
;e3e'-t'*$\6 Tt..,  29 July 2003 '  OBSTACLE DETECTION DEVICE AND OBSTACLE
DETECTION SYSTEM 5 1. Field of the Invention  The present invention relates
to an obstacle detection device using a leakage transmission path such as a
leakage coaxial cable, a leakage wave guide and the like, and more
particularly relates to an obstacle detection device and 10 obstacle
detection system thereof capable of precisely detecting the presence and
position of the obstacle by utilizing a spread spectrum technology
regardless of the obstacle being motionless or moving. 2. Description of
the related art 15 A fallen object from a traveling vehicle, a vehicle
performing an emergency stop operation or the like are considered as
examples of an obstacle on ordinary roads and railroad lines. Since these
obstacles in a state of being motionless on the ordinary roads and railroad
lines are factors 20 causing the occurrences of a rear end collision and a
double rear end collision accident, in order to prevent these occurrences,
it is also necessary to promptly detect these obstacles and perform removal
operations for these obstacles . As an obstacle detection device for
detecting an obstacle 25 on the ordinary roads and railroad lines arising
from the above-described request, there are obstacle detection devices
which use leakage transmission paths such as a leakage coaxial   



29 July 2003 2 cable, a leakage wave guide and the like. A brief
explanation of the configurations of these leakage transmission paths will
be given hereafter. A leakage wave guide is one in which multiple slots
leaking and radiating a radio wave in the longitudinal 5 direction of a
wave guide comprising a conductor are provided at suitable intervals. A
leakage coaxial cable has a configuration based on a principle similar to
that of the leakage wave guide. A related-art obstacle detection device .
using a leakage coaxial cable (hereafter, referred to as LCX) 10 will be
described below. Fig. 6 is a block diagram showing a configuration of a
related-art obstacle detection device disclosed in Japanese Laid-Open
Patent Application No.lO-95338. In Fig. 6, reference numeral 1' denotes a
transmission LCX which is laid on one side 15 of a road or a railroad line
and provided with a plurality of slots leaking and radiating a pulse
modulated signal for detection at suitable intervals in the longitudinal
direction, reference numeral 2' denotes a receiving LCX which is laid on
the opposing side of the transmission LCX 1' laid on the road 20 or the
railroad line and receives the radiated pulse signal from the transmission
LCX 1' by a plurality of slots provided at suitable intervals in the
longitudinal direction. Matched terminations are connected at far ends of
the transmission LCX 1' and the receiving LCX 2' opposite to a transmitter
63 and 25 a receiver b4, respectively. Reference numeral 63 denotes a
transmitter connected to one end ( near end ) of the transmission LCX 1'
and generating a pulse modulated signal for detecting   29 July 2003 3 an
obstacle; reference numeral 64 denotes a receiver connected to one end
(near end) of the receiving LCX 2', which end is opposite to the near end
of the transmission LCX 1', and receiving the pulse modulated signal for
detection from the 5 transmission LCX I' ; reference numeral 65 denotes a
portion of 



the receiver 64 operating as a low pass filter (hereafter, referred to as
LPF) for extracting an envelope from a waveform of the pulse modulated
signal for detection which has been received by the receiver 64; reference
numeral 66 denotes a 10 portion of the receiver 64 operating as a memory
device for storing an envelope extracted from the waveform of pulse
modulated signal for detection when an obstacle does not exist; and
reference numeral 67 denotes a portion of the receiver 64 operating as a
computing unit in which the difference between 15 an envelope from a
waveform of the pulse modulated signal for detection extracted by the LPF
65 and an envelope stored in the memory device 66 when an obstacle does not
exist is found and the position of the obstacle is detected from the
difference waveform. 20 A description will now be given of the operation
according to the related art. A signal for detecting an obstacle which has
been pulse modulated in the transmitter 63 is outputted to the transmission
LCX 1' . The inputted pulse signals in the transmission LCX 1' 25 are in
turn radiated as a radio wave from the respective slots aligned in the
longitudinal direction of the transmission LCX 1' . This radio wave enters
the respective slots provided in the   29 July 2003 4 longitudinal
direction of the receiving LCX 2' opposed to the transmission LCX 1' , and
received by the receiver 64 with a delay corresponding to the positions of
the slots . When the receiver 64 receives a radio wave from the
transmission LCX 1', the LPF 5 65 in the receiver 64 extracts an envelope
from a waveform of the pulse signal for detecting an obstacle received as a
radio wave from the transmission LCX 1' and transmits the extracted
envelope to the computing unit 67. The computing unit 67 reads the envelope
( reference waveform) previously measured when an 10 obstacle does not
exist from the memory device 66 whenever the LPF 65 extracts an envelope
from a waveform of the received signal and finds a difference waveform
between the read envelope and the envelope of the waveform of the pulse
modulated signal for detection which the LPF 65 has extracted. At this
time, if 15 an obstacle exists on the road or the railroad line, which
intervenes between the transmission LCX 1' and the receiving LCX 2', the
radio wave from the transmission LCX 1' is interrupted at its position.
Therefore, if an obstacle exists, 



a reception level of a radio wave received by the receiving LCX 20 2' from
the transmission LCX 1' is reduced by a certain degree, irrespective of the
field intensity provided by the transmission LCX1' . owing to this, since a
change corresponding to the obstacle appears in the difference waveform
calculated by the computing unit 67, the presence of the obstacle can be 25
detected. Since the related-art obstacle detection device is configured as
described above, and because the coupling lass   29 July 2003 5 of a signal
transmitted via a LCX is Large, the received 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 obstacle could 5 not be detected with the sufficient
precision to satisfy the reliability. The above-described problem will be
concretely described below. Figs. 7A-7H are graphical representations
showing a IO transmitted waveform and received waveform of a related-art
obstacle detection device described above. Fig. 7A shows a waveform of a
pulse modulated signal for detecting an obstacle outputted to the
transmitting LCX 1' by the transmitter 63. Fig. 7H shows an ideal waveform
of a signal received by the receiver 15 64 via the receiving LCX 2' without
considering factors such as the coupling loss and noise of LCX, Fig. 7C
shows a waveform of a signal received by the receiver 64 via the receiving
LCX 2' in consideration of the coupling loss of LCX, Fig. 7D shows an
envelope extracted from a signal waveform of Fig. 7C, Fig. 20 7E shows an
observed waveform of a received signal by the receiver 64 via the receiving
LCX 2', Fig. 7F shows an envelope extracted from the waveform of Fig. 7E,
Fig. 7G shows a waveform when the noise is added to a signal received by
the receiver 64 , and Fig . 7H shows an envelope from the signal waveform
of 25 Fig. 7G. A signal outputted from the transmitter 63 to the receiving
LCX1' is pulse modulated and shows a sinusoidal  



29 July 2003 6 waveform as shown in Fig. 7A. This signal is radiated as a
radio wave and inputted into the receiver 64 via the receiving LCX 2' . A
radio wave from the receiving LCX 1' is a waveform as shown in Fig. 7B when
factors such as the coupling loss and noise of 5 LCX are not considered;
i.e. a succession of pulse modulated signals of Fig. 7A with mutual delays
corresponding to respective positions of the slots Since the coupling loss
to a signal transmitted via the LCX exists in a LCX and the coupling loss
is not uniform in the 10 longitudinal direction. when considering the
coupling loss of LCX, the waveform becomes as shown in Fig. 7C wherein an
amplitude is varied. Moreover, the envelope extracted from the signal
waveform shown in Fig. 7C has a waveform as shown in Fig. 7D. 15 However,
since actually the coupling loss of LCX is large, in the case where one
pulse modulated signal is received by the receiver 64, the waveform is not
as shown in Fig. 7C. A waveform as shown in Fig. 7E, wherein the reception
level and reception SN ratio are low, is observed. When such a signal
passes through 20 the LPF 65, an envelope as shown in Fig. 7F is extracted
and stored in the memory device 66. After a signal waveform shown in Fig.
7E is observed, a waveform as shown in Fig. 7G, instead of the waveform as
shown in Fig. 7C, may be observed in a state in which there is no 25
obstacle. This happens when noise is added to the signal. Owing to this, an
envelope extracted from a signal waveform shown in Fig. 7G by the LPF 65
has a waveform as shown in Fig. 7H. Therefore,   29 July 2003 7 an envelope
shown in Fig. 7F previously stored in the memory device 66 and an envelope
shown in Fig. 7H have different waveforms, and if a difference calculation
is performed using an envelope previously stored in the memory device 66 as
the 



5 reference waveform, there may be the possibility that error detection
will occur. Thus, since the reference waveform used to detect an obstacle
varies depending upon the conditions at the time of measurement, there has
been a problem that an obstacle could not be detected with sufficient
precision to 10 ensure reliable performance. The variation of the reference
waveform can be solved by performing integration for multiple measurements.
While this approach is effective for an obstacle in a state of being
motionless, since the measurement time period is longer, for 15 example, it
is not effective for a moving obstacle such as a person straying onto a
railroad line and so forth. Therefore, there has been a problem that a
moving obstacle could not be detected by the related-art obstacle detection
devices. Furthermore, there has been a problem that a related 20 art
obstacle detection device is susceptible to jamming. To describe this in
further detail, given that an input electric power from the transmission
LCX 1' of the receiver 64 is P1 Watts (hereafter, referred to as W) and an
input jamming electric power for the receiver 64 is P2 (W), a DU ratio
which 25 is an electric power ratio of a jammer with respect to the desired
radio wave of the receiver 64 of the obstacle detection device is expressed
by DU = 10 log (P1 / P2). In the case where the   29 July 2003 8 jam is
strong and the equality of P1 = P2 is satisfied, the DU ratio becomes 0
(zero) from the above-described expression, the receiver 64 falls into a
state of not being capable of receiving a radio wave from the receiving
LCXl'. 5 As a problem apart from the above-described problems, 



there is a problem that a wireless communication device cannot be used in
the detection area where an obstacle detection device detects an obstacle.
To describe this in further detail, given that a radiating 10 electric
power of a radio wave from the transmission LCX 1' is P3 (W) and an input
electric power of the wireless communication device in the detection area
of the obstacle detection device is P4 (W), a DU ratio which is an electric
power ratio of the radio wave from the transmission LCX 1' with respect to
the 15 desired radio wave of the above-described wireless communication
device is expressed by DU = 10 log (P4 / P3 ) . In the case where the jam
is strong and the equality P3 = P4 is satisfied, the DU ratio becomes 0
(zero) from the abovedescribed expression. 20 Moreover, since the detection
of an obstacle is performed by utilizing an envelope which is an output
from the LPF 65 located within the receiver 64 in a related-art obstacle
detection device, it is not possible to discriminate between slots of the
transmission LCX' to determine a slot responsible 25 for radiating the
pulse-modulated signal. Therefore, there has been a problem that precise
detection of an obstacle's position could not be performed.   29 July 2003
9 Moreover, in an obstacle detection system configured by providing
multiple related-art obstacle detection devices, there has been a problem
that interference between pulse modulated signals occurs where the obstacle
detection devices 5 were adjacent to each other, resulting in a failure to
detect the obstacle. Furthermore, in an obstacle detection system
configured by providing a plurality of related-art obstacle detection
devices, it has been required that an electric power source 10 supplying
device for supplying the electric power source to the 



obstacle detection devices which constitute the system were provided in
every obstacle detection device. The problem of increases in manufacturing
costs has resulted due to the necessity to provide for installation space
for electricity 15 supply devices. Finally, there has been a problem that
information could not be precisely transmitted depending upon the laid
location of LCX when an information measured by an obstacle detection
device was transmitted as a wireless signal to the other 20 obstacle
detection device. To describe this in further detail, if the LCX is laid on
the surroundings of mountains or buildings and so forth, for example, there
may be the possibility that the quality of communication is deteriorated
because the wireless signal undergoes multiple reflections. 25 Accordingly,
an object of the present invention is to   29 July 2003 10 obtain an
obstacle detection device capable of precisely detecting the presence and
position of an obstacle regardless of the whether the obstacle is
motionless or moving, by utilizing the spread spectrum technology. 5 A
further object of the present invention is to obtain an obstacle detection
in which the interference of signals for detecting an obstacle between
adjacent obstacle detection devices is suppressed, a leakage transmission
path is used to supply an electric source to the respective devices, and 10
information is transmitted between devices, by utilizing spread spectrum
technology. The aforementioned objects can be achieved by an obstacle
detection device, comprising: signal transmitting and receiving means for
detecting an obstacle, comprising a first 15 leakage transmission path on
the transmitting side for radiating a signal for detection of an obstacle
and a second leakage transmission path provided opposite to the first
leakage transmission path and receiving the signal for detection of an
obstacle; spread spectrum signal transmitting 20 means connected to one end
of the first leakage transmission path, for generating the spread spectrum
signal for detecting an obstacle based on a spread code and causing the
first leakage transmission path to radiate the spread spectrum signal for
detection of an obstacle; and spread spectrum signal receiving 25 means
connected to one end of the second leakage transmission 



path, which end is the opposite to where the spectrum signal transmitting
means is connected to the first leakage   11 29 July 2003 transmission
path, wherein the spread spectrum signal receiving means further comprises:
reference spread spectrum signal generation means for generating a
reference spread spectrum signal based on a spread code of a code series
identical to that 5 used by the spread spectrum signal transmitting means;
correlation means for calculating a level of correlation between the
reference spread spectrum signal generated by the reference spread spectrum
signal generation means and the spread spectrum signal for detection of an
obstacle received 10 by the second leakage transmission path, based on
spread code phase-locked to the spread code of the spread spectrum signal
for detection of an obstacle detected by the second leakage transmission
path; and detection means for detecting an obstacle based on a change of a
correlation level calculated 15 by the correlation means. The spread
spectrum signal receiving means may comprise time measurement means for
measuring a spread spectrum signal propagation time period elapsing from
the time when the spread ' spectrum signal transmitting means generates the
spread 20 spectrum signal for detection of an obstacle until the time when
the correlation means is capable of calculating a correlation level of the
both spread spectrum signals subsequent to generation, by the reference
spectrum signal generation means, of the reference spread spectrum signal
which is in 25 synchronization with the spread code of the spread spectrum
signal for detection of an obstacle, and the detection means may detect a
position of an obstacle existing within an obstacle   29 July 2003 12
detection area formed by the signal transmitting and receiving means for
detecting an obstacle, based on the spread spectrum signal propagation time
period measured by the time measurement means. 



5 The spread spectrum signal receiving means may have delaying means for
delaying a phase of the spread code used by the reference spread spectrum
signal generation means with respect to the spread spectrum signal for
detection of an obstacle generated by the spread spectrum signal
transmitting IO means by a desired time period. The aforementioned objects
can also be achieved by an obstacle detection system comprising: a
plurality of obstacle detection devices according to at least one of claims
1 through 3, wherein adjacent devices generate spread spectrum signals 15
based on different spread codes. The aforementioned objects can also be
achieved by an obstacle detection system comprising: a plurality of
obstacle detection devices according to at least one of claims I through '
3, wherein the obstacle detection devices are connected via 20 leakage
transmission paths, each of the obstacle detection devices comprising:
synthesizing means for generating a superimposed signal by superimposing an
electric power on the spread spectrum signal for detection of an obstacle
and transmitting the superimposed signal to the adjacent device via 25 the
leakage transmission path, and isolating means for isolating the electric
power and the spread spectrum signal from the superimposed signal generated
by the synthesizing means,   29 July 2003 13 and supplying the electric
power to the obstacle detection device. The adjacent devices may generate
spread spectrum signals based on different spread codes. 5 The obstacle
detection devices may be connected via the leakage transmission paths and
are provided with information transmitting and receiving means for
transmission and reception of detection information between the obstacle
detection 



devices. 10 Other objects and further features of the present invention
will be apparent from the following detailed description when read in
conjunction with the accompanying 15 drawings, in which: FIG. ~ is a block
diagram showing a configuration of an obstacle detection device according
to Embodiment 1 of the present invention; FIG. 2 is a block diagram showing
a configuration of an 20 obstacle detection device according to Embodiment
2 of the present invention; FIG. 3 is a block diagram showing a
configuration of an obstacle detection device according to Embodiment 3 of
the present invention; 25 FIG. 4 is a block diagram showing a configuration
of an obstacle detection device according to Embodiment 4 of the present
invention;   29 July 2003 14 FIG. 5 is a block diagram showing a
configuration of an obstacle detection device according to Embodiment 5 of
the present invention; FIG. 6 is a block diagram showing a configuration of
a 5 related-art obstacle detection device; and FIGS. 7A-7H are graphical
representations showing a transmitted waveform and a received waveform of a
related-art obstacle detection device. IO DESCRIPTION OF THE PREFERRED
EMBODIMENTS Embodiment 1: Fig. 1 is a block diagram showing a configuration
of an obstacle detection device according to the present invention. In Fig.
1, reference numeral 1 denotes a transmission ZCX 15 (leakage transmission
path, signal transmitting and receiving means for detecting an obstacle)
which is laid on one side of a road or a railroad line and in which a
plurality of slots leaking and radiating spread spectrum signals for
detection of an obstacle generated by a spread spectrum signal generation 



20 means 3 are provided at suitable intervals in the longitudinal
direction; and reference numeral 2 denotes a receiving ZCX (leakage
transmission path, signal transmitting and receiving means for detecting an
obstacle) which is laid on the side opposing to the transmission LCX 1 and
in which spread spectrum 25 signals for detection of an obstacle radiated
from the transmission LCX 1 are received by a plurality of slots provided
at suitable intervals in the longitudinal direction. Reference   29 July
2003 15 numeral 3 denotes a spread spectrum signal generation means (spread
spectrum signal transmitting and receiving means) connected to one end of
the transmission LCX 1 and generating a spread spectrum signal for
detection of an obstacle so as to 5 cause the transmission LCX 1 to radiate
the signal; reference numeral 4 denotes a reference spread spectrum signal
generation means for generating a reference spread spectrum signal on the
basis of a code phase-locked to and of the same code series as the code
series of the spread spectrum signal for obstacle 10 detection received by
the receiving LCX 2; reference numeral 5 denotes a correlation means
(spread spectrum signal receiving means ) connected to an end of the
receiving LCX 2 opposite to the end of the transmission LCX 1 to which end
the spread spectrum signal generation means 3 is connected and calculating
a level 15 of correlation between the reference spread spectrum signal and
the spread spectrum signal for detection of an obstacle received by the
receiving LCX 2, and reference numeral 6 denotes a detecting means (spread
spectrum signal receiving means) for detecting an obstacle from a change in
correlation level 20 calculated by the correlation means 5. Reference
numeral 7 denotes a high frequency oscillator (spread spectrum signal
transmitting means) constituting the spread spectrum signal generation
means 3, for generating a high frequency signal serving as a signal source
of a spread spectrum 25 signal for detection of an obstacle; reference
numeral 8 denotes a PN code generator ( spread spectrum signal transmitting
means ) for generating a pseudo random noise code (hereinafter,  



29 July 2003 16 referred to as a PN code) for modulating the high frequency
signal generated by the high frequency oscillator 7 to produce a spread
spectrum signal for detection of an obstacle; reference numeral 9 denotes a
spread spectrum modulator ( spread spectrum 5 signal transmitting means)
for modulating the high frequency signal generated by the high frequency
oscillator 7 on the basis of the PN code generated by the PN code generator
8 to produce a spread spectrum signal for detection of an obstacle.
Reference numeral 10 denotes a local oscillator 10 (reference spread
spectrum signal generation means, spread spectrum signal receiving means)
constituting spread spectrum signal generation means 4, for generating a
high frequency signal having the same phase as the high frequency signal
generated by the high frequency oscillator 7 and serving as a 15 signal
source of a reference spread spectrum signal; reference numeral 11 denotes
a reference PN code generator (reference spread spectrum signal generation
means, spread spectrum signal receiving means) far generating a PN code for
modulating the ' high frequency generated by the local oscillator 10 to
produce 20 a reference spread spectrum signal and generating a PN code
phase-locking to and of the same code series as PN code of the spread
spectrum signal for detection of an obstacle received by the receiving LCX
2. Reference numeral 12 denotes a spread spectrum modulator (reference
spread spectrum signal 25 generation means, spread spectrum signal
receiving means) constituting the reference spread spectrum signal
generation means 4, for modulating the signal generated by the local   17
29 July 2003 oscillator 10 on the basis of the PN code generated by the
reference PN code generator 11 to produce the reference spread spectrum
signal; and reference numeral 111 denotes a time difference measurement
means (time measurement means, spread 5 spectrum signal receiving means)
for measuring a time difference (spread spectrum signal propagation time
period), for detection of the position of an obstacle between the LCX 1 and
the LCX 2, between generation of a PN code by the PN code generator 8 and
generation by the reference PN code generator 10 11. A description will now
be given of the operation according to Embodiment 1. First, an operation of
transmitting a spread spectrum signal for detection of an obstacle will be
described. The high 15 frequency oscillator 7 generates a high frequency
signal serving as a signal source of a spread spectrum for detection of an
obstacle so as to feed the high frequency signal to the spread spectrum
modulator 9. A PN code for spread spectrum 



modulation is supplied by the PN code generator 8 to the spread 20 spectrum
modulator 9. The high frequency signal generated by the high frequency
oscillator 7 is spread spectrum modulated in the spread spectrum modulator
9 on the basis of the PN code supplied from the PN code generator 8. Spread
spectrum modulation carried out in the spread 25 spectrum modulator 9 may
utilize the existing spread spectrum technology such as a direct spread
method (DS method) distributing a signal electric power over a wide
frequency band   18 29 July 2003 by multiplying a high frequency signal by
a PN code, or a frequency hopping method (FH method) broadening the
frequency band by switching between high frequencies having different
center frequencies according to a pattern of PN code using a 5 frequency
synthesizer and the like capable of frequency change-over at a high speed.
When a spread spectrum signal for detection of an obstacle is generated by
the spread spectrum modulator 9, it is transmitted to the transmission LCX
1 connected to the spread 10 spectrum signal generation means 3. The
transmission LCX 1 is provided with a plurality of slots at suitable
intervals in the longitudinal direction so that spread spectrum signals for
detection of an obstacle are radiated as a radio wave from these slots .
The spread spectrum signal for detection of an obstacle 15 radiated as a
radio wave is propagated over a area for detection of an obstacle between
the transmission LCX 1 and the receiving LCX 2 before being received by the
receiving LCX 2. Due to differences in position of the respective slots,
spread spectrum signals for detection of an obstacle propagates via 20
different paths including a path A and a path B as shown in Fig. 1.
Furthermore, spread spectrum signals for detection of an obstacle traveling
these different paths are received in the receiving LCX 2 in a superimposed
manner. A spread spectrum signal for detection of an obstacle 25 received
by the receiving LCX 2 is immediately inputted into the correlation means
5. Moreover, a reference spread spectrum signal generated by the reference
spread spectrum signal   79 29 July 2003 generation means 4 is inputted
into the correlation 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 reference 5 spread
spectrum signal generation means 4, the local oscillator 



10 generates a high frequency signal identical to the high frequency signal
generated by the high frequency oscillator 7 and serving as a signal source
of the reference spread spectrum signal. The local oscillator inputs the
high frequency to the 10 spread spectrum modulator 12 . Moreover, in the
reference PN code generator 11, a PN code for performing spread spectrum of
the high frequency signal generated by the local oscillator 10 is
generated. This PN code is a PN code of the code series identical with that
of the PN code of the spread spectrum signal generation 15 means 3. The
reference PN code generator 11 performs spread spectrum modulation of the
high frequency signal generated by the local oscillator 10 on the basis of
the PN code thus generated. The spread spectrum operation in this reference
PN code generator 11 is similar to the operation performed by the spread 20
spectrum modulator 12 described above. For example, spread spectrum signals
for detection of an obstacle traveling different paths A, H as shown in
Fig. 1, are received in the receiving LCX 2 in a superimposed manner.
However, by synchronization the phase of the PN code used to 25 generate
the spread spectrum signal for detection of an obstacle traveling path A
with the phase of the PN code used to generate the reference spread
spectrum signal by the reference spread   20 29 July 2003 spectrum signal
generation means 4, calculation of a correlation level in the correlation
means 5 enables isolation of the spread spectrum signal for detection of an
obstacle traveling path B from the spread spectrum signal for detection 5
of an obstacle traveling path A. To describe this in further detail, when
the spread spectrum signal generation means 3 generates the spread spectrum
signal for detection of an obstacle, it is immediately outputted to the
transmission LCX 1. The spread spectrum signal 10 for detection of an
obstacle is propagated within the transmission LCX 1 and radiated from the
slot of the transmission LCX I provided at the position corresponding to
the path A. This spread spectrum signal for detection of an obstacle is
received via the slot of the receiving LCX 2 opposing 15 to the slot
position of the above-described transmission LCX I. Accordingly, the level
of correlation between the received signal and the reference spread
spectrum signal is calculated in the correlation means 5. By measuring a
time that elapses 



between the transmission of the spread spectrum signal for 20 detection of
an obstacle from the spread spectrum signal generation means 3, subsequent
to the supply of the PN code from the PN code generator 8 to the spread
spectrum modulator 9, and the supply of the reference spread spectrum
signal, generated by the reference spread spectrum signal generation means
4, to 25 correlation means 5 subsequent to the reception of the spread
spectrum signal for detection of an obstacle by the reception LCX 2 and to
the supply of the PN code, phase-locked to the PN   21 29 July 2003 code
generated by the PN code generator 8, from the reference PN code generator
11 to the spread spectrum modulator 12 , the time required for transmission
and reception of the spread spectrum signal for detection of an obstacle
can be 5 approximated. Hence, in an obstacle detection device according to
Embodiment 1, the time difference measurement means 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. Owing to this, for example, supposing that a time
elapsing from the time when the spread spectrum signal for detection of an
obstacle is radiated from the transmitting end of the transmission LCX 1
and travel path A until the time when the 15 spread spectrum signal is
received by the receiving LCX 2 so that the correlation level between this
signal and the reference spread spectrum signal is calculated by the
correlation means 5, is tl (sec. ) (i.e., a time difference between the
generation time of a PN code of the PN code generator S and the generation
20 time of a PN code of the reference PN code generator 11 is tl ( sec . )
) , it is understood path A is a path passing a position located at a
distance of tl x c/2 (m) (where c is the speed of light ) away from the
transmitting end of the transmission ZCX 1. A propagating speed of the
spread spectrum signal for 25 detection of an obstacle is calculated by
multiplying the time difference tl measured by the time difference
measurement means 111 approximately corresponding to a time elapsing from
the time   22 29 July 2003 when the spread spectrum signal for detection of
an obstacle travels from the transmitting end of the transmission LCX 1
until the time when the signal reaches the reference spread spectrum signal
generation means 4 of the receiving LCX 2 by 5 c corresponding to the
propagation speed of the spread spectrum signal for detection of an
obstacle. Since the transmission LCX 1 and the receiving LCX 2 are opposed
to each other and the end portion to which the spread spectrum signal
generation means 3 is connected faces the end portion to which the
reference 10 spread spectrum signal generation means 4 is connected, a half
distance of the propagation distance of the spread spectrum signal for
detection of an obstacle is considered as a propagated distance from the
transmitting end of the transmission LCX 1. 



15 While level of correlation between the spread spectrum signal for
detection of an obstacle traveling path A and the reference spread spectrum
signal input to the correlation means 5 after an elapse of time t1
corresponding to path A since the transmission of the spread spectrum
signal for detection of an 20 obstacle from the spread spectrum signal
generation means 3, the PN code of the spread spectrum signal for detection
of an obstacle traveling path B and the PN code of the reference spread
spectrum signal input to the correlation means 5 after an elapse of time tl
are not in phase. Therefore, the level of correlation 25 between the signal
traveling path H and the reference signal is approximately zero. To
describe this further, an obstacle detection device   23 29 July 2003
according to Embodiment 1 detects the spread spectrum signal for detection
of an obstacle by synchronous detection. Therefore, a reference spread
spectrum signal is generated as a result of regenerating the spread
spectrum signal for 5 detection of an obstacle. In the correlation means 5,
the spread spectrum signal for detection of an obstacle and the reference
spread spectrum signal are multiplied so that the spread spectrum signal
for detection of an obstacle is demodulated. The result of multiplication
is output as a correlation level 10 to the detection means 6. In the case
where the PN code of the signal ( for example, the signal traveling path B)
for detection of an obstacle is not in synchronization with that of the
reference spread spectrum signal, the product of PN codes of the spread
spectrum signal for detection of an obstacle and the 15 reference spread
spectrum signal is approximately 0 ( zero ) as a result of performing
multiplication. A PN code takes one of two values 0, 1 periodically so that
the product of PN codes of signals out of phase with respect to each other
becomes 0 (zero). 20 Correlation levels are inputted from the correlation
means 5 to the detection means 6 while detection of an obstacle is being
carried out. If an obstacle appears between the transmission LCX 1 and the
receiving LCX 2, the intensity of the spread spectrum signal for detection
of an obstacle is 25 lowered and a change of the correlation level occurs .
Therefore, the detection means 6 can detect the presence and location of
the obstacle.   29 July 2003 24 First, a description will be given how the
reception SN ratio is enhanced compared to that of the related-art obstacle
detection device. In the case where a pulse modulated signal is used as a
signal for detecting an obstacle, a pulse modulated 5 signal received by a
receiver is expressed by S x sosoft wherein S indicates a signal level of a
pulse modulated signal inputted into the receiver and w indicates a carrier
wave frequency. Given that an interval between pulses of the
pulse-modulated signal is T, the length of LCX 1, 2 is L (m) , the interval
between 10 the transmission LCX 1 and the receiving LCX 2 opposite to each 



other is H (m) , and the speed of light is c, the minimum value of T is
expressed by ( 2 L + H ) / c, i . a . the propagated distance of the pulse
modulated signal divided by the speed of light. A signal level of the
receiving pulse modulated signal at an 15 integral time T becomes S (c
(2L+H) so that (2L+H)/c is approximately 0; coscvT = 1). In contrast to
this, in an obstacle detection device according to Embodiment 1, a spread
spectrum signal is used. Given that the length of one cycle of a PN code is
N and a duration 20 of one bit of a PN code is Tc, the minimum value of the
pulse repetition time interval of a code series of a PN code N x Tc can be
made to be identical with a pulse repetition time interval of the
above-described pulse modulated signal. Now, a PN code is expressed as a
function PN (t) where time t is a variable. 25 When the spectrum spreading
according to the DS method is used, the spread spectrum is expressed by S x
PN (t) x coscvt. When the PN code of a spread spectrum signal for detection
of an   29 July 2003 25 obstacle and the PN code of a reference spread
spectrum signal are synchronized, the above-described spread spectrum
signal S x PN (t) x coscvt may be multiplied by a PN code of a reference
spread spectrum signal so as to demodulate the spread spectrum 5 signal for
detection of an obstacle to reproduce the original pulse modulated signal.
The received signal for detecting an obstacle is expressed by S x PN (t) x
PN (t) x coscvt. Since the integral action time N x Tc = T becomes PN (t) x
PN (t) N, and accordingly, the signal level of the receiving signal 10
becomes S x N. Thus, in an obstacle detection device according to
Embodiment 1, a signal level is N-folded compared to that of the
related-art obstacle detection device, it is understood that SN ratio is
enhanced to N-fold. Put another way, the SN ratio of one piece of the pulse
signal is multiplied N-fold in 15 the same integral time by employing a
spread spectrum signal as a carrier wave, thereby being capable of
shortening the time of observing and measuring an obstacle and also capable
of sufficiently applying to the detection of a moving 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 that an input electric power of a radio wave from the transmission
LCX 1 of an obstacle detection device according to Embodiment 1 is P1 (W) ,
an input electric power of a jammer is P2 (W) and the length of one cycle
25 of PN code is N, when the equality of P1 = P2 is satisfied, an input
electric power of a jammer is suppressed to P2 / N, so that the DU ratio
becomes 10 log (N) . Since the length of one   26 29 July 2003 



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. Next, a description will be given of how the
obstacle detection according to Embodiment 1 does not affect the 5
communication in the other wireless communication devices existing within
the detection area. When a wireless communication device conducts a
communication within the detection area of an obstacle detection device
according to Embodiment 1, given that the bandwidth of a spread spectrum 10
signal is B1 ( Hz ) , the bandwidth of the wireless communication device is
B2 (Hz), the electric power density of a spread spectrum s ignal is spread
over a broad frequency range so that H1  B2 . Even if the total electric
power of the spread spectrum signal and the value of the electric power of
a signal to be 15 inputted into the wireless communication device are
identical, the jammer electric power for the wireless communication device
is reduced by 10 log (B1 / B2). In general, since B1 is 1,000 times as high
as B2, the quality of communication in the wireless communication device is
improved by 30 dB or more. With this, 20 the wireless communication device
can successfully conduct a communication within the obstacle detection area
of an obstacle detection device according to Embodiment 1. As described
above, up to this point, according to this Embodiment 1, there is provided
an obstacle detection device, 25 comprising: signal transmitting and
receiving means for detecting an obstacle, comprising a first leakage
transmission path on the transmitting side for radiating a signal for   29
July 2003 27 detection of an obstacle and a second leakage transmission
path provided opposite to the first leakage transmission path and receiving
the signal for detection of an obstacle; spread spectrum signal
transmitting means connected to one end of the 5 first leakage transmission
path, for generating the spread spectrum signal for detecting an obstacle
based on a spread code and causing the first leakage transmission path to
radiate the spread spectrum signal for detection of an obstacle; and spread
spectrum signal receiving means connected to one end of the 10 second
leakage transmission path, which end is the opposite to 



where the spectrum signal transmitting means is connected to the first
leakage transmission path, wherein the spread spectrum signal receiving
means further comprises: reference spread spectrum signal generation means
for generating a 15 reference spread spectrum signal based on a spread code
of a code series identical to that used by the spread spectrum signal
transmitting means; correlation means for calculating a level of
correlation between the reference spread spectrum signal generated by the
reference spread spectrum signal generation 20 means and the spread
spectrum signal for detection of an obstacle received by the second leakage
transmission path, based on spread code phase-locked to the spread code of
the spread spectrum signal for detection of an obstacle detected by the
second leakage transmission path; and detection means 25 for detecting an
obstacle based on a change of a correlation level calculated by the
correlation means. Accordingly, it is possible to provide an obstacle
detection device capable of   28 29 July 2003 detecting an obstacle
accurate accurately, less affected by jamming without jamming communication
in a wireless communication device within an area for detection of an
obstacle. Since the time required for detection of an obstacle is reduced 5
as compared to the related art, it is possible to detect a moving obstacle.
Moreover, according to this Embodiment 1, there is provided a time
measurement means for measuring a spread spectrum signal propagation time
period elapsing from the time 10 when the spread spectrum signal
transmitting means generates the spread spectrum signal for detection of an
obstacle until the time when the correlation means is capable of
calculating a correlation level of the both spread spectrum signals
subsequent to generation, by the reference spectrum signal 15 generation
means, of the reference spread spectrum signal which is in synchronization
with the spread code of the spread spectrum signal for detection of an
obstacle. The detection means detects a position of an obstacle existing
within an obstacle detection area formed by the signal transmitting and 20
receiving means for detecting an obstacle, based on the spread spectrum
signal propagation time period measured by the time measurement means .
Accordingly, removal of an obstacle from an area for detection of an
obstacle is facilitated. 



25 Embodiment 2: A device according to Embodiment 2 is provided with a
delaying means for delaying a phase of a spread code used by   29 29 July
2003 the reference spread spectrum signal generation means by a desired
time period with respect to a spread spectrum signal for detection of an
obstacle generated by the spread spectrum signal transmitting means. 5 Fig.
2 is a block diagram showing a configuration of an obstacle detection
device according to Embodiment 2 of the present invention. In Fig. 2, the
reference numeral 13 denotes a delaying means for delaying a phase of a PN
code used by the reference spread spectrum signal generation means 4 by a
desired 10 time period with respect to a PN code generated by the PN code
generator 8. It should be noted that the identical reference numerals are
attached to the same components as those in Fig. 1 and additional
description is omitted. A description will now be given of the operation
according 15 to Embodiment 2. As to operations such as generation,
transmission and receiving, and detection of a spread spectrum signal for
detection of an obstacle, additional description is omitted because these
operations are similar to those of the above 20 described Embodiment 1.
Hereafter operations which are different from those of the above-described
Embodiment 1 will be described. The obstacle detection device according to
this Embodiment 2 is capable of detecting an obstacle located at any 25
position within the obstacle detection area formed by the 



transmission LCX 1 and the receiving LCX 2. To describe this in further
detail, as shown in Fig. 2, when the level of reception   30 29 July 2003
at a position removed by L (m) from an end of the transmission LCX
connected to the spread spectrum signal generation means 3 is to be
measured on a continuous basis, the delay time is set by the delaying means
13 so as to delay the phase of the 5 PN code used by reference spread
spectrum signal generation means 4 byt = 2L/c (where c indicates the speed
of light ) with respect to the phase of the PN code generated by the PN
code generator 8 (i.e. the PNcode used to produce the spread spectrum
signal generated by the spread spectrum signal generation means 10 3 for
detection of an obstacle ) With this, the phase of the PN code for the
reference spread spectrum signal is in synchronization only with the spread
spectrum signal for detection of an obstacle received via point removed by
L (m) from said end. Therefore, only the results of detection at paint 15 L
(m) away from said end can be obtained by the correlation means 5. As
described above, the device according to Embodiment 2 is provided with the
delaying means 13 for delaying the phase of the PN code used by the
reference spread spectrum signal 20 generation means 3 with respect to the
spread spectrum signal for detection of an obstacle by a desired time
period. Accordingly, in addition to the same advantage as provided by
Embodiment I, an added advantage is provided by applying Embodiment 2 to
the construction of Embodiment 1 in that any 25 desired point in an area
for detection of an obstacle is subject to observation by setting a desired
delay time.   31 29 July 2003 Embodiment 3: According to Embodiment 3, an
obstacle detection system comprises a plurality of obstacle detection
devices such that adjacent devices generate spread spectrum signals on the
basis 5 of different spread codes. Fig. 3 is a block diagram showing a
configuration of an obstacle detection system according to Embodiment 3 of
the present invention. In Fig. 3, reference numerals 1-1 and 12 indicate
transmission LCXs ( leakage transmission path on the 10 transmitting side;
signal transmitting and receiving means for detecting an obstacle) provided
in obstacle detection devices A and H arranged to be adjacent to each
other, respectively, reference numerals 2-1 and 2-2 indicate receiving LCXs
( leakage transmission path; signal transmitting and receiving means for 15
detecting an obstacle) provided in the obstacle detection devices A and B,
respectively, and reference numerals 31 and 32 indicate spread spectrum
signal transmitting means provided in obstacle detection devices A and B,
respectively, and corresponding to the spread spectrum signal generation
means 20 3 described in Embodiment 1. Reference numerals 41 and 42 indicate
spread spectrum signal receiving means provided in obstacle detection
devices A and B, respectively, and corresponding to the spread spectrum
signal generation means 3, the correlation means 5 and the detection means
6 described 25 in Embodiment 1 and/or Embodiment 2. Moreover, the obstacle
detection devices A and B are equivalent to the obstacle detection devices
described in Embodiment 1 and/or Embodiment  



' 2s ~uiy Zoo3 32 2 and use a PN code A and a PN code B which are different
PN codes, respectively, in order to generate a spread spectrum signal for
detection of an obstacle. An obstacle detection system according to this
Embodiment 5 3 consists of obstacle detection devices A and H, which are
arranged to be adjacent to each other. Since a detecting operation of an
obstacle of the obstacle detection devices A and H is similar to that of
the above-described Embodiments, additional description is omitted, and the
characteristics of 10 the obstacle detection system according to Embodiment
3 will be described. The obstacle detection devices A and B arranged to be
adjacent to each other radiate spread spectrum signals for detection of an
obstacle from the transmission LCXs 1-1 and 1-2, respectively. A signal
radiated from the transmission LCX 15 1-1 of the obstacle detection device
A is a interfering signal with respect to the signal to be received by the
receiving LCX 2-2 of the obstacle detection device B, and a signal radiated
from the transmission LCX 1-2 of the obstacle detection device B is an
interfering signal with respect to the signal to be 20 received by the
receiving LCX 2-1. In an obstacle detection system according to Embodiment
3, the spread spectrum signal transmitting means 31 and 32 of the obstacle
detection devices A and B, respectively, are configured to generate spread
spectrum signals for detection 25 of an obstacle using a PN code A and a PN
code B different therefrom, respectively. With this, even if a signal
radiated from the transmission LCX I-1 of the obstacle detection device
33 29 July 2003 A is received by the receiving LCX 2-2 of the obstacle
detection device B, no problem is presented since the spread spectrum
signal receiving means 42 located within the obstacle detection device B
calculates a level of correlation between the received 5 signal and a
spread spectrum signal generated based on the PN code in synchronization
with the phase of a PN code B. Even if a signal radiated from the
transmission LCX 1 -2 of the obstacle detection device B is received by the
receiving LCX 2-1 of the obstacle detection device A, no problem is
presented since the 10 spread spectrum signal receiving means 41 located
within the obstacle detection device A calculates a level of correlation
between the received signal and a spread spectrum signal generated based on
the PN code in synchronization with a phase of a PN code A. Given that the
code series length of a PN code 



15 (length of one cycle) is N, the level of correlation between the PN code
A and the PN code H is determined as 1 /N, according to the characteristic
of a PN code. Since N is, in general, 1,000 or more, the interference of
spread spectrum signals for detection of an obstacle between the adjacent
obstacle 20 detection devices A and B can be almost a11 ignored. As
described above, according to this Embodiment 3, in an obstacle detection
system in which a plurality of obstacle detection devices A and B are
provided, the adjacent obstacle detection devices A and B generate spread
spectrum signals based 25 on different PN codes A and H, respectively.
Therefore, interference of spread spectrum signals for detection of an
obstacle between the adjacent obstacle detection devices A and   34 29 July
2003 B can be suppressed and the frequency of an error in detection of an
obstacle by the obstacle detection system can be reduced. In the
above-described Embodiment 3, an example in which the obstacle detection
devices A and B are arranged has been 5 described. However, the
above-described Embodiment 3 can also be applied to a system in which 3 or
more obstacle detection devices are arranged. Obstacle detection devices
which are not adjacent to each other may generate spread spectrum signals
using the identical PN codes. 10 Embodiment 4: An obstacle detection system
according to Embodiment 4 comprises a plurality of obstacle detection
devices, each of the obstacle detection devices being connected via leakage
Z5 transmission paths. Each of the devices includes synthesizing means for
generating a superimposed signal containing an electric power and a spread
spectrum signal for detection of an obstacle superimposed on each other.
The synthesizing means transmits the superimposed signal to the adjacent
device via 20 the leakage transmission path. There is also provided a
isolating means for isolating the electric power and the spread spectrum
signal from the superimposed signal generated by this synthesizing means
and supplying the electric power to the devices. 25 Fig. 4 is a block
diagram showing a construction of an obstacle detection system according to
Embodiment 4 of the present invention. In Fig. 4, reference character A1
denotes   29 July 2003 35 an electric source device supplying an electric
power to the obstacle detection devices A and B, and directly supplies an
electric power to the spread signal transmitting means 31, the spread
spectrum signal receiving means 41 and the synthesizing 5 means A2 in the
obstacle detection device A. Reference character A2 indicates a
synthesizing means for synthesizing a spread spectrum signal for detection
of an obstacle from the spread spectrum signal transmitting means 31 and an
electric source voltage from the electric source device A1 and outputs the
10 synthesized signal as a superimposed signal to the transmission LCX 1-1.
Reference character A3 denotes an electric power branching filter
(isolating means) for isolating the source voltage and the spread spectrum
signal for detection of an obstacle from the above-described superimposed
signal inputted 



15 into the obstacle detection device H via the transmission LCX 1-1 so as
to supply the electric power to the obstacle detection device B. Reference
character A4 denotes a termination connected to the electric power
branching filter A3 and terminating the spread spectrum signal, generated
by the 20 obstacle detection device A and isolated from the superimposed
signal by the electric power branching filter A3 ,so as to prevent the
spread spectrum signal from being reflected to the transmission LCX 1-1.
Otherwise, the obstacle detection devices A and B have a construction
equivalent to that of the obstacle 25 detection device described in
Embodiment 1 and Embodiment 2. It should be noted that the same reference
numerals or characters are attached to the same components as those in Fig.
36 29 July 2003 3, and superfluous description is omitted. In an obstacle
detection system according to Embodiment 4, the obstacle detection devices
A and B are connected to each other via the transmission LCX 1 - 1. Since
an operation for 5 detecting an obstacle by the obstacle detection devices
A and B is similar to that of the above-described Embodiments, additional
description is omitted. The characteristics of the obstacle detection
system according to Embodiment 4 will be described. In an example shown in
the figure, the obstacle 10 detection device A receives the supply of an
electric power directly from the electric source device A1. In the obstacle
detection device A, the synthesizing means A2 generates a superimposed
signal in which an electric source voltage from the electric source device
A1 and a spread spectrum signal for 15 detection of an obstacle generated
by the spread spectrum signal transmitting means 31 are superimposed on
each other and outputs the superimposed signal to the transmission LCX 1-1.
This superimposed signal propagates to the electric power branching filter
A3 of the obstacle detection device B while radiating 20 the spread
spectrum signal for detection of an obstacle as a radio wave from a slot of
the transmission LCX 1-1. The electric power branching filter A3 isolates
the electric source voltage of the electric source device A1 from the
superimposed signal and supplies the electric power to the 25 spread
spectrum signal transmitting means 32, the spread spectrum s ignal
receiving means 42 and the synthes iz ing means A2 located in the obstacle
detection device B. The spread   37 29 July 2003 spectrum signal for
detection of an obstacle generated by the spread spectrum signal
transmitting means 31 and included in the superimposed signal is
transmitted to the termination A4 so as to be prevented from being
reflected to the transmission 5 LCX 1-1 and causing interference with the
spread spectrum signal of the obstacle detection device A. In the case
where another obstacle detection device is connected to the obstacle
detection device B via the transmission LCX 1-2, the synthesizing means A2
located within IO the obstacle detection device H likewise generates a
superimposed signal by superimposing an electric voltage and a spread
spectrum signal for detection of an obstacle generated by the spread
spectrum signal transmitting means 32 on each other and transmits the
superimposed to the above-described 15 other obstacle detection device via
the transmission LCX 12. Thus, since the electric power can be supplied via
the transmission LCX 1-1 or the LCX 1-2, it is not necessary to provide a
plurality of electric source devices Als. 



As described above, according to Embodiment 4, the 20 obstacle detection
devices A and B which constitute an obstacle detection system are connected
to each other via a leakage transmission path, the system including the
synthesizing means A2 for generating a superimposed signal by superimposing
an electric power and a spread spectrum signal for detection of 25 an
obstacle on each other and transmitting the superimposed signal to the
adjacent obstacle detection device via the leakage transmission path. There
is further provided an electric power   29 July 2003 38 branching filter A3
for isolating the electric power and the spread spectrum signal from the
superimposed signal generated by the synthesizing means A2. Accordingly, an
electric source can be supplied via the transmission LCX 1-1 or the LCX 1 5
2. It is not necessary to provide a plurality of electric source devices
A1. Therefore the cost of the system can be reduced. Moreover, since
housing space for the electric source device A1 is not required, the
installation space of the device can be reduced. 10 It should be noted that
adjacent obstacle detection devices may generate respective spread spectrum
signals on the basis of different PN codes in the same manner as Embodiment
3 described above. It should be noted that the advantages provided by
Embodiment 3 and Embodiment 4 are both provided. 15 Although an example is
given of a arrangement where the obstacle detection devices A and B
constitute an obstacle detection system, the construction of the
above-described Embodiment 4 can be also applied to a system in which three
or more obstacle detection devices are connected via LCX. 20 Embodiment 5:
This Embodiment 5 is an obstacle detection system in which a plurality of
obstacle detection devices are connected via leakage transmission paths and
which comprise an information 25 transmitting and receiving means for
transmission and reception of detection information between the obstacle
detection devices .   29 July 2003 39 Fig. 5 is a block diagram showing a
configuration of an obstacle detection system according to Embodiment 5 of
the present invention. In Fig. 5, reference numeral 10I denotes an
information modulation and demodulation means (information 5 transmitting
and receiving means) for modulating detection information relative to an
obstacle detected by the obstacle detection device B, generating a
modulated signal with a carrier wave frequency of a frequency different
from a carrier wave frequency of a spread spectrum signal for detection of
an 



10 obstacle generated by the obstacle detection device A, transmitting the
generated modulated signal to the obstacle detection device A via the
transmission LCX 1-1, and demodulating the modulated signal inputted from
the obstacle detection device A via the transmission LCX 1-1 to reproduce
15 the original detection information related to the obstacle. Reference
numeral 101a denotes an information modulation and demodulation means
(information transmitting and receiving means) for generating a modulated
signal by modulating detection information related to the obstacle detected
by the 20 obstacle detection device A and transmitting the generated signal
to a transmission, synthesizing and distribution means 102. Reference
numeral 102 indicates a transmission, synthesizing and distribution means
(information transmitting 25 and receiving means ) connected to an
information modulation and demodulation means 103 located within a
monitoring center 104, the information modulation and demodulation means
101a and a   40 29 July 2003 synthesizing and distribution means 105,
transmitting a modulated signal generated by the information modulation and
demodulation means IOla to the information modulation and demodulation
means 103 and appropriately distributing and 5 transmitting the modulated
signal from the information modulation and demodulation means 103 to the
information modulation and demodulation means 101a or the synthesizing and
distribution means 105. Further, the transmission, synthesizing and
distribution means synthesizes signals from 10 the information modulation
and demodulation means 101a and the synthesizing and distribution means 105
and transmitting the synthesized signal to the information modulation and
demodulation means 103. Reference numeral 103 denotes an information
modulation and demodulation means (information 15 transmitting and
receiving means) provided in the monitoring center 104, for demodulating a
modulated signal inputted from the transmission, synthesizing and
distribution means 102 to produce the original detection information
related to the obstacle. The information modulation and demodulation
means103 



20 also transmits information such as setting information originated by the
monitoring center 104 for control of the devices A and B to the
transmission, synthesizing and distribution means 102. Reference numeral
104 indicates a monitoring center which 25 monitors detection information
related to an obstacle from the obstacle detection devices A and H
constituting the system. The monitoring center 104 further provides setting
to the obstacle   29 July 2003 41 detection devices A and B. Reference
numeral 105 indicates a synthesizing and distribution means (information
transmitting and receiving means) connected to the spread spectrum signal
transmission means 31 located within the obstacle detection 5 device A and
to the transmission, synthesizing and distribution means 102. The
synthesizing and distribution means synthesizes a spread spectrum signal
for detection of an obstacle generated by the spread spectrum signal
transmitting means 31 and a signal inputted from the transmission,
synthesizing and distribution 10 means 102, transmitting the synthesized
signal to the obstacle detection device H via the transmission LCX 1-1, and
also transmitting the modulated signal inputted from the information
modulation and demodulation means 101 to the transmission, synthesizing and
distribution means 102 via the transmission 15 LCX 1-1. Moreover, the
obstacle detection devices A and B are configured to have a construction
equivalent to the obstacle detection device described in Embodiment 1
and/or Embodiment 2. It should be noted that the same reference characters
and numerals are attached to the same components as those in Fig. 20 3 and
additional description is omitted. In an obstacle detection system
according to Embodiment 5, the obstacle detection devices A and B are
connected via the transmission LCX-1. Since a detection operation of the
obstacle detection devices A and B is similar to that of the above 25
described Embodiments, additional description is omitted. The
characteristics of an obstacle detection system according to Embodiment 5
will be described below.   42 29 July 2003 Information related to an
obstacle detected by the obstacle detection device H is transmitted to the
information modulation and demodulation means 101. In this information
modulation and demodulation means 101, the detection 5 information related
to an obstacle is modulated, and transmitted as a modulated signal to the
synthesizing and distribution means 105 of the obstacle detection device A
via the transmission LCX 1-1. At this time, the information modulation and
demodulation means 101 modulates the detection 



10 information related to an obstacle to produce a modulated wave signal
with a carrier wave of a frequency different from the carrier wave
frequency of a spread spectrum signal generated by the spread spectrum
signal transmitting means 31 and 32 of the obstacle detection device A and
B, respectively. With this, 15 the modulated wave signal from the
information modulation and demodulation means 101 does not affect the
spread spectrum signal outputted to the transmission LCX 1 - 1 by the
spread spectrum signal transmitting means 31. Moreover, even if the spread
spectrum signal transmitting means 31 outputs a spread 20 spectrum signal
for detection of an obstacle to the transmission LCX 1-1, the synthesizing
and distributing means 105 can receive the modulated signal from the
information modulation and demodulation means 101. When the synthesizing
and distribution means 105 receives 25 the modulated wave signal from the
information modulation and demodulation means 101, the synthesizing and
distribution means 105 transmits the modulated signal to the transmission,
29 July 2003 43 synthesizing and distribution means 102. The transmission,
synthesizing and distribution means102transmits the modulated wave signal
from the synthesizing and distribution means 105 to the information
modulation and demodulation means 101a of 5 the obstacle detection device A
and/or the information modulation and demodulation means 103 located within
the monitoring center 104. The information modulation and demodulation
means 101a and/or the information modulation and demodulation means 103
demodulate the modulated signal. The 10 original detection information
related to an obstacle obtained as a result of demodulation by the
information modulation and demodulation means 103 is monitored by a manager
attending to the monitoring center 104. Setting information may be
transmitted from the 15 monitoring center 104 to the obstacle detection
devices A and H via the transmission LCX 1-1. The setting information from
the monitoring center 104 may include a delay time to be provided by the
delaying means 13 described in Embodiment 2. More specifically, when the
manager attending to the 20 monitoring center 104 inputs the setting
information to the obstacle detection devices A and B using a setting input
means or the like (not shown), the information modulation and demodulation
means 103 modulates the setting information to produce a modulated wave
signal with a carrier frequency 25 different from the carrier wave
frequency of the spread spectrum signal of the obstacle detection devices A
and B, before transmitting the modulated signal to the transmission,   44
29 July 2003 synthesizing and distribution means 102. The transmission,
synthesizing and distribution means 102 transmits the modulated wave signal
to the information modulation and demodulation means 101a and/or the
synthesizing 5 and distribution means 105. In the obstacle detection device
A, the information modulation and demodulation means 101a demodulates the
modulated wave signal so as to reproduce the original setting information
from the monitoring center 104. The synthesizing and distribution means 105
synthesizes the 10 modulated wave signal and the spread spectrum signal for
detection of an obstacle of the obstacle detection device A and outputs the
synthesized signal to the transmission LCX 1-1. Since the modulated wave
signal has a carrier frequency different from that of the spread spectrum
signal for detection 



I5 of an obstacle, the modulated signal containing the setting information
does not affect the obstacle detection operation of the obstacle detection
device A. When the above-described modulated wave signal is inputted into
the information modulation and demodulation means 1D1 of the obstacle
detection 20 device B via the transmission LCX 1-1, the information
modulation and demodulation means 10I demodulates the input signal to
reproduce the original setting information. With this, the obstacle
detection device B is properly subjected to control by the monitoring
center 104 using the setting 25 information. Thus, unlike the system
according to the related art, the communication quality of the detection
information is not   45 29 July 2003 deteriorated due to the circumstances
in which the devices are installed. This is ensured by transmitting
information related to an obstacle detected by the obstacle detection
devices A and B via the transmission LCX 1-1. Therefore, secure
transmission 5 of detected information can be carried out. Moreover, since
the present invention utilizes the existent configuration like the
transmission LCX 1-1, it is advantageous from the viewpoint of cost. As
described above, according to Embodiment 5, the 10 obstacle detection
devices A and H are connected via the transmission LCX 1-1. Further, the
information transmitting and receiving means is provided to include the
information modulation and demodulation means 101 for allowing the devices
to exchange information related to a detected obstacle between I5 each
other via the transmission LCX 1-1 and also to include the synthesizing and
distribution means 105. Accordingly, the communication quality is not
deteriorated by the circumstances in which the obstacle detection device is
installed so that the secure transmission of detection information can be
carried out. 20 Moreover, since the present invention utilizes the existent
configuration like the transmission LCX 1-1, the cost of the system
providing the above-described effects can be reduced. It should be noted
that obstacle detection devices and obstacle detection systems according to
Embodiments 1 through 25 5 find applications not only in obstacle detection
on roads and railroad lines but also in obstacle detection in the
surroundings of buildings and airports. A variety of   29 July 2003 46
modifications can be conceived without departing from the spirits and scope
of the present invention.   29 July 2003 47 



1. An obstacle detection device, comprising: signal transmitting and
receiving means for detecting an 5 obstacle, comprising a first leakage
transmission path on the transmitting side for radiating a signal for
detection of an obstacle and a second leakage transmission path provided
opposite to the first leakage transmission path and receiving said signal
for detection of an obstacle; 10 spread spectrum signal transmitting means
connected to one end of the first leakage transmission path, for generating
the spread spectrum signal for detecting an obstacle based on a spread code
and causing the first leakage transmission path to radiate the spread
spectrum signal for detection of an 15 obstacle; and spread spectrum signal
receiving means connected to one end of the second leakage transmission
path, which end is the opposite to where the spectrum signal transmitting
means is connected to the first leakage transmission path, wherein 20 said
spread spectrum signal receiving means further comprises: reference spread
spectrum signal generation means for generating a reference spread spectrum
signal based on a spread code of a code series identical to that used by
said spread 25 spectrum signal transmitting means; correlation means for
calculating a level of correlation between the reference spread spectrum
signal generated by said   29 July 2003 48 reference spread spectrum signal
generation means and the spread spectrum signal for detection of an
obstacle received by the second leakage transmission path, based on spread
code phase-locked to the spread code of the spread spectrum signal 5 for
detection of an obstacle detected by the second leakage transmission path;
and 



detection means for detecting an obstacle based on a change of a
correlation level calculated by said correlation means. 10 2. The obstacle
detection device according to claim 1, wherein said spread spectrum signal
receiving means comprises time measurement means for measuring a spread
spectrum signal propagation time period elapsing from the time when said
spread 15 spectrum signal transmitting means generates the spread spectrum
signal for detection of an obstacle until the time when said correlation
means is capable of calculating a correlation level of said both spread
spectrum signals subsequent to generation, by said reference spectrum
signal generation means, 20 of the reference spread spectrum signal which
is in synchronization with the spread code of the spread spectrum signal
for detection of an obstacle, and wherein said detection means detects a
position of an obstacle existing within an obstacle detection area formed
by said signal 25 transmitting and receiving means for detecting an
obstacle, based on the spread spectrum signal propagation time period
measured by said time measurement means.   29 July 2003 f 49 3. The
obstacle detection device according to claim 1, wherein said spread
spectrum signal receiving means is provided with delaying means for
delaying a phase of the spread code used by said reference spread spectrum
signal generation means with 5 respect to the spread spectrum signal for
detection of an obstacle generated by said spread spectrum signal
transmitting 



means by a desired time period. 4. An obstacle detection system comprising:
10 a plurality of obstacle detection devices according to at least one of
claims 1 through 3, wherein adjacent devices generate spread spectrum
signals based on different spread codes. 15 5. An obstacle detection system
comprising: a plurality of obstacle detection devices according to at least
one of claims 1 through 3, wherein the obstacle detection devicesare
connected via leakage transmission paths, each of the obstacle detection
devices comprising: 20 synthesizing means for generating a superimposed
signal by superimposing an electric power on the spread spectrum signal for
detection of an obstacle and transmitting the superimposed signal to the
adjacent device via said leakage transmission path, and 25 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   29 July 2003 50 the obstacle detection device. 6. The
obstacle detection system according to claim 5, wherein the adjacent
devices generate spread spectrum signals 5 based on different spread codes.
7. The obstacle detection device according to claim 4, wherein said
obstacle detection devices are connected via said leakage transmission
paths and are provided with information 10 transmitting and receiving means
for transmission and reception of detection information between the
obstacle detection 



devices. 6. The obstacle detection device according to claim 5, 15 wherein
said obstacle detection devices are connected via said leakage transmission
paths and are provided with information transmitting and receiving meansfor
transmission and reception of detection information between the obstacle
detection devices. .A.A%.A.A.A.A.A.A&n.A
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