SYSTEM AND METHOD OF M NI M ZI NG ENERGY CONSUMPTI ON I N AN AD- HOC W RELESS
NETWORK Fi el d of the Invention [0001] The present invention generally
rel at es twownroel4ess net wor ks, and nore particularly to @&CcIpskemobéeat i s
capabl e of mnim zing energy consunption in an ad-hoc wrel ess network, and
further to a method for mnimzing enetgy consunption in an ad-hoc wirel ess
net wor k. Background of the Invention [0002] A typical ad-hoc wreless
net wor k S SYISTEMMANDME THODOF MINIMIZING ENERG YOEONSTMPTION I AN Or
nodes) that are usually powered by batteries. In operation, the sensor
nodes need to be active (&QTH%&Q&EW&N sendi ng/ r ecei vi ng dat a;
in order to keep the sensor nodes awake, the energy consunption is high.
However, the sensor nodes do not need to send/receive data all the tinmne;
thus the energy consuned when tfjgIdSEMROInveades are unnecessarily active is
wasted, resulting in shortened |life spans for batteries. [0003] One way to
save energy consunption by sensor nodes in an ad-hoc w rel ess netwrk was
using a dul i ngqnessage it hat.. sel ectivel owers-on or  powers-off one or
nor e sen@@]‘?nodes © RERET iy tion, gerally ’é%%%n 9 ﬁ”‘fﬁ?fés 1r,let‘(eﬂrgg’p?‘%cgé%°§e starts
when nmonparidulfbi ot a spaehMas: 8fdapablabf adinitising ERerdy’ @RsMapERDaT A dd-2easor
nodes 1205; then nonitor point inserts node IDs fromaffiljation nessages
i nto dat%iseles nepyerk) angk fugthentpjagnethod fos migimiging 2nergy chByummliontin An pdihpe
constru ; chedul e" based on the nunber of affiliated children
1215; tmelﬁ%ﬁ{le%rﬁboi nt transmts schedul e nessage to affiliated sensor
nodes containing nonitor point's "transmtting node ID', "Parent Tx", and
"next tier activity" 1220; aﬁd finally_ checking whether the schedul e
message is received 1225; i fDBagiereurdpf e Inventiony t he schedul e nmessage at
regular intervals 1230. It is apparent that the sensor nodes in the ad-hoc
W rel ess network are powered-on or powered-off according to the preset
schedul d8042D004] |4 typicdl rd-lzac wpplessan¢twork seinp rcotrpeisesi oneaomimosd @dslesensor
netvior K S8l ROy Bl SRR Pl 2 ustSly BSRedi Gy Bhilttel O1f opblBLEThE: e
sensor nodes need to be active (e.g., awake) when they are sending/receiving data; in order

to keep the sensor nodes awake, the energy consumption is high. However, the sensor
nodes do not need to send/receive data all the time; thus the energy consumed when the
sensor nodes are unnecessarily active is wasted, resulting in shortened life spans for
batteries.

[0003] One way to save energy consumption by sensor nodes in an ad-hoc wireless
network was using a scheduling meséage that selectively powers-on or powers-off one or
more sensor nodes at scheduled times. As shown in FIG 1, the process starts when monitor
point receives affiliation messages from neighboring sensor nodes 1205; then monitor
point inserts node IDs from affiliation messages into database “Affiliated Children IDs”
data 1210; then monitor point constructs “Tx/Rx schedule” based on the number of
affiliated children 1215; then monitor point transmits schedule message to affiliated sensor
nodes containing monitor point’s “transmitting node ID”, “Parent Tx”, and “next tier
activity” 1220; and finally checking whether the schedule message is received 1225; if not
received, resend the schedule message at regular intervals 1230. It is apparent that the
sensor nodes in the ad-hoc wireless network are powered-on or powered-off according to

the preset schedules.



synchroni zation with and receive beacon transm ssions from ot her nodes in
the wreless sensor network. If a failure is observed in previously

mai nt ai nesloxY ekl zat i on, the controll er reads from meeoISG298020US| y
recei ved informati on about nei ghboring nodes with which said node device
did not yet maintain synchronization; 2he controller utilizes such stored
information to selectively switch on the receiver to attenpt receiving a
beacon tpoes#ni ssi dm 4 sietilas approach) & @hirolérnig anwitelesy £a84r] neWhbdrkeseldetively

ti metabl e-. or schedul e-based apprpaches are straightforward.in achieving
their i r&"@?‘fg‘é% Ybjde; Jeviess ALeTHEEe R r §y iSRRG HpIE 0RO, deyices mapniain

net wor Ksyyntligiizatich SRl dnd el Yeol GanSiRisSiphd 1ioh, fief n6RAR! e vvxﬁ%ﬁbst here
is a need to switch on sensor nodes non-periodica f)y (r.e., at-w , the
ti met abl ssnsagrnetworkdulfea Haibed ispbsareech gs peividusty amhintdid0Ginchtoaizefion,ethei t
woul d be_ u e]gul t% Bave a Wreless petwar kd tggat «%nabl es its gensor cgodes to
be swit FPBHOUH 15 FoM BEMOLY PIEVAgHsafeceiyed pipmmationabout neighboringepedsser gy
consunptyigh whish'3d Yo déviee HiAVRdtyled haifR AndB6nigstnd iHEEUntdllet BifliAL esent
invention provides an energy saving system bei ng capabl e of inplenentation
in an acuplstoydrisfasmation tareslectivelytswishenithereceiver loaitempheeceivinedd beacon and
one or npre & ncHao' fc%’a%@b%&’i@ tngg one or nore end devices send data back
to or recerve TromtRe Coord narsr cin one enbodi ment, the energy saving
system qoogs] i ses a@Whilealsd tioreeabRF drr thaduld-baed bppraciek eeé seaighdbiward aupl ed
with the at | east, one cqordinator, wherein the at |east one RF transmtter
cont r ol 13spieBpetheir Hiendad PRISSHVE I sAYINg qnsTaYSoRsYRptigIsiarthe yirgless Betworks. one or
nore RF ' i ' : -, | ¥es s
ol cot 1oy Safiy Rof in MR Rl CFREL  FOrople BRTngl T nRedlo WERELUED, L° 1
recei vi sgnsoh@ofkés musperiodicaliyali.s., aemillpyhet timetablel @easthednle-Haked approaches er ;
wher eby t.ﬂ&iﬁ)ne or nore RF receivers are on all the tine so that the

coor di nat'6r@s able to activate the end devices froma power saving node to
a ready [oodf for dafefefbreatSwbalal NuRMINAEHaQ8 laCRrkKsPNetdBAd AT chiMlefrs assert
signals to the RF receivers electronically coupledwth the end devices; and
wher eby senfer gndesdto, be esavitghed jon natepgsiodically andray the demd utithe das meinprizedd
\é\nyg[lglrjr;t egé‘llg?cgﬁsa Spljtrilo§1§l on, thus saving energy for the ad-hoc wreless

Summary of the Invention

[0007] One embodiment of the present invention provides an energy saving system
being capable of implementation in an ad-hoc wireless network that comprises at least one
coordinator and one or more end devices, wherein the one or more end devices send data
back to or receive from the coordinator. In one embodiment, the energy saving system
comprises at least one RF transmitter being electronically coupled with the at least one
coordinator, wherein the at least one RF transmitter controlled by the coordinator is able to
send RF assert signals; and one or more RF receivers, wherein at least one of the one or
more RF receives is electronically coupled to one of the one or more end devices and
capable of receiving the RF assert signals sent by the at least one RF transmitter; whereby
the one or more RF receivers are on all the time so that the coordinator is able to activate
the end devices from a power saving mode to a ready mode for data transmission non-

periodically by sending the RF assert signals to the RF receivers electronically coupled



[ 0008] In another enbodi nent of the energy saving system the end device
conprises a DATA transmtter/receiver, sensors, nenory, digital 1/0s and
processi nyounii44ds2a a further enbodi nent of the energy ®aviSGgomysiem the
sensors are selected fromthe group consisting of acoustic sensors,

nmoti on-det ecti on sensors, radar sensord, sensors that detect specific
chemcals or famlies of chem cals, sensors that detect nuclear radiation

or bi ol ogitk #e shdelRVites; meWhEteby ﬂﬁmiﬁrd%mc@é Selif e ;fbv@ﬂ‘s&vﬁxh@ﬂ%d@ﬂ 'the_
sensors, thermal sensors, and visual sensors that detect or record still or

moving | | Peaigd vithout data (rrsmssions thussawipg sperey ferthe pdboopirlesasystemer
enbodi mgsegp!f the gnepdyes ?x}ﬁb&%m%)(? (o et Afer BN dafifY h@gge% thi éndf 4 DR

wi rel ess network have a opsS con |gura e ad
Wi r el esscongrises akDAsTA agnmnttadret@véretene@ehnemdgdelvg'nalal/@ewﬁd pleetitigaunit.

transm i th the | owest aggregated bps/watt. In further
enbodi Htaﬁqtfﬁw dimgpt gmenawwg? e BYTEeTRaths SERSORS ARestelestedpiEem et h t he

| owest 3%1915 gﬁis?s‘ﬁng R/ a\?@ﬁsﬁc IsénsHR! RlofbA %gtepﬂfodj kgn'sﬁxgi fa'ahxt ée%horg' esteiﬁ\%g Rt up,

transmitting by each end device various test e 'coordi nat or;
wher ei n defest swtﬁqodmws ps fagriliesdofechemiicals, tSﬁBOFB)ﬂ\Bt de:Ien’ismnlpan rdiaiss oci at ed

th t It he test ket d det th coo di nator the
ot a tr OHEE Snls) Frrlitic, 2iress) élic,GhisSh Bant e theTR seitsend

devi ce anm@ngsiall Gedor£ s HeREL YOFdoRPSE o mbifg lifahed AL kRt Fisile br bth%r pover
consunption information; whereby the data transm ssion paths with the

| onest é@@-‘r‘@@&t ed bps/vvatt are designated as segnents, wherein each end

devi ce '[éooagi' 9 neqnaang{ﬂkegéﬁbgg: m(éllgtd&‘ thg egeei\-%z Sggl %ﬂ énc?fhthé %ggnasYlgl ttﬁeon

t her eby "I tual "operati ons evi ces

segnent adrtmcawirtless acktwoyk thage Rﬁn&ﬁﬁlﬁﬁﬁs c‘o:ﬁ@&iraﬁbﬁ eebetnt thdaddahdor Wik‘éfe@i :
t hereby reducing power consunption of the network. [0010] In another

enbodi maStWYIK i Fegmpried o dehsash e§95‘1“é‘?ﬁe hays the data BRRSNUFSiRMR pathswith the bi t
serial qaféthpat %”Qé&‘g &t Cg'nd%I i G&dlfﬁ@ﬁf cﬁf’lh@gne?él}ds \geﬁgﬁglaﬁbﬁ%r&ateﬁe

identificatioh o eac end ereln t nis-an e
further tentmdsmematlmf\mthﬁ&leehweglyaggwga@ bpsvett) ist deteranimkdd by i dueing dnjial ses a

cort 1 eehatallel comipiiel, Lot convertl tg.le n il serll data o

serial GiHefeidd thd fekte packetseis ebeddeg ®IH MEVH&RerS 8onsiitpfioR! Bsctitd s Rvith
transmitting the test packets; and determining by the coordinator the data transmission path
with the lowest aggregated bps/watt for each end device along the wireless network based
on the test packets with the power consumption information; whereby the data transmission
paths with the lowest aggregated bps/watt are designated as segments, wherein each end
device is assigned a unique RF code to determine which segment it is on; thereby in actual
operations, only the intermediate devices along the segment are activated by the RF assert
signal to effect data transfer, thereby reducing power consumption of the network.
[0010] In another embodiment of the energy saving system, the RF assert signal is
an n-bit serial data including the codes for activation of end devices and the identification
of each end device; wherein the n is an even number. In a further embodiment of the
energy saving system, the end device comprises a serial-to-parallel converter for
converting the n-bit serial data into parallel form, a comparator for comparing the
identification code in the serial data with the address of the end device set by a DIP switch,
and an AND gate for activating the end device when there is a match between the

identification code and the end device address.



and an AND gate for activating the end device when there is a match between
the identification code and the end device address.[0011] Anot her

enbodi mrerwoabi1o/13e05pr esent i nventi on provi des an ad- hoc WRCTSIGes®/on@eiwor k. | n
one enbodi nent, the ad-hoc wirel ess network conprises at |east one
coordinator; at |least one RF transmitt4r being electronically coupled with
the at | east one coordinator, wherein the at |east one RF transmtter

control ljesi1py the Annhél hddimérst ctirthe pr@escinverion Pr6lds & SRS wilds O
nore end devices, wherein the one or nore end devices send data back to or

recei ve MRPWRFKt hdn contsr @mbadigient, athg ahbog rwirgless matwerkc 6pmprises ghhdqash Anet

Bt . o onEorT .

of the' ooeftindls oE e ne T8 GaflmfOF BLKERICoofeAl BB (RHRLEE b ON°

si gnal s ceerdindtyr, twherei the @aakhstame REFtratisatigen dohtolled¥iethe kyordivatarie able toror e RF

receivers on all the time so that.the coqrdinator is abl?i t.o activate
the endS @ssert gnals; gBg.er mets sndlleyisgs wherent ordege £ad dgypes send

transn $3i.08acROB- Rt &dh ﬁlle%o%ﬂaibe&na e R ARG attt rééegia?é, Swhepeih e RF

receivers electronically coupled wth the end devices; and whereby the end

devi ces leastonevfithe oppornosRl regeivesits elketrionigaliyheouptadi to dnevof thewne dateore

transm ssion,. t hus, savi ner fqr e ad-hoc W reless system |

furt hor cBfgBYicHB AR SAAENE oL AR ing, Moo RE SR AREAK S it desekiogs RO
CONpri S @Gansmiter;AwWherB$ Nthé tdie/ bEGRIrYERF RBIAWLY ar®TonS hIRIth Airh&fser tHt ithe),
processing unit, |nput devices, and putgut devices. In yet another further
enbodi meAerdgratertia ablg-tp getivate dleesd devicopiRm a pewver sayiog madsrio ageadycongrit er
m croprQce . ) Y, ther dj .of the
g S6EER8 o ol BNl o ha B R EE b SRS RLi

transm teleetroniesldi vipledswitls tHeSendrderivey:, andivglickebly thé €d dé@néckspir® ieths ipodetini t .
In still another further enbodiment of the ad-hoc w_.rel ess network, the
sensor s SAYRg Bode dupe the peripd dithout date BaRsssiony thys saving sparay forthgpdshoc

O i 0N AFALS e C1HA A frthdr ARHodRAG Ui the SERSOhRekIAerBHE He SREBRADE

chem cal s or les o em ca sensors that detect nuclear radiation
or bi ol eginpesesayBA{IS\ trawsgrittr/eceigers oresnorg fercttorony inf@miationoprecassiggainit,
S L RN NN b TR T e e O
enbodi Meffelddt nbhbrROhBRBoMiik8SE S ARAMEK midBFro8&dorld P A &5t Ihptop@n 3@t hoc
wirel ess network have a nulti- hops_ confi ?urat i on; thereby the ad-hoc
Wi r el esgnother further embodiment of the ad-hoc wireless network, the end device comprises a
DATA transmitter/receiver, sensors, memory, digital I/Os, and processing unit. In still
another further enfbodiment of the ad-hoc wireless network, the sensors are selected from
the group consisting of acoustic sensors, motion-detection sensors, radar sensors, sensors
that detect specific chemicals or families of chemicals, sensors that detect nuclear radiation
or biological agents, magnetic sensors, electronic emissions signal sensors, thermal
sensors, and visual sensors that detect or record still or moving images in the visible or
other spectrum.
[0012] In another embodiment of the ad-hoc wireless network, the end devices in
the ad-hoc wireless network have a multi-hops configuration; thereby the ad-hoc wireless
network is segmented to let each end device have the data transmission path with the
lowest aggregated bps/watt. In a further embodiment of the ad-hoc wireless network, the
data transmission path with the lowest aggregated bps/watt is determined by during initial
network setup, transmitting by each end device various test packets to the coordinator;

wherein the test packets is embedded with the power consumption associated with



network is segnented to | et each end device have the data transm ssion path
with the | owest aggregated bps/watt. In a further enbodi nent of the ad-hoc
wi r el ess woetzavidgosthe data transm ssion path with the | eeesGaggregat ed
bps/watt is determ ned by during initial network setup, transmtting by
each end device various test packets t® the coordinator; wherein the test
packets is enbedded with the power consunption associated withtransmtting

t he t estirapagltahs theatd pdekey: Bildldét&'nﬂﬂmfghﬁ 1EOESHHinatoP thet daga Baisthidsion sl SSi on
path with the |owest aggregated bps/watt for each end device along the

wi r el esViethgdpwey agerezeind bpdweal §@r 9ash kad devire along thepwitelescrmiworkphasesh
| nf or mat 'nQHe tegglgz{cﬁg}f V&l qhgﬁé\ﬁertcroﬁ%Mt\f% 1%&36(915 MH ygﬂeeditg %I?sttnlgs(i’(g{ egat ed

bps/vvatt are nated as’ se ereln eachen evice I's assigned a
uni que kaths oedich tlce betestr aggr@awmb;is/\mgm rdes1ghateds a® Begniidiay, atherein each el

operatiaons, onl | nter evi ces g t he segrrent are activated
by the Revise é%‘?%‘gél? ﬂéH“qPB qo Etto elernipg gmf"l’fe‘F 8RR tRsdeRy lﬁgicb’él/ve

consunp Nerke @ggpéj Rradsdo
wirel estsobﬁ(g?aﬁosr tl?m}y ﬂ%gthF agéié??é‘ghgs | SEE%I%_ it %dgﬁ?%ﬁq%at%lg | ncf ud| ng
t he codeignabto ﬁfct:td@atrmsferfthemhydﬂincmga)omdcamempﬂmbf thepatwark. of each end

devi ce; eint ven In a further L ment of the
ad- hoc \[W ess n P\%?’b n@% g\%j a-hogprelessnetwark, %%Q& 3559 Sianpe |
convert g ahOh-BiPRYR4It U fdRd bltﬁe ¢68dsalford attivatibh OofP 2ha | d&lices 04l tike

conparator for conparing the identification code in the serial data with
t he addidentifigatian of cgeh dadi daviesetwigyein thepn sigj ancnveram@m!mr AI\ID gafuethéror

activati e t en. he . ent | ation
code angﬂlt%ﬂéﬂgeng%gg% %deﬁ%fd gl@ss p%@%th n a&n%’fqﬁ3 TRa A stetel r?%rrl{‘f Sipa{aﬁ‘}glc ad- hoc
Wi r el essomeitepfde coﬁv@tlﬁg)mledmaﬁ@ral tata rima@MaBelvfoﬁhlancddi;sarmf P2 lckmpdriigl 5]

Anot her enbodi pent of the present I nyention pI’OVI des a nethod for reducing

ener gy &isnidenpficatianicade i te-sel dats avibsthe gddigsy of tharraddenicerist by aHd@
wi rel esgy, mﬁl{%ﬁkan a%@&r%&ﬁﬁ?%h@&?d 8&9&%{1‘&} Erefi8% fa b%@&ee“ of end
devi ces, ereln a st one ransmitter 1s e ectrom cally coup ed with
t he at li@ataﬁcammqodeanﬂthateoddandeaiﬂressto send RF assert signals to the end
devi ces, and wher td one (?E ver i.s el ectronicall couPI ed
with eal1% the g P ard ?ﬁ?}n g \5‘ oﬁnwr?lgssd}e\ﬂé{% eprdigatop isye apl e
t o receimRablosvidfintheffervastkert si gnal s fromthe coordinator; said method
conprisin

w [0095] Another embodiment of the present invention provides a method for

reducing energy consumption in an ad-hoc wireless network, wherein the ad-hoc wireless
network comprises' at least one coordinator and a plurality of end devices, wherein at least
one RF transmitter is electronically coupled with the at least one coordinator and able to
send RF assert signals to the end devices, and wherein at least one RF receiver is
electronically coupled with each of the plurality of end devices and is always on so as to be
able to receive the sent RF assert signals from the coordinator; said method comprising
performing by the RF transmitter to send the RF assert signals to the end devices;
performing by the RF receivers to receive the sent RF assert signals; and activating the end
devices from a power saving mode to a ready mode for data transmission to the coordinator
if the sent RF assert signals are intended for the end devices; whereby the end devices are
in power saving mode when they are not activated by the sent assert signals, reducing the
energy consumption of the wireless network.

[0016] In another embodiment of the method, the RF assert signal is an n-bit serial

data including the codes for activation of end devices and the identification of each end



performng by the RF transmtter to send the RF assert signals to the end
devices; performng by the RF receivers to receive the sent RF assert

si gnal s; woaosxtiosat i ng the end devices froma power saPCmEGraE®oenla ready
node for data transmi ssion to the coordinator if the sent RF assert signals
are intended for the end devices; wher®eby the end devices are in power

savi ng node when they are not activated by the sent assert signals,

reduci nglevice; whaeigythe ans wipidronuraber! Ne aViuftiedr @afboldRhot® oK thel MEhEd, thele@not her
enbodi ment, of the nmethod, the RF assert signal is an n-bit serial data

i ncl udi §§VichSORpEIERS ﬁ&Pnﬂctprmaqlleéﬁomer@ﬁcfoaéw@é@am pibét segishdati @éa i on of
each en u nt of
tho ot Ao et Raminco feplor fortonaRlle KSR cadt i flF o SR

conver t iaddresshef thehdinkl davideadet dgtaa DIP tswitplaramd| am AN(I)) gmeafor:acﬁmnag Olie émf

conpari the identificatiop code_ in the serial h t he dress of

t he end%g%'@? Rhen therg,l aa{nﬁFpo%were 13‘?{81%&?\“%@‘15&{1 dé‘@ﬂ"?é ‘i‘dfﬁﬁj t he end
devi ce t here hardeidvasta end
devi ce m?]ess [glggﬁgjé'léﬁg&obj ecti ve%ésgﬁ(}hg%\%h{lgpg@ g?aﬁ%g&\% nve}ni:eleagln wil |
becone &spletlewingf detailed Wlesdription wif prefersedémbmllimients thepttqf om corineptiaf with ¢

enbodi nents thereqgf i.n connection with the acconpanyi ng drawi ngs. Brief
Descri ptaf(?ﬁnpgfly'f’ﬁ THRE ngs [0018] Preferred enbodi ments according to the
present invention will now be described with reference to the Figures, in
which i ke reference nunerals denote |ike elenments. [0019] FIG 1 shows a
process of utilizing schedBrief Rescxipgion of theDrawimgsn sensor nodes in a
wirel ess network known in the prior art. [0020] FIG 2 is a di agram show ng
one coordinator and one end device illustrating the sinplest formof an

ad- hoc ydongyl ess neteferrdd efmbbliengntse aesviding e nthe QireschO @Akhtibh il hew e
functi onal ck .di agram of the, coordin i n accordance with one

enbodi ?Ftcrlg?do Dl priereash 1 e Riguast, I 0329‘] likp seferenge umerals idspete Hicock

di agr amepfnehfde end device in accordance with one enbodi nent of the present
invention. [0023] FIG 5 shows an exenplary network during the

initial [0039]i on w FHG godwislaeprocess of utilizing schedule messages to switch on sensor

nodes in a wireless network known in the prior art.

[0020] FIG 2 is a diagram showing one coordinator and one end device illustrating
the simplest form of an ad-hoc wireless network of the present invention.

[0021] FIG 3 is a functional block diagram of the coordinator in accordance with
one embodiment of the present invention.

[0022] FIG 4 is a functional block diagram of the end device in accordance with

one embodiment of the present invention.

[0023] FIG 5 shows an exemplary network during the initialization with possible
transmission paths.

[0024] FIG 6 shows the optimal paths determined for the network shown in FIG 5.
[0025] FIG 7 shows a flowchart of segmenting an exemplary wireless network and

selecting the path with the lowest aggregate bps/watt in accordance with one embodiment
of the present invention.
[0026] FIG 8 is an exemplary diagram for RF signal activating end device in

accordance with one embodiment of the present invention.



transm ssion paths. [0024] FIG 6 shows the optinmal paths determ ned for the
network shown in FIG5. [0025] FIG 7 shows a flowhart of segnenting an
exenpl ar ywoizos/@ses2net wor k and sel ecting the path with rh@/siGaoegnoaggr egat e
bps/watt in accordance wi th one enbodi ment of the present invention. [0026]
FIG 8 is an exenplary diagramfor RF dignal activating end device in
accordance with one enbodi nent of the present invention.Detail ed
Description of the InventDeriledDesdriptiva ¢I'the Eivenitionent i on nmay be under st ood
nore readily by reference to the follow ng detailed description of certain
enbodi nents of the invention. [0028] Throughout this application, where
publ i catg are r ' : | ' e

Rer cby 0E or at aa iy oy et By RO EBaP mdr RERiID 43, 1Rk

appl i cafoltowing detaded d¢soriptioneoffcetthin edemdimdnts ofithe stvahtorof art to which this

I nventi ertain 0029] The present inventi rovi des ap ad- hoc
wir el esg&ﬁ&[ wor k frﬁ’é‘%“g u‘]cébléblagplﬁ:ﬁug% t"gﬁf%gp'%ﬁc%ﬁ’é‘so?rerrﬁre r‘?%ﬁa‘gdéhﬁ ces

non- per gRgiosdtel bf @de PubhAfoR PR HetdBy B pHIalid By Rer8RG, G tPNafiRIs on.  For
better clarification, the foll ow ng i scussions W Il use limted nunber of

coor di nitethis applicatign de otdseto merechullyrslesasibe ithe state df airtt to whichdtisihventian t he
operatign.of the principles of the present invention are not so limted.

[ 0030] Rf)r\}va“rlse'ferring to FIG 2, there is provided a sinplest formof an

ad- hoc woesyl ess neThoOprésent idvatid Foites an \4@!Hok Oiireldsd hieBork QRat\Vik 18RS
network 1 conprises a coordinator 10 and an_end_ device 20, where the

coor di n8f svitehingnen org AeppPeeesh devdessunercpgriodigally anslcat Hensameitimel Bass| v,
transm g 1. L r .S . |.nat or
ool oo BRI Aofifheor A OERE, BhriRlfh ife g disolsiBns ORI 0 OF o,
t he coolithitedmarbet of camtinatets andnshddizvicee as exagnples,) dut it ipawnby acted yhadpeiet er i es,

t hus the conservati an .of batter ower s, for end devices is of concerns.
[ 0031] ﬁgergm\?f/tﬁﬁ PREpep ,Soﬁt]i‘@ Pé%?fﬁdevwﬂ%%es@t ARUMBER- conprises a RF

transm foogsy 11 t halow &feﬂrﬁgttambcg,l {Hérecféu?ljo@ﬂie&’iatgi t $OHON SFNALALhRO t hat
t he coordinator instructs the RF transmtter to send RF signals, and a RF

r ecei vewirgless nptatork ©f dhe prasenti inwdntipnc olipd adthod whreless network 1 comprises a -

coordinator 10 and an end device 20, where the coordinator 10 and end device 20

communicate with each other wirelessly, transmitting/receiving data from the other side.
Usually, the coordinator is electrically coupled to mains, thus the battery life is not an issue
for the coordinator; in contrast, end devices are usually powered by batteries, thus the
conservation of baftery powers for end devices is of concerns.

[0031] As shown in FIG 2, the ad-hoc wireless network comprises a RF transmitter
11 that is electronically coupled with the coordinator so that the coordinator instructs the
RF transmitter to send RF signals, and a RF receiver 21 that is electronically coupled with
the end device so that the RF receiver receives the RF signals from the RF transmitter and
consequentially switches on the end device. The RF transmitter 11 may be integrated into
the coordinator; it can also be an independent part that can be plugged into the coordinator.
The RF receiver 21 may be integrated into the end device; it can also be an independent
part that can be plugged into the end device. Without wish to be bound any particular
theories, the minimization of energy consumption by the end device is achieved by the
utilization of the RF receiver. The inventors of the present invention discovers that the end
device consumes large amount of power (about 50mA) in the IDLE (ready) mode, but

consumes much less amount of power (less than 10uA) in the HIBERNATE (power



the end device so that the RF receiver receives the RF signals fromthe RF
transmtter and consequentially switches on the end device. The RF
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i ndependent part that can be plugged into the coordinator. The RF receiver
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[0033] Processing unit may perform all data processing functions for inputting,
outputting and processing of data including data buffering and end device control
functions. Memory may include random access memory (RAM) and/or read only memory
(ROM) that provides permanent, semi-permanent, or temporary working storage of data
and instructions for use by processing unit in performing processing functions. Memory
may also include large capacity storage devices, such as magnetic and/or optical recording
devices. Output devices may include conventional mechanisms for outputting data in
video, audio and/or hard copy format. For example, output devices may include a
conventional display for displaying sensor measurement data. Input devices may permit
entry of data into end device. Input devices may include, for example, a touch pad or
keyboard. Clock may include conventional circuitry for maintaining a time base to enable
the maintenance of a local time. Alternatively, the coordinator may derive a local time
from an external clock signal, such as, for example, a GPS signal, or from an internal clock

synchronized to an external time base.



functions. Menory may include random access nenory (RAM and/or read only
menory (ROV) that provides pernmanent, sem -permanent, or tenporary worKking
st orage ovoQatoa4a0sd i nstructions for use by processing RBOTISG2epopesAfior mi ng
processing functions. Menory nmay al so include | arge capacity storage

devi ces, such as magnetic and/or opti &l recording devices. Qutput devices
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[0036] Now referring back to FIG 2, there is provided a brief description of the

operation of the two-component wireless network. First, the RF transmitter 11 at the
coordinator 10 sends an assert signal to the end device 20; then the RF receiver 21 at the
end device 20 receives the assert signal and the received assert signal wakes up the end
device from the HIBERNATE mode to the IDLE mode; and finally the end device 20
transmits data to or receive data from the coordinator. After the completion of data
transmission, the end device falls back to the HIBERNATE mode until another assert
signal wakes it up.

[0037] The present invention further provides an ad-hoc wireless network that
provides the highest transmission rate with the lowest power consumption level. Prior to
any detailed discussion, it is to be noted that the practice of the present invention is not
limited to any specific number of devices or any specific configuration; the simplified
version of the network used herein for description is employed for the sole purpose of
clarification for illustrating the principles of the present invention. As shown in FIG 5, the

ad-hoc wireless network comprises one coordinator and four end devices, where there are



[ 0036] Now referring back to FIG 2, there is provided a brief description
of the operation of the two-conponent wireless network. First, the RF
transm t twpo 20/1agosehe coordi nator 10 sends an assert si goalSGeanvtobeiend
device 20; then the RF receiver 21 at the end device 20 receives the assert
signal and the received assert signal 1lakes up the end device fromthe

Hl BERNATE node to the |IDLE node; and finally the end device 20 transmts
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[0039] Now referring to FIG 6, there is provided a brief description of data
transmission via segment 1. First, the coordinator sends out the RF signal for end devices
located on segment 1; the intermediate end device along the segment 1 will be switched
from “HIBERNATE” to “IDLE” mode to enable data forwarding, and the furthest end
device along the segment 1 will be awakened from “HIBERNATE” to “IDLE” mode so as
to be able to send data back to or receive from the coordinator; once the data transmission
and forwarding are done, the end devices along segment 1 will again go back to the
“HIBERNATE” mode. During the operation, other end devices will receive the RF signal,
but the received RF signal will not trigger the end devices because the RF signal is not for
their segment.
[0040] FIG 7 shows a flowchart of segmenting an exemplary wireless network and
selecting the path with the lowest aggregate bps/watt in accordance with one embodiment
of the present invention. For an ad-hoc wireless network with a coordinator and a plurality
of end devices, the initializing and configuring step 71 positions end devices in a desired

field; then in the step of sending test packets 72, each end device sends test packets back to



determ ne which segnent it is on. In actual operations, only the

I nternmedi ate devices along the optimal transm ssion path (segnment) will be
acti vat edwbyotoa4iRE si gnal to effect data transfer, therebigsGeadwoinmy power
consunption of the network. [0039] Now referring to FIG 6, there is
provided a brief description of data ttansni ssion via segnent 1. First, the
coordi nator sends out the RF signal for end devices | ocated on segnent 1;
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converter 83. The comparator 84 compares the first 7 address bit with the address set by
the DIP switch 82. If the address matches each other, “1” will be produced and “AND”
from the AND Gate 85 with the data bit to wake up the end device 86.

[0042] The present invention further provides an ad-hoc wireless network with a

movable coordinator. The mobility provided by a moving coordinator further reduces the
needs to activate end devices unnecessarily as only those within the coverage zone and of
interests to the data acquisition are activated; the remaining end devices will be placed in
the power saving “HIBERNATE” mode.

[0043] The present invention significantly minimizes the power consumption by
end devices in an ad-hoc wireless network and at the same time enables the wireless
network to activate any end devices non-periodically (i.e., at will). The present invention
achieves its objectives by placing the end devices in a “HIBERNATE” (power saving)
mode and keeping a RF receiver on all the time for receiving any assert signal from the RF
transmitter of a coordinator, where the RF receiver associated with the end device

consumes much less power than that of the end device.



data bit, only one bit is needed for waking up the end devi ces whereas the
destination addresses are determned by the remaining 7 bits, which match
t he segnewbavioonr4@sede preset at the end devi ces throughPsirsehe9/000211
Dl P-switches. In actual operation, the RF transmtter fromthe coordinator
sends out the data through serial porfl2such as those from RS232 protocol ;
at the end device, a RF receiver 81 receives signal data in serial form
from t hqod¥a] t r ans rintadddition,Tirea sypicahladdhat avireless hetwerknihere mdy batnoulfidiops | el
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path, the systemtakes into consideration, the bits per second (bps) per
watt associated with each path before selecting the optimal path.



[ 0045] While the present invention has been described wth reference to
particul ar enbodi nents, it will be understood that the enbodi nents are

i Il ustratwoeomnd4tshat the i nvention scope is not so |i mPCa&s$G2/l9t0eImat i ve
enbodi nents of the present invention will becone apparent to those having
ordinary skill in the art to which th&3present invention pertains. Such

al ternate enbodi nents are considered to be enconpassed within the spirit
and scope of the present invention.CBag®Mdi ngly, the scope of the present
invention is described by the appended clainms and is supported by the
foregoi ng description. CLAIMS What is clained is: 1. An energy saving system
bei ng capgli&ci9fmddp! ementation in an ad-hoc wireless network that

conpri ses at feast one coordi nator and one or nore end devices, wherein the
one or nore end devices send data back to or receive fromthe coordinator;

said energy saving system conpr.i sing: at |least one RF .transmtter peing

ol ect ront ol 1P EUURY SEHIGE STRTRAene Prale oS BPsRGRR B FhRKerelRe o

| east ongridrk ithARSMptR at 403 b&Y ERAdiiMor Bl SROSAMBRIAE deviclvhdrin$ROD RF
assert signals; and one or nore RF receivers, wherein at |east one of the
one or 9be @r RIore €pdidguises send| data backi wad1 seceive Hoa theocoondinaser; tshisl eneegyr nor e
end devi ces an? cggabl.e of receiving the RF assert signals sent by the at

| east one FETENEHT

FPygpe: whereby the one or nore RF receivers are on all

the tinme so thadast e FOONEnB@AItRE BetngdBleCtréticABt bmilal Wi gRedatdR¥sCEEe from a
power saving node to a ready node for data transm ssion non-periodically by

sendi ng cpPrdimRforgWherein the ghlgpst ong Rfpansmittes cantyelled by the eeasdinater isaldetpl ed

with the,enge \Qt%%ﬁal and; whereby the end devices are in the power saving
node during the pe od’ W't hout data transm ssion, thus saving energy for

t he ad- hoc wonebesrs R¥t eoeivérs, Wheremnatrignst o8¢ b thesoretoemak RE edoeivks isvher ei n
the end device conprises a DATA transm tter/receiver, sensqrs, .nmenory,

di gi tal © eF'G%‘}‘“%lﬁ’o“%‘Pl?éé@sqnﬁg?%dﬁ? pne e m%?eenérf%wws e%f{/m@b'g TESRIYRE dhéri m 2,
wher ei NRENBsLHS Ssedl By 8R! £ HaSCore IOMfA®ig&OUp consi sting of acoustic
sensors, notion-detection sensors, radar sendors, sensors that

whereby the one or more RF receivers are on all the time so that the coordinator is

able to activate the end devices from a power saving mode to a ready mode for data
transmission non-periodically by sending the RF assert signals to the RF receivers
electronically coupled with the end dévices; and whereby the end devices are in the power
saving mode during the period without data transmission, thus saving energy for the ad-hoc

wireless system.

2. The energy saving system of claim 1, wherein the end device comprises a DATA

transmitter/receiver, sensors, memory, digital I/Os, and processing unit.

3. The energy saving system of claim 2, wherein the sensors are selected from the
group consisting of acoustic sensors, motion-detection sensors, radar sensors, sensors that
detect specific chemicals or families of chemicals, sensors that detect nuclear radiation or
biological agents, magnetic sensors, electronic emissions signal sensors, thermal sensors,
and visual sensors that detect or record still or moving images in the visible or other

spectrum.



detect specific chemcals or famlies of chem cals, sensors that detect

nucl ear radiation or biological agents, magnetic sensors, electronic

em ssi onsweigral44sensors, thermal sensors, and visual sens®GoWNat21tet ect
or record still or noving inages in the visible or other spectrum4. The
energy saving systemof claim1, wherd#n the end devices in the ad-hoc

w rel ess network have a nulti-hops configuration; thereby the ad-hoc

W 1 el esst.net itk enedgys 8@ViREtsesteinOof elairtal;hwherdindehel eed [@aviged hie tiahdhoc
transm ssjion path with the | .owest aggregated hps/watt. 5. The energy saving
syst em o¥irelessinetwork haxs éirﬁultlri@paawaf?&qr%twfseﬁbynthsﬂlrhomWIrFI%Sﬁéle 4%

aggr egat i W rmpaed - qduring e - t
P anem (TFRe by Boich <o Sl MARR) Rave, oRaaDiunichbion BEMYRE B et o,
wher ei n agpeeghted bpgavattet s i s enbedded with the power consunption associ at ed
with transmtting the test packets; and determ ning by the coordinator the
data transm ssion path with the | owest aggregated bps/watt for each end
devi ce & ong THienddyShading msza&mﬁmﬁlwcw?emﬁe sl rBRnkSion pati Rith ke PoVer
consunption information; ereby the data transm ssion paths with the

| owest dojyess gagregatéhbpsiwatt isaletermined diiat ed as segments, wherein each end
device is assjgned.a .unjiqu code to determ ne L.ch se nt if is on;
thereby in actiisf 1%§%1gx§t‘?rg§§!§58hﬁr§xs%t§ng ﬁ’%’@??%%ﬂda‘}‘%mifewleg&ﬁ% ety ﬁ’e
segnent tid @odediratet] ashebdin tthe Bt packest isSéibeldell owRh f B8t pdidracdns@Ahd

t her eby reduci ng power consunption of the network. 6. The energy saving
syst em @psogiatadavith tropsariding thevestaackaisapd signal is an n-bit serial data
including th ti I of, e devices.and e ldeptifi i on of
each end dev?%%?qﬁﬁ%{g#h%%hgxﬁh%%&gnthg%mhﬁﬁgéﬁgmsﬂ-W%Q'gﬁgrg% %%%gég
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converter for converting the n-bit serjal data into parallel form a
conpar aPaTkefow VieR EonsHEPHER HPAMAatian; on code in the serial data with

the address Qfheldhy @RIGAS U anSmBSonPYatks Wifh Y h&\best 3@t ANIPSBAE afeOT

activating the end device when there is a matc
designated as segments, wherein each end device is assigned a unique RF code to

determine which segment it is on;
thereby in actual operations, only the intermediate devices along the segment are
activated by the RF assert signal to effect data transfer, thereby reducing power

consumption of the network.

6. The energy saving system of claim 1, wherein the RF assert signal is an n-bit serial
data including the codes for activation of end devices and the identification of each end

device; wherein the n is an even number.

7. The energy saving system of claim 6, wherein the end device comprises a serial-to-
parallel converter for converting the n-bit serial data into parallel form, a comparator for
comparing the identification code in the serial data with the address of the end device set
by a DIP switch, and an AND gate for activating the end device when there is a match

between the identification code and the end device address.

8. An ad-hoc wireless network, comprising:

at least one coordinator;



between the identification code and the end device address. 8. An ad-hoc

W reless network, conprising: at |east one coordinator;at |east one RF
transm t two 2bevragosel ectronically coupled with the at | east/Scaemoendi nat or,
wherein the at | east one RF transmtter controlled by the coordinator is
able to send RF assert signals; one oiSnore end devices, wherein the one or
nore end devi ces send data back to or receive fromthe coordi nator; and one
or nore RF reacdeaseione R afaishittdr bedds leleofénicdllyt beupddE with e 8t Rast’ e6€i ves
is electronically coupled {o one of the _one or nore end devices and capable
of receicQPIYAfHeWhereuthe at least g RE sansmittsy contgollad hydhe cogsdinater i abladari tter ;
wher eby L hERPAKeRsigMMIse RF receivers are on all the tinme so that the
coordinator is able to activate the end devices froma power saving node to
a ready node ohepr twraend davicesswheminrtbeemeon moieceal Idgvioys saddatagatk e &
assert signals t the(ﬁF receivers electronically coupled wth the end

devi ces F%H @9{%&5@?0{ Bater Aoy ces are in the power saving node during

the period Woh&@HINA@RF feb@Rer] FhbRMh atllbdif oRQYF I} SRrDiodeHF thiRIVRE110C
wirel ess system 9. The ad-hoc wirel ess network of claim8, wherein the

coor di nalestromeatyr ¢osipledato O Aftthepredn mere/end slsivices andreapsble dfgecedving ity
i nf or maty .0CesSI nit, |lpput vi ces, and out put devices. 10. The
tR!POargferp &gna‘f enf! Ey g}e aéll%ﬁsﬁ%?rg Rﬂﬁ'%r}sg}lﬁért

ad- hoc W réress®net wor he coordinator is a conputer,

m cr opr ocessehereBiPAhe Otic drabAPRF tdceivEfcaradn AllGhovifnelse SBatiRd véurHingfor ¢4 ai m 8,
wherein the end device conprises a DATA transmitter/receiver, sensors,
menory, abiegptagtivate dhe end Jayicss dgam fgpeiert saving, mode @ @- wady wrads| 95 datpet wor k
of clai : rehnetne: . ghou j.std ng of
acoust | TP iBRhARA AP Sollifh, ME G Sohetl STRARCONR Ry” BERl

det ect sleetrorficallycdoapiedabith the dndrdevicess and whbeby tlad end deviteo e infthé powerect
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e ssi oY1 BHAGT TWTEBE oriog Sathart ot {EisTIsgR s SAYHRE SIFBILI0E thaptkhofer ect
or recoigrefkd fystedf. MOViNng images in the visible or other

9. The ad-hoc wireless network of claim 8, wherein the coordinator comprises a
DATA transmitter/receiver, memory for storing information, processing unit, Input

devices, and output devices.

10.  The ad-hoc wireless network of claim 8, wherein the coordinator is a computer,

microprocessor, PDA, or laptop.

11.  The ad-hoc wireless network of claim 8, wherein the end device comprises a DATA

transmitter/receiver, sensors, memory, digital I/Os, and processing unit.

12. The ad-hoc wireless network of claim 11, wherein the sensors are selected from the
group consisting of acoustic sensors, motion-detection sensors, radar sensors, sensors that
detect specific chemicals or families of chemicals, sensors that detect nuclear radiation or
biological agents, magnetic sensors, electronic emissions signal sensors, thermal sensors,
and visual sensors that detect or record still or moving images in the visible or other

spectrum.



spectrum 13. The ad-hoc wirel ess network of claim8, wherein the end
devices in the ad-hoc wrel ess network have a multi-hops configuration;

t her eby twe 2atytaes2wi rel ess network is segnented to | et Peasic2endoeayi ce
have the data transm ssion path with the | owest aggregated bps/watt. 14.
The ad-hoc wireless network of claimi8, wherein the data transmission path
with the | owest aggregated bps/watt is determ ned by: during initial

net wor k 18et uThetadslvrnivirtlestiOndiwotkach clafifl 8jevict€inae iefd SletRes indteksltliod 0 t he
coordi natoor; wherejn the test packets is enbedded with the power .

consunp IS SeBYark have imulti-hpeseonfiguratign; therabythe addive Marelesh Betrkeisni ni ng
by the i r Spd.SSHan b i £ 0 t a9 ted
bps/ wat t(g %&téelggﬁ lg%ggcgg\%fl%e&egﬁ:gnggv?hggwd@gl ess n%%&mgﬁﬁﬂhb%gdthgng%g@t est
packet s aggrepatedibpgh@ater consunpti on i nformati on; whereby the data

transm ssion paths with the | owest aggregated bps/watt are designated as
segnents, wherein each end device is assigned a unique RF code to determ ne
whi ch segnentrhktaditdc Wireldss BBk of cRfthU3! whBRiRtHea%a rAimissidicpdtWthTedi at e
devi ces al ong the segnent are activated by the RF assert signal to effect
dat a t r Hedpwest agasgatey bpsbwait istgteymined byonsunpti on of the network. 15. The
ad- hoc wirelgss network of, claim8 erein the asser.t signal, is an
nobi't ser al Saea TR e Sote TeBimlliie B Bacr g desfRSRhbuted @bt ieloing  he
i dent i f ipatbésdinafor L alredi dhél ayst Cickoth €5 adnibddded Nwitls tBE powen dHsetionl6. The
ad-hoc wirel ess network of claim 15, wherein the end device conprises a
seri al - a¥ogiated|with transmittipg ghe teg pagkstiyand i ng the n-bit serial data into
paral |l el for € apar - G i Gt i | figat|-. i.n the
Cer i al data refBRER Bioker SainREPAE s, HendiERb SR BN GO HEHER 0%
AND gat egdregatat bps/atit rfor efih emdd dehdve alonghthe wihdess nawarknbised dpetheaest t he

identification . code and the end device address. 17. The ad-hoc w rel ess
net wor kP ea%hﬁ%spovmre%FWPW 'é‘g‘?{F"@Pﬂ%Et or is novable within the

network. 18. 4nBRb{fe fdata iaduthisfon PAHsIWithOHRU RO Aghedt MMk der € €SS

network, wherein )
designated as segments, wherein each end device is assigned a unique RF code to

determine which segment it is on;
thereby in actual operations, only the intermediate devices along the segment are
activated by the RF assert signal to effect data transfer, thereby reducing power

consumption of the network.

15. The ad-hoc wireless network of claim 8, wherein the RF assert signal is an n-bit
serial data including the codes for activation of end devices and the identification of each

end device; wherein the n is an even number.

16.  The ad-hoc wireless network of claim 15, wherein the end device compﬁses a
serial-to-parallel converter for converting the n-bit serial data into parallel form, a
comparator for comparing the identification code in the serial data with the address of the
end device set by a DIP switch, and an AND gate for activating the end device when there

is a match between the identification code and the end device address.

17. The ad-hoc wireless network of claim 8, wherein the coordinator is movable within

the network.



the ad-hoc wirel ess network conprises at | east one coordi nator and a
plurality of end devices, wherein at | east one RF transmtter is

el ectroniweal2ow/@espl ed with the at | east one coordi nat orPCarsd2aioleotio send
RF assert signals to the end devices, and wherein at | east one RF receiver
is electronically coupled with each off7the plurality of end devices and is
al ways on so as to be able to receive the sent RF assert signals fromthe
coordi nator; said nmethod conprising: performng by the RF transmtter to
send the RF assert signals to the end devices; performing by the RF,

recei ver§ t o BEOddof Trduding engrey GAUSEMPLion fhap ad- hogwireless iy otig WhREEiTE ndl

devi ces t]:(if ihac Qiﬂ%‘@%sﬁ%‘(\iv&% SRS af 1&%@9%7 TBSidaf)r AL 2 gh{réﬁ"@ Féﬁ‘pg to

t he coordi nat or e sent RF ‘assert signals are Iintended for“the en
devi cesdevibes; edhyreimet least ote\RIcransanitter in efpotzenicabviéaugledodith thieet I¢dsegnar e not

activated he se asse si gnal.s, ,reduci ng.the ene con i on of
he v r Sreibalns g hle G358 RE Sirmgralt EORE AP doyiCesr L lerF iRt bl |
signal R¥ AReNePid elRirbitalNataupldiC Withi digh tdTethe Q@alifyOsf afd d¥vtéOandhis end
devices and the identification of each end device; wherein the n is an even
nurber . abgys PRsormsttt b able tolraseaivelthe samtdRle assertisignalsdrane Wheceoardinptor:ssaid a
serial-toyparallel.converter for converting the n-bit serial data into
parallefIle 5 ﬁpng”ggﬁparator for conparing the identification code in the

serial data pedfermiifg bpa RS srafdmitteetoseall the\RIC&ss&eighils t the Bnédéticds; and an
AND gate for activati ngjthe end device _when there is a match_between the
i denti fi cati Berferariag by éhe NG ressiyersdo recsivadhe seag RE assert signals; and

activating the end devices from a power saving mode to a ready mode for data
transmission to the coordinator if the sent RF assert signals are intended for the end
devices;

whereby the end devices are in power saving mode when they are not activated by

the sent assert signals, reducing the energy consumption of the wireless network.

19. The method of claim 18, wherein the RF assert signal is an n-bit serial data
including the codes for activation of end devices and the identification of each end device;

wherein the n is an even number.

20.  The method of claim 19, wherein the end device comprises a serial-to-parallel
converter for converting the n-bit serial data into parallel form, a comparator for comparing
the identification code in the serial data with the address of the end device set by a DIP
switch, and an AND gate for activating the end device when there is a match between the

identification code and the end device address.



