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1.

The present invention relates to a wireless
communications system that performs wireless communications

by using a plurality of wireless channels.

Background of the Invention

Recently, there is known a wireless communications
system which exchanges control signals to initiate, change
or terminate functions of devices installed at a remote
place or exchanges measurement results from measuring
instruments installed at a remote place, by using a wireless
communications station such as a low-power wireless
communications station. Such a wireless communications
system is applied to various types of systems such as
illumination control systems, security systems, door phone
systems, fire .information systems, ana automatic remote
meter-reading systems. For example, there is disclosed a
fife information system in Patent document 1.

In the fire information system disclosed 1in Patent
document 1, a plurality of fire detectors (wireless units)
is installed at multiple portions and each of the fire

detectors has a wireless communications function. In the

1 SUCIRELEAS SI0MBITNE BTN T HYSGHY systemis applied to
various types of systems such as illum nation control systens, security
systens, door phone 20systens, fire information systens, and automatic



“In-+the fire informati on systemdi sclosed in Patent docunent 1, a plurality
of fire detectors (wireless units) 25is installed at nultiple portions and
each of the fire detectors has a wi rel ess communications function.In the
fire informati on system when any one of the fire detectors detects a fire,

"the fire detector sounds the alarmwhile continuously transmtting a
wireless signal including fire detection information to other fire
detectors.In the 5neantinme, each of the other fire detectors receiving the
wireless signal fromthe fire detector activates a fire alarm based on the
fire detection information included in the wireless signal. Herein, the
W rel ess sighale tirgsMattied eysteceiweth bynyldnet log theefdetedtorstantcl| udes
a synchronous bit (preanble), a frame synchroni zation nync) pattern
(uni que wor detertdest i Aarkonthddiféss, IFELSEEPEe SYdLEs S a HETSg 1 dnd an

error detection code. .-The preanble is_a hit;pattern.for;hit Synchsond zation
of about 8 bfT Qﬁ%ﬁ?ﬁyi%l%ﬁ%%ﬁ“%gﬁ da1W§Fé115 aI?%rnatelflarfanged, for

exanpl e. Furghesocitdhe ynegueatvid ks aothidr strieamdwdcgra.bit Ipattier n
differing fromthat of the preanble, and uses a bit pattern that is hard to

be incl wded hermt izt eedct opfa thessiderorf it FPkRCEOMTe HRITCHSE detect s

- the preanbl e and the uniqu rd 2Q i d ' e ecebved w reless
signal and dBter essfﬂ%?ft%%OpeggFVeggtgrgggggt%?gﬁgﬁ ?éyg wirel ess

signal used i, fhe,syssepnht enehisghel tahelengs. ifhefnat hen detenidrd can
obtain information by receiving the destination address or the nessage
fol |l ow ng t heheinh el emoy éigkatt her, the error

Herein, the wireless signal transmitted or received Dby

icC the fire detectors includes a synchronous bit (preamble), a

frame synchronization (sync) péttern (unique word), a

destination address, a source address, a message, and an

error detection code. The preamble is a bit pattern for bit

synchronization‘of about 8 bits length in which 0 and 1 are

15 alternately arranged, for example. Further, the gnique word

is a bit stream having a bit pattern differing from that of

the preamble, and uses a Dbit pattern that is har@. to be
.included in a pattern for a message or the like.

The detector detects the preamble and the uhique word

20 included in the received wireless signal and determines that

the received wireless signal is a wireless signal used in

the system to which it belongs. Then, the detector can

obtain inforﬁation by receiving the destination address or

the message following the unique word. Further, the error

25 detection code is formed of, e.g., a Cyclic Redundancy Check

(CRC) or the like, and is used in checking the integrity of



' 25detection code is fornmed of, e.g., a Cyclic Redundancy Check (CRC) or the
like, and is used in checking the integrity of the received wreless
signal and detecting a cause why the bit inversion or the |ike has
occurred. - I'n the above-descri bed wirel ess comunicati ons system
there is provided a plurality of wireless channels for 5 wreless signals
within a specific frequency band and the wreless signals are transmtted
between nmultiple wreless comunications stations (transmtters and
receiver). In this case, the transmtter alternatively selects one anong
the wirel ess channels and transmts a wireless signal 10 through the

W rel ess Cha@ﬂglreJ@@m&?Qﬁh¥@%s§C@@§n§h|aﬂﬁr§E§§§tﬁﬂ@nﬁe¢émgﬁ why the
predetermned tine period interval, for exanple, in a tinme division manner.

Further, thebteceiwersioeasur gse sliigiahast peagtiedf each wirel ess channe
based on a Received Signal Strength. 1 I.ndi cation (RSSL) .sign , Wwhen
t he measured si gnaP §P?eﬁ§?ﬁFi%¥%?65F§rwfﬁg%egsd?gﬁérggﬁ%ﬁéégtﬁéégﬂgld,
detects a preadbl e AndoLEeRIAeSat hoLud1algSSos] Gnakickn thimmay, tde

receiver can receive the wireless signal through the wrel ess channel
arbitrarily sererc¢sd bygmeich widrisnia t epecDic afrPqUre W rdes 2 ghiet can

' document | 1] JHPERCSE: PAFGHAGH T CHET T BUETT CHL GRON S L20B0: 1 7500
- Fowever, mhegotggniéggﬁﬂLJtEE §§£E§t$t9aM@$fﬂ63¥% 25ﬁ@anﬁ%biber§ransn@t a
W rel ess S|gnaF, a power of the Wi rel ess signal may be | eaked into wreless
channel s ot heris case, the transmitter alternatively selects one among
| the wireless channels and transmits a wireless signal
10 through the wireless channel. The receiver scans all
wireless channels at a predetermined time period interval,
for example, in a time division manner.
Further, the receiver measures signal strength of each
wireless channel based on a Received Signal Strength
15 Indication (RSSI) signal and/ when the measured signal
strength is-greater than a predetermined threshold, detects
a preamble and receives the wireless signal. 1In this way,
the receiver can receive the wireless signal through the
wireless channel arbitrarily sélected by each transmitter,
20 and the wireless signal can be transferred between multiple
wireless communications stations.
[Patent document 1] Japanese Patent Application
Publication No. 2009-177340
However, when the transmitter selects a wireless
25 channel to transmit a wireless signal, & power of the

wireless signal may be leaked into wireless channels other



“than the wireless channel selected to transm: the wireless signal.
Further, the receiver and the transmtter nay be installed close to each
other, and there may be the case where the signal strengths of other
wirel ess channel s exceed 5 a predeterm ned threshold. In this case, there
is a possibility that the receiver erroneously selects as a reception
target another wong wireless channel and starts reception of a wrel ess
signal therefrom For that reason, it is concerned that the receiver may
mss the wireless 10signal transmtted fromthe transmtter via the correct
wi rel ess channel . On the other hand, in such a wreless

comuni cations system. a.w.rel C i tali J8Y -b h
plurality of té?%_c'?k%eoﬁlcre&\e@\?iscecgl.gég%?egg%% e,éaﬁii% e 15r§g§i 32%3%:@;%8 :
receive a deteghipn sk@haled r oha hewmivarodyndletieet Foansensor ofawa door
phone device, and receive a diming signal for manipul ati a diming | evel
froman il usiaselled coyol tdeorel P5DBper 4R8 NG AMRY I et of Caasg

o each of ¢ HESBBor brcrit by BFERAm 3 Tt mat |6 cantral “yntom "

ystem

5 a predetermined threshold. In this case, there 1is a

possibility that the receiver erroneously selects as a

reception target another wfong wireless channel and starts

reception of a wireless signal therefrom. For that reason,

it is concerned that the receiver may miss the wireless

10 signal tfansmitted from the transmitter via the correct
wireless channel.

On the other hand, in éuch a wireless communications
system, a wireless reception station may be shared by a
plurality of electronic devices. For example, a single

15 receiver can réceive a detection signal from a human body
deﬁection sensor of a door phone device, and receive a
dimming signal for manipulating a dimming level from an
illumination control device to operate a dimming level of a
lighting equipment. Further, a plurality of transmitters

20 can be connected to each of the door phone system and the
illumination control system.

In the conventional wireless communications system,
the bit length of the preamble is set to a minimum number of
bits required to perform the bit synchronization (8 bits in

25 the above-described fire information system). For that

reason, as the number of transmitters increases, the



In the conventional wreless communi cations system the bit length of the
preanble is set to a m ni num nunber of bits required to performthe bit
synchroni zation (8 bits in 25the above-described fire information
systen). For that reason, as the nunber of transmitters increases, the
probability becones higher that the Leceiver scans another wong wrel ess
channel when a certain transmtter transmts a wireless signal.
Accordingly, it is highly possible for the receiver to mss the preanbl e of
the target wreless 5signal. In this case, the transmitter transmts
the sane wirel ess signal again. However, if a length of a nmessage to be
transn]tped I?o'Qﬂgﬁtkh%xkkﬂE n%&%ﬁgerEaEh%hﬁ4&%E@§§e§'g83hst9nbeher
retransnitted é%?er t he preanﬁle as been 10 missed is very long. As a
resul t, thergradd sesra gpsohbinamebhavhéheat baet 4 akerrdnentiigetr &menEssidn and
reception of the wirel ess signal becones proLonged,,Sunnar¥ of %hefor
Invention 1521 Wivekerf s idRr laboEcoFRE Bl Esent PAvErnEroN profides a
vi reless commyni Catlons, syst GMn i G Afifceiyer c6an cheblabhyreeesive a
wirel ess signaf wheh ' the receiver is installed close to a transmitter.
20Furt heg, thegpsesent invention provides a wireless communications system
«which a preanble of a wreless signal transmtted by a transmtter can be
reliably receivedIandthhe t¢affsm §BFonCEARFHECSHt i 6h2BF tHe Wil 888%si gna
can be wireless signal again. However, if a length of a message to
be transmitted is 1long, the time needed for the wireless
signal to be retransmitted after the preamble has been
10 missed is very long. As a result, there arises a problem
that the time taken in the transmission and reception of the

wireless signal becomes prolonged.

Summary of the Invention

15
In view of the above, the present invention provides a
wireless communications system in which a receiver can
reliably receive a wireless signal when the receiver 1is
installed close to a transmitter.

20 Further, the present invention provides a wireless
communications system which a preamble of a wireless signal
transmitted by a transmitter can be reliably received and
fthe transmission and reception of the wireless signal can be
performed in a short period of time.

25 In accordance with a first aspect of the present

invention, there is provided a wireless communications



* performed in a short period of time. 25ln accordance with a first aspect of
the present invention, there is provided a wireless comunications system
including: a transmtter which selects one wrel ess channel anong. a
plurality of wireless channels each having a different frequency from each
other and transmtting a wireless signal through the selected wreless
channel; and a 5 receiver which receives the wireless signal transmtted
fromthe transmtter, wherein the receiver includes: a signal strength
detection unit which scans each of target wi reless channels for a

predeterm ned scan period by sequentially switching the target w rel ess
channel s and neasures a signal

: 10 strength thereqf . a_staorage.unht for
storing the SYHiRl SR7eHYtHs of “_cnr‘?‘élsf“&ttc'jgf‘ WrSPesS e gﬁng’f% Qﬁ%%sur%d by
the signal strenath detectign,uniis, and a,2h@8al chesepts amdmidavahca
preferenti al fy receives a wireless 'signal on the wireless channel having a
hi gher pri or it yr&leder mirredubased fiom orathe artder ofdt hersngmait$Cr efigt h

stored in the storage unit, anong the target wreless channels,.. Wth
such confi guratebess tHSTALr éhégggéifg}"rﬁa|seilsec&&ye8%£8 %%St%éa%er*e'l 88§ Ehannel

with t hES great §§£v§ anal . strengths Accorghindlass whghal herdsiamsidd érowhi ch
“has 20transm tied the wireless signal is positioned close to the receiver,

the receiver tgan grelisahkyer eceineecihe thier etessiwimgnahctdderighat e IRPtel ess
channel of the transm tter positioned close to itsel ffot her than the.
Wi rel ess chastebngnl odekr @i TherdeWeRi6P FRRMN FRF RSt sFYNAT" i 6 1%eaked. As

a 25result, it is Pgs%i bl e tg .reduce. . the probability thatstheedecaiyer
m

|
; : Tor a
nm sses the WIC}%F% $%si'gnal”“ fromthe transmtter _
| switching the target wireless channels and measures a signail

1¢C strength thereof, a storage unit for storing the signal
strengths of the target wireless channels measured by the
signal strength dete;tion unit; and a signal reception unit
which preferentially receives a wireless signal on the
wireless channel having a higher priority determined based

15 on the order of the signal strength stored in the storage
unit, among the target wireless channels.

With such configuration, the wireless signal 1is
detected on the wireless channel with the greatest signal
strength. Accordingly, when the transmitter which has

20 transmitted the wireless signal is positioned close to the
receiver, the receiver can reliably receive the wireless
signal through the wireless channel of the transmitter
positioned close to itself other than the wireless channel
into which the power of the wireless signal is leaked. As a

25 result, it is possible to reduce the probability that the

receiver misses the wireless signal from the transmitter



“even if the transmtter and the receiver are positioned close to each

ot her. In the above system the wireless signal may include a
destination address indicative of a receiver of destination, 5 and the
receiver may sequentially switch the target wirel ess channels and receives
the wireless signal on each of the wireless channels in the order of the
signal strength until the destination address of the received wreless
signal matches its own address. 10ln accordance with a second aspect of the
present invention, there is provided a wireless comuni cati ons system
including: one or nore transmtters each of which selects one wreless
channel anong a plurality of wreless a | s Vi LEf grent
frequency froffeach ot'tfer “1%™and Tr aﬁgﬁi ':Hs}leea wg?éé eés.% é?gngslogthrough t he
sel ected wirg|gss channel otaed. a receiver which receives the wireless

signal transmtted fromthe transmtter, wherein the wrel ess si gnal
i ncl udes a preanblle Ehewhbehe syrtetot ety HédSbPES s§HE Hatter rjrnlclsL feptat ed,

and data having an address for 20.. identifying. a_ttapsnittel.andcaon,
transni ssi ondFﬁ‘Fbrrlahtdtcirbﬁ?ﬁE‘ﬁﬁsr%%%%(\:/%:rl.‘fencc%@u esr%g Synchronous bit detection

unit which scags.hy sequenti aklyssshéehidg  havinichekesstehgameligeilnsa
predeterm ned scan period in a tinme division manner, and detects_the bit
sync patternchaoneeachndi rebesgeshannelwirglgses$ igara r%e‘fﬁ“fl'bnoﬁnﬁlemhi ch

receives the data follow ng the preanbl.e when_the_bj y terneks
detected, th&ipFeanDl 2L %att" &4t 4 ot g 6?‘?‘ Fg%"ﬁ‘ﬁ R Fengt h

correspondi ng, £o QNG ;$GaR-RErifgand arbitnd epgtbivequivieditss detigorlt he

bit sync pattern. Wth such configuration, it is possible to increase
t he probabil inbychbatithewreeedvessdetects the bit sync pattern of the
wireless signal transmtted by the transnmtter. As a result, t

probabi EPty of ni g1 ngCERERPrEanBEER of* t RESRIY elPEES S gcr)fgl tt%lra g'rn@istetnéd by
the transnit%%@e%%iggprgﬁﬁﬁgy qu EQSV%@E§|G§S wirgnalssCaRolfunications
system including: one or more transmitters each of which
selects one wireless channel among a plurality of wireless
channels each having a different frequency from each other
15 and transmits a wireless signal through the selected
wireless channel; and a receiver which receives the wireless
signal transmitted from the transmitter, wherein the
wireless signal includes a preamble in which a predetermined
pit sync pattern is repeated, and data having an address for
20 identifying a transmitter and a transmission information,
the receiver includes a synchronous bit detection unit which
scans by seguentially switching the wireless.channels in a
predetermined scan period in a time division manner, and
detects the biﬁ sSy1nc pattern from each wireless channel, and
25 a data reception unit which receives the data following the

preamble when the bit sync pattern is detected, the preamble



lorransnitted and received in a short period of tine i

may i nclude a channel setting unit forpsetting t he target mﬁrlP252606|ver
channel's, and the transmitter may change a length of the preanble in
accordance with the nunber of wreless channels set by the channel setting
unit. 15 Thus, since the length of the preanble of the transmtter can be
increased or decreased in accordance wth the nunber of scans of the

wi rel ess channels set by the receiver, a nore suitable preanble |ength can
be selected. As a result, the wireless signal can be transmtted and
20received in a short period of tine while decreasing the probability of

m ssing the,preanhl e 1qf, the wirghess shgnal 1é&fansmdi eck bybithe Tteramdn
. &mi t :
Further, thé receiver r?aylncludeapriority settin » uni t form ver

setting pri eoreesohdtng heot angescanr @eadsdchadnel $1t258AUCE MeSEFERT onous

bit detection unit may set the nunmber of scans of the r i i
) espective wirele
channel s duringce&€h é%%mb”peﬂrbcd B54$Ed “on the prioriti espset for the >

respective wirel essifhanpe! Sonsi Byndoi; ; ; ;
. . gurat B¥ndoiiRg 50, péofible. g tnsiawglee scan
period, a wireless signal on the w rel ess channel having hi gher SEmg;Ipri ority

i's detected whepl yrababyl ofy tichies. Ther efesredverhedprastiabi Hh y PoF dBtéct i
wireless signal froma transmtter having_the hi ngtra A %ji%/y biys fggeﬂliapg :
i ncreased. patternpyrqfher Abfe, HE FESe| vsélrgnrfaaly ifctu elta priority setting

unit for Setégg%%ﬂqkkggitigé;fgrrggglﬁgrgﬁg WrbehB$Bity of missing the
preamble of the wireless signal transmitted Dby the
" transmitter is decreased, and the wireless signal can be

10 transmitted and received in a short period of time.

The receiver may include a channel setting unit for
setting the target wireless channels, and the transmitter
may change a length of the preamble in accordance with the
number of wireless channels set by the channel setting unit.

15 : Thus, since the length of the preamble o:i the
transmitter can be increaéed or decreased in accordance with
the number of scans of the wireless channels set by the
receiver, a more suitable preamble length can be selected.
As a result, the wireless signal can be transmitted and

- 20 received in a short period of time while decreasing the
probability of missing the preamble of the wireless signal
transmitted by the transmitter.

Further, the receiver may inclﬁde a priority setting
unit for setting priorities for the target wireless channels,

25 and the synchronous bit detectién unit may set the number of

scans of the respective wireless channels during each scan



' 10 channel's, and the synchronous bit detection unit nay set the time for
which the respective wirel ess channels are scanned during each scan period
based on the priorities set for respective wireless channels. Wth such
configuration, for, e.g., a single scan 15 period, a period time for.
which a wireless signal on a wireless channel having higher priority is
detected is extended. As a result, the probability of detecting a wireless
signal fromthe transmitter having higher priority is further increased.
20The wirel ess signal may include a frame sync pattern having a bit pattern
differing fromthat. of the bit sync patterns which follows the bit sync

Fattern, th%eggggiv$£séyrqﬂprty@y %p§5fgg;é% skgpal £ st r engt hrdepeadiven unit
or detecting Signal strengths of the target wireless channels 25and a
frame detecwiieplusst channdetecting the frame sync pattern, and the wrel ess

channel s may be scanned agai n when the frane sgggapattern Ls,not detected
e

until a predet er MhedPéE o8°0f t95e Fs%el agsed* r‘ﬁg?bcpfﬁg a’ signal

strengt h of det er mi . .
dEtEC?ionouﬁﬁfgﬁgfg ?%?éﬂgg stk ength Qf AREEsbYy-idiseSi gmak isgr engdrer

detectign o@fﬁb&iwyrabe&ﬁigigé@PZf;ﬂ;eigggge;¥ggaﬁgéF2Lgb;§¢£%$,d%LESFed’
possible to prevent reception of a normal wireless éi%nal Eroqf%éin%'ls
InterruptedEb@b&ﬁllltY of detecting a wireless igna r
transmitter having the higher priority is further increased.
Furthermore, the receiver may include a priority
setting unit for setting priorities for the target wireless

10 channels, and the synchronous bit detection unit may set the

time for which the respective wireless channels are scanned
during each scan period based on the priorities set for
respective wireless channels.

With such configuration, for, e.g., a single scan

15 period, a period time for- which a wireless signal on a

wireless channel having higher priority 1is detected 1is
extended. As a result, the probability of detecting a
wireless signal from the transmitter having higher priority
is further increased.

20 The wireless signal may include a frame  sync pattern
having a bit pattern differing from that. of the bit sync
patterns which follows the bit sync pattern, the receiver
further may include a signal strength detection unit for
detecting signal strengths of the target wireless channels

25 and a frame detection unit for detecting the frame sync

pattern, and the wireless channels may be scanned again when



" abnormal w reless signal. 10Further, the receiver may incl s

strength detection unit for detecting signal strengt%s of ?ﬂg ?a?bg?al
wi rel ess channels, and, if a signal strength of the receiving wreless
channel, detected by the signal strength detection unit while the data
reception unit is receiving 15 the data, is |less than a predeterm ned
strength, scan of the target wreless channels nay be restarted while
reception of the wireless signal is stopped. Wth this configuration, when
the signal strength is weakened during the reception of the wirel ess
signal, the 20reception is stopped and the detection of a wirel ess signal

is performed_again. Accordi there.c ged t i i
nor mal mnrel%% %?ﬁﬁhﬁypg R§EL¥3%6¥§e td?%tggtgﬁg%her 5€EEFS§F§3F%€?§QLCh :
signal . 25Brjefideses ipinicon sofeltpeedr aft agsdetecting aThe Jobjl e 6t seBHE
features of the present invention will be apparent from.the. follow
description of prQﬁeﬂ?é@ﬂéﬁﬁﬁhiﬁ@ﬁﬁ@tﬁhp6hW°§egPVeﬁthEE@ﬁfangffgﬁgagth t he
acconpanyi ng dramgﬂg§nngﬁ‘folloms: 5Fig. 1 is a schematic bl ock di agram
showi ng a wi FeFess! Comfmi cat i ons systemin accordance with a first

enbodi meat  of thepresent idueenti @hen a  frame sync pattern is not
detected, detection of the wireless signal is performed
again. Accordingly, it is possible to prevent reception of
a normal wireless signal from being interrupted by an
abnormal wireless signal.

10 . Further, the receiver may include a signal strength
detection unit for detecting signal strengths of the target
wireless channels, and, if a signal strength of the
receiving wireless channel, detected by the signal strength
aetection unit while the data reception unit is receiving

15 the data, is less than a predeterminéd strength, scan of the
target wireless channels may be restarted while reception of
the wireless signal is stopped.

With this Configuratién, when the signal strength 1is
weakened during the reception of the wireless signal, the

20 reéeption is stopped and the detection of a wireless signal
is performed again. Accordingly, there caﬁ be avoided the
case in which a normal wireless signal is not received due

to another abnormal wireless signal.

25 Brief Description of the Drawings

-10-



"Fig. 2Ais a schematic diagramshowng a format of a wreless signal in the
W rel ess communi cations systemof the 10 first enbodinent, Fig. 2B is a
schematic diagram for explaining a tinme division nethod by which a wrel ess
signal is scanned, in the wreless conmunications systemof the first
enbodi nent, and Fig. 2C is a graph showi ng an exanpl e of neasurenent
results of wreless signal strengths, in the 15w rel ess comruni cati ons
system of the first enbodinent; Fig. 3 is a schematic block diagram
illustrating a configuration of a wireless comruni cati ons systemin
accordance with a second enbodinent; Fig. 4A is a schematic di agram
depicting a formaf, of ;a2 20 W el @ss sl £l MRl esseaOMAUNICAL i ONS
syst em of theseco% ge%%o I r?er?tn,% éﬁ%tziéggﬁ% 4%1%51:1%-schenati c di agrans
showi ng the pi magharenhi crdrhecé r eloesswshgnalescanptseanmdd, pral ¢rved
wirel ess communications systemof the second enbodiment; and 25Fig., 5 is a
t abl e showi nguseditiengs sethisy a eceFVET i n*% he“WH+ &F e tontiumi Cg.tfl ons

system of the second . _enmhodi . ihed-Description of the Preferred
Enbodi nent s *BERHSHI e {Tgr%‘flﬂl‘:?%’ A B8l

e present invention will be described in
detail below with reference d o d hecaesempanybhockdr aliiaggemwhisbhvieF maa part
hereof. The sanme reference nunerals will be given to the sane or_simlar

conponent s t Wk DELFRAUL COMEITHIOARLAGS, SXFdeFe din ATHCTHRESH pHicons t heteof wil

be omtted. %%CI)E m?edn't”%r%t i present invention;

Fig. 2A is a schematic diagram showing a format of a

wireless signal in the wireless communications system of the
10 first embodiment, Fig. 2B is a schematic diagram for

explaining a time division method by which a wireless signal

is scanned, in the wireless communications system of the

first embodiment, and Fig. 2C is a graph showing an example

of measurement results of wireless signal strengths, in the
15 wireless communications system of the first embodiment;

Fig. 3 is a schematic block diagram illustrating a
configuration of a wireless communications system in
accordance with a second embodiment;

Fig. 4A is a schematic diagram depicting a format of a

20 wireless signal in the wireless communications system of the
second embodiment, and 4B and 4C are schematic diagrams
showing the time for which the wireless signals are scanned,
in the wireless communications system of the second
embodiment; and

25 " Fig. 5 is a table showing settings set by a receiver

in the wireless communications system of the second

'l,l‘



Hereinafter, a first enbodinment in accordance with the present invention
wi Il be described with reference to Figs. 1 and 2. As shown in Fig. 1, a
wirel ess communi cations system 150f the present enbodinent includes a
single receiver 10 and a plurality of transmtters 20. Further, in the
present enbodi nent, the transmitters 20 including seven transmtters 20a to
20d and 20x to 20z are described, but the present invention is not limted
thereto. 20The transmitters 20a, 20d together with the receiver 10 may be
included in a door phone system Each of the transmitters 20a, ., 20d

i ncludes a door phone outdoor unit which transmts a call signal in
response to ngykﬁ_e%Elon of a user, e.g., a human body detection sensor
.25|nplenentedras a°carmera or the like to transmit a human body detection
signal, or a locking device attached to a door ac a porch or the |like and

configured to transnit a key | ock/unlock signal. Further, the tr '
20x, 20z ter@ﬁE{Jﬁl—ﬁescrlp¢%ﬁn“3iéﬁﬁeﬁ_ié_%ﬁyiﬁgﬁﬁﬁéﬁﬁgga A ananSﬁltters

i || um nation control 5system In this case, each of the transmtters
20x, 20z

5 Embodiments of the present invention will be described
in detail below with reference to the accompanying drawings
which form a part hereof. The same reference numerals will
be given to the same or similar components throughout the

drawings, and redundant descriptions thereof will be omitted.

.lO <Embodiment 1>
Hereinafter, a first embodiment in accordance with the
present invention will be described with reference to Figs.
1 and 2.
As shown in Fig. 1, a wireless communications system

15 of the present embodiment includes a single receiver 10 and
a plurality of transmitters 20. Further, in the present
embodiment, the transmitters 20 including seven transmitters
20a to 204 and 20x to 20z are described, but the present
invention is not limited thereto.

20 The transmitters 20a, -, 20d together with the
réceiver 10 may be included in a door phone system. Each of
the transmitters 20a, ', 20d includes a door phone outdoor
unit which transmits a call signal in response to
manipulation of a user, e.g., & human body detection sensor

25 implemented as a camera or the like to transmit a human body

detection signal, or a locking device attached to a door at
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may be a renpte controller for transmitting a dimmn i C i
_ _ _ _ _ _ g signal in accordance
wi th mani pul ation of a user, a lighting equipnent for outputting a lighting

signal indicative of a lighting state of a |i i i
: ght ght source, or an illum nance
sensor 10attached to a ceiling surface or the I'i ke and configured to output
an illum nance detection signal indicative of _brightness in a room

Each transmtter 20 is provided with a transm ssion unit 21 serving as

e.g., a lowpower wireless station. The 15transmitter 20 is configured’to
transmt to the receiver 10 a wireless signal including i nformation about
its own type and the type of systemto which it bel ongs. The transm ssion

unit 21 selectg a.wirgl esgechannel saaongosr fdhutfedl i t i sel

. lects.a | es y ofrarsawelcess cimannel s
provided w thin a speC|f[c 20 frequency band, and then transmts the
wirel ess signalk/ualthe segehver 10 through the sel ected wirel ess channel
Further, in the present embodi nent Ihg wirel ess. ch I s Dy, ihe
transmitters 20a, FuT FoF an20% 2507 50T Ude w & .

ch2. eh7 include wi'rel ess channel s chl,
! ) the receiver 10 may be included in an illumination control

5 system. In this case, each of the transmitters 20x, -, 20z
may be a remote controller for transmitting a dimming signal
in accordance with manipulation of a 'user, a lighting
equipment for outputting a lighting signal indicative of a
lighting state of a light source, or an illuminance sensor

10 attached to a ceiling surface or the like and configured to

output an illuminance detection signal indicative of

_brightness in a room.

Each transmitter 20 is provided with a transmission

unit.2l serving as, e.g., a low-power wireless station. The

15 transmitter 20 is configured to transmit to the receiver 10

a wireless signal including information about its own type

and the type of system to which it Dbelongs. " The

transmission unit 21 selects a wireless channel among a

plurality of wireless chanﬁels provided within a specific

20 frequency band, and then transmits the wireless signal to

the receiver 10 through the selected wireless channel.

Further, in the present embodiment, the wireless channels

used by the transmitters 20a, -, 204 and 20x, -, 20z,
include wireless channels chl, ch2, =+, ch7.

25 The receiver 10 serves as a main pontrol part common

to.both the door phone system and the illumination control
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25The receiver 10 serves as a main control part common to. both the door
phone systemand the illum nation control system and includes a control
unit 11 such as a microconputer or the like, a reception unit 12 such as,
e.g., a lowpower wireless station, and a storage unit 13'such as

non-vol atil e sem conductor nenory. 5The reception unit 12 is operated under
the control of the control unit 11. Specifically, when a wreless channel
to be scanned is designated by the control unit 11, the reception unit 12
nmeasures the signal strength of the designated w reless channel by using a
signal strength 10detection unit 12a based on, e.g., RSSI, and outputs the
neasurenment [ 4 todde contysels unit ddathwit hemid helr ecepth oresunid 12
receives a wireless signal flow ng through the designated w rel ess channe
when the wirelessafraneel of stidesl idreat @d dsgephéceoittol L uritc 1 £5 afid® out put s

various types of control information or the like i u < nsthg-fegei ved
wirel ess si ghalot P& COREr6FSuRFE-1qs/ 299 @ éﬁﬁ?%%$f§§%ﬁt?8ngig stored in

the storage ypit, 33 Ay ot BEMEOBEER t dMNinfembdy . I N the storage unit, signal
strengt hs neasured' y the signal strength detection unit 12a of the 20

recepti of unit l2Taeerstepwetbr nrassoci asi onewrtd resPict Hife GHRFEPesST
channel s. The control unit 11 activates the recepti uniyt, 121 at
every scan peRfo8CRERr Vi tusliing §p86i1%f’9?f1£3f1 T n%t‘glg %1%8 {0 measure

signal strengths of tarqet yireless,2ochappelserddiaial theicontokneanit 11
controls the reception unit 12 to Teceive a wireless signal transmtted
reception wunit 12 measures the- signal strength of the

designated wireless channel by using a signal strength

10 detection unit lZa based on,-e.g., RSSI, and outputs the
measurement .résult to the control unit 11. Further, the
reception uniﬁ 12 receives a wireless signal flowing through
the designated wireless channel when the wireless channel is
desigﬁated by the control unit 11, and outputs various types

15 of control information or the like included in the received
wireless signal to the control unit 11.

The information is stored in the storage unit 13 by
the control unit 11. 1In the storage unit, signal strengths
measured by the signal strength detection unit 12a of the

20 = reception unit 12 are stored in association with respective
wireless channels.

The control unit 11 activates the reception unit 12 at
every scan period interval using a built-in timer (not
shown) to measure sigﬁal strengths of target wireless

25 channels. Further, the control wunit 11 controls the

reception unit 12 to receive a wireless signal transmitted



fromone of the transmtters 20 based on the signal strength of each

W reless channel. In the present enbodinent, the signal strength is
neasured, e.g., for 2nms per a wireless channel, and the tinme correspondi ng
to one scan period 5 interval required to neasure the signal strengths of
seven wireless channels Chl to Ch7 is set to 14 ns (See Fig. 2B). The
wireless signal transmtted fromthe transmtter 20 to the receiver 10 has
a format shown in Fig. 2A, and includes a preanble PA, a unique word UW a
destination 10 address DA, a source address SA, a nessage MG and an error

detection cedemCBneThbe RheambesRAHtErd Bt idLAB ] grfée%ignglle'&rergtm

j t
synchroni zati on (sync) pattern in which O and 1 are altern y repeated,
and in whicbhf fearctexaipéiesshetanrsdl .bi t ThS tRl peedemndetnBediashebi trHes
set to 1, or 15 vice versa. The receiver can obtain frequency pulling-in
range whil eSiggalvistgangtibi issmeesmred, e.dhe Gorquemsnorelr UV iwiddelcess
bits differing fromthose of the preanble PA and is set to have a | ength
of, e.g., SthPf@li'n R prRR erftiMhb GOHRESPOTTHEI e 50 NQRE oreGRRIr Sy iDA 20

is a bid str ui to entify the receiver 10 as a destination for
recei vi5tng t%gg%pgﬁes%%gﬁlgrﬁa . ﬂ'h@eég}ﬁ%e tilt?drsels%na]a% PEIENFES sPresfven
required fowdnbgugsy chdRRbIEY cRACRO! EARSHL! Lek 28 whi 6l 5aasELLs LB,
wirel ess signal. Further, the nessage MG is a bit stream I ncludrng

25t ransmi ssi on i st neikehechatsignal ahsansmetdtby tfheont r the mtaersmdd t eand
may have a variable bit |ength depending on contents of the transm ssion
i nf or mati on?¥hé&Certl rEeeé¥eron todes Cr ikommad: t skevBarns (Big as2he. gnd a

Cyclic Redundagc§ Check %CRC% and is set such that_an abnormality such as
bit inversi ORCOREEPrithgPAPMEASt A e BPLINEr gigwd UW, a destination

10 address DA, a source address SA, a message MG, and an error
detection code CR. The preamble PA is a bit stream formed
of, €e.g., a bit synchronization (sync) pattern in which 0
and 1 are alternately repeated, and in which, for example,
the first bit is set to 0 and the last bit is set to 1, or
15 vice versa. The receiver can obtain frequency pulling-in
range while receiving the bit stream. |
The unique word UW includes bits differing from those
of the preamble PA, and is set to have a length of, e.g., 32
bits in the present embodiment. The destination address DA
20 is a bit stream required to identify the receiver 10 as a
destination for receiving the wireless signal. The source
address SA is a bit stream required to uniquely identify
each transmitter 20 which transmits the wireless signal.
Further, the message MG is a bit stream including
25 transmission information that is transmitted by the

transmitter 20, and may have a variable bit length depending
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- 50f- the nessage M5 can be detected upon transm ssion and reception.

Hereinafter, operation of the receiver 10 receiving a wireless signal is
described. First, the control unit 11 of the receiver 10 activates the
reception unit 12 at every 10scan period interval, and. neasures signal
strengths of all wireless channels to be scanned. The results of
nmeasurenents are sequentially stored in the storage unit 13 by the control
unit 11. The signal strengths of the respective w reless channels are given
as shown in, e.g., 15Fig. 2C In the follow ng description, it is
assuned that the signal strength reaches a maxi nrumat Ch4 and gradual ly
decreases ig,t heerder 0br Che Chtan&hbssiCh3, iChGmamicbnCh7. THar thePy t he
signal strengths at the channels Chl to Ch5 are 20 greater than a.threshold
th, which i Sedeteron nedd¢ 0CBe ig albiF sﬁ“‘g"r?é‘lm ssc“}céhgatsh fof thé re&epti on

unit 12, and those at. the channel s Ch6 and | e sopl Ler ihan.dihe
t hreshol d t kedundancy Ch ? i@’éﬁh 1ol un|t %%’éets as a target Wi rel ess

25channel of tpe reqept 'ﬁ%%llgnl%ctcn@r%§eé@s'ée&@@nﬂeltk(e%hu rstizhias case)
havi ng t he sFrongest signal strength, and controls the reception unit 12

to start recei WiHyg &@esMgéeMEBSCsmgnalckihetﬁéceﬂrnbntﬁﬁﬁﬂufﬁlPPxé§°the
targetwi rel ess channel, and detects bit patterns corresponding to the
- preanbl e PAeC€hél%®|que word UW the destination address 5DA, the source

address SA, the nessage MG and the error

. Hereinafter, operation of the receiver 10 receiving a
wireless signal is described. First, the control unit 11 of
the receiver 10 activates the reception unit 12 at every
10 scan period interval, and. measures signal strengths of all
wireless channels to Dbe scanned. The results of
measurements are sequentially stored in the storage unit 13
by the control unit 11. The signal strengths of the
respective wireless channels are given as shown in, e.g.,

15 Fig. 2C.

In the fallowing description, it is assumed that the
signal strength reaches a maximum at Ch4 and gradually
decreases in the order of Ch2, Chl, Chs, Ch3, Ché, and Ch7.
Further, the signal strengths at the channels Chl to Ch5 are

20 greater than a threshold th, which is determined to be a
valid signal strength for the reception unit 12, and those
at the channels Ché and Ch7 are smaller than the threshold
th.

Next, the control unit 11 sets as a target wireless

25 channel of the reception unit 12 the wireless channel (Ch4

in this case) having the strongest signal strength, and
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detecti on code CR Further, if the respective bit patterns are
correctly detected, there is no abnormality in the signal information based
on the error detection code, and the address of the 10 reception unit 12
itself is included in the destination address DA, the reception unit 12
determines the wireless signal to be a valid wireless signal, and outputs
information stored in the message Msto the control unit 11. Accordingly
the wireless signal flow ng through the 15w rel ess channel having the ’
strongest signal strength can be correctly received by the receiver 10. On
t he ot her hand, when the respective bit patterns are not normally detected

fron]the ta%%%%ﬁ%&éeh9§§ 9@%@8@k®n_ unit QQ_WB@nsﬁﬁ@tadﬂé&éﬁwﬂﬂé t hae
reception unit itself is not 20included in the destination address DA

the control wimetedd stigpslthe Treceptdentigmi tulix frdnfieeei {PAg "@ WFFel ess
signal flow ng through the wireless channel.Th

! | € ¢ n, the control Lt .11 sets
a wirel ess CGHARAEPS(GR2NTRL t Y CHES Hia ﬁﬁgpa%térnstﬁ%ggélgﬁﬁﬁﬂégﬁést

) 3 AT oPIE, LB, S0 ee ok e santl e o ks
control g DA, the source aégress SA,1tg: iegggggtM31rngsihgh%EQ%E’ and
detection code CR.

Further, if the respective bit patterns are correctly
detected, there is no abnormality in the signal information
pased on the error detection code, and the address of the

10 reception unit 12 itself 1is included in the destination
address DA, the reception unit 12 determines the wireless
signal to be a valid wireless signal, and outputs
information stored in the message MG to the control unit 11.

- Accordingly, the wireless signal flowing through the

15 wireless channel having the strongest signal strength can be
correctly received by the receiver 10.

On the.other hand, when the respective bit patterns
are not normally detected from the target wireless channel,
or when the address of the reception unit 12 itself is not

20 included in the destination address DA, the control unit 11
stops the reception unit 12 from receiving a wireless signal
flowing through the wireless channel. Then, the control
unit 11 sets a wireless channel (Ch2 in this case) having
the second-highest signal strength among the signal

25 strengths of. respective wireless channels stored in the

storage unit 13, as a target wireless channel, and controls

-17-



" the reception unit 12 to start receiving a wireless signal through the

W rel ess channel . The control unit 11 repeats the above-descri bed
recei ving operation on wireless channels having the third 5 signal strength
(CH1), the fourth signal strength (CH5), ..., and the like, in the order

- of signal strength until the reception unit 12 receives a valid wreless
signal and obtains the nessage MG included in the received wireless signal.
However, when the signal strength of the target 10 wirel ess channel is |ess
than the threshold th, the control unit 11 starts neasurenent of signal
strengths again at every predeterm ned scan period interval w thout
perform ng reception through subsequent wireless channels. lThat iisﬂali n the
case of the shgnaPcsRPfENYtHE tSHAWTS P93 FiTF BT "Eh& reé&pton®of Wi rel ess
signal s can Pﬁrgﬁéﬁr@{ ed,;in.the ordel..of Ch4, Ch2, Chi, Ch5, and Ch3 until
a valid wreless mgnaﬁ i's received. Further, when a valid wreless signal
has not been receipned evenrbd theitr ecepti oepoitwi retessasivymalescripetigh t he

wi rel ess channel Ch3, the 20neasurenent_of signal stren%t hs E%ergg§aéed at
p

every scan peeFedving epparation on pRrehfes waAJRTRTHte "t he T ecéht Fon of the

w rel ess_signal _is sequenti al perforped throughs abt ~sd@l ess ehannel s ih
the order of S%?Iglﬁgl ST ncélt ﬁ(Ch?’(% "i's possi bl est§ 25redf1ce§t he occurrence of
the case wherggt hed ecapt,| omnstaet sriderough angtdier swrengriwi net esstedannel
having the signal strength which is greater than the threshold th dé{le to

the | eakage okcpowery amdta W r&leesdvsEgral VRI1Ri SEEFIGTSt he T gef®

wirel ess channel .through which the, t1ansmidd er, traasmddadebhe Weiekess
si gnal . SFur th&PI"Pelépt i 6P a Wi rel ess signal I's performed
signal. However, when the signal strength of the target
10 wireless channel is less than the threshold th, the contxrol
unit 11 starts measurement of signal strengths again at
every predetermined scan period interval without performing
reception through subseguent wireless channels.
That is, in the case of the signal strengths shown in
15 Fig. 2C, the reception of wireless signals can be attempted
in the order_of Ch4a, Ch2, Chl, Ch5, and Ch3 until a wvalid
wireless signal is received. Further, when a valid wireless
signal has mnot been received even 1in the reéeption of
wireless signals through the wireless channel Ch3, the
20 meagsurement of signal strengths is repeated at every scan
period interval.
In this way, since the receptioﬁ of the wireless
signal 1is sequentially performed through all wireless
channels in the order of signal strength, it is possible to

25 reduce ‘the occurrence of the case where the reception starts

through another wrong wireless channel having the signal
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sequentially fromw rel ess channels in the order of signal stren i
the Wreless signal.is received. If the corresponding ?eception gartu?glhot
included in-the destination of a wireless signal having a higher signal
10strength, the reception unit can receive wireless signals flow ng through
ot her channel s. Accordi ngly, even when w rel ess communications systens are
arranged close to each other, the occurrence of the case where the
reception unit msses wireless signals which include the reception unit as
15a destination, through the transmtted and received wreless signal, can
3ﬁeae?Eced, thfreby inpriving comuni cation efficiency. Furthe}

e reception unit 12 cannot nornmal | et ect of, t i :
or when the PEESMGO Y 20 928 g% n?ﬁ-c?uggaegﬁgﬁe&de%% Ega%i%ﬁgterns,
address DA, the. signgt styenpgt AnABY he Jmasdredgagai nand smy set @he
wirel ess channel ‘having the next-highest signal strength to a reception
target. By dehnget hiwirdltesiss possible tbraimmyswiriedei véea WARBFBSSEST gnal

based on the | atest signal 25strengths nd reduce th ili
new y transmtﬁ-’ﬁéﬂnwtreéqgé% Yl gRafrs fﬁr?géd. ¢ probapility that a

5 Further, reception of a wireless signal is performed
sequentially from wireless channels in the order of éignal
strength until the wireless signal is received. If the
corresponding reception unit 1is not included in the
destination of a wireless signal having a higher signal

10 strength, the reception unit can receive wireless signals
flowing through other channels. Accordingly, even when
wireless communications systems are arranged close to each
other, the occurrence of the case where the reception unit

misses wireless signals which include the reception unit as

15 'a destination, through the transmitted and received wireless
signal, can be reduced, thereby improving communication
efficiency.

Further, when the reception unit 12 cannoﬁ normally

detect each of the bit patterns, or when the reception unit

20 12 is not included in the destination address DA, the signal
strength may Dbe measured again and may set a wireless
channel Thaving the next-highest signal strength to a
reception target. By doing this, it is possible to always
receive a wireless signal based on the latest signal

25 strengths, and reduce the probability that a newly

transmitted wireless signal is missed.
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<Enmbodi nent 2> Hereinafter, a second enbodi ment of the present
invention will be described with reference to Figs. 3 to 5. As shown in
Fig. 3, in a wireless conmunications 5 system of the present enbodi nent, a
receiver 10 further includes a manipulation input unit 14 such as a liquid
crystal panel, a switch, or the like. Below, a description wll be nade
whil e focusing on a configuration different fromthat of the first
enbodi ment. 10A reception unit 12 is operated under the control of a
control unit 11, and a signal strength detection unit 12a neasures a signal
strength of a wirel ess channel based on, e.g., RSSI, when a wreless
channel to be sca d i.s desi,gnated. When the neasured signal strength is
greater 15 than ap%rr%eodde%e“rﬁci r%gd threshol d, the reception unit 12 receives a
wirel ess signal fhew ngiderqugh t keceindel esbodhasmel e@hd Vit pupseIHE
wireless signal to the control unit 11. Wen %he Si gréal pSLrengt his less
than the pretsterionedithr S ndtFriORE FeERPI T UMt “T27 4985 not~ recei ve
the 20w rel ess signal_.an Ltszfor neyy, desi guati & of-camwhi ebessnLhannel
by the control ung? 1 .qul "k ‘Algg't o?(élgewtljnieatS 13 stores information
recor deds by &{ie GONbEOlcHNi prddsntsoetbadinentt heapreseitvesntodi FeRESPi eces
of information such as the priorities, identification %Saddr%sses @ﬂ?
wirel ess chaameludamber snaofinugdpeeti Ve Fandhit t éfs 20 ard®stored?. 1n the
present enbodi nent., the. manipulatiop..i t Lt 19, be deseripedoh at er
i ncl udes a ch&hnet’ S8ttt aunél%t{ti a gﬁd@ggp%?]g%i t;]?esetti ng unit ?4b.
Furt her, setiing baf ot iwnias sbowidd, oe. g. ,cdEfggusatien stdfédr pRat
accordance with a manipul ation input fromthe :

from that of the first embodiment.

10 A reception unit 12 is operated under the control of a
control unit 11, and a signal strength detection unit 12a

measures a signal strength of a wireless channel based on,

e.g., RSSI, when a wireless channel to be scanned is
designated. When the measured. signal strength is greater
15 than a predetermined threshold, the reception unit 12

receives a wireless signal flowing through the wireless
channel and outputs the wireless signal to the control unit
11. When the signal strength is less than the predetermined
threshold, the reception unit 12 does not receive . the

20 wireless signal and waits for a new Idesignation of a
wireless channel by the control unit 11.

A storagelunit 13 stores information recorded by the
control unit 11, so that in the present embodiment, pieces
of information such as the priorities, identification

25 addresses and wireless channel numbers of respective

transmitters 20 are stored. In the present embodiment, the

-20-



5 -mani pul ation input unit 14. For exanple, for a transnmtter 20a, an
identification address of 001, a wireless channel of chl, and a priority of
r2J are set, and an identification address, a wireless channel, and a
priority is set in the sane manner for transmtters 20b, ..., 20d, 20x,

., 20z. As 10for the priorities, it is assuned that the priority is
hi gher as the nunber is smaller, that is,rli is the highest priority.
The mani pul ation input unit 14 outputs a nmanipulation input signal to the
control unit 11 in response to the 15 manipulation input by a user. The
user mani pul ates a switch or the like of the manipulation input unit 14
based on the character or _the figure di Y. eqLigui stal 5 panel
of the mani p‘ilﬁr&ﬁ”gﬁtilﬁﬁutlnaﬁ?tmii %4ngé%£n%g1c?§b%gt tllglrtlggI %i/leme{ g.,
addi ng, changingar seletignadike 126 dwendi prration addressespipridrities,
and wirel ess channel nunbers of respective transmtters 20 and the total
nunber of transtidn erset20ngFintheratite aet BRI i Horfred i on” Pér for ned by

t he user using the nmanipul ation in uni ' ed._ L0t ofRge unit
13 by the coft?Ti unft %f,orgﬁac%t‘ﬁe%co%t &“S%éﬁlﬁ??‘?%% pgrn grtrrsh&oogir ations
based ong t he,infarnaticen ihecer dede i N4t herst ofageleni tfok3a transmitfarthis
case, the wireless signal transmtted fromthe transmtter 20 to the
receiver 10 bas, tdre fdsmvatiast stmwaidurss @f AL, and' iRl SifeSTE pFeanbl e PA,
a unique word UW data DA, and an_error detectio Hols le PA
isab bit skt eaﬂ?gu%hpﬁéoﬁlttﬁtOfsynéJpaﬁeersﬁetl’n%%qf%% (%er?yl%lgﬁgggp
alternately gg&ggf,d ang;tbedd rotaand thed astpbidriane setséo Onandel,
respectively. ITn the present enbodinent, it is determ ned that the bit
streamis theapeeaabher PRoomnanshentets Pepgth i 8064 éP*more HY%s. 26The

ni r fr i jte . .
unt que \{Vg d lfJ\cg\wl:( thaénepgglggitpiaétst,ergg Iirédggsegmebcit%hat the priority 1is

higher as the number 1is -smaller, that 1is, 1, is the
highest priority.

The manipulation input unit 14 outputs a manipulation

input signal to the control unit 11 in responsé to the

15 manipulation input by a user. The user manipulates a switch

or the like of the manipulation input unit 14 based on the

charactér or the figure displayed on the ligquid crystal

panel of the manipulation input wunit 14, and may modify

settings by, e.g., adding, changing or deleting the

20 identification addresses, priorities, and wireless channel

" numbers of respective transmitters 20 and the total number

of transmitters 20. Further, the setting information

performed by the user using the manipulation input unit 14

is stored in the storage unit 13 by the control unit 11, and

25 the control wunit 11 performs operations based on the

information recorded in the storage unit 13.
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~differing fromthose of the preanble PA, and is set to have a |l ength of 32
bits in the present enbodi nent. The data DA is a bit streamincluding the
identification address of a transmitter 20 that transmts the wreless
signal and 15 transm ssion information transmtted by the transmtter 20.
Further, the data DA may have a variable bit | ength depending on the
contents of the transm ssion information to be transmtted. The error
detection code CRis a bit stream such as CRC, and is set such that an
abnormal ity such as a 20bit inversion occurring at least in the bit stream
of the data DA can be detected upon transm ssion and reception. The
control unit 11 aghivaiescdde reeeptirenenni tid2akhttmramitpeddérer niffed tine
interval (scan period) by using a built-in timer (not shown), sequentially
scans presettﬁ&hﬁmﬂﬂtess@han@eWS%aﬁﬁﬁéd@ﬂvé§ahﬁﬁr%P%s%%?ﬁﬁé@stFEHQ%iF%ed

fromthe transmtter 20.1n th resent ogdi ment, .as shown ) FiQra 4B,
each wirel es& ¢hatfhelan% %&Hﬁ@ ?o?rﬁa%ef%a%%‘a’d %nur%lﬁqzleset ting inf ormati on

stored in tthstg@gg URifol35el bt s @88, chhe pré opiéimsieofpat his v rel ess
channels ch5to c a?lotted to the transmtters 5 20x to 20z are set to

r1J , so;thabit hecwéael @sh clranndlis chBha @adherar énsehich Be2BEahn@tt wi ce

for one scan period. The priorities of the transmtters 20a.to_20d e set
to , seltéatatdly cepPraspBnaNfgtihahhetfs e Yt %§§%b%léc§ﬁ%eag%nce
for one period. Accordingl the tinme int 1 r&shondicnd te-ong scan
period requi F&d°t 3*Scan g?¥5%ﬁW%¥%g¥S c%3n§é¥§£F§9%%%E. “Rext, an

operation of d%%gpﬂir{% qagh okt heWskekessishanaepsedtoiesor idvd. wihe
control unit controls the reception unit 12 to detect a signal strength
of a target its length is 64 or more bits.
10 " The unique word UW (frame sync pattern) includes bits
| differing from those of the preamble PA, and is set to have
a length of 32 bits in the present embodiment. The data DA
is a bit stream including the identification address of a
transmitter 20 that transmits the wireless signal and
15 transmission information transmitted by the transmitter 20.
Further, the data DA may have a variable bit length
depending on the contents of the transmission information to
pe transmitted. The error detection code CR is a bit stream
such as CRC, and is set such that an abnormality such as a

20 bit inversion occurring at least in the bit stream of the

data DA can be detected upon transmission and reception.

The control unit 11 activates the reception unit 12 at

every predetermined time interval (scan pericd) by using a

built-in timer (not shown), sequentially scans preset
25 wireless channels, and receives - a wireless signal
rransmitted from the transmitter 20. In the present
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" 15 -wirel ess channel by using the signal strength detection uni

if the detected signal strength is sufficient? t he receptioﬁ L;igzﬁé Ingﬂis
the wireless signal to the control unit 11. At this point, the control unit
11 detects the above- 20 described bit sync pattern fron1ihe Wi rel ess
signal inputted fromthe reception unit 12 by using a synchronous bit
detection unit ha. Wen the bit sync pattern is not detected in the time of
2 ms for every wireless channel, the control unit 11 switches a wireless
channel to be scanned to 25the next wireless channel and detects a bit sync
pattern therefrom again.On the other hand, when the bit sync patternis

detected in 2.,n%, . Lhe coatrlowiin 131§ xes, t bacwi weke ont i

, C . i ) bss< hadrareigl cion
to scan for a pregeternyned "period of time, and detects a unique aprélﬂﬁfs
by using a fgammedetfect omsubese@lbn 5ha ?ﬁétbﬁ%s%ﬁﬁoﬁﬂﬁﬁéﬂPn%ﬁ%f@?h%lperiod

of tine i i i
he. det ect | Gif<of *1HE T (Bync! pat 6 n "ad ChLe {1 e per, ad 1o obtained by
summ hg up txpleretlierg% OJhaggleri% CHd espordhNG1ti®tted to the transmitters Y
5 20x to 20z are set to 1,7, so that the wireless channels
chSs to ch7 are set to be scanned twice for one scan period.
The priorities of the transmitters 20a to 20d are set to
2y, so that the corresponding channels are set to be
écanned once for one period. Accordingly, .the time interval
10 corresponding to one scan period required to scan all
wireless channels is 20ms. -

Next, an operation of scanning each of the wireless
channels is described. The control unit 11 controls the
reception unit 12 to detect a signal strength of a target

15 wireless channel by using the signal strength detection unit
12a. Then, if the detected signal strength is sufficient,
the reception unit 12 inputs the wireless signal to the
control unit 11.

At this point, the control unit 11 detects the above-

20 described bit sync pattefn from the wireless signal inputted
from the reception unit 12 by using a s.ynchronous bit
detection wunit 1la. When the bit sync pattern 1is not
detected in the time of 2 ms for every wireless channel, the
control unit 11 switches a wireless channel to be scanned to

25 the next wireless channel and detects a bit sync pattern

therefrom again. on the other hand, when the bit sync
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" one scan peri-od required to scan all w reless channels, the 10 tinme of
13.3 nms corresponding to 64 bits required to determne that the bit stream
is the preanble PA, and the tinme of 6.7 ns corresponding to 32 bits of the
uni que word UW Next, the receiver 10 stops receiving the wireless 15
signal through the wreless channel when the unique word UWis not
detected, and starts to scan each wirel ess channel again. Wen the unique
word UWis detected, the data DA subsequent to the unique word UWis
received by the data reception unit 12b, and it is determ ned whet her
signal 20 information is normal or abnormal by using an error correction
code (ECC) CR Further, information_ included in the w.reless _signpal.Ls -
obtained if phe-eiynad FRFSFrRd | oh %smﬁor%%?.comr‘ﬁ ‘ml%l gﬁt ﬁel"‘%ga%{l{ene,

the recepti Ovoi#@iéssﬁ Reridi caldy: 25dat ects dhae signak sprengtdrmahetihe
wi rel ess signal even while receiving the data DA. If the signal strength
becomes | owperid@nod prieget eamd nédcebresholugianhe wosdept oy uHFENg 22
outputs a signal indicative of a decrease in the signal strength to the
control unitf1ame Rgtdrion R icoAtPol unit 11 controls the reception unit

12 to termnate the rt%%ewe%f%n% QfbBEnht el18sS peirgpal ot h oughrdche rekir el ess

channel ,"and to start scan of a wireless signal flow ng through a

subsequent wipehbessoehannel detection Thaisset heo reteiy efrar0 ther ébp&s W®itr el ess
signals, each including a preanble PA through respective mﬁrele%§iod
10channel s athevéeyepredet ef nihedo st at HerRSd Rt erval 20 mEjS P°

is obtained by summing up the time of 20 ms corresponding to
one scan period required to scan all wireless channels, the
10 time of 13.3 ms corresponding to 64 Dbits required to
determine that the bit stream is thelpreamble PA, and the
time of 6.7 ms corresponding to 32 bits of the unique word
UwW.
Next, the receiver 10 stops receiving the wireless
15 signal through the wireless channel when the unigue word UW
is not detected, and starts to scan each wireless channel
again. When the unigque word UW is detected, the data DA
subsequent to the unique word UW is received by the data
reception wunit 12b, and it ig determined whether signél
20 information is normal or abnormal by using an error
correction code (ECC) CR. Further, information included in
the wireless signal is obtained if the signal information is
normal.
In the .meantime, the reception unit 12 periodically
25 | detects the signal strength of the wireless signal even

while receiving the data DA. If the signal strength becomes
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* Here, the bit length of the preanble PAis set to 160 bits in which 96 bits
correspond to the scan period (20 ns) of the receiver 10 and 64 bits
correspond to the period required to detect the preanble PA Accordingly,
the 15 probability that the receiver 10 detects the bit sync pattern for an
interval of 96 bits fromthe start bit of the preanble PA is further

i hcr eased. Further, since the bit sync pattern of 64 bits required
to detect at |east the preanble PA follows the 20 interval, the receiver 10
can reliably detect the preanble PA and then receive a wireless signal.
Consequently, it is possible to increase the probability that the wireless

signal transmtted fromthe traosotter, 2043 & ecevedcbycibe ueoeinaer 10,
whi | e reduci EV%Y:%ﬁﬁff%npﬁﬁ%gt??ansﬁétter 2520 to retransnit the sane

wirel ess sigpalpuddUs rQdueingiddieatiive requa r édcrerser ansniissi 8hghd
reception. Further, as shown in Fig. 4C,_the receive rl? Tay, scan
for a | onger stiemgtgericodHeorcantaohi BEEEsS! chaditiel’'$ eh5 o “CR7 Raviig hi gher

priorities than the w reless chann N 150 chd havi NG | QercpepOidd i €S.
For exanple,1%h%°9&?%$%§§655ﬁ5ﬁ g %Ac to-chd may be scanned for 2 nms and
the wireless.ghapaeksrehbsd asiefdlf ahréups. the wirel@ass lvdemped; PROtHR
present enbodi nent, the bit length of the preanble PA of the @%reless

signal transethtedsdamomieachistlene $FeRIniloNt8I2BNT I ER® HO5 AR

| ength of 160 10 bits, but it may be possible to provicde a setting unit in
each of the FAERLAFEtEIE™50 and to change the bit |ength of the preanble in

accordance with the nunher ofwigeless ebasanels witeliasst heigredei verciio.
Alternatively, it is possible to change the bit |ength of the Er% nble in

15accor dance iwicihdihe | engpbheofbbne Pari oth¥efli r EIRF AT e fthe

wi rel ess channel s. . . .
10 channels at every predetermined scan period interval (20 ms) .

Here, the bit length of the preamble PA is set to 160
bits in which 96 bits correspond to the scan period (20 ms)
of the receiver 10 and 64 Dbits correspond to the period
required to detect the pfeamble PA. Accordingly, the

15 probability that the receiver 10 detects the bit sync
pattern for an- interval of 96 bits from the start bit of the
preambie PA is further increased.

Further, since the bit sync pattern of 64 Dbits
required to detect at least the preamble PR follows the

20 interval, the receiver 10 can reliabiy detect the preamble
PA and then receive a wireless signal. Consequently, it is
possible to increase the probability that the wireless
signal transmitted from the transmitter 20 is received by
the receiver 10, while reducing a need for the transmittgr

25 20 to retransmit the same wireless signal, thus reducing the

time recuired for transmission and reception.
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* As-for changing the bit |ength, when the user changes settings for the
receiver 10 via the manipulation input unit 14, the receiver 10 may send a
signal indicative of the 20 length of the preanble to the transmtter 20,
and the transmtter 20 nay change a preanble length in a wireless signal to
be transmtted in response to the received signal. Further, in the
description of the above enbodi nents, an exanple was given in which the
Wi rel ess conmuni cati ons 25systemis applied to the door phone system and
the illum nation control system but, it is not limted thereto, and the
Wi rel ess communi cations system of the present invention can be applied to

various systens such.,as renote et eh- readiNg Syst emkeikor Exampt ecanhe
present invention nay be applied to renbte neter-reading systens in such a
way 5 that arseasuLenent tsnaupenstd chdl ytiver ¥oresh HyChEINSG SnedSuriong

instruments such as power neters, gas meters and water neiers instalil ed at
renote pl acesh? é?ﬁi’%?@aé“&rg‘é‘ﬁénf’rﬁ%gﬂess arén rtaﬁs_ﬁltrteegsasggén%t e

net er - readi ng_i pf or paL QN o€ Bl eseBt kR¥@PLE PNthAYw At sedse
applied to flg?egggi g&%%t%%ﬁgi%l&rﬁs{ . Al 't hougﬁ the preferred

enbodi ment s efakdE Proesend thvemy dre aeenbéefored drd Fad &gévﬁ}rﬂ@spr esent
invention is not limted to those specific enbodi nents. Various

nodi fi cat i onshareeismahat FensheaPhe MEalized . without 15departing the

scope pf the fo"9%&@?e8&§%ﬂ§dx@@%ef%EEe@EEhé&bééﬁ%é%%Qthefb&hel@mﬁaent
invention. What is clainmed’s: .

of the preamble PA of the wireless signal transmitted from

cach of the transmitters 20 is set to a fixed length of 160

10 bits, but it may be possible to provide a setting unit in

each of the transmitters 20 and to change the bit length of

the preamble in accordance with the number of wireless

channels set in the receiver 10. Alternatively, it is

possible to change the bit length of the preamble in

15 accordance with the length of one period required to scan
each of the wireless channels. |

As for changing the bit length, when the user changes

settings for the receiver 10 via the manipulation input unit

14, the receiver 10 may send a signal indicative of the

20 length of the preamble to the transmitter 20, and the
transmitter 20 may change a preamble length in a wireless

signal to be transmitted in response to the received signal.

Further, in the deécription of the above embodiments,

an example was given in which the wireless communications

25 system is applied to the .door phone system and the

illumination control system, but, it is not limited thereto,
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1. A wirel ess comuni cations systemconprising: a transmtter which selects:
one wi reless channel anong 5 a plurality of wireless channels each having a
different frequency fromeach other and transmtting a wrel ess signal

t hrough the selected wirel ess channel; and a receiver whjch
"receives the wireless signal transmtted fromthe transmtter, 10wherein
the receiver conprises: a signal strength detection unit which scans

each of target wireless channels for a 'predeterm ned scan period by
sequentially switching the target wirel ess channels and neasures a si-gnal
strength thereof, .15 a storage unit for storing the signal strengths of

the target wireless channels measyred-byiddie sigpah sbfengtd geteehton
unit; and a signal” reception unit which preferentially receives a

Wi rel ess si ghalen@hoh heaii bel essl cdinne| viraldusry sy SHegiesUcR 3gr iF6FPE§
determ ned based on the order of the signal 1stre th stsorn%d iianetnhgoﬁt orage -
unit, anong Metertapgeind PEFEYEE chaififel 2™ The tg%st%ﬁﬁ 5P 14 e L, CWher ei n:

25t he wirel ess signal-includ estipat) : 58S 8 e8] € adUAE aOfva

recei ver of "&f‘é’s?ﬁenﬁPP]oh?gaéjn%ersem%tg Y%Ietlcﬁig frée%{cheliq‘l\%grsc;sequenti ally swit ghes t he
target w rel@ss channelsimn@énreces vesitidnetwrakl esysgifgmakdonteact¥ 188 t he
wireless channels in the order of the signal strength until the destination
address of tirmguadapyedsiFpeeRss YYYhals power meters, gas mete

water meters installed at remote places, and measurement

results are traﬁsmitted as remote meter-reading information.

Further, the present invention may also be applied to fire
10 information systems.

Although the preferred embodiments of the present
invention have been described above, the present invention
is not limited to those specific embodiments. Various
modifications and variations can Dbe realized .without

15 departing the scope of the following claims, and fall within

the scope of the present invention.

-27-



- Smatches its own address. 3. A wireless communications system conpri sing:
one or nore transmtters each of which selects one wi rel ess channel
anong a plurality of wireless channels each 10having a different frequency

fromeach other and transnmts a wireless signal through the selected

wirel ess channel; and a receiver which receives the wireless signa
transmtted fromthe transmtter, - wherein the wirel ess signa
includes a preanmble in 15which a predeterm ned bit sync pattern is
repeated, and data having an address for identifying a transmtter and a
transm ssion information, t he receiver includes a synchronous bit
detection unit which scans Py_sgqueptlally switching the wrel ess channels
20 in a pr etietterirfi (fdd18€4&n Period in a time division manner, and detects
the bit sync pattern fromeach wireless channel, and a data reception unit
whi ch receives the data follow ng the preanble when the bit sync pattern is
detected, the preampkeehass aforeastaaitnt alysyietnm Femgthsdfga bit 25l ength
correspondi ng to one scan period and a_bit |ength

a transmitter which selects one wireless channel among

5 a plurality of wireless éhannels each having a different
frequency from each other and transmitting a wireless signal
through the selected wireless channel; and

a receiver whigh receives the wireless signal
transmitted from the transmitter,

10 wherein the receiver comprises:

a signal strength detection unit which scans each of
target wireless channels for a predetermined scan period by
sequentially switching the target wireless channels and
measures a signal strength thereof,

15 a storage unit for storing the signal strengths of the
target wireless channels measured by the signal strength
detection unit; and

a signal reception unit which preferentially receives
a wireless signal on the wireless channel having a higher

20 priority determined Dbased on the order of the signal

strength stored in the storage unit, among the target

wireless channels.
2. The system of claim 1, wherein:

25 the wireless signal includes a destination address

indicative of a receiver of destination, and
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"required to detect the bit sync pattern. 4. The systemof claim 3,

wher ei n: . the receiver includes a channel setting unit for setting
the target wireless channels, and 5the transmtter changes a length of the
preambl e in accordance with the nunber of wireless channels set by the
channel setting unit. 5. The systemof claim3 or 4, wherein: 10the
receiver further includes a priority setting unit for setting priorities
for the target wireless channels, and t he synchronous bit detection
unit sets the nunber of scans of the respective wireless channels during
each scan period based on the priorities set for the respective 15w rel ess

channel's. 6. The syste f,.¢l al I th WHALSHR; CESI AR
further includes %é%ff%%ﬁtﬁgsg%g%%ggﬁﬁﬁ?/fort?@%?iﬁgepfﬁgégfigs fé%ﬁihe

target wirel@ssirehannelss, rad v2@ the synodireenrousidiial deteekicbn afnittheset s

the tine for which the respective wireless channels are scanned duri.ng each
scan peri od Wasddsen chRENRFS oF tTs FRdeT G (FESpEIERFe Ritr &85 %ﬂ%ﬁhgls.

the destination address of the received wireless signal

5 matches its own address.

3. A wireless communications system comprising:
one or more transmitters each of which selects one
wireless channel among a plurality.of wireless channels each
10  having a different frequency from each other and transmits a
wireless signal through the selected wireless channel; and
a recéiver which receives the wireless signal
transmitted from the transmitter,
wherein the wireless signal includes a preamble in
15 which a predetermined bit sync pattern is répeated, and data
having an address for ideﬁtifying a transmitter and a
transmission information,
the receiver includes a synchronous bit detection unit
which scans by sequentially switching the wireless channels:
20 iﬁ a predetermined scan peried in a time division manner,
and detects the bit sync pattern from each wireless channel,
and a data reception unit which receives the data following
the preamble when the bit sync pattern is detected,
the preamble has at least a total bit length of a bit
25 length corresponding to one scan period and a bit length

required to detect the bit sync pattern.
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257. The systen1of any one of clains 3 to 6, wherein: the wrel ess signal
includes a frame sync pattern having a bit pattern differing fromthat of
the bit sync patterns which follows the bit sync pattern, the receiver

further includes a signal strength detection unit for detecting signal
strengths of the target 5Swireless channels and a frame detection unit for
detecting the frane sync pattern, and the wirel ess channels is

scanned again when the frame sync pattern is not detected until a
predeterm ned period of time is elapsed after detecting a signal strength
of a 1lOpredeterm ned strength or nore by the signal strength detection

unit. 8.The systemof any one of claims 3 to 6, wherein: t he
receiver further includes a signal strength 15detection unit for detecting
signal strengths of. LG I gt il gss.channel s, and if a signal

strength of the recei ng wi rel’ess channel, detected by the signal strength

?ﬁtectlon unit whthe tdweedatea receptdon umltcha;nﬁécesvthgxlh@DdataEOﬁs | ess
an a
setting the target wireless channels, and

5 the transmitter changes a length of the preamble in
accordance with the number of wireless channels set by the

channel setting unit.

5. The system of claim 3 or 4, wherein:
10 the.receiver further includes a priority setting unit
for setting priorities for the target wireless channels, and
the synchronous bit detection unit sets the number of
scans of the respective wireless channels during each scan
period based on the priorities set for the respective

15 wireless channels.

6. The system of claim 3 or 4, wherein:
the receiver further includes a priority setting unit
for setting priorities for the target wireless channéls, and
20 the synchronous bit detection unit sets the time for
which the respective wireless channels are scanned during
each scan period based on the priorities set for respective

wireless channels.

25 7. The system of any one of claims 3 to 6, wherein:

the wireless signal includes a frame sync pattern
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: ﬁgp{edeternined strength, scan of the target wireless channels is restarted
fl F reception of the wireless signal is stopped. 9.The systemof any one
of clainse 1 to 8, wherein the 25w rel ess comruni cati ons systemis a renote

met er-readi ng system and the wireless signal i i i i
: : i s
met er_ readi ng i nformation. J a signal 'hC|Ud'”9 renot e

having a bit pattern differing from that of the bit sync
patterns which follows the bit sync pattern, '
the. receiver further includes a signal strength
detection unit for detecting signal strengths of the . target
5 wireless channels and a frame detection unit for detecting
the frame sync pattern, and
the wireless channels is scanned again when the frame
sync pattern is not detected until a predetermined period of
time 1is eiapsed after detecting a signal strength of a
10 predetermined strength or more by the signal strength

detection unit.

8. The system of any one of claims 3 to 6, wherein:
the receiver further includes a signal strength
15 detection unit for detecting signal strengths of the target
| wireless channels, and |
if a signal strength of the receiving wireless channel,
detected by the signal strength detection unit while the
data reception unit is receiving the data, is less than a
20 predetermined strength, scan of the target wireless channels

is restarted while reception of the wireless signal 1is

stopped.
9. The system of any one of claims 1 to 8, wherein the
25 wireless communications system is a remote meter-reading

system and the wireless signal is a signal including remote
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meter reading information.
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