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RADAR DEVICE 

BACKGROUND 

0001 1. Technical Field 
0002 The present disclosure relates to a radar device that 
detects interference. 
0003 2. Description of the Related Art 
0004. In recent years, high-resolution radar that uses 
microwaves, milliwaves, and the like has been studied. Fur 
thermore, the development of wide-angle radar that detects 
not only vehicles but also pedestrians is needed to improve 
safety outdoors. 
0005. In wide-angle pulse radar that detects vehicles and 
pedestrians, a plurality of reflected waves from near-distance 
targets (for example, vehicles) and far-distance targets (for 
example, people) are mixed within reception signals, and 
therefore radar transmission units are required to have a trans 
mission configuration that transmits pulse waves or pulse 
modulated waves having low range sidelobe characteristics. 
Furthermore, radar reception units are required to have a 
reception configuration that has a broad reception dynamic 
range. 
0006 Proposals have been made for pulse compression 
radar that uses Barker codes, M-sequence codes, and comple 
mentary codes as pulse waves or pulse modulated waves for 
obtaining low range sidelobe characteristics. In particular, a 
method for generating complementary codes is disclosed in 
New Complementary Pairs of Sequences, Budisin S. Z. 
Electron. Lett., 1990, 26, (13), pp. 881-883. 
0007 Complementary codes can be generated as follows, 
for example. To be specific, complementary codes having a 
code length of L-4, 8, 16, 32, ... , 2 can be sequentially 
generated on the basis of code sequences of a=1 1 and b=1 
-1 that are complementary and are made up of the elements 
1 or -1. Although the required reception dynamic range 
increases as the code length increases, with complementary 
codes, the peak sidelobe ratio (PSR) can be reduced with a 
shorter code length. Therefore, the dynamic range required 
for reception can be reduced even in the case where a plurality 
of reflected waves from near-distance targets and far-distance 
targets are mixed. However, in the case where M-sequence 
codes are used, the PSR is given at 20 log(1/L), and in order 
to obtain a low range sidelobe, a code length L that is longer 
than that of a complementary code becomes necessary (for 
example, L=1024 in the case where the PSR=60 dB). 
0008. In the case where the frequency bands of radio 
waves output by a plurality of radar devices are the same band 
or some of the bands overlap, interference among the radar 
devices occurs when a positional relationship develops in 
which the detection areas of the plurality of radar devices 
overlap. In other words, a relationship develops in which the 
radio waves output by a certain radar device are received by 
another radar device. Interference between the radar devices 
become strong interference as the positional relationship 
between the radar devices becomes closer (in other words, as 
the distance therebetween decreases), the non-detection rate 
or the erroneous detection rate increases for targets that 
should originally be detected, and deterioration in detection 
performance increases. 
0009. Therefore, a technique that prevents deterioration in 
detection performance caused by interference between radar 
devices, by detecting interference components from another 
radar device is disclosed in Japanese Unexamined Patent 
Application Publication No. 2006-220624, for example. 
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0010 Japanese Unexamined Patent Application Publica 
tion No. 2006-220624 discloses a device that determines 
interference from another radar device mounted in a vehicle. 
With vehicle-mounted radar, the detection area changes as the 
vehicle travels. In the case where the frequency bands of 
output radio waves are the same or some of the bands overlap 
between vehicle-mounted radar devices mounted in a plural 
ity of vehicles, interference occurs when a positional relation 
ship develops in which the detection areas overlap. 
0011. With regard to this kind of interference, Japanese 
Unexamined Patent Application Publication No. 2006 
220624 discloses a configuration that is a reception configu 
ration for a frequency modulated continuous wave (hereinaf 
ter referred to as FMCW) radar device and detects 
interference from another FMCW radar device. An FMCW 
radar device uses frequency spectrum data of obtained beat 
signals to obtain an integral strength value in a prescribed 
frequency range, and determines that interference with 
another radar device has occurred in the case where the inte 
gral strength value exceeds an interference determination 
threshold value. 

SUMMARY 

0012. In the aforementioned FMCW radar device dis 
closed in Japanese Unexamined Patent Application Publica 
tion No. 2006-220624, reflected waves of radio waves output 
by the radar device are also included in the calculated strength 
integral value, and the amount thereof depends upon the 
situation Such as the Surrounding structures or the road Sur 
face. Therefore, in order to suppress erroneous interference 
determinations, it is necessary to set a determination thresh 
old value to be sufficiently high, and there is a possibility of 
there being a decrease in interference detection sensitivity. 
0013. One non-limiting and exemplary embodiment pro 
vides a radar device that improves detection sensitivity for 
interference from another radar device. 
0014. In one general aspect, the techniques disclosed here 
feature: a radar device provided with: a receiver which, in 
operation, receives one or more radar transmission signals 
transmitted from another radar device, in an interference 
measurement segment in which transmission of one or more 
radar transmission signals from the radar device is stopped; 
an A/D converting circuitry which, in operation, converts the 
one or more radar transmission signals from the other radar 
device received by the receiver from one or more analog 
signals into one or more digital signals; and an interference 
detecting circuitry which, in operation, performs a correlation 
calculation between each of the one or more discrete samples 
that are the one or more digital signals and a prescribed 
coefficient sequence to detect one or more prescribed fre 
quency components included in the one or more digital sig 
nals, as one or more interference signal components. 
0015. It should be noted that general or specific embodi 
ments may be implemented as a system, a method, an inte 
grated circuit, a computer program, a storage medium, or any 
selective combination thereof. 
0016. According to the present disclosure, it is possible to 
improve detection sensitivity for interference from another 
radar device. 

0017 Additional benefits and advantages of the disclosed 
embodiments will become apparent from the specification 
and drawings. The benefits and/or advantages may be indi 
vidually obtained by the various embodiments and features of 
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the specification and drawings, which need not all be pro 
vided in order to obtain one or more of such benefits and/or 
advantages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1 is a block diagram depicting the configura 
tion of a radar device according to embodiment 1 of the 
present disclosure; 
0019 FIG. 2 is a drawing depicting the way in which 
Switching is performed between an interference measurement 
segment and a distance measurement segment; 
0020 FIG. 3 includes a drawing depicting radar transmis 
sion signals of distance measurement segments, and a draw 
ing depicting radar transmission signals of interference mea 
Surement segments; 
0021 FIG. 4 is a block diagram depicting the internal 
configuration of an interference detection unit of FIG. 1; 
0022 FIG. 5 is a block diagram depicting the internal 
configuration of a frequency component extraction unit of 
FIG. 4; 
0023 FIG. 6 is a drawing depicting transmission timings 
of a radar transmission signal and reception timings of a 
reflected wave; 
0024 FIG. 7 is a drawing depicting a relationship between 
the arrangement of reception antenna elements that make up 
an array antenna and an azimuth angle; 
0025 FIG. 8 is a drawing depicting a relationship between 
a radar signal band and an interference wave-detection fre 
quency component; 
0026 FIG. 9 is a drawing depicting an FMCW modulated 
wave of another radar device; 
0027 FIG. 10 is a drawing depicting the output of an 
interference detection unit; 
0028 FIG. 11 is a block diagram depicting the internal 
configuration of an interference detection unit according to 
embodiment 2 of the present disclosure; 
0029 FIG. 12 is a block diagram depicting the configura 
tion of a radar device according to embodiment 3 of the 
present disclosure; 
0030 FIG. 13 is a block diagram depicting the configura 
tion of a radar device according to modified example 1 of the 
present disclosure; and 
0031 FIG. 14 is a block diagram depicting the internal 
configuration of a radar transmission signal generation unit 
according to modified example 2 of the present disclosure. 

DETAILED DESCRIPTION 

0032 Hereafter, embodiments of the present disclosure 
will be described in detail with reference to the drawings. 
However, in the embodiments, configurations having the 
same function are denoted by the same reference numbers 
and redundant descriptions are omitted. 

Embodiment 1 

0033 FIG. 1 is a block diagram depicting the configura 
tion of a radar device 10 according to embodiment 1 of the 
present disclosure. The radar device 10 is provided with a 
radar transmission unit 20, a radar reception unit 30, a refer 
ence signal generation unit 11, a transmission control unit 12, 
and an interference countermeasure control unit 13. 
0034) First, the configuration of the radar transmission 
unit 20 will be described. 
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0035. The radar transmission unit 20 is provided with a 
radar transmission signal generation unit 21, a transmission 
RF unit 25, and a transmission antenna 26. The radar trans 
mission signal generation unit 21 is provided with a code 
generation unit 22, a modulation unit 23, and a band control 
filter (denoted as “LPF' (low pass filter) in the drawing and 
hereinafter referred to as “LPF) 24. Furthermore, the radar 
transmission signal generation unit 21 generates a timing 
clock produced by multiplying a reference signal from the 
reference signal generation unit 11 by a prescribed number, 
and on the basis thereof, repeatedly outputs a baseband radar 
transmission signal r(n, M)=I(n, M)+jQ(n, M) in a prescribed 
radar transmission period Tr. It should be noted that repre 
sents an imaginary unit, in represents a discrete timepoint, and 
M represents an ordinal number for a radar transmission 
period. 
0036) The code generation unit 22 generates codes a that 
constitute a code sequence (an M-sequence code, a Barker 
code sequence, a complementary code sequence, or the like) 
of the code length L, and outputs to the modulation unit 23. It 
should be noted that n=1,..., L. The codes a, are generated 
in each radar transmission period Tr. 
0037. In the case where the code sequence is a comple 
mentary code sequence (including a Golay code sequence, a 
Spano code sequence, or the like), codes P, and Q, that con 
stitute a pair are each generated alternately in each radar 
transmission period. In other words, a code P, is transmitted 
as a pulse compression code a, in an M” radar transmission 
period Tr, and then a code Q, is transmitted as a pulse com 
pression code b, in an M+1" radar transmission period Tr. In 
the radar transmission periods thereafter (m+2" . . . ), trans 
mission is repeatedly performed in the same way with M' to 
M+1" radar transmissions serving as single units. 
0038 A complementary code is made up of two code 
sequences (hereinafter taken as pulse compression codes a 
and b,; furthermore, n=1,..., L., and L is the code sequence 
length). Autocorrelation calculations for each of the pulse 
compression codes a, and b, are given in the following 
expressions (1) and (2). When the results thereof are added 
with the shift timest thereof being consistent (see the follow 
ing expression (3)), a correlation value is reached with which 
the range sidelobe is 0. Complementary codes have the afore 
mentioned properties. 

Equation 1 

(1) 

L. (2) 

Here, a = 0 
and 

b = 0 in n > L and n < 1. 

Equation 3 

R(t) + Ri, (t) + 0, when t = 0 (3) 
R(t) + Ri, (t) = 0, when t + O 
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0039. The modulation unit 23 performs pulse modulation 
(amplitude modulation, ASK, pulse shift keying) or phase 
modulation (PSK) with respect to the code sequence output 
from the code generation unit 22, and outputs to the LPF 24. 
0040. The LPF 24 outputs the modulated signal output 
from the modulation unit 23, to the transmission RF unit 25 as 
a radar transmission signal of a baseband limited to within a 
prescribed band. 
0041. The transmission RF unit 25 converts the baseband 
radar transmission signal output from the radar transmission 
signal generation unit 21 into a carrier frequency (radio fre 
quency: RF) band by frequency conversion. Furthermore, the 
transmission RF unit 25 amplifies the carrier frequency-band 
radar transmission signal to a prescribed transmission power 
PdB with a transmission amplifier and outputs to the trans 
mission antenna 26. 
0042. The transmission antenna 26 radiates the radar 
transmission signal output from the transmission RF unit 25 
into a space. 
0043. The transmission control unit 12 performs transmis 
sion control that differs in accordance with two operation 
segments depicted in FIG. 2, in other words, an interference 
measurement segment in which a radar transmission signal 
transmitted from another radar device is measured, and a 
distance measurement segment in which the distance to a 
target is measured. 
0044 FIG. 3 includes a drawing depicting radar transmis 
sion signals of distance measurement segments, and a draw 
ing depicting radar transmission signals of interference mea 
Surement segments. FIG. 3(a) depicts radar transmission 
signals of distance measurement segments. A radar transmis 
sion signal is present in a code transmission segment Tw of 
each radar transmission period Tr, and the segments (Tr-Tw) 
that remain are non-signal segments. Furthermore, a pulse 
code sequence of the pulse code length L is included within 
the code transmission segments Tw; however, by carrying out 
modulation that uses a No sample for each single pulse code, 
an Nr NoxL sample signal is included within each code 
transmission segment Tw. Furthermore, an Nu Sample is 
included in the non-signal segments (Tr-Tw) in the radar 
transmission periods. On the other hand, FIG. 3(b) depicts 
radar transmission signals of interference measurement seg 
ments. As depicted in FIG.3(b), in the interference measure 
ment segments, the transmission of radar transmission signals 
from the radar device 10 is stopped and a state in which codes 
are not transmitted is entered for a prescribed number of radar 
transmission periods. 
0045. Furthermore, the transmission control unit 12 per 
forms transmission control in which interference measure 
ment segments serve as N, number of code transmission 
periods, distance measurement segments serve as N num 
ber of code transmission periods, and Switching is performed 
therebetween. 
0046) Next, the configuration of the radar reception unit 30 
will be described. 
0047. The radar reception unit 30 is mainly provided with 
antenna system processing units 30a to 30d that correspond to 
the number of reception antennas that make up an array 
antenna, and a direction estimation unit 43. The antenna 
system processing units 30a to 30d are each provided with a 
reception antenna 31, a reception RF unit 32, and a signal 
processing unit 36. 
0048. The reception antenna 31 receives a signal produced 
by a radar transmission signal transmitted from the radar 
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transmission unit 20 being reflected by a reflecting object 
including the target. A radar reception signal received by the 
reception antenna 31 is output to the reception RF unit 32. 
0049. The reception RF unit 32 is provided with an ampli 
fier 33, a frequency conversion unit 34, and a quadrature 
detection unit 35. 
0050. The amplifier 33 performs signal amplification with 
respect to the radar reception signal received by the reception 
antenna 31, and outputs to the frequency conversion unit 34. 
0051. The frequency conversion unit 34 converts the 
radio-frequency radar reception signal output from the ampli 
fier 33 into a low-frequency radar reception signal, and out 
puts to the quadrature detection unit 35. 
0.052 The quadrature detection unit 35 performs quadra 
ture detection with respect to the low-frequency radar recep 
tion signal output from the frequency conversion unit 34, and 
performs conversion into baseband signals made up of an I 
signal and a Q signal. The I signal is output to an A/D con 
version unit 37a of the signal processing unit 36, and the Q 
signal is output to an A/D conversion unit 37b of the signal 
processing unit 36. It should be noted that a timing clock 
signal of the signal processing unit 36 for the baseband sig 
nals is generated as a timing clock of a prescribed multiple 
using a reference signal from the reference signal generation 
unit 11 in the same way as with the radar transmission signal 
generation unit 21. 
0053. The signal processing unit 36 is provided with the 
A/D conversion units 37a and 37b, a correlation calculation 
unit 40, an integration unit 41, a Doppler frequency analysis 
unit 42, an interference detection unit 38, and an interference 
determination unit 39. 

0054) The A/D conversion units 37a and 37b perform sam 
pling at discrete times with respect to the baseband signals 
made up of the I signals and the Q signals output from the 
quadrature detection unit 35, and perform conversion into 
digital data. The A/D conversion units 37a and 37b output the 
converted digital data to the correlation calculation unit 40 
and the interference detection unit 38. Here, for the sampling 
rate of the A/D conversion units 37a and 37b, Ns number of 
discrete samples are performed at each one pulse time Tp 
(=Tw/L) in the radar transmission signal, in other words, Ns 
number of over-samples per one pulse. It should be noted that, 
hereinafter, baseband signals Ir(k, M) and Qr(k, M) made up 
of I signals and Q signals of a discrete timepoint k in an M" 
radar transmission period are indicated using a complex num 
ber x(k, M)=Ir(k, M)+jQr(k, M). Furthermore, j is an imagi 
nary unit. Moreover, hereinafter, with regard to the timepoints 
k, measurement up to k=(Nr--Nu)NS/No, which is a sample 
point up to prior to a radar transmission period Trending, is 
periodically performed with the timing at which the radar 
transmission period Tr starts serving as a reference (k-1). In 
other words, k=1, (Nr+Nu)Ns/No. 
0055. The interference detection unit 38 detects one or 
more interference signal components in an interference mea 
Surement segment on the basis of a control signal from the 
transmission control unit 12, and outputs the detected one or 
more interference signal components to the interference 
determination unit 39. FIG. 4 is a block diagram depicting the 
internal configuration of the interference detection unit 38 of 
FIG. 1. In FIG. 4, from the digital data output from the A/D 
conversion units 37a and 37b, a frequency component extrac 
tion unit 51 extracts one or more interference signal compo 
nents in a specific frequency component included within the 
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baseband band of the radar signals used by the radar device 
10, and outputs to a square calculation unit 52. 
0056. The square calculation unit 52 squares the one or 
more interference signal components output from the fre 
quency component extraction unit 51, and outputs to the 
interference determination unit 39. 
0057 The frequency component extraction unit 51, in 
order to extract a specific frequency component included 
within the baseband band of the radar signals used by the 
radar device 10, performs a correlation calculation between a 
discrete sample X(k, M), which is the digital data output from 
the A/D conversion units 37a and 37b, and a coefficient 
sequence FS, for extracting the specific frequency compo 
nent (see expression (4)). Here, L. FS is the sequence length 
of the coefficient sequence FS. 

Equation 4 

LFS (4) 
IC(k, M) = X. x(k --n - 1, M) X FS 

0058. By using the coefficient sequence indicated in 
expression (5) as the coefficient sequence FS, a /4" positive 
frequency component is extracted from a sampling frequency 
NS/Tp of the A/D conversion units 37a and 37b, and thus a 
specific frequency component NS/(4Tp) can be extracted. 

Equation 5 

{FSFS2. FSFS}={1j,-1,-i} (5) 

0059. Furthermore, the frequency component extraction 
unit 51, which uses the coefficient sequence FS, indicated in 
expression (5), can be realized with the configuration 
depicted in FIG. 5. The frequency component extraction unit 
51 depicted in FIG. 5 is provided with delayers 61a to 61c, 
coefficient multipliers 62a to 62d, and an adder 63. 
0060. The delayers 61a to 61c delay input data and output 
delayed data. The delayer 61a delays the complex number 
made up of the I signal and the Q signal output from the A/D 
conversion units 37a and 37b, and outputs a delayed discrete 
sample to the coefficient multiplier 62b and the delayer 61b. 
The delayer 61b delays the output from the delayer 61a, and 
outputs delayed data to the coefficient multiplier 62c and the 
delayer 61c. The delayer 61c delays the output from the 
delayer 61b, and outputs a digit of delayed data to the coef 
ficient multiplier 62d. 
0061 The coefficient multiplier 62a multiplies the dis 
crete sample output from the A/D conversion units 37a and 
37bby a coefficient 1, and outputs the multiplication result to 
the adder 63. The coefficient multiplier 62b multiplies the 
data output from the delayer 61a by a coefficient j, and out 
puts the multiplication result to the adder 63. The coefficient 
multiplier 62c multiplies the data output from the delayer 61b 
by a coefficient -1, and outputs the multiplication result to the 
adder 63. The coefficient multiplier 62d multiplies the data 
output from the delayer 61c by a coefficient -, and outputs 
the multiplication result to the adder 63. In should be noted 
that is an imaginary unit. 
0062. The adder 63 adds the multiplication results output 
from the coefficient multiplier 62a to 62d, and outputs the 
addition result to the square calculation unit 52. 
0063. Furthermore, by using the coefficient sequence indi 
cated in expression (6) as the coefficient sequence FS, a '4' 
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negative frequency component is extracted from the sampling 
frequency NS/Tp of the A/D conversion units 37a and 37b, 
and therefore a specific frequency component-NS/(4Tp) can 
be extracted. 

Equation 6 

{FSFS, FSFS}={1,-i,-1j} (6) 

0064. Furthermore, by using the coefficient sequence indi 
cated in expression (7) as the coefficient sequence FS, a /8" 
positive frequency component is extracted from the sampling 
frequency NS/Tp of the A/D conversion units 37a and 37b, 
and therefore a specific frequency component NS/(8Tp) can 
be extracted. 

Equation 7 

0065. Furthermore, by using the coefficient sequence indi 
cated in expression (8) as the coefficient sequence FS, a /8" 
negative frequency component is extracted from the sampling 
frequency NS/Tp of the A/D conversion units 37a and 37b, 
and therefore a specific frequency component-NS/(8Tp) can 
be extracted. 

Equation 8 

0066 Furthermore, by using the coefficient sequence indi 
cated in expression (9) as the coefficient sequence FS, a 
1/(2G)" positive frequency component is extracted from the 
sampling frequency NS/Tp of the A/D conversion units 37a 
and 37b, and therefore a specific frequency component NS/ 
(2GxTp) can be extracted. Here, n=1,..., 2G. 

Equation 9 

FS, expji (n-1)/GI (9) 

0067 Furthermore, by using the coefficient sequence indi 
cated in expression (10) as the coefficient sequence FS, a 
1/(2G)" negative frequency component is extracted from the 
sampling frequency NS/Tp of the A/D conversion units 37a 
and 37b, and therefore a specific frequency component -Ns/ 
(2GxTp) can be extracted. Here, n=1,..., 2G. 

Equation 10 

FS, exp-ja (n-1)/GI (10) 

0068. It should be noted that detection sensitivity can be 
improved by additionally repeatedly using any of the afore 
mentioned coefficient sequences. In other words, in the case 
where the coefficient length of the coefficient sequence FS 
for extracting a specific frequency component is taken as 
L FS, the detection sensitivity for the specific frequency 
component can be increased N times when that coefficient 
sequence is repeated N times (an SNR improvement of 10 
logo (N) dB). For example, by using a coefficient sequence 
{1, -j.-1.j, 1, -j.-1.j} in which FS, FS, FS, FS}= {1, -j. 
-1,j} is repeated twice, the detection sensitivity for the spe 
cific frequency component -Ns/(4Tp) can be doubled. 
0069. The interference determination unit 39, on the basis 
of the control signal output from the transmission control unit 
12, determines whether or not the one or more interference 
signal components output from the interference detection unit 
38 in an interference measurement segment exceeds a pre 
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scribed determination level. The interference determination 
unit 39 determines that an interference component is not 
present in the case where each of the one or more interference 
signal components is equal to or less than the determination 
level, and determines that an interference component is 
present in the case where any of the one or more interference 
signal components exceeds the determination level. 
0070. It should be noted that the interference detection 
unit 38 and the interference determination unit 39 are pro 
vided in at least one antenna system processing unit from 
among a first antenna system processing unit to an Na" 
antenna system processing unit. 
0071. The interference countermeasure control unit 13 
performs interference countermeasure control in the Subse 
quent distance measurement segment on the basis of the 
interference determination result output from the interference 
determination unit 39 in the interference measurement seg 
ment. In other words, in the case where the interference 
determination unit 39 has determined that an interference 
component is present, in order to reduce or Suppress the one 
or more interference signal components, control that uses any 
of the following or a combination thereof is applied in the 
Subsequent distance measurement segment to perform radar 
transmission/reception operations in the distance measure 
ment Segment. 
0072 (1) The interference countermeasure control unit 13 
performs control that changes the carrier frequency of the 
radar device 10. In other words, the transmission carrier fre 
quency of the transmission RF unit 25 is changed. Further 
more, it is made possible for the transmission carrier fre 
quency changed by the transmission RF unit 25 to be received 
also by the reception RF unit 32. The frequency is changed by 
performing control that shifts a preset frequency interval. It 
should be noted that, in the case where a configuration that 
detects a positive/negative specific frequency component is 
used as the interference detection unit 38, it becomes possible 
for the frequency signal component to be reduced or Sup 
pressed to a greater extent by changing the transmission car 
rier frequency in a frequency direction in which the detected 
positive/negative frequency components are low in number. 
Furthermore, control may be performed that, as the detected 
one or more interference signal components increase in num 
ber, widens the frequency interval that is used when the fre 
quency is changed. It thereby becomes possible for the one or 
more interference signal components to be reduced or Sup 
pressed more effectively. 
0073 (2) In the case where the vertical beam direction of 
the transmission antenna 26 or the reception antenna 31 of the 
radar device 10 can be controlled, the interference counter 
measure control unit 13 performs control that changes the 
beam direction to a downward direction for a prescribed time 
interval. 

0074 (3) The interference countermeasure control unit 13 
performs control that, for a prescribedtime interval, increases 
the code length of the radar transmission signals used by the 
radar device 10. 

0075. The correlation calculation unit 40, in the distance 
measurement segment following interference detection and 
interference countermeasure control in an interference mea 
Surement segment, performs a correlation calculation 
between a discrete samplex(k, M) output from the A/D con 
version units 37a and 37b at each radar transmission period 
and a pulse compression code a, of the code length L that is 
transmitted. Here, n=1,..., L. A sliding correlation calcula 
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tion in an M” radar transmission period is performed on the 
basis of the following expression (11), for example. 

Equation 11 

L. (11) 
AC(k, M) = 

= 
X(k+ Ns (n - 1), M)a, 

0076. In expression (11), AC(k, M) indicates a correlation 
calculation value of a discrete timepoint k. The asterisk (*) 
represents a complex conjugate operator. Furthermore, the 
calculation of AC(k, M) is performed for a period of k=1,... 
, (Nr+Nu)Ns/No. 
0077. It is possible for the calculation in the correlation 
calculation unit 40 to be performed for k=1,..., (Nr--Nu)NS/ 
No; however, it should be noted that the measurement range 
(range ofk) may be additionally limited by the presence range 
for the target to be measured of the radar device 10. It thereby 
becomes possible for the calculation processing amount to be 
reduced. For example, the measurement range may be limited 
to k=Ns(L+1), . . . . (Nr--Nu)NS/No-NsL. In this case, as 
depicted in FIG. 6, measurement is not performed in a time 
segment that corresponds to a code transmission segment, 
and even in a case such as when a radar transmission signal 
directly enters the radar reception unit 30, it becomes possible 
to perform measurement with the effect thereof having been 
eliminated. In the case where the measurement range (range 
of k) is limited, the following processing also similarly 
applies processing in which the measurement range (range of 
k) is limited. 
0078. On the basis of the correlation calculation value 
AC(k, M), which is an output of the correlation calculation 
unit 40 for each discrete timepoint k, the integration unit 41 
performs Np number of summations for a period (TrxNp), 
which is a plural Np number of the radar transmission periods 
Tr, in accordance with the following expression (12). 

Equation 12 

Nip (12) 
CI(k, n) = X. AC(k, Np (n - 1) +g) 

g=l 

0079. In expression (12), Np is an integer value that is 
equal to or greater than 1. In other words, the integration unit 
41 performs summation Np plurality of times with single 
units being constituted by the output of the correlation calcu 
lation unit 40 obtained with the radar transmission periods Tr 
serving as units. In other words, a correlation value CI(k, m) 
that is added with the timings of the discrete timepoints k 
being aligned is calculated at each discrete timepoint k with 
AC(k, Np(m-1)+1) to AC(k, Npxm) serving as units. It 
should be noted that m is a natural number. Thus, due to the 
effect of the addition, the SNR can be increased and the 
measurement performance relating to estimating the arrival 
distance of the target can be improved, in a range in which 
reception signals of reflected waves from the target have a 
high correlation, in a time range in which addition is per 
formed Np times. 
0080 A condition with which the phase components are 
within a certain range for a segment in which addition is 
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performed is required in order for an ideal addition gain to be 
obtained, and the number of times that addition is to be 
applied is set on the basis of an assumed maximum movement 
speed of the target to be measured. This is because, as the 
assumed maximum speed of the target increases, the time 
period in which time correlation is high becomes shorter due 
to the influence of Doppler frequency fluctuations included in 
the reflected waves from the target, the Np becomes a small 
value, and the gain improvement effect brought about by 
addition decreases. 

0081. The Doppler frequency analysis unit 42 performs 
coherent integration with CI(k, Nc(w-1)+1) to CI(k, Ncxw), 
which are Nc number of outputs of the integration unit 41 
obtained at each discrete timepoint k, serving as single units, 
the timings of the discrete timepoints k being aligned, and a 
phase fluctuation d(fs)=2atfs(TrxNp)Add, which corresponds 
to 2.Nfnumber of different Doppler frequencies fsAdd, being 
corrected in accordance with the following expression (13). 

Equation 13 

Nc-1. (13) 
FT CIN (k, fs, w) = X. CI(k, Nc(w- 1) + q + 1)exp-icis(fs)q = 

q=0 

Nc-1. 

X CI(k, New- 1) + 4 + 1)exp(-j2t fSTrNpgAd) 
q=0 

I0082 In expression (13), FT CI'"(k, fs, w) is the w” 
output by the Doppler frequency analysis unit 42, and indi 
cates a coherent integration result of the Doppler frequencies 
fsAd at the discrete timepoints k, in the Nant' antenna sys 
tem processing unit. It should be noted that Nant=1 to Na, 
fs=-Nf+1,..., 0, ... Nf, k=1,..., (Nr--Nu)NS/No, w is a 
natural number, and Add is a phase rotation unit. Thus, in each 
antenna system processing unit, FT CI'"(k, -Nf+1, w). . . . 
, FT CI'"(k, Nf-1, w), which are coherent integration 
results that correspond to 2.Nfnumber of Doppler frequency 
components of each discrete timepoint k, are obtained for 
each period (TrxNpxNc), which is a plural NpxNc number of 
the radar transmission periods Tr. 
0083. The aforementioned processing equates to the out 
put of the integration unit 41 being Subjected to discrete 
Fourier transform processing at a sampling interval Tm (Trx 
Np) and a sampling frequency fm 1/Tm in the case where 
ACD=1/Nc. 

0084. Furthermore, by setting Nf to a number that is a 
power of 2, fast Fourier transform processing (FFT) can be 
applied and the calculation processing amount can be greatly 
reduced. It should be noted that, at such time, in the case 
where Nf>Nc, by performing Zero filling processing in which 
CI(k, Nc(w-1)+q)=0 in regions where q>Nc, likewise, fast 
Fourier transform processing can be applied and the calcula 
tion processing amount can be greatly reduced. 
0085. It should be noted that, in the aforementioned Dop 
pler frequency analysis unit 42, FFT processing may not be 
performed, and calculation processing in which a product 
Sum calculation given by expression (13) is successively per 
formed may be carried out (with respect to CI(k, Nc(w-1)+ 
q+1), which is Nc number of outputs of the integration unit 41 
obtained at each discrete timepoint k, a coefficient exp 
j2tfsNpqAcp corresponding to fs=-Nf+1, ..., 0,.... Nf-1 

Aug. 18, 2016 

is generated, and product sum calculation processing is suc 
cessively performed). Here q=0 to Nc-1. 

I0086. Hereinafter, the outputs FT CI'(k, fs, w), -, FT CI 
^*(k, fs, w) from the Doppler frequency analysis unit 42 
obtained by the same processing being respectively carried 
out in the first antenna system processing unit to the Na" 
antenna system processing unit is collectively denoted as a 
correlation vector h(k, fs, w), and is used to describe process 
ing in which direction estimation based on phase differences 
among reception antennas is performed with respect to 
reflected waves from the target. 

Equation 14 

FT CI'(k, fs, w) (14) 
FT CI(k, fs, w) 

h(k, fs, w) = 

FT CIN (k, fs, w) 

0087. It should be noted that, instead of the aforemen 
tioned correlation matrix, a correlation vector may be calcu 
lated with one of the plurality of antenna system processing 
units serving as a reference phase. 

Equation 15 

FT CI(k, fs, w) (15) 
FT CI(k, fs, s: h(k, fs, w) = fs, w). FT CI(k, fs, w) 

|FT CI (k, fs, w) 
FT CIN (k, fs, w) 

I0088. In expression (15), the superscript asterisk (*) indi 
cates a complex conjugate operator, and k=1,..., (Nr--Nu) 
NS/No. 

0089. In the direction estimation unit 43, the correlation 
vector h(k, fs, w) from the W' number-y Doppler frequency 
analysis unit 42 output from the first antenna system process 
ing unit to the Na" antenna system processing unit is cor 
rected with respect to phase deviation and amplitude devia 
tion among the antenna system processing units using an 
array correction value, and a correlation vector h after cal(k, 
fs, w) in which these corrections have been performed is used 
to perform direction estimation processing based on the phase 
differences among reception antennas of arriving reflected 
WaVS. 

Equation 16 

h call O O (16) 
O h call .. 

h after cat (k, fs, w) = O hy(k, fs, w) 

O O h calNal 

0090. In other words, in the direction estimation process 
ing, an azimuth direction 0 indicated in the following expres 
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sion (17) is made variable using the correlation vector h af 
ter cal(k, fs, w) in which phase deviation and amplitude 
deviation have been corrected, with respect to each discrete 
timepoint k and each Doppler frequency fsAdd, or discrete 
timepoints k and Doppler frequencies fsAdd with which the 
norm of h after cal(k, fs, w) or the square value thereof 
becomes equal to or greater than a prescribed value. A direc 
tion estimation evaluation function value P(0, k, fs, w) is then 
calculated, and the azimuth direction with which the largest 
value thereof is obtained is taken as an arrival direction esti 
mation value DOA (k, fs, w). 

Equation 17 

DOA (k, fs, w) = argmax P(0. k, fs, w) (17) 

0091. In expression (17), u=1,..., NU. It should be noted 
that arg max P(x) is an operator with which the value of a 
domain having the largest function value P(x) is taken as an 
output value. 

0092. It should be noted that the evaluation function value 
P(0, k, fs, w) is an evaluation function value of various kinds 
according to the arrival direction estimation algorithm. For 
example, an estimation method that uses an array antenna 
disclosed in the literature (Direction-of-Arrival Estimation 
Using Signal Subspace Modeling, J. A. Cadzow, Aerospace 
and Electronic Systems, IEEE Transactions, volume 28, issue 
1, publication year: 1992, pages 64-79) can be used, and a 
beam forming method can be represented by the following 
expression (18). 

Equation 18 

P(0.k.fs, w)-a(0)'H (kfs, w)a(0.) (18) 

0093. In expression (18), the superscript H is a Hermitian 
transposition operator. Other than this, it is also possible for 
techniques such as Capon and MUSIC to be similarly applied. 

0094 h after cal(k, fs, w) is a correlation matrix, and is 
given by the following expression (19). 

Equation 19 

H after calk.fs, w) h after ca?kifs, w)h after ca?kifs, 
w)f (19) 

0.095 The direction estimation unit 43 then, in addition to 
the calculated w” arrival direction estimation value DOA(k, 
fs, w), uses the discrete timepoint k, the Doppler frequencies 
fsAdd, and the evaluation function value P(DOA(k, fs, w), k, 
fs, w) of that time as radar positioning results. 
(0096. Here, a direction vectora(0) is an Na" order col 
umn vector in which a complex response of an array antenna 
in the case where radar reflected waves have arrived from an 
0 direction are taken as elements. The array antenna complex 
response a(0) represents a phase difference that is geomet 
ric-optically calculated at element intervals among antennas. 
For example, in the case where the element intervals of the 
array antenna are arranged at equal intervals d on a straight 
line (see FIG. 7), a direction vector can be given by the 
following expression (20). 
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Equation 20 

1 (20) 

expki27t(N - 1)disiné f : 

I0097. In expression (20), 0 is obtained by causing the 
azimuth range in which arrival direction estimation is per 
formed to change by prescribed azimuth intervals f, and is set 
as follows, for example. Also, 0,0 min-i-u?, u=0,..., NU, 
and NU-floor(0max-0min)/B+1. Here, floor(x) is a func 
tion that outputs the largest integer value that does not exceed 
a real number X. 
0098. It should be noted that timepoint information may 
be converted into distance information and output. The fol 
lowing expression (21) is used when the discrete timepoint k 
is converted into distance information R(k). 

Equation 21 

Rik) = k" (21) (k) = 

0099. In expression (21), Tw represents a code transmis 
sion segment, L represents a pulse code length, and CO rep 
resents light speed. 
0100 Furthermore, Doppler frequency information may 
be converted into a relative speed component and output. The 
following expression (22) is used when the Doppler fre 
quency fsAdd is converted into a relative speed component 
vd(fs). 

Equation 22 

(22) 
val(fs) = sfsA0 

0101. In expression (22), w is the wavelength of a carrier 
frequency of an RF signal output from the transmission RF 
unit 25. 

0102 Next, a calculation simulation of the aforemen 
tioned interference detection unit 38 will be described. 
0103) The radar device 10 uses a coefficient sequence 
{FS, FS, FS, FSa}= {1, j, -1, -j} in the frequency compo 
nent extraction unit 51 to detect a frequency component of a 
250-MHz interference signal depicted in FIG. 8, for example, 
in the radar signal band (500 MHz) of the radar device, with 
the 1-GSps (giga sample per second) A/D conversion units 
37a and 37b. 
0104 Furthermore, another radar device that uses FMCW 
uses the same carrier frequency as the radar device 10 to, as 
depicted in FIG.9, perform 1-GHz frequency sweeping every 
10 us, and cause interference to the radar device 10. 
0105. The result of the case where an interference wave 
level is approximately the same as the noise level of the radar 
device 10 is depicted in FIG. 10. From FIG. 10, it is apparent 
that the output level according to the interference detection 
unit 38 increases at a reception timing at which the Sweeping 
frequency of the other radar device that uses FMCW becomes 
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250 MHz. Detection sensitivity can also be additionally 
improved by increasing the number of times that the coeffi 
cient sequence with which the frequency component of the 
interference signal is detected is repeated. 
0106. In this way, according to embodiment 1, an interfer 
ence measurement segment is provided in which a radar 
transmission signal is not transmitted in the radar transmis 
sion unit 20, and, in the radar reception unit 30, detection of a 
specific frequency component within the passband of the 
radar device 10 is performed in the interference measurement 
segment for one or more interference signal components to be 
detected. In the case where another radar device transmits an 
FMCW wave as an interference wave, the FMCW wave is 
frequency-modulated and therefore has the property that a 
transmitted frequency component changes, and therefore, by 
detecting the specific frequency component within the pass 
band of the radar device in the interference measurement 
segment, it becomes possible to detect interference from the 
other radar device. 

0107 Furthermore, detection sensitivity can be increased 
by increasing the number of times that a coefficient sequence 
for extracting the specific frequency component of the inter 
ference detection unit 38 is repeated. Furthermore, the inter 
ference detection unit 38 can extract the specific frequency 
component by way of a simple circuit configuration without 
using frequency analysis processing represented by fast Fou 
rier transform processing, and interference detection can be 
realized. 

Embodiment 2 

0108. In embodiment 2 of the present disclosure, the rela 
tion between frequency Sweeping and radar transmission 
intervals will be described. 
0109. With regard to frequency sweeping periods of 
another radar device that uses FMCW, there is a type in which 
frequency Sweeping is performed at comparatively fast inter 
vals such as of the order of several tens of microseconds (fast 
frequency modulation type), and a type in which frequency 
Sweeping is performed at comparatively slow periods such as 
of the order of milliseconds or the order of several tens of 
milliseconds. 

0110. In the case where the interference measurement seg 
ment of the radar device 10 is longer than the frequency 
sweeping period of the other radar device that uses FMCW, 
and a frequency component included within the signal band 
of the radar device 10 is included within the frequency range 
in which the other radar device performs frequency Sweeping, 
detection becomes possible in one interference measurement 
Segment. 
0111. However, even in the case where the interference 
measurement segment of the radar device 10 is shorter than 
the frequency Sweeping period of the other radar device that 
uses FMCW, and a frequency component included within the 
signal band of the radar device 10 is included within the 
frequency range in which the other radar device performs 
frequency Sweeping, the other radar device sometimes 
Sweeps a frequency component that is included within the 
signal band of the radar device 10 in a distance measurement 
segment, and there is a possibility of interference signal 
detection failing in the interference measurement segment. 
0112. With respect to the aforementioned interference sig 
nal detection failure, the probability of detecting an interfer 
ence wave can be increased by using, in the interference 
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detection unit 38, a configuration that detects a plurality of 
specific frequency components included within a signal band. 
0113 FIG. 11 depicts a configuration for the interference 
detection unit 38 with which two frequency components are 
detected as specific frequency components. Positive/negative 
frequency components may be used as a first frequency com 
ponent and a second frequency component. For example, as a 
result of a first frequency component extraction unit 51 using 
{FS, FS, FS, FS}= {1, j, -1, -j}, and a second frequency 
component extraction unit 71 using {FS, FS, FS, FS}= {1, 
-j, -1, j}, specific positive/negative frequency components 
+NS/(2Tp) can be extracted. 
0114. In the case where the interference measurement seg 
ment of the radar device 10 is shorter than the frequency 
sweeping period of the other radar device that uses FMCW by 
approximately 1/D (D being an arbitrary number), the prob 
ability of detecting an interference wave can be increased by 
providing an interference detection unit 38 that detects 
approximately D number of frequency components in Sub 
stantially equal frequency intervals within the signal band of 
the radar device 10. 

Embodiment 3 

0115 FIG. 12 is a block diagram depicting the configura 
tion of a radar device 80 according to embodiment 3 of the 
present disclosure. FIG. 12 is different from FIG. 1 in that the 
interference countermeasure control unit 13 has been 
removed, the correlation calculation unit 40 has been changed 
to a correlation calculation unit 81, the integration unit 41 has 
been changed to an integration unit 82, the direction estima 
tion unit 43 has been changed to a direction estimation unit 
85, and a second integration unit 83 and a respective-angle 
interference component detection unit 84 have been added. 
0116. The correlation calculation unit 81 performs a cor 
relation calculation in the same way as the correlation calcu 
lation unit 40 in interference measurement segments in addi 
tion to distance measurement segments. The integration unit 
82 also performs addition processing in the same way as the 
integration unit 41 in interference measurement segments in 
addition to distance measurement segments. 
0117 The second integration unit 83 performs coherent 
integration with respect to with floor(N/Np) number of 
outputs from the integration unit 82 obtained at each discrete 
timepoint k, with the timings of the discrete timepoints k 
being aligned. Here, floor(X) is a function that outputs the 
largest integer that is equal to or less than a real numberX. The 
second integration unit 83 outputs a coherent integrated result 
CCI(k) to the respective-angle interference component detec 
tion unit 84. 

0118. The respective-angle interference component detec 
tion unit 84 uses collected outputs CCI(k) from the second 
integration unit 83 obtained by the same processing being 
respectively carried out in the first antenna System processing 
unit to the Na" antenna system processing unit as correlation 
vectors given in the following expressions (23) and (24) to 
perform direction estimation based on phase differences 
between reception antennas with respect to reflected waves 
from a target, and calculates an interference component for 
each beam angle (hereinafter referred to as a “respective 
angle interference component) PI(0). In the direction esti 
mation processing, calculation processing that uses the 
described beam forming method is performed in the direction 
estimation unit 85. 
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Equation 23 

CCI(k) (23) 
OWOWiiONs. No s: 

h 1 CCI'(k) CCII (k) 
| ONONoNs / No. |CCI (k) 

k=1 

CCFN (k) 

Equation 24 

h call O O 2 (24) 

O h call .. PI(0) = a(0) . . . ht 

O O h calNal 

0119. In the case where FMCW waves are received as 
interference from the other radar device, one or more inter 
ference signal components are detected in a Substantially 
uniform manner regardless of the discrete timepoints k, and 
therefore detection sensitivity for one or more interference 
signal components can be increased by, in expressions (23) 
and (24), addition processing being performed at the discrete 
timepoints k (in other words, the distance direction). For 
example, by performing addition processing for N number of 
samples with respect to the discrete timepoints k (in other 
words, the distance direction), a 5 log(N) dB SNR 
improvement is achieved. For example, by performing addi 
tion processing with respect to 512 samples, an SNR 
improvement of approximately 13 dB can be achieved. 
0120 In the case where it is determined that the output 
from the interference determination unit 39 in an interference 
measurement segment includes an interference component, 
the respective-angle interference component detection unit 
84 outputs respective-angle interference components PI(0) 
to the direction estimation unit 85. On the other hand, in the 
case where it is determined that the output from the interfer 
ence determination unit 39 does not include an interference 
component, the respective-angle interference component 
detection unit 84 outputs the respective-angle interference 
components PI(0) all as zero to the direction estimation unit 
85. 

0121. The direction estimation unit 85, in a distance mea 
Surement segment, sets a determination threshold value for 
each angle on the basis of the respective-angle interference 
components PI(0) detected in the interference measurement 
segment, with respect to the calculated w” arrival direction 
estimation value DOA (k, fs, w), the discrete timepoint k 
thereof, the Doppler frequency fsAdd, and the evaluation func 
tion value P(DOA(k, fs, w), k, fs, w). In the case where the 
calculated w” arrival direction estimation value DOA(k, fs, 
w) is greater than CPI(0), the direction estimation unit 85 
outputs the calculated w” arrival direction estimation value 
DOA(k, fs, w) as the signal of the target detected by the radar 
device 80. It should be noted that C. is a prescribed coefficient 
value. 
0122. According to the aforementioned processing, in an 
interference measurement segment, an interference compo 
nent for each angle can be detected, and a detection determi 
nation threshold value can be variably set for each angle on 
the basis of the interference power for each angle. Thus, the 
probability of an interference component being erroneously 
detected as a signal of the target detected by the radar device 
80 can be reduced. Furthermore, in an interference measure 
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ment segment, by performing correlation calculation pro 
cessing and coherent addition processing as in a distance 
measurement segment, a detection determination threshold 
value can be variably set for each angle in accordance with the 
interference state that actually occurs in the distance mea 
Surement segment. 

Modified Example 1 
I0123. The present disclosure is not limited to the configu 
ration of the radar device of the aforementioned embodiment 
2, and may have the configuration depicted in FIG. 13. FIG. 
13 is a drawing in which the interference detection unit 38 and 
the interference determination unit 39 have been removed 
from FIG. 12. 

Modified Example 2 
0.124. The radar transmission signal generation unit 21 is 
not limited to the configuration depicted in FIG. 1, and may 
have the configuration depicted in FIG. 14. The radar trans 
mission signal generation unit 21 of FIG. 14 is provided with 
a code storage unit 91 and a D/A conversion unit 92. The code 
storage unit 91 stores code sequences in advance, and sequen 
tially and cyclically reads out the stored code sequences and 
outputs to the D/A conversion unit 92. 
0.125. The D/A conversion unit 92 converts a digital signal 
output from the code storage unit 91 into an analog baseband 
signal and outputs to the transmission RF unit 25. 
I0126 The following are included as various aspects of the 
embodiments according to the present disclosure. 
I0127. A radar device according to a first disclosure is 
provided with: a receiver which, in operation, receives one or 
more radar transmission signals transmitted from another 
radar device, in an interference measurement segment in 
which transmission of one or more radar transmission signals 
from the radar device is stopped; an A/D conversion circuitry 
which, in operation, converts the one or more radar transmis 
sion signals from the other radar device received by the 
receiver from one or more analog signals into one or more 
digital signals; and an interference detection circuitry which, 
in operation, performs a correlation calculation between each 
of the one or more discrete samples that is the one or more 
digital signals and a prescribed coefficient sequence to detect 
one or more prescribed frequency components included in the 
one or more digital signal, as one or more interference signal 
components. 
I0128. The radar device according to a second disclosure is 
the radar device of the first disclosure, in which the interfer 
ence detection circuitry performs the correlation calculation 
using a coefficient sequence in which the prescribed coeffi 
cient sequence is repeated. 
I0129. The radar device according to a third disclosure is 
the radar device of the first disclosure, further provided with 
a transmitter which, in operation, stops the transmission of 
the one or more radar transmission signals in the interference 
measurement segment, and transmits the one or more radar 
transmission signals in a distance measurement segment in 
which the distance from the radar device to a target is mea 
Sured. 
0.130. The radar device according to a fourth disclosure is 
the radar device of the third disclosure, further provided with 
a transmission control circuitry which, in operation, periodi 
cally Switches between the interference measurement seg 
ment and the distance measurement segment. 
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0131 The radar device according to a fifth disclosure is the 
radar device of the first disclosure, further provided with 
interference determination circuitry that compares the 
detected each of the one or more interference signal compo 
nents with a prescribed determination level in the interference 
measurement segment, determines that one or more interfer 
ence components are not present when each of the one or 
more interference signal components is equal to or less than 
the determination level, and determines that the one or more 
interference components are present when any of the one or 
more interference signal components exceed the determina 
tion level. 

0132) The radar device according to a sixth disclosure is 
the radar device of the fifth disclosure, further provided with 
an interference countermeasure control circuitry which, in 
operation, based on the interference determination result 
detected in the interference measurement segment, performs 
interference countermeasure control in the Subsequent dis 
tance measurement segment. 
0133. The radar device according to a seventh disclosure is 
the radar device of the sixth disclosure, in which the interfer 
ence countermeasure control circuitry changes a carrier fre 
quency of the radar device. 
0134. The radar device according to an eighth disclosure is 
the radar device of the sixth disclosure, in which the interfer 
ence countermeasure control circuitry changes the directivity 
of an antenna of the radar device for a prescribed time inter 
val. 

0135 The radar device according to a ninth disclosure is 
the radar device of the sixth disclosure, in which the interfer 
ence countermeasure control circuitry increases a code length 
of the one or more radar transmission signals in the distance 
measurement segment for a prescribed time interval. 
0136. The radar device according to a tenth disclosure is 
the radar device of the first disclosure, in which the prescribed 
coefficient sequence includes a coefficient sequence {1, -j. 
-1, j} (in which j is an imaginary unit). 
0137 Heretofore, various embodiments have been 
described with reference to the drawings, but it goes without 
saying that the present disclosure is not limited to these 
examples. It is obvious that a person skilled in the art could 
conceive of various altered examples or modified examples 
within the categories described in the claims, and naturally it 
is to be understood that these also belong to the technical 
scope of the present disclosure. Furthermore, the constituent 
elements in the aforementioned embodiments may be arbi 
trarily combined without deviating from the purpose of the 
disclosure. 

0.138. In the aforementioned embodiments, the present 
disclosure has been described with examples in which hard 
ware is used to configure the present disclosure; however, it is 
also possible for the present disclosure to be realized also by 
using Software in cooperation with hardware. 
0139. Furthermore, each function block used in the 
description of each of the aforementioned embodiments is 
typically realized as an LSI, which is an integrated circuit 
having an input terminal and an output terminal. These may 
be implemented separately as single chips or may be imple 
mented as a single chip in Such away as to include Some orall 
of the functional blocks. An LSI has been mentioned here, but 
a function block may be referred to as an IC, a system LSI, a 
super LSI, or an ultra LSI depending on the difference in the 
degree of integration. 
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0140. Furthermore, the circuit integration technique is not 
limited to an LSI, and a function block may be realized using 
a dedicated circuit or a general-purpose processor. After an 
LSI is manufactured, a field-programmable gate array 
(FPGA) that can be programmed, or a reconfigurable proces 
Sor with which the connections and settings of circuit cells 
within an LSI can be reconfigured, may be used. 
0.141. In addition, if circuit integration technology that 
replaces LSI appears as a result of another technology that is 
an advancement in semiconductor technology or is derived 
therefrom, naturally, the other technology may be used to 
carry out the integration of function blocks. The application 
and so forth of biotechnology is also a possibility. 
0142. A radar device according to the present disclosure 
can be applied to a moving body including a vehicle. 
What is claimed is: 
1. A radar device, comprising: 
a receiver which, in operation, receives one or more radar 

transmission signals transmitted from another radar 
device, in an interference measurement segment in 
which transmission of one or more radar transmission 
signals from the radar device is stopped; 

A/D conversion circuitry which, in operation, converts the 
one or more radar transmission signals from the other 
radar device received by the receiver from one or more 
analog signals into one or more digital signals; and 

interference detection circuitry which, in operation, per 
forms a correlation calculation between each of the one 
or more discrete samples that is the one or more digital 
signals and a prescribed coefficient sequence to detect 
one or more prescribed frequency components included 
in the one or more digital signals, as one or more inter 
ference signal components. 

2. The radar device according to claim 1, wherein 
the interference detection circuitry performs the correla 

tion calculation using a coefficient sequence in which 
the prescribed coefficient sequence is repeated. 

3. The radar device according to claim 1, further compris 
ing: 

a transmitter which, in operation, stops the transmission of 
the one or more radar transmission signals in the inter 
ference measurement segment, and transmits the one or 
more radar transmission signals in a distance measure 
ment segment in which a distance from the radar device 
to a target is measured. 

4. The radar device according to claim 3, further compris 
ing: 

transmission control circuitry which, in operation, periodi 
cally switches between the interference measurement 
segment and the distance measurement segment. 

5. The radar device according to claim 1, further compris 
ing: 

interference determination circuitry which, in operation, 
compares each of the detected one or more interference 
signal components with a prescribed determination level 
in the interference measurement segment, determines 
that one or more interference components are not 
present when each of the one or more interference signal 
components is equal to or less than the determination 
level, and determines that the one or more interference 
components are present when any of the one or more 
interference signal components exceeds the determina 
tion level. 
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6. The radar device according to claim 5, further compris 
ing: 

interference countermeasure control circuitry which, in 
operation, based on the interference determination result 
detected in the interference measurement segment, per 
forms interference countermeasure control in the Subse 
quent distance measurement segment. 

7. The radar device according to claim 6, wherein 
the interference countermeasure control circuitry changes 

a carrier frequency of the radar device. 
8. The radar device according to claim 6, wherein 
the interference countermeasure control circuitry changes 

directivity of an antenna of the radar device for a pre 
scribed time interval. 

9. The radar device according to claim 6, wherein 
the interference countermeasure control circuitry increases 

a code length of the one or more radar transmission 
signals in the distance measurement segment for a pre 
scribed time interval. 

10. The radar device according to claim 1, wherein 
the prescribed coefficient sequence includes a coefficient 

sequence {1, -j-1,j} (in which jis an imaginary unit). 
k k k k k 
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