat the burst mode sequence with a resisior in place of switch 530c¢ to facilitate
concurrent monitoring. For this arrangement the resistor used for switch 530¢ and
reference capacitor Cr define a single pole, low pass filter. This continuous mode has
a “charge gain” (expressed in electric potential per unit capacitance) determined as a

_ 35 - iunction of the replacing resistor, the reference voltage Vi, and the frequency at which
the repetitions are performed. In still other alternatives, network 560 is modified io.use
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synbolized by a dashed |ine representation 556 for sensor | ' 17.
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520 can be used to monitor this change and report when it exceeds a threshold value

indicative of a need to replace or service a device being monitored with the sensor,
25 discontinue use of such device, or take another action as would occur to those skilled
in the art.
In another example, sensor 550 is formed from one or more materials selected
to separate or otherwise decrease charge holding capacity in response o a change in
an environmental condition to which the one or more materials are exposed, a
30 chemical reaction with the one or more materials, or through a different mechanism as
would occur to those skilled in the art. For these nonpest embodiments, operation of
processor 526 can correspondingly differ. Also, a hardwired connection, an indicator,
and/or other device may be utilized as an addition or alternative to communication
- circuit 328.
35 Referring to systems 300, 400, and 500 generally, one or more conductive
elements, resistive elements, or capacitive elements of sensors 350, 450, 550 can be
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pot ent | aP isCUGE Bl S o 820 Akg ifblude i GRidha cBERAPSRAR ety
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descri beg,dsa O%gﬁﬁy&rﬁi efr g& wggfa%clgﬁ.tg%ﬂ?(}gﬁlsgﬁﬁggd thi apdat ed 1997), which is

hereby incorporate erence. | er enbodi nents, a different
- circuit arrangensystern 620xnestieentrob demicps A0 areHepigted Yrogroasd fsusa@st her val ue
correspoggl it SRfer 2oVRI Rfcvides 490 LRASBG0 kbystgs! 1 n the
art. El ec%%o ghgg%%r%%ﬁ%rgﬁ'é ect rr??al I yggcc?rqﬁgct e&g‘?o circuitry ]}SZ%QV\A th an
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t hose ski ' 7 ' ' , 50 can be
chhrdd db{lﬁ%ﬁe‘ﬁ"l gi‘ 32?,_ 410 Cfargg{rﬁb\%éy 8 %Bhﬁﬁnﬁﬁ?\?ﬁﬁﬁta coE@dﬁéH Lni®

arranged to I nc I I he s to groun at ner t_an an open
el ect r od89¢ gnevgiuwisglessmeasns, hashirst meanaiheugh gnether device like a hand-

held interrogator 30, or a combination of these.
Pest control device 610 is comprised of circuitry 420 previously described and
25  sensor 650. Sensor 650 includes network 453 comprised of sensing elements 453a.
For sensor 650, network 453 is directly coupled to member 628 of building 622.
Member 628 is comprised of one or more materials subject to destruction by one or
species of pests. For example, member 628 can be formed of wood when termites are
the targeted type of pest. As a result, pest activity relative to member 628 of building
30 622 is directly monitored with pest control device 610. Like pest control devices 310,
410, and 510, pest control device 610 communicates with data collection unit 390
through wireless means, hardwired means, through another device like a hand-heid
interrogator 30, or a combination of these.
Central data collection site 626 can be connected to a number of data
35 collection units 390 arranged to monitor different buildings or areas each having one or
more of pest control devices 110, 310, 410, 510, and/or 610.
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el ectri CichyrabiensOR tdgn8fc 88R4ta¢ of member 732. In alternative embodiments, sensor
790 may be based on a single magnetoresistor, or an alternative type of magnetic field
sensing device such as a Hall effect device or rejuctance-based sensing unit.
The magnetic field information from sensor 790 may be transmitted as variable
25  data with communication circuit 780. Circuit 780 may further transmit a unique device
identifier and/or discrete bait status information as described for communication circuit
160. Circuit 780, sensor 790, or both may be passive or active in nature.
interrogator 730 includes communication circuit 735 operable to perform
wireless communicaiion with circuit 780 of device 710. In one embodiment, circuits
30 780 and 790 are of a passive type with circuit 780 being in the form of an RF tag like
circuitry 160. For this embodiment, communication circuit 735 is configured
comparable to circuits 32 and 34 of interrogator 30 to perform wireless
communications with device 710. In other embodiments, device 710 may be adapted
to alternatively or additionally include an active wireless communication circuit and/or
35  hardwired communication interface. For these alternatives, intetrogator 730 is
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illustrates., pes t control device system 720 o st| not er errbodl nment of
material 836 as it is consumed, dlsplaced or otherwise removed from member 832,

Circuit 890 further includes a number of environmental (ENV.) sensors 894a,
894b, 894c¢ configured to detect temperature, humidity, and barometric pressure,

25 respectively. Material 836 and sensor 894, 894a, 894b, and 894c are altematively
designated sensing elements 853a. Sensors 894, 894a, 894b, 894c¢ are coupled to
substrate 838, and may provide a signal in either a digital or analog format compatible
with associated equipment. Correspondingly, circuit 890 is configured to condition and

_ format signals from sensors 894a, 894b, 894¢. Also, circuit 890 conditions and

30 formats signals corresponding to the magnetic signature detected with
magnetoresistors 894. The sensed informationprovided by circuit 890 is transmitted
by communication circuit 880 to data collector 830. Communication circuit 880 may
include discrete bait status information, a device identifier, or both as described in

. connection with devices 110. Circuit 880 and circuit 890 may each be passive, active,

35 . ora combination of both with data collector 830 being correspondingly adapted to

communicate in accordance with the selected approach.
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circuit 780 being in the formof an Rk g | ke circul 160. For this
© enbod® neRest coptiphdlevicas St 410y 219, 6103510, sr Etheandes eanfigersdar abl e to circuits
32 and 3¢ | i i R0 M Bdi Vel Gat i ons wi t h
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device 710. In > _ ) .
al t er nat p9ditignally, thess resbeentio) deviess are canfigured tpclelfivar pesticide enaemoiven i on
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delivery can be triggered automatically by the respective processor in accordance with

25  processor evaluation of monitoring data and/or by an external command received via a
communication circuit. :
The flowchart of Fig. 23 depicts procedure 920 of yet another embodiment of
. the present invention. In stage 922 of process 920, data is collected from one or more
- devices 110, 310, 410, 510, 610, 710, and/or 810. In stage 924, gathered data is
30 analyzed relative to environmental conditions and/or location. Next, pest behavior is
predicted from this analysis in stage 926. In accordance with the predictions of stage
926, action is taken in stage 928 that may include instaliation of one or more additional
devices.
Next, loop 930 is entered with stage 932. In stage 932, data collection from
35 devices continues and pest behavior predictions are refined in stage 934. Control then
flows to conditional 936 that tests whether to continue procedure 920. If procedure
31
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relation to nmmﬁéra%%a&.@e@%geﬁn eeﬁcé 11, ﬁwrkﬁfo' 514, /61bd7 1Y, gﬁgced— by

material 836 as It IS consune ISP ace of otherw sé renove rom nenber

832, G r 8if.1andgoresnanding inlegpaaless, datﬁ@ﬁﬂﬁth@ﬂm&md@ﬁiﬂ@ﬁﬂaﬂmﬁwbﬁ sensors
894aj5 884k in8AAGuSSAY éi@fe?ﬂcérﬁbaﬂétf&fétas l“fo%ne#é("ﬁe@ﬁ the =)

barometric pressure, respectiv @% Material 836 a sensor 894 894a,
.894b;, anwmgmem@t@n%sﬁa@ww g hanrkbeld ferre in albersampdimentsas 853a. Sensors

894, 894#&9%& 051966 I@éﬁlﬂ‘é?’éﬂ?lkﬁ“ﬁl Eerl gétvfeﬁfcﬁe gﬁiﬁ% aﬂé@'m’?%erfém ide a

signal in either a digital or anal t conpat | associ at ed
equi pmnﬂef"@\eﬂﬂg%ﬁﬂi feflegd, %Fiﬁ@lﬁoﬂe@@[] UFTE C@'@)h‘? utizeddo disedndi ti on and

for mat SIr&T%gﬁtJ[Weﬁ&%@ﬁﬁ@rﬁfaﬁoﬁ%ﬁx aﬁ&‘f@ontﬁ:?ﬁ&wceb" ﬁl@o \ﬁhlfe%lttfowm%gnd' tions
and 30 format’s m(gna s correspondi ng t magnet | ¢ si gnature detected

wi t 20 nad hetPed1 G 630.5190710, Bnd Béermybbe wrﬁwaemaroeﬂ@emably feli rcuit 890
i s transgrhhes a dat vﬁﬁ@igléelee&wta '&oﬁrt\'cfl @laiﬁeréﬁf?yﬂe%f%&ta ifsBb{ & HoRlin®2P -
Conmuni cation circuit

include discrete bait status information, a
" devi ce | H@Mbeselectedandiiag ﬁe\gge beusing anspther characteristics adjusted to suit

monitoring and extermination of the different type of pest. Moreover, bait for devices
110, 310, 410, 510, 610, 710, and 810 may be of a material selected to attract the
‘25 targeted species of pest that is not substantially consumed by the pest. Inone
| alternative, one or more pest confrol devices include non-food material that is
displaced or altered by targeted pests. By way of nonlimiting example, this type of
material may be used to form a non-consumable sensing member subsirate with or
without consumable bait members. In a further alternative, one or more pest control
30 devices according to the present invention lack a housing, such as housing 170 (and
| correspondingly cap 180). Instead, for this embodiment the housing contents may be
placed directly in the ground, on a member of a building to be monitored, or arranged
in a diiferent configuration as would occur to those skilled in the art. Also, any of the -
pest control devices of the present invention may be alternatively arranged so that bait
35 = consumption or displacement of a sensing member causes movement of a conductor
to close an electrical pathway instead of causing an open circuit.
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connection with devices 110. Crcuit 880 and circuit 890 @@5
passi ve, active, 35 or a conbination of both with data co ector § bei ng
corr espoW@ B3 adapt ed to communicate in accordance w PRTUN268M3ect ed
approach. 30 28 February 2005 WD 02/26033 PCTIUS00 /26373 For a passive

embodi ment of el Ediiol 88cARR 8 FEics Bl NG9 ecnfighés meg | | et o 830

I's configured sane ‘as I nterroga excepgtion that its
controll eqltetr@tr‘eﬁiy ah@c@ﬁhctrmllmniupahatcbmad@omatmcmmﬂmmo forms of

~ sensed 'rirﬁtggg&a%r@”%&é%li&ﬁgn P}ﬁtsc 'dE@%o?le&&% ox‘sg.u diRvieaPAORgt . data

"~ col | ector a sta actrve
transmt t%‘ﬁlﬁl'rt@élmse@kl“ﬁd i e iHasdwirgd cammunigatianmay be asedhasarer / r ecei ver

form @f In rlg,g}‘ﬁ@ or 830 and
devi cg 81 téfai{]rléllg\;ecouprel"lczig)'ibcct’trﬁr{1 &g@mﬁrf% 'S{Gfe réo?ééa?/g Wf ge dat a
ex change .corsfusiaating isgeanpeied by tosalppodiiogs, :owhen@mar@mm,d cmoectmds and 820;

0 other cyelREiGEBAe By 6Abldked9Y SRt pdifuurd Mo ralfbe ftmdd 0. of 810

can inclu one Or nor e ers - escri In connectlon
Wi th syst\rﬂtlmx@oouwwemmampnsawd@pnqbtmals:bmmg tsisedusricedAlRtadl, 410, 510,

610, 710, é’r%g%%os&@f&u% g&@féd%‘&r@ﬁ’?tfeﬁ?rcdrﬁbnn %FHQdéH tﬁ%ﬁ???ﬂocﬁgéb ground

pl acenment, or ove- grouh ‘Accor anot ment, a
pest leontasmowpbcvnc@etq téloa@lapl!e@dnm Frowithaws dtehmreefrgmrtge spidtof thepresermf two or
nor e of mf‘u&pntrol devi ces 310, 410, 510, 610, 710, or 810. 15
Alternatively or additionally, pest control devices 310, 410, 510, 610,

710, or 810 Auathes embodimpndotibe peeaenhlpvmt@nwmdegasanaon qrranepd tockel by a

pestici degyflg m%fJﬂéW c@ﬁgdrﬁ%‘cb &]éﬁaée‘aﬂi r@%or&?&sﬂs%%‘éd&rcﬁﬁ&ﬁbﬁ%@

W rel ess co ni ca ion no I rcul't toring arrangenent
- for i ncortpeensumption et dlsalamentaftr@awsm\/terpyov@a'aarsgaseadtremswsg B bed in

t trol
dovi 02 3% HohbeS UaLER o tho ciofRFudH orishiibEMont Ba Sccord fiial cont o
si-mul- tanémrgmﬁtlngﬁuaesanqm@nze&degree of the goasunipiion gsdisplacemest, Impoer nati vel y
or addi ighanalid é‘onshh‘@ﬁ@n g?aitsp!‘é@é?{aélﬂlof HRVdehSSr |§H§teﬁféﬂfﬂ S@fcuﬁ {3 del i ver

pest|C|de once a est consunp I on or p acenent is
det ect ed.resngnse 19 aﬁ %lﬁﬁfaﬁ@i@mdm magnetiq characteyistic Bt mrrw@nénglmh@'ma cally by

the respeghhdtfembRs Ei',%ﬁ@%mbirbna&rccﬁg ni"fstdéteﬁ:%ogﬁe%ﬁ%ﬁ’aflt \ﬁi}f%tH@rtthQI‘i‘ of

noni tori ng data and'/or an external comman ved VI a conmuni cati on
ci rcdft . amest sansingreymponiioring member inelydingH Paasligunaiedst to Bmwgieta anot her

embodi me arq‘ﬁEtncﬁé?@tr%%ﬁé‘rﬂ_:}es i s 8!')@}? {%rﬂogéigﬂﬁnfgrgggr%igmag&féﬁﬁc}rﬁﬁe data is

collecte romone or nore dev ces and/ or
810. | n d¢nemher by e opa plone® Regisa This form could be based on detection of

corresponding changes in an electrical characteristic of the sensor as it is consumed
or displaced.

25 In a further embodiment of the present invention, a pest control device includes
a circuit comprising a number of electrically coupled sensing elemenis arranged to be
consumed or displaced by one or more pests. The sensing elements each correspond
to a different one of a number of electrically resistive pathways. The circuit is
responsive to alteration of one or more of the sensing elements to provide information

30 representative of a degree of pest consumption or displacement.

In yet a further embodiment of the present invention, a sensing device includes
a member operable to be consumed or displaced by one or more pests in a circuit
including an electrode disposed relative to the member. Electrical capacitance of the
electrode is altered during consumption or displacement of the member and-the circuit

35 isresponsive to this alteration to provide an output representative of a degree of pest
consumption or displacement of the member. ' '
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30 anal yzed relative to environnental conditions and/or |ggaty NBXt
pest behavior is predicted fromthis analysis in stage 9%%. qrﬁagc?g%(dance

with theWH®a@¥i ons of stage 926, action is taken in sPSEYVS¥W3That may
i nclude installation of one or nore additional devices. Next, loop 930 is
entered with : . . | : L,ces
conti nues andsﬁ)égg o@éﬁ%@#ﬁ?"%ﬁ%ﬁ?@@%@ncg)%g?gﬁgeée%gééﬁ{bh?é‘?%g@éggﬁg IaCont r ol
then f| citguit witle 8:15en3ar aivangeR® henattleast padialyenrisumed or displarer ey pneeredur e

920. If e 28 P 920 i s
Lo cont i TIAEERYEeatdnRfin e iohe o thorall Wnclfition s Hoph medivify
t er m nat éhe eircuiidre rspansstogeparation ot 2 fitst portienatthe isensar; Yrbjelermininga hal t s.

Exanpkes (afopf ﬁtﬁ{ze?&&éq%@ oﬁ@%w@?ﬁgﬁ&ﬁ%ﬁ%&gﬁ%ﬁhhﬂ t}%rciu%bft fif rB&idngBk

- performed I'n association w ude the application of pest
behavi or sgpaanatiomef 2 ecasadipertion of thecsansoraficl seprratan ¢fdhe fiistpgtiony be
spreadi ng in i i el : ' Eétéga | .
~ prediction ma?/\ %‘gﬁg{%@/lﬁ%elﬁgn%ﬁgg@ﬁ%%@r"%‘lleg}'eél%{nglkggén%? et rqg&.é{e mc%est
control dhatthasa peshedibledwsit aeralber witha agnelisanajarigd cotpdoerd- 906, are nore

likely tQq gﬂ?rgt:ptroviféér 4 nﬁhneﬂcmeﬂ.ifﬁlee‘f@EHéﬁBeQWregﬁor@é% H@Ls%ﬁwtﬁendet erm ne

if the dema .gest_ control_'servicing in~accordance W th one or nore
enbodf e 9f heqiest-pdidlsrhaitanembery dheidsuice furtes inshugles ¢ rionitetingeiesit Al | ocat i on

of pest r : j : éq}{m . be adj usted
accordi nEPeHbEUtP tg‘;e@r&"értf Zno&ﬁ gﬁ@%ﬂ?ﬁgwﬁﬁgﬁgyﬁrﬁgﬁs gg?\lg r%g?{t devi ces may
be enhan&bB@ngasa ot her alternative ganbodi nments, devices 110, 310, 410, 5;0,
610, 710, and jn §dis g &BSHBANAREG ol dehiaiRidiostiidbt bt | ect i on uni ts

and data col l ectors nay used I n various other system combinations as
woul d oc®ackagedyvilh anenvireameniat sepserrand apirqul opeeble logemmungata s shown in a
handjhel gy B8 ; [ ' : I |

i 187 ent " piaton B eheRkir B A ofRirinorfdl chiiaL i RERRlial Bty B qeiofi
- per manen@nf gtadus ofrthe balleed, a data collection unit can be utilized to

directly int XY | r ' device. Al so,
Whi Lo bai ¢ foft e AMBEfRbin b8, QlhE (PBE Lot Oy be
provi ded dishlagad Byiope er Merepesis anada sirewkincludingan element parried withitha y sel ect ed

to contrglerdhdt! frhelchelit %8% thfr:] oREFIC poldhBBGH Y el@r?i@gi AIRethb elexﬂ%l/is?e sel ected

and the device housing er characteristics adjusted to sul
nmoni £8r i 9gembly drnasdbyadeaicesf constimption or digplaggpentsf theggembapridgver , bait

for devi efent iloombkied Hi8n e@éﬁca!@?&nd@&ﬂe. ﬁdi’ﬁ]eg%lgct ﬁt%?%ﬂgﬁ of a material

selected to attract the 25 target species 0 at is not
subst ant i al | y inaniierambadiment, ppast.conyiolsleyice includes a member to be

consumed or displaced by one or more pests and a circuit including an element carried

with the member. The circuit defines an electtical pathway through the element and
25 the element is changed by a degree of consumption or displacement of the member.

The element is composed of a material having a volume resistivity of at least 0.001

- ohm-cm.
: A system of another embodiment includes a number of pest contro! devices.

These devices each include a circuit with at least one element comprised of a material
30 - defining an electrical current carrying pathway through the respective element. This

material includes carbon.

Still another embodiment of the present invention includes: installing a pest
control device including a wireless communication circuit electrically connected to-a
sensor; detecting the presence of one or more pests with the pest control device; and

35 reconfiguring the pest control device in response to this detection, This reconfiguration
includes introducing a pesticide bait member into the pest control device with the
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al ternative, one or nore pest control devices include nonyg egg,mBbepsal
that is _displaced or altered by targeted pests. By way of nonlimting
exanpl e, M22433pe of material may be used to form a noRCTIREYUHER e

sensi ng nenber substrate with or w thout consunmabl e bait nmenbers. In a
further Qfide g to the
present i rllvgef‘]gtg I@%@‘rﬁmg%ﬂgn ﬁf)clﬂjg% ﬁﬂ aﬁgﬁan&g&:idgxluosfﬁﬁe ﬂﬁ%é @ﬁﬁgéérurogs pondi ngl y
cap 180) cirgyist ead, for this errbodl ment the housing contents maybe pl aced
directly in t ey ooy shBodmBRE A es? s BholRAGL Lr ed, or
arranged in a ﬁ%f ereﬁte anfl tﬁsoéorggop%&%ﬂ%ccu? to tﬂgse skilled in

t he art. MRnitgringpajt @ﬁmbﬁ@aqsegqr.ewﬁle@s ceraiupisetion circh, gndeaspeaticidavent i on
may bg a'bEﬁHE’ﬁHeYeﬁMe fldn aftnéhiBér, B/ dens % GRQHE Wiy or di spl acenent

of a sensing nenber causes vement of a condlctor to close an electrical
pat hway CARMEcalien eanbe aAgargeddp adiretiaseembly tabe pesitaned i the toekg typ

02/ 26033 JRIGH LS00 3t SerrMb Ghe YRR 8RSs
conmuni cat%] techm&%ﬁgs may nﬁ(ﬂ ?na??\sléeltfy oral tlondvméa{incﬁude
har dwi r e oREHRIRalien Eiresi can baaeengedin asedond éS$Q§@i§! dnffgrena&pla thefirskct i on
uni ts, %&é’erﬁﬂ&'vﬁfér@ﬂ%sféﬁn&ﬁé‘é’é% o@ﬁ&hé‘@ﬁ tﬁé ﬂ%‘é%t w% ose

skllled in t nication Be use as an ternative
to wiQ el asserallyratien mqﬁghofWStQjWﬁ@H'tﬁsf!fﬁf(?%me’dses vvhen wirel ess

communi cation g éfd}ﬁﬁp‘éﬁﬁgd ent, %‘%@wc@‘?ﬁkﬁhée’s%us Tl l%glglc J@Eﬂ red

connection is otherw se desired. Mreover proce procedure 920
my be papsesiatedwithiherhapsinoorns a sefing m@w@eaﬂhgﬁgnsmmemﬂewmm s bei ng

res equenﬁf‘éjhoﬁlngearrﬁ%clu@e%rdna@&ﬁﬁbal Em% 'égﬁﬁnsé?fﬂ %t‘%‘ﬁ”o’gbmté'ﬁiﬂée skill ed

conbi ned, or added to other processes S’ WO occur tot
in the aﬁthnneﬁ@mmmlp%rrqan idporednelided omouple the sensingsnembatto thewvent i on.

Anot her | arranged to
her  ephgd fﬁé%or@fecﬁd?ﬁn&hﬁé?&hrﬁegﬁlbzﬁ?ggg 8‘ ﬂ?él@&iﬁéal coftladive

be at Ieast partially consune one of nore pests and a

~circuit elasipmicoreaterial. Aleraatiyaly. #e @Pn@fwﬁlbaﬁmeréﬂd@hﬂleﬁ%@deto provi de
a first %igﬁ-%lml{eeﬁ{a?%%rﬁdmt@gaﬁnéég%wnzero degree of the consunption or

di spl acenent and a Second representing a second nonzero degree

of the consunptargihesenhosimentchpert coniol siewce insudes ciieuitncerpladieiodR or

di spl aceﬂP%ré)éeﬁsh@ si&hems vdltﬁ oﬂ@b?ﬁfo‘?éie@&oﬁﬂﬁc%ﬁr@éhén Hémbre?sspﬂ{ése to an
el ectrical and/or magnetic characteristic that correspon I ngl'y changes. In

anot Hr £Be A MeEhelasigmers cennegliypmarbasran be eppnsised @ %93"@96' circuit with

ot her theamam:r@d@ﬁﬁfeuée&ﬁwﬁw%umén%hraaat{é?ﬂber including a magnetic
material to provide a nmmgnetic field that changes in response to renoval

of the nmagnet AH pHalgcgﬁlpraq, patests, ang patent applications cited in this specification are
herein incorporated by reference as if each individual publication, patent, or patent

application were specifically and individually indicated to be incorporated by reference
25  and set forth in its entirety herein unless otherwise expressly indicated. Further, any
theory, proposed mechanism of operafion, or finding stated herein is meant to further
enhance understanding of the present invention, and is not intended to in any way limit
the present invention to such theory, proposed mechanism of operation, or finding.
_ While the invention has been illustrated and described in detail in the drawings and
30 foregoing description, the same is to be considered as iliustrative and not restrictive in
character, it being understood that only the selected embodiments have been shown
-and described and that all changes, equivalents, and modifications that come within -
the spirit of the invention defined by following claims are desired to be protected.
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menber by the one or nore pests. This formcould be basedzﬁpdgg ehhen of
correspondi ng changes in an electrical characteristic of the sensor as it
is consumed or displaced. 25 In a further enbodi nent of the present
invention, a pest control device includes a circuit conprising a nunber of
el ectrically coupled sensing el enents arranged to be consuned or displ aced
by one or nore pests. The sensing el enents each correspond to a different
one of a nuq@er of electrically resistive pathways. The circuit is
responsive to @t eration of one or nore of the sensing el ements to provide
“information 30 representative of a degree of pest consunption or

di spl agenent f.urt her .enpodi nent of the present invention, a
sensin&"devf%géﬁﬁ%ﬁﬁ%egwaéCﬁgwggﬁgoperabIe to be consuned or displaced by
one or nore pests in a circuit including an el ectrode disposed relative to
the nenber. Feasarindudingabisd poriensubjectitecpasition or didplagament talativg telar i ng
consunption or displacenent of the nenber and-the circuit 35 is responsive
t 0 t hi sseabridegpoatioroby ore grmosticghestgn out put representati ve of a degree of pest
consunption or displacenent of the nenber. 33 28 February 2005 WD 02/26033
PCT/ US00 / 2Gfuif@buiePiotRE s@RBQH nitbr 4 PRpEHLSE the B&IsaE btk haRBst bycont r ol

device including a <circuit with a sensor arranged to be at |east "partially
consu : . ) : r.8L,:nonzero
Gogr ooy SpafioR oPARGI UGG e £ricfidHiBfafvy {2 RGRTPORICR. LBl ro
separ at;i on_of fir ortion aof.the sensor:; d determ.ning,a 5 second
nonzer obe&gg?pgléa%gﬁ toé%ﬁ?gg‘?rﬂ‘frpﬁ?{ Ogﬂlftﬁf@mnél%% Ifveltiaf REStAETWRG 88 t i n response
to separation qof a second portion of the sensor after separation of the
first porti owherotndefegtiayoldhgsspimson opdisplaemenbwith the Girguihis noh bassdiondes a
pest -control device that has a pest-edible bait nmenber with a magnetic

mat er i dkmevahed asragnetithingteriglofigro tiwrrengor byitkeenezormaemeests. fiel d. The fiel d
changes in response to consunption 10 of the pest-edible bait nmenber. The

- -devi-ce further includes a nonitoring circuit operable to generate a
nonitoring signal corresponding to the magnetic field as it changes. In
yet a furt haheehiodbf@iin 1, mResh tHeQBhdoPincHRME 66 diabEdESif faftnbaI t

- packaged with an environnmental sensor and a circuit operable to conmunicate
15 i nf Qp0RAKIAD GENHLRSPONdi ng to an environnmental characteristic detected
with the sensor and status of the bait. A further enbodi nent includes a
nmenber operable to be consuned or

3. The device of claim 1 or claim 2, wherein the circuit includes one or more bait
members associated with the sensor, the bait members configured to be consumed by the

OnNe Or more pests.

4. A pest control device, comprising:

- abait member operable to be consumed or displaced by one or more pests;
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di spl aced by one or nore pests and a circuit including an ried
with the menber. The circuit applies an electric potenti%gbggﬁgﬁg%gﬁenent

and the elenent is 20 operably changed by a degree of consunption or .
di spl acenent of the nenber. The elenent is conprised of an electrically -
conductive, nonnmetallic material. |In another enbodi ment, a pest control
device includes a nenber to be -consuned or displaced by one or nore pests
and a ci r cuiaciicnglinadidigg eme &l reore nénsiay alémehts wisbdiatet evitihdB4it mEMBerchr cui t
defines an electrical pathway through the elenent and 25 the elenent is

changecthacrristegsfale Ohie NS FBsiEleherdd BRh@ARIBD it pedtRend®Rhor The
el ement is conposed of a material having a volune resistivity of at |east

0. 001 ' HpcEendb oA mehnal ik e P BRALL IR G HASInEofitbilsiflo REEL

contr ol vices. _These devices each inctlude a circuit W :
el enent, conprised. of a material 30 defining an electrical current tarrying
pat hway’ r{qw@éaaﬁ%ffﬁléeq 8%8&46‘3@%9&%&1??5} C?’Pﬁ“gnpt‘t‘i’ﬁtoé 1sﬁ{ac‘?lﬂ‘?f1tiﬁ‘ﬁ’éls car bon: -
Still another enbodinent of the present invention. includes; installing a '
pest cont rovhegiy theeircnis pprlies gn alegiiric potestialde thaeriecumiare serisingglements. '

el ectrically connected to,a -sensor; detecting the presence of one or nore
pests with the pest control device; and 35 reconfiguring the pest control . .
device in response to this detection. This reconfiguration includes:

i ntrodyci ng Tae Aesité 6f ﬂ% @i meeAbGherelt tBe LHGIPE SheraBIRls BlovilRV Mtk bft the
34 28 February 2005 WD 02/ 26033 PCTI USOCQ 26373 W rel esS comuni-cati-on

- Ci rccyj ' ' hi L i ; jcation circuit. -
T yorpuETRna R B | heit e Bl el B0 of BEEHENEY & Rousi ng. &
monitoring bait menber, a sensor, a wreless comunication circuit, and a
pesticide 5 bait nenber. The nonitoring bait nenber, the sensor, -and the
wi rel ess conmuni cation can be arranged in a first assenbly to be positioned
i n t he®housThgjdevace efemyef clghes H5, whereinghsens oranere sersingadements leludesni ci de
- -bai-t--menber and the wireless conmunication circuit- can be arranged in a -
secondelastsmietang thti difcaiteénoperabdeniotdeesct & clninge assespbhding whar dedtlieal semonsghce -
assenbly is positioned in the housing in place of the first 10 assenbly

af t er gebaated ithahe Pestkddewi th the first assenbly. In a further enbodi nent,
a device includes a housing, an electrical circuit associated with the
housi ng,. and a sensing nenber. The sensing nenber engages - the housi ng and
i ncl udes an el-ectrical conductor conprised of a carbon-containing ink.

7. The device of aﬁy of claims 2-5, wherein the one or morée sensing elements number two
or more and the sensing elements each correspond to one of a number of spaced apart electrically -
conductive pathways, the elect'ﬁcally conductive pathwaﬁs each having a bredetennincd

electrical resistance.

8. A pest control device, compﬁsing: a circuit including a riuin_ber of electrically coupled -
sensing elements spaced apart ffom one anotiicr and arranged to be Acdnsumed or displaced by
- oné or more pests, the sensing elements each corresponding to a different one of a nufnbt_ér of

electrically resistive pathways, the circuit being responsive to alteration of one or more of the
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A connection nenber can al so be included to couple the se?§ agugg
the 15 circuit. This connection nenber can be conprised of an e ctrlcaIIy
conductive elastoneric material. Alternatively, the nonitoring bait nenber
and/or the pesticide bait nenber nay be part of the same assenbly. In
anot her enbodi nent, a pest. control device includes circuitry coupled to one-
or nore sensing elenents with one or nore el astoneric connection nmenbers.
The Zoséﬁ@ﬁ. QlenRffo ?tﬁé&&ﬁ?&dﬁu&@&@%&ﬁt&?}/eﬁ %Fx%e ©fPes? @o&%ﬁﬁnbﬁ efl of a
car bon cont i ni ng .syntheti ¢ conpoun such as siflicon rubber.
_ publlcaﬁ q_ Jo! tents, ‘and patent applications cited in this speC|f|cat|on
are PR nﬁ@frporated by reference .as if each individual publication,
patent, or patent application were specifically and individually indicated
to be incorporated by reference 25 and set forth in its entirety herein
unl ess ot herw se expressly. i ndi cated. Further, any theory, proposed
mechani @m of Tipdaviteiofielain 8, whemtimafist aveef theseasing elsmentsrhas editstur t her
enhance understandi ng of the present invention, and is not intended-to in

any wayp ﬂeﬂé&&nrné&@s@ﬂaﬁ@e&ﬂﬁdﬁé&@ﬁﬁdrﬁmﬁtt& whé élbﬁeﬂity hagi Sqeoné gradeetained m of
operatron or finding. Wile the invention has been i1 1ustrated-and ‘

descri bl%gistaﬂcéjrg ht ﬂh%tt{%%rﬁrﬁ&e?&ﬁu edQadc@r egoi ng description, the.sane -
is to be considered as Il lustrative and not restrictive in. character it
bei ng understood that only the sel ected enbodi nents have been shown and
described and.that all changes, equivalents, and nodifications that cone
within the spirit.-of the invention defined by foll clainms-are desired
Lo be phlbt ecTceviss of glafa By Wheinh SreenBy Hiha SenanBE BEnegiATdhe Jpniane -
conprising: a sensor including a.first- portion subject to separatlon or
di spl acditensensiag atemeatstare electsiednebnperted inrpatajlebne or nore pests; a circuit
coupled to the sensor..to nonitor a-property of the sensor being changed by -
the separation or displacement of the first portion relative to the second
- portion, the circuit being operable to detect a nunber of different _
nonzer oy | evetys, atlce%%tnyaatdmhrsm@%egﬂ shfift A6hbRDa@arkfigee@par ati on or
di spl acerrent with the circuilt is not base removal a nagnetic
material from tthe sensqr qbﬁ tthe one or nore pests 2. The devi ce.of claim
1, wher@RMY QAFSHOTIIFLIEE%he or nore sensing el ements carried on a
substrate 3. The device of claim| or claim2, wherein the circuit
i ncludes one or nore bait menbers associ ated wrth the sensor, the bait

nenbers configured to be consuned by the
'12.  The device of any of claims 8-11, further compnsmg a substrate carrymg the sensmg

-elements.
13, ~ The device of claim 12, wherein the substrate is arranged in a number of layers.

14, The device of claim 13, wherein at least a portion of the substrate is _m‘rangcd in at least

orle of a rolch, fqldcd, or bent configuration to provide the layers._
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one or nore pests. 4. A pest control device, conprising: ' r
operable to be consuned or displaced by one or nore pests?gggﬁéggﬁﬁgsy 2005
a circuit including one or nore sensing elenents associated with the bait
menber, a characteristic of the one or nore sensing elenents being altered
W th pest consunption or displacenent of the bait nmenber, the circuit being
operable to nmonitor the characteristic to detect a nunber of different '
nonzer d3degriesicuice phicajme$3, wionsinwpé bomorerofdhesiEnsiag slententsancndilevedinthehe
circuit applies. an electric potential to the one or nore sensing-el enents.
‘5. The subgitectBatahre alaytriehll auiplEd bl-dhe oPiRECESh WO eGlatiftys ck@ndiRg ﬁﬁh%ﬁnt Y
provi de a nunber- of -output signals each correspondi-ng to one of The.
differ%ﬂ[rkﬁﬁﬁk%fﬁksﬁﬁ§hn90tiVity- 6. The device of any of clains 2-5,
wherein the. one or nore sensing elenents include an. electrode and the
circuit.-is operable to detect a change corresponding to an el ectrical :
capaci tance associated with. the electrode: 7. The device of any of- clains
2-5, wherein the one or nore sensing elenments nunber two or nore and the.
sensi'ndbel edeprstcauiohdetes, eepprting:oa eineuitonclyding an elecpdesqpecable whwr t _
el'ectrical Iy conductive pathways, the electrically conductive pathways -each
havi ng censuredet displanabbebecdrhaalpeste Shpdcitmsee.of $he ddequesle chaningin rebponsee,
conprising: a circuit including a nunber of electrically coupled sensing.-
el emeng@p&pasiROmBRGH br diF1H0eARAt, IRALRAL bBIAE PEABRIS thonRtoPLphpisyed or

di spl.aced by one or nore pests, the sensing el enents eacﬁ corresponding to
a diff f unh ' 2ty Jy - (.St “t he

ci roui FORapanit RundchEitgice B e B8 o HBLY el KprPRbAMRYGE s 1S,
el enents to Pﬁovide'infOKHBtigp-re resentative of a degree of pest .

~ consunfit§EHOidRe Pes FRIPLAR AT ¢ _s@l?‘ce%?@?devi ce of ¢laim8, wherein a-first

one of the sensing elenments has. a.first predeternined resistance and a
second one of the sensing elenments has a second predeterm ned . resistance
~different than the first .predeterm ned resistance. 10: The device of claim
9, .whel®i n Theddvicesdf ctaim 16 whineirstha siebigodz] ie madé froandcdndactbedakd one of the
sensing elenents are electrically connected in parallel. 11. The device

of -any of clainms 8-10, wherein the sensing elenents are arranged to
correspond to a resistor.|ladder’ network. 12. The device of any of clains

8-11, f8ir thphe GRIBIRIAE 18 R URRL" 3! farthEl oM Ridg SRR ngs‘?ﬂa?er%%ﬁig the

o electrode.

19.  The dévice 'of any of claims 8-18, wherein the circuit includes ém AD coﬁvertér,'a_.

processor, and data communication circuitry to communicate the information.

20 A system, coxﬁim’sing- a plurality of pest control devices each according to anj( one of

claims 1-19.

21.. The system of claim 20, further comprising a data collection device to communicate with

- the circuit.
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13: The device of claim 12, wherein the substrate is arra | nmber
of layers. 14. The device of claim 13, wherein at |east aﬁgggﬂ"{%@gpyt he
substrate is arranged in at |least one of.a rolled, folded, or bent
configuration to provide the |layers. -38 28 February 2005 15. The device of
claim 13, wherein one or nore of the sensing elenents extend through the
substrate that are electrically coupled by one or nore conductive pat hways
extendi ng al ong an outer surface of the substrate. 16. 'A pest- control

devi ce, [ Sing: A ciropit §nclydi | de oper abl b
consume or e Pind R GHionstilfialchiefOntiriaa ot 5Poefs ') oct r oge

changi ng | n respaonse to pest  consunption or displacenent, the circuit being
' operabI%’ﬂh@terfg?lﬁ’?@?nago’ﬁ%@@?mg'ad@ﬁ?‘@é’ﬁﬁ?ﬁﬂﬁ?@“‘fyo t he capacitance of the

el ectrode to provide information representative of a degree of the pest

consunption or displacenent. 17. The device of claim 16, wherein the

el ectroge isp f .conductive ink. 18. The device of claim 16 or

claim 17; further dé% rrlﬁgfl‘gﬁg a dielectric substrate carrying the el ectrode.

19.. The device of any of clainms.8-18, wherein. the circuit |ngludes an A/D

converter, "%eﬁtgggé?gﬁﬁongﬂmeaﬁéu@ﬁr%ﬁﬁﬁﬁ With @ sensoy Fans toé?rﬁtmni cate

the information. 20. A system conprising a plurality of pest control

devi cesleasi partiaby onsimgd obdisplpcesihy Gf oEmgremests; 19. 21, The system of clai m

20, further conprising a data collection device to comunicate with .the

circuit. -3%sgdlislehg afirsy ndoef dPreciifeessps tasumbtion ai disjcententivith the2 1,

further conprising a conputer operable to evaluate the information to

i dent i fyiranitp@tdsprie ©f sepaitionof 4 fist YortidBof the BBIsHAI, conprising: operating a

pest control device including a circuit with a sensor arranged to be at

| east parti ahdniARs H98InA ol : ishing a
R M R oy PG Reeneh At

first nonzero degree of sensor co

et or mi e RsCEFREEREN o KRR of D s onft ot b MRSHADR AR SrAERRPE comen

W th ttge Ci rclﬁigt.i response to separation of a second portion of the
sensor Hf {5 PP ns@garati on of the first portion; and wherein perfornance

of said establishing and said determining is not based on
- wherein performance of said establishing and said determining is not based on

detecting removal of a magnetic material from the sensor by the one or more pests with the

circuit,

24.  The method of claim 23, further comprising detecting separation of a third portion
of the sensor with the circuit after the separation of the second portion to provide an output
representative of a third nonzero degree of consumption or displacement of the sensor by

the one or more pests.

25. The method of claim 23 or claim 24, wherein said determining is performed by

detecting a change in capacitance of the sensor.
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detecting renoval of a magnetic material fromthe sensor by reh®aR 08" NOre
pests with the: circuit. 24. The method of claim 23, further conprising
detecting separation of a third portion of the sensor with the circuit
after the separation of the second portion to provide an output
representative of a third nonzero degree of consunption or displacenent of
t he sensor. by the one or nore pests. 25.. The nethod of claim23 or claim
24, wherein said determning is perforned by detecting a change in

capaci-t agce Qhe hlaeicaISREm 2347 chfin REDHHAEN s%f?i%te%ﬁlmﬂ_ f& deﬁéﬂn‘nﬁ‘
et Ct I n ge

or claim?24, wherein said determning iIs, perforned b

in-elec sensor. 27 The nethod of any- of clains
23- 26, l(J:lr1 lﬁgl%!fr%‘%iﬁsr}gﬁsg}géctcam stcp?cﬁg |nformat| on corresponding to the

sensor consurrptl on. or di'splacenent with the circuit to a data collection
unit. 28:" The nethod of claim 27, further conprising determning a pattern
of pest act|V|ty ‘Wwith the |nformit|on 29. The nmet hod of any of clains
23-28, £Urthéhe rmthpdwﬁ amgofaﬂgmlﬂﬁg’lﬁaﬂpﬁsr cmmpimmmtrmw&bmg enfmmatmnd
det er m ni ng.

correspondmg to the sensor COnSl.ll'nptIOI‘l or dlsplacement with the circuit to a data collection

unit

'28. The method of claim 27, further comprising determining a pattern of pest activity with

. the information.

29. ' The method of any of cIaIms 23-28, further compnsmg applying a pestlclde in response

-to said dctermlmng
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