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OBSTACLE DETECTION DEVICE AND.OBSTACLE DETECTION SYSTEM 

BACKGROUND. OF THE INVENTION 
: . . . . . 

5 · t. Field of ·the Invention.·· 

·Th_e present imrention relates· to -an obsta_cle. dete.ctl.on 

device using. a leaka~e· tran.smission-· path such as. Cl lea_kage 
-: . . ~ .. · . 

coaxial· ~abie, ··a· 1eakage. wave g'~ide and· t.he ·1ike~· and jn~re 
. ·. . .. · . ·. .·· . . . .• 

. particul~riy relates ~o an obstacle .. detection device and·. 

10 .obstacle ~~tection sy.stem thereof ·capa.ble of _precisely ... · 

· · · cietec.ting·the presence and positio~ of the obstacle by utilizing 

~ spread spectrum. technology reg~rdles~ of •the obstacl~ being 

.. mot.ionless or moving. 

2. Description of the. related·art· 
.· · .. 

15 . A fallen object from a traveling -vehicle, a :vehicle . . . . . 

pei:formin'g a~ emergency . sto~· _operation .. or. _the. ·like . are: . 

considered as examples-of an .. obstacle on· ordinary ·roads ·and 

railroad lines. sin~e ·these obstacles in·a st:ate.of .being 

motio.nless. on. the ordinary. roads a·nd railroad +ines are factors 

20 causing the occurren_ces of a rear end collision· and a double· 

rear end collision ac<?ident;. in order to prevent. these: . 

occurrences, it is also iiecessaryto promptly detect these 

obstacles and perforni removal operations· for these obstacles~ 
. . 

As an obstacle detection device.for detecting an obstacle 
·.· ·. . . . 

25 on the 6rd~nary ro~ds and railroad lines. arising from·the 

above-descr.ibed request, there are. obstacle detection devices 
. . 

which ·use ~eakage transmission paths such as a leakage_ coaxial 

.( 
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·cable, .a :leakage wave guide and the like. A brief explanation 

of t~e conf) .. gurations of. th~se· leakage transmission paths wi11 · · . . . . . . . . 

be given hereaft.er. A leakage wave guid~ is one in which niul tiple .. . . . . .· 

s~ots leaking an~ ~adiatin<;J. ~ radio wa~e .. in the ·1on.git_ud_inal 

5 direction of. a wav~ guid~ coinpr.ising a conductor are. provided .. ~ . . . . . 

at suitaJ:>le intervals. A °leakage coaxial cable has· a. : . 

configuration _based :on.a princip~e· similar to that·of the 
... 

leakage.wave .guide. A ·reiated""'.art. obstacle·cietection device . . . . . . . 

using a ·1eakag~_-C:oa~ial ·caJ:>le· (hereafter, referred to _as LC.X) ..• 

10 will be describec:l" b~low. 

. · · .·. Fig. · 6 .. is a bl,o~k.. diagram· showing a conf igu_rati~n of a 

... related...;.art "obsta~le. detection. 4evice disclosed ·in Japanese 

· ·La~d~~p-~ri.Patent ~pplicat·i~nMo.l0-95:33B •. In Fig._·6,· re~eren~~ · 

numeral 1' denotes a t~ansmission i:.CX which is Taid.on ·one side · 

.15. of. a .road. or '·a i;ailroad. line_ and provided with. a pl~rality .of . 

slots. leaking. and. radiating a ·pulse mo~i"ulated ·signal . for . 
. . 

detection at suitable intervals in the lo·ngitud~nal direction,· 

reference numeral 2 '·.denotes a. receiving LCX which is .laid on 

· the opposing ~ide o:f .the transmission LCX 1' laid on the road . 

20 or the. railroad line and receives the radiated pulse signal from . . . . . 
. . 

the transmission LCX l'.by a plurality _of.slots provided at 

· suitable ·inte~als· :in·, the ·longitudinal direction. Matched 

. terminations a:i:e connected at far ends· of the transmi~sion LCX 

l' and.the receiving LC~_i' opposite to· a tra~smitter 63 an~ 

25 · a receiver 64 1 . respect_ively. Reference numeral 63 denotes. a. 

·transmitter. connected to one end (near e~d) of the transmission. 

· LCX 1' and generating a pulse modulated signai for detecting 



3: . 

. an ob~tacle; reference numeral 64· denotes a receiver conne.cted 

to. one end. (near .. e~d). o~ the receiving LCX 2, I. which end is 
. . .: . 

opposite to the near end of· the transmission LCX l', and 
. . .· . . . . . . . 

receiving the pulse·· modulated signa.l for det"ection. ·~rem the .. 

5 transmission LCX l.'; reference numeral 65 cjenotes a portion of 
·. .. . . . . .. . . . 

the receive?:" 64 operati!lg ~s a. low. P.ass f~lter {h~reafter, 

· .. referred to as ·LPF) for extracting ~n enveiope ·from a .waveform· 

of ·the. ·puls~ modulat~d .signal for .. detection which h~s ·.been· . 

received .. by the receiver.· 64; reference num~rai .·66 denoteE; ·a · 
. . . . . . . . . . . . . . 

10. , .. ~ortion of thf!! re~eiver .64 ·op~rating as" a m_en\ocy ·device f~r· 

storing· an ·envelope extracted ·from· the. wa~.eform. of pulse 

15 

.. 

modulated signal for· detec~i6n when an obstadl~ ·does ·not· exist; 
. .• . .· . . ., . 

and r°efe~e:O:ce numerai .6·7. denotes a porti~n of the rec~iver 64 

operating as' .a computing· unit in which the difference· betwe·en 

an envelope ~rom a ~aveform.of the pulse. modui"ated signal ·for . 

de~ection extracted by the LP~ 65 ·and an ·envelope· stored in t;tie 

memory device 66·when an obstacle ·does not exist is ·found· a·nd 
. . . . ' 

_the :po.sition of ·the obsta~le is· detected from t:iie difference. 

waveform·.· 

20 . .A.description will now be given of the operation acc.o~ding 

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 inputted pulse signals in the transmission ·LCX· 1' · 
. . . . ' . 

-25 are lll: t.urn. radiated ·as a radio wave from the reSpE?Ctive. slots 
.. 

aligned in th~ longitudinal direction of the transmission· LCX. 

1, • This rad.~o ·wave enters the respec:tive ·slots provided ·in the -
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longitudinal direction of the receiying LCX 2 ( opposed to the. 

transmission __ tcx 1 ·,, and :received by t.he receiver 64 with a ~elay 

· correspond~ng ~o. the pos.itions Of t~~ slots. When the receiv~r . 

64 rec.~ives a ~adio wave. from the transmission LCX .i ~, the ·LPF 
. ' ·.· . . . -

. 5 6~ in the receiver." 64 extracts ~n. envelope from a waveiorm of . 
. . . . . . . 

the pulse .signal for dete~t.ing ail obstacle .received as. a. radio·. 
. . .·. . . . . . 

wave from the·transmission I.ex 1' ~nd transm~ts the ·extracted 
-·- :-

. en~elope t~··t.he .computing unit 67. ·The computing u.nit :67 reads 
. . : . .· . . . . .. . .· . . 

·the·envelope··c~eference.waveform) previ~usly measured when ~n 
. . . . . . . . ·.· 

·10 obs~acle does not -"e~ist· from the memory device 66 whei:iever ·th~ .. 

. ~PF. 65 extracts an _envelc:>P~. from a·:w~veform' of _the received .. 
. . 

. signal"and f irids a d.i,.fference wavefo"rm between the_ re(id envelo:1;>e 

and the envelope ·at the waveform of the pul~e modulated signal-
. . ""·- . . . .. . . . . ·. . .. 

·.for. d~tection_..wtiich.the ·LPF 6S has ·extracted.··.At this. time, if··· 

15 ·. an ·obstacle exists on the road or. the i:~"ilroad line, which: 

. intervene"s betw~·en the tran~inissiori :t.cx t, and the .receiving 
. . . . . . . . .. . - . . . . . 

:Lex 2 ,·, the radio wa-Ve front the _transmissio.n LCX 1; is 
int~rrupted at".its posit~on~ ·.Therefore_, if an· obstacle exists·, 

a reception level of a radio wave received by the rece~ving LCX 

.. 20 . 2' from-~he transmission Lcx··1' is'reduced by a ~ertain degre~, · 

irrespective of the field intensity pr.ovided by· the· · · · 
. . . . . . . . . . . . 

·. transm_ission LCX_l' .• Owing to this, since a change c~rrespond.t,_ng 
. . . .. -

. to the o_bs~acle appears -in the difference waveform ·qalculated 
. . 

by the comput~ng unit. 67 '· the. presence of the -obstacle can be 

· 2 5 . detected.· 

Since the: related-art. a·bstacle detection device · is 

configured as described above,. and because the coupling loss 
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of a signal transmitted via a LCX is large, the rec~ived SN ratio . . . . . 

Of the .. ·pulse modulation signal that the receiver 64. receives 

is small and the reference "waveform used during "the detection . 
. . . . . . . . . 

of an obstacle varies,__ result in a problem that an. obstac~e could 

· 5 ··not. be detected with the sufficient precision to satisfy t_he 

reliability. · · ·· 

·. · The above-described problem will be concretely described . . . . . . . . . . . 
.. 

. below~ · 

Figs~. ·1A-7H are. graphical repre$entations showing ~ 

10 transmit·t~d waveform ~n:d tec~iv~d wavefo~ of a related-art . . 

~bstacle detection device .described· above·.· _Fig. 7A show~. a 

wa~eform of.~ ptils.~ moduia_te~ signal. for .det~cting an obs,"tac_1~·· 

outp~tte.d to the transmittirig Lex .1 ,. by tne .transmi tt~r 6"3 • Fig •. 
. . . . . . . . ~ .. . . 

·· JB shows an id~al wa~eform of a slgnai received by the r.eceiver 
. . ~ . . . . . . 

15 64. vi~ :th~. rec~iving LCX 2 ~- with~ut cons~dering fac:to~s. such 

as :the coupling loss and nois~ of LCX·, Fig •. 7C shows a __ . waveform. 

of_ a.~ignal receiv£'.d .by.the .. receiver 64 via the receivi:Qg.LCX 

2.~ "in conside:r:atiori of the coupling los_s of LCX, Fig~ 7D shows .. · 

.an ~nv~lop~ .extracted from-·~ sign~l w~v~f?rm ~f Fig •. 7C·, . Fig •. : 

20 _7E .show~ an observed ·wavefo~.of a received signal by the 

receiver 64 via the. receiving :i-,.cx 2,' Fig. 7F s.hows an envelope 

extracte"d.from the. waveform of Fig. JE_, Fig. ,7G ~ho~s a wa~e~orm 
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 outputte_d from the transmitter 63 tq the 

receiving LCXl' is pulse modulated· and shows a sinusoidal 
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waveform as shown in Fig. 7A."_This·signal is radiated as~ radio. 

_wave and inputted into .the ._receiver· 64 via_ the receiving LCX .. 

2, • A radio wave from the receiving LCX. 1' is a wavef orni as shown .. 

in .Fig. 7B. when. fa~tors such as .. the coup_li~g ·loss. and no.i.se of 

. ·s LCX .are ~ot considered; i.~·-. :a succession of "puls_e·:.Il_l.Odulated 

·signals . of Fig •. 7.A ·with. mutual delays -~corre.sponding to · 
. . . . . . . 

respective', positions of. the ·slots 
.. 

·_since the coupli?lg l~ss tci .. a _signal ~ransmitted via ·t}ie 

LCX exists· in a LCX ·and the ·coupling lriss .1s ··not ui:iifom -in the . . . . . . . . . .. . 

: io· longitudinal direction~ Wben .. qonsidering the coupl.ing lo~s of· .. · 

.,, Lex·, · the w~ve:form becom~s _as shown in Fig. 7C wher-~in_ an . · 

. amplitude 'is varied~ Moreov~r,. :the ·envelope extrac.ted from the 
. . . . . . . . . 

signal ~avef_orm sh~wn in·Fig. JC has a waveform as shown in Fig~ .. 
. . - . . 

. 70. 

15 However:, since ~ctuallythe coupling loss of LCX_is large, 
.. . . .. . . 

. in the c~se where one pulse. modul:at.~d signal is r"eceived by the . ·. 
. . . . . . . . . . 

·receiver ·64i the~avef~rm is.not as show· in Fig. 7C~ ~·waveform 
. . . . . . .. . . . . . .· ~ . . . . 

. as shown in Fig. 7E, wherein the reception level ~nd recept.io.n 

SN rat.io are low I is "observed. When such a signal passes through 
. . . . : . . 

20 the LPF. 6si an ·envelop~ :as shown in Fig. 7F is· extracted and· 

stor~d "in the. memory. -dev~ce" "66. 

After a- signal wavefo~ shown in Fig. 7E is observed, a 
waveform as shown in ·Fig.· .1G, instead of the waveform. as shown 

.in Fig. ·1c, inay· 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 wavefo~ shown in 

Fig. 7G by the L~F 65 has a waveform as shown iri Fig. 7H. Therefore, 
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an envelope shown .. in :Fig. 7F previously. stored in the memory· 
... 

device 66. and·an envelope sho~n ·in Fig. 7H.have different . . ·. . . . . 

wavef~rms, and if a differe~ce calculati~ri is performed using 
. •. 

an envelope previ.ou.sly E;tored in the mem~ry .. de~ic~ .66 a.s the . 

. s . · reference wavefo~, there may be the. possib~lity that : erro:r: 

detection.will occur.· Thus, ·since the ~eference wavef~rm.used · 

to d~tec~. an obstacle varies depending ~pon the conditi~n·s "at 

the time of·meas~rement·, .there· has been a:problein that an·. · ·. · . . . . . . . . . . . ~ . . 

.obstacle. co~ld ··no~· .. b~ :~~tected ·with sufficient precls.ion to 

·· 10 ensure reliable ·performance.· .. 

The variatl:o.~ of the ·referen~e wairefor.r,n ca1i be solve.d }?y 
. . . . . . .· . 

·performing integration fol'. multiple .. Ateasure~ents •. While. this 

. ~pproach is ·effective. for· an·. obstaci.e in a state of being 
.. . . . . .. . .. . . . . 

··motionless, since ~he ~easurement time period is longer,' ·f~r 

15 · example, · ~t· i~ not >~ffect:Lve .. foZ; a moving ObE!t~cle. SUCh ·as. a. 

person ··stray.i.ncf onto a railroad line and so ·fo:rt.h. Therefore,·. . . . . . . . . . . . . .· . 

. ·there has beep. a. .. problem that . a moving ·obs~acle could not .. be .. 

. detected by the. reiated"."'art ob,stacle detection devices. 

··Furthermore, ·there ha=:; b~e~ a problem that a related~ 

io art· obstacle detection device. is ·susceptible to .jamming.·· 

. ~o describe. ~Iii~· in :further Ciet.ail, given that .an i~put · 
electric power from the t~ansmission LCX l' of the receiver. 64 ·. . . . . . . .. •. . . . 

is Pl watts ·(hereaft~r, referred to. as W) and ari· input jamming· .. 

electric power .for the .. receiver 64 is P2 (W) ,. a DU ratio which 

25 is ari elec:tric power ra~io. of a jammer with respeqt to the d~sired 

. radio wave of the receiver. 64 of •the obstacle detection device 

is expressed by·ou = lO log (Pl I P2). In the case where the 

,./ 
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jain is str()ng_ and. the equality __ of Pl = P2 is satisfied, the nu. 

_ratio.becomes· o (ze~o) from the above~described expression, the 

receiver 64 ·falls into a ~tate of hot being cap"able· of receiving 

a . radio wave. from the .. receiving ~CXl' • · 

As a p~_oblem apart·. from th~ aJ:?ove-describeci ·.problems I .. 

.. ·. there ·is a ·problem that a· wireless' communication: device c~n~ot ·. 
. . . . ·. . .. . .· . .. . . . . 

be used in the ·detection area wher~ an ob_s~acle detection device· .. 

. detects an· ·obstacie~ .. · 

. To d~scribe th~s in fµrth_er detail, given 1:hat a radiating· 

10. electric ·PC?.Wer of a ·radio. wave from the tr~nsmissi~n LCX 1·1 _.is .. · 
. . . . . . . . . . . . . . · . 

. P3 (W) and.an .. input electric power of the.wireless _communication· .. · 
. . . . . . . . . . . 

device in the detection area qf the obstacle detection device 

is. P4 (W) ~ a DQ ratio which is an ele.ctric power. ratio of .the . 
. . .: . . . . . 

. radio wav~ f.ro~ ·.the trans~ission LCX l' ··with respect."t6 the . 

·· 15 desired radio ~ave· of th~ above-described wireless . 

communication" device" is ·e~presseci by ·nu= 10 log (P4 I PJ) ~ in 

the case where the jam is strong· and the equality P3 .= P4 is 

·satisfied, the DU ratio becomes. O ("zero) from the above-

' described expression •. · · 

20 · .. ·Moreover,. since the detection of an obstacle ·is performed · 

~y:utiiizing an· envelope which is an ·outptit from_-the LPF 65. 

··located within the receiver 64 in ·a relat~d-art obstacle 

detection device, it is.not possible to discr~inate between 

. _slots of the transmission LCX' to determine a slot responsible 

25 for radiating the pulse-modulated signal. Therefore1 there has 

been a probiem that precise.detection of an obstacle'.s position · 

could .not be performed. 
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Moreover, in an obstacle detection sys~em configured by 

providing m~ltiple related...;art obstacle detection devi~es, 

the~e has been a prohiem· ·that ·interference ·between pulse .. 

modulated signals occurs where. the obstacl~ _det"ection .devices· 
. . ' . .· . . 

... 

5 were .adjacent "to each other, re·s~lt~ng in a fal.lure to' detec_t 

the obstacle • 

. ~urthermore, in.an obsta~l·e d_etectiop. ·system configured 
. . .·· . : . 

by. providing. a plurali.ty: of. related-'art obstacle detectio~. 
. . • ·. . . . . ·: . : . . • <. . • • 

devices, "it "ha~ been requ~red. that an elect;.r.ic power'source 

10 SU:J;>ply.i~g device for supplying the electric po~er_ SOU~Ce tcfthe 

. obstacle detect.ion devices whiqh .. constitute the ~ystem· were . 
'• .· ·. . . . . 

• • •\.t 

provided in every ob~tacle ·.detection device. ·_The proi:>iem ·of 
. . . . . .. . . . . ·. . . 

"increases.in manufactwring"costs has resulted due to .the 
. . . . ·: . . . ..... · .... 

necessi~y ·to provide. for installation spac·e for electr~ci:tY 

:is · supply devi_ces •. 

·. Flnaily:, ther~ has been a problem that informaiion could 
. . ... . . . .. 

. not be precise_ly .. transmitted depen~ing upon th.e laid locati~n 

_of LCX when. an information measure':' by ari obstacle detect.ion 

device was "transmitted as a wireless signa~ to the other 

20 .. obstacle detect.i.~·n 4evice. To ·describe this in further .detail,· 

ff the LCX is laid on the. surrou_ndings of mountains. or buildings 
. . . ... 

is 

and so forth, for-example; th~re may be th:e possibility that 

the quality of communication is.deteriorated because the 

wireless ·signal undergoes multiple reflections •. 

SUMMARY OF THE ·IIDTENTION. 

A~cordingly, an object of the present invention is to 
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obtain an obstacle detection device capable of pre"cisely 

dete~ting the presence and position· of· an obstacle regardlef:is 

of the-whethe~ the· obstacle is ·motion.less or moving, .by 

utilizing .th_e. spread ·spectrum techn<?logy •. 

A further· object :of.· the present .. invention· is -to obtain 

.. an o_bstacle det~ction in which th~ interfeienc_e of signals for 

detecting ··an obstacle bet~een adjaceht obstacle det~~tion 

·devices is supp~es~ed,. a leakage transmission· path is used to 
. .. .. . . . . · ... - . . . . . . . 

supply . ~ii : electric sour~e to the respeptive d_evi~es, and .... 

10 information is transmit-.tedbetwe~n devices, by utilizing spread . .. . . . . . . . . . . . 
. .. ; .· .. 

spectrum . t"eqhnology. . . : : 

·. The aforementioned objects·c~n·be achieved by an: obs·tacle · 
. . .· . . ~ .. ·. . . 

detection device,· c"omprising: signal transmitting and 
. .· ..... · . . . ·. .. . . . . . . ·. . . ·. 

r~ceiving means for detec_t.ing an obstacle, .coI_Rprl.sing a. first 

15 ·leakage· tr~rismission path ·on the transnii~ting· ·side for·: 

r"adiati?g a signal .for detection of an obstacle ·and ·a second .·• 
. . 

leakage transmission.path provided ol?posite to the first· 

_leakage trans.mission path and · r~ceiving t_he signal· for 
.. 

detect.ion of ·an obstacle; spread spectrum signal transmitting 

20 means con~ected to one ·e~d ·of the first leakage transmission 

path, for· gene~a~ing t~e spread spectrum_ signal fQr detecting, · 

an obstacle based on a spread code and causing the first l~akage · . . . . . 

.· 

25 

tra~smission path to ra~iate the ~pread ·spect~um signal for 

·detection of __ an obstacle; and spread spectrum signal receiving· 

means connected to one end of the second ~eakage transmission: 

path, which end is the ·opposite to wh.ere the sp~c~rum signal 

transmitting means is connected to the first leakage 
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. transmission path·, ·wherein the s_pz:ead sp·e~trum"signal receiving. 

means further ·comprises: reference spread·spectrum signal : 

. generation means for generating a reference spread spectrum 

signal based· on a .spread ~od_e o~ a code series .identical to that 

5 : . used by the.·s:P:reac:i spectrum sign(ll transmitting "means; 

coz:relati~~ :· ~ean·s for cai"culat.i,n_g a l"evel- of. correlati~>n 

between the reference spread spectrum sig~al generated ·by the 
.. . . . . . . . . . . . . ·~ . . . 

reference spread· spectrum. "signal :generatio.n inea.ns and_ the 
.. 

~pr.ead··~p~ctru~· signal ·for detection of a~ .obst_acle ~$c.eived 
.. 

·10 
. ... . I . ·. . . . , . . 

by the_ second lea_kage transmission path, based on spread code 
. . ..·.. . . ... . . . 

_ · ·phas~;..iocked to ~ne spread code of the _spread spectrum· signal. 

. . for ~etec_t~o:n of ~n obstac_le detected "b:y .·the . second ·leakage 

. · transmis~ion path; and .· detE!ction me_Cins for_ detecting·_ an 

. : obstacle ba~ed "C:m a change ~f ··a. correlati~n level" calculated 
. .· . . . . . 

· 15 · -.by the correliltion ineans. 

· The spr~ad spectrum ~igna1 r~ceivin9 means may com.Prise 
.. • . : . . . 

ti:nie measurement" means for measuring a spread. spectrum s_.ignal 
. .. . ... . . . 

pz:opagation_.t.i.me peric;>~l°elapsing froin the time when-.the .~I>r~ad 

spectrum signal tran~mitting means generat~s th~ spread 

.. 20 _sp~ctrum signal for detection ~fan obstacle until the time when. 

th~. correlation mearis is" capa~le of calculating a correlation.·· 
. . 

level of the both spread spectrum signals subsequent "to· 

-generation, by th~ reference spectrum signal generation means, 

of the reference spread spectrum signal .which is in 

-25 · synchronizatior(with the spread code of the spread spectrum 

signal for detection of an obstacle, a_nd ·the detection ~eans 

may detect ~l°position of an obst~cle existing within an obstacle 
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detection ax:ea.formed.by the signal tra·nsmitting·and receiving 
. . . 

means for detecting ail obstacl:e, based on the spread· spe¢trum 

signal propagation'time pe~iod measured by.the ·tiinemeasuremerit . 
.' .. · . . . . . '· . . . ' . . . . . . . . : 

means. 

The spread spectrum signal receiving means may have 

delayfng·means fo~ .. delayinci a phase of. the spread code used by · 

the reference spread spectrum signal generation means with 
. . . . . . . . . . . 

..... 

. ··i;-espec.t· to t~e spread spectru~ ·signal for detection of an 

·~obstac1~· g~ner;ated ·by ·the.·:·~pread spectrtim ·s~gna·l. tran~mitting 

.10 . means by a ··desirec:J. ·tim.e period •. 

: .. · · ·· ·The a.forementioned <?bjects :can. ·also· be ach.ieved by .an· . 

. obstacle .detection sy~tem comprising: a plurality of obstacle . 
. . .. ·. . . . : .. , . . .. . . 

det,ection devices according to at least .one of cl.aims 1 thr~ugh 
.· . . . . . . . . · . 

. · ... 

. . 3, wherein ·ad]acent devices. generate spread .spectrum signals 
. ' . . ... 

. . 15 based .ci~ . different spread codes • 

. The· aforementibned objects. ·can iilso be. -achie~ed by an 

o~stacle.-detection system.comprising~· a plurality of obstacle· 

detect.i.o~. Clevie.es according to at. i.ea~t one of claims 1 ·through · 

3,·wherein the obstacle detection devices are connected via 

20 ... · leakage :transmission paths~ .. each. of the obstacle ·detection 
. . .. 

devices co~prisirig: synt.he:sizing means .for genera~ing ·a· . 

superimposed. si.gnal by. superimposing. an eiectric power on the 

spread spectrum signal·. fqr detection o·f ·an obstacle and 

·transmitting the superimpos~d s~gnal to the adjacent device via 

·.25· the ieakage tr~nsmission. path, arid · i~olating means for 

isolating the el~ct~:ic power and the ·spread spectrum signal fr9~ 

the superimposed signal generated by the synthesizing means, 
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and.supplying:th~ electric power to the obstacle detection 

device. 

· The adj~cent devices ma·y gene~ate spread spectrum signals· 
. . : .. . . . . 

based, ~n .differ~nt :spread . code~. . . . 

. · · ... ·The obs.tacie detec:tion· devices may be c~imected via .. th~ 
. . .. ~ . . .· .. . ·' . . 

le~·kag~ transmissio.n· p.aths and are p"rovided with .inf~rmation· 

·trans~itting and r~~eivingmeans for t.ransmission and receptio"n·· 

· of detection· infomatio~ between the· obstacle·. detection . 

devices • 
. . . 

. , .. . . 
BRIEF DESCRIJ?TION OF Ta·E DRAWINGS · 

Other· ~bjects. · ~nd ·further features of the present 

· .invention .will be appa;-ent. from· t.he following deta.iled . 
: .. 

description w~en read·in co~junction·with the accomt::ianying 

15 <:1rawings, :in which: .. · 
·· ... 

. ·.· .· ." · FIG. t is a block diagram. sh~win~r a. con~iguration of an 

obstacle detection device according to Embodiment.I ·of the 

pr·esent: inve.ntion; · .·· ._ ·. 

FIG. 2 is .a block diagram showing a configu:r~tion of an· 
. . . .. . . 

20 .obstacle.detection d~vice according· to Embodiment 2 of the 

".· · . present invention; : 

· FIG •. 3 "is a bl~ck diagram showing a configuration of an 
' 

obstacle detection device ·according to Embodiment 3 of the 

. present invention; · 

25 .. ·. · . ·FIG. 4 is .. a blo.ck diagram showing a configuration of· an 

obs~acle detection device according to ·Embodiment 4 of the 

present.invention; 
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FIG. 5 is a block diagram showing a conf~guration of an 

. obst'acle detect.ion device according . to Embodiment 5 of the 

·present· invention; ·. 

· FIG·~ 6 is·. a block diagram showing a . configuration of a 

.·· s "relat.ed-a~t· ob~ta~ie det~ct~on device; ·a~d 

· ·FIG~ •. 7:A_;.7H are graphical· rep.resentations _showing a 

transmitted w~v.eform and· a received waiTeform.of a.~ela.ted.-art 

obstacl~ .. detectiori.device. 

. . 

10 DESCRIPTION OF-THE PREFERRED EMBODIMENTS. 

Embodiment 1: 

'Fig~ ·l .l:.s a block.diagram sho~ing ·a configura.tion of° ari · 

.·.obstacle detection d.evice according to the present invention. 
. . . . - . 

In. Fig.' 1 ~' referenc~ numeral · 1. denotes a transmission LCX 

.15 ·. ·(le~ka~e trans~i~sion path, ~ignai transmitti~g-and. receivl.ng 

· means for dete~ting ·an obstacle)· which is laid on one sici-e of . 

a:road or a r~ilroad line.and in ~hich a plurality of slots 

. leaking and radiatiti:g spread spectrum signals for detection of 

an obstacle generated by a: spread spectrum .signal generation 
. . . . . . 

·20 means 3 are provided at. suitable int_ervals in the longitudinal. 

directio~; "and reference. numeral .2 denotes a receiving LCX 

("leakage tr.ansmission path, ·signal transmitting· _and receiving · 

means. for-detecting an obstacle>° which is laid ori the side 
. . 

. opposing to the. transmission LCX 1 and in which spread spectrum 

25 signals for ·detection of ~n obstacle radiated from the . 

transmission LCX 1 ar~ received by~ plurality of slots provide.d 
. . 

at su.itabl~ intervals in the longitudinal direction~ Reference 



15 

numeral 3 denotes a spread.spec~rum signal generation means 

{spread spectrum slgna_l trans~itting an~ receiving ·~eans). 

·Conn~c~~d to on~_ end of the ttansm~ssiori LCX l_ and generating 

a spr~ad spectrum signal for ·c:tetection of an obsta_cle so ·as to 

5 .. cause "the transmission LCX 1 'to" radiate the. signal; reference 

. nunierai·4· denotes· a ·reference spread spectrum signal generation· 
. . . . .. 

means for generating a reference' "spread spectrum ·signal c;>n the 

·b~~is of ~·_cod~ phase-locked to.·and of the·same·code se~i~s ~s . 

··the code series of .the spread spectrum signal for obstacle. 

10 detecti()Jl ·r~ce.ived by the receiving LCX 2; :r;e.fer~nce ·numeral.· . 

. 5 denotes a correiation me.ans (spread spectrum signal. receiving 

means) conriec:ted to. an end of the receiving 1'.'CX 2 qpposite tcf 

~the: end of the _transmission LCX l to which end the spread spectrum · · . . . . . . . . 

.signal "generation mean~ 3" ~s connecteci and calculating a le~el. 

15 ·. Of. C<?rrelation between the reference S.pread spectrum s·ignal and_ 

the spread spectrum signal for detection of an obstacle received 
. . . . . . . . . . . . 

. ~y the. receiving· LCX 2~ _.and_.reference numeral 6 denotes a 

detecting m~ans ·.(spread s"pectrum signal receiving mean~). for. : 

· det_ecting an ·.obstacle from .a change in correlation ievel 

·20 calcui"at"ed by. the correlation means s· • 
. '· . . . . : 

Reference numeral 7 denotes a high frequency oscill~tor 

(spread.spectrum signal transmitting means) constituting ~he 

. spread spectrum:_signal generation means 3, for generating a high. 
. . . 

frequency s_ignal serving ·as a signal source of a spread spectrum 
I . • • • • • 

·25 signal for detection of an obstacle; reference numeral 8 denotes 
. . ·.· 

.a PN code generator (spread spectrum signa_l transmitting means) 

·for· generating a pseudo random noise code (hereinafter, 
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ref erred· to ·as .a PN code). for modulating . the high frequency 

signal generated by the high frequency oscillat~r 7 to produc~ ·· 

a spread s"pec;:trum signal,. for detection of an obstacle; r~f~rence 

· numeral 9 denotes a spre_ad spectrum modulator (spread spectrum 
. . . . . . . . .. 

5 . signal t~ansi.nitting means>" ~or mo~ul~ting the high fr_equ~ncy 

signal gen.erat~d by the h1gh frequency oscilla_tor 7 on the basis 

. of the PW. code generated "by the PN code generator 8. to produce. 
. . . . . . . . . . . . ; . . . 

a. ·spr~ad spectrum .·si~nal. for d~tection" ·o{ an obstacle.· 

·Reference numerai 10 denotes a ·local oscillator 

; 10 (reference SpreCld Spectrum Signa_l ge~eration. mean~ I Spread·. 
. . . . . . 

spectrum·s.1.gnal receiving means) constituting spread.spec.trum 
. .· . . ... ·. . ·. . . . 

signal_9eneration means .4, for generating a h~gh frequency 
. . 

. signal. haying. the same phase -as the high frequency. "s'ignal 
. . . . . 

·' 
generated ~Y the h~gh frequency ~scillator 7 and ~erving as -~ 

15 signai so"urce of .. a reference spread ·~pectrwn signal; ~eference 

numeral 11 .denotes. a"refererice PN code generator (reference 

spread sp~ctrum s.ignal generation ~e·~~s·, ~pr~ad ·spectrum ,s_ignal 

··receiving means) for' generating a PN c~de .for modulating the· 

h~gh frequency generated-by the. local oscil~ator 10 to pr~duce 

20 · ·a reference spread .spectrum signal a·nd generating· a PN. code 

phase-locking to and o·f .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 ·sp.read 

sp~c.trum modulator (reference· spread spectrum signal . 

. . ·25 generation. means,· spz::ead_ spectrum signal receiving ~eans) 

constituting _the reference spread spectrum signal generation 

means 4, for modulating ~he signal generated by the local 
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oscillator 10 on· the basis of the PN cod_e generated by· the 

refe:ten~e PN. code generator 11 to produce the reference spread 
. . . 

·spectrum signal;. and ref~rence numeral 111_ denotes a time 

diff.erence measurement means (time measurement means, spread 
. . . . . .. . . . . . 

. 5_ . spectrl,lm signal. receiving 'mea~s).· f_or· measuring a -~ime 

difference (spread "spectrum signal. propaga.tion ·time period).~ 
•. 

for detection of the position·of an obstac~e-between the-LCX 
. ·. . . . . . . . . 

· 1 ·and the. LC_X .·2_, bet~een. generation of· a _PN c;ode by the PN·-~ode ·.· 

generator 8 and .gen~ration ·by the r~ference i?N code .generator 

. 10 1.1 •. ' 

A description will now be.given of the operation according· 
. . : 

to "Embodiment·!. 

. First 1 ·an operaticµ of . transmitting a· ~pread spectrum 

'_signal for d~te~tion Of -~n-obstacle will be desc~ibed.· The high 

15 frequency os~iliato·r 7 · generates a h~gh frequency signal 

.·serving as ~ signal source of a spread.spectrum for detection 

of an obstacle so as to feed the high frequency signal to _the 
. ·. . . . . . . 

. . 

spre~d-spectrum.modulator.9. A PN code _for spread spectrum 
• • p • •• • : • • • • • 

mo~ulation.is supplied by the PN code generator 8 to t~e s·pread 

20 spectruin· 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 bas.is of· the PN code 

. supplied from the PN code generator 8. 

Sprea_d spect~um mod_ulation carried out in the spread 

· 25 spectrum mo~ulator 9 may utilize the existing spread spectrum 

technology s.uch as a . direct spread method {OS method) 
. . 

· dist;ributing a signal electric- power over a wide frequency band 
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by multiplying.a high frequency .signal by ·a PN code, or a· 

frequency hopping method ( FH inethod) broad~ning the frequency . . ~ 

. . . . . 

~a~d by switching be~ween high frequencies having different 

center: f.requencies according .to a patte~n of PN code using a 

· ·5_ : frequency s.ynthesizer and the like capable of· .frequency 

·change":"qvef at a high. speed. 

When a:spread spec~rum signal for. detection of an obstacle 

· ·' fs generated by the spread spectrum niodulat;or· 9, ·it is 

.. transmit:t:ed to t.he t~ansmission LCX 1. co.nnect~d to· the spread 

10 · spec.tr..,Jm signal. genera ti~.n means 3 • The trans~is s ion LCX . 1 ls 

provided with. a pitirality of slots a.t suitable intervals ·in the 

long:i.tudi~al· direction so th~t"· sprea~ spectrum signals for .· 

d~tection of ari obstacle are radiated as a radio wave.from these 

·slot~. The spr~ad spectruin signal for detection· of an obstacle · 

15 ra.~iated as a .radi~ .. wave is propagated over a area for. detection: .. 

of an obstacle between the· transmission LCX 1 and the receiving 
. . . . . . 

. . 

LCX ··2 be~ore bei~_g received by . the receiving LCX 2 •.. Due to 

differences in position of. the respective slots, spread 

. spectrum signals for detectio·D. of an obstacie. propagates .. via . 

20 different paths including a path A a~d a pa~h Bas shown in.Fig~· 

1. Furthermore~ sptead spectrum signals for detect~ori of an 

obstacle traveling these different. paths are rec"eived in the . 

. receiv.ing LCX ·2 in a superiinposed manner. 

A spread spectrum signal for dete.ction of a~ obstacle ·. 

25 received by t~e receiving LCX 2 is immedi.at_ely inputted into .· 
. . . 

the correla~ion means 5. Moreover,· a re·f erence spread spectrum 

signal generated by the reference spread spectrum signal 
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generation means 4 is inputted into the ~orrelation means .. 5. 

Now, a generation operation of a reference spread spectrum 
. . ·. 

signal generated by the reference ·spread spectrum signal 

. ·generation means 4 will be described.· Within the referenc.e 
. . . . . . , .. 

. s ~pread spectrum sig~al generation means ·4 .~ the locai oscillator 

1.0 .. gen·erates a high frequemcy signal ~dentical to· the .high . 

fr~quency signal generated by the high frequency ·oscillator 7 
.. ·. . . . . .,· . ·.. . ·.· : . ·. · . 

. and serving as a signal. s.ource of thE!! re:terence. spread .s.pectr~m 

signai. 'The lo~al oscillator inpu.ts the high ·frequency· to the "· · 
. . . . . 

10 :spread spectrum.modulator 12. Moreover,' in the reference PN ~ode· 

generator .·11, a PN. cod~ for performing .spread spectrum of .the 

.higli frequency sig11a'i generated by the local osc::illator 10· ~s 

g.e~erate~," This PN ~ode. is. a PN ~ode of the code series" i.de~tical 
. . 

with that of the PN.code of the spread spectrum signal gerie~ation 

15 means 3 •. Th~ reference PN code generator ~.l performs spread· 

·spectrum.modulation of the .. high frequency signa~ generated by 

t~e °iocal os~illator 10 on the bas is. o~ the PN code thus generated. 

The spread spectr~m operation in this reference.PN.cod~ 

generator.11 is similar to the operation ·performed by the spread. 

2 O · spectrum m~dulator ·12 descr~bed '!-bove ~ 

For example, sprea~ spectrum signals. for· detection of an 

obstacle traveling different path~ A, B as shown 'in Fi<]. 1, ·are 

,, received in the receiving .Lex 2 iri a superimposed· .manner. 
. . 

However 1 by· synchronization the .phase Of the PN code used to 

25 · generate the spread spectrum ~ignal for detection of an obstacle 
. . . . 

trav~l~ng pat~ A wit~ the phase of th~ PN co.de used to generate · 

the reference spread spectrum signal by the ;reference spread 
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spectrum signal generation means. ~ ,· calculation of· a 

correlation level· in the correlation means 5 enables isolation 

of the .. spread· spectrum s~gnal ~or de~ection of an obstacle 

traveling path B from the spread .:5pectrum signal .for detection 

. 5 of an obs~acle traveling path. A. 

·::To ·describe this in further. detail,. when :the spr.ead 

... spectrum signal· generation means 3 genera·tes the spread 
·. . .· . . . 

·Spectru~tl° signal ·for det.ection· Of an Ob.stacl.e~ it is inuned.iately .. 
. . . . . . 

. ·.• .. . · .... 

. outputted to the transmission LCX t ~ The spread spectrum s·igrial. 
' ' • I • • • • • "· ' • 

10 for"dete~tion .of an obstacle is propagated within the 
. . . : . . . 

. ·. transritissi~n LC~ l and :·radiate4 froin .the. slot of the 

transmission LCX ·i provid~d .at ·the po~ition corresponding to 

the path A~ :This spread ~pectrum signal. for· detecti~n .~f an. 

obstacle' is received via .the slot of thE! receiving LCX 2 opposing 
. . . . . . . . 

. · 1s· to thf:) slot .position of the ab~ve:...de~cribed transm.issi.~n .:i;.cx 

1 •. Accordingly, the leyel. of correlation .between the received 

signal and th.e reference spread spectrum signal" is. calculated 
. . .' . . . 

in .the.corr~iation meai:is 5. By.measuring a time th.at elap~es 
betw19en the transmission of. the spread spectrum sign.al 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 modulat~r 9 ~ and . · 

the supply of the reference sp~ead spectrum signal, generated 

by th.e z:eference spr.~ad spe~trum sig~a1·generation means ·4; ·to·: 

25 correlation means 5 subsequent t.o the recept.ion o~ the spread 
. . 

spectrum signal for detection of an obstacle by the reception. 

LCX· 2 and to the supply ot° the PN code, phase-locked to the PN 
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code generated by the PN code generator 8, .from the reference. 

PN coc;le gen~rator 11 to the spread spectrum modulato_r l"2, the 

. time required for transmission and rec:eption_ of t.he ·spread 
. . . ~ 

. . 

s"pectrum signal for "dete<?t~<'.>n of an . obstacle can be . 

·. 5 ·approximated •. 

He.rice I · .. in an obstac1·e detection device' according . to 
. . . . . . 

.Embodiment 1 ~ the time . difference measureme~t m~ans 111 for.· 
. . .. .·. ·. . . 

. measuring -a time'· difference between ·the generation· 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. qwing 
. . . . . . . . . 

. · .... to· this, for ·example, .~:upposing that· a time elapsing from .the 

"time when. :tn~ spread spectrum ~ignal .for de~~ction of an·. 

· .. obstacle is radiated. from. the·· transmitting en~ Of. ~he 

· · ti:ansmis s ion · LCX i ·and t~a~el · path· A ·until the· :time. wheri the 
. 

. . . 

15. · _spre~d s~ectrilm s;lgna1··is. received by the receiving LC.X 2 so.· 
... 

. that the correlation leV:el between ~liis s~gnal and the reference 

spr.ead spectrum signal is calculated by the .cor~elation me~ns 

· 5, is tl (sec.). (i.e. -,.a time difference:between the generatio_n 

. time of a P~ code _of the. PN code generat<?r 8 and the generation. 

20: time of a PN c~de of the reference ~N code· generator 11: is. ti 

(sec.))~ it is understood path A_ is a path_ E>assing a position 

located at a distance of tl x c/2 (m) (where c .is ~he speed of 

. light) away from the. tra~smitting end of the _transmission I.ex 

-~. A. propagating speed. of the spread spectrum signal. for 
.. 

. . . . 

25 · detection· of an obstacle is calcula~ed by multiplying the time 

diffei:en~e tl measured by the time difference·~easureinent means 

111 approximately corresponding to a time elapsing from the ti.me 
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when the spread spectrum signal.for d~tection of an obstacle 

travels from. the tr_ansmitting ·end of the transmission LCX 1 

until the time_whE_!n.the signal reaches the ret"erence sp~ead 

spectrum .signal generation ·means 4 ·of the receiving LCX 2 by 

.5 . ·c correspondi.iig t~ the propagation speed of the _spread spectrum 
. . . . . . . . . . 

· signal for detection of .. an obstacle. · Since ·t~e tr~nsmission 

LCX .1 an~ ihe receiving LCX 2 are opposed to each other and the 

·end portion to ~hich the spread ·spectr':118 signal g~neration me~ns .. 

3 is connected faces the "end port.ion· to whi~h. the reference. 
.. . . . . . . . . . 

10 . sprea!l. spectrum signal generation means 4 is conn~~ted, "a haif 

distance of.the propagation distance of th~ spread spectrum 

. ·Signal for. detection Of .. al'.l · obstacle is· considered· as a 

·propagated distanc~ from ·-the t~ansmitting· end of the 

·transmission ·Lex l ~ · 

-15 While level of· correlation between·· the· spread. spectrum · 
. . . . . 

sign.al for det_ection of an obstacle traveling path A· ~nd the 

reference ~pr~ad spe9tr~m signal i~put "to: the corre~ation means. 

5 after a_n elapse of time. tl corresponding to path A _since "t:he 

trans:lni~sion of :the spread spectrum signal for detection of an 

20 obstacle from the _spread spectrum signal ·generation. means _3, 

the PN code. of the sprea~ spectrum signal for detection of an 

obstacle traveling path.Band the PN code o~ t_he reference spread 

_spectrum signal. input to the correlation mean~ 5 after an elapse 

of t~e tl are not in phase. Therefore, the level of correlation . . . . . . 

25 betwee~ the signal traveling path B and the reference signal 

·is approximately zero. · 
. . 

To describe this further, an obstac1e·detection device 
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according to Embodiment 1 detects the ·sprea~ spectrum signal 

for detection Of an .obstacle by.synchronous detection. . . . . . .. . . . . . . 

Ther~fore, a referen~e _spread spe~trum signal is gener.ated as 
. . 

a result of regenerating.the. spread·spectru~ signal for 
. . . 

·5 (ietection of an obs~acle. In the correlation means __ s, ·the spread·.-

spectrum signal for detect;ton of an obstacle and ·the reference. 

spread spec"trum ·signal. are multiplied so that t~e spread . 

~pe~t.r~ s.ignal .for det~ction. of. ~n. obstacle. is. demodi:tl:~ted.· 

The. res~l t of mul tfplicati.on is outpu_t as .a correlation. level 

. 10 to the ·detection .means "6,; In the-.case . .where the .. PN code of the. 

signal (for ~xample; the signal tra.veling path B) ·for detec~~on 

. "of an obstacle :is .. not in synchronization with that· of .the 

reference :spread· sp~ctrlll:n signal·~· the product ·of. ~N codes of° 

·the sp~ead spectrum signai for dete-~tio~ of ~n obstacle. arid. th~ 
... 

15 reference sprea~ spectrum .signal is approximately 0 (zerC?) as 

. . . ·a.· re~ul t:- q:e performing ~u_l tiplication ~ A PN code takes one of 

· two ·vaiues· o·, 1 periodically so that the product of ·.;pN codes 
. . . . . . . 

of .s~gnals out of phase with. respect to. each other becomes 0 .. 

(zero).:· 

20 ·· Correiation ·levels are · in~utted from the correlation·.· 

means 5 to·the detection means 6.while de_tecti~n of.an· 6h~tacle 

is being · ca,rried out·. If an obst:a~l~ appe~r~ between the ... ·. 

transmission LCX 1 ··and the receiving Lex· 2, the intensity of 

the spreqd. spectrum signal for detection of an obstacle is . · 

.25 lowered and a change of the cor~elatlonlevel occurs •. Therefore~. 

the detection means 6 can detect the presence and lqcatiori of 

the obstacle. 
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First, a .description will be given how the reception SN 

ratio is enhanced "compared to that" of the related.:.art o_bstacl~ 

detectio_n d~vice. In the . case ·where. a pulse. mod_ulated signal : 

. is used .~s a signal for detect.ing ~ri obstacle, "a pulse"modulated 
.. ··. 

5 signal received by a receiver is· expressed bys x cos<.Ut,· whe~ein" 
. ·. . . . .. . . .. 

s indicates a signal l"eve~ of a:· pulse Ill:odu~ated signal inputted. 
: . . . 

into the re~eiver and w · indic~t~s a carrier wave ~requency •. 

Given· th~t an: inter~al b~~~e~n pulses of ·the. puls.e-m~du:lated 
. . ··. . . 

.. 

··signal is T, the length of LCX 1, 2 is"L (m), the interval between 

10 the transmission LCX ·1.and the receiving i:.CX 2 opposite to. each .. 

. other is H (m) I al)d "the speed of. light is ·c, the miniiitum value". 
. . . . . 

"of. T is expressed by ( 2 I. +. H) I c I i.e •. "the propacjat~d dis"tance . . . . . . . . . ' . . . . . 

of the pu"i~e modulated signal ·-divided by the speed of light. 
: . . . . .. . . . . ·. . . . . . . 

A· .signal level of the receiving pulse modulated signal" ~t an 
. . . . .. . . .· · .... 

15 integral _timei"T becoines-S (c >>. (2L+H) .so that (2L+H}/c is 

approximately o; cos WT ~ i) • · . . . 

· ' ' . In contrast. to this, ·in an obstacle detection device 

accord,ing ·to Embodliiient· 1 i · a spread spectrum· signal is u.sed ." 
. . . .. . . . . . 

Given that the length of.one cycle of a PN code is Nanda duration 

· 20 of one bit of a PN code is. Tc.~ the· minimum value of the ·puls·e 

repetition time interv~l of a code series of a ~N code N x Tc 

can be made to be identical.with a pulse r~petition time interval · 

of the above-described pulse modulated s~gnal. ··Now, a PN code 

is expressed as a function PN ( t) -where time t is a variabie. 

25 When· the spectrum spreading. according to the DS method is· used, 

the spread s·pectr~in is expressed :by s x PN (t) .x coswt. When 

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

obstacle and the PN .code of a reference spread spectrum signal 

are . synchronized, "the . above-descri~ed spre~d . spectrum s iqnal .. 

s _x PN. (t) x c<?swt may_ be ~ultiplied by a PNc_od~ o~ a refere~ce· 
sp:r::ead sp~ctrum .signal so as ~o .~emodulate the spread spe~tru~ . 

5 . signal for detecti<;>n of an obstacle to reproduce th·e .. original . 

puise modulated. ·signal~ The received signal. for detecting an · 
·. . . . 

obst~cie is expressed by _S x -PN. °ct) ·x PN (t). x coswt. ~.:I.nee 
. .. . . .•. . . . ·... . . . 

. . 

the inte9ral action t~e N X Tc :r T -bec"omes · PN ( t) x PN · (t) = 
. . . . 

. N, a·nd accordingly, the. signal_ leyel of the receiving signal 
. . 

·10 becomes S x N. Thus, .. in an obs~acle detection device ac~o~dirig 

to Embodiment· 1 ~ a s ign~.i ·level is N'-_f olded coinpai:eci" .to . that · . . . . . . . 

of the rel~ted-art obstacle detection dev~de, it is.understood 

that SN ratio is enhanced to ~-fo~d. Put ~nether .way, t~e SN 

ratio o~ one piece of the _pu~s_e sig11:a1 is multiplied N.:.fold in · 

15. th(! same integral time by· employing a spread "spectrum signal . 

as a carrier wave, thereby being capable ·of shortening the. thte. 
. . . . : . . . . . 

Of observi~g ·and _measuring an_ obs~acie and also ·capable. O_f 

.sufficie!ltly applying to_ ~he detection of a ri_ioving obstacle. 
. . . . 

Next, a description will be given of how the anti-jamming 

20 ·performance is· enhanced compared ·to.that of the:related-art 

·obstacle detection device. Given tha:t an ·input electi-ic power 
. . . . . ~ . 

of a radio wave·from the transmission LCX 1 of.an obstacle 

detection device according to Embodiment ·1 is Pl {W) ,·an input 

electric power of a jammei: is P2. {W) and the le_ngth of one cycle 

25 ~f PN code. is N, when the equality of .Pl = -P2 is satisfied, an 

input electric. power of_ a jammer is suppressed tq J?.2 I N, s.o 

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 ratio is improved by·30 dB or more~ 

Nex~; a description will b~· given of how the obstacie 

detection.according _to.;Embodiment 1 does not. affect the 

5 . communication . in th"e . other . wireless . communication. devices 
. . . . 

existing. wl.thin. the· dete'ction · ar~a. Whei:i a· wireless 

'communication .device conducts. a communication within" the 

detection area· of ·an .obstacle dete.ction· device accord.inq to 

Embod_iment _1 ~ ·given. that· the .bandwidth of _a .·spread ··~pectrum 

· 10. signal is Bl (Hz), .the bandwidth._of th_e wireless communication· 

.device is B2 ·.(Hz).,· the .elect_ric J?Ower de_ns.ity· of a. spread 

f?pectrum signa~. is spread over a bro~d frequency range so that . 
: . . . . . . . . . . 

· Bl>~ B2. Even if the total ·e~ec~ric po:Wer·af the.spread spectrum 

signal ~nd the v~l~e. of the electri~ ·powe"r of a signal_ tc» be 

15 .. inputt.ed into .the wireless. communic~tion d_evice are ident.ical, 

the jaminer electric power for the wiretess communication devic~ . 
. : . . . . . . . . 

is red~cei~f by 1 o log (Bl . / B2 ) • -in genera.! , since ·a 1 is 1 , o o o 
.. . . 

times as high as B2,. the quality of communication in the wireless. 

communication device -is improy-ed .by 30 dB or m~re. With this~ 

20 . the wireless·· coinmunica~ion device can, successfuily .conduct a 
. . . . 

communication within the obstacle detection area of· an obstacle 

detec~ion device according ·to Embodiment 1. 

, As described above, up to this point, according to this 
.· . . . . 

EIDbodizitent 1; the~e is provided an obstacle detection device, ... 

25 comprising: . signal. transmitting and receiving means f~r 
. . 

detectlng an obstacle, comp:r;ising a first ieakage ~ransmission 

path on the .transmitting side for radiating a signal for 
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. . ·.· . . 
detection of _an obstacle and a second leakage transmission path 

. .· . . . . . 

. provided opposi:te to the first leakage transmission path and 

·. receiving. the· signal for detection" of an· obstacle;. spread 

Spectrum signal t;t"ansmitting means connected to one end Of.the 
. . . . . . . . ~ 

s first. leakage transmission path, f~r. generating the spread 

spectrulll sig~al for detecting an obstacle.based on a sp:r:ead cod~· 

. an4 c_~U:sing the :first. l~akag_e -t·r~nsmis.si~n path ·t:o ·radiate the 

spread spectrum s"~gnal for detect~on of an obstacle;' and spl:"ead 

' spectr.uni. sign_al_ rec~iv.ing· me_ans connected to one end ·of t:he 
... 

· 10 second leakage transmission path~ which ·.end is the opposite "to.· 

wh~re. tlie spectrum ~ignal tran~mitting means is. connected to . 

. the first. -leakage· .transmission ·path_,_ whe~ein the. spread··. 

spectrum sigria1·receiving means.:further_compris~s~ reference 

"spr~~d· spectrum signa~ ge~eration means .for generating.a 

15 . reference spread spectrum signal based on a: spread coqe of a 

.·code ser~es id,ent.ical_ to that used by t:he spread sp~ctrum .signal 

· tranSil\itting means; ~orrelation in~an_s foi: calculating a level 

of correlat_ion· between the reference spread spectrum signal 

generated by the referenc~ spread spectrum signal gen.eration 

20 means and the spread spectrum si9nal "for detection of an' 

obstacle received by the second leakage transmis~ion path, 

based -on spread code phase-lo~ked to the spread code. of the. · 

spread ·SJ?~Ctrum· sign_al for ·detection. _of an obst.acle detected 

by the second' leakag·e transmission path; and detection. means 
. . . 

25 ·for dete~ting an _obstacle based. on ·a change of a correlation 

leve.l c~lc.ulated .by the· correlation means. Acc~rdingly, it i~ 

possib"ie to provide an· obstacle -detection device capable of 
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. . . 

-detecting an obstacle accurate accurately, less affected by 

jamming without ~amming conunun~cation in a wireless . · 

communicatio~ device within an area for detection of ari obs~acle ~ · 

Since.the time required ·for detection of an obstacle is reduced. 

5 as compa~ed to ~he related ~r·t, _it" is possible .to deteqt a mC,viri.g . 
. . . ' . . 

·obstacle. 
·. : .. 

. Mor_eover, ·according· to . this . Embo_diment 1, . there is 

provided a :time. measu_reme~1t. mea"ns for measuring . a spread 

spectrum signal· propagation. tinie period elapsing from the time 

·10. ··when ·the spread .spectrum signal transmitting ·means .generates·. 
. . . . . . .. . 

. the spread spectr~m signal for detection of an obstacle until 
. . . : ·. . . . ·. . . : . ,·. . . . . . . 

. the ti~e when the correlation means is capable ·o.f caic_ulating 

a correlation le~el. of. ~he. both $p+ead ·spectrum.signals 

subsequent to generation;- by .the -reference.sp~ctrum signal 
. . . . 

15·. generation means·, of t_he reference spread spectrum s"ignal which 

is in_ synchr~p.ization wi"t:h the ·spread code of th~ spread. : 

spec.trum signal for· detection of an .obstacle·. The detection 
~ . . . . 

. means _detects a ·position Of :an obst~cle existing ·Wit~ln ~n . 

. c:>bstacle Ciet~c:tion. ~rea formed ·by the signal transmitting and 

20 receiving means for. detecting an obstacle, based on·the spread 
. . . . . . . . '. .. . . 

·spectrum signal ·propagation t.iine period me~sured by the time· 
: . . . . 

m~asurement ·means. Accordingly,· removal of an obstacle from an 

area· for detection ·of an obstacle is .facilitated.· 

.. , 

2 s Embodiment· 2 : 

· A device according to Embodiment 2 is provided with a 

delaying means for delaying a phase of a spread code used by 
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··the· reference spread spectrum signal. generation means by a 

desired time.period.with respect to a spread spectrum signal 

. for detection 'of ari obstacie generate~ by the spread spe~trum 
. . 

signal transmitting"mean~. 

Fig~ 2 is· a b_Ic)c~.·d~agi:am _showing a configuration of an·, .. 

oJ;>s~ac~e ·.detectio~ device according to Embo~iment 2 of the . 

pres.ent invention. In Fig~· 2, the ~efer~nce nu~eral 13.denotes 
. . . . . : . . . . . . . . 

·. a ~~laying· means ~o~ delaying. a phase of a. PN code used by the 

refer~n,ce.spread ~pecti:um signal generation means "4 by a d'esired 
. . . . . . 

.. 

10 . time peri~d.with re~pect to a P~ code gene.rated by the PN code 

generator 8. _It ·should _be noted that th_e ident·i~al reference 

.· numerals are attached :to the same components·. as tho~e ~n Flg. · 
. .· . . . . . . . . . . . . . 

1 ·and ·additionai description ·:is o~itted •. 

A pescription will now be given of the opera-t:ion according. . . . . . . . 

· 15 to Embodiment 2 ~. . -: 

.· A.s to ope~atio~s such ~s generation, transmission and 

receiving,. ~nd detection. of :a. spread spectrum signal for .. 

detection Of an.obstacle, additional descripti~n .is omitted. 

because_ these operations.are simila~ to ·those of the above-

20 · described .Embodiment · 1. Hereafter ~,perations which are . 

different from those of the above~described Embodiment 1 will. 

be described. · 

'The obstacle detection dev~ce according to this 

Embodin\ent 2 is cap~ble of ~etec~ing an obstacle l~cated at any 
·. . . . . . 

'25 position within the obs~acle. detection .area fo~ed by the · 

·transmission LCX l arid the receiving LCX 2. To describe this 

. ~n further detail, as shown in Fig. 2, when the level of rec~ption 
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at ~position remove~ by L (m) from an end ·of the transmission 

Lex. connected. to. the spread· spectrum signal generation means 

3 is to be measured on a continuoµs basis, the ... delay time is 
. . . . 

set by. the delaying means 13 .. so a,s 'to delay· the phase of the 

.5 PN code u~ed by :r~ference spread spectrum signal· generation 

· ·means 4 by7: =. 2L)c (where. c indicates the speed of light) with 

respec.t to the·.phase of .th~ P~· .code ·generated by the .:i?N code 

--gerier at()r a . ( i.e.· the PN code used t"a produ<?e the -spread spect~um · 

sigri~i generated by the spread spectrum signal _generation means. 

10 3 for .detectl.on ·~f ·an. obstacle) with this., ·the phase of the PN __ 
. . . ·. . . 

co.de for the -r_eferepc·E! :spread. spectrum s~gnal is_ in 

synchronization.o~ly.with the spread spectrum signal for 

: detection of an· obstacle :r;eceived via· poiiit removed by L (m) ·.: 
. . . .· '· . . . . . . . 

. -from said end. Therefore,. o~ly the results bf detection at point 
. . . . . . . . 

. . 

15 · L. cm>. away from sai~ end can b.~. obtai:Iled by the correlation me.ans 

5. 
. . . . . . 

As described above, the device according to-Embodiment 

2 is provided ~ith the delaying means 13 ~ .. or delaying the· phase 

of the PN code used by tbe refere~ce spread spectrum signal 
. . . . . . . . . 

: 20. gen.eration. means 3 with r.espect to the spread spectrum signal 

.fo.r ~~tection of an ob~tacie by a desired time period~ . 

Accordingly, in addit~on .to the same advantage ·as .provided by 
. . 

. Embodiment 1, an added'advantage is-provided by.applying 

Embodiment 2 to the cons.tructipn of Embodiment 1 · in that . any 

25 desired point in an· area for ~etectiori of an obstacl~ ·is ~ubject 

to observation by setting a desired delay time. 
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·Embodiment 3: 

According to Embodiment 3, · an -obstacle· detection system 

comprises a plurality o"f obstacle de_tect.ion devices such that 
. . . . .·. . . ; . . .· . . 

·adjacent devi~es generate spre.ad spectrum signals cm the basis 
. . . . . . . : 

5 of diff~r~nt spreaq·codes~ 

· . Fig. J is a block di_ag~am: showing ·a .. con.figuration of -an 

·obstacle·. det~ctio.n ·.system according to ·Embodiment 3 of the · · 

. pres .. ent invention· •.. In Fig. 3 I reference numerals 1-1 and 1-

~ indicate trarismis~ion ~cxs (lea~a-ge trarisml.ss~on pathon· th~ 

10 ' transm.itt~ng side: signal transmitting and receiving means for 

. detecting. an .. obstacle) pr~vided in" obstaclE! detection devices 

A· and B arrang.ed to . be adjacent to· ea~h ·other, resp~ctiveiy, · 
. . ·. . ·.· . .·. . ., . 

re~eren~e ~umerals 2:.:.1a~d2....;2 indicate rec-~ivl.ng LCXs Jl.ea.kag.e ·. 
. . -. . . . . . . . . . . . ' ~. . . . . . . .: . . . -: .. . 

transmiss.io~ ":Path;" -~i.gnal transmitting and.receiving means for.· 
. . .· . . 

15 detecting an· obstacle) provided in the obstac.le detection : 
. . . ·. . . . ' . . . 

. devic~s A. _and BI ·respectively I and reference numerals . 3 l and 

32 in_dic~te ·spread spectrum signal transmitting m~_aris provided 

in .obst~cle det.ectio;n devices. A "an"d B, respect_ively, and ·. 

~orresponding to ·the spread spectrum signal generation means. 

·20 3described-in.Embodiment.1. Reference.numerals 41 and 42 

· .. : ~ndicat~. sp~ead spectrum signal. receiving means provided in 

obstacle detection. devices A and B,. respe"ctive"ly I . and . 

: correspond_ing to the·· spread _spectrum sign~! generation ineans 

3, the ·correl,ation means 5 and ~he detection means 6 described 

. 25 in Embodini_ent 1 a1_1d/or. Embodiment 2. Moreover, -the ·oJ:?sta.cle 

detection devices A "anq B are equiva~ent to the obstacle 

detection devices described in Embod_iment 1 and/or Embodiment 
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2 and use a PN code. A and a PN code B which are different PN 

codes,· ~espectively·, ·in order to generat~ a spread spectrum 

.signal for detectio·n of an obstacle. · 

An obst~c.le detection _system ac~ording to this ':!mbodiment 
. . 

5 ·· · 3 .consists of· obstacle detection devices A and B, which are· 
. : .. 

arranged : to. be adj~·ce~t. to ~ach ·other •. Since .. a detecting 
. .· . . .. 

. . ·. 

opera.tion.·of.· an ·obstacle ?f. the obstacle· detection. devices. A. 

and B.is similar to that of the above-described.Embodiments~ 
. . . . . . . . . . 

~dditional .d~scription. is. omitted, and_ the _characteristics of_. 

10 .the. obst~cle .detection ·system .'according :to Enibodim~nt 3 will· 
. . . . . . . . 

be d~scribed_. The .o~~tacle detection ·devices A and B arranged 

to be adjacent .to ea~h other radiate spread spectrum signals 

·for de~ection ~f .an obstacle from th~ transiUission LCXs 1-1 and 

t.:.2, respectively~ A signal radlated from the t;ransnjission ·LCX . 
. . . . . . 

15 .· ·i~l of the. obstacle·det~ction· device~ i~ a interfering signal .. 

with ·respect .to the signal to be receiv_ed by the rece_iving.LCX 

2-2 a·f the.'.obstacle .. detection device B, and ·a signal radiated. 

from the .transmission LCX 1-2 of the obstacle detection device 

.Bis 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 Einbodfment . 

3, the spread spectrum signal transmitting means 31 arid 32 of 

.the obsta~le detection_.· devices A and B~ respectively, are 

configured _to generate ~pread spectrum signals for detection 

25 Of an obst.acle using a· PN code A anc:l a .. pN code B. different 

tl_lerefrom, respectiv~ly. With this,· even if a signal radiated . 

from the transmission LCX 1-1 _of the obstacle detection device 
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A is received by the re6eiving LCX 2-2 of the obstacle detection 
. . . . . . . . 

device B,· no pro~l~m.is pr~senteds.ince the spread spectrum. 

sign~1·receiving means 42.located within the obstacle detection 

device B. ~alculates a level of correlation between the received· · 

"5 signal and. a· .spread spectrum signal generated based .on ·the PN 

code i~ synchroniz.ati~n with '.the phase o·i.: a· PN· c~de. B;. Even if. 
. . . . . . . 

a ·signal radiated .from, the transmission'i.cx l ~2 of t_he ob•st~cle 

detection device. B is received by :the receiving LC.X 2-1 o.f the·. 
. . . . . . . . 

... 

obstcicle detection ·.d~vice A.; no. probiem .is. presented since the 

·10 spread spectrum signal.receiving means 41 located.~ithin .. the 

.obstacle· det~ction device A calculates a level. of correiation 

}?etween the r~ceived ·signal. and a . spread spectrum s_igna_l· 

. generated based on the PN code in synchronizaticm .. with a .phase. 
. . . ! .· . . 

of a· PN code A.· ·Given.-·that the code: series· length o·f a PN code 
. . . . . . - . . 

15 (length of ·one cycle) is N, the ~evel ·of correiation between 

.. the PN code A. and the PN code. B is· determined as. 1 /N ~ according . 

·to th~_ characteristic of a PN cod~. Since N is~ ·in general, l,O<fo 

or· more, .. the interference of .. s.preC!ld spe"ctrtun s.ignais. for. 
. . . 

detection of an obstacle between the adjacent obstacle 

· . 2 0 detection devices A and B can be almost all: ignored. 

As des~ribed·above~· according to this Embodiment 3, in 
. . . . . . 

an obstacle detection system i~. which a plurality of obstacle 

detection devices A and B a·re provided,· the adjacent obstacle. 

det~ction device~ _A and B generate_ ~pread spectrum signals based 

~5 ·· on different PN codes A._ and B, respectively. Therefor~, 

interference ·Of spread_ spectrum·signa~S for detection Of an 

obstacle ~etween the adjacent obstacle detection devices A and· 
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. . . . 

B can be suppressed and the frequency of an error in detection 
. . . . . . 

_of :an.obstacle by the obstacle detec~ion system can be ~educed~ 

In the" above-described Embodiment 3 I an example in which 
. . . . . . . . . : 

the obstacle ~etection· devices A and Bare arranged.has been . . . . . . . 

5 des.cribed •. However,. the abdve~d-escribed Embodim~nt. 3 c~n ·al~o 

be . applied to a system' in which . ~ .or more .. obstacle det~ction 

.. aevices are _"arranged. qbstacle detection devices· which ~re not 

adjacent· ~o ·each qther_ m~y. generat~ spread spectrum signa.ls .· 

.usinq.the·identical PN codes. 

10 ..-: . 

Einbodiment 4: ·. 

An obstacle detection system ·according to Embodiment4 

· comprises. a piur.ali~y of obstacle detection :devices, each of· 

t~~. obstac;Le detection d~vices ·being ·connected via leakage" 

· 15 transmission _paths. Each of. the devices includes synthesizing 

means for· generating a ·superimposed signal.· containi~g an . 
. . . . . ' . . 

electric power and a spread ~pectr~·signal for .detection of 

an obstacle.superimposed on each 6the_r •. The synthesizing means · 

transmits the superimposed signal to"the adjacent device via 

· 20 the. leakage transmission path~ There· is also .Provided a 

25 

. isolatin~ means· fo~ is~la.~ing the electric power and the ~p~ead· 

spectrtim signal from the super.imposed signal generated by .this 
. . 

.synthesizing means. and supplying the electric power to the 

devices. 

Fig·~ 4 is a block diagram· showing a construction of an 

obstacle detection system according t~ Embodiment 4 of the 

present invention. In Fig. 4, reference character Al denotes 
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an electric ·source device su.pplying an electric power to the 

obst~cie detec~ion devices A and ·a" and directly supp°Ij.es an 

electric power to the s_pread signa~ tra.nsinitting means 31 ~ the 

spread spectrum ·~ignal r~ceiving means. 41 and. the synthesizing 
. . . . 

·5 .. means A2. in the obsta~le detection dev"ice A •. Referenc.e char.acter 

. A2 iridicates a synthesizing mea~s ._for· -synthesizing a spread 

.. spectru~ signal for "detect"ipn of an obstacle" _fro~ the spread 

spectrum "signal tr"ansmitting m~aris Ji .and an elec"tric sour6.e . . . . . . . 

voltage .from the electric ~ou.i::ce device Al and _outputs ·_the 

10 synthesized "signal as a superimposed signal to the transIJlission . 

. · .Lex 1~1. Ref~reii."ce charact.er A3 d~notes ·an electric· power 
. . 

branching fi.l tei: ·c isolating means) for ·isolating :the source 
.. . ·. . . . . . . . . . . 

v~ltage_ and the sp~ead spectrum signal.for detection of an 

obstacle f~om the above-de~cribed superimposed signal inputted . . .· . .. . . . .· . . . . : . 

15 into the obstacle detection device· B via the ti:ansm.l.ssion Lex· 

·. i-1 so as to supply"the electric power to the.obstacle detection . . .. . . . . 

device B.·. Reference -character .A4 denotes a· termination · 

. connected to the el~ctric"· p~wer brancti~ng filter. A3. a:p.d 

terminating the spread speqtrum signal, generated· by the 

2.0 obstacle detection dev.ice A and isolated from the superbUposed 

s~gnal by the·electric power branching filter A3.,so as to 
· .. 

prevent the spread spectr_um signal from being reflected t"o the 

tr.ansmission_LCX 1-i ~ otherwise, .the obstac.ie detection devices . 

A and B have a construction.equivalent to that of the obstacle . . . . 

25 ·detection devic~ described in Embodiment 1·and Embodiment· 2. 
. . 

.It shoutd be noted that the .same·reference numerals or 

ch·aracters are attac~ed to the same components· as those in Fig. . . . 
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· In an obstacle detection system according to Einbodiment 

4, . the. ~bstacle detection devices A and B are connected to each 

. oth~r via the transmission I.ex · 1 - 1. Since ap. · oper_ation ·for 

5 detecting . an obstacle by the obstacle detection de~ices .. A and 

Bis similar to that 'Of ·the above""'.de~cribed ~mbodiments, 

addi~ional 'de~cription is omitted.· The ch~r~cteristi.cs .of the 

obstacle detection system according to Embodiment ·4 wilt ·be·· 

··· ."des<?ribed. In> an example shown in the figure, the obstacle. 

10 detection devic~ A i::eceives·. the· sup.ply of an electr~c power 

d_irectly fr~m t.he. electric source device AI°. In . the . obstacle 

detection device A, the. ·synthesizing·. ~eans A2 generat~s a .. 

_ sriper~po·sed ·signal _in ~hich an ·electric source voltage from 

_the electric source device Al and a spread spectrum signal for 
. . . . . . . . . . . : . 

15 d~tec.tion_o~ ~n obsta_cle generat~d by th~ spread spectrum s~gnal 

-tra~smitting means 3"1 are superim,posed on each "other ~nd outputs 

the superiniposed. signa~- to.the transmission LCX 1-1. This 

superimposed signal propagates to the electric. power branching 

filte~ A3·of the obstacle detection devic~ B while radiating 

20 the spread spectrum signal. for. detection of an obstacle as a 
·. . . 

radio wave from a slot of the transmission LCX i~L 

·The electric power branching. filter A3 isolates-the_ 

electri~ source voltage of. the electric sourc~ device Al from 

.the superimposed signal a~d supplies the electric power to the · 
: 

. 25 Spr~ad Spe~trum. Signal transmitting means 32 I the. Spread. 

spectrum signal rec.eiving means 42 and the synthesizing means 

A2 located in. the obstacle detection device B. The spread 

. ' 
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_ spectrum signal _for detection_ of _an obstacle generated by the 

spread spectrum signal transmitt_ing ·means 31 ~nd included in 

the superimposed signal is transmitted to the termination A4 

_so ·as to be preyented "from being reflec-t:ed to the _transmission.-

5 -. LCX 1-1 and causing interferen'ce with the spread spectrµm signa~ 

- -

of the obstacle detection device A. 

-_In· -the case whe-re another ·obstacle detection device is 

connected-to the obstacle detection device B via the 

- transmission LCX 1-2, -the synthesiz,ing means A2 locat~d within · 
. . . . ~ . . . . . 

. : . 

10 the obstacle· det-ection device ·B likewise· ·:generates a 

superimpos~d signal by .superimposing an electric voi tage and 
~ . . . . . 

a spread spectrum signal--for detection of an obsta~le generated 
. . . . . . . . . . . 

_by_ the spread-spectrum signal transmitting means ·32 on each 

·other -and transm.i.t·s the -superimposed to -the ab-ov~-descr.ibed 

15 other. obstac·le detection device :via "the transmission _Lex 1-- -

2. T~us, since the elect_ric power can be supplied via t~e 

transmission LCX 1-i or the LCX 1-2, it_ ~s -not n~cessa·ry to· 
. . .· 

_provide a plurality of electric source devices -Als. · -

As desc"ribed ~hove, ~ccording to Embodiment 4, the 

20 ~bstacle detec~ioil devices A and B which constit~te ail obstacle·-
- -

detection system are connected to each other via -~ leakage 

. transmission path, the syste~ "including the synthesizing means 

A2 for generating a· superimp'osed s~~nal ·by superimposing an 

electric power and a spread spectrum signal.for detection of_ 

25 an obstacle on_ each other and transmitting the su-perimposed 

signal to the- adjace~t obstacle detection device via the leakage 

transmission path. There is further provided -an electric power 
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~ranching filter A3 for isolating the electric power and the · 

sp~ead spectrum s~gnal fro~ t~e superimposed sign~1· generated 

by the synthesizing means A2. Accordingly, an electric source 
. . . . . . 

. can be ~upplied via the· transmi~sion ·Lex. 1:--1 or the LCX 1- . 

5 "2 •. It is: notn.eCf:!f:JSary to provide~ .plural.ity of ·electric source . 

devices . Al~ Therefore t.he cost of the system can be· reduced. 

10 

Moreover, since housi~g space. for.the electric source device 
. . ,; . . . . 

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

. . 

be reduced~ 

· It should be riot.ed that adjacent obstacle . detection 

devi6es may generate respective spread spectrum signals "<:m.the 
. . ·. . . . .. . . · .. 

ha.sis of different: PN codes in the same manner a·s. Embodiment 

.3 described above. It should. be rioted that the advantages 
. . 

provided :t>Y ~mbodiment"3 and Embodiment 4 are bot~ provided~ 

15 .· Aithough .an example. is ~iven .of.a arrangement wher.e th~ 

20 

obstac.le detection devices A and B constitute an obstacle 

detection system,· the construction of the above;_described . 

·Embodment 4 can be 
0

~lso applied to· a ·system in .whic.h three ~r 

more obstacle de:tection devices are connected.via LCX. 

Embod~ent 5: 

. This Embodiment 5 is an obst~cle detection system in which 
. -

a plurality of obstacle d~tection .devices are connected via 
. . . 

leakage transmission paths· and which comprise an. information 

25. tran~~i.tting and receiving ~eans for transmission and reception 

of detection information between the obstacle detection 

d(9vices. 
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Fig. 5 is a biock dia~ram showing a configuration of an 

obstacle detection system according to Embodiment·s of the 

present invention;. In Fig. · 5, reference numeral 1o1 denotes an 

~nformat.ion modulation and demC?dulation · means· . (information · 

5 transmitting and receivin~ means) ·for modulating detection .· 

. · information relative .~o an · obst~cle ·c;:tetected. by the· ob_stacie 

detection device B, ge_n~rating a.modulated signal with a carrier. · 

wave f~equency of a ·frequency dif fe;rent ·:from a ·carrier wave 
. . .· . . . . . . 

.. . .. 

. frequency ·of a spread spect~"rmi' signal. for dete~tion .of _an 

·lO obstacle generated by_ the· obstacle ·d(i!tection · devic~ A,· . · 
. . . 

transmitting the .. generated modula_ted signal to· the obstacle ... 

detection device .,A via the transmission LCX 1-1, a~d 

demodulating the modulated.signal inputt~d from the.~bstacle 

detecti~n· cievice A via the. transmission Lex 1..,;.1 to· reproduce 
. . . . . . . . . . . . . .• . 

15 the original: dete~tiori : info~~tion ·.related to the obstacl~. · 

. Referenc·e.: numeral iola denotes an info~ation.modulation-and. 

de~odulcttion means· ( infomati_on transmittin~ and rece_iving 

20 obs~acle detection device.A and transmitting the generated· 

signal to a transmission, synt·hesizing and distribution means 

102 • 

. Reference numeral 102.indicates·a transmission, 

·synthesizing and distribution means (information transmitting 

25 and receiv.i~g means l connected to an inform~tionin~dulation and 
. . 

demodulation means l03 located within a monitoring center 104, 

the information modulation and demodulation means !Ola and a 

.'-
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synthe~;iz_ing and distribution means 105, transmitting a 

modulated s·ignal generated· by ~he information modulation and 

demoduiation means ·101a· to.the informat.ion .. modulationand 

. demodulation means 103. ancl. approp"riately ~istributing· and 

5 transmitting the modulated s.ign~i from the information" ... 

. moduiation and demodulation means 103 •to: the" informa."tion 

modulat~on .~nd demodulation m19ans :101a 6r"th.e synthesizing and 

distributio~ means_. 105 •. Further·, ·the transmission:, 

synthesizing and di.stribution means synthesi~es_ sign~ls fr~m 
•' 

10 . the infonuation modulation and demodulation means 101"a and the. 

synthesizi_ng_.and" dis.tri}Jutiori means ·10s and t~ansmitting the 

synthes~zed. s"ignal to the informaticm modulation and 

. demodulation means . i0.3 •. :ReferE!nce nutneral ·103 denotes an 

information moduiation and demodulation·~eans (information 

. 15 . trailsmit:t~ng and ~edeiv~ng m~~ns) ··pro_v.ided in the monitoring 

ce~ter 104, for demodulating a ·modul~ted. signal inp~tted from 

the transmission, sy~tbe~izing and distributi~n ineans "1Q2 to 

. ·produce the o·riginal detection information related to the 

obstacle. The· informatio·n. modulation and demodulation means 1 o3 

20 also.transmits information such as setting information 

originat~d by t~e monitoring center 104 for control of the 

devices A and.B to· the transmission, synthesizing and 

"distribution. means 102· •.. 

:Reference numeral 104 indicates a monitoring center which 

25 monitors detection information related to an obstacle from ·the 

obstacle detection dev~ces A and B constituting "the system: The 

monitoring ce_nter 104 further provides setting to the ob.stacle 

.:• 
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detection .devices A and B. Reference nu.meral 105 indicates a 

synthesizing and di~tr,i.bution means (information transmit:ting. 

and receiving means) con_nected to t_he spr~aci. spectrum signal 

transmission mean~ Ji located within 'the. obstacle dete.ctlon · 

5 device A and to the· tr.ansmission, synthe~izing· and distribution 

means 102. The synthesizing and distribution means synthe~izes 

a"spread spectrum signal fQ:i:: detection of an obstacle gen~rated .. 

by the spread spectrum signal transmitting means 31 a~d a signal 

inputte_d tr~I11 the tr~nsmission, synthesizing ·and distribu.t~on 

10 means· 102 1 ·transmitting the synthesized Signal to the ob.stacle ... 
. . . .. . . 

detection device :B-via the t:r::ansmission.I.cx·1~1, .and.also . . ·.· . . . . . . . 

transmitti~g the modul.ated signal inputted. from th,~ info.rmation· 
. ·, .. 

modulation ·arid demodulati~n means 1oi to the tr_ansmission, 

synthesizing and distribution means 102·vi~ the transmission 

15 LCX f-t. M~·reove~,. the obstacl~ detection devices A ·and ~ are 
.. .· . . . . . . . 

con:(igured to have a· constr~ction equ.i.va1e·nt to .·the obstacie 

detect~on d.eyice desc.ribed in Embod~ent 1 a~d/or. Embodiment· .. 

2. It should.be noted that the saine reference characters and. 

numerals ·are attached to the sa~e compon·ents ·as those ,in Fig. 
- . 

20 3 and additional description is omitted. ·. 

In an obstacle detection. syste~ according to Embodiment . · 

5, the obstacle ·detection devices A and. B are connected via the 

transmission LCX-~ ~ Sir:ice·a de1;ection operation c:>f the obst.acl~ 

.detection devices A ·and B is similar to that of the above-

25 descr~b~d Embodiments, additional d~script~on is omitted •. ·The .. 
. . . . . ~ 

characte·tistics of an obstacle _detection system according ·to 

Embodiment 5 will be described below~ 
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Information related to an obstacle detected by the• 

obstacle detection device B .is.transmitted to the information . . 

modulation arid demodulation means . 101 •. ln this · informa~ion · .. 

modulation and demodulation· means 101, the_ detection 

. 5 information. rela:ted. to .an obstacle is modulated, a·nd 

transmitted. as a mod~lated ··signal to the .synthesizing . and 

distribution means 10s of the.obstacle detection device .Avia . . . : 

.t.he transmission LCX 1-1. At this •tiine, the ··informatio.ri . 
~ . . . . 

-modulation and ·demodulation means Io 1 modulates· the detection· .. · . . . . . . . . .. . . 

·10 .. i~forma,tio~ related .to. an obs_tacn~· to produ~e ~ modulated w~ve 

. signal. wi.th· a carr.l.er. wave ·()f a .t~~qu_ency different from "the 

carrier :wa~e frequenc"y of a spread ·spectrum signal" gen~rated 
· .. · 

by. the spread spectrum. signal transmitting· me·an~. 31 and_ ~2 of 

the obstacl~ detection device A and B, respectively.· With this, .. 
. . . . . . . . . . . 

15 the .. modul~:ted wave· signal f~om -the information modulation and 

demodula"t_:ion" means 1oi do~s not affect the spread spectr~in 

·.signal ·outputted to.the transmission Lex 1 -·l by the spread . . . .. . . . 

spectrum sig~al transmitting means 31. Moreover, even i~ the 

spread sp_ectrum signal .~ransmitting means 31 outputs· a s_pread 

.20 spectrum signal for detection of an· ob~tacle t6 the transmission 
. . ~ . . 

. LCX l-1, the synth~sizing and d~stributing means 105 c~n recei~e 

the moduiat~d signal "from. the.· information modulation and . . . . . 

demodulation means 101 •. 

·.When the synt~esizing and distribution means 105 r~ce"iv~s 

2.5 the modulated. ·wave signal from the information modulation and .· 

demodulation means 101, the synthesizing and distributionme~ns· 

.· 105 transmits the modulated signal to the transmission, 
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synthesizing and distribution means 102. The transmission, 
. . . . . . . . 

syn:th~sizing and distribution means 102 .transmits the modulated 
. .. 

wave signal from the synthesizing and distribution means 105 . . . 

. to the information modulation and demodulation· means· 101a of 

s . the obstacle detection ·device .A and/or .the . information ·. · 

modulation and demodulation:means 103 located within the 

··monitoring ·c~nt~r 10·4~ .. The .informati.o~·modulat~on and 

demodulation rileans_. lOla ·and/or· the .inf9rirta-t;ion"moduiat.icm and 

demodui~tion means 103 ~emodu_i'at~ the· modulated :signal~. -The. 

10 . o~iginal detection informat'ion ~eiated to an ob.stacle obta'ined.· 

as" a result of demodulation by :t'he information :moduiati~n arid ... 
. . . . . : . . . . . 

demodulation means 103 'is monitored 'by a' manager 'atten~:l-ng to 
. . . . . . . 

the. monitoring center· 104·. 

· · Setting informati~n ·may be transmitted from ·the .. · 

15 .·monitoring ·center 104 to .the obst.acle detection devices A and· 
. . . . . . . 

B via the transmission LCX 1..:1·. The. sett.ing. information ·from 

'the monitoring ~enter 104 may include a del~y"tbite'to be provided 
. . . ·. . . 

·by the delaying mea~s 13 described in Emb.odiment 2·. 

More specifically,'.when the manager attending to the 

20 monitoring :center 1·04 inputs the settin.g information: to the 

obstacle'dete<::tionAevices A and Busing a set~incJ'input means 

.or. _t.he like. (riot shown),. the information modulation and. · 

demodulation means' 103 modulates the setting 'information to 

. ·produce a modulated wave signal with a ~arrier frequency 

25 different f ram the carri.er wave frequency of the· spread s'pectrum 

signal of t.he obstacl~ detection devices A and: B, ·before 

transmitting the modulated signal to· the transmission, 
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synthesizing a~d distribution means 102. 

The transmission, synthesizing. and distribution·means· 

102 trans~its the modulat_ed wave signal". to the ·information 

modulati~n and demodulation means !Ola _and/or the synthesizing 

5 an~ distribution means 105 .•. In the obstacl~ detection device 

· A~ the info~ation·· .. modulation and demodulation means °I 0 la 

10 

. :· 

demodulates ·the modulated wave signa~ so -as to .reproduce the 
. •. ·. . . . . . . . 

·· original-·setting info~ation from the· monitor~ng .cent~r 104. 

The synthesizing and-distribut:ion means ~OS .synthesi~es t~e 

mod1:1lated wave. s"ignal anct' the· spread spectrum signal.: for. 

detection· of an obs~~cle of the obstacle detection ~e~ice A and 
. . . . 

outputs· the synthesiz~d signal to the transmission LCX 1-1. · 

Si~ce the ·modulated wave signal ·has. a ca~~ier. frequency ·. · 

different from that <?"f the spread spectrum sign;al "for detecti.o_n: 

15 of -an obstac.le, the. modulated signal. containing the. setting 
. . . . . .. 

inform~tion 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 demoduiationmeans.101 of the obstacle detection 
. . . . . . . 

20 device· B via the transmission LCX 1-1, the_ information 

modulatiQn a~d ~emodulation·means io1 demodulates· the input. 

signal to ·r~produce:the original setting information. With. 

this1 the obstacl_e detection .device ·:a ls properly.subjected to 
. . . 

control by the monitoring center 104 using the setting 

· 25 information. ·. 

· '.Thus, u·nlike the system according to the_ related art, the · 
.. 

communication.quality of the detection information is· not 
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deteriorated due. to the c"ircumstances. in which the devices are 
. . . 

installed. This ·is ensured by ~ra~smitting information related 

. ·to an obstacle detected J.:>y the obstacle d_etection devices A and 

·B via ·the transmission LCX 1-~ ~ . ·Therefor.E!, sec~re transm;i.ssion 

5 · of detected information can be carried·_out. Moreover, since the 

present invent~~n".ltilizes the existent configur:ation like.the. 

·.transmission LCX l-1, .it .;i.s advantageous from the viewpoint of ... 
. . ~ . . . . . . . . . . . . 

cost~. 

As describ_ed .above, ac~or~ing· _.to Enlbod.tinent 5, the · 

10 obstacle. detection. 'devices A and_ B are connected via _the 
. . . . . 

trans~ission LCX 1.-1. Further, the iriformatiqn_ transmitting and 

rec_eiving means· -is .provided to i.nclude "the inf~:qnat.ion .. · 
. . . . . . ... ·.. . . . 

modulation and demodulation means ·1·01 .for allowin9 "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 
.. . . . . . . . . . . 

connnun1cation quality is not deteriorated. by the ~ircumstances 
. . . . . . .. 

, in which the o_bstacle· det.ection device is instalied so that.th~ 

s"ecure tra~smi~sion of detection information ca.n be carri~d out. 

· 20 Moreover, since the present inventiop utilizes· the existent . 
. . 

·configuration· like the transill~ssi9n LCX_ 1-1, the.·cost of the 

system providing the above-describe:d effects can be reduced. 

It should . be noted that obs.tacle detection device.s and 

obstacle. detection systems according to Embodiments 1 through . 
. . . . . . 

25·. 5 find applications not only in obstaci"e 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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. . 

~odifica4i~ns can·be conceived without departing from.the_ 

spirits and scope of the present invention. 
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WHAT IS CLAIMED IS: 
I IPIDJ 1111~ 11~1 ~~I 11If11 

· 1. ·An obstacle detect.ion device, .. comprising: 

· signa_l tr~:Osmitting and receiving mea~s ~or detecting an 

.5· obstacle~· c_ompi:isinq a first ~eakage t:ransmiss_ion path on ~he. 

transmitting ·side ·for_· r·adiating a_· signal for det~c;tion of· an 

·obstacle. ·and a second leakage transmission path. provided 
. . . . . . . . . . . 

opposite to. "the .first ieak~ge tr?tnsmission path and receiving 
. . . . . . . . . . . . . . . 

said> sign·a1 ._for.· d~tectiqn ·of aii obstacle; 
.. •,, 

•:,· .. 

10 .. sp!;ead spectrum "signal. transmitting I'!leans connected to 

. one .en~ of: th~·-· firs·~-l~akage .tx;a.~s~iss.~6n ·path, for generating 
. . . . . . . ' . 

. . . 

the spread spectrum sign~i for det_ec.ti.ng an. obstacle based on 

a. ·spread· code and causing the fip;t. ·leakage transmission path. 
. . . . . . . . .. 

to radiate the spread -spectrum s·.i:-gnal _for._d~tec.tion of an 

15 qbstacle;" and 

20 

spread spectrum .~ig:na1. rece~ving means connected to "on~ 
end Of the second ieakage· trctnSmiss.ion path,. Which end is the . 

oppo~ite to ·where. the. spectrum signal transmitting mean_s is '· 

·connected to the first leakage t_ransmission path, wherein·· 

.said Sp:t'.ead spec.truni ~ignal rece.ivi.n_g··means fu~ther 

comprises:. 
. . . . 

reference spread spectr·um signal genera_tion means for 

generating.a reference spread spectrum signal based on a spread 
. . . . . . 

code of a code series identical to t~at used by said spread 

25 ._spectr~· slgnal tra_ns_mi.tting ineans; 

correlation means. for cal_culating a level of correlation 

between the reference spread spectrum signal generated ·by said 
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.· reference· spread· spectrum signal generation means and the 

spread· spectrum signal" for detection of an obstacle" receiv~d 

by the second leakage transmission path·~· based on sprea~ code ·: · 

.phase-lo~ked ·to _the ·spread code Of the Spread .Spectrum S~qnal 
.. 

5 for detect.ion of an obstacle "detected by the second l~a~age 

tra_nsmission pat:h; and 

detection .mean~ for detecting an obsta~le based :ori .· . . . . . . . . . 

means. . , 

10 

·. -2 •. The obstacle 4etection devic_e according ·to cl.aim 1, 
. . . . . . . . . : . 

. . . . . 
.. wherein said sprt:!ad spect:-ru~ signal.·receiving ~eans comprises 

. . ' . . 

ti.me "measurement means for measuring· a spread spe~trilm ·~iqnal 
. : . . . . . . : ~ .. · . . . . ... . . . . . ·. . . . ":· . . . 

propagation time period elapsing from the t.l..me when said spread. 
. . ~ . . . ·. . . .. . . . . . . 

15. spec~rum signal ~ransmitting means generates .the. spread .. 
·. . . .·· . 

spectrum signal for. detection "of "an obstacle uritil the tbne when . . . . . . . . . . . . 

said correlation means is."capable of calculating a correlation 

level of sa~d t;oth spread spectrum signais_s~bseqtient to 

generation, _by said reference spectrum signal generation means_, 
. . . 

2 0 of. the ~e~e~ence spread spectrum s~9nal which is in · 

synchronization with the spread code of ·t:-he spread spectrum 

signal f~r detection- of an.obstacle, and wherein 
. . . 

-'?aid detection means detects a position o·f an obstacle 

·existing within an obstacle detectio_n area fo~ed by said signal 

·25 transmitting and receiving means for de~ecting an obstacle, 

based ~n- the spread spectrum sig~al propagation.time period 

measured by said time measurement means. 
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3 • •I'he obstacle· detection ·device according to claim 1, 

wherein said spread spectrum signai receiving means is provided . 

with delaying mean,s for delaying a phase of the spread code used 
.. . . .. . . -

by s~id refeienc.e sprea_d spe~tr~ slgnai gen~ration means with ··. . . . . . . . . . : ... 

5· respect :to the. spre!ad spectrum signal for.detection Of .an 
. . . . . . . . ' . . 

. ol:)stacle g.ener~·ted by sai¥spread spectrum signal tran~mitting 

means· by· a desiz:ed ·time _pez:iod. 

4. -An .obstacle detection system _comprising:. 

·10. . .··a plurality of. ob~tacle" detectidn devices according to .. •"; . .· . . . . . . 

15 

-at least one· of :c1aiins. ·1. through· 3, ·wherein adjacent. devices . . . . . . . . . 

generate spr~a~. ·~pec~rum s_igrials based on ditfe:I"ent spread . 

codes •. 

. . 
5. An ob.stacle detection system co~prising_: 

. . ' a plurality ot" obstacle detection devices" according to . . . ·. . . . . . . . . . 

-at· least·one of ciaims.1 ·through 3, wherein the.obstacle 

detection devices are conn_ected. via ~eakage tr~nsmission paths, 

~ach a~· tt:te obstacle _detection devices comprising:. 

20 . ·. synthe~i~ing means for -~enerating a super.imposed signal 

. 25 . 

·by superi.mposin9 _an electric power on th!!! 'spread spectrum signal 

for detection of. an obstacle and transmitting the supe~imposed 

signal·to the adjacent ~ev_ice via said leakage transmiss.ion path, 

arid 
. . 

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 detec~ion 'dev~ce. 

6. The pbstacle detection . sy~te,m a·ccording. to ·claim 5 ~ 

wherein" the adja:cent devices·.· generate _spread spec.trum signals 
. . . ·. . . . .. , . 

. . . . 

5 based on different spread codes. 
. . . . : 

7 •. The obstacle cie:tection·· device ·according to claim 4, 

. wherein sai~ obstac.le· det"ection devices.· are connected via said 

leakage. tr~nsmisslon ·paths a:n.d .. are provic_Ied .with infc>"~tion:"_ 
. . 

10 .. ·transmitting and r~cej..ving means for transm.iss . .ion and reception 

ot detection.intormation between.the obstacle.detection 

devices • 

. a. The obstacle.dete~tion device according to claim 5, 

·1s wherein said obstacle detecti~n device.s "are connected vi.a.' sa.id. 

leakage transmission paths and are provided with information 
. . . '. . .. 

'trarismit:ting and ;receiving means for t·ransmission ~nd rec.eption· 

of detection information between the obstacle detection· 

.. devices. 


