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a failure in transmission/reception circuit. The equipment 
provides With a noise-level extraction circuit in radio-fre 
quency circuit, and a comparator for comparing an output of 
the noise-level extraction circuit With a predetermined cri 
terion value. An alarm is output When the comparator detects 
the output of the noise-level extraction circuit decreases to 
less than the predetermined criterion value. 
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FM-CW RADAR EQUIPMENT 

FIELD OF THE INVENTION 

[0001] The present invention relates to FM-CW (fre 
quency modulated-continuous Wave) radar equipment, more 
particularly to FM-CW radar equipment Which enables to 
detect a failure in a radio-frequency circuit of the equipment. 

BACKGROUND OF THE INVENTION 

[0002] In FIG. 1, there is shoWn a conceptual schematic 
diagram of an RF (radio-frequency) circuit of FM-CW radar 
equipment. The equipment provides a transmitter 1 and a 
receiver 2. In transmitter 1, the amplitude modulation is 
carried out Where a modulation signal 3 consisting of a 
triangle Wave is modulated by a carrier signal 10. The 
modulated signal frequency is multiplied n-times by a 
frequency multiplier 11. The multiplied signal is then ampli 
?ed by a poWer ampli?er 13, to be transmitted by an antenna 
4 through a non-illustrated transmission ?lter. 

[0003] Moreover, a branching ?lter 12 is provided in 
transmitter 1. A part of signals transmitted from transmitter 
1 are branched to input to receiver 2. 

[0004] The transmitted signal is re?ected by an object and 
then received by receiver 2 through an antenna 5. The signal 
is then forWarded to receiver 2, and input to receiver 2 
through a non-illustrated reception ?lter. 

[0005] The received signal is ampli?ed in an ampli?er to 
input to a mixer 21. In mixer 21, therefore, a beat frequency 
signal is output corresponding to the phase difference 
betWeen the transmitted signal branched from branching 
?lter 12 and the received re?ection signal. 

[0006] More particularly, the magnitude (amplitude level) 
of the beat frequency signal corresponds to the phase 
difference of the transmitted signal and the received re?ec 
tion signal. This corresponds to the distance betWeen trans 
mitter 1 and the re?ection object. Thus the distance to the 
object can be measured. 

[0007] The beat frequency signal is divided into interme 
diate- frequency (IF) by a frequency demultiplier 22 and is 
output from receiver 2. The beat frequency signal divided 
into IF is used in a non-illustrated circuit to convert into a 
signal corresponding to the distance. 

[0008] MeanWhile, as an application, FM-CW radar 
equipment is applicable for collision prevention equipment 
housed in a vehicle. In such a case, a failure of FM-CW 
equipment may possibly affect a human life. It is therefore 
important to detect a failure in FM-CW equipment in any 
case. 

[0009] Among prior arts for detecting failure in such 
FM-CW radar equipment, an art is disclosed in the of?cial 
gaZette of Japanese Unexamined Patent Publication No. 
Hei-11-52052. In this disclosure, there is introduced a 
method for detecting an equipment failure by observing the 
level of an amplitude modulation signal. This prior art is 
based on the fact that an amplitude modulation signal 
disappears in IF output of a mixer When a failure occurs in 
any unit of the equipment. 

[0010] In this prior art, hoWever, an amplitude level of the 
modulation carrier disperses to a great extent. It is therefore 
dif?cult to adjust the level Within a certain criterion range. 
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SUMMARY OF THE INVENTION 

[0011] It is therefore an object of the present invention to 
provide FM-CW radar equipment Which solves the afore 
mentioned problem in the prior art. 

[0012] In the present invention, there is applied a techno 
logical concept different from the conventional arts. The 
inventor has obtained the con?guration of the present inven 
tion based on the folloWing phenomenon: a noise level 
output from a mixer 21 changes When a failure occurs in an 
RF circuit of the equipment; there is a region generated by 
electronic characteristic of transmitter 1 in Which a noise 
level changes as the frequency changes; and also there is a 
region generated by electronic characteristic of receiver 2 in 
Which a noise level does not change, irrespective of the 
frequency. 

[0013] The basic con?guration of FM-CW radar equip 
ment in accordance With the present invention includes a 
noise-level extraction circuit in RF circuit, and a comparator 
for comparing an output of the above-mentioned noise-level 
extraction circuit With a predetermined criterion value. The 
equipment is con?gured so that an alarm signal is output 
When the output of the noise-level extraction circuit 
becomes smaller than the predetermined criterion value. 

[0014] Preferably, the noise-level extraction circuits 
include a ?rst noise-level extraction circuit in the transmis 
sion side of the RF circuit; and a second noise-level extrac 
tion circuit in the reception side of the RF circuit. The 
comparators include a ?rst comparator for comparing the 
output of the above-mentioned ?rst noise-level extraction 
circuit With the ?rst predetermined criterion value; and a 
second comparator for comparing the output of the second 
noise-level extraction circuit With the second predetermined 
criterion value. 

[0015] Further, preferably, the circuits for extracting a 
noise level include a ?rst noise-level extraction circuit in the 
transmission side of the RF circuit, and a second noise-level 
extraction circuit in the reception side of the RF circuit. 
There is provided a single comparator to Which an output of 
the ?rst noise-level extraction circuit or an output of the 
second noise-level extraction circuit is selectively input, 
respectively to compare With the predetermined ?rst crite 
rion value or the second criterion value. 

[0016] Still further, preferably, in either of the aforemen 
tioned embodiments, the ?rst noise-level extraction circuit at 
the transmission side consists of a loW-pass ?lter transmit 
ting a signal in a ?rst frequency bandWidth in Which the 
noise level changes With frequency; and the second noise 
level extraction circuit at the reception side consists of a 
band-pass ?lter transmitting a signal in a second frequency 
bandWidth in Which the noise level substantially does not 
change With frequency. 

[0017] Still further, preferably, the aforementioned second 
frequency bandWidth is located in higher frequency region 
than the ?rst frequency bandWidth. 

[0018] Further scopes and features of the present invention 
Will become more apparent by the folloWing description of 
the embodiments With the accompanied draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a conceptual schematic diagram of an RF 
circuit of FM-CW radar equipment in accordance With the 
present invention. 

[0020] FIG. 2 is a diagram for illustrating the relation 
betWeen the noise level and the frequency region. 

[0021] FIG. 3 is a circuit con?guration of an embodiment 
of FM-CW radar equipment in accordance With the present 
invention, using the phenomenon illustrated in FIG. 2. 

[0022] FIG. 4 is a diagram illustrating decreased noise 
level caused by a failure in transmitter 1. 

[0023] FIG. 5 is a diagram illustrating decreased noise 
level caused by a failure in receiver 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0024] The preferred embodiments of the present inven 
tion are described hereinafter referring to the charts and 
draWings, Wherein like numerals or symbols refer to like 
parts. 

[0025] In FIG. 2, there is a chart illustrating the above 
mentioned relation betWeen a noise level and a frequency 
region. In this ?gure, the horiZontal axis indicates frequency, 
and the vertical axis indicates noise level. In region (D, 
noise reduces as the frequency increases. In region , noise 
is maintained substantially in the constant level irrespective 
of the frequency. The noise in region (D is mainly produced 
by the transmission signal distributed from the transmitter 1 
side. The noise ?uctuates up and doWn around the trans 
mission signal level. The noise in region @ is produced by 
the thermal noise generated from the receiver 2 side. The 
noise ?uctuates up and doWn around the magnitude of 
receiving gain. 

[0026] When a circuit failure occurs in the transmitter 1 
side, the noise in region (D is decreased. On the other hand, 
When a circuit failure occurs in the receiver 2 side, the noise 
in region @ is decreased. The present invention is led by the 
discovery of the above-mentioned phenomenon. The bound 
ary frequency betWeen region and region is less than 
several MHZ, depending on the installed system. 

[0027] In FIG. 3, there is shoWn an embodiment of a 
con?guration of the RF circuit in FM-CW radar equipment 
using the phenomenon described above. 

[0028] This is similar to the RF circuit of FM-CW radar 
equipment of the invention shoWn in FIG.1, except that a 
hybrid circuit 23 is provided in receiver 2 in the case of FIG. 
3. 

[0029] Hybrid circuit 23 branches a part of IF output 
signal Which is output from frequency demultiplier 22, to 
input to loW-pass ?lter 6 and band-pass ?lter 9. LoW-pass 
?lter 6 has a ?ltering property to transmit a component of 
frequency region (D shoWn in FIG. 2, While band-pass ?lter 
has a ?ltering property to transmit a component of prede 
termined frequency region @ in FIG. 2. 

[0030] A detector 7 extracts direct current (DC) level from 
an output of loW-pass ?lter 6. Similarly, a detector 14 
extracts DC level from an output of band-pass ?lter 9. 
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[0031] AS explained earlier, a noise component in region 
is increased or decreased by a poWer level of transmitter 

1 side, While a noise component in region is increased or 
decreased by a gain of receiver 2 side. Therefore, When a 
failure exists in transmitter 1 side, the output of loW-pass 
?lter 6 is either decreased or cut off. FIG. 4 illustrates this 
situation. A failure in transmitter 1 causes the noise level in 
region (D decreased from a normal value NM to a level 
illustrated as AB. 

[0032] On the other hand, When a failure exists in receiver 
2, the output of band-pass ?lter 6 is either decreased or is cut 
off. FIG. 5 illustrates this situation. A failure in receiver 2 
causes the noise level in region decreased from a normal 
value NM to a level illustrated as AB. 

[0033] Referring back to FIG. 3, detector 7 converts an 
output of loW-pass ?lter 6 into DC component. Also, detec 
tor 14 converts an output of band-pass ?lter 9 into DC 
component. 

[0034] Moreover, comparator 8 compares an output of 
detector 7 With a predetermined criterion value. An alarm 
signal is output When the output of detector 7 becomes 
smaller than the predetermined criterion value. Similarly, 
comparator 15 compares an output of detector 14 With a 
predetermined criterion value. When the output of detector 
10 becomes smaller than the predetermined criterion value, 
an alarm signal is output. 

[0035] Accordingly, through an alarm signal output from 
comparator 8, a failure in transmitter 1 of FM-CW radar 
equipment is detected. Also, through an alarm signal output 
from comparator 15, a failure in receiver 2 of FM-CW radar 
equipment is detected. 

[0036] In the above embodiment shoWn in FIG. 3, there 
are provided ?rst comparator 8 for comparing a noise level 
in transmitter 1 With a predetermined criterion value, and 
second comparator 15 for comparing a noise level in 
receiver 2 With a predetermined criterion value. HoWever, it 
is possible to use a single comparetor in common, instead of 
tWo independent comparators 8 and 15. 

[0037] More particularly, With a provision of a comparator 
in Which setting criterion values is possible, and by sWitch 
ing an input to the comparator from a DC level output of 
either detector 7 or detector 14, it is possible to detect a 
failure of transmitter 1 and receiver 2 successively. 

[0038] As explained above, When a failure occurs in the 
RF circuit in FM-CW radar equipment, the noise level is 
greatly changed. According to the present invention, this 
change in noise level is compared to the noise level in 
normal state to detect a circuit failure. Thus FM-CW radar 
equipment enabling the supervision of a failure in a trans 
mitter or receiver becomes available With a simple structure. 

[0039] The foregoing description of the embodiment is 
disclosed for the sake of understanding. It is not intended to 
limit the invention to the particular details of the examples 
illustrated. Any suitable modi?cation and equivalents may 
be resorted to the scope of the invention Which is covered by 
the appended claims. 

What is claimed is: 
1. FM-CW radar equipment comprising: 

a noise-level extraction circuit for extracting a noise level 
in a radio-frequency circuit; 
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a comparator for comparing an output of said noise-level 
extraction circuit With a predetermined criterion value; 
and 

an alarm signal output circuit for outputting an alarm 
When said comparator detects the output of the noise 
level extraction circuit becomes smaller than said pre 
determined criterion value. 

2. The FM-CW radar equipment according to claim 1 
Wherein said noise-level extraction circuit includes: 

a ?rst circuit for extracting a noise level of the transmis 
sion side in said radio-frequency circuit; and 

a second circuit for extracting a noise level of the recep 
tion side in said radio-frequency circuit,and said com 
parator includes: 

a ?rst comparing circuit for comparing an output of said 
?rst circuit With a ?rst predetermined criterion value; 
and 

a second comparing circuit for comparing an output of 
said second circuit With a second predetermined crite 
rion value. 

3. The FM-CW radar equipment according to claim 1 
Wherein said noise-level extraction circuit includes: 

a ?rst circuit for extracting a noise level of the transmis 
sion side in said radio-frequency circuit; and 

a second circuit for extracting a noise level of the recep 
tion side in said radio-frequency circuit, and said com 
parator includes: 

a comparing circuit for comparing an output of said ?rst 
circuit With the corresponding said ?rst predetermined 
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criterion value, or an output of said second circuit With 
the corresponding said second predetermined criterion 
value, by selectively inputting to said comparing circuit 
the output of either said ?rst circuit or said second 
circuit. 

4. The FM-CW radar equipment according to claim 2, 
Wherein said ?rst circuit for extracting a noise level of the 
transmission side comprises a loW-pass ?lter to transmit a 
signal having a ?rst frequency bandWidth in Which the noise 
level changes With frequency, and said second circuit for 
extracting a noise level of the reception side comprises a 
band-pass ?lter to transmit a signal having a second fre 
quency bandWidth in Which the noise level substantially 
does not change With frequency. 

5. The FM-CW radar equipment according to claim 3, 
Wherein said ?rst circuit for extracting a noise level of the 
transmission side comprises a loW-pass ?lter to transmit a 
signal having a ?rst frequency bandWidth in Which the noise 
level changes With frequency, and said second circuit for 
extracting a noise level of the reception side comprises a 
band-pass ?lter to transmit a signal having a second fre 
quency bandWidth in Which the noise level substantially 
does not change With frequency. 

6. The FM-CW radar equipment according to claim 4 
Wherein said second frequency bandWidth is located in the 
higher frequency range than said ?rst frequency bandWidth. 

7. The FM-CW radar equipment according to claim 5 
Wherein said second frequency bandWidth is located in the 
higher frequency range than said ?rst frequency bandwidth. 


