;e3e' -t"*$\6 Tt.., 29 July 2003 ' OBSTACLE DETECTI ON DEVI CE AND OBSTACLE
DETECTION SYSTEM 5 1. Field of the Invention The present invention_relates
.to an obstacle detection device using a | eakage transnission;ﬁﬁJW%aeﬁ3as a

l#@akage coaxial cable, a |eakage wave guide and the |ij ke and nore
Jparticularly relates to an obstacle detection devicﬁWﬁ@HMﬂM"ﬂWﬁtacle

: ence and
position ilizing a spread spectrumcbexhnol ogy

detection systemthereof capable of precisely detec
regardl es notionl ess or noving. 2. Description of

I
t he rel at r ' f [ ' , icle
perform ngggﬁmgﬁé? 33#5@ isﬁg%%\gf%}% i %ﬁporaa%ﬁé%ﬁ# kgggﬁgwgo(aﬁg is&gr@? as
exanpl es of an obstacle on ordinary roads and railroad |lines. Since these
obstacles in a state of being notionless on the ordin railroad
e o cabegt gy ey rece o = <RI oo
doubl e re ' ., ITn order to preve rrences,
it isals .C p et ect these obstacl es afd!gerformrenova
operaﬁ?ong'&gfﬁﬁiggg'% %t%@ eé£¥°gs an obstacl e detection device for
detecting an o o n, - di.n dg.a | liines . ari sing
fromthe above?%égbéf%%gn?eﬁﬁggP?&ghe?%igﬁggo gtggléggg%ggﬁigﬁtggﬁﬁfzk

whi ch useL 67kB0Gs L Hg"E™ 88HAY P Uekh ML o HAEARKANEH °98%h ) eakage

coaxial cable, a leakage wave guide and the like, and more

particularly relates to an obstacle detection device and

10 obstacle detection system thereof capable of precisely
detecting the presence and position of the obstacle by utilizing
a spread spectrum technology regardless of the obstacle being
motionless or moving.

2. Description of the related art

15 A fallen object from a traveling vehicle, a vehicle
performing an emergency stop operation or the like are
considered as examples of an obstacle on ordinary roads and
railroad lines. Since these obstacles in a state of being

: motionless on the ordinary roads and railroad lines are factors

20 causing the occurrences of a rear end collision and a double
rear end collision accident, in order to prevent these
occurrences, it is also necessary to promptly detect these
obstacles and perform removal operations for these obstacles.

As an obstacle detection device for detecting an obstacle

25 on the ordihary roads and railroad lines arising from the

above-described request, there are obstacle detection devices

which use leakage transmission paths such as a leakage coaxial



29 July 2003 2 cable, a | eakage wave guide and the like. A brief

expl anation of the configurations of these | eakage transm ssio a] |1
be given hereafter. A | eakage wave guide is one in which nultlg?Q“ @A

| eaki ng and radiating a radio wave in the longitudinal 5 direction of a
wave gui de conprising a conductor are provided at suitable intervals. A

| eakage coaxial cable has a configuration based on a principle simlar to
that of the | eakage wave guide. A related-art obstacle detection device .
using a | ealkhge xdedkdge aldwe (Erdsakngr theel ékeeda tior bt l&RPldamidn be
described below. Fig. 6 is a block diagram showi ng a configuration of a
rel at ed- aof tdiestaanlfégdetddionsnoficvhese dieadageetiransmdpaniesepaths-wikh

Pat ent Application No.l O 95338. In Fig. 6, reference nuneral 1' denotes a
transm sshegiveX héreaftorl & leakagaavasialguidedfs anedadwhich muit ipdasl | i ne
and provided with a plurality of slots |eaking and radiating a pul se

modul at edsotmadedlningandtradiatisgid atddio Mave/alrs tihe tlomditnglinad nal
direction, reference nuneral 2' denotes a receiving LCX which is laid on

t he opposdimect itn aif ttheaveagaidescomptXify & aahductde ammprrided he
railroad |ine and receives the radiated pul se signal fromthe transm ssion
LCX 1' byata spitatble yintesvals.pravierkhge codaxidl ecablerkhassain the

| ongi tudi nal direction. Matched term nations are connected at far ends of
t he transmnsSiqurdt®en basedtbp acprinchgleCxifilepptsi thatoof tthensnitter
63 and 25 a receiver b4, respectively. Reference nuneral 63 denotes a
transmi t tlmakagmortval quwidee Bndelahedrarchdohsbaclkedeteansionsidevicex 1'
and generating a pul se nodul ated signal for detecting 29 July 2003 3 an
obst acl e;usigieeeheskageccanxdaldeables(hereatterns referredda @sod€Xand
(near end) of the receiving LCX 2', which end is opposite to the near end
of th8 tmiddnibssidesqidbad bekewr ecei ving the pul se nodul ated signal for

detection fromthe 5 transm_ssion LCX |I' ; reference nuneral 65 denotes a
portion of Fig. 6 is a block diagram showing a configuration of a

related-art obstacle detection device disclosed in Japanese
Laid-Open Patent Application No.10-95338. In Fig. 6, reference
numeral 1’ denotes a transmission LCX which is laid on one side
15 of a road or a railroad line and provided with a plurality of
slots leaking and radiating a pulse modulated signal for
detection at suitable intervals in the longitudinal direction,
reference numeral 2’ denotes a receiving LCX which is laid on
the opposing side of the transmission LCX 1’ laid on the road
20 or therailroad line and receives the radiated pulse signal from
the transmission LCX 1’ by a plurality of slots provided at
suitable intervals in the longitudinal direction. Matched
terminations are connected at far ends of the transmission LCX
1’ and the receiving LCX 2’ opposite to a transmitter 63 and
25 a receiver 64, respectively. Reference numeral 63 denotes a
transmitter connected to one end (near end) of the transmission

LCX 1’ and generating a pulse modulated signal for detecting



the receiver 64 operating as a |low pass filter (hereafter, referred to as
LPF) for extracting an envel ope froma waveform of the pul se nodul at ed
signal for detection which has been received by the receiver 629 Jubf 28Bhce
nuneral 66 denotes a 10 portion of the Beceiver 64 operating as a nenory
device for storing an envel ope extracted fromthe waveform of pul se

nodul at ed signal for detection when an obstacl e does not exist; and

reference JgRstladde UQ@QEQ%n%eOﬁﬁthEIOM td@xdt%@'aVﬁéc@&v%&eééhh@:gtéa a
conputing unit in whi ‘ch the difference between 15 an envel ope froma

wavef orm afp tdife A e(ABEH! @h8§ sroRdle receadeting iTX ext ) agh £6h bynihesL PF
65 and an envel ope stored in the nenory device 66 when an obstacl e does not

exist is fdﬁﬂBjsf\ﬂ;d thecpOshéhpnefd blietabstranemissdirrated fromhfe
di fference waveform 20 A description will now be given of the operation

accordi ng rte‘i’:élhﬁ.r{qa'ﬁi@dgtﬂée fodh aakdf gigaaliegbirmndetbcidmct fohi gd has

been pul se nodul ated inthe transmtter 63 is outputted to the transm ssion

LCX 1's5. Thandiwdash pidyse -S| pepbsehfel MEnéFaNes Sendt dsC¥ éoreﬁoar@f' n
turn radiated as a radi o wave fromthe respective slots aligned in the

l'ongi tudi kple HeRiilvedh 6f d aﬁaﬁ%nagsaomokcﬁaés filkley rMEreaRVe enters
the respective slots provi 29 July 2003 4 Iongl t udi nal

di recti onreffelried %eaylmy@éﬁ ex@RRet8thd ant BAve] 8PS 56 WwadPeform and
received by the receiver 64 with a delay corresponding to the positions of

the slotsof VWhenpulsd erRiviitdd sigralefon deteotivrewhiem hag been
transm ssion LCX 1', the LPF 5 65 in the receiver 64 extracts an envel ope

froma wayeterrredf Hyha;uwlxs;t@l\gnalstf prrepéeencagnancohit g6l denedrisved as a
radi o wave fromthe transm ssion LCX 1' and transmts the extracted

envellipe porthencofpitheny eueilvedy .6 4T eperaping ngs uai mefidryeddsitiee fervel ope
( reference waveforn) previously neasured when an 10 obstacl e does not

exi st frostobéngeanr enteliope @&trmriadrftde LR Wadvekormcbs palsevel ope
froma waveform of the received signal and finds a difference waveform

bet ween tiedutatedrsibynp: forddehectivel wpenan thetaglef does ofott baiptl;se
nodul at ed signal for detection which the LPF 65 has extracted. At this
tine, if dsdareHbrenceenemeéral @nh dénotead gontien af tbedrecerdvenhbdh
intervenes between the transm ssion LCX 1' and the receiving LCX 2', the
radi o wavepérahingeas ramanmsting wodt in yhighethgpdéffarence lpegwe%n

Therefore, if an obstacle exists
an envelope from a waveform of the pulse modulated signal for

detection extracted by the LPF 65 and an envelope stored in the
memory device 66 when an obstacle does not exist is found and
the position of the obstacle is detected from the difference
waveform.
20 A description will now be given of the operation according
to the related art.
A signal for detecting an obstacle which has been pulse
modulated in the transmitter 63 is outputted to the transmission
LCX 1'. The inpﬁtted pulse signals in the transmission LCX 1°
25 are in turn radiated as a radio wave from the respective slots
aligned in the longitudinal direction of the transmission LCX

1’. This radio wave enters the respective slots provided in the



a reception level of a radio wave received by the receiving LCX 20 2' from

the transm ssion LCX 1' is reduced by a certain degree, irrespective of the
field intensity provided by the transmission LCXL' . owi ng to t29iJly 2003ce a
change corresponding to the obstacle apgears in the difference waveform

cal cul ated by the computing unit 67, the presence of the obstacle can be 25
detected. Since the related-art obstacle detection device is configured as

descri bed - ' ) 5 gng! gnal
transr ¢ o g e udfia AP ABR, GE-OAL Mbo ERGlng HEX Y ofptbey To End/ 017
modul at | ontfédlg%ﬁqf?%gg{, ridegve d’%(ec%‘ive‘a ¥6e FScsiPLE 664n91£pea {iﬁ-igg'ence

wavef or m use he ‘det é on of "an o acl e varl es, resu

B:gtg! gimotnr?% Lgéeﬁé)&? #e rg:lllq BBF?'%'OR%hgft ove- scr|‘~1tr3lreé‘§l g?{%]l; %ér:ng\s?\naff be
concret el yq%?%@é:.%% hel-gw; oh gée Eﬁnj%%%&ﬁﬁ@orm ient?ate by

showi ng a transmitte vvave orm and recel ve a re

obstacke 4 a3l kdk 9BKLA%AEA LREILRRAVE Eheflzéuskeis@eg WAVEESER 8F 2

pul se nod ted sig or detecting an obstac

transmiti ?@fsla g?én%ﬁef&ia@éﬁééifq%% destacilé ?&%‘éﬁv@?& 'a% C;' r2e¥}§’1*’<?f orm

of a signal recelve the recelver 64 via the receiving t hout

consi deri %Jea%%&ftﬁggggaﬁ hi28s3BPLERD * Ofd AXL A £Es Hnd e Fldked C

shows a waveform o received by the recelver VI a e recel vi ng

LCX 2' i n £Qnsi d%P Qﬂeoéoﬁlgﬁt§ﬁ§gﬂﬁ{‘lg d7055hef cb tEhg uKPB %‘&sehom an

envel ope extrac roma si veformof Fig.

obser ved %\éGEH{rE‘lBEeagfré?ék\é‘ﬁéeswg{?éko%)Lﬁ??&f&\@ﬂ?rm@ésufédt f &&ei Vi ng

LCX 2', Fig shows an envel ope extracte omthe waveformof Fig. 7E,

Fig. 76 sla%\y%a@maae&grﬁwr@ﬁlébefm the MeRdd9diépisest @Rted SRS Lok bY
the receiver 64 , and . 7H shows an envel ope fromthe signal waveform

of 25 Fi ng%GssAe&t&@atsolamtéﬂ@tég@nﬁm d nedeeEbERr oB3the kbeefigedi vi ng
LCX1' is pul se nodul ated and shows a si nusoi dal
signal and finds a difference waveform between the read envelope
and the envelope of the waveform of the pulse modulated signal
for detection which the LPF 65 has extracted. At this time, if
15 an obstacle exists on the road or the railroad line, which
intervenes between the transmission LCX 1’ and the receiving
LCX 2’, the radio wave from the transmission LCX 1’ is
interrupted at its position. Therefore, if an obstacle exists,
' a reception level of a radio wave received by the receiving LCX
20 2’ from the transmission LCX 1’ is reduced by a certain degree,
irrespective of the field intensity provided by the
transmission LCX1’. Owing to this, since a change corresponding
to the obstacle appears in the difference waveform calculated
by the computing unit 67, the presence of the obstacle can be
25 detected.

Since the related-art obstacle detection device 1is

configqured as described above, and because the coupling loss



29 July 2003 6 waveformas shown in Fig. 7A. This signal is radiated as a
radi o wave and inputted into the receiver 64 via the receiving_ LCX 2' .
radio wave fromthe receiving LCX 1' is a waveform as shown in25?:i-"d¥ 2683 when
factors such as the coupling | oss and n®i se of 5 LCX are not consi dered,;
L.e. a succession of pulse nodulated signals of Fig. 7A with nutual del ays
corresponding to respective positions of the slots Since the coupling | oss

(02 ST onale LA SR LG LK PYCH S 0 AL, SR LA boSS
ol 0% T s SRREVELEN B STRTIIRAE AR o bR ™
L, AR ol pfe SR BN o0 bt
pulse rodeLeb Al (5riBtel Yoty e SLeREEn 0 ar DECbIKELOLAE oL

| evel and _recepti ratj. I eda Qgﬁ_er : qg!g. i

passesgt hi 83:9%%28%{& ﬁgﬂﬁu&rpgﬁe%\\g&f&&l as Shown 1 n it?.J éfg)r({tq.lreact ed
and stored.| -ﬁ,m)ry device 66. After a signal waveform shown in Fig.
7TE is obsg‘relvellgqu;&l veformas shown in Fig. 7G instead of the waveform as

ol T e ol g sk sran bl p s e ety

obstacl e. This happens when noi se i
envel ope g?tlm,qt ed froma signal waveform shown in Fig. 7G by the LPF 65
has a waverormas shown in Fig. 7H Therefore, 29 July 2003 7 an envel ope

Shown 0 B g 7EARECLTRNIRL S AULDe SO oS Smods g, £1v OFC

'tf]ep% Or FRdnEfi Y eBN vAVEHARE AP S Ved Wi RSt drm L& ABPRINtEQLhER 66 as
obstacle detection device described above. Fig. 7A shows a
waveform of a pulse modulated signal for detecting an obstacle
outputted to the transmitting LCX 1’ by the transmitter 63. Fig.
7B shows an ideal waveform of a signal received by the receiver

15 64 via the receiving LCX 2’ without considering factors such
as the coupling loss and noise of LCX, Fig. 7C shows a waveform
of a signal received by the receiver 64 via the receiving LCX
2’ in consideration of the coupling loss of LCX, Fig. 7D shows
an envelope extracted from a signal waveform of Fig. 7C, Fig.

20 7E shows an observed waveform of a received signal by the
receiver 64 via the receiving LCX 2/, Fig. 7F shows an envelope
extracted from the waveform of Fig. 7E, Fig. 7G shows a waveform
when the noise is added to a signal received by the receiver
64, and Fig. 7H shows an envelope from the signal waveform of

25 Fig. 7G.

A signal outputted from the transmitter 63 to the

receiving LCX1’ is pulse modulated and shows a sinusoidal



5 reference waveform there may be the possibility that error detection

wi || occur. Thus, since the reference waveform used to detect an obstacle
vari es dependi ng upon the conditions at the tine of neasureneng? JHyed083has
been a problemthat an obstacle could n8t be detected with sufficient
precision to 10 ensure reliable performance. The variation of the reference
wavef orm can be sol ved by performng integration for multiple measurenents.
Wi l e thi s;ARPfOakas Snelvherd 'P&Q;{.f %.afm@_%ti?ﬂaq 8 Padiateqofs kel-agi _
notionl ess, since the neasurenment time period is longer, for 15 exanple, it
is not effiaGid uhd Ginputied Nth €Ot RE | LeSeitPe S6 £ PEL SOHe Sfé@é!iﬁ‘ﬂn%rﬁ.@x a

railroad |ine and so forth. Therefore, there has been a problemthat a

movi ng obstracher £t ¢haR@ £PEmAG & ¢ler@ iRM righEck el at8da ddvealstmgkas ighect i on

devices. Furthernore, there has been a problemthat a related 20 art
obstacl e def gy, ONBAFNERCFASLEHS CAREH R the LBEPILA%g 18sdeanli RSisdize I N
further detail,” given that an input electric power fromthe transm ssion
LCX 1'50f rjolke arRC flotebodd iide Rl Vit les, @eRdids¥ion Y Pdd afuldkaynd an
input jamming electric power for the receiver 64 is P2°(W, a DUratio

whi ch 25 is§ gpaR1al @3 IFig POMRIwidh iRuBial d81aPs BbiBeEBsREGh4t @of he desired
radi o wave of the recei'ver 64 of the obstacle detection devicCe is expressed
by DU = 19ehgac@11ae/ poditidhd et case atwEe the 29 July 2003 8 jamis
strong and the equality of P1 = P2 is satisfied, the DU ratio beconmes 0O

(zero) fromt hejsah@éetﬁesash?wngxmssswm sih dleesiatmiGd ddhlia tREO a
state of not being capable of receiving a radio wave fromthe receiving

LCXI" . 5 Bexeepiobein apack shamhidealplingldses bedndt Al fErm in the

10 longitudinal direction. When considering the coupling loss of

LCX, the waveform becomes as shown in Fig. 7C wherein an
amplitude is varied. Moreover, the envelope extracted from the
signal waveform shown in Fig. 7C has a waveform as shown in Fig.
7D.

15 However, since actually the coupling loss of LCX is large,
in the case where one pulse modulated signal is received by the
receiver 64, the waveform is not as shown in Fig. 7C. A waveform
as shown in Fig. 7E, wherein the reception level and reception

’ SN ratio are low, is observed. When such a signal passes through

20 the LPF 65, an envelope as shown in Fig. 7F is extracted and
stored in the memory device 66.

After a signal waveform shown in Fig. 7E is observed, a
waveform as shown in Fig. 7G, instead of the waveform as shown
in Fig. 7C, may be observed in a state in which there is no

25 obstacle. This happens when noise is added to the signal. Owing
to this, an envelope extracted from a signal waveform shown in

Fig. 7Gby the LPF 65 has a waveform as shown in Fig. 7H. Therefore,



there is a problemthat a wirel ess conmmunication device cannot be used in
t.he detection area where an obstacl e detection device detects an obstacl e.
To describe this in further detail, given that a radiating 10 8P dely2083
power of a radio wave fromthe transmsZion LCX 1' is P3 (W and an i nput

el ectric power of the wireless comunication device in the detection area
of the obstacle detection device is P4 (W, a DUratio which is an electric

pover 1 at igh Wnddii@dibuRen [ 1P SFARNISE) Medf3aLinhE hERBEGT 1O

the 15 desir wave of the above-descri W rel ess conmuni cat i

device is ﬁ@fﬁw apthf %‘f;/:%?e:igge.(gﬂoﬁn!agﬁ g&’gl.”ﬁ-ﬂ‘%%e‘dl Fepd® Jbam

is strong e equa is satis the DU rati o becones

(zero) [T Qv AR0V 8P Qe@iff@féﬁégoaalzelA@;gg;fmﬁf&ﬁnééeuyfﬁ ction

of an obstacle is perfornmed by utilizing an enve IS an out put

fromthe IalﬁFeﬁ%élQﬁ,t%t ?%évitdﬂsrl Qecdfé‘&iﬁﬁrtr%xﬂéh&re}r A £cb 3 é pbpe! e

det ecti on devi ce, not possible to discrimnatée between slots of the

transmg ssi@gohiecd % 216 Ked Ghay O5ROBRLDDESSTHELL ciAdnakl R Adle

pul se-nodul ated signal. Therefore, there has been a problémthat precise

det ect i ondeftee%i%bxsgaih%écge%i Thes, COuhse e %Mérﬁfé"%vefcﬁﬁn Jigeq 2003

9 Moreover, in an obstacle detection system configured by providing

multiple g la&eéeeran%@&éged%ffé% %Q@ﬂdfﬁéiuﬁé}?%éﬁ%medl@e@%b@' em

that interference between pulse nodul ated signals occurs where the obstacle
detectiontfavighe BRI sAPeietit, the o NBsen r&SYESLIEMI Bhatf @hl ure to

detect the obstacle. Furthernore, in an obstacle detection system

confi guregpy¥a18viduld ack Wealddtected atBilekbwf £i®bshecheredeleohi €8
dévices, it has been required that an electric power source 10 supplying

devi g f oensupel ¥elhdabhe pleedorimane@er source to the

The variation of the reference waveform can be solved by
performing integration for multiple measurements. While this
approach is effective for an obstacle in a state of being
motionless, since the measurement time period is longer, for

15 example, it is not effective for a moving obstacle such as a
person straying onto a railroad line and so forth. Therefore,
there has been a problem that a moving obstacle could not be
detected by the related-art obstacle detection devices.

Furthermore, there has been a problem that a related-

20 art obstacle detection device is susceptible to jamming.

To describe this in further detail, given that an input
electric power from the transmission LCX 1’ of the receiver 64
is Pl Watts (hereafter, referred to as W) and an input jamming
electric power for the receiver 64 is P2 (W), a DU ratio which

25 1is anelectric power ratioof a jammer with respect to thedesired
radio wave of the receiver 64 of the obstacle detection device

is expressed by DU = 10 log (P1 / P2). In the case where the



obstacl e detection devices which constitute the systemwere provided in
every obstacl e detection device. The problem of increases in manufacturing
costs has resulted due to the necessity to provide for i nstal | 2% B 2 e
for electricity 15 supply devices. Final8y, there has been a problemthat
i-nformation could not be precisely transmtted dependi ng upon the laid

| ocati on of LCX when an information neasured by an obstacl e detection

devi ce was a‘tafnaﬂé né £ £&tlg an@ e ARSI Stwad plo=the Dd halt 20F DAS] aché Dy
detection device. To describe this in further detail, if the LCXis laid on
the surroupdtngpedon@sl Nt p2880 PIf Fim kHlenglSovededcf OheA exlpYe £XPER| €hd here
may be the possibility that the quality of conmunication is deteriorated
because theedbiobesey FalNd iHbEed geate Wt tddt Bel 8! @bARDS 02PefaGRifGNI! Y,
an object of the present invention is to 29 July 2003 10 obtain an
obstacl e dgteglionwaiedi eeomaRhlel @feiffiary Irinl detecting the presence and
position of an obstacle regardl ess of the whether the obstacle is

noti onlgess or noyed NG, pkEYbUéhl Aphie frems head boRecidesBrtardt P sl ems A
further object of the present Invention is to obtain an obstacle detection
in which tégerdtisy hepeobteftl§ t bagnake fedlesteteninundcat iobsgashieebehngss

adj acent obstacle detection devices is suppressed, a | eakage transm ssion
path is usgsl usedsipihe dsetetetbhi £r 69 whead on dhe vaedredeteetden degicand 10
information is transmtted between devices, by utilizing spread spectrum

t echnol ogydetdwe: af i estbet aeoned obj ects can be achi eved by an obstacl e
detection device, conprising: signal transmtting and receiving neans for
detecting an obgicagéscribepihss ip fufthet dbkaidgkqbeech tanda SHDMp@Ati on
the transmtting side for radiating a signal for detection of an obstacle
and al$ecaricedtraia peweransmassadio pedve (fixon déeé bpansmisstiont hexfir sis

| eakage transm ssion path and receiving the signal for detection of an

obst acl e; B3p(Wacmbantinpntiedeat ticapewertahyheovirslss s comamundet atd cane end
of the first |eakage transm ssion path, for generating the spread spectrum
si gnal fordedsitcectinnghendebectdba baeadobrthe ghsdast o detant icxusievjcehe
first | eakage transm ssion path to radiate the spread spectrum signal for
det ect i on isf P4n (6hst acPe; rahiosphiab tpen relRahigitalpawareiratie 2F fbens

connected to one end of the second | eakage transm ssion
radio wave from the transmission LCX 1’ with respect to the

15 desired radio wave of the above-described wireless
communication device is expressed by DU = 10 log (P4 / P3). In
the case where the jam is strong and the equality P3 = P4 is
satisfied, the DU ratio becomes 0 (zero) from the above-

\
described expression.

20 Moreover, since the detection of an obstacle is performed
by utilizing an envelope which is an output from the LPF 65
located within the receiver 64 in a related-art obstacle
detection device, it is not possible to discriminate between
slots of the transmission LCX’ to determine a slot responsible

25 for radiating the pulse-modulated signal. Therefore, there has

been a problem that precise detection of an obstacle’s position

could not be performed.



path, which end is the opposite to where the spectrumsignal transmtting
neans i s connected to the first | eakage 11 29 July 2003 transm ssion
pat h, wherein the spread spectrum signal receiving neans furtthJHBﬁﬁxpses:
ref erence spread spectrum signal generaBi on neans for generating a

ref erence spread spectrum signal based on a spread code of a code series
identical to that 5 used by the spread spectrum signal transmtting neans;

correlation neayof&év&@l%aatd BBstdcAChetlectionCysien Behﬁgﬁ eb
reference spread spectrum signal generated by the réference sprea spgctrum

signal ge ' t ad r$PeEi ; . of an
botacl e ;ﬁ;ﬁﬁ%@%hqgﬁ@;f}t?gﬂe be1spegad rerepistumld Walediofleiérisos,

e second | eakage transm ssion path, based on

spread code,dasesd Oﬁ%f’?a% ngbﬁléﬂr eﬁathﬂ%egffe&%c%orﬁ%wgwé si gnal

for detection of an o detected by the second | eakage transm ssion

pat h; and i SIRAS AL whi hesese Sd@aes of a
%\%‘%é{]al cul atg g° Vhild Bepeiase te gﬁ%ﬁspr ead

correl ation ed 15 by the correl ati on neans.

spect r ym sialadeclint 1Y @%%!?13oEB)ér?Oﬁaéhiﬁihb”_ﬁn@afﬂ‘??@ttmé@r
measuring a spread spectrum signal propagation~tinme period elapsing from

the time Wy dhgsgread ' spectrumsignal transmtting nmeans generates the
spread 20 spectrum signal for detection of an obstacle until the tinme when

the correl ati onpiRdhernb P 8nBbSEAELE Hd i £ SR gy tiin eRnlfS\RireRf the
bot h spread spectrum signal's subsequent to generation, by the reference

spect r um giydpHovd NP PLURA Sty W f (A6l 4eb@LEPECoBRERATSHRELER LRI gnal
which is in 25 synchronization with the spread code of the spread spectrum

si gnal foHedgtest,i At a2 bais irsdiraddelide d@téEéé@ﬂiﬁﬁgﬁﬁeEH¥069&80t a
position of an obstacle existing within an obstacle 29 July 2003 12

det ec10 Ons&pgagﬁ.@@n@évb&etﬂﬁr suppdly ingatheidldoty fh povesesvufge RABEef Or
detecting an obstacle, based on the spread spectrum signal propagation tine
peri od neabstadley dehecdtion RasiveMidleatnstitute the system were
provided in every obstacle detection device. The problem of
increases in manufacturing costs has resulted due to the
necessity to provide for installation space for electricity
15 supply devices.
Finally, there has been a problem that information could
not be precisely transmitted depending upon the laid location
of LCX when an information measured by an obstacle detection
device was transmitted as a wireless signal to the other
20 obstacle detection device. To describe this in further detail,
if the LCX is laid on the surroundings of mountains or buildings
and so forth, for example, there may be the possibility that
the quality of communication is deteriorated because the
wireless signal undergoes multiple reflections.
25
SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to



5 The spread spectrum signal receiving neans may have del ayi ng neans for
del ayi ng a phase of the spread code used by the reference spre ﬁ spectrum
signal generation neans with respect to the spread spectrun1sig Ally503
detection of an obstacle generated by tHe spread spectrum signal
transmtting 1O nmeans by a desired tine period. The aforenenti oned objects
can al so be achi eved by an obstacle detection system conprising: a

plurality ehtabst agl ebgdehetlel drtder ions dsaudidupiwlatof egsécose1gf cl ains
1 through 3, wherein adjacent devices generate spread spectrum sighals 15

based on didfecentgStie gt adsiese ale psdtgmmnbifoaadopbiaet e Eé?aﬁki&ésbe
achi eved by an obstacle detection systemconprising: a plurality of

obstacl e det egié afh&leNegeshac 6psdiard ef dsaimdtdanlede off m‘d\ﬁiﬁ%, Ipyhrough
3, wherein the obstacle detection devices are connected via 20 | eakage

transm ssiiii Pt iYsg €186 hsptehlespestaaine téehaolliogy . devi ces conpri sing:

synt hesi zi ng neans for generating a superinposed signal by superinposing an
el ectrgc pover on fulte Y &t sPe G Wheimrederdorintppeiopniof tanwhsigacl e
and transmtting the superinposed signal to the adjacent device via 25 the

| eakage t raanNshistacae @atbetdoh ifokRichmEredntekferendeabifngishel sl |k ric
power and the spread spectrum signal fromthe superinposed signal generated

by the sydidtesitzimg dfeaslsstacl@ Hetyed03didcend sbprhyiley ddteclirgliric
power to the obstacle detection device. The adjacent devices nmay generate
spread spdeivessiignsuppiassedynadléhiragnt tsansmilssbdaspabhThe wded ad e
detection devices may be connected via the | eakage transm ssion paths and
are provi gappliyt lan lecmtionsdurncsntotthe resipeetiivei dgvieass bod
transm ssion and reception of detection information between the obstacle
det eck@ oninformation is transmitted between devices, by utilizing spread
spectrum technology.

The aforementioned objects can be achieved by an obstacle
detection device, comprising: signal transmitting and
receiving means for detecting an obstacle, comprising a first

15 1leakage transmission path on the transmitting side for
radiating a signal for detection of an obstacle and a second
leakage transmission path provided opposite to the first
leakage transmission path and receiving the signal for
detection of an obstacle; spread spectrum signal transmitting

20 means connected to one end of the first leakage transmission
path, for generating the spread spectrum signal for detecting
an obstacle based on a spread code and causing the first leakage
transmission path to radiate the spread spectrum signal for
detection of an obstacle; and spread spectrum signal receiving

25 means connected to one end of the second leakage transmission

path, which end is the opposite to where the spectrum signal

transmitting means is connected to the first leakage



devices. 10 O her objects and further features of the present invention
wll be apparent fromthe follow ng detail ed description when read in
conjunction with the acconpanying 15 drawi ngs, in which: FIG 29dyg088ock
di agram showi ng a configuration of an ddstacle detection device according
to Enbodinent 1 of the present invention; FIG 2 is a block diagram show ng
a configuration of an 20 obstacl e detection device according to Enbodi nent

2 of the presefiissivinpaeR, wéxrein thedsprest spergiram shgwaleceiving
configuration of an obstacle detection device according to Enbodi ment™3 of

the presefleangvailrither 2onMgfisds i sSrafbrenkedspgea shewitiaim sGefdur ation
of an obstacl e detection device according to Enbodi nent 4 of the present

i nvent i ongenez9tivhy medd3 ltbrIdenérasinagbhoskfdtageamsphewdn@pctrum
configuration of an obstacle detection device according to Enbodi ment 5 of

the presepigh8lepised ofhGpfead codd otkadicdy serdeewidgneieanftgumid on of
a 5 related-art obstacle detection device; and FIGS. 7A-7H are graphical

repr esent asednbyshe 8pread apuotnhad sbyeidDrtransnbtt eigi mednwagvef orm of a
rel ated-art obstacl e detection device. | O DESCRI PTI ON OF THE PREFERRED

EVBODI MENGSr EsbhatiorninednsFifor talouldtioek ali begreln shovbpgedaesdhi gurati on
of an obstacl e detection device according to the present invention. In Fig.

1, referebetwoenetite rdefierenes spreadspastoum 0¢ndl getweagred HNERieSSi oOn
path, signal transmitting and receiving neans for detecting an obstacle)
whi ch is referencenspsedd spestraad sigrml ajénerat iomaneats i andhthé a
plurality of slots |eaking and radi ati ng spread spectrum signals for
det ecti onspfead spstrche sigeakht fodrbjetespiondof pantohetacjoatregeteedt i on
10 by the second leakage transmission path, based on spread code
phase-locked to the spread code of the spread spectrum signal
for detection of an obstacle detected by the second leakage
transmission path; and detection means for detecting an
obstacle based on a change of a correlation level calculated
15 by the correlation means.

The spread spectrum signal receiving means may comprise
time measurement means for measuring a spread spectrum signal
propagation time period elapsing from the time when the spread

! spectrum signal transmitting means generates the spread
20 spectrum signal for detection of an obstacle until the time when
the correlation means is capable of calculating a correlation
level of the both spread spectrum signals subsequent to
generation, by the reference spectrum signal generation means,
of the reference spread spectrum signal which is in
25 synchronization with the spread code of the spread spectrum

signal for detection of an obstacle, and the detection means

may detect a position of an obstacle existing within an obstacle



20 means 3 are provided at suitable intervals in the |ongitudinal
direction; and reference nuneral 2 denotes a receiving ZCX (| eaka%e
transmission path, signal transmtting and receiving neans for2%eegefPhg an
obstacle) which is laid on the side opp@sing to the transm ssion LCX 1 and
in which spread spectrum 25 signals for detection of an obstacle radiated
fromthe transm ssion LCX 1 are received by a plurality of slots provided
at sui t abldetierttdonahsehnt éhted Bgithedsighadi teensmit t Rafededaece 2linyl ¥
2003 15 nuneral 3 denotes a spread spectrum signal generation neans (spread
spectrum sie@gnsl foradstetting andobetatVepthasadHn adrayreshd Gpatrmig of
the transm ssion LCX 1 and generating a spread spectrum signal for
det ecti onsegnal pEspEgAEL6NA Hisnd Per ioduneas ieed tanshessime M@ uk drentadi at e
the signal; reference nuneral 4 denotes a reference spread spectrum signal
gener ati omeBRnans for generating a reference spread spectrum signal on the
basis of a code phase-|locked to and of the sanme code series as the code
seri ess of the spheagpgeadt spectirgnals iigwalohsicadilvind meiwstnap hagei ved by
the receiving LCX 2; reference nuneral 5 denotes a correlation neans
(spread sgetayinyshgans feceielagimpanphasecnfechedpread csdk afsddby
receiving LCX 2 opposite to the end of the transmssion LCX 1 to which end
t he spreathepeeferencegspreganepaictaumedigmal igemaraetdedneans celich! ating
a level 15 of correlation between the reference spread spectrum signal and
t he spreadespectrtin shgnapread dpeetrium sdignal doxt abdteceien vefl oy t he
receiving LCX 2, and reference nuneral 6 denotes a detecting neans (spread
spect r um chgat 1 ¢ epmieratgedagnthe spreatiespecgram sbghat|erdmemittimgnge in
correlation | evel 20 calculated by the correlation neans 5. Reference
numelddl nekmotleg @ deghrédetimecpesdod.| at or (spread spectrum signal
transmtting nmeans) constituting the spread spectrum signal generation
means 3, for gdthe aforenentjpnédeghiacysstgnanlser ben@cidevesi dgnalamsour ce
of a spread spectrum 25 signal for detection of an obstacle; reference
numer al Shianlks detEctiar syatamconpr isingsdaspberaltyi ghabstamisi tti ng
means ) for generating a pseudo random noi se code (hereinafter,

detection devices according to at least one of claims 1 through

3, wherein adjacent devices generate spread spectrum signals
15 based on different spread codes.

The aforementioned objects can also be achieved by an
obstacle detection system comprising: a plurality of obstacle
detection devices according to at least one of claims 1 through

’ 3, wherein the obstacle detection devices are connected via
20 leakage transmission paths, each of the obstacle detection
devices comprising: synthesizing means for generating a
superimposed signal by superimposing an electric power on the
spread spectrum signal for detection of an obstacle and
transmitting the superimposed signal to the adjacent device via
25 the leakage transmission path, and isolating means for
isolating the electric power and the spread spectrum signal from

the superimposed signal generated by the synthesizing means,



29 July 2003 16 referred to as a PN code) for nodul ating the high frequency
signal generated by the high frequency oscillator 7 to produce_a %prﬁgf
spectrum signal for detection of an obstacle; reference nuner 49 Yy es a
spread spectrum nodul ator ( spread spedBrum5 signal transmitting neans)
for nodul ating the high frequency signal generated by the high frequency
oscillator 7 on the basis of the PN code generated by the PN code generator
8 to prodaed 3uiplgaichds peed rehestgbal pdéwerdebetheoovbsitaal eolidtani teion

Ref erence nuneral 10 denotes a |local oscillator 10 (reference spread

spect rum giegrigle.gener ati on neans, spread spectrum signal receiving neans)
constituting spread spectrum signal generation neans 4, for generating a

hi gh frequency Shersdjdeentddavicesnay pfers #te sheehdgspée ermm @ty lgnal
generated by the high frequency oscillator 7 and serving as a 15 signal

sour ce of basedf eheddes fayeratd sypmedd wodegnal ; reference nuneral 11 denotes
a reference PN code generator (reference spread spectrum signal generation
means,5 spread sprRetobstacjealietectivhndeviaas)mdyrbeyevarraidtad ariRNthede f or
nodul ating the ' high frequency generated by the local oscillator 10 to
produce 20eakagketeansmipsdath ppehsr amisageapranidgdneiahi hgfariitdede
phase-| ocking to and of the sanme code series as PN code of the spread

spect r um srgnamitodlnded st riece ivfi ngmedss folret ranemiiesiby drtbreeeptiong LCX
2. Reference nuneral 12 denotes a spread spectrum nodul ator (reference
spread speftdetestdonl idfogeadiamn detwesrs,tsprdwt apez tdetest goal

recei ving neans) constituting the reference spread spectrum signal

gener ati odevikaes. 4, for nodul ating the signal generated by the | ocal 17
29 July 2003 oscillator 10 on the basis of the PN code generated by the

ref eddnce PN code generator 11 to produce the reference spread spectrum
signal; and reference nuneral 111 denotes a tine difference neasurenent
means (ti RRATIONa QS Br 8RNI NEYect rum si gnal recei vi ng nmeans)
for measuring a tinme difference (spread spectrum signal propagation tine
period), for detay @wbiectfeapdsfurbhesi LatBpg6aeEethe BE@FaMe LCX 1 and
the LCX 2, between generation of a PN code by the PN code generator 8 and

y
gener at i oHYENEIRN (@i L} checaPRAEBRE §ERBr 406y fedleving ded@ilad on will now
be given of the operatjon accg:ding tQ Engodinem% 1. First, an operation of
transni t t9GRFELREIQRWRBRCFRRM PgRAPIRBFLARRWET N tHE 35S i 11 be
described, The high, 15 reﬁuency oscillator 7 generates a high frequency
ST gnaP SEITAPES ol harhe

Source of a spread spectrumfor detection of an

obstacl e so as feed the, hi fequency,. signal_to the spread spectrum
Ellg%"cg’dé'sf 8 bSBEEaélggﬁ%?r%!}ﬁwgng a configuration JF Gn

nodul ator 9. A
obstacle detection device according to Embodiment 1 of the

nkn

i o

hhat

present invention;
FIG. 2 is a block diagram showing a configuration of an
20 obstacle detection device according to Embodiment 2 of the
present invention;

FIG. 3 is a block diagram showing a configuration of an
obstacle detection device according to Embodiment 3 of the
present invention;

25 FIG. 4 is a block diagram showing a configuration of an

obstacle detection device according to Embodiment 4 of the

present invention;



nodul ation is supplied by the PN code generator 8 to the spread 20 spectrum
Jodul ator 9. The high frequency signal generated by the high frequency
oscillator 7 is spread spectrum nodul ated in the spread spect r2gvuip@ddat or
9 on the basis of the PN code suppliedifromthe PN code generator 8. Spread
.spectrum nodul ation carried out in the spread 25 spectrum nodul ator 9 may
utilize the existing spread spectrum technol ogy such as a direct spread

fr %%‘Jﬁnféi)sbgﬁéh?f%adééf% h%’iﬁ]%‘&%sadd?% Sy 2 %%Sﬁ’#uérfﬁwfﬁ%:f@w by
P cquency PBaRAChS ' SHFBRRLRS BRARS deter 4 i JRh oS LORRE "ai Pt

center fréggggﬁj:e%%g%ﬁgégbng to a pattern of PN code using a 5 frequency
na-t

synt hesi z dpabl e of frequency change-over at a high speed.

he 'spr od speciirtm b Acarook ¢pEo€an, Shedind ta VEAERaSrrRidR LT LK

' rSﬁ?%-e%’if%lnéf‘iiib%?5*?%?%_9%3833%%%%%°§’{ P F 1 o' at sui tanl e »
et ect on of a0t S e By ae oHF PR CAL S epRRhs R AT ACA RS T
The Spr ead SRGet (D SiANMo LRTaPLeehibal Bl gayabstacks d3dadiated ps a

radi o wave 1'S propag over a area etectron~of "an ween

the tranyyg.ssy b?(._ @i(_]g?t i ggeiving LCX 2 before being received by the
recei vi n?ﬁ_@c@ﬂa e %co I f‘gg‘é%ggé in position of the respective slots,
spread spectrum signals for detection of an obstacle propagates via 20

different paths including a path A and a path B as shown in Fig. 1.

Fur t DT mpjpesc sSpiaRtl e bl b RESRRRED | PREBTAGKIPGn Oof an obstacle traveling
these different paths are received 1n the receiving LCX 2 in a superi nposed
manner. AnddEatnract rum signal for detection of an obstacle 25 received
by the receiving LCX 2 is immediately inputted into the correlation nmeans

5. Moreover, arhigfetensea PIEaR SDLgtdm B DMl ABidde s aher ence
spread spectrum Si gnal 79 29 July 2003 generation nmeans 4 is inputted

into theoggtaelet Hetefidn Heviow, aacggaen?twrtnwgrr&tsiewt ehventebar.ence
spread spectrum signal generated by the reference spread spectrum si gnal
generati @pn FRgNS 14 welfledehdtenmdesl Wddnotédeareieneniesbonpread
spectrum si gnal generation neans 4, the local oscillator

15 (leakage transmission path, signal transmitting and receiving

means for detecting an obstacle) which is laid on one side of
a road or a railroad line and in which a plurality of slots
leaking and radiating spread spectrum signals for detection of
an obstacle generated by a spread spectrum signal generation
20 means 3 are provided at suitable intervals in the longitudinal
direction; and reference numeral 2 denotes a receiving LCX
(leakage transmission path, signal transmitting and receiving
means for detecting an obstacle) which is laid on the side
opposing to the transmission LCX 1 and in which spread spectrum
25 signals for detection of an obstacle radiated from the
transmission LCX 1 are received by a plurality of slots provided

at suitable intervals in the longitudinal direction. Reference



10 generates a high frequency signal identical to the high frequency signa
generated by the high frequency oscillator 7 and serving as a Si aI source
of the reference spread spectrum signal. The | ocal oscillator 3%k 20q%he
hi gh frequency to the 10 spread spectrtu® nodul ator 12 . Mreover, in the
reference PN code generator 11, a PN code for perform ng spread spectrum of
the high frequency signal generated by the local oscillator 10 is

gener at e uﬁgkélpy gﬂgtbé % B§f3%33éﬂeé ﬁxgkbﬁﬁi' énégﬁﬂﬁbﬁahggnﬁ:that

of the PN code of e sSprea ctrum’si gna generatl n 15 neans

[ef er ence, & EQ&'EBES{SEE%OElgﬂaaﬁe‘tfr%rrfﬁusﬂﬁ?@ SRFoEELEL IRAY| Abhagof the

hi gh freq cy Si generated by the |ocal “oscillator asi s of

the PN codend bbised eg@f&&@%n R %wee%éa%@%afsrs%no&@&a&' Qag geheE%u%gefence

PN code gener at or is S|n1 ar to the operation perfornme e Spread 20

spect  um P pbe vl BigRA 1386 e EEL EXAMBE an %‘Hﬁa&f@% M3 gnal s

for dete e“traveling different paths A, H as shown in

Fig. &, ac{)af/‘uiasﬂé"i‘:‘}dr{%n{ﬂ?sﬂﬁg phaﬂgtbci(aalhﬁeatﬁE?{gHgQ gf%g@?@ﬁ&e

However, roni zation t se of the PN cod generate

the spreaghspact i ta%]ﬁégél@'a Farefgheetd Oresd s@a&%ﬁxﬁt&kenhw&kéﬂtgéﬁh A

w th the phase of e PN code used to generate the reférence sprea

spectr umn?éaﬂ{@'f&ygéhera%&%ea%f@f&we s speloe 03 igpaat bmnﬁégnal
generation nmeans 4; calculation of a correlation’level in the correlation

means S alilLe s §Oé:é‘é1é0%r19§elil§cﬁéﬂe@6 SMeWf wHeSsanal cbae sekeski #9 of an
obstacle traveling path fromthe spread spectrum signal for detection 5

of an obsiiRclRdd BEtidd Patehé s%r Pedl@sspeberufi 8igRaflurdicorisiaile wWhen

t he spread spectrum signal generation means 3 generates the spread spectrum

signad f detdRitadd eecdivid HiE it deddiving Mdizgt elef endnud trithdralt he
transm ssion LCX 1. The spread spectrum signal 10 for detection of an

obst acl e 5 Gefd B8 gREOErelbikiibniteahs qrpiemi spetCiuh Sigha Bdeaieddsifigpm t he
slot of the transm ssion LCX | provided at the position corresponding to
t he pat hméanEh)i soapeeaeddstecanuendi gfiathé areckeieing ACXf2 appositeeits i S
received via the slot of the receiving LCX 2 opposing 15 to the sl ot
posi ti onthke emdofbchvetdaasnilssd onBOX 1 ts which@ad thasmrehdgpectriuem | evel
of correlation between the received signal and the reference spread
spect r umssiggadl geseratidohaneans 3 tisecoonesited and mekrukat Byg medeveilng a
time that el apses
15 of correlation between the reference spread spectrum signal and
the spread spectrum signal for detection of an obstacle received
by the receiving LCX 2, and reference numeral 6 denotes a
detecting means (spread spectrum signal receiving means) for
detecting an obstacle from a change in correlation level
20 calculated by the correlation means 5.
Reference numeral 7 denotes a high frequency oscillator
(spread spectrum signal transmitting means) constituting the
spread spectrum signal generation means 3, for generating a high
frequency signal serving as a signal source of a spread spectrum
25 signal for detectionof anobstacle; reference numeral 8 denotes

a PN code generator (spread spectrumsignal transmitting means)

for generating a pseudo random noise code (hereinafter,



between the transm ssion of the spread spectrum signal for 20 detection of
an obstacle fromthe spread spectrum signal generation nmeans 3, subsequent
to the supply of the PN code fromthe PN code generator 8 to t2&®JgpRedsdl
spectrum nodul ator 9, and the supply ofigt he reference spread spectrum
signal, generated by the reference spread spectrum signal generation neans
4, to 25 correlation neans 5 subsequent to the reception of the spread

5 EECELBSL?%@%%%@ R R S i e T A
11 o t he P EAIoEhSER o Plant aroron # e B, E0 P R o

and v eceply o ol 4 SRR 1 §ART' R ARR s oh0 £ AR GELEAR 10" AlroPalc! €

can be 5 approxim I'n ‘an obstacl e defection deviée according to
e di 11 8P EmEe oS e, & SR T PR o P at ol P ha Tl g °
Gener ot or S1ETRL E7EnRRAE A hnd R o R e
cbet acl o Paop e e R e P IR oo o R kel ™

210 LSRR AL ol PRI By a0 g P RSSl E ebc

recei ved by the receivi e corr tron leve etween this

si gnal ang gﬁgeaaf gb@ﬂ%‘i'uiiprﬁ%aslp%iif ?@ﬁ&?&niéfcélhcélb%%l@[ the

correl ation ans istl (sec. ) ( ., atinme difference between the

generation tineg@fefeRNeCatdme?all 19 F¥netds GeNVAPlost AladL generation
20 tinme of a PN code of the reference PN code generator 11 is tl ( sec . )
) . iftoi S(Héﬂéféhééds?i*bﬁdp\slp%&ﬂﬁ s iRpRel e ROSidh OfebRS At §8rahda

di stance of tl x ¢c/2 (n) (where c is the speed of light ) away fromthe
transnit t 58cehEm A idHEL I SISIN BiSd dieafl®) tondthrtARIN} speeapesfestrife
spread spectrum signal for 25 detection of an obstacle 1s cal cul ated by

nul ti plyl 9gghde §énerdiibar eeanst |4 ,mEazugehdnatingg ta reigh f f requercy

measur enent neans 111 approximately corresponding to a tine el apsing from
the tine sigRaP%dvigyg?26ia sheme phasspasadthepedighuniregredcy sigedecti on of
an obstacle travels fromthe transmtting end of the transm ssion LCX 1
until thegénemawddrby heheilgigh firmspleesit bscidfletencd spdeadrypagt asim si gnal
generation neans 4 of the receiving LCX 2 by 5 ¢ corresponding to the

pr opdgat i vignpkedusice bé spretereneespreas gpaectrum sigeal; grefigrence
obstacle. Since the transm ssion LCX 1 and the receiving LCX 2 are opposed
to each owmgrahdll deratiepoat referengii EN crdesgedaradisdct(nafiexenas
generation nmeans 3 is connected faces the end portion to which the

r ef er enceSpRah FPEE LIPECS 1 GAAL IGRNEL AF T BER DR, FPHRAYSPECEERREEBRL a hal f
di stance of the propagation di stance of the spread spectrum signal for

det ect i orFesteighinsh oA ) | EOE HRIYA N a2 £ty f¥d RAAtdNT L8R t he

transm ttl{ing %r}%q%fer{[cr}egEa%%r}Sa@esdsi:?nttlfgéolc'al oscillator 10 to produce

20 a reference spread spectrum signal and generating a PN code
phase-locking to and of the same code series as PN code of the
spread spectrum signal for detection of an obstacle received
by the receiving LCX 2. Reference numeral 12 denotes a spread
spectrum modulator (reference spread spectrum signal

25 generation means, spread spectrum signal receiving means)
constituting the reference spread spectrum signal generation

means 4, for modulating the signal generated by the local



15 While level of correlation between the spread spectrum signal for
detection of an obstacle traveling path A and the reference spread sgectrum
signal input to the correlation neans 5_after an el apse of ti uly 2003
corresponding to path A since the tranddi ssion of the spread spectrum
signal for detection of an 20 obstacle fromthe spread spectrum signal
generation neans 3, the PN code of the spread spectrum signal for detection
of an obsbsgelig latavrelliongnpaite Bbaeiks tdie thecPHecofiet fenecheednes Hyead
spectrum signal input to the correlation neans 5 after an elapse of tine tl
are not i pefbasacelPRI&ids gerndrmticwdll 6b prodetattvn r2f dmsnesgrieadsi gnal
traveling path H and the reference signal is approximately zero. To
descri be spestrumt begnadn ahsl adfemaicetnaner®li Tl dé@lotesJlal ¥ iRe03
according to Enbodi nent 1 detects the spread spectrum signal for detection
of an obs#iatferbyceymehsapemendemeansotimkeemeasueementeheanssesppeadd
spectrumsignal is generated as a result of regenerating the spread
spect 5um spgatlumos ignddt eetedvinlg areans) aidre mdasuhingodreiméi on neans 5,
t he spread spectrum signal for detection of an obstacle and the reference
spread spgtffenescgnespreadnsibécprumdsignahapropagapieadt specpeningignal
for detection of an obstacle is denodul ated. The result of nultiplication
is outputfas detertibrtodntheveds iion ofcanetlestache neatweén thethexcase
where the PN code of the signal ( for exanple, the signal traveling path B)
for detecl iaord aheahCRbz} dodteween gEnermatsion lofoai RHtcade iyt lthehRN oddéhe
reference spread spectrum signal, the product of PN codes of the spread
spect rumgenprdtdnrs dade generadficsn bybthecrefanenckePN codd ayamzratspr ead
spectrum signal is approximately O ( zero ) as a result of perform ng
mul t 1Pl i claktd on. A PN code takes one of two values O, 1 periodically so that
the product of PN codes of signals out. of phase with respect to each other
becones 0 (zer ® degoriptiensibhnpwmie gixyea ¢f e eperabheR @eansdigiqit i on
means 5 to the detection nmeans 6 while detection of an obstacle is being
carried é& Embodigerdstlacl e appears between the transmission LCX 1 and the
receiving LCX 2, the intensity of the spread, spectrum signal for detection
of an obst acl e Fiigsks |agwaRar &P ShahiRNHR1thingoR r EPEERENSPEGEFUBCCuUrs .
Therefore,, the detection peans 6 C%I det]e_ct ,th}'e pr(gsence and | ocati on of
the obst &HaRal Loy defgcbpen ofsap ohstaglgastl FSGF HPede T & ghow t he
receg ion SN ratio is., hancedz,\;:ﬁ? ared to_that og the rel ated-art obstacle
FUETATLET B Wbat &F

det et? i o FESRDEY OF e e % BAUENGHaF P8 %ased as a
oL9nel 9 USEching oRke! a6 Seo Pl 35 I ERERY igP kot EEELED, Y 2
P2, oA AR TR, IPHLIEY 4L SHE HEAP VRGN BB o T
Dok e SR el gty Y B0 A broZ fihad pectitn 1t v
' modulation is supplied by the PN code generator 8 to the spread
20 spectrum modulator 9. The high frequency signal generated by
the high frequency oscillator 7 is spread spectrum modulated
in the spread spectrum modulator 9 on the basis of the PN code
supplied from the PN code generator 8.
Spread spectrum modulation carried out in the spread
25 spectrum modulator 9 may utilize the existing spread spectrum

technology such as a direct spread method (DS method)

distributing a signal electric power over a wide frequency band



other is H(nm , and the speed of light is ¢, the mninumvalue of T is
expressed by ( 2L+ H) / ¢, i . a. the propagated distance of the pul se
nmodul at ed signal divided by the speed of light. A signal |evel2%duly Be03
recei ving pul se nodul ated signal at ani85 integral tinme T beconmes S (c
{2L+H) so that (2L+H)/c is approximately 0; coscvT = 1). In contrast to
this, in an obstacle detection device according to Enbodi nent 1, a spread

spectrum gi.g i G thatqidscy e84 ha of bpng exckedel, code is
N and a dg}’a??gﬁlgéyg?@oﬁe Hl;i of aqPN c%deg(lssaTc,9t he m ni mum véﬂ}e of the

pul se repetk heﬁ_cgggsa}uﬁlhewéhnea fF 8 GRS 156 | %ﬁq&f@%f&leﬁu&&m be

made to be identi th”a pulse repetition tinme interval of the

above- desghhlegdyp Headysd 9 gh Noveq@e it 68 0Bal $ngX a
function %ﬁh?t)ym%gégcﬁ?r@t Is a varigabl e. %5 When tﬁg gggctaﬁ%%g%g%:di ng

accor di ”gcéﬁtéf‘ef%%ﬁ‘&hb&@si AckRGird €oS A At tERACITUBN SolEPH8IHEd by S X
PN (t) x coscvt. Whén the PN code of "a spread spectrum signal for detection

of ans 2§ré§b¥n890§y3§h@§§tz{arﬂ ardida i fale of of FAQRERCHP! ead

spectrum si ghal are Synchroni zed, the above-described spread specCtrum

signal S ndNgélovercaecyt hiyh kperd.tiplied by a PN code of a reference
spread spectrum signal so as to denodul ate the spread spectrum5 signal for

detection of angplishashLes@ sRIUOH LS ihhHa10fd HBRECRY bR frRAUbBE E8cSEgnal .
The received signal for detecting an obstacle is expressed by S x PN (t) x

PN (1) X f@sgefierat&depyhehenkpiiead apleictium mModNDatbr 3 ,T fiecidres PN (t) X
PN (t) N, and accordingly, the signal |evel of the receiving signal 10

becomes FpaMbmiftttsd td tHe drdmot s isreaoxon devheetadcesding spread
Enbodi nent 1, a signal level is N-folded conpared to that of the

rel atled- aypecthninn el igyriel epdrierratibon awsaris 3i.sThederahemdsshan BOXrati® is
enhanced to N-fold. Put another way, the SN ratio of one piece of the pul se
signal i preutided wadhN\afplulrabitp dfhelsaseat sirdradlld intelryadspinyting a
spread spectrum signal as a carrier wave, thereby being capabl e of

short eni Aprdiccudimbfdibeset éongsantihabaspread apechbsuacisd gmad salfoa capabl e
of sufficiently applying to the detection of a noving obstacle. Next, a
descri pt idetedtilohe gy @bstfadirvariecradhiated s agabipwaver fivomdhese
enhanced conpared to that of the rel ated-art obstacle detection device.

G ven t hsilods.i Bpetspreadrspepbrn signak f@rodetectironef RN obskasilssi on
LCX 1 of an obstacle detection device according to Enbodinent 1 is P1 (W ,
an i hput raddatedcapawaddo wayenkePrrpapgatedjownr & arepding Aesecdioncycl e
25 of PN code is N, when the equality of Pl = P2 is satisfied, an. input

el ect ri c 9foamroksitacie hatwean %FE%%%‘HW%“P"Z LCH 1 apdtha rereipyngat i o

becomes %.%xl %gb(e ore %enicfgtpgcclafggé hb}?ftl'?er]erecezfv%?g‘lﬂlcx EQOS’ue to

differences in position of the respective slots, spread
spectrum signals for detection of an obstacle propagates via
20 different paths including a path A and a path B as shown in Fig.
1. Furthermore, spread spectrum signals for detection of an
obstacle traveling these different paths are received in the
receiving LCX 2 in a superimposed manner.
A spread spectrum signal for detection of an obstacle
25 received by the receiving LCX 2 is immediately inputted into
the correlation means 5. Moreover, a reference spread spectrum

signal generated by the reference spread spectrum signal



cycle of a PN code N has in general a value of 1000 or nore, the DU ratio
is inproved by 30 dB or nore. Next, a description will be given of how the
obstacl e detection according to Enbodi nent 1 does not affect t4fbJudy 2003
communi cation in the other wirel ess coifuni cation devices existing within
the detection area. Wen a wrel ess comunication device conducts a

communi cation within the detection area of an obstacle detection device
accor di nggeaekaligdnmetns, 4giigednplat edhe nrandhied clo rafe la tsjpreate sie @ s um 10
signal is Bl ( Hz ) , the bandwidth of the wireless comunication device is
B2 (Hz), KNbw,ehegenhietandosy opersitivmiof spreferespeet spiread gpalctranspr ead
over a broad frequency range so that HL B2 . Even if the total electric
power of &hgnaprgedegpeedr by tihgnale faxernde spitesd ofpeberamestiginglpower of
a signal to be 15 inputted into the wireless comunication device are

i dent i cal gehberafaonemeansctr wiljower descriisedu relelsincoheupeteatrienpaedevi ce
is reduced by 10 log (B1 / B2). In general, since Bl is 1,000 tines as high
as B25 t hepoeat ispeatfrumwsignadagéemerabibhenednseld¢sshe dvnal ostiddadevi ce is
i nproved by 30 dB or nore. Wth this, 20 the wirel ess conmmunication device
can successfgehgraveduat haghofmrequencyors iyl riddret idsl acd etNet Réghon area
of an obstacl e detection device according to Enbodi nent 1. As descri bed
above, upfregquéncy migral aysrmenrtted thy tthies hEghofiregnenty bbheddlatopr @vi ded
an obstacle detection device, 25 conprising: signal transmtting and

recei vi nameksexviiog dstzctignplasoubseacf & he vefersnog apteadtspeakage
transm ssion path on the transmtting side for radiating a signal for 29
July 2003 idhalkt dthe doadl ascildador iapats s$beohdghefikeguencgntai slseon
pat h provi ded opposite to the first | eakage transm ssion path and receiving
t he $DPgnaiprdead dpestrummedulatebiactiereepesadnspbeirefrrengaPN code
transmtting neans connected to one end of the 5 first | eakage transm ssion
pat h, forgepsrstar dd + kePi¥peeds SpEcPeUAPENGAC| SPHeadespectngmant dihg acl e
based on a spread code and causing the first |eakage transm ssion path to
radi at e tHahfresyensacsignadi geaerasedibyetheoretl sebklakps; 1&ne spread
spectrum si gnal receiving neans, connected to one end of the 10 second

| eakage GeReHALEd oFhR&EN CREecks énfNicods e diisPae §@ries identical

with that of the PN code of the spread spectrum signal generation
15 means 3. The reference PN code generator 11 performs spread

spectrum modulation of the high frequency signal generated by

the local oscillator 10 on the basis of the PN code thus generated.

The spread spectrum operation in this reference PN code

generator 11 is similar to the operation performed by the spread
20 spectrum modulator 12 described above.

For example, spread spectrum signals for detection of an
obstacle traveling different paths A, B as shown in Fig. 1, are
received in the receiving LCX 2 in a superimposed manner.
However, by synchronization the phase of the PN code used to

25 generate the spread spectrum signal for detection of anobstacle
traveling path A with the phase of the PN code used to generate

the reference spread spectrum signal by the reference spread



where the spectrumsignal transmitting neans is connected to the first

| eakage transm ssion path, wherein the spread spectrum signal receivin
means further conprises: reference spread spectrum signal genetbd4lpROPRans
for generating a 15 reference spread sp@ctrum si gnal based on a spread code
of a code series identical to that used by the spread spectrum signal
transmtting nmeans; correlation neans for calculating a | evel of

correl ati gpebe\RER il 1 e ENTEi SPIResnsPLLt caltfilgRdbnyeFeizat ed by the
reference spread spectrum’signal generation 20 neans and the spread
spectrum spgral atabndeteeli Di tie abrelibaddboe nesfsVEEnlblde isea@Hd dreakage
transm ssion path, based on spread code phase-l ocked to the spread code of
the spreagrspget EpreaddipledtHuni Rftd DNfeF Perebsiag! efdaheebsdaby et he
second | eakage transm ssion path; and detection neans 25 for detecting an
obstacl e ppged19AgapaPRWE r&m @heospeeatisyed tmeh iajrial Foaddbyetheon
correl ation neans. Accordingly, it 1s possible to provide an obstacle

det ecty ongdexyhcebsenahke teaveldh® atil 2003 detecting an obstacle
accurate accurately, less affected by janmm ng w thout jamm ng conmuni cation
in a wireless opgmaws6aibentHey 4a Wurtheradetadd [ afhateties | shr&dd an
obstacle. Since the tinme required for detection of an obstacle is reduced 5
as conparggeéerifes ighaledeakiratiion mepessilblgenerfaiecthd $Preag obstacl e.
Mor eover, according to this Enbodinent 1, there is provided a tine

neasur enedipedeodd sfigndlegour degeat fonenfianpssdtaml 6 ditali spimpegbitoly ti me
period elapsing fromthe tinme 10 when the spread spectrum signal

t ransmi t tougputteed tgebheat e3n stbs sporddXs pecThespaiegrbspbot rdateignah of an
obstacle until the time when the correl ation neans is capabl e of

cal cubat i fur detoscteioni ofi Arvebsthcike ibophoppgadeds pedthrimtdiggnal s
subsequent to generation, by the reference spectrum signal 15 generation
means, oftrdresmisfsiemckCXpl caddspediabedsifganl tivei slloits dm thenchroni zati on
with the spread code of the spread spectrum signal for detection of an

obst acl e.tYimsmissien dCXehpraisided ata thss iposatish @emmsparidinkitst i ng

w thin an obstacle detection area formed by the signal transmtting and 20
recei vi ndheegath gx. dthietspyead spPSEhENB, Shgnad Sprt Hetestden ofed@ry um
signal propagation tine period neasured by the tine neasurenent neans .
Accor di ngbstacdimigiraseivedndadehe sipdRhthgreeceby 1ag Ll 2 opPPosiang

obstacle is facilitated. ] ..
15 to the slot position of the above-described transmission LCX

1. Accordingly, the level of correlation between the received
signal and the reference spread spectrum signal is calculated
in the correlation means 5. By measuring a time that elapses
between the transmission of the spread spectrum signal for
20 detection of an obstacle from the spread spectrum signal
generation means 3, subsequent to the supply of the PN code from
the PN code generator 8 to the spread spectrum modulator 9, and
the supply of the reference spread spectrum signal, generated
by the reference spread spectrum signal generation means 4, to
25 correlation means 5 subsequent to the reception of the spread
spectrum signal for detection of an obstacle by the reception

LCX 2 and to the supply of the PN code, phase-locked to the PN



25 Enbodi nent 2: A device according to Enbodinent 2 is provided with a

del ayi ng neans for del aying a phase of a spread code used by 29 29 July
2003 the reference spread spectrum si gnal generation means by 29 ddygR0ed
time period with respect to a spread sBéctrum signal for detection of an
obstacl e generated by the spread spectrumsignal transmtting neans. 5 Fig.
2 is a block diagramshowi ng a configuration of an obstacle detection

devi ce aceotdi ggntpatatiogymene PN doddeyariesandr 8y dridmnhd reffieente t he
reference nunmeral 13 denotes a del aying nmeans for delaying a phase of a PN

code usedplycthe jeierspse Bpriencspeprend Spgesiruge medailiavdrmaans thdy a
desired 10 tinme period with respect to a PN code generated by the PN code

gener at or t Bmel reghioukd Eernatradsniissidre arnknteompt Leh e EneRenypeeads are
attached to the sane conponents as those in Fig. 1 and additional

descri pti gpetsrami siglalAfdes det@ctaonidff amwhxtaglencat bée operation
according 15 to Enbodinent 2. As to operations such as generation,
transii ssapprowimaeedivi ng, and detection of a spread spectrum signal for
detection of an obstacle, additional descriptionis omtted because these
operati ons are HéngéAarinoahhobstatlehdedleotd o0 deedicre aextcrdiiory mesnt 1.
Hereafter operations which are different fromthose of the above-descri bed
Enbodi merEmBoddméntbel deshei béne dhi€fersnas medsuacment dedmse Brrofoing to
this Enbodinment 2 is capable of detecting an obstacle |ocated at any 25
posi ti on medasumindge dhstead &f ference dnetveenf theregemgraticon of the PN
code by the PN code generator 8 and the generation of the PN
10 code by the reference PN code generator 11 is provided. Owing
to this, for example, supposing that a time elapsing from the
time when the spread spectrum signal for detection of an
obstacle is radiated from the transmitting end of the
transmission LCX 1 and travél path A until the time when the
15 spread spectrum signal is received by the receiving LCX 2 so
that the correlation level between this signal and the reference
spread spectrum signal is calculated by the correlation means
5, is t1 (sec.) (i.e., a time difference between the generation
time of a PN code of the PN code generator 8 and the generation
20 time of a PN code of the reference PN code generator 11 is t1l
(sec.)), it is understood path A is a path passing a position
located at a distance of tl1 x ¢/2 (m) (where c is the speed of
light) away from the transmitting end of the transmission LCX
1. A propagating speed of the spread spectrum signal for
25 detection of an obstacle is calculated by multiplying the time

difference tl1 measured by the time difference measurement means

111 approximately corresponding to a time elapsing from the time



transm ssion LCX 1 and the receiving LCX 2. To describe this in further
detail, as shown in Fig. 2, when the | evel of reception 30 29 July 2003
at a position removed by L (n) froman_end of the transnissi on29.dyty 2003
connected to the spread spectrum si gna?zgenerati on neans 3 is to be
Jreasured on a continuous basis, the delay time is set by the del ayi ng nmeans
13 so as to delay the phase of the 5 PN code used by reference spread

spect r um whenak hgeseratidos pesarunt shygnal Forc dettesrteion iofliamtadss tdwelespeed
of light ) with respect to the phase of the PN code generated by the PN
code genetghoel8 (irom tihee thidonceitising tengrefiutket heaspmdad iome Caxum
signal generated by the spread spectrum signal generation nmeans 10 3 for
det ecti onuntidnthestdmec whell tthe s sgnaheredases otheheePirende spreiade
reference spread spectrumsignal is in synchronization only with the spread
spect r um spgotkuihos idatdcgeneraft izm oesinsc l4e ofetdievedodiaipg LCX @rbyed by
L (m fromsaid end. Therefore, only the results of detection at paint 15 L
(m avay ¢rooprsssEpbreding & bheght cpagalt byn tsipeecbofet e ispr emhepebtram
descri bed above, the device according to Enbodinment 2 is provided with the
del ayi ng siegmal 180f odetlethybngofhenpbhstaoil et heSPhteotbeuseanbpiskbdon
reference spread spectrum signal 20 generation neans 3 with respect to the
spread spe€X rluansi ghel réceivingchC¥r2 afreanppbsedcte ¢ach addsr add the
period. Accordingly, in addition to the sane advantage as provi ded by
Enbodi menend poart isaded wideint hges pregst spedsdums gl gepematddimeeang t o
the construction of Enbodinent 1 in that any 25 desired point in an area
for detecliibm ednmecoedt fatesi sheulendc pords igms &ov athisgh ihe atefeencelesi red
delay tine. 31 29 July 2003 Enbodi nent 3: According to Enbodi nent 3, an
obst 481 e ststead ispechyie signadr geasratpoorBeany bilsobonaeciedet achabh

devi ces such that adjacent devices generate spread spectrumsignals on the
basis 5 sfishaneg «nf B chyopadasiop| gisgange,of| S&ie GRIRatn SORAHLR a
configuration of an obstacle detection systemaccordi,ng to Enbodi nent 3 of
the presditgnal iy siete@tipy. of apePRFtAcdendferansifderesh@siA j ndicate
transm ssi on LCXs | eakage transm ssion path on the 10 transmtting side;
si gnal t RRERRAALSH HREIBeRi §FAY anEr?gﬁmaEFéBHi R ToddEacl e) provi ded
in obstacle detectjon devigces A and H arranged to be adjacent to each

ot her, rédAaEMAAS AP }értnce numeral s 2-1 and 2-2 indicate receiving LCXs

et bt 1 ng an oNBLI8 AF VB A SPLE YAt b B s by S35, F A FReR g B
Tonal tPaeeRY don, SRR HE AR brdbells, e ALAH BAILE Gl R 0
reans. 208 SERe R B e A RS i Cat
dovi cos R aRnER, AP I O R L0 e I SR b

signal g i3 {RABE BheldiSr & IsPeritirdfh SB3RG1°r8R Mt ecERd e QA Means
6 descri Eggh%%dngr%llé@n%odi meﬁtgqr and/S?r Enbodi ngnt 2. Moreover, the obstacle

det exg i 0OBpdRWUCIRS fRcRNEHB 2pecadUEpekerumt 8igRa108ehaehe idat Aehhan3 fevi ces
descri bed in Enbodi nent 1 and/or Enbodi nent
the PN code of the spread spectrum signal for detection of an
obstacle traveling path B and the PN code of the reference spread
spectrum signal input to the correlation means 5 after an elapse
of time tl are not in phase. Therefore, the level of correlation
25 between the signal traveling path B and the reference signal

is approximately zero.

To describe this further, an obstacle detection device



' 2s ~uiy Zoo3 32 2 and use a PN code A and a PN code B which are different
PN codes, respectively, in order to generate a spread spectrum signal for
detection of an obstacle. An obstacle detection system accor did&J4p2003 s
Enbodi ment 5 3 consists of obstacle de8ction devices A and H, which are
arranged to be adjacent to each other. Since a detecting operation of an
obstacle of the obstacle detection devices A and His simlar to that of

t he aboveadesedihgd tbreagiodEmient dddieticenal thes epirRiados pet tafint tseinand t he
characteristics of 10 the obstacle detection system accordi ng to Enbodi nent
3 will befdesaeibediohhe ks aystaeledy osyteNieasusd dadeBtabnanged to be
adj acent to each other radiate spread spectrumsignals for detection of an
obst acl e fhegetbeel,r aneetasente LEpGedd Ispast du,s IGsPEls \Winerak&d @ral
radiated fromthe transm ssion LCX 15 1-1 of the obstacle detection device
A is a ingerégulngosi gealendriatinesmdnd sprdde spematuh os bgnagcebyed by the
receiving LCX 2-2 of the obstacle detection device B, and a signal radiated
from tshe feosadicaicMah@bdtaché. et hesict el giel @t ine@msi®y it Bpirgadn
interfering signal with respect to the signal to be 20 received Ey t he
recei vi ngspé2uik. s ignalh fuasdetleetdencoffi an chysttarl e dhegrédekahedi nent
3, the spread spectrumsignal transmtting neans 31 and 32 of the obstacle
det ect i onsplewad espécbpdmBs igaapeatriev el t imld ecbfo ditretd dlve gepesasie spread
spectrum si gnal s ?or detection 25 of an obstacle using a PN code A and a PN
code B difperenimtsibyeil ofor réspectiorlgf al tdbdthacl e eierdemodubatedl
radiated fromthe transm ssion LCX I-1 of the obstacl e detection device

33 29 Julzhesuit ©f enditdgd ima tiilem decoutpul &€Xa @roélationhbbéwsl e
detection device B, no problemis presented since the spread spectrum

si gndl r exeibhendeteatsof? nieanst 6d Wntthe adse othetre thed@Necodenofieshiee B
calculates a level of correlation between the received 5 signal and a
spread spsignaim(Sognakanpher dihel sigoad bnavadipy patde B)nfey mgtestiizat i on
with the phase of a PN code B. Even if a signal radiated fromthe

transni ssiforan @bstaglefis hrobbin agyrchsenieabhoneviith Bhiat wodcdiheed by the
receiving LCX 2-1 of the obstacle detection device A no problemis

pr esent egefiarancespreath rsRef Yput t5ignal gridie Rdusthpihddhsodes @dat ed
within the obstacle detection device A_calculates a |evel of correlation
bet ween k& FREEAGIPSFHRUR Sinal Lpredateskirn it angpbstgcheraRddSased on

Lhe P code o synchron gation i :3.0008 Slpa Phsode A Garey Lt the

a result of performing multiplication. A PN code takes one of
two values 0, 1 periodically so that the product of PN codes
of signals out of phase with respect to each other becomes 0
(zero).

20 Correlation levels are inputted from the correlation
means 5 to the detection means 6 while detection of an obstacle
is being carried out. If an obstacle appears between the
transmission LCX 1 and the receiving LCX 2, the intensity of
the spread spectrum signal for detection of an obstacle is

25 lowered and a change of the correlation level occurs. Therefore,
the detection means 6 can detect the presence and location of

the obstacle.



15 (length of one cycle) is N, the |level of correlation between the PN code
A and the PN code His determned as 1 /N, according to the cha:[eqra teéé%tfic
of a PN code. Since Nis, in general, 1,000 or nore, the interf

spread spectrum signals for detection o?4an obst acl e between the adj acent
obstacl e 20 detection devices A and B can be al nost all ignored. As

descri bed above, according to this Enbodinent 3, in an obstacle detection
system in which &iplst,aki dgsotipbdvaciéldebecyiven deww cidve AaereptBican SN
provi ded, the adjacent obstacle detection devices A and B generate spread
spect rum sirgidlosibaarhhRSed caifd red o RRatodEst e ared at ed-eapte obistalcl e
Therefore, interference of spread spectrum signals for detection of an

obst acl e bdeweet ibhe datjiaesniInobdeaclas edoherei enpudsieceodilaned sign2ad Jul y
2003 B can be suppressed and the frequency of an error in detection of an
obst acl e bystusedbst adigruct ori detegtinmarnnbsbacdeucagullse nhdulated
above-descri bed Enbodi nent 3, an exanple in which the obstacle detection
devi cess A ahgnBlareraived pgda recdismr bsdoguredsastl biSvavess withewherein
above-descri bed Enbodi nent 3 can al so be applied to a systemin which 3 or
mor e obst a8lindfitates ansiignadeckevel off Aapibie MOskitladiesd gdgoatli bmpdtvedes

whi ch are not adjacent to each other may generate spread spectrum signals
usi ng t he intattheal rétkeivdesandOcEniboticetes 4 carobst acdee diteghenty syst em
according to Enbodi nent 4 conprises a plurality of obstacle detection

devi ces, c@tvenfthake ampsinkervabiketveandpylses o€ the cwnkaetredwlatedakage
Z5 transm ssion paths. Each of the devices includes synthesizing neans for
gener at i ngS B9R¥bdssi Bpdhilsnghlblio 58%al ni2nds an(B) edthe énperrprldrtveedr ead
spectrum signal for detection of an obstacle superinposed on each other.
The syft heShie it neskss kg kEH 1 ARG & FeFPABaREdLCK ghQPPLS itretadgasibnt
device via 20 the | eakage transm ssion path. There is al so, provided a

i sol ati ng PREK ¥oH (2ol aPAGtRRSRERL 1 d i kedSafid FRE WM HAHMG um
and suppl he LREBIRIIIE HoAEr tofint rods CestNOPTIRATHSE G hbode
5t U A PP 5 AL LSS 1
power 10 thd T S So B (i EaRA A Bl 6 Mo Ml o AR L
epect s om SifHardl, i T Waoheits 162N oLaRD EB2RRat LRI TRLER) |

obst acl e detecti.on .devi A, rence character A2 indicates a
synt hesi ziAvPHRTe Yo gos'ntcnoegi%%?ﬁgqé spread spectrum signal for detection

of an obstacl e fnOEhRS-aSR &3 +IPREL! TN S BREtdsPOSHetébPHoE@dsidd and an
el ectric source voltage fromthe electric source device Al and outputs the

10 synt hegiceR-dSing 2o ambddSeid Mo Epredaakpeetiria Eignanl $5i @8e4CX 1-1.
Ref erence characteéer A3 denotes an electric power branching filter

(i sol ati ngiRRaNeNat @hd BOhGEhRME bhe [ 6 f PR aARIANE N Bfd SPdessht spRCct rum
signal for detection of an obstacle fromthe above-described superinposed
signatoi npift bae bit of a PN code is Tc, the minimum value of the pulse
repetition time interval of a code series of a PN code N x Tc
can be made to be identical with a pulse repetition time interval
of the above-described pulse modulated signal. Now, a PN code
is expressed as a function PN (t) where time t is a variable.
25 When the spectrum spreading according to the DS method is used,

the spread spectrum is expressed by S x PN (t) x coswt. When

the PN code of a spread spectrum signal for detection of an



15 into the obstacle detection device Hvia the transm ssion LCX 1-1 so as
to supply the electric power to the obstacle detection device B. Reference
character A4 denotes a term nation connected to the electric r?@vdé‘l‘y 2003
branching filter A3 and terminating thSspread spectrum signal, generated
-by the 20 obstacle detection device A and isolated fromthe superinposed
signal by the electric power branching filter A3 ,so as to prevent the

spread spgek{Haysi ghdltid ¥R BRdRIoESS | ast i %Eb&édcﬁ@%ﬂ@c&&i&ﬂ sliGhal- 1.
O herw se, the obstacle detection devices A and have a construct’i on

equi val engrb 0§ Hehrohikbe, obikagh8vabddstesbe@nsgerhaesgeseuhed ighal
Enbodi mnent 1 ahd Enbodi nent 2. It should be noted that the sane réference

I t kh Fig.
36 20 Jul 5 o805 B ERGeB S ey KB LEpLIRaaR BN RO e o R LRk o
detecti Or‘sﬁi/éé&rﬂe;?é@@hﬂi\ G gria EER0 85 "ed dehod It Eheck regHespeebrdfyvi ces

A and B are connected to each other via the transm ssion LCX 1" - 1. Since

an oper atd i d Predy dRitasdt 18 F¥ Asbastache tberepsbagke €rbestignngdevi ces
A and Bis Simlar to that of the above-descri bed Enbodi nents, additional
descriptigmds tiifbed HEgRAR! apheristéive@isidipaDbsséncdec et eayi @
system according to Enbodinent 4 will be described. In an exanple shown in
the figur tggt &0 Vi Cegye an
el ectric %o%%ﬁfﬁ%%%%?ng§h§9efegt??ckﬁgu}fec%ﬁdgsycg %?.gwlsﬁpﬁ%mg%st acle
det ecti ot leViedkal Necsidn Nefa ing meaes TABegomesabRs (8) SKPEN | (ppsed
signal in which an electric source voltage fromthe electric source device
Al and aspraad ameiding 5y prete foigrdl deswsl ioh tife arecdistiang e iganer at ed
by the spread spectrumsignal transmtting nmeans 31 are superinposed on
each1ot heyectatk 6t pUTS THES sUpeanpbsedciegisted i ohaldvirs mcemiingCX 1- 1.
Thi s superinposed signal propagates to the electric power branching filter
A3 of theaoolpxibae ienedett €ct a0 idmd Ic d e edhiilse N-dfdilatedh gra(partes] dyor it
spectrum signal for detection of an obstacle as a radio wave froma sl ot of
the transf sheareldRed-4Art Ties edebe detqivien Bevicki ngt fis uadesd tiood at es
the electric source voltage of the electric source device AL fromthe
super i npddet SNymwait isandss gnplansed Ko d-dold.c Pydnanothameays divee&i
spectrum signal transmtting means 32, the spread spectrums ignal .
recei vi ngatdansfionarpiese of Aheepulse ﬁggﬁégnlss A ltgiak ke Nr dBst acl e
detection device B. The spread 37 29 July 2003 spectrum signal, for
det ek i othef samepBatagralydidendyd epployd ngpre SR 888 BPEREIBnGLgnal
transmtting nmeans 31 and included ip the superi sed signal is -
transmi t B8d2 (RREHEE Wayienath8reRY ReLRE Gap epng EPR RIS Rime
reflected to the transm ssion 5 LCX 1-1 and using interference with the
R BEReOt

\?Vﬁread sﬁécpmﬁgﬁﬁﬁgﬁla’g’f REAPHOSIRAR %t_ést%%cf orf v 20 ACaPF Iase
ot ect | oRuGEIeIeTsIS: Frmy TN, te. 08 GRteBsIBA8E, fombliblCoBEFRERE o ao

| d wwthin_ 1Oth b | e i i i i 1 s
uper | mposed STERSY By R UL Mg Lo aier of Reof ER 5 A RERALAS 2
i | .f tecli
Spedl unPEr ERERarFndf Aa el RN o f SRR A T o e
! t 'ng Means 52 on ‘ S he
R s S R R R VR S S
the tranggl 850 ibCilaliel Glont hd-Clahigniddidi® i NP ARIobdadVi de 2

plurality o ectric source devices
detection device according to Embodiment 1 is Pl (W), an input

electric power of a jammer is P2 (W) and the length of one cycle
25 of PN code is N, when the equality of P1 = P2 is satisfied, an
input electric power of a jammer is suppressed to P2 / N, so

that the DU ratio becomes 10 log (N). Since the length of one



As descri bed above, according to Enbodi nent 4, the 20 obstacl e detection
.devices A and B which constitute an obstacle detection system are connected
to each other via a | eakage transm ssign path, the system i ncl

synt hesi zi ng neans A2 for generating a2§uperinposed si gnal by superinposing
.an electric power and a spread spectrum signal for detection of 25 an
obstacl e on each other and transmtting the superinposed signal to the

adj acent obsflacbé dePNctobde Nehiase ini genesalleakagéd uer afstiodd @r paide, There
is further provided an el ectric power 29 July 2003 38 branching filter A3
for isol athagDUheatliectisi dmpowaredirity t3h® dbraadnspect rum signal fromthe
superi nposed signal generated by the synthesizing neans A2. Accordingly, an
el ectric sourceNeah, ba depplripd ivina wild theansiviessioofh hdwX thé obsthelkCX 1 5
2. It is not necessary to provide a plurality of electric source devices
Al. Ther efletecthencastortinige toy Fmbndiarerie Ir etheeechotba Ebeet, thience

housi ng space for the electric source device Al is not required, the

i nst al3 atcommspacetbdnt ha tdée odheanm wig alestisc exbmmith id¢ashonl devdcest ed t hat
adj acent obstacle detection devices nmay generate respective spread spectrum
si gnal s oexiseihgswitbindtheedetiecRNomode=a.nWhen saneimebess as Enbodi nent
3 described above. It should be noted that the advantages provi ded by
Enbodi nernconamtc &nboni dewicgé apaductls pr ovmiamichd iAn hiughimntleeanpl e is
gi ven of a arrangenent where the obstacle detection devices A and B

const i t utdetecbbon saarea defeani ohstacilendetiee tdons dawidemadonding to

above- descri bed Enbodi nent 4 can be also applied to a systemin which three
or nore dmhedirentetlbctgbvietethatstheebasdwidtbdofi @ Ispxead spamuiiurent 5:
This Enmbodi nent 5 is an obstacle detection systemin which a plurality of
obst 48| e sleaneask ilGnBleliizks Hhe hagivddtdy ofi the stlzgless aemmwsiaatinn hs and
whi ch conprise an information 25 transmtting and receiving neans for
transm ssaiamds &eptidh, obh@celBELEACI RPBPRaEPBE 15¥t ReR SREessst acl e
detecti on devices ., 29 July 2003 39 Fig. 5.is a block diagram show ng a
conf i gur &AM §4955d: 48| EPERRE VSR %?%Péﬁ‘\ LEeQHERRY FANERUWItAET 5 of

the present invention. ref erence nurreqrﬁalsplm denot es an

1 of ¢ For> gt E¥PBri-& NS eRbAh SHECHT JoBREST 1G4 bP AP ORAS SPESIFHR t ng
RENGE AR N T PERLCHR L JIRCECMATES
R KT AR M T AT T T M LU
an the jammer electric power for the wireless communication device
is reduced by 10 log (Bl / B2). In general, since Bl is 1,000
times as high as B2, thequality of communication in thewireless
communication device is improved by 30 dB or more. With this,
20 the wireless communication device can successfully conduct a
communication within the obstacle detection area of an obstacle
detection device according to Embodiment 1.
As described above, up to this point, according to this
Embodiment 1, there is provided an obstacle detection device,
25 comprising: signal transmitting and receiving means for

detecting an obstacle, comprising a first leakage transmission

path on the transmitting side for radiating a signal for



10 obstacl e generated by the obstacle detection device A transmtting the
‘generated nodul ated signal to the obstacle detection device A via the
transm ssion LCX 1-1, and denodul ating t he nodul ated si gnal iﬁ§h¢#é3093(nn
t he obstacle detection device A via théd7transm ssion LCX 1-1 to reproduce
.15 the original detection information related to the obstacle. Reference
nuneral 10la denotes an information nodul ati on and denodul ati on neans

(i nfor mat ijek elcitabab ¥ td8bakd cleCehd 8 ctRRAS) eh RA gl ENES R s BoARSHA L ed
signal by nodul ating detection information related to the obstacl e detected

by the 20pebstiaekeofpbasitieoRodeyec € ifstnd ehka@itirhingth ildis G RRIwH ethsi gnal
to a transm ssion, synthesizing and distribution neans 102. Reference
numeral 192ckRdiagt e slilgAaNfoy Hetsotidesézi a9 apdrdbibli Bpiiean means
(information tranSmtting 25 and receiving nmeans ) connected to an

i nfor mat i gpeBRYYMAS i«%ﬁaﬁ%&%}@ﬂ@iﬂﬁg Qb4 kD nHET el doedne éhd bR the
nonitoring center 10 the information nodul ati on and denodul ati on neans

10la ad @jrs£0128kxdyky t2aP3mIsetibesipdtly, vk it dUihgntABaBpréAa,
transmtting a nodul ated signal generated by the information nodul ati on and

denmodul at §pactpansiddfl Foridetédf Digain 6Bstadlkaid 9ed aida Gerdid ablen
means 103 and appropriately distributing and 5 transmtting the nodul ated

si gnal fronytdiud i@ faRstoTehRafent passHes®loh 3id e teezadih@2 tRet he
i nformati on nodul at1 on and denodul ati on nmeans 10la or the synthesizing and

di st ri but ppes@ypecttum Eighhar foi e dection 8% an obtEdes) anddspréad
di stribution nmeans synthesizes signals from 10 the information nodul ati on

and denodghédtonm nesgalOtecentihemepnshesnnecs sahdtdlicrie idnd ion twans 105
and transmtting the synthesized signal to the information nodul ati on and
denodol atseromddeakdle thehsmdssdomnpathl, ¥bi3chermd ds &hei opposhteocto
nodul ati on and denodul ati on neans (information 15 transmtting and
recei vi ngehecen shhep rapeatadim rs idrea hrhiaresm gt teqtmeanid4is fornmesoed |tz | ng a
nmodul ated signal inputted fromthe transm ssion, synthesizing and
di stri butthm frizests l€fkage ptoanemisasonr pgthal wheredn dre sparaaat i on
related to the obstacle. The information nodul ation and denodul ati on
means103 spectrum signal receiving means further comprises: reference
spread spectrum signal generation means for generating a
15 reference spread spectrum signal based on a spread code of a
code series identical to that used by the spread spectrum signal
transmitting means; correlation means for calculating a level
of correlation between the reference spread spectrum signal
generated by the reference spread spectrum signal generation
20 means and the spread spectrum signal for detection of an
obstacle received by the second leakage transmission path,
based on spread code phase-locked to the spread code of the
spread spectrum signal for detection of an obstacle detected
by the second leakage transmission path; and detection means
25 for detecting an obstacle based on a change of a correlation
level calculated by the correlation means. Accordingly, it is

possible to provide an obstacle detection device capable of



20 also transmts information such as setting information originated by the
monitoring center 104 for control of the devices A and B to the

transm ssion, synthesizing and distribution nmeans 102. Refer er®®eJuluaeddl
104 indicates a nonitoring center whi cB825 nonitors detection information
telated to an obstacle fromthe obstacle detection devices A and H
constituting the system The nonitoring center 104 further provides setting

to the obaée_e!:eliggZQnJehogt%Qﬁ% He A i ens, /1888 BrrBatanenge

nuneral 105 ind tes a synthesizing and distribution neans (information
transm U agmafd GegRbUkn afRARY conasiat ich e SRyLas spect rum si gnal

transm ssfon neans 31 |ocated wthin the obstacle detection 5 device A and

to the traaﬁﬂaﬁgégeioﬁ VRS %408 13Mh dirshlfdiERBCTB BRSO A B2 oHdEac 6.

synt hesi zi ng an Istribution nmeans synthesizes a spread spectrum si gnal

for detecsiie heélt ?i@@;%g&b SrBANES A lRA dit 1o 8 R 1€ 3t sHIRALL Y8 Sedh@bd

transmtting means . a signal inputted fromthe transmssion,

synt hesi zi Hgoad rdSt b it FeRatRdeAds 13025 polsanBld bt ddier aMmdesyzed
signal to the Obstacle detection device Hvia the transm ssion LCX 171, and
al so transgatisiw. the nodul ated signal inputted fromthe information

nodul ati on and denodul ati on neans 101 to the transm ssion, synthesizing and

di stribution NMagifechir ,Via"céé”'fdiii%nﬁai €RLONERBod Cifehtll , Meheeveris t he,
obstacl e detection devices A and are configured to have a construction

equi val egrdwiddit Pbsime! Redt ekt Mleyhserdespenbading anppdiamwnt 1
and/ or Embodiment 2. It should be noted that the sane reference characters

and nunersgectdn slilgaahiegrbpayae isanreise o elapstines Exomn tha tide 3 and
additional description is omtted. In an obstacle detection system

accoldi ngvHeh EMeodipiRiald Spddterubstiatiad dehasnitt idey meansAgene rdtase
connected via the transm ssion LCX-1. Since a detection operation of the
obst acl e ti@d eplricad gpecteamisdgaal foersdetéatridm dihain obsttaelaaneidds
descri bed Enbodi nents, additional description is omtted. The

char act entihst itdmeotvhan thetactrellet tohimeansy sisemapadbdrediofgcadckibtdngent 5
w Il be described bel ow. 42 29 July 2003 Information related to an

obst acl e adegredatipn Hewdstel | theldheth | sprefrdispe¢tremt sdgaisted to the
i nformation nodul ati on and denodul ati on means 101. In this information
nmodul at i smbsedudéatody meEnwratkon, Y theaeermeneersBesrornaignals el at ed
to an obstacle is nodul ated, and transmtted as a nodul ated signal to the
synthesi gengratdon Beansutqbhhreemte 1o e FPERAACHREGET N FdGd&l WhigByi ce A
via the transmssion LCX 1-1. At this tinme, the inforpation nodul ati on and
denodul atBoAnnEXAShronizaion &slthEhriariqash code of the spread

spectrum signal for detection of an obstacle. The detection
means detects a position of an obstacle existing within an
obstacle detection area formed by the signal transmitting and
20 receiving means for detecting an obstacle, based on the spread
spectrum signal propagation time period measured by the time
measurement means. Accordingly, removal of an obstacle from an

area for detection of an obstacle is facilitated.

25 Embodiment 2:

A device according to Embodiment 2 is provided with a

delaying means for delaying a phase of a spread code used by



10 information related to an obstacle to produce a nodul ated wave si gnal
with a carrier wave of a frequency different fromthe carrier wave
frequency of a spread spectrum signal generated by the spread 25&8% 2008
signal transmitting neans 31 and 32 of2%he obstacl e detection device A and
B, respectively. Wth this, 15 the nodul ated wave signal fromthe

i nformation nodul ati on and denodul ati on neans 101 does not affect the

spread sperkr pBrarghak apridd ebddtidie éi%w@lﬁ I\géhéﬁat%nlmeaiasbw he
spread spectrum signal transmtting neans 31. reover, even if the spread

spect rum g&gngkdt £ gnenpeliba WeaASrétpeditpibsaasppeaadspecerast signdignal
for detection of an obstacle to the transm ssion LCX 1-1, the synthesizing

and di stribptddEelEsdn dP s YbItarel & gdriter St b3t @theSbpielad’ 5pBthom
i nformation nodul ati on and denodul ati on neans 101I. Wen the synt hesi zi ng

and di strg’pglﬁgpntfgggﬁiéegngeﬁl@iaﬁgs 25 the nodul ated wave signal fromthe
i nformati on” nodul ati on and denodul ati on neans 101, the synthesizing and

di strishuti on negfg, 105 4 BIGCKS dli Agrapdehatdagshosahriguirie ibhaEnhssi on,
29 July 2003 43 synthesizing and di stribution neans 102”7 The transm ssi on,
synt hesi zdpex f¢e dist &&bibhOoAeFEaBs Ae2ordiNG it tHibJReRt el yevenei gnal
fromthe synthesizing and distribution neans 105 to the information

nodul at | Wredehtam@ElEido) meriy. 19k refidiendis hatlegadel scdéRstdsvi ce A
and/ or the information nodul ati on and denodul ati on nmeans 103 | ocated within
t he noni tpidelGydely sleah®t fokh@ellaydhanai phasodut af iPoncade desddbyathen
means 10la and/or the information nodul ati on and denodul ati on neans 103
denodul atre fdrentelsbaead specratumBignHl gengrasalodeterris arby afdushtedn
related to an obstacle obtained as a result of denodul ation by the

i nf ol orat itdmenpeuliad oithndedpeodutata &N weales g2 riatedobiyt bhedP®caigranager
attending to the nonitoring center 104. Setting information may be

transm t igethdvaton e % mirbulet ibeg nodreide it i thee tilde ndlistadc Ire fistercie on
devices A and H via the transm ssion LCX 1-1. The setting information from
t he noni numexrmlccarer at@ached toctbeesamdetayponertscadetpswiidedilg. t he

del ayi ng neans 13 described in Enbodinent 2. Mre specifically, when the
manager at eaddiadglittd.anesl 2besonipoiongigepmikted4 i nputs the setting
information to the obstacle detection devices A and B using a setting input
nmeans or the | Akdegenirthonwill pewibe gikgprichtheqRenatoiPhagcesidadl ati on
means_ 103 nodul ates the setting information to produce a nodul ated wave

si gn?  witPhEgbegdimeat Zequency 25 different fromthe carrier wave
frequency of the spread spectrum signal of the obstacle defection devices A

and B, before APahSnPPErASIONS SRR A FNGAIIMy (HARFBARFAR Rd 44
29 July 2003 .synt hesi zj fa%n;?jF di SE# buti on rp:gans 102. The transm ssion,
synt hesi ZBA§LYAR9di Qtnﬁ %tl 0L HARTRIE AR TR nBtiat efiChave si gnal
to the inf ' dul ati d d | at | 101 d/ h
synt hosi SPRECB-RRAo% € PHRTASH e Ao T, YRCORRTAeT TR BEH R devi ce
A the inf ti dul at i d { 0] th

°, LBERATRbL 2RI A Y AR AL OIS, e dEgTabaLes (he

nodul at e € origina I'nf of mat i on
f h ' ' . 04. T hal di strinbut. 105
ynites; SECE R R R s, e e e s gna 1 or

detecti ofs b I tde 1S Laohe -ARsetlindd #R¥bASmANRN uts the
synt hesi gle'gEgl §R§| f%gﬁtﬁég%?a%m ssitaonlv%CX 1- 1.l Si nce themnlx)lgu?avt?iejidpwave
signal hgg gegéi.?bga_frequency different fromthat of the spread spectrum
signal for detection

The obstacle detection device according to this
Embodiment 2 is capable of detecting an obstacle located at any
25 position within the obstacle detection area formed by the
transmission LCX 1 and the receiving LCX 2. To describe this

in further detail, as shown inFig. 2, when the level of reception



|5 of an obstacle, the nodul ated signal containing the setting information
does not affect the obstacle detection operation of the obstacle detection
device A. Wien the above-described nodul ated wave signal is ingdelgd0ddto
the information nodul ati on and denodul 0 on nmeans 1Dl of the obstacle
detection 20 device B via the transm ssion LCX 1-1, the information

nodul ati on and denodul ati on nmeans 10l denodul ates the input signal to
reproduce gtha pbksdtian sembived bgf Dremy ifyom \Wnt Bnthb$, théer ehséMeL8ion
detection device Bis properly subjected to control by the nonitoring
center 104asidihridtteibttd Rthe? s pridad et und lisgnal| gdite t £€1 6N Shédhs
according to the related art, the comrunication quality of the detection

i nformati @n iiss tiobe méasaFellllon 20edmreimidwy Hadidgjecli® débagit trgsignces
in which the devices are installed. This is ensured by transmtting
informati gt Pyatee delay iohs mradrs e end erb o idel b sitee | ph A a5t i e
devices A and B via the transm ssion LCX 1-1. Therefore, secure

transn$ ssipen codef udRikeHyedéfdnsnee i svread Specarumegiguial Memeawsiorsi nce
the present invention utilizes the existent configuration |like the

transni ssip@ankCX By # < prie peNepeagdeidddtes the ¥pewRobAtl hEPSiitis
descri bed above, according to Enbodi nent 5, the 10 obstacle detection

devi ces Arasgedtate thenphhse wvifathleePtr sosel generatt@d byl theurhhebdd he
information transmtting and receiving neans is provided to include the

i nf or mat i genewdttbats ¢d .andt he Potobde usedreapyciiitd bheadprvad gpee raayvi ces
to exchange infornmation related to a detected obstacle between |5 each

ot her vi asthnaalrgerseratsed byl €ke bpreatti spestrun $ hghatlganer syidmmeanisng and
di‘'stribution neans 105. Accordingly, the comunication quality is not

det erlilor a8 efohydettection ok aanobs tag 1whi Fhthhehbbst tle phise st dwhedPNice is
installed so that the secure transm ssion of detection information can be
carri ed ocede2forbtheveefesience spreadspactinwkergignalitisikes the existent
configuration like the transm ssion LCX 1-1, the cost of the system

provi di ngsyhehnpnizatidenr PRy eftéctde Fpufad sRasdcun ts kgl dfde not ed
that obstacle detection devices_and obstacle detection systens according to
Enbodi nerdetecthepueh 28 ebstaglappereave8néiacPOsRFyreRoBBet B¥I B Bl ecti on
on roads and railroad |ines but also in obstacle detection in the .

sur r oundi FeRm SR isLendr TReLekP %8 r fOLYThe nesuldis ofdeteat inp ateinte

nodi fi_cations can be conceived. wi t hout eg_%retd'g)g fromthe_spirits and scope

of the pried@ntavaydiqmaaid end gapbeghia the correlation means
5.

As described above, the device according to Embodiment
2 is provided with the delaying means 13 for delaying the phase
of the PN code used by the reference spread spectrum signal
20 generation means 3 with respect to the spread spectrum signal
for detection of an obstacle by a desired time period.
Accordingly, in addition to the same advantage as provided by
Embodiment 1, an added advantage is provided by applying
Embodiment 2 to the construction of Embodiment 1 in that any
25 desired point in an area for detection of an obstacle is subject

to observation by setting a desired delay time.



1. An obstacle detection device, conprising: signal transmtting and
receiving neans for detecting an 5 obstacle, conprising a first |eakage
transm ssion path on the transntting side for radiating a si ¢gfhjuly 3903
detection of an obstacle and a second Béakage transm ssion path provided
.opposite to the first | eakage transm ssion path and receiving said signal
for detection of an obstacle; 10 spread spectrum signal transmtting neans

connect ed gnpgdigenytd f the first | eakage transm ssion path, for generating
the spread spectrum signal for detecting an obstacl e based on a spread code

and causi ng t heaticbgh ilnepkeoembbanmengsBpranaids 4l &detde t 1en Py fedh
spectrum signal for detection of an 15 obstacle; and spread spectrum signal

recei vi ng coRpts se@naesl edall @ t9Ner edles BhclEed sEsOtoh aPk@Dees I ANSH 55 tON
path, which end is the opposite to where the spectrumsignal transmtting

neans i s gaiaeeheddéeithe défisiatealoead Ppetirim sigpalllk, onheneibasa said
spread spectrum signal receiving neans further conprises: reference spread

spect raim sirgaal reeeatals Feaytdd®r generating a reference spread spectrum
signal based on a spread code of a code series identical to that used by

sai d spread 25 ppget3 uls s« GlAcK ARG isIpWitR % confighatdtibmesmnanf or
calculating a level of correlation between the reference spread spectrum
si gnal gesBsthelebiesaiction?$ydten AMfbrifineltey amsodpment Speet the si gnal
generation nmeans and the spread spectrum signal for detection of an

obstacl e peesenedihyehbeonecand Fiepkadye tefarmicsimmeenils basednanispread
code phase-locked to the spread code of the spread spectrumsignal 5 for

det ect i on2 afndiircaths taeinemeiscicirelCty ( beakagentrdeskihs®i dn gistth 3 Bhepat h;
and 10 transmitting side; signal transmitting and receiving means for
detecting an obstacle) provided in obstacle detection devices
A and B arranged to be adjacent to each other, respectively,
reference numerals 2-1 and 2-2 indicate receiving LCXs (leakage
transmission path; signal transmitting and receiving means for
15 detecting an obstacle) provided in the obstacle detection
devices A and B, respectively, and reference numerals 31 and
32 indicate spread spectrum signal transmitting means provided
in obstacle detection devices A and B, respectively, and
corresponding to the spread spectrum signal generation means
20 3 described in Embodiment 1. Reference numerals 41 and 42
indicate spread spectrum signal receiving means provided in
obstacle detection devices A and B, respectively, and
corresponding to the spread spectrum signal generation means
3, the correlation means 5 and the detection means 6 described
25 in Embodiment 1 and/or Embodiment 2. Moreover, the obstacle

detection devices A and B are equivalent to the obstacle

detection devices described in Embodiment 1 and/or Embodiment



detection neans for detecting an obstacle based on a change of a
correlation level calculated by said correlation neans. 10 2. The obstacle
detection device according to claim1, wherein said spread spezd gugreognal
recei ving means conprises tinme nmeasure®@nht neans for neasuring a spread
spectrum si gnal propagation time period elapsing fromthe tinme when said
spread 15 spectrum signal transmtting means generates the spread spectrum

signal fon o) \ on
rregns S ca%glbtqeceatsof %cgﬁc%:&%b%g%yfo#%q actofdoéﬁ BIt méﬁg%}ﬁl dp%f%érg‘%fﬁé%d

spectrum gl 1§ 0 SENGEALE Ofo §¥néﬁhqer§f%?trun1SIgnqﬁ%&nch

si gnal generatlon ans, 20 of the referencé spread spe

is in syng&ggguzQB&o éﬁ 1id1e SPr&RdKeEs-PE . t he spread spectrum signa

for detection of an obstacle, and wherein sal d detection nmeans detects a

position of an g%@scdaecfé gk 19 Qggteﬁi a%%xad:i@ %tg?ié bR I med

by said signal transmtting and retei vi ng neans etecting an

obst acd S’ 8bééﬁgé9'ﬂst Be Ws%%l@%ﬁéﬁ%fdﬂ@évﬂé?&aﬂaéhﬁnst ! ngeﬁr Lhod

measur e y sard tine neasurenent means 29 Ju 2003 f 49

obstacl e gg&gﬁPbantgewecg il Rb (acl BeRdr, V@fﬁ@é nasaééeée_&ggd

spectrum si gnal receiVving ans i s provided W th ‘del ayi ng neans

del ayi ng ég@?éﬁ‘i‘oﬁfofhEnSBBEEQc%deUéEQ bystatder §E8ERRGBNS e&%aelegpgct rum
signal generation nmeans with 5 respect to the spread spectrum signal for

El‘ra; ﬁgH ?tn?ﬁag BN HSiRL] #r JeH ot RE € o YL B sbShe edéls SPEE b UPMBLADRbnt s,
additional description is omitted, and the characteristics of
10 the obstacle detection system according to Embodiment 3 will
be described. The obstacle detection devices A and B arranged
to be adjacent to each other radiate spread spectrum signals
for detection of an obstacle from the transmission LCXs 1-1 and
1-2, respectively. A signal radiated from the transmission LCX
15 1-1 of the obstacle detection device A is a interfering signal
with respect to the signal to be received by the receiving LCX
2~2 of the obstacle detection device B, and a signal radiated
from the transmission LCX 1-2 of the obstacle detection device
B is an interfering signal with respect to the signal to be
20 received by the receiving LCX 2-1.

In an obstacle detection system according to Embodiment
3, the spread spectrum signal transmitting means 31 and 32 of

the obstacle detection devices A and B, respectively, are
configured to generate spread spectrum signals for detection

25 of an obstacle using a PN code A and a PN code B different
therefrom, respectively. With this, even if a signal radiated

from the transmission LCX 1-1 of the obstacle detection device



means by a desired tine period. 4. An obstacle detection system conprising:
10 a plurality of obstacle detection devices according to at |east one of
claims 1 through 3, wherein adjacent devices generate spread sp@&dily 2003
signal s based on different spread code83 15 5. An obstacle detection system
conprising: a plurality of obstacle detection devices according to at |east
one of clains 1 through 3, wherein the obstacle detection devicesare

Gomect g LGRS AL A0 Y b £261 Lot Ob3L el e Lery) o

devi ces conprising: €si zi ng ans

et ot i on g HoHd BALIRETLS S feREed s LAEoTREo et Rel BRI

det ecti on of "an stacl

For i sol af b oirtede i o iaiRE 2 1ARR LAY AR AFLHe AL St ¢ MEeRa e

for isola

cloctrie pouaretf EaldFiEes el o KB RET At HPERBen YR TUR NP 1 O

el ectric power to

chetacd e 498680 SR NFRI B RAS AU dn o EG RANEH BB

devi ces gen

T, 078381 S SEHAORLIRVLR FECO I Bk o .ty OBBLAAT i

obst acl e Vi Cces are connecte a sal age
PoL e, e L Yt B eSSBS LA L0 B BBl (LG e
obstacl e get&6tiON device B is received by the receiving LCX 2-1 of the
obstacle detection device A, no problem is presented since the
10 spread spectrum signal receiving means 41 located within the
obstacle detection device A calculates a level of correlation
between the received signal and a spread spectrum signal
generated based on the PN code in synchronization with a phase
of a PN code A. Given that the code series length of a PN code
15 (length of one cycle) is N, the level of correlation between
the PN code A and the PN code B is determined as 1/N, according
to the characteristic of a PNcode. Since N is, in general, 1,000
or more, the interference of spread spectrum signals for
detection of an obstacle between the adjacent obstacle
20 detection devices A and B can be almost all ignored.

As described above, according to this Embodiment 3, in
an obstacle detection system in which a plurality of obstacle
detection devices A and B are provided, the adjacent obstacle
detection devices A and B generate spread spectrum signals based

25 on different PN codes A and B, respectively. Therefore,
interference of spread spectrum signals for detection of an

obstacle between the adjacent obstacle detection devices A and
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spectrum SLgnal transmitting means 31 and an electric source
voltage from the electric source device Al and outputs the
10 synthesized signal as a superimposed signal to the transmission
LCX 1-1. Reference character A3 denotes an electric power
branching filter (isolating means) for isolating the source
voltage and the spread spectrum signal for detection of an
obstacle from the above-described superimposed signal inputted
15 into the cobstacle detection device B via the transmission LCX
1-1 so as to supply the electric power to the obstacle detection
device B. Reference character A4 denotes a termination
connected to the electric power branching filter A3 and
terminating the spread spectrum signal, generated by the
20 obstacle detection device A and isolated from the superimposed
signal by the electric power branching filter A3 ,so as to
prevent the spread spectrum signal from being reflected to the
transmission LCX 1-1. Otherwise, the obstacle detectiondevices
A and B have a construction equivalent to that of the obstacle
25 detection device described in Embodiment 1 and Embodiment 2.

It should be noted that the same reference numerals or

characters are attached to the same components as those in Fig.
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described. In an example shown in the figure, the obstacle
10 detection device A receives the supply of an electric power
directly from the electric source device Al. In the obstacle
detection device A, the synthesizing means A2 generates a
superimposed signal in which an electric source voltage from
the electric source device Al and a spread spectrum signal for
15 detectionof anobstacle generated by the spread spectrumsignal
transmitting means 31 are superimposed on each other and outputs
the superimposed signal to the transmission LCX 1-1. This
superimposed signal propagates to the electric power branching
filter A3 of the obstacle detection device B while radiating
20 the spread spectrum signal for detection of an obstacle as a
radio wave from a slot of the transmission LCX 1-1.
The electric power branching filter A3 isolates the
electric source voltage of the electric source device Al from
the superimposed signal and supplies the electric power to the
25 spread spectrum signal transmitting means 32, the spread
spectrum signal receiving means 42 and the synthesizing means

A2 located in the obstacle detection device B. The spread
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5 LCX1-1andcausing interferencewith the spread spectrum signal

of the obstacle detection device A.

In the case where another obstacle detection device is
connected to the obstacle detection device B via the
transmission LCX 1-2, the synthesizing means A2 located within

10 the obstacle detection device B likewise generates a
superimposed signal by superimposing an electric voltage and
a spread spectrum signal for detection of an obstacle generated
by the spread spectrum signal transmitting means 32 on each
other and transmits the superimposed to the above-described

15 other obstacle detection device via the transmission LCX 1-
2. Thus, since the electric power can be supplied via the
transmission LCX 1-1 or the LCX 1-2, it is not necessary to
provide a plurality of electric source devices Als.

As described above, according to Embodiment 4, the

20 obstacle detection devices A and B which constitute an obstacle
detection system are connected to each other via a leakage
transmission path, the system including the synthesizing means
A2 for generating a superimposed signal by superimposing an
electric power and a spread spectrum signal for detection of

25 an obstacle on each other and transmitting the superimposed
signal to the adjacent obstacle detectiondevice via the leakage

transmission path. There is further provided an electric power
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spread spectrum signal from the superimposed signal generated
by the synthesizing means a2. Accordingly, an electric source
can be supplied via the transmission LCX 1-1 or the LCX 1-
5 2. It is not necessary to provide a plurality of electric source
devices Al. Therefore the cost of the system can be reduced.

Moreover, since housing space for the electric source device

Al is not required, the installation space of the device can

be reduced.

10 Tt should be noted that adjacent obstacle detection
devices may generate respective spread spectrum signals on the
basis of different PN codes in the same manner as Embodiment
3 described above. It should be noted that the advantages
provided by Embodiment 3 and Embodiment 4 are both provided.

15 although an example is given of a arrangement where the
obstacle detection devices A and B constitute an obstacle

detection system, the construction of the above-described

Embodiment 4 can be also applied to a system in which three or

more obstacle detection devices are connected via LCX.

20
Embodiment 5:
This Embodiment 5 is an obstacle detection system in which

a plurality of obstacle detection devices are connected via

leakage transmission paths and which comprise an information

25 transmittingandreceivingmeansfortransmissionandreception

of detection information between the obstacle detection

devices.
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present invention. In Fig. 5, reference numeral 101 denotes an
information modulation and demodulation means (information
5 transmitting and receiving means) for modulating detection
information relative to an obstacle detected by the obstacle
detection device B, generating a modulated signal with a carrier
wave frequency of a frequency different from a carrier wave
frequency of a spread spectrum signal for detection of an
10 obstacle generated by the obstacle detection device A,
transmitting the generated modulated signal to the obstacle
detection device A via the transmission LCX 1-1, and
demodulating the modulated signal inputted from the obstacle
detection device A via the transmission LCX 1-1 to reproduce
15 the original detection information related to the obstacle.
Reference numeral 10la denotes an information modulation and
demodulation means (information transmitting and receiving
means) for generating a modulated signal by modulating
detection information related to the obstacle detected by the
20 obstacle detection device A and transmitting the generated
signal to a transmission, synthesizing and distribution means
102.
Reference numeral 102 indicates a transmission,
synthesizing and distribution means (information transmitting
25 and receiving means) connected to an information modulation and
demodulation means 103 located within a monitoring center 104,

the information modulation and demodulation means 10la and a
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5 transmitting the modulated signal from the information
modulation and demodulation means 103 to the information
modulation and demodulation means 10la or the synthesizing and
distribution means 105. Further, the transmission,
synthesizing and distribution means synthesizes signals from
10 the information modulation and demodulation means 10la and the
synthesizing and distribution means 105 and transmitting the
synthesized signal to the information modulation and
demodulation means 103. Reference numeral 103 denotes an
information modulation and demodulation means (information
15 transmitting and receiving means) provided in the monitoring
center 104, for demodulating a modulated signal inputted from
the transmission, synthesizing and distribution means 102 to
produce the original detection information related to the
obstacle. The information modulation and demodulation means 103
20 also transmits information such as setting information
originated by the monitoring center 104 for control of the
devices A and B to the transmission, synthesizing and
distribution means 102.
Reference numeral 104 indicates amonitoring center which
25 monitors detection information related to an obstacle from the

obstacle detection devices A and B constituting the system. The

monitoring center 104 further provides setting to the obstacle
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inputted from the transmission, synthesizing and distribution
10 means 102, transmitting the synthesized signal to the obstacle
detection device B via the transmission LCX 1-1, and also
transmitting themodulated signal inputted from the information
modulation and demodulation means 101 to the transmission,
synthesizing and distribution means 102 via the transmission
15 LCX 1-1. Moreover, the obstacle detection devices A and B are
configured to have a construction equivalent to the obstacle
detection device described in Embodiment 1 and/or Embodiment
2. It should be noted that the same reference characters and
numerals are attached to the same components as those in Fig.
20 3 and additional description is omitted.
In an obstacle detection system according to Embodiment
5, the obstacle detection devices A and B are connected via the
transmission LCX-1. Since a detection operation of the obstacle
detection devices A and B is similar to that of the above-
25 described Embodiments, additional description is omitted. The

characteristics of an obstacle detection system according to

Embodiment 5 will be described below.
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obstacle detection device B is transmitted to the information
modulation and demodulation means 101. In this information
modulation and demodulation means 101, the detection
5 information related to an obstacle is modulated, and
transmitted as a modulated signal to the synthesizing and
distribution means 105 of the obstacle detection device A via
the transmission LCX 1-1. At this time, the information
modulation and demodulation means 101 modulates the detection
10 information related to an obstacle to produce a modulated wave
signal with a carrier wave of a frequency different from the
carrier wave frequency of a spread spectrum signal generated
by the spread spectrum signal transmitting means 31 and 32 of
the obstacle detection device A and B, respectively. With this,
15 the modulated wave signal from the information modulation and
demodulation means 101 does not affect the spread spectrum
signal outputted to the transmission LCX 1 - 1 by the spread
spectrum signal transmitting means 31. Moreover, even if the
spread spectrum signal transmitting means 31 outputs a spread
20 spectrumsignal for detectionof anobstacle to the transmission
LCX 1-1, the synthesizing and distributing means 105 can receive
the modulated signal from the information modulation and
demodulation means 101.
When the synthesizing and distributionmeans 105 receives
25 the modulated wave signal from the information modulation and
demodulation means 101, the synthesizing and distribution means

105 transmits the modulated signal to the transmission,
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5 the obstacle detection device A and/or the information
modulation and demodulation means 103 located within the
monitoring center 104. The information modulation and
demodulation means 10la and/or the information modulation and
demodulation means 103 demodulate the modulated signal. The
10 original detection information related to an obstacle obtained
as a result of demodulation by the information modulation and
demodulation means 103 is monitored by a manager attending to
the monitoring center 104.
Setting information may be transmitted from the
15 monitoring center 104 to the obstacle detection devices A and
B via the transmission LCX 1-1. The setting information from
themonitoring center 104 may include a delay time to be provided
by the delaying means 13 described in Embodiment 2.
More specifically, when the manager attending to the
20 monitoring center 104 inputs the setting information to the
obstacle detection devices A and B using a setting input means
or the like (not shown), the information modulation and
demodulation means 103 modulates the setting information to
produce a modulated wave signal with a carrier frequency
25 different fromthe carrier wave frequency of the spread spectrum
signal of the obstacle detection devices A and B, before

transmitting the modulated signal to the transmission,
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10 modulated wave signal and the spread spectrum signal for
detection of an obstacle of the obstacle detection device A and
outputs the synthesized signal to the transmission LCX 1-1.
Since the modulated wave signal has a carrier frequency
different from that of the spread spectrum signal for detection
15 of an obstacle, the modulated signal containing the setting
information does not affect the obstacle detection operation
of the obstacle detection device A. When the above-described
modulated wave signal is inputted into the information
modulation and demodulation means 101 of the obstacle detection
20 device B via the transmission LCX 1-1, the information
modulation and demodulation means 101 demodulates the input
signal to reproduce the original setting information. With
this, the obstacle detection device B is properly subjected to
control by the monitoring center 104 using the setting
25 information.

Thus, unlike the system according to the related art, the

communication quality of the detection information is not
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present invention utilizes the existent configquration like the
transmission LCX 1-1, it is advantageous from the viewpoint of
cost.
As described above, according to Embodiment 5, the
10 obstacle detection devices A and B are connected via the
transmission LCX 1-1. Further, the information transmittingand
receiving means is provided to include the information
modulation and demodulation means 101 for allowing the devices
to exchange information related to a detected obstacle between
15 each other via the transmission LCX 1-1 and also to include the
synthesizing and distribution means 105. Accordingly, the
communication quality is not deteriorated by the circumstances
in which the obstacle detection device is installed so that the
secure transmission of detection information can be carried out.
20 Moreover, since the present invention utilizes the existent
configuration like the transmission LCX 1-1, the cost of the
system providing the above~described effects can be reduced.
It should be noted that obstacle detection devices and
obstacle detection systems according to Embodiments 1 through
25 5 find applications not only in obstacle detection on roads and
railroad lines but also in obstacle detection in the

surroundings of buildings and airports. A variety of
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modifications can be conceived without departing from the

spirits and scope of the present invention.
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opposite to the first leakage transmission path and receiving

said signal for detection of an obstacle;

10 spread spectrum signal transmitting means connected to
one end of the first leakage transmission path, for generating
the spread spectrum signal for detecting an obstacle based on
a spread code and causing the first leakage transmission path
to radiate the spread spectrum signal for detection of an

15 obstacle; and

spread spectrum signal receiving means connected to one
end of the second leakage transmission path, which end is the
opposite to where the spectrum signal transmitting means is
connected to the first leakage transmission path, wherein

20 said spread spectrum signal receiving means further
comprises:

reference spread spectrum signal generation means for
generating a reference spread spectrum signal based on a spread
code of a code series identical to that used by said spread

25 spectrum signal transmitting means;

correlation means for calculating a level of correlation

between the reference spread spectrum signal generated by said
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transmission path; and

detection means for detecting an obstacle based on

a change of a correlation level calculated by said correlation

means.

10

2. The obstacle detection device according to claim 1,
wherein said spread spectrum signal receiving means comprises
time measurement means for measuring a spread spectrum signal
propagation time period elapsing from the time when said spread

15 spectrum signal transmitting means generates the spread
spectrum signal for detection of an obstacle until the time when
said correlation means is capable of calculating a correlation
level of said Both spread spectrum signals subsequent to
generation, by said reference spectrum signal generation means,

20 of the reference spread spectrum signal which is in
synchronization with the spread code of the spread spectrum
signal for detection of an obstacle, and wherein

said detection means detects a position of an obstacle
existing within an obstacle detection area formed by said signal

25 transmitting and receiving means for detecting an obstacle,
based on the spread spectrum signal propagation time period

measured by said time measurement means.
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4. An obstacle detection system comprising:

a plurality of obstacle detection devices according to
at least one of claims 1 through 3, wherein adjacent devices
generate spread spectrum signals based on different spread

codes.

5. An obstacle detection system comprising:

a plurality of obstacle detection devices according to
at least one of claims 1 through 3, wherein the obstacle
detection devices are connected via leakage transmission paths,
each of the obstacle detection devices comprising:

synthesizing means for generating a superimposed signal
by superimposing an electric power on the spread spectrumsignal
for detection of an obstacle and transmitting the superimposed
signal to the adjacent device via said leakage transmission path,
and

isolating means for isolating the electric power and the
spread spectrum signal from the superimposed signal generated

by the synthesizing means, and supplying the electric power to
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the obstacle detection device.

6. The obstacle detection system according to claim 5,
wherein the adjacent devices generate spread spectrum signals

based on different spread codes.

7. The obstacle detection device according to claim 4,
wherein said obstacle detection devices are connected via said
leakage transmission paths and are provided with information
transmitting and receiving means for transmission and reception

of detection information between the obstacle detection

devices.

8. The obstacle detection éevice according to claim 5,
wherein said obstacle detection devices are connected via said
leakage transmission paths and are provided with information
transmitting and receiving means for transmission and reception

of detection information between the obstacle detection

devices.



