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OBSTACLE DETECTION DEVICE AND OBSTACLE DETECTION SYSTEM

1 FJ.eld of. the InventJ.on

The present J.nventlon relates to an obstacle detect:.on

" : dev1ce us:.ng a 1eakage transt.ss:Lon path such as a 1eakage
_ coaxlal cable, -a leakage wave gulde and the llke, and more
partlcularly relates to ‘an, obstacle detectJ.on dev:.ce and

__obstacle detect:.on system thereof capable of prec1sely

: ".'detectlng the presence and pos:.tlon of the obstacle by utJ.lJ.zJ.ng
. a spread spectrum technology regardless of the obstacle belng o

_ mot:.onless or mov:Lng .

2. Descrlptlon of the related art

A fallen object from a travellng vehJ.cle, a vehJ.cle "'.:

' performJ.ng an emergency stop operatJ.on or. the 11ke are Do '

con51dered as examples of an obstacle on’ ordlnary roads andc

' rallroad llnes. Slnce these obstacles in a state of belng -

motlonless on the ordJ.nary roads and ran.lroad llnes are factors

caus.mg the occurrences of a rear end collJ.sJ.on and a double-

rear end collJ.s:Lon ac<:1dent v J.n order to prevent these
occurrences, it 1s also necessary ‘to promptly detect these

obstacles and perform removal operatJ.ons for these obstacles.

As an obstacle detect:.on dev1ce for detectlng an obstacle

on the ord:.nary roads and raJ.lroad llnes ar1s1ng from ‘the

" above-described request, there are obstacle detect:.on _deyJ.ces

which use leakage transmission paths s"uc'h as a _leakage_ coaxial
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'cable, a leakage wave guJ.de and the like. A er.ef explanatlon -

of the coan.guratJ.ons of these leakage transmz.ss:.on paths w111‘.'

' .be gJ.ven hereafter. A leakage wave gu:.de 1.s one J.n th.ch mult:!.ple
_slots 1eak1ng and rad:l.at:Lng a rad:Lo wave, in the 1ong1tud1na1 -
f dlrectlon of a wave guJ.de comprJ.sJ.ng a conductor are prov1.ded

' at sultable J.ntervals. A 1eakage coax:Lal cable has a

conflguratlon based on a pr:.nc:.ple s1m11ar to that of the

'leakage wave guJ.de. A related-art obstacle detect:.on dev1ce >
.IuSJ.ng a leakage coaxlal cable (hereafter, referred to as LCX) _'
w:.ll be desch.bed below._ ) - ' .
._ FJ.g. 6 Ais a block dlagram show1ng a .conflguratlon of a
related—art obstacle detect:.on dev1ce dlsclosed in Japanese'_ .-

a 'Lald-Open Patent Aple.catJ.on No 10- 95338 In FJ.g._G, reference S

numeral 1’ denotes a transm:.ss:.on ch whlch is 1a:|.d on one s:Lde s

.-15. . of.a road or a raJ.lroad lJ.ne and prov:.ded w1th a plural:.ty of_

20

25

slots 1eak1ng and radlatlng a pulse modulated s:.gnal for

._j ‘detectlon at sultable 1ntervals in the 1ongltud1na1 dJ.rectJ.on ’

: reference numeral 2 denotes a receJ.v:Lng ch wh:Lch J.s lald on.
--_the oppos:.ng s:.de of the transt.ss:Lon LCX 1’ laJ.d on the road_ :

or the rallroad l:Lne and receJ.ves the rad::.ated pulse slgnal from
the transt.ssn.on ch 1' by a plurallty of slots prov1ded at . '
_'sultable 1ntervals J.n the 1ong1.tud1na1 dJ.rectJ.on. Matched

_ termJ.natJ.ons are connected at far ends of the transmlss:Lon LCX

1' and the receJ.v:Lng ch 2' OppOSlte to a transt.tter 63 and

a rece:.ver 64, respectlvely. Reference numeral 63 denotes a
_ 'transmltter connected to one end (near end) of the transm:.ss:Lon o

' LCX 1' and generatlng a pulse modulated s1gnal for detectlng



an obstacle- reference numeral 64 denotes a receiver connected

to one end’ (near end) of the receJ.VJ.ng LCX 2', th.ch end 1s'

| "opposa.te to the near end of the transm:.ss:.on ch 1'; and

| rece:.v:.ng the pulse modulated sJ.gnal for detectlon from the-'

transm1s51on ch 1'; reference numeral 65 denotes a. portJ.on of L
'the rece:l.ver 64 operat:Lng as a low pass fJ.lter (hereafter,

-'_referred to as LPF) for extract:.ng an envelope from a waveform

- of the pulse modulated 51gnal for detect:.on th.ch has been .
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recelved by the receJ.ver 64- reference numeral 66 denotes a
portlon of the rece:Lver 64 operatlng as- a memory dev:l.ce for

storJ.ng an envelope extracted from the waveform of pulse

"modulated s1gnal for detectlon when an obstacle does not exlst ;o }

and reference numeral 67 denotes a portJ.on of the receJ.ver 64 ) "

Operatlng as a comput:n.ng unJ.t in th.ch the dlfference between
an envelope from a waveform of the pulse modulated s:.gnal for E

detect:l.on extracted by the LPF 65 and an envelope stored in the o

. memory dev1ce 66 when an obstacle does not ex1st is found and -
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"_the pos1tlon of the obstacle 1s detected from the dlfference :

_ waveform

A descrlptlon Wlll now be g:Lven of the operatlon accordJ.ng

.to the related art.

‘a s1gnal for detect:.ng an obstacle th.ch has been pulse .

modulated 1n the transmltter 63 J.S outputted to the transm:l.ss:.on

LCX l'. The 1nputted pulse s1gna1s in the transmlss:l.on 'LCX- 1' -

are 1.n turn radJ.ated as a radJ.o wave from the respect:.ve slots L

al:Lgned in the longJ.tudJ.nal dJ.rectJ.on of the transmlssz.on ch .

1 ’ Th.Ls radJ.o wave enters the respectlve slots prov1ded 1n the-



longltudlnal dlrectlon of the rece1v1ng LCX 2’ opposed to the,

transt.ss:Lon LCX 1 ’ Y, and rece:.ved by the receJ.ver 64 w:Lth a delay

'corre5pond1ng to the pos:.tJ.ons of the slots When the receJ.ver. _
- 64 recelves a radJ.o wave from the transm:.ss:.on ch 1' . the LPF

_ 65 J.n the receJ.ver 64 extracts an envelope from a waveform of -

the pulse s:.gnal for detectlng an obstacle rece:.ved as a radJ.o "

wave from the transm:.ss:.on ch 1' and transt.ts the extracted o

' 'envelope to- the computJ.ng unJ.t 67 The computlng unJ.t 67 reads
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-the envelOpe (reference waveform) prev:Lously measured when an -_ Co
'obstacle does not ex1st from the memory dev:Lce 66 whenever the

- LPF 65 extracts an envelope from a waveform of the rece:Lved__ . __' o
;'.sz.gnal and fJ.nds a dlfference waveform between the read envelope L

| and the envelope of the waveform of the pulse modulated s:.gnal' |

for detectJ.on th.ch the LPF 65 has extracted At thJ.s tJ.me, J.f

-an obstacle exlsts on the road or the rallroad llne, Wthh

-' J.ntervenes between the transmlss:Lon LCX 1' and the rece:.v:.ng' :
'LCX 2' : the radJ.o ane from the transmlss:l.on LCX 1' 1s- o

J.nterrupted at J.ts pos:.t].on. Therefore, J.f an obstacle ex:.sts,

a recept:.on level of a radJ.o wave receJ.ved by the rece1v1.ng LCX
2 ' from the transmlss:l.on LCX 1 ' J.S reduced by a certaln degree r

1rrespect1ve of the fJ.eld J.ntens1ty prov:.ded by the .

E transmlss:Lon ch1 "o Ow:Lng to thJ.s P smce a change correspond:.ng -
' .to the obstacle appears in the dJ.fference waveform calculated '

; by the comput:.ng unJ.t 67 the presence of the obstacle can be

,detected.

Since the related-art obstacle detectlon dev1ce is

' _conf:.gured as descrlbed above, and because the coupllng loss
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I. of a sn.gnal transt.tted v:.a a LCX 1s 1arge the receJ.ved SN ratJ.o

of the pulse modulatlon s1gnal that the receiver 64 receJ.ves .

'_1s small and the reference waveform used dur:mg the detectlon -
'of an obstacle varJ.es ’ result ina problem that an obstacle could _

'-'not be detected w:Lth the suff:.c:.ent prec1s:.on to satJ.sfy the

rel:x.abll J.ty .

’ The above-descrlbed problem w:Lll be concretely desch.bed_ .

FJ.gs. 7A—7H are graphlcal representatlons show:.ng a

'transm:l.tted waveform and recelved waveform of a related-art _l
-.obstacle detectJ.on dev1.ce desch.bed above. F:Lg 7A shows a '
'_waveform of a pulse modulated s1gnal for detect:.ng an obstacle |
| outputted to the transm:l.tt:mg LCX 1 by the transm:z.tter 63 F:Lg. _ 3
3 7B shows an J.deal waveform of a s:l.gnal rece.wed by the receJ.ver

., 64 v:.a the rece:.v:.ng LCX 2' w1thout cons:.derlng factors such'_

' as the coupllng loss and n01se of ch, Flg. 7C shows a waveform'

of a s1gna1 recelved by the recelver 64 v:|.a the rece:.v:.ng ch :

.. 2' J.n cons:.derat:.on of the coupllng loss of LCX, F:Lg. 7D shows

an envelope extracted from a s:.gnal waveform of FJ.g. 7¢C, FJ.g.,‘

7E shows an observed waveform of a rece:Lved SJ.gnal by the

rece:l.ver 64 Vla the receJ.v:Lng LCX 2 ‘s Flg. 7F shows an envelope

: 'extracted from the waveform of FJ.g. 7E, FJ.g 1G shows a waveform

_ when the noise is- added to a s:.gnal rece:l.ved by the rece:.ver

25

' 64, and FJ.g. 7H shows an envelope from the s1gna1 waveform of

F:Lg. 7G.
| A s:.gnal outputted from the transm:(.tter 63 to the

R recelv:l.ng LCX1’ is pulse modulated and shows a s:.nuso:.dal



o in FJ.g. 7B when factors such as the coupllng loss and no:.se of .

waveform as shown in F:Lg. 7A. ThlS s.'l.gnal is radlated as a radJ.o :

_wave and J.nputted into ‘the receiver 64 v1a the rece1v1ng LCX

2 ‘oA radJ.o wave from the rece1v1ng LCX 1 1s a waveform as shown' '

LCX .are not cons:.dered- J. e. a success:Lon of pulse modulated

: 's1gna1s of Flg. 7A w:Lth mutual delays correspondJ.ng to ' ":

_ .reSpect;Lve pos:.tJ.ons of the slots "

;10

SJ.nce the coule.ng loss to a s1gnal transmn.tted v1a the

ch ex:.sts J.n a LCX and the coupl:.ng 10ss 1s not un:.form in the :

-.1ongltud1nal dlrectJ.on. When cons:.der:.ng the coupllng loss of 5
' ch, the waveform becomes as shown J.n F:Lg. 7c whereln an '

'_amplltude is var:.ed Moreover ’ .the envelope extracted from the '

' '_ s:.gnal waveform shown in F.Lg. 7C has a waveform as shown 1n FJ.g. L
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. -7D_. :

However, sxnce actually the coupl:.ng loss of LCX J.S large,

- in the case where one pulse modulated s:Lgnal is recelved by the )

'recelver 64 the waveform is not as shown J.n FJ.g. 7C A waveform

as shown in Flg. 7E, where:.n the receth.on level and receth.on |

SN ratJ.o are low, is observed When such a s:.gnal passes through

'the LPF 65, an envelope as shown in FJ.g. 7F is extracted and~

stored .1.n the memory deVJ.ce 6 6

After a s1gna1 waveform shown in F:Lg. 7E is observed,

> waveform as shown :m Flg. 7G, J.nstead of the waveform as shown'

in FJ,g. 7C ’ may be observed 1n a state J.n Wthh there 1s no
obstacle ThlS happens when n01se 1s added to the s1gnal OWJ.ng -
to thJ.s, an envelope extracted from a s1gnal waveform shown in

FJ.g. 7Gby the LE}F 65 has a waveform as shown in F:Lg. 7H. Therefore,



| :"performlng 1ntegrat10n for multlple measurements Whlle thlS o

an envelope shown in. Frg.-7F prev1ously stored in the memory-

'_dev1ce 66 and an envelope shown in Flg. 7H have dlfferent

| waveforms, and lf a dlfference calculatlon is performed u51ng'

an envelope prev10usly stored in the memory dev1ce 66 as the'._

-reference waveform, there may be the pos51b111ty that error'

detectlon'w111 occur. Thus, 51nce the reference'waveformused-'j

:.to detect an obstacle varles dependlng upon the condltlons at

the tlme of measurement, there has been a problem that an-

.obstacle could not be detected w1th suff1c1ent prec1s10n to_ E

ensure rellable performance.

The varJ.atJ.on of the reference waveform can be solved by

"vapproach 1s effectlve for an obstacle ln a state of belng
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jpmotlonless,_s1nce the measurement t1me perlod is longer, for f

example, 1t is not effectlve for a mov1ng obstacle such as a

. person strayrng onto a rallroad 11ne and so forth. Therefore,;

“there has been a problem that a mov1ng obstacle could not be-.

detected by the related—art obstacle detectlon dev1ces._

_ Furthermore, there has been a problem that a related-.f

art obstacle detectlon dev1ce is susceptlble to Jammlng. -
To descrlbe thls in further detall, glven that an lnput o

electrlc power from'the'transmlss10n:LCX 1' of the recelver 64 :

" is Pl Watts (hereafter, referred to as W) and an lnput Jammrng ,

_ electrlc power for the recelver 64 is P2 (W), a bu ratlo whrch

is an electrJ.c power ratJ.o of a Jammer Wlth reSpect to the desrred

' rad:.o wave of the recelver 64 of the obstacle detectJ.on dev:.ce

ls expressed by DU = IQ log (P1 /,P2). In the case_where the



: jam .'I.S strong and the equalJ.ty of Pl P2 is satJ.st.ed, the DU.
ratio becomes 0 (zero) from the above-desch.bed express:.on, the

_ recelver 64 falls J.nto a state of not beJ.ng capable of rece:.v:.ng' '

- _a radJ.o wave from the rece1v1ng chl' :

As a problem apart from the above-descrlbed problems, o
.-'_there is a problem that a w:.reless commun:.cat:.on dev1ce cannot

'be used in the detectJ.on area where an obstacle detectlon dev:l.ce :

= _._detects an obstacle. L

10

radJ.o wave from the transmlssmn LCX 1"w1th respect to the .

' 201"'

To descrlbe thJ.s in further detaJ.l p gJ.ven that a radJ.atJ.ng' |
electrJ.c power of a- radJ.o wave from the transmlss :Lon ch 1’ 1s Lo
) P3 (W) and an J.nput electrJ.c power of the w:.reless commun:Lcatlon o o
dev:.ce in the detectlon area of the obstacle detect:.on dev1ce"""

is P4 (W) ' a DU ratJ.o th.ch 1s an electr:l.c power ‘ratio of the -

'des1red rad:Lo wave of the above-descrlbed w:.reless '
- _communlcatlon dev:.ce is expressed by DU 10 log (P4 / P3)
_.the case where the jam is strong and the equal:.ty P3 P4 1s .

'SatlstEd, the DU ratJ.o becomes 0 (zero) from the above-

N

- desch.bed express:.on. B

by ut:.lJ.z:Lng an envelope th.ch is an output from the LPF 65 -'

1ocated w:.thJ.n the rece:.ver 64 in-a related-art obstacle

25

detect:.on dev:.ce, 1t is not possrble to dJ.sch.mJ.nate between

| slots of the transm:.ss:.on LCX' to determlne a slot respons:Lble

for radJ.at:Lng the pulse—modulated s19na1 Therefore, there has

been a problem that prec1se detectJ.on of an obstacle s pos:.t:.on -

could not be performed.

Moreover r 51nce the detectJ.on of an obstacle is performed :
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_-obstacle detect:x.on dev:.ces th.ch const:n.tute the system were B

Moreover r 1n an obstacle detectlon system conflgured by

prov:.dlng mult:.ple related-art obstacle detectJ.on dev:.ces PR
'there has been a problem that 1nterference between pulse
_ modulated s:.gnals occurs where the obstacle detectlon dev:.ces
_were adJacent to each other, resultJ.ng :Ln a fallure to detect B
the obstacle. _ | _ _ “ | _ | .
; Furthermore, _J.n an obstacle detectJ.on system conflgured :
K by prov1d1ng a plurallty of related-art obstacle detectlon |
-ldevz.ces ' :Lt has been requ:l.red that an electr:l.c power source"

supply:.ng dev:.ce for supply:.ng the electr:.c power source to the L

: prov:.ded :Ln every obstacle detectJ.on dev:l.ce._The problem of' -

" increases 'in manufacturlng costs has resulted due to the

. 115_. .

20

necess:.ty to prov:.de for J.nstallatlon space for electrJ.cJ.ty

_ supply dev:.ces .

Flnally . there has been a problem that 1nformatlon could o

not be prec:.sely transm:.tted dependlng upon the 1a1d locatJ.on
,of LCX when an 1nformatlon measured by an obstacle detectJ.on
-dev:.ce was transt.tted as a w:.reless s:l.gnal to the other

_obstacle detectlon dev:.ce. To descr:Lbe thJ.s in further deta:.l, o

.1.f the LCX is 1a1.d on the surroundlngs of mounta:.ns or bulldlngs

- and so forth, for example, there may be the pOSSlbllJ.ty that o

the qual:.ty of communlcatlon ls deter:.orated because ‘the

' w1re1ess s:Lgnal undergoes multJ.ple reflect:l.ons. :

Ac_c_ordingl'y, an object of the present invention is to
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.obta:Ln an obstacle detectJ.on dev:.ce capable of prec1se1y '

detectlng the presence and pos:LtJ.on of an obstacle regardless, S

of the whether the obstacle is motJ.onless or mov:Lng, by ‘

'Iutlln.zJ.ng the spread spectrum technology. '

A further obJect of the present J_nventlon .1s to obtaJ.n'--'-'

' 'an obstacle detectlon in th.ch the J.nterference of s:.gnals for -

: _detectlng an obstacle between adjacent obstacle detectJ.on R

- 'dev:l.ces is suppressed, a 1eakage transt.ss:Lon path is used to

100

15

supply an electrJ.c source to the respectJ.ve deVJ.ces, and

lnformatJ.on 1s transt.tted between dev:.ces ’ by ut11121.ng spread o

| Spectrum technology.

The aforement:.oned objects can be achJ.eved by an obstacle :

detectJ.on devx.ce, comprJ.sLng~ s:.gnal transm:.ttlng and

_ rece1v1ng means for detect:.ng an obstacle, comprrs:.ng a fJ.rst
'leakage transmrss:.on path on the . transm:.ttlng s:.de for

radJ.at:Lng a s:.gna]. for detect:.on of an obstacle -and ‘a second - .

leakage transm:.ss:.on path prov1ded oppos1te to the fJ.rst

'leakage transmx.ss:.on path and receJ.v:Lng the s:Lgnal for

.25

| detectJ.on of an obstacle, spread spectrum SJ.gnal transt.ttJ_ng _

means’ connected to one end of the flrst leakage transmlssz.on

path, for generat:.ng the spread spectrum s.1.gnal for detect:.ng '

- an obstacle based on a spread code and caus:Lng the fJ.rst 1eakage -

transm:.ss:.on path to radJ.ate the spread spectrum 51gnal for

' detectlon of an obstacle ; and spread spectrum signal receJ.VJ.ng o

means connected to one end of the second leakage transm:.ss:.on
path, th.ch end is. the oppos:.te to where the spectrum s:l.gnal

transmlttlng means is connected to the flrst leakage
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- _transmlss.l.on path ’ whereJ.n the spread spectrum s:.gnal rece.w:a.ng

means further comprJ.ses- reference spread spectrum 51gnal "

: generatlon means for generatlng a reference spread spectrum :
's:Lgnal based on a spread code of a code serJ.es 1dent.1.ca1 to that '

Z'used by the spread spectrum s:.gnal transm:.tt:.ng means,

correlat:.on means for calculatlng a level of’ correlat:.on '

between the reference spread spectrum s:.gnal generated by the _

) reference spread spectrum s1.gnal generatJ.on means and the .
| 'spread spectrum s:.gnal for detectlon of an obstacle rece.wed .
) 'by the second leakage transm:.ss:.on path, based on spread code_ -

‘ phase—locked to the spread code of the spread sPectrum s.1.gna1'. :

- for detectlon of an obstacle detected by the second leakage _

15
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- 'transmlss::.on path- and detectlon means for detectlng an

- obstacle based on a change of a correlatJ.on level calculated

'-by the correlat:.on means. :

The spread spectrum s:.gnal receJ.VJ.ng means may comprJ.se |

tJ..me measurement means for measur:l.ng a spread spectrum s1gnal

propagatJ.on tlme perJ.od elaps J.ng from the tJ.me when the spread

spectrum s:.gnal transm:.ttlng means generates the spread

spectrum srgnal for detectJ.on of an obstacle untJ.l the tlme when’ .

: the correlat:.on means 1.s capable of calculatlng a correlatlon-

level of the both spread spectrum s:Lgnals subsequent to

-generat:.on, by the reference spectrum s1gna1 generatJ.on means,
of the reference spread spectrum s:.gnal th.ch :Ls 1n '
synchronlzatlon w:.th the spread code of ‘the spread sPectrum
s:.gnal for detect:.on of an obstacle, and the detection means -

may detect a position of an obstacle ex:.stJ.ng Wl.thln an obstacle
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detectlon area formed by the s:Lgnal transt.ttJ.ng and recelv:Lng

means for detectlng an obstacle ’ based on the spread spectrum .

s1gnal propagatJ.on t:!.me perJ.od measured by the tJ.me measurement'_

| The spread spectrum s1gnal rece:Lv.mg means may have

) delaylng means for delaylng a phase of the spread code used by S
) the reference spread spectrum sa.gnal generat:.on means w1th

' _'.'respect to the spread spectrum s:.gnal for detect:l.on of an

. '---obstacle generated by the spread spectrum s:.gnal transt.ttJ.ng

10 .

L obstacle detect:.on system comprlslng° a plurallty of obstacle :

s

. 20 ;-

o transmlttmg the superlmposed s:.gnal to the adjacent dev:.ce v1a .

25

. means by a- des:Lred tJ.me perJ.od._ .

The aforement:l.oned ob]ects can also be achJ.eved by an

._detectJ.on dev:Lces accordlng to at least one of cla:.ms 1 through -
' "..3 ‘ _where:.n adjacent dev:.ces generate spread spectrum 51gnals -
'based on dlfferent spread codes.d ' L

| The aforementloned obJects can also be achJ.eved by an
_obstacle detect:l.on system compr:LsJ.ng. a plural:Lty of obstacle
'detectlon dev:.ces accord:.ng to at 1east one of claJ.ms 1 through :

-3, Whereln the obstacle detect:l.on dev:.ces are connected v1a

leakage transm1ss10n paths ’ each of the obstacle detectlon .

B dev:.ces compr:Ls:Lng. : synthes:.z:mg means for generatlng a’

| superlmposed s:.gnal by superlmposmg an electric power on the

Spread spectrum s1gnal -for detectJ.on of an obstacle and

the leakage transmlssmn path, and 1solat1ng means. for '

1solat1ng the electrJ.c power and the spread spectrum s:.gnal from

' the superlmposed signal” generated by the synthe51.21ng means, . '
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and_supplyincjthe'eleCtric power to the obstacle detection

' dev1ce.'

- The adjacent dev1ces may generate sPread spectrum 51gnals . '

; based on dlfferent spread codes._l

The obstacle detect:.on dev1ces may be connected Vla the |

1eakage transmlss10n paths and are prov1ded w1th 1nformat10n"

: -transm:.tt:.ng and rece1v:.ng means for transmlss ion and receth.on o

:of detectlon 1nformat10n between the obstacle detectlon

--dev1ces.'

Other objects and further features of the present

'lnventlon w111 be apparent from the follow1ng detalled

descrlptlon when read ln conjunctlon w1th the accompanylng

draw1ngs, 1n whlch- .'

FIG. 1 1s a block dlagram show1ng a: conflguratlon of an

-obstacle detectlon devrce accordlng to Embodlment 1 of the

'present 1nvent10n-'

FIG._Z is a block dlagram showrng a conflguratlon of an"'

obstacle detectlon dev1ce accordlng to Embodlment 2 of the

”f,present 1nvent10n,;

- FIG. 3 lS a block dlagram showrng a conflguratlon of an‘

-obstacle detectlon devrce accordlng to Embodlment 3 of the

.present lnventlon,

'_ FIG. 4 is a block dlagram show1ng a conflguratlon of an

obstacle detectlon deVLce accordlng to Embodlment 4 of the

present-lnventlon,'
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‘FIC-.‘.._S_ is a bloclt' diagr'am showing a'configuration. of an

' obs't;acle detecti'on.d'e.vice' according to Embodiment 5 of the .

"pres ent 1nventJ.on ;

FIG. 6 J.S ‘a block dJ.agram show:.ng a conflguratlon of a

' related-art obstacle detectlon dev1ce, and

FIGS. _ 7A-7H are graphJ.cal representat:.ons show.mg a

.- 'transmltted waveform and a receJ.ved waveform of a related-art

B obstacle detect:l.on dev:l.ce. e

1'_0

.:Embod:l.ment 1. R |

FJ.g. 1 is a block dlagram show:Lng a conf:.gurat:.on of an-

,obstacle detect:.on dev:Lce accordJ.ng to the present :|.nventlon.

15

20
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"_'In FJ.g. 1, reference numeral 1 denotes a transt.ssmn LCX - .
" (leakage transm1.551on path ‘ s:.gnal transt.ttJ.ng and rece1v1ng
- means for detect:.ng -an obstacle) which 1s laJ.d on one s1de of o
'a road or a ra11road llne and in whlch a plurallty of slots_

' leakJ.ng and radJ.atJ.ng spread spectrum s:.gnals for detect:.on of

an obstacle generated by a spread spectrum s1gnal generat:.on
means 3 are prov1ded at sultable J.ntervals in the longltudJ.nal'
dJ.rectJ.on- and reference numeral 2 denotes a rece:.v.mg ch |
(leakage transm1ss1on path , signal transm:x.tt:.ng and rece:.v:.ng -

means. for detect:.ng an obstacle) th.ch J.s laid on the srde

3 oPpos:Lng to the transt.ssmn LCX 1 and in th.ch spread spectrum

- 51gna1s for- detectlon of an obstacle radlated from the -

transmlssmn ch 1 are receJ.ved by a plural 1ty of slots prov:Lded

- at su:.table J.ntervals in the long:.tudmal dJ.rectJ.on Reference



o means for generat:.ng a reference spread spectrum s:.gnal on the :

15

numeral 3 -denotes a spread spectrum slgnal generat:.on means'
._(spread spectrum s:.gnal transt.ttJ.ng and receJ.VJ.ng means)
connected to one end of the transmlsSJ.on LCX 1 and generatJ.ng
.a spread spectrum s:.gnal for detectlon of an obstacle S0 as to
- cause the transm:.ss:.on ch 1 ‘to radlate the s:.gnal- reference. o

: numeral 4 denotes a reference spread spectrum s1gna1 generat:.on_

'f‘basn.s of a code phase—locked to- and of ‘the’ same code ser:.es as' .

' "_-the code ser::.es of the spread spectrum s:.gnal for obstacle

.10 |
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.detectlon rece:wed by the rece:.v:.ng LCX 2; reference numeral .' —
_ 5 denotes a correlatlon means (spread spectrum s.1gna1 rece:.v:.ng -
means) connected to an end of the recelvn.ng ch 2 oppos.l.te to'
fthe end of the transmlss J.on LCX 1 to th.ch end the spread spectrum

-.SLgnal generatJ.on means 3 is connected and calculatlng a level

of correlat:.on between the reference spread spectrum s:Lgnal and

the spread spectrum s:.gnal for detect:.on of an obstacle receJ.ved _
o by the rece1v1ng ch 2 ’ and reference numeral 6. denotes a -
detectlng means (spread spectrum s:l.gnal receJ.VJ.ng means) for-:' '
"detectlng an obstacle from a change in correlatlon level
'calculated by the correlat:Lon means 5. ' |

) Reference numeral 7 denotes a hlgh frequency osc:.llator _.
| (spread spectrum s:.gnal transmlttlng means) const:LtutJ.ng the '

' spread spectrum s:.gnal generatlon means. 3 for generatJ.ng a hJ.gh

Ifrequency_s;.gnal serv;_L_ng 'as a signal source of a spread spectrum

signal for detection of an 'obstacle ; reference numeral 8 denotes

' aPN code generator (spread Spectrum signal transmlttlng means)

'for generatlng a pseudo random noise code (here:.nafter,
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' referred to as a PN code) for modulatJ.ng the high frequency

- SJ.gnal generated by the hJ.gh frequency osc:Lllator 7 to produce .

| '_ a spread spectrum SJ.gnal for detectJ.on of an obstacle reference-
' numeral 9 denotes a spread spectrum modulator (spread spectrum '

) SJ.gnal transmlttlng means) for modulatlng the hJ.gh frequency' '

SJ.gnal generated by the hJ.gh frequency osc:.llator 7 on the baSJ.S -_

- of the PN code generated by the PN code generator 8 to produce‘

'; 1o

-'a spread spectrum Slgnal for detectJ.on of an obstacle. '

Reference numeral 10 denotes a local osc:.llator

(reference spread spectrum SJ.gnal generatlon means, Spread
spectrum SJ.gnal receJ.VJ.ng means) constJ.tutJ.ng spread spectrum

'._.____1gnal generatlon means 4, ’ for generatlng a hJ.gh frequency o

SJ.gnal hav::.ng the same phase as the high frequency s:.gnal -

15

. generated by the hlgh frequency osclllator 7 and serv:.ng as a L
.SJ.gnal source of a reference Spread spectrum s:.gnal, reference o o

-numeral 11 denotes a reference PN code generator (reference '

" .Spread spectrum s:.gnal generatlon means ’ spread spectrum SJ.gnal

: -_'rece:.vz.ng means) for generatlng a PN code for modulatJ.ng the

25

'hJ.gh frequency generated by the local oscz.llator 10 to produce _

20¢ _-.a reference spread spectrum s:.gnal and generat::.ng a PN code

phase—locklng to and of the same code series as PN code of the _

_spread Spectrum S-:Lgnal for detectJ.on of an obstacle rece;wed '

' by the rece1v1ng LCX 2. Reference numeral 12 denotes a spread

Spectrum modulator (reference spread spectrum signal

generatlon means, Spread spectrum S:Lgnal receJ.VJ.ng means)

_constltutlng the reference spread spectrum signal generatJ.on

means 4, for modulatlng the SJ.gnal generated by the local
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osc111ator 10 on’ the bas;.s of the PN code generated by the

' -dlfference measurement means (tlme measurement means, spread"

10

- 15

" in the spread spectrum modulator 9 on the bas:.s of the PN code :

11.'1'

-reference PN code generator 11 to produce the reference Spread

'.'5pectrum s:.gnal- and reference numeral 111 denotes a t.une

spectrum s:.gnal rece:.v:.ng means) for measurlng a tJ.me '

'. dlfference (spread spectrum s1gna1 propagat:.on tJ.me perJ.od) p
_.lfor detect:.on of the pos:.tJ.on of an obstacle between the ch :
'...1 and the ch 2 between generat:.on of a PN code by the PN code o

' generator 8 and generatJ.on by the reference PN code generator

| to Embodlment 1.

_ F:Lrst, an operat:.on of transt.ttJ.ng a spread spectrum
: s:.gnal for detectJ.on of an obstacle w111 be descrlbed. The hlgh.
'frequency osclllator 7 generates a hlgh frequency 51gna1

;-'serv:Lng as a s:.gnal source of a spread spectrum for detectJ.on

of an obstacle so as to feed the hJ.gh frequency s:.gnal to ‘the

: ISpread spectrum modulator 9. A PN code for spread spectrum '

modulat:l.on is suppl:Led by the PN code generator 8 to the spread o

spectrum modulator 9. The hlgh frequency s:.gnal generated by

the high frequency osc:.llator 7 1.s spread spectrum modulated

., supplled from the PN code generator 8.

Spread spectrum modulat:.on carrJ.ed out in the spread '

spectrum modulator 9 may ut:.llze the ex1.st1ng Spread Spectrum

technology such as a- dlrect spread method (DS method)

‘distributing a slgnal electric power over a wide frequency band

' A descrlptlon wn.ll now be g:.ven of the operatJ.on accordJ.ng '
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- by multJ.plyJ.ng a hJ.gh frequency s:.gnal by a PN code, or a:

' frequency hoppJ.ng method (FH method) broadenlng the frequency

- - _band by sw1tch1ng between hlgh frequenc1es hav1ng dlfferent

_'center frequenc:.es accord.mg to a pattern of PN code us:l.ng a

'._'-frequency synthes:.zer and the lJ.ke capable of frequency

| ""change—over at a h1gh speed.

. 10
| 'longJ.tudJ.nal dJ.rectJ.on so that spread spectrum s1gnals for .
15

20 -

25

When a spread spectrum s1gna1 for detectlon of an obstacle " L
'--'1s generated by the Spread spectrum modulator 9, J.t J.S '- ~.‘ -
"transmltted to the transm:.ss:.on ch 1 connected to the spread'
_spectrum s:.gnal generatJ.on means 3. The transm:.ss:.on ch 1 .'.LS. .

prov:.ded w1th a pluralJ.ty of slots at su:.table 1ntervals in the -

ldetectJ.on of an obstacle are radlated as a radJ.o wave ‘from these_' :.. :
-'slots. The spread spectrum srgnal for detectlon of an obstacle e
radlated as a radJ.o wave .'LS propagated over a area for detect:.on : .
of an obstacle between the transmlssmn LCX 1 and the receJ.VJ.ng' |
LCX 2 before be:Lng receJ.ved by the rece1v1ng LCX 2 Due to
d:l.fferences in pos:.t:l.on of the respect:.ve slots ’ spread

'spectrum s:Lgnals for detectJ.on of an obstacle propagates v.1.a _'

dlfferent paths :anludlng a path A and a path B as shown in FJ.g.

1 Furthermore, spread spectrum s:.gnals for detectJ.on of an

.obstacle travel:.ng these dJ.fferent paths are receJ.ved in the'

receJ.VJ.ng LCX 2 in a super:.mposed manner.

A Spread spectrum s:.gnal for detect:.on of an obstacle -
received by the rece:.v:mg ILCX 2 is J.mmedlately 1nputted 1nto -' -

the correlatlon means 5. Moreover, a reference spread spectrum -

s:L_gnal.g_ene_rated by the reference spread spectrum s:.gnal
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generatlon means 4 :LS 1nputted J.nto the correlatlon means 5.

: _Now, a generatJ.on operat:.on of a reference spread spectrum
's:.gnal generated by the reference spread spectrum s:Lgnal
.-generatlon means 4 Wlll be descr:.bed.__ Wlthln the reference
| .-spread spectrum s:l.gnal generatlon means 4 the local ost.llator
' .10 generates a. hJ.gh frequency s1gna1 1dent.1.cal to- the hJ.gh
' .'"frequency sn.gnal generated by the hJ.gh frequency osc:.llator 7
| ~.and serVJ.ng as a s:Lgnal source of the reference spread spectrum =
- .'sz.gnal The local ost.llator J.nputs the hJ.gh frequency to the -
_jspread spectrum modulator 12 Moreover, 1n the reference PN code

B generator 11, a PN code for performJ.ng spread spectrum of the . o

- -.h:.gh frequency s1gna1 generated by the local osclllator 10 is

generated Th:l.s PN code is a PN code of the code series 1dent1ca1

L w1th that of the PN code of the spread spectrum s:Lgnal generat:.on

15
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-means 3. The reference PN code generator 11 performs spread
- spectrum modulatJ.on of the h:|.gh frequency s:Lgnal generated by
B the local osc111ator 10 on the bas1s of the PN code thus generated. .

_The spread spectrum operat:.on in this reference PN code

generator 11 is similar to the operatJ.on performed by the spread

_'spectrum modulator 12 descr:l.bed above.

For example, spread spectrum s:l.gnals for detect:Lon of an

obstacle travel:.ng d:Lfferent paths A, B as shown in FJ.g. 1, are

- receJ.ved J.n the receJ.VJ.ng LCX 2 in a superlmposed manner.
- However, by synchronlzatlon the phase of the PN code used to o

: generate the spread spectrum s:.gnal for detection of an obstacle

‘traveling path A with the phase of the PN code used to generate :

.the reference spread spectrum s1gnal by the reference spread
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spectrum s:.gnal generatlon means 4 ’ calculatJ.on of a

correlatlon level J.n the correlatlon means 5 enables J.solatlon

of the spread spectrum s:.gnal for detect:.on of an obstacle

travellng path B from the spread spectrum s1gna1 for detectz.on .

of an obstacle travel:.ng path A._ -

To descrlbe thJ.s in further deta:.l, when the spread

' '_spectrum s1gna1 generat:.on means 3 generates the spread
-spectrum srgnal for detectlon of an obstacle, J.t is J.nunedJ.ately"..
- outputted to the transmz.ss:.on ch 1. The spread spectrum s:Lgnal .' :

for detect:n.on of an obstacle is propagated w1th1n the - - |

transm1ss1on ch 1 and rad:.ated from the. slot of the

15

- s1gna1 and the reference spread spectrum s:.gnal J.s calculated _

©25

_transnu.ss:.on LCX 1 prov:.ded at the pos:.tJ.on correSpondJ.ng to
'.the path AL Th.‘LS spread spectrum s:.gnal for detectJ.on of an
obstacle lS receJ.ved V.'La the slot of the rece:.v:.ng LCX 2 opposmg
.'to the slot pos:.tJ.on of the above-descr:l.bed transmlss:l.on LCX-

1. Accordlngly, the level of correlatJ.on between the rece:.ved

-J.n the correlat:.on means 5 By measur:.ng a tJ.me that elapses

between the transm:.ss:.on of the spread spectrum s1.gna1 for

detectlon of an.obsta_cl_e from the spread spectrum slgnal

generation means 3, subsequent to the supply of the Pbi code from

the PN code generator 8 to the spread spectrum modulator 9, and

the supply of the reference spread spectrum signal, gene_rated

- by the reference spread spectrum signal generation means 4; to-

correlation means 5 subseque_nt to the recept'ion of the spread

~spectrum signal for detection of an obs_tacle by the re_ception' -

LCX 2 and to the supply of'_ the BN code, phase—locked to the PN
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' code generated by the PN code generator 8 from the reference
' PN code generator 11 to the spread spectrum modulator 12 the

‘ .tJ.me requ:.red for transm:.ss:.on and receth.on of the spread

spectrum s1gna1 for detect:.on of an- obstacle can be

' approx:.mated ..

Hence, in an obstacle detectlon dev:.ce accord:.ng to

, Embodlment 1 ’ the tJ.me dJ.fference measurement means 111 for "
_measur:.ng a time dJ.fference between the generatlon of the PN
'code by the PN code generator 8 and the generat:.on of the PN S

'code by. the reference PN code generator 11 1s prov:Lded. 0w1ng- h

" to thls, for example, suppos1ng that a t:Lme elaps:.ng from . the'

15 .-
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' 'tJ.me when the spread spectrum s:.gnal for detectJ.on of an
L i_— ."obstacle is radlated from the transt.ttlng end of the

B transm:.ss:.on ch 1 and travel path A untJ.l the tJ.me when the

spread spectrum s:.gnal J.S receJ.ved by the receJ.v:Lng ch 2 so-"-

that the correlat:.on 1eve1 between thJ.s s:Lgnal and the ref erence .
| spread spectrum s1gnal is calculated by the correlatJ.on means S
.5, is tl (sec.) (1 e a tJ.me dlfference between the generatlon
-time of a PN code of the PN code generator 8 and the generat:Lon - |
_tlme of a PN code of the reference PN code generator 11 is t1
' (sec )), ].t is understood path A is a path pass:.ng a pos:.tlon '-

.'-located at a dJ.stance of t1 x c/2 (m) (where c J.S the speed of

_.llght) away from the transt.ttJ.ng end of the transm:.ss:.on ch

1. A propagatlng speed of the spread spectrum s1gnal for

detectlon of an obstacle is calculated by multlplylng the tJ.me

dlfference t1 measured by the tJ.me dlfference measurement means .

111 approx:.mately correspond:.ng toa t1me elapsmg from the time
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when the spread spectrum s:.gnal for detectlon of an. obstacle

travels from the transmlttlng end of the transm::.ss:.on ch 1 '

unt:.l the tJ.me when the s:.gnal reaches the reference spread

spectrum s:.gnal generat:.on means 4 of the rece1v1ng LCX 2 by

e correspondlng to the propagatlon speed of the spread spectrum“ :

's:.gnal for detect:l.on of an obstacle. SJ.nce the transm:.ssmn S

ch 1 and the rece1v1ng ch 2 are opposed to each other and the -

end portlon to which the spread spectrum s:.gnal generatlon means .

3 J.S connected faces the end portJ.on to th.ch the reference. '

-spread spectrum s:Lgnal generatlon means 4 is connected ’ a half

_ d:Lstance of the propagat:.on dJ.stance of the spread spectrum"

' :_S1gnal for detectlon of an obstacle lS con51dered as a.

'..'15_. ‘
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'propagated dlstance from the transt.ttJ.ng end of the

. transmlss.lon LCX 1 o

WhJ.le level of correlatJ.on between the" spread spectrum'
s:.gnal for detectlon of an obstacle travel:.ng path A and the'
reference spread spectrum srgnal 1nput to the correlat:.on means

5 after an elapse of tJ.me tl1 correspondlng to path A since the

' transm:.ss:Lon of the spread spectrum s1gnal for detectJ.on of an
._ obstacle from the spread spectrum signal’ generat:Lon means 3, a

: the PN code of the spread spectrum s:Lgnal for detect:.on of an '

obstacle travel:.ng path B and the PN code of the reference spread
sPectrum s:.gnal input to the correlat:.on means 5 after an elapse |
of tJ.me tl are not 1n phase. Therefore, _the level of correlat:.on

between the s:|.gnal travellng path B and the reference s:.gnal .'

| lS approx1mately zero..

- To descr:.be thls further, an obstacle detectlon device



accordlng to Embcdlment 1 detects the spread spectrum s:.gnal
for detect:.on of an obstacle by synchronous detectlon.

Therefore, a reference spread spectrum s.rgnal 1s generated as

-a result of regenerat:.ng the spread spectrum s:Lgnal for o

_ detectlon of an obstacle. In the correlat:.on means 5 the spread

' spectrum s1gnal for detect:.on of an obstacle and the reference_' B

= _spectrum s1gna1 for detectlon of an obstacle is demodulated. R

.10 |
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spread spectrum s:.gnal are multlplled so that the spread

The result of multlpllcatlon 1s output as a correlatJ.on level'

to the detectJ.on means 6 In the case where the PN code of the' '

s1gna1 (for example, the s1gnal travelJ.ng path B) for detectJ.on -

"of an obstacle 1.s not in synchronlzatlon w1th that of the

reference spread spectrum 51gnal, the product of PN codes of

-the spread spectrum s:.gnal for detectlon of an obstacle and the s
' reference spread spectrum s:l.gnal 1s approx1mately 0 (zero) as' b

a result of perform:.ng multJ.le.catJ.on. A PN code takes one of

I two values 0, 1 perlodlcally s0 that the product of PN codes _

20 -
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" of s:.gnals out of phase WJ.th respect to each other becomes 0 o

_(zero).,

Correlat:l.on levels are J.nputted from the correlat:.on
means 5 to-the detectlon means 6 th.le detectlon of an obstacle

is belng carrJ.ed out. If an obstacle appears between the

| transmlssn.on ch 1 and the rece:.v:.ng LCX 2 ’ the .1.ntens.1.ty of

‘the Spread spectrum s:.gnal for detect:.on of an obstacle is -

lowered and a change of the correlatJ.on level occurs Therefore '

the detect:.on means 6 can detect the presence and locatJ.on of

the obstacle.
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FJ.rst ra descrlptlon Wl.ll be glven how the receptlon SN

ratJ.o is enhanced compared to that of the related-art obstacle

'_detectz.on dev:Lce. In the case where a pulse modulated s:.gnal :

3 is used as a 51gnal for detect:.ng an obstacle, a pulse modulated '_

: 's1gnal rece:.ved by a recelver is expressed by s x coswt, whereJ.n .

s 1nd:|.cates a s:.gnal level of a pulse modulated s1gna1 J.nputted'

J.nto the rece:.ver and W J.ndJ.cates a carrier wave frequency

_ GJ.ven that an J.nterval between pulses of the pulse—modulated

L -'s1gna1 is T, the length of ch 1 2 J.s L (m) ’ the lnterval between.

10

the transm:l.ss;l.on ch 1 and the rece1v1ng ch 2 oppos1te to each_ '
- other is H (m) ' and the speed of lJ.ght 1s o, the mJ.nJ.mum value'- |

of T is expressed by (2 L +'H) / c, i.e. _the propagated dJ.stance_ :

| "of the pulse modulated s1gnal dJ.VJ.ded by the speed of lJ.ght.

- A s:.gnal level of the rece1v1.ng pulse modulated s1.gnal at an

.20
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_J.ntegral time T becomes s (c >> (2L+H) so that (2L+H)/c 1s '

approx.unately 0; cosz = 1).

In contrast to thlS, 1n an obstacle detectlon dev1ce
accordlng to Embod:.ment 1, a spread spectrum s:.gnal 1s used
Given that the length of one cycle of a PN code l.S N and a duratJ.on_
of one bJ.t of a PN code 1s Tc, the mJ.n:Lmum value of the pulse )

repet:.t:.on tJ.me 1nterval of a code serJ.es of a PN code N x Tc

can be made to be J.dentJ.cal Wlth a pulse repetJ.t:Lon time J.nterval '_

of the above-descrlbed pulse modulated s:Lgnal Now, a PN code

' is expressed as a funct:l.on PN (t) where tJ.me t is a varlable.

When the spectrum spreadJ_ng accordlng to the DS method is used,

“the Spread Spectrum is expressed by S X PN (t) x cosa)t When

- the PN code of a spread spectrum s:.gnal for detectlon of an




o spread spectrum s:.gnal so as to demodulate the spread spectrum o
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| obstacle and the PN code of a 'r'ef"erence spread spectrum signal_ |

are synchronlzed ’ the above—descrlbed spread spectrum signal :

s X PN, (t) X coswt may be multlplled by a PN code of a reference' '

L SJ.gnal for detectlon of an obstacle to reproduce the orlglnal :

- pulse modulated s:.gnal The rece:.ved s1gnal for detectlng an -

_ .obstacle 1s expressed by ] X PN (t) ‘X PN (t) x cosa)t. SJ.nce
the J.ntegral actJ.on t1me N X Tc = T becomes PN (t) X PN (t) :.
“N, and accordlngly, the 51gnal level of the rece1v1ng s1gna1

-becomes S x N. Thus, in an obstacle detectlon deVJ.ce accordJ.ng-_

to Embod:.ment 1, a s:.gnal 1eve1 is N-folded compared to that : .'

of the related-art obstacle detectJ.on deVJ.ce, 1t 1s understood , -

: that SN ratJ.o J.S enhanced to N-fold. Put another way, the SN

- ratJ.o of one pJ.ece of the pulse s:.gnal is mult1p11ed N—fold J.n

15.

the same 1ntegral t:une by employlng a spread spectrum s:.gnal _

~as a carrJ.er wave, thereby belng capable of shortenlng the t:Lme _'

of observ:.ng and measurlng an obstacle and also capable of _ ;

20
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suffJ.cJ.ently applylng to the detectlon of a mov1ng obstacle.

Next, a desch.th.on w111 be gJ.ven of how the antl-jammzl.ng

'performance is enhanced compared to. that of the related-art

'obstacle detectlon dev1ce. G:Lven that an 1nput electrlc power .

of a radlo wave from the transmlssmn LCX 1 of an obstacle

detectlon dev1ce accord:Lng to Embod:l.ment 1 J.S Pl (W) , an :anut
electr:.c power of a jammer is P2 (W) and the length of one cycle
of PN code is N, when the equallty of P1 = b2 J.s satlsfled, an .

input- electrJ.c power of a jammer is suppressed to P2 / N, so

" that the DU ratio becomes 10 log (N). Since the length of one .’
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| -cycle of a PN code N. has in general a value of 1000 or more, |

the DU ratJ.o is 1mproved by 30 dB or more.

Next, a descr:.ptlon w::.ll be gJ.ven of how ‘the obstacle_

detect:.on accord:Lng to Embodlment 1 does not affect the

'conununlcatlon in the other w:.reless communlcatlon dev1ces
" ex1st1ng Wlthln the detectJ.on area._When a w:.reless
.communJ.catJ.on deVJ.ce conducts a commun:LcatJ.on w1.th1n the
: _detectJ.on area of an obstacle detectJ.on deVJ.ce accordlng to.
'l.EmbodJ.ment 1, g:.ven that the bandw:.dth of a spread spectrum
s:.gnal 1s Bl {Hz) 2 the bandw1dth of the w:.reless communlcatlon' '
: ,dev:l.ce is B2 (Hz), the electrlc power den51ty of a spread
o spectrum s:Lgnal is spread over a broad frequency range so that_" )

: B1 >>B2. Even J.f the total electrJ.c power of the spread spectrum

s:.gnal and the value of the electr:Lc power of a s:.gnal to be
.1nputted into the w1re1ess commun:.catJ.on dev:l.ce are J.dentlcal, _

the jammer electrlc power for the w:.reless commun:.cat:.on dev:.ce

is reduced by 10 log (Bl / B2). In general, since Bl :Ls 1, 000 :
t:Lmes as high as Bz the quallty of communlcatJ.on in the w:Lreless. o
' 'communlcatlon dev:.ce is J.mproved by 30 dB or more. W1th thJ.s, '
-the w:.reless communlcatlon device can successfully conduct a -

' communlcatlon w:.th:Ln the obstacle detectlon area of an obstacle

detectlon dev:Lce accordJ.ng to Embodlment 1.

As descrlbed above ¢ Up to thJ.s p01nt, accordJ.ng to thlS '

. Embodlment 1 there is provrded an obstacle detectJ.on dev:.ce, '

25

compr:.s:.ng-' s;Lgnal transmlttlng and receJ.VJ.ng means for

B detectlng an obstacle, compr:.s:.ng a flrst leakage transm:.ss:.on

path on the .transm:.ttlng s:.de for radlatJ.ng a signal for
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detect:.on of an obstacle and a second leakage transmrssron path

_prov:.ded opp051te to the fJ.rst leakage transmlssron path and :
) recelvn.ng the 51gnal for detectJ.on of an obstacle;- spread "
spectrum s:.gnal transt.ttJ.ng means connected to one end of the :

, fJ.rst leakage transmrssron path, for generatJ.ng the spread |
spectrum srgnal for detect:.ng an obstacle based ona spread code : -
'land caus:Lng the fJ.rst leakage transt.ssz.on path to radlate the-"

| spread spectrum s:.gnal for detect:.on of an obstacle ; and spread_ -
'spectrum s1gnal receJ.VJ.ng means connected to one end of the
' second leakage transm:.ss:.on path, th.ch end is the oppos:Lte to. -

. where the spectrum s1gnal transt.ttJ.ng means is connected to"

the first . leakage transm:.ss:.on path, where:Ln the spread

_ spectrum s:.gnal receJ.VJ.ng means further comprlses reference
'spread spectrum s:.gnal generatJ.on means for generatlng a
'reference spread spectrum s:Lgnal based on a spread code of a’
code ser:n.es 1dent1cal to that used by the spread spectrum s:.gnal
.transmrttlng means correlatlon means for calculatlng alevel .

of correlat:.on between the reference spread spectrum srgnal '

generated by the reference spread sPectrum s:.gnal generatron

means and the spread spectrum s:.gnal for detect:.on of an

obstacle receJ.ved by the second 1eakage transm:.ss:.on path, .

. based -on spread code phase-locked to the spread code of the'

spread spectrum s:Lgnal for- detectJ.on of an obstacle detected :

by the second leakage transt.sSJ.on path; and detectlon means
for detectmg an obstacle based on’ a change of a correlatJ.on
level calculated by the correlatJ.on means Accordlngly, it is

poss:.ble _to pro_v:.de an obstacle detection device _capable of
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"_-detectlng an obstacle accurate accurately, less affected by

jamm.ng WJ.thout Jalmnmg conununJ.catJ.on J.n a w:.reless

communJ.cat:Lon dev1ce w1th1n an area for detectJ.on of an obstacle .

| _ 'SJ.nce the tJ.me requlred for detect:.on of an obstacle is reduced '

as compared to the related art . lt .'LS poss:Lble to detect a mov1.ng _

: '_obstacle. :

Moreover, accordJ.ng to thJ.s Embodlment 1, there is ;

-prov:.ded a tJ.me measurement means for measurlng a sPread
r_-spectrum sJ.gnal propagat:.on tJ_me per:.od elaps:.ng from the tJ.me
“when the spread spectrum s:.gnal transmlttlng means generates_'. :
_'; the spread spectrum srgnal for detectlon of an obstacle untll.'.- _. ’

_the tJ.me when the correlat:.on means J.S capable of calculatlng

a correlatlon level of the both spread spectrum SLgnals

"subsequent to generatlon, by the reference spectrum s.1.gnal

generatJ.on means of the reference spread spectrum s:.gnal wh:.ch

1s :Ln synchronlzatlon with the spread code of the spread

_ spectrum s:.gnal for detectlon of an obstacle. The detect:.on |
'means detects a- pos:.t:Lon of an obstacle ex1st1ng w.1.thJ.n an
_'obstacle detect:.on area formed by the s:.gnal transmz.tt:.ng and

'rece1v1ng means for detectlng an obstacle, based on the spread a

spectrum s:.gnal propagatlon tlme perlod measured by the tJ.me‘

' measurement means Accordlngly, removal of an obstacle from an

area’ for detectlon of an obstacle is fac111tated.

Embodnment 22

A dev1ce accordJ.ng to Embodlment 2 is prov1ded WJ.th a

'delaylng.means for delaylng a phase of a spread code used by
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-the reference spread spectrum s:l.gnal generat:.on means by a

des:.red tJ.me per:Lod w:.th respect to a spread spectrum s1gna1

B} for detect:l.on of an obstacle generated by the spread spectrum_ "

s:Lgnal transt.tt:Lng means. _'

' FJ.g. 2 is a block dlagram showmg a conflguratlon of an:’

obstacle detectlon dev1ce accordJ.ng to Embod:unent 2 of the

_ present 1nvent1.on._ In Flg. 2 the reference numeral 13 denotes _

- a delaylng means for delayJ.ng a phase of a. PN code used by the -

reference spread spectrum s:Lgnal generatlon means 4 by a des:.red '

' .'tJ.me perJ.od w1th respect to a PN code generated by the PN code s
| .generator 8 It should be noted that the J.dentJ.cal reference

: numerals are attached to the same components as those J.n F:Lg.-

1 and ade.tJ.onal descrlptlon J.s om:.tted. .

A descrlpt ion w1ll now be glven of the operatJ.on accordJ.ng '

'_ ) to Embod:.ment 2 ..

_ As to operatlons such as generatJ.on, transmlss.mn and

'_rece1v1ng, and -detect:.on of -a spread spectrum 51gnal for

- .detectlon of an obstacle, ade.t:Lonal desch.th.on is omltted

because these operat:.ons are s1m11ar to those of the above-

'descrlbed Embod:.ment 1. Hereafter operatlons which are"

d:Lfferent from those of the above-descrlbed Embodlment 1 wz.ll '
be descrlbed. _ - | o

The obstacle detectlon dev:Lce accordlng to this
Embodlment 2 J.S capable of detectlng an obstacle located at any
pos:LtJ.on w:LthJ.n the obstacle detect:.on area formed by the -

transmn.ss:.on LCX 1 and the recelvz.ng ch 2 To descrlbe thJ.s

- ln further de_tall, as shown inFig. 2, when the level of rece_pt:.on o
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‘T at a pOSlt.'Lon removed by L (m) from an end of the transm:.ss:.on
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LCX connected to the spread spectrum s:.gnal generatlon means

'3 1s to be measured on a contJ.nuous ba51s, the delay t:Lme is

set by the delayJ.ng means 13 so as to delay the phase of the _ _'

PN code used by reference spread spectrum s:Lgnal generatlon_ s

: 'means 4 by‘r 2L/c (where c lndlcates the speed of lJ.ght) w1th '-

respect to the phase of the PN code generated by the PN code

"generator 8. (:|. e. the PN code used to produce the spread spectrum o

srgnal generated by the spread spectrum s1gna1 generatJ.on means _

3 for detectlon of an obstacle) W:Lth thJ.s ‘the phase of the PN .

code for the reference spread spectrum s:.gnal 1s :Ln

- synchronlzatlon only w.1.th the spread spectrum s:.gnal for
detect:l.on of an obstacle recelved via. po:Lnt removed by L (m) o

- from sa:Ld end Therefore ’ only the results of detectJ.on at po:Lnt

L, (m) away from sald end can be obtaJ.ned by the correlat:.on means

5- n

As descrlbed above P the dev:.ce accordJ.ng to- Embodlment'

2 is prov:.ded with the delayJ.ng means 13 for delaylng the phase '

" of the PN code used by the reference spread spectrum s:.gnal_

generat:.on means 3 WJ.th respect to the spread spectrum s:.gnal

for detectJ.on of ‘an obstacle by a des:.red tJ.me per:.od.

Accord:.ngly , in ade.tJ.on to the same advantage as prov1ded by

o Embodlment 1, an added advantage is prov:Lded by. applyJ.ng

'EmbodJ.ment 2 to the constructJ.on of Embodlment 1 in that any

des:Lred po:.nt in an area for detectlon of an obstacle is subject

to observat:l.on by settlng a des1red delay time.




31

' ‘Embodlment 3-
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_ AccordJ.ng to EmbodJ.ment 3, an obstacle detectlon system :

comprJ.ses a plurallty of obstacle detectJ.on dev:Lces such that

'adjacent dev1ces generate Spread spectrum s:.gnals on the bas:.s'
of dJ.fferent spread codes. .. B |

| F:Lg. 3 is a block dlagram show:.ng a conflguratJ.on of an. .
'obstacle detectJ.on system accordJ.ng to Embod:unent 3 of the

"present J.nventJ.on. In FJ.g. 3, reference numerals 1 1 and 1--

2 J.ndlcate transmlss:l.on LCXs (leakage transt.SS1on path on the

tranSm:LttJ.ng s:.de ; s:.gnal transmlttlng and receJ.v:Lng means for'_.-. :
:detectlng an obstacle) prov1ded in obstacle detectJ.on dev1ces
A and B arranged to be adjacent to each’ other, respectlvely, '
| reference numerals 2 1 and 2-2 1nd:|.cate receJ.vmg I.CXs (1eakage .'
transm:.ss:.on path- s:.gnal transmlttJ.ng and receJ.VJ.ng means for .
”detectJ.ng an: obstacle) prov:l.ded 1n the obstacle detect:.on : |

dev:.ces A and B, respectlvely, and reference numerals 31 and

32 J.ndJ.cate spread spectrum s:Lgnal transmlttlng means prov.1ded

in obstacle detect:.on dev1ces A and B, respect:.vely, and

. correspond:l.ng to the spread spectrum s:Lgnal generatlon means

3 described -in. Embod:.ment 1. Reference numerals 41 and 42 o

n 1nd1cate spread spectrum s:.gnal rece:.v:.ng means prow.ded J.n
obstacle detectlon dev:.ces A and B, reSpectJ.vely, and

1correspond1ng to the spread spectrum signal generatlon means

3, the correlatlon means 5 and the detectJ.on means 6 desch.bed

J.n Embod.unent 1 and/or Embodlment 2. Moreover ’ the obstacle

. detect:.on dev1ces a and B are eun.valent to the obstacle _

detect:.on_ dev1ces descr_:Lbed in Embod;ment 1 and/or Embodlment_
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2 and use a PN 'code A and a PN code B which are different PN_

codes ‘ respect:.vely, J.n order to generate a spread spectrum_ _

| .s:Lgnal for detect:.on of an obstacle.
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An obstaole detectlon system accordlng to thls Embodlment

: 3 cons:.sts of obstacle detectlon dev1ces A and B, th.ch are -

arranged to be adjacent to each other. Slnce a detectlng

operatlon of an obstacle of the obstacle detectlon dev:Lces A, .-

R '_ and B J.S s:LmJ.lar to that of the above—descrlbed Embodlments,

' ade.t:Lonal descrlptlon 1s omltted, and the characterlstlcs of "

the obstacle detect:.on system accord:.ng to. Embod:i.ment 3 w1ll

: be descrlbed. The obstacle detectJ.on deVJ.ces A and B arranged '

- to be adjacent to each other radJ.ate spread spectrum s1gnals_ :

for detect:.on of an obstacle from the transm:.ssron I.CXs 1-1 and '

'1-2 respectlvely. A s:Lgnal radJ.ated from the transmlssn.on LCX'"

.1-1 of the obstacle detectJ.on dev:l.ce A J.S a 1nterfer1ng s:l.gnal -

with respect to the s:n.gnal to be recelved by the receJ.vz.ng LCX
2 2 of the obstacle detect:l.on dev1ce B, and a srgnal radlated'

from the transm:.ss:.on ch 1 2 of the obstacle detectJ.on dev:Lce

B is an 1nterfer1ng s:|.gnal w:Lth respect to the s:.gnal to be

received by the receJ.v:Lng LCX 2-1.° _

In’ an obstacle detectlon system accordlng to Embodlment }

3, the spread spectrum s1gnal transml_ttlng means 31 and 32 of
" the obstacle detection devices A and B, respectively, are

'configured to generate spread spectrum signals for detection

of an obstacle using a PN code A and a.BN code B dlfferent
therefrom, respectlvely. Wlth thJ.s, even if a srgnal radJ.ated.

from the transt.ssmn LCX 1—1 _of the obstacle detectlon device
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Ais received by the receiving ich 2—2 of the obstacle.detection "

dev:.ce B, no problem J.S presented s1nce the Spread spectrum

| s:|.gna1 rece:.v:Lng means 42 located w1th1n the obstacle detectlon |

dev:.ce B calculates a level of correlatlon between the receJ.ved- o

_s:.gnal and a spread spectrum s:.gnal generated based on the PN -

code J.n synchronlzatlon w:.th the phase of a PN. code B Even if

| - a s.Lgnal rad:.ated from the transt.ss.mn 1CX 1 —2 of the obstacle

T detectJ.on dev1ce B is receJ.ved by the rece1v1ng ch 2- 1 of the"

- obstacle detectlon dev:.ce A, no problem J.S presented s1nce the .

10

-spread spectrum s:.gnal receJ.VJ.ng means 41 located WJ.thJ.n the

: _. .obstacle detect:.on dev:.ce A calculates a 1eve1 of correlatlon

- between the receJ.ved 51gna1 and a- spread spectrum s:l.gnal

.generated based on the PN code in synchron:.zat:.on w:Lth a phase g

" of a’ PN code A. GJ.ven that the code series length of a PN code

.15

' the PN code A and the PN code B 1.s determlned as 1/N, accord:.ng-

T 20

25 -

| (1ength of one cycle) is N, the level of correlat:.on between

" to the character:.st:.c of a PN code slnce N is, J.n general 1,000

or more, the 1nterference of spread spectrum s:Lgnals for.

detect:.on of an obstacle between the adjacent obstacle

detectlon dev1ces A and B can be almost all 1gnored.

As desch_bed above, accordlng to thJ.s Embod:.ment 3, in

an obstacle detect:l.on system J.n which a plural:.ty of obstacle

' detect:.on dev1ces A and B are prov1ded, the adjacent obstacle '

detection dev:.ces Aand B generate spread spectrum S1gnals based

on dJ.fferent PN codes A and B, respectlvely. Therefore,

1nterference of spread spectrum 51gnals for detect:.on of an

obstacle b_etween the adjacent obstacle detection devices A and
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| B can he suppres_sed and th_'e"frequency of an error in detection
| of an. obstacle by the obs't'acle'detect'ion system can be reduced'.'
| In the above-descrlbed Embodlment 3, an example in whlch-
”the obstacle detectlon dev1ces A and B are arranged has been-
7descr1bed.,However, the above-descrlbed Embodlment 3 can also S
“hbe applled to a system 1n whlch 3 .or more obstacle detectlon";

| - devices are arranged Obstacle detectJ.on deVJ.ces th.ch are not .
l_adjacent to each other may generate spread spectrum 51gna1s:'w_

' '.u51ng the J.dentJ.cal PN codes.

| Embod:unent 4° ;

An obstacle detect:l.on system accordJ.ng to Embodlment 4

:'comprlses a plurallty of obstacle detectlon dev1ces, each of
the obstacle detectlon dev1ces belng connected via 1eakage

transm:.ss:.on paths. Each of the dev:Lces J.ncludes synthes:.z:.ng

K means for generatlng a superlmposed s1gna1 contalnlng an-

.20

25

electr:.c power and a spread spectrum s:Lgnal for detect:.on of
an obstacle super:.mposed on each other. The synthes:.z:l.ng means s
transmlts the super:l.mposed s:l.gnal to ‘the adjacent dev1ce via
' the leakage transmlss:l.on path. There is also prov:Lded a |
L 1solat1ng means for lsolatlng the electrJ.c power and the spread
| spectrum 51gna1 from the superlmposed s:Lgnal generated by thls

synthes:Lza.ng means. and supplylng the electrJ.c power to _the

devrces.

' Fig. 4 .'LS a block dJ.agram show1ng a constructlon of an

obstacle detectlon system accordlng to Embodlment 4 of the

p_re_sent J.nventlon. In Fig. 4, reference character Al denotes
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an electric ‘source 'device'su'pplyin'g an electric power to the

' obstacle detect:.on dev:Lces A and ‘B, and dJ.rectly supplles an =

electrJ.c power to the spread s:Lgnal transm:n.ttlng means 31, the

spread spectrum s:.gnal rece:.v:.ng means 41 and the synthes:.z:.ng

- means A2 J.n the obstacle detectJ.on dev:.ce A. Reference character _
A2 :Lndlcates a syntheSJ.ZJ.ng means for synthes:|.21ng a sPread
'ISpectrum s:.gnal for detectlon of an obstacle from the spread -
'spectrum s:.gnal transt.ttJ.ng means 31 and an electrlc source "_ '
voltage from the electrJ.c source dev:.ce Al and outputs the o

_' synthes:.zed SLgnal as a super:l.mposed SJ.gnal to the transm:l.ss:.on

o ch 1- l Reference character A3 denotes an electr:.c power

-branchlng fJ.lter (1solat1ng means) for J.solatJ.ng the source - _'

15 .
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voltage and the spread spectrum s:.gnal for detectlon of an

.obstacle from the above—descrlbed super::.mposed s1gnal lnputted

J.nto the obstacle detect:.on devz.ce B v:.a the transt.ss.Lon LCX

N 1 1 so as to supply the electrlc power to the obstacle detect:.on .

dev1ce B.. Reference character A4 denotes a’ termJ.natJ.on -

_connected to the electr:.c power branchlng fJ.lter A3 and

' termJ.natJ.ng the spread spectrum SJ.gnal r generated by the

obstacle detectlon device A and 1solated from the superlmposed

s:Lgnal by the- electrlc power branchlng fJ.lter A3 ,so as to_

prevent the spread spectrum signal from being reflected to the
tr'ansmission hCX 1-1" Otherwise, the ohstacle detection devices :

A and B have a constructlon eun.valent to that of the obstacle

' detectJ.on device descrlbed in Embodlment 1 and Embod:ment 2.
- It should be noted that the same reference numerals or

- characters are attached to the same components as those in Figqg.
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| 3, and superfluous descrlptlon 1.s omJ.tted.

. other via the transm:.ss:.on LCX 1 - 1 SJ.nce an operatJ.on for .

" In an obstacle detectJ.on system accordJ.ng to Embodment

4, the obstacle detectJ.on deVJ.ces A and B are connected to each

: detect:.ng an obstacle by the obstacle detectJ.on deVJ.ces A and |

B is s.unllar to that of the above—descrlbed Embod:unents,

ade.tJ.onal descr:.pt:.on is omJ.tted The characterlstlcs of the '.

- obstacle detect:Lon system accordJ.ng to EmbodJ.ment 4 w111 be'.'_

1o
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"'_.'descrlbed In .an example shown J.n the flgure, the obstacle

detectJ.on dev1ce A recelves the supply of an electrlc power-

dlrectly from the electrJ.c source dev1ce Al In the obstacle

detect:.on dev1ce A, the synthes:.z:.ng means A2 generates ar’
§ super:unposed s:.gnal in th.ch an electrlc source voltage from '

_the electrJ.c source dev:x.ce Al and a spread spectrum s:.gnal for

detect:.on of an obstacle generated by the s pread spectrum signal

3 transm:.tt:.ng means 31 are supermposed on each other and outputs

the super:.mposed s:.gnal to ‘the transmlss:l.on ch 1-1. ThlS
super:.mposed s:.gnal propagates to the electrJ.c power branchJ.ng | _ "

f:.lter A3 of the obstacle detectJ.on dev:Lce B while radlat:.ng

the spread spectrum s1gna1 for. detect:.on of an obstacle as a -

radJ.o wave from a slot of the transm:.ssn.on I.Cx 1- 1.

| ‘The electr:.c power branchlng fJ.lter A3 J.solates ‘the.
electr:Lc source voltage of the electrJ.c source dev1ce Al from
the super:.mposed s:.gnal and supplles the electrlc power to the |
spread spectrum s:l.gnal'transmlttlng means 32, the spread
_spectrum s_J:.gnal rec'eiving m'e.ans 42 and the s_ynthesining means

A2 located in the obstacle detection device B. The spread
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o spectrum s:.gnal for detect:.on of an obstacle generated by the

10

spread spectrum s:.gnal transmlttlng meéans 31 and J.ncluded in

: .the super:.mposed s1gnal is transmltted to the termlnatlon A4
_,so as to be prevented from beJ.ng reflected to the transm:.ss:.on o
ch 1 1 and caus:.ng J.nterference w1th the spread spectrum s:.gnal o

'of the obstacle detectJ.on dev.Lce A. |

In the case where another obstacle detect:.on dev:.ce is -

connected to the obstacle detectlon devJ.ce B via the '

ftransm:.ss:.on LCX 1 2 the synthes:.z:.ng means A2 located w:.th.m ~

the obstacle detectJ.on dev1ce B 11kew1se generates a

super:.mposed s:.gnal by super:.mpos:.ng an electrJ.c voltage and '_

a spread Spectrum s:.gnal for detectJ.on of an obstacle generated

by. the spread Spectrum s:LgnaI transt.ttJ.ng means 32 on each

- 15

'other and transm:.ts the superlmposed to the above-descr:.bed-'

other. obstacle detectlon dev:.ce via the transmlssmn ch 1—- :

2. Thus . s:.nce the electr:.c power can be suple.ed v:.a the

transm:.ssn.on ch 1-1 or the LCX 1-2, 1t is not necessary to

,prov1de a plural:.ty of electrJ.c source dev:l.ces Als. Co

20

23

As descrlbed above, accord:mg to Embodlment 4, the

obstacle detect:.on devJ.ces A and B th.ch constltute an obstacle N _
_detectlon system are connected to each other v1.a a leakage

gtransmrss:.on path, the system J.ncludlng the synthes:.z:.ng means

A2 for generatlng a’ super:unposed s:Lgnal by super:.mpos:.ng an
electrJ.c power and a spread spectrum s:Lgnal for detectlon of .
an obstacle on each other and transmlttlng the superlmposed
signal to the ad] acent obstacle detectlon dev:Lce via the leakage

transmlssn.on path 'I'here is further prov:.ded an electr:.c power
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' _- branching filter A3 for J.solating the electric power and the :
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spread spectrum s1gnal from the super:meosed s1gna1 generated

by the synthesuing means A2 Accordlngly, an electrJ.c source '

_can be supplied via the transmiss1on LCX 1 1 or the ch 1—-
'_ 2. It 1.s not necessary to prov:.de a plurallty of electrlc source i
_dev1ces Al. Therefore the cost of the system can be reduced..

'Moreover, s1nce hous:.ng space for the electric source dev:.ce'.

A1 is. not required, the installation space of the dev1ce can' '

E be reduced.

It should be noted that adjacent obstacle detection .

. 'dev:l.ces may generate reSpectJ.ve spread spectrum s:.gnals on the
-. bas:.s of dlfferent PN codes in the same manner as Embodiment.
'.3 described above. It should be noted that the advantages

-.prov1ded by Embod:n.ment 3 and Embodiment 4 are both prov:.ded.

Although an example lS glven of a arrangement where the o

_ obstacle detection dev:Lces A and B constitute an obstacle

detectJ.on system, the construct:.on of the above—described

-Embodiment 4 can be also applied to a- system in th.ch three or

more obstacle detection dev1ces are connected via ch.

) Embodiment 53

Th:l.s Embodiment 5is an obstacle detectlon system J.n th.ch

a 'pluralJ.ty of obstacle detection .de_v_J.ces are connected via -

leakage transmission paths' and whic’h comprise an. information

' transmltting and receJ.Ving means for transm:.ss:.on and reception

of detection 1nformation between the obstacle detection

dev:.ces .
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o .transmlttlng the generated modulated s:l.gnal to the obstacle ’

15

' Reference numeral 101a denotes ‘an J.nformatlon modulatlon and

' detect:.on J.nformatlon related to the obstacle detected by the
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FJ.g. 5 .'LS a block dJ.agram show:.ng a conflguratlon of an

obstacle detectJ.on system accord:.ng to Embodlment 5 of the

" present J.nventlon. In Flg..5, reference numeral 101 denotes an

J.nformatz.on modulat:.on and demodulatJ.on means (J.nformatlon

transm:.ttlng and receJ.v:Lng means) for modulat:.ng detectlon S
-informatlon relat:n.ve to an obstacle detected by the obstacle :

detectJ.on dev:.ce B ’ generatJ.ng a modulated s1gnal WJ.th a carrler_ -

wave frequency of a frequency d:.fferent from a carrJ.er wave

' _frequency of a Spread spectrum s:.gnal for detectlon .of an

. obstacle generated by the obstacle detectJ.on dev:.ce A, .

- detectJ.on dev:.ce A via the transt.ss:Lon ch 1- 1, and
- demodulatlng the modulated s:.gnal 1nputted from the obstacle
detectlon dev1ce A v:|.a the transt.ss:Lon ch 1-1 to reproduce_ '

the orng.nal detectJ.on J.nformatlon related to the obstacle. '.

demodulat:.on means (J.nformatJ.on transt.ttJ.ng and rece1v1ng N

"-means) for generat:.ng a modulated s1gnal by modulat:.ng

obstacle detect;Lon dev:.ce A and transt.ttJ.ng the generated

s:.gnal to a transm:l.ss:l.on, synthes:.z:.ng and d:LstrJ.butJ.on means

102.

Reference numeral 102 indicates a transmission, .

-synthes;.z:.ng and dlstrlbutlon means (J.nformatlon transt.tt:Lng

and recelvmg means) connected to an 1nformatlon modulatJ.on and

' demodulat:.on means 103 located w:.thln a monJ.torlng center 104,

- the J.nf_ormatJ.on modulatlon and demodulatlon means 10la and a
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'syntheSJ.za.ng and dJ.strJ.butJ.on means 105, transt.ttJ.ng a

modulated s:n.gnal generated by the J.nformatlon modulatlon and-_

demodulatlon means 101a to the J.nformatlon modulatlon and

'demodulat:Lon means 103 and approprlately dlstrlbutlng and

transmlttlng the modulated s1gna1 from the J.nformatJ.on

'modulat:.on and demodulat:.on means 103 to the 1nformatlon

modulatJ.on and demodulat:.on means 101a or the synthes:.z:.ng and :

-dlstrn.butlon means 105 Further, the transmn.ss:.on,
synthes:.z:.ng and dJ.strlbutlon means synthesrzes s1.gna1s from_
'the 1nformatJ.on modulatlon and demodulatlon means 101a and the-:-'-'

: synthes:.z:.ng and dlstrJ.butJ.on means 105 and transmlttlng the .

_synthes:.zed s:.gnal to the J.nformatJ.on modulatlon and ' -'

o demodulat:.on means 103 Reference numeral 103 denotes an o

1nformatJ.on modulatJ.on and demodulatlon means (1nformatz.on

.transmlttlng and receJ.VJ.ng means) prov:Lded in the monJ.torJ.ng .
| center 104 for demodulatlng a modulated s:.gnal 1nputted from o
' the transm:.ss:.on, synthes:.zlng and dlstrlbutlon ‘means 102 to
: produce the orJ.gJ.nal detectJ.on J.nformatlon related to the

| _obstacle. The 1nform_atlon modulatJ.on and demodul_atlon means 103 .

also. transmits' information such as setting'information L
orlglnated by the monltorJ.ng center 104 for control of the

dev1ces A and B to the transm:.ss:.on, synthes;.z:.ng and

.'dJ.strJ.butJ.on means 102. I

Referenc_e numeral 104 indicates amonitoring center which -

monitors detection information related to an obstacle from the

‘obstacle detection devices A and B constj.tuting ‘the system. The

monitoring center 104 further provides setting to the ob,stacle _ |
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| detect:.on dev:l.ces A and B. Reference numeral 105 J.ndlcates a
synthes:.z_Lng and dlstrlbutlon means (J.nformatlon transmz.ttlng '
: and receJ.VJ.ng means) connected to the spread spectrum SJ.gnal
transmlssron means 31 1ocated w1th1n the obstacle detect10n'~ '
dev:.ce A and to the transm1s51on, synthes:.z:.ng and dJ.strJ.butJ.on e
) means 102 The synthes:.z:.ng ‘and dJ.strlbutJ.on means synthe51zes

a spread spectrum s:.gnal for detectlon of an obstacle generated :

by the spread spectrum s1gna1 transmlttlng means 31 and a s:.gnal S

1nputted from the transm:.ss:.on ’ synthes1z:.ng and dJ.strJ.butJ.on

.means 102, transt.ttJ.ng the synthes:.zed s:.gnal to the obstacle h
_.de.tectlon_deVJ.ce B via the-_tr_an._smlss:Lon-_ _I_._CX_ 1_—1, .and_._al_so '

| "trans'mitt'j;ng"th'e modulated signal -inputted from t'he irifdftﬁation'

modulatlon and demodulatlon means 101 to the transmlssz.on,

synthes:.z:.ng and dlstrlbutlon means 102 v1a the transt.ssmn

ch 1-1. Moreover, the obstacle detect:Lon dev:.ces A and B are
: conflgured to have a: construct:.on equlvalent to’ the obstacle .. E
' detectJ.on deV:Lce descr:.bed J.n Embodment 1 and/or Embodrment'..-
2. It should be noted that the saine reference characters and '

_ numerals -are attached to the same components as those in Flg.

3 and ade.tJ.onal descrlptlon .'.LS omJ.tted.

In an obstacle detectlon system accordJ.ng to Embod:.ment o
_ 5 the obstacle detectJ.on dev:.ces A and B are connected via the

transmlssn.on ch-l SJ.nce a detectlon operatJ.on of the obstacle -

detectlon dev1ces A and B 1.s s:.mllar to that of the above- '

desch._bed Embod:.ments, additional descrlptron is omltted. ‘The

characte'risticsl of an obstacle detection system according to

| Embodiment 5 will be described below. .
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InformatJ.on related to an obstacle detected by the

' obstacle detectlon dev1ce B is transmltted to the J.nformatlon

modulat:.on and demodulat:.on means . 101._ In th:t.s 1nformatlon__. :

' modulatz.on and demodulat:.on means 101, the detectJ.on

J.nformatlon related to .an obstacle is modulated, and

' 'transt.tted as a modulated s:.gnal to the synthes121ng and

' dlstrJ.butJ.on means 105 of the obstacle detectlon dev1ce A v1a ,

s ",the transm1s51on LCX 1 1 At th:Ls tJ.me, the 1nformatJ.on

-modulatJ.on and demodulat:.on means 101 modulates the detectlon'?-’

J.nformat:l.on related to an obstacle to produce a modulated wave )

._s1gnal w::.th a carrJ.er wave of a frequency dlfferent from the

20

25

'carr:.er wave frequency of a spread Spectrum s:.gnal generated '
by the spread spectrum s:.gnal transt.ttJ.ng means 31 and 32 of
:the obstacle detectlon dev:Lce A and B P respect:.vely WJ.th thJ.s . o
'the modulated wave s1gna1 from -the J.nformatlon modulat:Lon and 3
"demodulatlon means 101 does not affect the spread spectrum

. s:.gnal outputted to the transm1ss1on LCX 1 -1 by the spread

spectrum s1gna1 transmlttlng means 31 Moreover, ‘even J.f the
spread spectrum s:.gnal transt.ttJ.ng means 31 outputs a spread

spectrum s:.gnal for detectlon of an obstacle to the transmlssmn :

"ch 1—1 the synthes 121ng and d.LstrJ.butJ.ng means 105 can receJ.v_e :

| the modulated s:.gnal from the J.nformatlon modulat:.on and '

demodulatlon means 101 .

When the synthes:.z:.ng and dlstrlbutlon means 105 rece:l.ves
the modulated ‘wave signal from the :Lnformatn.on modulatJ.on and ’

demodulatlon nmeans 101 the synthes J.zn.ng and dJ.strJ.butJ.on means’

-'_105 transmlts the modulated s:.gnal to the transmlssmn,
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'synthes:l.z:l.ng and d:LstrJ.but:Lon means 102 Thetransmz.ss:.on,
'synthe51z.1ng and dJ.strJ.butJ.on means 102 transt.ts the modulated
.wave s:Lgnal from the synthes:.z:.ng and dJ.strJ.butJ.on means 105' :
to the lnformatJ.on modulatlon and demodulatlon means 101a of |
""_the obstacle detectlon dev:.ce A and/or the 1nformat10n " |
modulat:.on and demodulatlon means 103 located Wlthln the.-
monJ.torJ.ng center 104 The J.nformat:Lon modulatlon and |

_demodulat:.on means 101a and/or the J.nformat:l.on modulatJ.on and o

o demodulat:.on means 103 demodulate the modulated s:.gnal The.
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'orlglnal detectJ.on 1nformat10n related to an obstacle obtalned,'
.as a result of demodulatlon by the J.nformat:.on modulatlon and :
“ demodulatJ.on means 103 J.s monJ.tored by a manager attendlng to

“the monJ.tor:Lng center 104.

Settlng J.nformatJ.on may be transmltted from the

X monJ.tor:Lng center 104 to the obstacle detectJ.on dev:.ces A and'

B v:.a the transm:.ss:.on LCX 1-1. The settlng :Lnformatlon from

'the mon:.tor:.ng center 104 may J.nclude a delay tJ.me to be prov:.ded -

by the delaylng means 13 descr:.bed ln Embodlment 2. o

More spec:.f:.cally, when the manager attendlng to the

| mon:.torlng center 104 J.nputs the settlng :Lnformat:l.on to the’
h obstacle detectJ.on dev:Lces A and B us1ng a settz.ng J.nput means

.or the 11ke (not shown), the J.nformatJ.on modulatlon and -
- demodulatJ.on ‘means 103 modulates the settJ.ng 1nformat1.on to_ :

_'produce a modulated wave s:.gnal w1th a carrler frequency

dlfferent from the carrJ.er wave frequency of the spread spectrum

s:.gnal of the obstacle detectlon dev:l.ces A and B, before

transmlttlng the mod_ulated 51gnal to the transnu.ss:.on,
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| synthes:.z:.ng and dlstrlbut:l.on means 102.

_ The transmlssn.on, synthes:.z:l.ng and dlstrlbutJ.on meanS' '

: 102 transm:Lts the modulated wave SLgnal to the J.nformatlon

_modulat:.on and demodulat::.on means 101a and/ or the synthes:.zlng . -‘.' |

and dlstrJ.butJ.on means 105 In the obstacle detect:.on dev1ce

'A, the 1nformat:|.on modulat:l.on and demodulatJ.on means 101a
-demodulates the modulated Wave s:.gnal so as to reproduce the_

orJ.gJ.nal settJ.ng 1nformat.1.on from the monJ_torJ.ng center 104.'

The synthes:.z:.ng and - dJ.strJ.butJ.on means 105 synthes:.zes the :

modulated wave - s:|.gna1 and the spread spectrum s:Lgnal for.

' detect:.on of an obstacle of the obstacle detectlon dev:Lce A and' B

outputs the synthesn.zed s1gnal to the transm:.ss:.on ch 1 1. o

B S:ane the modulated wave s:.gnal has a carrler frequency : .
-d:.fferent from that of the spread spectrum 31gnal for detectJ.on o

-of an obstacle, the modulated s:l.gnal contaJ.nJ.ng the settJ.ng o

:Lnformatlon does not affect the obstacle detect:l.on operat:.on '

.' of the obstacle detectJ.on dev:Lce A. When the above-descrlbed
_modulated wave s:.gnal .'LS 1nputted 1nto the J.nformatlon
’ modulat:.on and demodulatlon means 101 of the obstacle detectJ_on o

'deVJ.ce B v:.a the transm:l.ss:Lon LCX 1- 1 ’ the 1nformatJ.on

modulatlon and demodulat:.on means 101 demodulates the J.nput.
s:Lgnal to reproduce the orJ.gJ.nal settlng 1nformat1.on. With
thJ.s, the obstacle detectJ.on dev:.ce B is properly subjected to '

control by the mon:.tor:.ng center 104 using the sett:.ng

' J.nformatJ.on. ‘

Thus, unl:.ke the system accordlng to the related art, the ;

communlcatlon _quallty of t_he detectlon 1nfor_mat10n is not |
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deterlorated due to the c1rcumstances in wh1ch the dev:.ces are _'

_ ' J.nstalled ThlS is ensured by transm:.ttlng 1nformat10n related
. -.to an obstacle detected by the obstacle detectJ.on devices A and
Bvia the transm:.ss:n.on LCX 1 1 .. Therefore, secure transmlsslon

of detected J.nformatJ.on can be carrJ.ed out Moreover, s.1nce the

present 1nventz|.on utJ.lJ.zes the exJ.stent conflguratlon llke the .

'.transmlss:Lon ch 1~ 1, :Lt 1s advantageous from the v:.ewpo:.nt of .

As descrlbed above, accord:.ng to EmbodJ.ment 5 the '

'obstacle detectlon deV1ces A and B are connected v1a the

: ,transm1551on ch 1 1 Further, the 1nformat10n transmrtt:.ng and

recen.v:l.ng means’ J.S prov:Lded to J.nclude the ;Lnformatlon

'modulatJ.on and demodulat:.on means 101 for allow:.ng the dev1ces

to. exchange J.nformatlon related to a detected obstacle between'

'each other v1a the transmlss 1on LCX 1 1 and also to J.nclude the

--_synthes:.z:.ng and dJ.strlbutJ.on means 105 Accordlngly, the

commun:.catlon quality is not deter:.orated by the c:.rcumstances

: J.n which the obstacle detectJ.on dev1ce lS J.nstalled so that the ._

secure transmlsslon of detect:Lon ;Lnformatlon can be carrJ.ed out .

Moreover, since the present 1nvent1.on utJ.llzes the exlstent _

'conflguratlon like the transmrss:.on LCX 1- 1, the cost of the

system prov1d1ng the above—descrlbed effects can be reduced. _
It should be noted that obstacle detect:l.on dev1ces and
obstacle detectJ.on systems accordlng to Embodlments 1 through '

5 fJ.nd appllcatlons not only in obstacle detectJ.on on roads and '

"_raJ.lroad lJ.nes but also ‘in obstacle detect:Lon :Ln the

surroundlngs ‘of buJ.ld:Lngs and alrports. A varlety of
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- modifications canfbé congeiﬁed'withbut depértiné:from'the_

spirits and scope of ‘the present_inVentibn._



1 An obstacle detectlon dev:.ce, comprlslng. o

s:Lgnal transmltt:n.ng and receJ.v:Lng means for detectlng an

obstacle, comprJ.sJ.ng a fJ.rst leakage transm1ss1on path on the _
_transm:.tt:.ng s:|.de for radlatJ.ng a s:Lgnal for detectJ.on of an'
' -obstacle and a second leakage transm:.ss:.on path prov1ded |

. oppos:.te to the fJ.rst leakage transm1ss10n path and rece:LVJ.ng'

- sa1d s:n.gnal for detectlon ‘of an obstacle,
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i spread spectrum s:l.gnal transm:.tt:.ng means connected to S
: one end of the flrst leakage transmlss:l.on path, for generatlng
: the spread spectrum slgnal for detectJ.ng an obstacle based on

a spread code and caus:.ng the flrst 1eakage transm:.ss:.on path'~ _

to radJ.ate the spread spectrum s;Lgnal for detectJ.on of an .

_- obstacle ,' and

spread spectrum SLgnal rece:uung means connected to one

end of the second 1eakage transm1ss:.on path, th.ch end 1s the '

oppos1te to ‘where -the. spectrum s:.gnal transt.ttJ.ng means is

'connected to the fJ.rst leakage transt.ss.mn path, whereJ.n |

saJ.d spread spectrum 51gnal rece:.v:.ng means further

'comprlse5°

reference spread Spectrum SJ.gnal generat:.on means for

generatn.ng a reference spread spectrum s1gnal based ona spread .

 code of a code serJ.es 1dent1cal to that used by said spread

spectrum s:Lgnal transt.ttJ.ng means,

correlatJ.on means’ for calculatlng a level of correlat:.on

' between the reference spread spectrum s:.gnal generated by sald

N O 0
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' --'reference spread spectrum sn.gnal generat:.on means and ‘the '

spread spectrum s:.gnal for detect:.on of an obstacle recelved

by the second leakage transmlssmn path, based on spread code o

' 'phase-locked to the spread code of the spread spectrum s:.gnal"
'.for detectlon of an obstacle detected by the second leakage'

: '-transmlssz.on path- and

detectJ.on means for detectlng an obstacle based on

- a change of a correlatlon 1eve1 calculated by saJ.d correlat:.oné

T .means. L -
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2 The obstacle detectlon dev1ce accord:.ng to cla:Lm 1, -

WhereJ.n sa1d spread spectrum s:.gnal rece:.v:.ng means comprlses

tJ.me measurement means for measurJ.ng a spread spectrum 51gnal '_

propagatJ.on tlme perlod e1aps1ng from the tJ.me when saJ.d spread'

: spectrum s:.gnal transm:l.ttlng means generates the spread
spectrum s1gnal for detectJ.on of an obstacle untJ.l the tJ.me when -
-saJ.d correlatlon means is capable of calculat:.ng a correlatlon S

__-level of saJ.d Both spread spectrum s:.gnals subsequent to

generat:.on, by sald reference spectrum s:Lgnal generatlon means ’

of the reference spread spectrum s:.gnal wh:Lch is in -

synchronlzatlon w:.th the spread code of the spread Spectrum |

signal for detectJ.on of an obstacle, and whereln

said detectJ.on means detects a pos:.tJ.on of an obstacle

-exlstlng Wlthln an obstacle detectlon area formed by saJ.d s:.gnal

transt.ttJ.ng and rece:.v.tng means for detect:.ng an obstacle,

based on the spread spectrum s1gna1 propagatlon tJ.me period

'measured by sald time measurement means.



. w1th delaylng means for delay.mg a phase of the spread code used :
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3 The obstacle detectJ.on dev:l.ce accord:.ng to claJ.m 1, i

-whereln sald spread spectrum s:Lgnal receJ.VJ.ng means is prow.ded S

by sald reference spread spectrum s:.gnal generatlon means w1th

reSpect to the spread spectrum s:.gnal for detectJ.on of an

'obstacle generated by saJ.d spread spectrum s:Lgnal transmlttlng

| means- by a desrred tJ.me perJ.od.

10

at least one of clalms 1 through 3, whereln ad]acent dev1ces "
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- 4 An obstacle detectJ.on system comprlslng.

'generate spread spectrum s:.gnals based on dJ.fferent Spread

codes.

5. An obstacle detect:.on system compr:Ls:Lng.

. a pluralJ.ty of obstacle detectlon devices accordlng to

_-at least ‘one of cla:uns 1 through 3, whereJ.n the obstacle
_ detectJ.on dev:.ces are connected v:.a 1eakage transm:.ssron paths r

| each of the obstacle detect:.on dev:.ces comprls:l.ng.

' synthes:.z:.ng means for generatlng a supernnposed s:.gnal
by superlmpos 1ng an electrJ.c power on the spread spectrum s:.gnal

for detectJ.on of an obstacle and transt.ttJ.ng the superlmposed

: s:l.gnal to the adj acent dev_J.ce via said leakage transmlss_z.on path, |

isolating means for iSolating the electric powe'r'and the

spread spectrum s:Lgnal from the superlmposed signal generated :

' by the synthes:.zrng means, and supplylng the electric power to

-a pluralJ.ty of obstacle detectJ.on dev:.ces accordlng to_ -
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‘the obstacle detection ‘device.

6. The obstacle detectJ.on system accordlng to clalm 5,
whereJ.n the adjacent dev1ces generate spread spectrum s:.gnals

based on dJ.fferent spread codes.

| _ 7 The obstacle detectlon dev1ce accordJ.ng to cla:Lm 4,

. whereln said obstacle detectJ.on dev1ces are connected VJ.a saJ.d . 3
leakage transmrss:.on paths and are. prov:.ded w1th :Lnformatlon'_
'transmlttlng and rece:x.v:l.ng means for transt.SSJ.on and recept:l.on

of detectJ.on :Lnformat:l.on between the obstacle detectJ_on .

. dev1ces .

8. The obstacle detectJ.on devrce accordlng to claJ.m 5, ':
'whereJ.n saJ.d obstacle detect:.on deVJ.ces are connected Vla saJ.d‘

';leakage transm:.ss:.on paths and are prov1ded WJ.th J.nformat:l.on _ '

transm:.tt:.ng and recen.v:.ng means for transmn.ss:.on and recept:.on

: of detect:.on J.nformatJ.on between the obstacle detect:.on

" devices.



