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[DESCRIPTION] 

[Title of Invention] DETECTION DEVICE AND DETECTION METHOD 

[Technical Field] 

[0001] 

 The present disclosure relates to, for example, detection 5 

devices that detect an object.   

[Background Art] 

[0002] 

 In PTL 1, a weather radar device for allowing secure collection 

of three-dimensional weather data in a temporally and spatially high 10 

resolution manner is proposed.  The weather radar device described 

in PTL 1 transmits radar waves by emitting a plurality of beams to a 

plurality of areas that are different from each other in the elevation 

angle direction, and receives reflected waves for each beam. 

[Citation List] 15 

[Patent Literature] 

[0003] 

[PTL 1] Japanese Unexamined Patent Application Publication No. 

2012-52923 

[Summary of Invention] 20 

[Technical Problem] 

[0004] 

 However, in the case where the plurality of transmitters each 

emit waves, and the plurality of receivers each receive the waves, 

there is a possibility that the plurality of waves emitted from the 25 

plurality of transmitters are mixed, and received by each of the 

plurality of receivers.  Accordingly, it is difficult to identify the 

transmission source of the wave from the received data of each 

receiver, and it is difficult to identify the reflection position of the 

wave or the like. 30 

[0005] 

 To prevent the plurality of waves from being mixed, the 

transmitters may each transmit the waves at timing different from 

those of the other transmitters.  However, in this case, a long time 

period is required from the time when the first transmitter starts 35 
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transmitting the waves until the last transmitter finishes transmitting 

the waves.  Consequently, it is not easy to detect an object at high 

speed using the plurality of transmitters and the plurality of receivers. 

[0006] 

 Accordingly, the present disclosure provides a detection device 5 

and the like that can detect an object at high speed using a plurality 

of transmitters and a plurality of receivers. 

[Solution to Problem] 

[0007] 

 A detection device according to one aspect of the present 10 

disclosure comprising: a generator that generates a plurality of 

waves; a plurality of transmitters that emit the plurality of waves, the 

plurality of waves each being emitted by a corresponding one of the 

plurality of transmitters; a plurality of receivers each of which 

receives one or more of the plurality of waves as a composite wave; 15 

a deriver that derives individual data for each combination of one of 

the plurality of transmitters and one of the plurality of receivers by 

deriving, from received data of each of the plurality of receivers, the 

individual data corresponding to each of the plurality of transmitters; 

and a detector that detects an object that affects at least one of the 20 

plurality of waves, according to the individual data, wherein the 

generator: generates a plurality of pulse train groups and at least one 

carrier wave, the plurality of pulse train groups corresponding to a 

plurality of code groups each of which includes a reference code and 

one or more individual codes and that are different from each other; 25 

and modulates the plurality of pulse train groups using the at least 

one carrier wave, to generate a plurality of modulated waves as the 

plurality of waves, the deriver: demodulates data to be processed 

from the received data of each of the plurality of receivers, the data 

to be processed corresponding to the plurality of pulse train groups; 30 

and derives the individual data from the data to be processed, the 

reference code is common to the plurality of code groups, and a 

plurality of individual codes in the plurality of code groups are 

different from each other.   

[0008] 35 
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 It should be noted that these general or specific aspects may 

be implemented using a system, a device, a method, an integrated 

circuit, a computer program, or a non-transitory recording medium 

such as a computer-readable CD-ROM, or may be implemented using 

any combination of systems, devices, methods, integrated circuits, 5 

computer programs, and recording media.   

[Advantageous Effects of Invention] 

[0009] 

 According to an aspect of the present disclosure, it is possible 

to detect an object at high speed using the plurality of transmitters 10 

and the plurality of receivers. 

[Brief Description of Drawings] 

[0010] 

[FIG. 1] 

 FIG. 1 is a conceptual diagram illustrating simultaneous 15 

transmission and simultaneous reception of a plurality of waves at a 

plurality of transmitters and a plurality of receivers. 

[FIG. 2] 

 FIG. 2 is a conceptual diagram illustrating interference 

occurring by simultaneous transmission and simultaneous reception 20 

of the plurality of waves at the plurality of transmitters and the 

plurality of receivers. 

[FIG. 3] 

 FIG. 3 is a conceptual diagram illustrating the plurality of 

transmitters, the plurality of receivers, and a deriver according to the 25 

embodiment. 

[FIG. 4] 

 FIG. 4 is a block diagram illustrating a configuration example 

of a detection device according to the embodiment. 

[FIG. 5] 30 

 FIG. 5 is a block diagram illustrating an entire configuration 

example of the detection device. 

[FIG. 6] 

 FIG. 6 is a block diagram illustrating a configuration example 

of a generator. 35 
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[FIG. 7] 

 FIG. 7 is a block diagram illustrating a configuration example 

of a code generator. 

[FIG. 8] 

 FIG. 8 is a block diagram illustrating another configuration 5 

example of a code generator. 

[FIG. 9] 

 FIG. 9 is a block diagram illustrating still another configuration 

example of a code generator. 

[FIG. 10] 10 

 FIG. 10 is a block diagram illustrating a configuration example 

of a deriver. 

[FIG. 11] 

 FIG. 11 is a block diagram illustrating a configuration example 

of a generator in a case where a carrier wave is used. 15 

[FIG. 12] 

 FIG. 12 is a block diagram illustrating a configuration example 

of a deriver in the case where a carrier wave is used. 

[FIG. 13] 

 FIG. 13 is a block diagram illustrating another configuration 20 

example of a deriver in the case where a carrier wave is used. 

[FIG. 14] 

 FIG. 14 is a block diagram illustrating a configuration example 

of a generator in a case where a pair of carrier waves are used. 

[FIG. 15] 25 

 FIG. 15 is a block diagram illustrating a configuration example 

of a code generator in the case where a pair of carrier waves are used. 

[FIG. 16] 

 FIG. 16 is a block diagram illustrating another configuration 

example of a code generator in the case where a pair of carrier waves 30 

are used. 

[FIG. 17] 

 FIG. 17 is a block diagram illustrating still another 

configuration example of a code generator in the case where a pair of 

carrier waves are used. 35 
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[FIG. 18] 

 FIG. 18 is a block diagram illustrating a configuration example 

of a deriver in the case where a pair of carrier waves are used. 

[FIG. 19] 

 FIG. 19 is a block diagram illustrating another configuration 5 

example of a deriver in the case where a pair of carrier waves are 

used. 

[FIG. 20] 

 FIG. 20 is a block diagram illustrating still another 

configuration example of a deriver in the case where a pair of carrier 10 

waves are used. 

[FIG. 21] 

 FIG. 21 is a conceptual diagram illustrating a process example 

in the case where a pair of carrier waves are used. 

[FIG. 22] 15 

 FIG. 22 is a diagram illustrating Expression (2-3-3). 

[FIG. 23] 

 FIG. 23 is a diagram illustrating Expression (2-3-4). 

[FIG. 24] 

 FIG. 24 is a diagram illustrating Expression (2-3-5). 20 

[FIG. 25] 

 FIG. 25 is a diagram illustrating Expression (2-4-4). 

[FIG. 26] 

 FIG. 26 is a diagram illustrating Expression (2-4-5). 

[FIG. 27] 25 

 FIG. 27 is a diagram illustrating Expression (2-4-6). 

[FIG. 28] 

 FIG. 28 is a diagram illustrating Expression (2-5-1). 

[FIG. 29] 

 FIG. 29 is a diagram illustrating Expression (2-5-2). 30 

[FIG. 30] 

 FIG. 30 is a block diagram illustrating a configuration example 

of a generator in a case where two pairs of carrier waves are used. 

[FIG. 31] 
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 FIG. 31 is a block diagram illustrating a configuration example 

of a code generator in the case where two pairs of carrier waves are 

used. 

[FIG. 32] 

 FIG. 32 is a block diagram illustrating another configuration 5 

example of a code generator in the case where two pairs of carrier 

waves are used. 

[FIG. 33] 

 FIG. 33 is a block diagram illustrating still another 

configuration example of a code generator in the case where two pairs 10 

of carrier waves are used. 

[FIG. 34] 

 FIG. 34 is a block diagram illustrating a configuration example 

of a deriver in the case where two pairs of carrier waves are used. 

[FIG. 35] 15 

 FIG. 35 is a block diagram illustrating another configuration 

example of a deriver in the case where two pairs of carrier waves are 

used. 

[FIG. 36] 

 FIG. 36 is a block diagram illustrating still another 20 

configuration example of a deriver in the case where two pairs of 

carrier waves are used. 

[FIG. 37] 

 FIG. 37 is a conceptual diagram illustrating a process example 

in the case where two pairs of carrier waves are used. 25 

[FIG. 38] 

 FIG. 38 is a diagram illustrating Expression (3-3-3). 

[FIG. 39] 

 FIG. 39 is a diagram illustrating Expression (3-4-4). 

[FIG. 40] 30 

 FIG. 40 is a diagram illustrating Expression (3-4-5). 

[FIG. 41] 

 FIG. 41 is a diagram illustrating Expression (3-4-6). 

[FIG. 42] 

 FIG. 42 is a diagram illustrating Expression (3-4-7). 35 
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[FIG. 43] 

 FIG. 43 is a conceptual diagram illustrating synchronization of 

the plurality of transmitters and the plurality of receivers. 

[FIG. 44] 

 FIG. 44 is a flowchart illustrating a basic operation example of 5 

the detection device according to the embodiment. 

[Description of Embodiments] 

[0011] 

 FIG. 1 is a conceptual diagram illustrating simultaneous 

transmission and simultaneous reception of a plurality of waves at a 10 

plurality of transmitters and a plurality of receivers.  In FIG. 1, n 

transmitters T1, T2, ..., Tn, and n receivers R1, R2, ..., Rn are present. 

[0012] 

 For example, n waves are simultaneously emitted from n 

transmitters T1, T2, ..., Tn, reflected by an object, and enter any of n 15 

receivers R1, R2, ..., Rn.  If data can be obtained with respect to each 

of combinations of n transmitters T1, T2, ..., Tn and n receivers R1, 

R2, ..., Rn, the object can be efficiently detected according to the data 

obtained with respect to each combination. 

[0013] 20 

 That is, if nn-dimension data corresponding to the plurality of 

combinations of n transmitters T1, T2, ..., Tn and n receivers R1, R2, ..., 

Rn can be used, the object can be efficiently detected. 

[0014] 

 FIG. 2 is a conceptual diagram illustrating interference 25 

occurring by simultaneous transmission and simultaneous reception 

of the plurality of waves at the plurality of transmitters and the 

plurality of receivers. 

[0015] 

 As illustrated in FIG. 2, scattered waves of the waves emitted 30 

from all transmitters T1, T2, ..., Tn enter, for example, receiver R j, 

and interfere.  Accordingly, it is difficult to distinguish which 

transmitter T i has transmitted the waves received by receiver R j.  It 

is a difficult problem to determine how to extract individual data (time 

evolution waveform) corresponding to the combination of transmitter 35 
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Ti and receiver R j from received data (time evolution waveform) 

obtained by receiver Rj. 

[0016] 

 In view of this, for example, a detection device according to 

one aspect of the present disclosure includes: a generator that 5 

generates a plurality of waves; a plurality of transmitters that emit 

the plurality of waves, the plurality of waves each being emitted by a 

corresponding one of the plurality of transmitters; a plurality of 

receivers each of which receives one or more of the plurality of waves 

as a composite wave; a deriver that derives individual data for each 10 

combination of one of the plurality of transmitters and one of the 

plurality of receivers by deriving, from received data of each of the 

plurality of receivers, the individual data corresponding to each of the 

plurality of transmitters; and a detector that detects an object that 

affects at least one of the plurality of waves, according to the 15 

individual data.  The generator: generates a plurality of pulse train 

groups and at least one carrier wave, the plurality of pulse train 

groups corresponding to a plurality of code groups each of which 

includes a reference code and one or more individual codes and that 

are different from each other; and modulates the plurality of pulse 20 

train groups using the at least one carrier wave, to generate a 

plurality of modulated waves as the plurality of waves.  The deriver: 

demodulates data to be processed from the received data of each of 

the plurality of receivers, the data to be processed corresponding to 

the plurality of pulse train groups; and derives the individual data 25 

from the data to be processed, the reference code is common to the 

plurality of code groups.  A plurality of individual codes in the 

plurality of code groups are different from each other.   

[0017] 

 Accordingly, even in the case where the plurality of 30 

transmitters and the plurality of receivers are used at the same time, 

the detection device can obtain individual data with respect to each 

of combinations of the transmitters and the receivers because the 

plurality of waves respectively correspond to a plurality of code 

groups different from each other.  Consequently, the detection 35 
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device can detect the object at high resolution and high speed.  

Accordingly, the detection device can appropriately detect an object 

moving at high speed. 

[0018] 

 Moreover, for example, the generator: generates a plurality of 5 

pairs of pulse trains and a pair of carrier waves as the plurality of 

pulse train groups and the at least one carrier wave, respectively, the 

plurality of pairs of pulse trains corresponding to a plurality of two-

dimensional vector codes each of which includes the reference code 

and one individual code as two elements and that are different from 10 

each other, the pair of carrier waves having phases that are 

orthogonal to each other; and modulates the plurality of pairs of pulse 

trains using the pair of carrier waves, to generate the plurality of 

modulated waves.  The deriver demodulates the data to be processed 

from the received data of each of the plurality of receivers, the data 15 

to be processed corresponding to the plurality of pairs of pulse trains.  

The reference code is common to the plurality of two-dimensional 

vector codes.  The plurality of individual codes in the plurality of two-

dimensional vector codes are different from each other.   

[0019] 20 

 Accordingly, the detection device can efficiently transmit the 

plurality of modulated waves corresponding to the plurality of two-

dimensional vector codes according to the pair of carrier waves. 

[0020] 

 Furthermore, for example, the reference code and the plurality 25 

of individual codes are a plurality of orthogonal codes that are 

orthogonal to each other.   

[0021] 

 Accordingly, the detection device can efficiently obtain the 

individual data with respect to each of the combinations of the 30 

transmitters and the receivers according to the orthogonality of the 

codes. 

[0022] 
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 Moreover, for example, the reference code and the plurality of 

individual codes are a plurality of cyclic codes each of which has a 

different shift amount.   

[0023] 

 Accordingly, the detection device can efficiently obtain the 5 

individual data with respect to each of the combinations of the 

transmitters and the receivers according to the difference in shift 

amount. 

[0024] 

 Furthermore, for example, the reference code and the plurality 10 

of individual codes are a plurality of pseudo-noise (PN) codes that are 

orthogonal to each other and each of which has a different shift 

amount.   

[0025] 

 Accordingly, the detection device can efficiently obtain the 15 

individual data with respect to each of the combinations of the 

transmitters and the receivers according to the characteristics of the 

PN code. 

[0026] 

 Moreover, for example, every time a condition is satisfied, the 20 

generator selects a set of the reference code and the plurality of 

individual codes from a plurality of candidate sets, to change the 

reference code and the plurality of individual codes.   

[0027] 

 Accordingly, the detection device can adaptationally change the 25 

plurality of codes related to the plurality of waves.  Accordingly, the 

detection device can prevent accidental reduction in distinguishability, 

and appropriately obtain the individual data with respect to each of 

the combinations of the transmitters and the receivers. 

[0028] 30 

 Furthermore, for example, the generator selects the set 

randomly from the plurality of candidate sets.   

[0029] 

 Accordingly, the detection device can prevent accidental 

reduction in distinguishability according to the randomness, and 35 
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appropriately obtain the individual data with respect to each of the 

combinations of the transmitters and the receivers. 

[0030] 

 Moreover, for example, the deriver derives the individual data 

according to a computational result obtained by performing 5 

deconvolution on the data to be processed, using each of the plurality 

of two-dimensional vector codes.   

[0031] 

 Accordingly, the detection device can efficiently obtain the 

individual data with respect to each of the combinations of the 10 

transmitters and the receivers according to the deconvolution 

corresponding to the two-dimensional vector code. 

[0032] 

 Furthermore, for example, the deriver derives the individual 

data according to a determinant for the computational result.    15 

[0033] 

 Accordingly, the detection device can efficiently obtain the 

individual data with respect to each of the combinations of the 

transmitters and the receivers according to the deconvolution 

corresponding to the two-dimensional vector code and the 20 

determinant. 

[0034] 

 Moreover, for example, the generator: generates (i) a plurality 

of pairs of first pulse trains and a plurality of pairs of second pulse 

trains and (ii) a pair of first carrier waves and a pair of second carrier 25 

waves as the plurality of pulse train groups and the at least one 

carrier wave, respectively, the plurality of pairs of first pulse trains 

corresponding to a plurality of first two-dimensional vector codes that 

are different from each other, the plurality of pairs of second pulse 

trains corresponding to a plurality of second two-dimensional vector 30 

codes that are different from each other, the pair of first carrier waves 

having phases that are orthogonal to each other, the pair of second 

carrier waves having phases that are orthogonal to each other; 

modulates the plurality of pairs of first pulse trains using the pair of 

first carrier waves, to generate a plurality of first modulated waves;  35 
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modulates the plurality of pairs of second pulse trains using the pair 

of first carrier waves, to generate a plurality of second modulated 

waves; and modulates the plurality of first modulated waves and the 

plurality of second modulated waves using the pair of second carrier 

waves, to generate the plurality of modulated waves.  The deriver: 5 

demodulates first data to be processed from the received data of each 

of the plurality of receivers, the first data to be processed 

corresponding to the plurality of first modulated waves and the 

plurality of second modulated waves; and demodulates, as the data 

to be processed, second data to be processed from the first data to 10 

be processed, the second data to be processed corresponding to the 

plurality of pairs of first pulse trains and the plurality of pairs of 

second pulse trains.  Each of the plurality of first two-dimensional 

vector codes includes the reference code and a first individual code 

as two elements.  Each of the plurality of second two-dimensional 15 

vector codes includes a second individual code and a third individual 

code as two elements.  The reference code is common to the plurality 

of first two-dimensional vector codes.  A plurality of first individual 

codes in the plurality of first two-dimensional vector codes and a 

plurality of second individual codes and a plurality of third individual 20 

codes in the plurality of second two-dimensional vector codes are 

different from each other.  A frequency of the pair of first carrier 

waves and a frequency of the pair of second carrier waves are 

different from each other.   

[0035] 25 

 Accordingly, the detection device can efficiently transmit the 

plurality of modulated waves corresponding to the plurality of pairs 

of two-dimensional vector codes according to the two pairs of carrier 

waves. 

[0036] 30 

 Furthermore, for example, the reference code, the plurality of 

first individual codes, the plurality of second individual codes, and the 

plurality of third individual codes are a plurality of orthogonal codes 

that are orthogonal to each other.   

[0037] 35 
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 Accordingly, the detection device can efficiently obtain the 

individual data with respect to each of the combinations of the 

transmitters and the receivers according to the orthogonality of the 

codes. 

[0038] 5 

 Moreover, for example, the reference code, the plurality of first 

individual codes, the plurality of second individual codes, and the 

plurality of third individual codes are a plurality of cyclic codes each 

of which has a different shift amount.   

[0039] 10 

 Accordingly, the detection device can efficiently obtain the 

individual data with respect to each of the combinations of the 

transmitters and the receivers according to the difference in shift 

amount. 

[0040] 15 

 Furthermore, for example, the reference code, the plurality of 

first individual codes, the plurality of second individual codes, and the 

plurality of third individual codes are a plurality of pseudo-noise (PN) 

codes that are orthogonal to each other and each of which has a 

different shift amount.   20 

[0041] 

 Accordingly, the detection device can efficiently obtain the 

individual data with respect to each of the combinations of the 

transmitters and the receivers according to the characteristics of the 

PN code. 25 

[0042] 

 Moreover, for example, every time a condition is satisfied, the 

generator selects a set of the reference code, the plurality of first 

individual codes, the plurality of second individual codes, and the 

plurality of third individual codes from a plurality of candidate sets, 30 

to change the reference code, the plurality of first individual codes, 

the plurality of second individual codes, and the plurality of third 

individual codes.   

[0043] 
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 Accordingly, the detection device can adaptationally change the 

plurality of codes related to the plurality of waves.  Accordingly, the 

detection device can prevent accidental reduction in distinguishability, 

and appropriately obtain the individual data with respect to each of 

the combinations of the transmitters and the receivers. 5 

[0044] 

 Furthermore, for example, the generator selects the set 

randomly from the plurality of candidate sets.   

[0045] 

 Accordingly, the detection device can prevent accidental 10 

reduction in distinguishability according to the randomness, and 

appropriately obtain the individual data with respect to each of the 

combinations of the transmitters and the receivers. 

[0046] 

 Moreover, for example, the deriver derives the individual data 15 

according to a computational result obtained by performing 

deconvolution on the second data to be processed, using each 

combination of one of the plurality of first two-dimensional vector 

codes and a corresponding one of the plurality of second two-

dimensional codes.   20 

[0047] 

 Accordingly, the detection device can efficiently obtain the 

individual data with respect to each of the combinations of the 

transmitters and the receivers according to the deconvolution 

corresponding to the pair of two-dimensional vector codes. 25 

[0048] 

 Furthermore, for example, the deriver derives the individual 

data according to a determinant for the computational result.    

[0049] 

 Accordingly, the detection device can efficiently obtain the 30 

individual data with respect to each of the combinations of the 

transmitters and the receivers according to the deconvolution 

corresponding to the pair of two-dimensional vector codes and the 

determinant. 

[0050] 35 
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 A detection method according to one aspect of the present 

disclosure includes: generating a plurality of waves; emitting the 

plurality of waves from a plurality of transmitters, the plurality of 

waves each being emitted from a corresponding one of the plurality 

of transmitters; receiving, by each of a plurality of receivers, one or 5 

more of the plurality of waves as a composite wave; deriving 

individual data for each combination of one of the plurality of 

transmitters and one of the plurality of receivers by deriving, from 

received data of each of the plurality of receivers, the individual data 

corresponding to each of the plurality of transmitters; and detecting 10 

an object that affects at least one of the plurality of waves, according 

to the individual data.  In the generating: a plurality of pulse train 

groups and at least one carrier wave are generated, the plurality of 

pulse train groups corresponding to a plurality of code groups each of 

which includes a reference code and one or more individual codes and 15 

that are different from each other; and the plurality of pulse train 

groups are modulated using the at least one carrier wave, to generate 

a plurality of modulated waves as the plurality of waves.  In the 

deriving: data to be processed is demodulated from the received data 

of each of the plurality of receivers, the data to be processed 20 

corresponding to the plurality of pulse train groups; and the individual 

data is derived from the data to be processed.  The reference code is 

common to the plurality of code groups.  A plurality of individual 

codes in the plurality of code groups are different from each other.    

[0051] 25 

 Accordingly, even in the case where the plurality of 

transmitters and the plurality of receivers are simultaneously used, 

the individual data with respect to each of combinations of the 

transmitters and the receivers can be obtained because the plurality 

of waves respectively correspond to a plurality of code groups 30 

different from each other.  Consequently, the object can be detected 

at high resolution and at high speed.  Accordingly, the object moving 

at high speed can be appropriately detected. 

[0052] 
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 Hereinafter, an embodiment is described with reference to the 

drawings.  It should be noted that the embodiment described below 

shows a general or specific example.  Numerical values, shapes, 

materials, configuration elements, the arrangement and connection 

of the configuration elements, steps, order of the steps, etc. shown 5 

in the following embodiment are mere examples, and are thus not 

intended to limit the scope of the claims.   

[0053] 

 In the following description, radio waves, such as microwaves, 

are mainly assumed as waves.  However, the waves are not limited 10 

to radio waves, such as microwaves, and may be sounds, light or the 

like.  A moving object, such as an aircraft, is assumed as an object 

to be detected.  However, the object to be detected may be a 

stationary object or the like.  Emission of waves is sometimes 

represented as transmission of waves. 15 

[0054] 

 Separation of the entirety into individual parts is sometimes 

represented as separation of individual parts from the entirety.  A 

code in the following description sometimes means a codeword or a 

set of codewords.  A PN code vector in the following description may 20 

be represented as an PN code. 

[0055] 

[Embodiment] 

<Basic configuration example> 

 FIG. 3 is a conceptual diagram illustrating a plurality of 25 

transmitters, a plurality of receivers, and a deriver according to the 

present embodiment.  Specifically, FIG. 3 illustrates transmitters T1, 

T2, ..., Tn, receivers R1, R2, ..., Rn, and deriver 104.  Deriver 104 may 

be provided in accordance with receivers R1, R2, ..., Rn in a distributed 

manner. 30 

[0056] 

 For example, transmitters T1, T2, ..., Tn, and receivers R1, R2, ..., 

Rn are arranged in single lines.  The waves are simultaneously 

emitted from respective transmitters T1, T2, ..., Tn, are reflected by 

an object, and are simultaneously received by receivers R1, R2, ..., Rn.  35 
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Deriver 104 separates received data of each receiver Rj into individual 

data sij(t) of corresponding transmitter T i.  Deriver 104 thus obtains 

individual data s ij(t) for each combination of transmitter T i and 

corresponding receiver R j. 

[0057] 5 

 FIG. 4 is a block diagram illustrating a configuration example 

of detection device 100.  Detection device 100 includes generator 

101, a plurality of transmitters 102, a plurality of receivers 103, 

deriver 104, and detector 105. 

[0058] 10 

 In the present disclosure, transmitter 102 is sometimes 

represented as transmitter T, and i-th transmitter 102 is sometimes 

represented as transmitter T i.  Receiver 103 is sometimes 

represented as receiver R, and i-th receiver 103 is sometimes 

represented as receiver R i. 15 

[0059] 

 Generator 101 generates a plurality of waves corresponding to 

respective codes that are different from each other.  The waves may 

be radio waves, light, sound or the like.  For example, generator 101 

generates n waves.  Here, n is the number of transmitters 102.  20 

Generator 101 may be provided in a distributed manner 

corresponding to the plurality of transmitters 102. 

[0060] 

 The plurality of transmitters 102 emit the respective waves 

generated by generator 101.  In this case, each transmitter 102 25 

emits one of the waves generated by generator 101.  For example, 

each transmitter 102 emits the wave into a medium.  The medium 

may be air, water, earth, a vacuum or the like.  Each transmitter 102 

may be a transmission antenna.  Transmitters 102 may be arranged 

in a single line, or need not be arranged in a single line.  Transmitters 30 

102 may be arranged at regular intervals, or need not be arranged at 

regular intervals. 

[0061] 

 Each of receivers 103 receives one or more of the waves 

emitted from transmitters 102, as a composite wave.  For example, 35 
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each receiver 103 receives the wave from the medium into which the 

waves have been emitted.  Each receiver 103 may be a receiving 

antenna.  Receivers 103 may be arranged in a single line, or need 

not be arranged in a single line.  Receivers 103 may be arranged at 

regular intervals, or need not be arranged at regular intervals.  The 5 

number of receivers 103 may differ from the number of transmitters 

102. 

[0062] 

 Deriver 104 derives, from received data of each receiver 103, 

individual data corresponding to each transmitter 102, according to 10 

the signal of the wave emitted from the corresponding transmitter 

102.  Accordingly, deriver 104 derives the individual data for each 

combination of one of transmitters 102 and the corresponding one of 

receivers 103.  Deriver 104 may be provided corresponding to 

receivers 103 in a distributed manner, or distributed and integrally 15 

with corresponding receiver 103. 

[0063] 

 Detector 105 detects an object that affects at least one of the 

waves emitted from transmitters 102, according to the individual data 

derived by deriver 104.  For example, detector 105 detects the object 20 

in the medium into which the wave has been emitted.  For example, 

detector 105 outputs a detection result.  Detector 105 may display 

the detection result on a display device or the like, and may notify 

another device of the detection result. 

[0064] 25 

 According to the configuration described above, even in the 

case where the plurality of transmitters 102 and the plurality of 

receivers 103 are used at the same time, detection device 100 can 

obtain individual data for each of combinations of transmitters 102 

and receivers 103.  Consequently, detection device 100 can detect 30 

the object at high resolution and high speed.  Accordingly, detection 

device 100 can appropriately detect the object moving at high speed.  

[0065] 

 Note that generator 101 may transmit waves to transmitters 

102 in a wireless manner or transmit the waves in a wired manner.  35 
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Likewise, each receiver 103 may transmit received data to deriver 

104 in a wireless manner or transmit the received data in a wired 

manner.  Likewise, deriver 104 may transmit individual data to 

detector 105 in a wireless manner or transmit the individual data in 

a wired manner. 5 

[0066] 

 FIG. 5 is a block diagram illustrating an entire configuration 

example of detection device 100.  In this example, detection device 

100 includes generator 101, the plurality of transmitters 102, the 

plurality of receivers 103, deriver 104, and detector 105 illustrated in 10 

FIG. 4, and further includes repeaters 106 and 107, and controller 

108. 

[0067] 

 Repeater 106 repeats a plurality of waves from generator 101 

to the plurality of transmitters 102.  Repeater 107 repeats the 15 

plurality of waves from the plurality of receivers 103 to deriver 104.  

Each of repeaters 106 and 107 may repeat the waves as electric 

signals.  The electric signals may be analog signals or digital signals.  

[0068] 

 Controller 108 controls operations of each configuration 20 

element included in detection device 100.  Specifically, controller 108 

controls operations of generator 101, the plurality of transmitters 102, 

the plurality of receivers 103, deriver 104, detector 105, and 

repeaters 106 and 107.  Controller 108 may control start and stop of 

the operation of each configuration element, or change the operation 25 

mode or operation parameter of each configuration element. 

[0069] 

 Note that the plurality of configuration elements constituting 

detection device 100 may be capable of communicating with each 

other in a wireless manner or a wired manner.  Each of repeaters 106 30 

and 107, and controller 108 may be provided or need not be provided 

depending on the environment in which detection device 100 is used. 

[0070] 
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 FIG. 6 is a block diagram illustrating a configuration example 

of generator 101.  As illustrated in FIG. 6, generator 101 may include 

code generator 121. 

[0071] 

 In this example, code generator 121 generates a plurality of 5 

pulse trains corresponding to respective codes that are different from 

each other.  For example, code generator 121 generates n pulse 

trains corresponding to n codes that are different from each other.  

Here, n is the number of transmitters 102.  Generator 101 may 

generate the plurality of pulse trains generated by code generator 10 

121, as a plurality of waves corresponding to respective signals that 

are different from each other. 

[0072] 

 The codes that are different from each other may be orthogonal 

codes that are orthogonal to each other.  The plurality of codes that 15 

are different from each other may be a plurality of cyclic codes that 

have shift amounts different from each other.  The plurality of codes 

that are different from each other may be a plurality of PN (Pseudo-

Noise) codes that are orthogonal to each other and each of which has 

a different shift amount. 20 

[0073] 

 The PN codes are cyclic codes based on a Galois field.  As for 

the cyclic code, a result obtained by cyclically permuting (cyclically 

shifting) a codeword of the cyclic code is also a codeword of the cyclic 

code.  For example, the codeword of the cyclic code is represented 25 

as in following Expression (1-1). 

[0074] 

[Math. 1] 

 

[0075] 30 

 A result obtained, as in following Expression (1-2), by cyclically 

permuting the codeword of Expression (1-1) is also a codeword of the 

cyclic code. 
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[0076] 

[Math. 2] 

 

[0077] 

 Next, the definition and properties of the PN series are 5 

described.  The PN series can be defined as a code that satisfies the 

following randomness properties (i), (ii), and (iii). 

[0078] 

 (i) Balance property 

 In each single cycle of the series, the number of appearances 10 

of "1" differs from the number of appearances of "0" by one at most.  

[0079] 

 (ii) Run property 

 Among multiple running items "running 1" and multiple running 

items "running 0" included in one cycle, half of the multiple running 15 

items has a length of "1", 1/4 of the items has a length of "2", and 

1/8 of the items has a length of "3".  Hereinafter, a similar rule is 

also satisfied.  That is, the running items having a length of k are 

present at a rate of 1/2k. 

[0080] 20 

 (iii) Correlation property 

 In a case where the series is permuted and codewords are 

compared with respect to each term in every state, the number of 

matching terms and the number of not matching terms differ from 

each other by one at most. 25 

[0081] 

 Although detailed description is omitted, the PN series 

generating method is summarized as follows.  Note that it is 

practically preferable that the suffixes of codes be in the inverse order.  

[0082] 30 

 (i) First, a k-th primitive polynomial is obtained. 
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[0083] 

 (ii) Next, a linear regression equation, such as following 

Expression (1-3), is constructed from the coefficient of the primitive 

polynomial.  Here, hj corresponds to the coefficient. 

[0084] 5 

[Math. 3] 

 

[0085] 

 (iii) Subsequently, k freely selected initial values (a0, a1, a2, ..., 

ak-1) are provided, and (ak, ak+1, ak+2, ..., an-1) are calculated from 10 

the above Expression (1-3). 

[0086] 

 The PN code has an interesting property that a code obtained 

by permuting (shifting) a certain code is orthogonal to the original 

code.  However, a code generated from certain initial values (a0, a1, 15 

a2, ..., ak-1) is not orthogonal to a code obtained from other initial 

values (a0', a1', a2', ..., ak-1'). 

[0087] 

 FIG. 7 is a block diagram illustrating a configuration example 

of code generator 121.  In this example, code generator 121 includes 20 

memory 131 that stores a code set.  The code set includes a plurality 

of codes that are different from each other.  The characteristics of 

the plurality of codes included in the code set are the same as the 

characteristics of the plurality of codes described with reference to 

FIG. 6. 25 

[0088] 

 In this example, code generator 121 may generate a plurality 

of pulse trains corresponding to the respective codes included in the 

code set, according to the code set stored in memory 131.  Generator 

101 may then generate the plurality of pulse trains generated by code 30 

generator 121, as a plurality of waves that are to be emitted.  The 

plurality of pulse trains may then be emitted from respective 

transmitters 102. 
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[0089] 

 The number of codes included in the code set is the number of 

transmitters 102 or more.  If the number of them is larger than the 

number of transmitters 102, some of them need not be used to 

transmit waves. 5 

[0090] 

 FIG. 8 is a block diagram illustrating another configuration 

example of code generator 121.  In this example, code generator 121 

includes selector 132 in addition to memory 131 illustrated in FIG. 7.  

In this example, memory 131 stores a plurality of code set candidates.  10 

The plurality of code set candidates are different from each other.  

The characteristics of the plurality of codes included in each code set 

candidate are the same as the characteristics of the plurality of codes 

included in the code set described with reference to FIG. 7. 

[0091] 15 

 In this example, selector 132 selects a code set from among 

the code set candidates.  Selector 132 generates a plurality of pulse 

trains corresponding to the codes included in the selected code set.  

[0092] 

 For example, every time the condition for changing the plurality 20 

of codes related to the plurality of waves to be emitted is satisfied, 

selector 132 changes the plurality of codes by selecting the code set 

from among the code set candidates.  Accordingly, detection device 

100 can adaptationally change the plurality of codes related to the 

plurality of waves to be emitted.  Consequently, detection device 100 25 

can prevent accidental reduction in distinguishability, and can 

appropriately identify data corresponding to the wave emitted from 

each transmitter 102. 

[0093] 

 Every time the plurality of waves are transmitted from 30 

respective transmitters 102, selector 132 may change the plurality of 

codes by selecting the code set.  Alternatively, selector 132 may 

change the plurality of codes by selecting the code set at regular time 

periods.  Alternatively, selector 132 may change the plurality of 



 - 24 - 

codes by selecting the code set every time of receiving a control signal 

from controller 108. 

[0094] 

 FIG. 9 is a block diagram illustrating still another configuration 

example of code generator 121.  In this example, code generator 121 5 

includes random number generator 133 in selector 132. 

[0095] 

 In this example, random number generator 133 generates a 

random number.  Selector 132 randomly selects a code set from 

among code set candidates according to a random number obtained 10 

from random number generator 133. 

[0096] 

 For example, an identification number is allocated to each code 

set candidate in the range of the number of code set candidates.  

Random number generator 133 generates a random number in the 15 

range of the number of code set candidates.  Selector 132 selects, 

as a code set, a code set candidate to which the random number 

obtained from random number generator 133 is allocated as an 

identification number.  Accordingly, the code set is randomly 

selected from among the code set candidates. 20 

[0097] 

 In this case, selector 132 generates a plurality of pulse trains 

corresponding to the codes included in the randomly selected code 

sets. 

[0098] 25 

 FIG. 10 is a block diagram illustrating a configuration example 

of deriver 104.  In this example, deriver 104 includes deconvolution 

processor 143. 

[0099] 

 In this example, deconvolution processor 143 performs 30 

deconvolution for the received data of each receiver 103, with the 

code corresponding to the wave emitted by corresponding transmitter 

102. 

[0100] 



 - 25 - 

 Accordingly, deconvolution processor 143 can obtain a 

component corresponding to the code from the received data.  

Consequently, detection device 100 can derive individual data 

corresponding to each transmitter 102, from the received data of each 

receiver 103, and can derive the individual data, for each of 5 

combinations of transmitters 102 and receivers 103. 

[0101] 

<Configuration example using carrier wave> 

 FIG. 11 is a block diagram illustrating a configuration example 

of generator 101 in a case where a carrier wave is used.  In this 10 

example, generator 101 includes code generator 121, carrier wave 

generator 122, modulator 123, and amplifier 124.  Code generator 

121 is a configuration element similar to that in any of the examples 

in FIGS. 6 to 9. 

[0102] 15 

 In this example, carrier wave generator 122 generates a carrier 

wave.  The carrier wave may be a sine wave. 

[0103] 

 In this example, modulator 123 modulates a plurality of pulse 

trains generated by code generator 121, with the carrier wave 20 

generated by carrier wave generator 122.  Thus, modulator 123 

generates a plurality of modulated waves. 

[0104] 

 In this example, amplifier 124 amplifies the plurality of 

modulated waves generated by modulator 123. 25 

[0105] 

 In this example, generator 101 generates the plurality of pulse 

trains and the carrier wave, and modulates the plurality of pulse trains 

with the carrier wave, thereby generating the plurality of modulated 

waves as a plurality of waves to be emitted.  For example, generator 30 

101 generates n pulse trains, and the carrier wave, and modulates 

the n pulse trains with the carrier wave, thereby generating n 

modulated waves as n waves to be emitted.  The n modulated waves 

are emitted respectively from n transmitters 102. 

[0106] 35 
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 FIG. 12 is a block diagram illustrating a configuration example 

of deriver 104 in the case where the carrier wave is used.  In this 

example, deriver 104 includes local wave generator 141, and 

demodulator 142. 

[0107] 5 

 In this example, local wave generator 141 generates a local 

wave corresponding to the carrier wave generated by carrier wave 

generator 122 or the like.  For example, the local wave has the same 

frequency as the carrier wave.  The phase of the local wave may be 

synchronized with the phase of the carrier wave, or need not be 10 

synchronized. 

[0108] 

 In this example, demodulator 142 demodulates the received 

data of each receiver 103, with the local wave generated by local 

wave generator 141, to recover data to be processed.  The data to 15 

be processed corresponds to the plurality of pulse trains.  Deriver 

104 then derives individual data from the data to be processed, for 

each of combinations of transmitters 102 and receivers 103. 

[0109] 

 FIG. 13 is a block diagram illustrating another configuration 20 

example of deriver 104 in the case where the carrier wave is used.  

In this example, deriver 104 includes deconvolution processor 143 in 

addition to local wave generator 141 and demodulator 142 illustrated 

in FIG. 12. 

[0110] 25 

 In this example, deconvolution processor 143 performs 

deconvolution for the data to be processed demodulated by 

demodulator 142, with the code corresponding to the wave emitted 

by corresponding transmitter 102. 

[0111] 30 

 Accordingly, deconvolution processor 143 can obtain a 

component corresponding to the code, from the data to be processed.  

Consequently, detection device 100 can derive individual data 

corresponding to each transmitter 102, from the received data of each 
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receiver 103, and can derive the individual data, for each of 

combinations of transmitters 102 and receivers 103. 

[0112] 

<Configuration example using pair of carrier waves> 

 FIG. 14 is a block diagram illustrating a configuration example 5 

of generator 101 in a case where a pair of carrier waves are used.  

In this example, generator 101 includes code generator 121, carrier 

wave generator 122, modulators 151 and 152, combiner 153, and 

amplifier 124. 

[0113] 10 

 In this example, code generator 121 generates a plurality of 

pairs of pulse trains corresponding to respective two-dimensional 

vector codes that are different from each other.  For example, code 

generator 121 generates n pairs of pulse trains corresponding to n 

two-dimensional vector codes that are different from each other.  15 

Here, n is the number of transmitters 102.  Each two-dimensional 

vector code includes a reference code and an individual code as two 

elements.  The reference code is common to the plurality of two-

dimensional vector codes.  The reference code common to the 

plurality of two-dimensional vector codes, and the plurality of 20 

individual codes are different from each other. 

[0114] 

 The common reference code and the plurality of individual 

codes may be a plurality of orthogonal codes that are orthogonal to 

each other.  The common reference code and the plurality of 25 

individual codes may be a plurality of cyclic codes that have shift 

amounts different from each other.  The common reference code and 

the plurality of individual codes may be a plurality of PN codes that 

are orthogonal to each other and each of which has a different shift 

amount. 30 

[0115] 

 In this example, carrier wave generator 122 generates a pair 

of carrier waves that have phases orthogonal to each other. 

[0116] 
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 In this example, modulator 151 modulates the pulse trains on 

one side from the plurality of pairs of pulse trains generated by code 

generator 121, with one carrier wave from the pair of carrier waves 

generated by carrier wave generator 122.  Specifically, for example, 

modulator 151 modulates the plurality of pulse trains each 5 

corresponding to the common reference code, with one carrier wave 

from the pair of carrier waves.  Thus, modulator 151 generates a 

plurality of modulated waves. 

[0117] 

 In this example, modulator 152 modulates the pulse trains on 10 

the other side of the plurality of pairs of pulse trains generated by 

code generator 121, with the other carrier wave from the pair of 

carrier waves generated by carrier wave generator 122.  Specifically, 

for example, modulator 152 modulates the plurality of pulse trains 

corresponding to the plurality of individual codes, with the other 15 

carrier wave.  Thus, modulator 152 generates a plurality of 

modulated waves. 

[0118] 

 In this example, combiner 153 combines the plurality of 

modulated waves generated by modulator 151, with the plurality of 20 

modulated waves generated by modulator 152.  Thus, combiner 153 

newly generates a plurality of modulated waves.  For example, 

combiner 153 combines n modulated waves generated by modulator 

151, with n modulated waves generated by modulator 152, thereby 

newly generating n modulated waves. 25 

[0119] 

 In this example, amplifier 124 amplifies the plurality of 

modulated waves generated by combiner 153. 

[0120] 

 In this example, generator 101 generates a plurality of pairs of 30 

pulse trains and a pairs of carrier waves, and modulates the plurality 

of pairs of pulse trains with the pair of carrier waves, thereby 

generating the plurality of modulated waves as a plurality of waves 

to be emitted.  For example, generator 101 generates n pairs of pulse 

trains, and a pair of carrier waves, and modulates the n pairs of pulse 35 
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trains with the pair of carrier wave, thereby generating n modulated 

waves as n waves to be emitted.  The n modulated waves are emitted 

respectively from n transmitters 102. 

[0121] 

 FIG. 15 is a block diagram illustrating a configuration example 5 

of code generator 121 in the case where the pair of carrier waves are 

used.  In this example, code generator 121 includes memory 131 that 

stores a code set.  The code set includes a plurality of two-

dimensional vector codes that are different from each other.  The 

characteristics of the plurality of two-dimensional vector codes 10 

included in the code set are the same as the characteristics of the 

plurality of two-dimensional vector codes described with reference to 

FIG. 14. 

[0122] 

 In this example, code generator 121 may generate a plurality 15 

of pairs of pulse trains corresponding to the respective two-

dimensional vector codes included in the code set, according to the 

code set stored in memory 131.  Generator 101 may then modulate 

the plurality of pairs of pulse trains generated by code generator 121 

with the pair of carrier waves, thereby generating the plurality of 20 

modulated waves as a plurality of waves to be emitted.  The plurality 

of modulated waves may then be emitted from the respective 

transmitters 102. 

[0123] 

 The number of two-dimensional vector codes included in the 25 

code set is the number of transmitters 102 or more.  If the number 

of them is larger than the number of transmitters 102, some of them 

need not be used to transmit waves. 

[0124] 

 FIG. 16 is a block diagram illustrating another configuration 30 

example of code generator 121 in the case where the pair of carrier 

waves are used.  In this example, code generator 121 includes 

selector 132 in addition to memory 131 illustrated in FIG. 15.  In this 

example, memory 131 stores a plurality of code set candidates.  The 

plurality of code set candidates are different from each other.  Each 35 
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code set candidate includes a plurality of two-dimensional vector 

codes that have the same characteristics as the characteristics of the 

two-dimensional vector codes included in the code set described using 

FIG. 15. 

[0125] 5 

 In this example, selector 132 selects a code set from among 

the code set candidates.  Selector 132 generates a plurality of pairs 

of pulse trains corresponding to the two-dimensional vector codes 

included in the selected code set. 

[0126] 10 

 In this example, similar to the example in FIG. 8, every time 

the condition for changing the plurality of codes related to the 

plurality of waves to be emitted is satisfied, selector 132 changes the 

plurality of two-dimensional vector codes by selecting the code set 

from among the code set candidates. 15 

[0127] 

 FIG. 17 is a block diagram illustrating still another 

configuration example of code generator 121 in the case where the 

pair of carrier waves are used.  In this example, code generator 121 

includes random number generator 133 in selector 132.  Similar to 20 

the example in FIG. 9, random number generator 133 generates a 

random number.  Selector 132 randomly selects a code set from 

among code set candidates according to a random number obtained 

from random number generator 133. 

[0128] 25 

 In this example, selector 132 generates a plurality of pairs of 

pulse trains corresponding to the plurality of two-dimensional vector 

codes included in the randomly selected code set. 

[0129] 

 FIG. 18 is a block diagram illustrating a configuration example 30 

of deriver 104 in the case where the pair of carrier waves are used.  

In this example, deriver 104 includes local wave generator 141, and 

demodulator 142. 

[0130] 
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 In this example, local wave generator 141 generates a pair of 

local waves corresponding to the pair of carrier waves generated by 

carrier wave generator 122 or the like.  For example, the pair of local 

waves have the same frequency as the pair of carrier waves, and are 

orthogonal to each other.  The phase of the pair of local waves may 5 

be synchronized with the phase of the pair of carrier waves, or need 

not be synchronized. 

[0131] 

 In this example, demodulator 142 demodulates the received 

data of each receiver 103, with the pair of local waves generated by 10 

local wave generator 141, to recover data to be processed.  The data 

to be processed corresponds to the plurality of pairs of pulse trains.  

Deriver 104 then derives individual data from the data to be 

processed, for each of combinations of transmitters 102 and receivers 

103. 15 

[0132] 

 FIG. 19 is a block diagram illustrating another configuration 

example of deriver 104 in the case where the pair of carrier waves 

are used.  In this example, deriver 104 includes deconvolution 

processor 143 in addition to local wave generator 141 and 20 

demodulator 142 illustrated in FIG. 18. 

[0133] 

 In this example, deconvolution processor 143 performs 

deconvolution for the data to be processed demodulated by 

demodulator 142, with the two-dimensional vector code 25 

corresponding to the wave emitted by corresponding transmitter 102. 

[0134] 

 Accordingly, deconvolution processor 143 can obtain a 

component corresponding to the two-dimensional vector code from 

the data to be processed.  Consequently, detection device 100 can 30 

derive individual data corresponding to each transmitter 102, from 

the received data of each receiver 103, and can derive the individual 

data, for each of combinations of transmitters 102 and receivers 103. 

[0135] 
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 FIG. 20 is a block diagram illustrating still another 

configuration example of deriver 104 in the case where the pair of 

carrier waves are used.  In this example, deriver 104 includes 

determinant processor 144 in addition to local wave generator 141, 

demodulator 142, and deconvolution processor 143 illustrated in FIG. 5 

19. 

[0136] 

 In this example, determinant processor 144 performs 

determinant computation, for the computational result of the 

deconvolution performed by deconvolution processor 143.  10 

Accordingly, deriver 104 can derive individual data in an appropriate 

form, for each of combinations of transmitters 102 and receivers 103, 

according to the deconvolution corresponding to the two-dimensional 

vector code and the determinant. 

[0137] 15 

 FIG. 21 is a conceptual diagram illustrating a process example 

in the case where a pair of carrier waves are used.  In this example, 

code generator 121, modulator 154, transmitter 102, receiver 103, 

demodulator 142, and deconvolution processor 143 are described as 

configuration elements of detection device 100.  These configuration 20 

elements correspond to the configuration elements described above.  

For example, modulator 154 corresponds to modulators 151 and 152 

and the like.  Processor 145 corresponds to deconvolution processor 

143, determinant processor 144 and the like. 

[0138] 25 

 In this example, code generator 121 generates a pair of pulse 

trains corresponding to a pair of PN codes, and inputs the pulse trains 

into modulator 154.  Modulator 154 modulates the pair of pulse trains 

corresponding to the pair of PN codes, with a pair of carrier waves 

(LO), thereby generating the modulated wave.  Here, I/Q modulation, 30 

which is orthogonal modulation, is used.  From the pair of pulse 

trains, one is used as an in-phase (I) component, and the other is 

used as an orthogonal (Q) component.  For example, the frequency 

of the pair of carrier waves is 10 GHz. 

[0139] 35 
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 Modulator 154 then inputs the modulated wave into each 

transmitter 102.  Transmitters 102 emit the modulated waves.  

Subsequently, the modulated waves are reflected by an object. 

[0140] 

 Each receiver 103 then receives the modulated waves, and 5 

enters the modulated waves into the demodulator 142.  It is assumed 

that the modulated waves include a plurality of modulated waves 

emitted from the plurality of transmitters 102 and reflected by the 

object in a mixed manner. 

[0141] 10 

 Demodulator 142 demodulates the modulated waves to an in-

phase (I) component and an orthogonal (Q) component according to 

the pair of local waves (LO).  Demodulator 142 then inputs the in-

phase (I) component and the orthogonal (Q) component into 

processor 145.  Processor 145 performs deconvolution for the in-15 

phase (I) component and the orthogonal (Q) component, with the pair 

of PN codes.  Accordingly, individual data for the pair of PN codes is 

obtained. 

[0142] 

 For example, to facilitate achievement of simultaneous 20 

transmission and simultaneous reception, the property of the PN code 

that a code obtained by permuting (shifting) a certain code is 

orthogonal to the original code can be used.  This method is 

described using the two-dimensional PN code as in the following 

Expression (2-1-1). 25 

[0143] 

[Math. 4] 

 

[0144] 

 Here, the code on the second line is a code obtained by shifting 30 

the code on the first line by p i bit.  These codes are modulated, and 

input into port I and port Q of modulator 154 illustrated in FIG. 21. 
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[0145] 

 The signal modulated by orthogonal modulation based on QPSK 

(Quadrature Phase Shift Keying) is output as a time-series signal as 

in following Expression (2-1-2) from transmitter 102. 

[0146] 5 

[Math. 5] 

 

[0147] 

 Here, c i
I(t) and c i

Q(t) represent the digital waveform (digital 

temporal waveform) corresponding to the temporal waveform in the 10 

case of digital transmission of the code.  fc is the frequency of the 

pair of carrier waves.  This signal is emitted from transmitter 102, 

reflected by the object, and received by receiver 103.  The waveform 

of the signal received by receiver 103 can be represented as following 

Expression (2-1-3) when transmitter 102 and receiver 103 have the 15 

same frequency and phase. 

[0148] 

[Math. 6] 

 

[0149] 20 

 Here, fI(t) and gQ(t) are the I component and the Q component 

of the detected intermediate frequency (IF) signal.  {x j, yj} is the 

amplitude of the signal returned at t = tj.  In Expression (2-1-3), j 

corresponds to the j-th reflection point.  Next, deconvolution is 

performed for fI(t) and gQ(t) with code (c i
I, ci

Q). 25 

[0150] 

[Math. 7] 
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[0151] 

 This result is represented as following Expression (2-1-5) using 

a matrix representation.  Here, ideally, x j = yj. 

[0152] 5 

[Math. 8] 

 

[0153] 

 By performing the deconvolution with the code used for 

transmission, a pulse having the substantially same size at the same 10 

time.  In a case of deconvolution with code (ck
I, ck

Q) different from 

the transmission code, results as in following Expressions (2-1-6) and 

(2-1-7) are obtained.  For simplicity, it is assumed that code (ck
I, 

ck
Q) different from the transmission code is shifted by one bit from 

the transmission code (c i
I, ci

Q) with respect to Q (i.e., pk = pi+1). 15 

[0154] 

[Math. 9] 

 

[0155] 

[Math. 10] 20 
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[0156] 

 On the first line and the second line of Expression (2-1-7) there 

is no pulse at the same time. 

[0157] 5 

 Based on the two types of results, signals from the plurality of 

transmitters 102 received in an interfering manner by one receiver 

103 can be separated with respect to each transmitter 102.  In this 

example, codes cQ of different transmitters 102 are shifted by one bit.  

In actuality, it is designed such that code cQ is shifted by several tens 10 

of bits or more. 

[0158] 

 In a case where a highly accurate crystal oscillator is used to 

generate the carrier wave, the frequency accuracy is about 10 -10.  

Consequently, in a case where the frequency of the carrier wave is 10 15 

GHz, an error about 1 Hz occurs.  Accordingly, in a case where 

heterodyne detection where the transmission side and the reception 

side are not synchronized with each other is used, the phase gradually 

changes with time.  For example, the signal modulated by orthogonal 

modulation based on QPSK is output as a time-series signal as in 20 

following Expression (2-2-1) from transmitter 102. 

[0159] 

[Math. 11] 

 

[0160] 25 

 It is hereinafter assumed that the carrier wave for wave 

detection is generated by local wave generator 141 or the like, and 

the phase difference of the carrier wave (i.e., LO signal) between the 
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transmission side and the reception side is .  In this assumption, the 

received signal sR(t) is represented as following Expression (2-2-2). 

[0161] 

[Math. 12] 

 5 

[0162] 

 The I component and Q component of the IF signal detected for 

the received signal sR(t) in Expression (2-2-2) are represented as 

following Expression (2-2-3). 

[0163] 10 

[Math. 13] 

 

[0164] 

 Expression (2-2-3) described above corresponds to rotation of 

the original signal {c i
I(t), ci

Q(t)} by angle .  Next, two-dimensional 15 

deconvolution represented by following Expression (2-2-4) is 

performed for Expression (2-2-3). 

[0165] 

[Math. 14] 

 20 
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[0166] 

 By calculating the determinant in Expression (2-2-4), following 

Expression (2-2-5) is obtained as long as p i is not zero. 

[0167] 

[Math. 15] 5 

 

[0168] 

 That is, the result does not depend on .  This result is because 

the product of eigenvalues of two matrices is a rotation invariant, and 

indicates that deconvolution is allowed even if the phase of the LO 10 

signal between transmitter 102 and receiver 103 changes (without 

synchronization). 

[0169] 

 Next, it is assumed that the signal modulated by orthogonal 

modulation based on QPSK is output as a time-series signal as in 15 

following Expression (2-3-1) from transmitter 102. 

[0170] 

[Math. 16] 

 

[0171] 20 

 Here, c i
I(t) and c i

Q(t) represent the digital waveform (digital 

temporal waveform) corresponding to the temporal waveform in the 

case of digital transmission of the code.  fc is the frequency of the 

pair of carrier waves.  This signal is emitted from transmitter 102, 

reflected by the object, and received by receiver 103.  The waveform 25 

of the signal received by receiver 103 can be represented as following 

Expression (2-3-2) when transmitter 102 and receiver 103 have the 

same frequency and different phases. 

[0172] 

[Math. 17] 30 
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[0173] 

 Two-dimensional deconvolution is performed for the signal 

detected for received signal sR(t) as represented in Expression (2-3-

2). 5 

[0174] 

 For example, for fixed j, Expression (2-3-3) in FIG. 22 holds.  

By calculating the determinant of Expression (2-3-3), a result that 

does not depend on  as in Expression (2-3-4) in FIG. 23 can be 

obtained. 10 

[0175] 

 Consequently, received signal sR(t) is detected with the carrier 

wave, two-dimensional deconvolution is performed using the two-

dimensional PN code, and the determinant is calculated, thereby 

obtaining a result as in Expression (2-3-5) in FIG. 24. 15 

[0176] 

 For example, the signal subjected to QPSK orthogonal 

modulation is output as the following time-series signal from i-th 

transmitter 102. 

[0177] 20 

[Math. 18] 

 

[0178] 

 A signal simultaneously emitted from every transmitter 102 

and received by one receiver 103 is represented as follows. 25 

[0179] 

[Math. 19] 
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[0180] 

 xi,j, ti,j, and i,j respectively represent the reflection amplitude, 

arrival time, and phase difference that correspond to the signal 

emitted from i-th transmitter 102, reflected by j-th reflection point, 5 

and received by receiver 103.  The following expression represents 

the i-th transmission code, and the k-th transmission code. 

[0181] 

[Math. 20] 

 10 

[0182] 

 Two-dimensional deconvolution in Expression (2-4-2) is 

performed using these codes.  Accordingly, first, deconvolution as in 

Expression (2-4-4) in FIG. 25 is performed.  Next, the value of the 

determinant at time t is obtained according to Expression (2-4-5) in 15 

FIG. 26.  The complete deconvolution and determinant of Expression 

(2-4-2) are represented as in Expression (2-4-6) in FIG. 27 using 

these results. 

[0183] 
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 Here, except the first line on the right side, a  function is 

present in the first factor of each term, the arguments of  function 

consist only of constants, such as t i,j, pi, and pk, and do not include 

variable t.  t i,j is a time period during which the wave emitted from 

i-th transmitter 102 is reflected by the object (identification number 5 

j), and is received by receiver 103.  This t i,j is a quantity continuously 

changing with time t.  On the other hand, p i, pk and the like are 

quantities that can be freely determined. 

[0184] 

 For example, it can happen by chance that the term indicated 10 

in following Expression (2-4-7) from the right side of Expression (2-

4-6) is not zero.  However, if pk has another value, the term is zero. 

[0185] 

[Math. 21] 

 15 

[0186] 

 Consequently, the terms except the first line on the right side 

of Expression (2-4-6) can be represented as accidental interference 

terms.  Based on them, it is effective to generate the code as follows. 

[0187] 20 

 In the next expression, a two-dimensional PN code indicated by 

Expression (2-1-1) is indicated. 

[0188] 

[Math. 22] 

 25 

[0189] 

 ci
Q is a code obtained by shifting c i

I by pi bit.  Code generator 

121 makes this bit delay amount p i hop every time the code is 
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transmitted, without fixing the amount.  In the case where the 

number of transmitter 102 is n, code generator 121 selects p i (i = 1, 

2, 3, ..., n) from among n different integer values.  Code generator 

121 then changes delay amount p i of the i-th transmission code every 

time the code transmission trigger occurs, and replaces the code of i-5 

th transmitter 102 as follows. 

[0190] 

[Math. 23] 

 

[0191] 10 

 t(i) (i = 1, 2, 3, ..., n) represents t times of shifting to the 

right at trigger timing t.  If t exceeds a constant number N, code 

generator 121 changes the code in a manner of cyclic permutation 

using mod(N).  In such control, the delay amount is pt(i).  

Accordingly, the probability of occurrence of accidental interference 15 

can be reduced to 1/N. 

[0192] 

 For example, two different transmission codes c i
Q and cj

Q are 

reflected by the object, and enter identical receiver 103.  If the 

difference in reception time between these codes is equal to the delay 20 

amount pk of certain initially defined code ck
Q, interference occurs.  

The probability of occurrence of such interference can be reduced to 

1/N by hoping of the delay amount described above. 

[0193] 

 The above description assumes that the hopping delay amount 25 

is selected from a delay amount sample in a permuted manner.  

However, the delay amount may be more freely selected from a larger 

sample. 

[0194] 

 Consequently, received signal sR(t) is detected with the carrier 30 

wave, two-dimensional deconvolution is performed with the two-

dimensional PN code, and the determinant is calculated, thereby 

obtaining the following expression. 
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[0195] 

[Math. 24] 

 

[0196] 

 Consequently, even if the plurality of transmitters 102 5 

modulate the two-dimensional PN codes different from each other by 

QPSK orthogonal modulation, and simultaneously emit them, received 

data that has no interference in effect can be obtained. 

[0197] 

 The result described above is a result in a case where carrier 10 

wave synchronization is not required.  If the carrier waves are 

synchronized, a more accurate result can be obtained. 

[0198] 

 For example, received signal sR(t) is detected with the carrier 

wave, two-dimensional deconvolution is performed for received signal 15 

sR(t) with the two-dimensional PN code.  The two-dimensional 

deconvolution in this case is represented as Expression (2-5-1) in FIG. 

28 using a matrix representation.  By substituting t = tk,b into this 

expression, Expression (2-5-2) in FIG. 29 is obtained. 

[0199] 20 

 Zero (time average) in Expression (2-5-2) means that the 

average for a longer time period than the period of the code is zero.  

The signal emitted from transmitter 102 is represented by Expression 

(2-3-1).  The following expression is the same expression as 

Expression (2-3-1).  fc is the frequency of the carrier wave. 25 

[0200] 

[Math. 25] 

 

[0201] 
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 The signal obtained by receiver 103 is generally represented by 

the following expression. 

[0202] 

[Math. 26] 

 5 

[0203] 

 xj is the reflectance.  j is the phase difference in propagation 

between transmitter 102 and receiver 103, and has a physical 

meaning as follows. 

[0204] 10 

[Math. 27] 

 

[0205] 

 That is, j is the phases difference obtained by dividing the 

distance from the transmission point to the reflection by object P and 15 

then to the reception point, by the wavelength of the carrier wave.  

The signal from k-th transmitter 102 received by one receiver 103 is 

represented as follows. 

[0206] 

[Math. 28] 20 

 

[0207] 

 Expression (2-5-6) represents the reflectance of the signal 

from k-th transmitter 102 received by one receiver 103, and the 

phase difference between carrier waves.  Even with simultaneous 25 

transmission, the phase difference between carrier waves can be 

obtained without interference.  Accordingly, by obtaining data in 
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Expression (2-5-6) for each receiver 103, high-resolution data can be 

obtained. 

[0208] 

<Configuration example using two pairs of carrier waves> 

 FIG. 30 is a block diagram illustrating a configuration example 5 

of generator 101 in a case where two pairs of carrier waves are used.  

In this example, generator 101 includes code generator 121, carrier 

wave generator 122, modulators 161 to 166, combiners 167 to 169, 

and amplifier 124. 

[0209] 10 

 In this example, code generator 121 generates a plurality of 

pairs of first pulse trains corresponding to a plurality of first two-

dimensional vector codes that are different from each other, and a 

plurality of pairs of second pulse trains corresponding to a plurality 

of second two-dimensional vector codes that are different from each 15 

other.  For example, code generator 121 generates n pairs of first 

pulse trains corresponding to n first two-dimensional vector codes 

that are different from each other, and n pairs of second pulse trains 

corresponding to n second two-dimensional vector codes that are 

different from each other.  Here, n is the number of transmitters 102. 20 

[0210] 

 Each first two-dimensional vector code includes a reference 

code and a first individual code as two elements.  Each second two-

dimensional vector code includes a second individual code and a third 

individual code as two elements.  The reference code is common to 25 

the plurality of first two-dimensional vector codes.  The common 

reference code, the plurality of first individual codes, the plurality of 

second individual codes, and the plurality of third individual codes in 

the plurality of first individual codes and the plurality of second 

individual codes are different from each other. 30 

[0211] 

 The common reference code, the plurality of first individual 

codes, the plurality of second individual codes, and the plurality of 

third individual codes may be a plurality of orthogonal codes that are 

orthogonal to each other.  The common reference code, the plurality 35 
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of first individual codes, the plurality of second individual codes, and 

the plurality of third individual codes may be a plurality of cyclic codes 

that have shift amounts different from each other.  The common 

reference code, the plurality of first individual codes, the plurality of 

second individual codes, and the plurality of third individual codes 5 

may be a plurality of PN codes that are orthogonal to each other and 

each of which has a different shift amount. 

[0212] 

 In this example, carrier wave generator 122 generates a pair 

of first carrier waves having phases orthogonal to each other, and a 10 

pair of second carrier waves having phases orthogonal to each other.  

The frequency of the pair of first carrier waves and the frequency of 

the pair of second carrier waves are different from each other. 

[0213] 

 In this example, modulator 161 modulates the pulse trains on 15 

one side of the plurality of pairs of first pulse trains generated by 

code generator 121, with one carrier wave from the pair of carrier 

waves generated by carrier wave generator 122.  Specifically, for 

example, modulator 161 modulates the plurality of pulse trains each 

corresponding to the reference code, with one carrier wave from the 20 

pair of first carrier waves.  Thus, modulator 161 generates a plurality 

of modulated waves. 

[0214] 

 In this example, modulator 162 modulates the pulse trains on 

the other side of the plurality of pairs of first pulse trains generated 25 

by code generator 121, with the other carrier wave from the pair of 

first carrier waves generated by carrier wave generator 122.  

Specifically, for example, modulator 162 modulates the plurality of 

pulse trains corresponding to the plurality of first individual codes 

among the first two-dimensional vector codes, with the other carrier 30 

wave from the pair of first carrier waves.  Thus, modulator 162 

generates a plurality of modulated waves. 

[0215] 

 In this example, combiner 167 combines the plurality of 

modulated waves generated by modulator 161, with the plurality of 35 
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modulated waves generated by modulator 162.  Thus, combiner 167 

newly generates a plurality of modulated waves.  For example, 

combiner 167 combines n modulated waves generated by modulator 

161, with n modulated waves generated by modulator 162, thereby 

newly generating n modulated waves. 5 

[0216] 

 In this example, modulator 163 modulates the pulse trains on 

one side of the plurality of pairs of second pulse trains generated by 

code generator 121, with one carrier wave from the pair of first carrier 

waves generated by carrier wave generator 122.  Specifically, for 10 

example, modulator 163 modulates the plurality of pulse trains 

corresponding to the plurality of second individual codes among the 

second two-dimensional vector codes, with one carrier wave from the 

pair of first carrier waves.  Thus, modulator 163 generates a plurality 

of modulated waves. 15 

[0217] 

 In this example, modulator 164 modulates the pulse trains on 

the other side of the plurality of pairs of second pulse trains generated 

by code generator 121, with the other carrier wave from the pair of 

first carrier waves generated by carrier wave generator 122.  20 

Specifically, for example, modulator 164 modulates the plurality of 

pulse trains corresponding to the plurality of third individual codes 

among the second two-dimensional vector codes, with the other 

carrier wave from the pair of first carrier waves.  Thus, modulator 

164 generates a plurality of modulated waves. 25 

[0218] 

 In this example, combiner 168 combines the plurality of 

modulated waves generated by modulator 163, with the plurality of 

modulated waves generated by modulator 164.  Thus, combiner 168 

newly generates a plurality of modulated waves.  For example, 30 

combiner 168 combines n modulated waves generated by modulator 

163, with n modulated waves generated by modulator 164, thereby 

newly generating n modulated waves. 

[0219] 
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 In this example, modulator 165 modulates the plurality of 

modulated waves generated by combiner 167, with one carrier wave 

from the pair of second carrier waves generated by carrier wave 

generator 122.  Thus, modulator 165 newly generates a plurality of 

modulated waves. 5 

[0220] 

 In this example, modulator 166 modulates the plurality of 

modulated waves generated by combiner 168, with the other carrier 

wave from the pair of second carrier waves generated by carrier wave 

generator 122.  Thus, modulator 166 newly generates a plurality of 10 

modulated waves. 

[0221] 

 In this example, combiner 169 combines the plurality of 

modulated waves generated by modulator 165, with the plurality of 

modulated waves generated by modulator 166.  Thus, combiner 169 15 

newly generates a plurality of modulated waves.  For example, 

combiner 169 combines n modulated waves generated by modulator 

165, with n modulated waves generated by modulator 166, thereby 

newly generating n modulated waves. 

[0222] 20 

 In this example, amplifier 124 amplifies the plurality of 

modulated waves generated by combiner 169. 

[0223] 

 In the operation described above, generator 101 generates a 

plurality of pairs of first pulse trains, a plurality of pairs of second 25 

pulse trains, a pair of first carrier waves, and a pair of second carrier 

waves.  Generator 101 then generates a plurality of first modulated 

waves by modulating the plurality of pairs of first pulse trains with 

the pair of first carrier waves, and generates a plurality of second 

modulated waves by modulating the plurality of pairs of second pulse 30 

trains with the pair of first carrier waves.  Generator 101 then 

modulates the plurality of first modulated waves and the plurality of 

second modulated waves with the pair of second carrier waves, 

thereby generating the plurality of modulated waves as a plurality of 

waves to be emitted. 35 
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[0224] 

 For example, generator 101 generates n pairs of first pulse 

trains, n pairs of second pulse trains, a pair of first carrier waves, and 

a pair of second carrier waves.  Generator 101 generates n 

modulated waves as n waves to be emitted, according to the n pairs 5 

of first pulse trains, the n pairs of second pulse trains, the pair of first 

carrier waves, and the pair of second carrier waves.  The n modulated 

waves are emitted respectively from n transmitters 102. 

[0225] 

 Note that the first two-dimensional vector code and the second 10 

two-dimensional vector code can be interpreted as a four-dimensional 

vector code. 

[0226] 

 FIG. 31 is a block diagram illustrating a configuration example 

of code generator 121 in the case where two pairs of carrier waves 15 

are used.  In this example, code generator 121 includes memory 131 

that stores a code set.  The code set includes the plurality of first 

two-dimensional vector codes and the plurality of second two-

dimensional vector codes.  The characteristics of the plurality of first 

two-dimensional vector codes and the plurality of second two-20 

dimensional vector codes included in the code set are the same as the 

characteristics of the plurality of first two-dimensional vector codes 

and the plurality of second two-dimensional vector codes described 

with reference to FIG. 30. 

[0227] 25 

 In this example, code generator 121 may generate the plurality 

of pairs of first pulse trains and the plurality of pairs of second pulse 

trains that correspond to the plurality of first two-dimensional vector 

codes and the plurality of second two-dimensional vector codes 

included in the code set, according to the code set stored in memory 30 

131. 

[0228] 

 Generator 101 may then generate the plurality of modulated 

waves as a plurality of waves, by modulating the plurality of pairs of 

first pulse trains and the plurality of pairs of second pulse trains 35 
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generated by code generator 121, using the pair of first carrier waves 

and the pair of second carrier waves.  The plurality of modulated 

waves may then be emitted from respective transmitters 102. 

[0229] 

 The number of first two-dimensional vector codes included in 5 

the code set, and the number of second two-dimensional vector codes 

included in the code set are equal to or more than the number of 

transmitters 102.  If the number of them is larger than the number 

of transmitters 102, some of them need not be used to transmit waves. 

[0230] 10 

 FIG. 32 is a block diagram illustrating another configuration 

example of code generator 121 in a case where two pairs of carrier 

waves are used.  In this example, code generator 121 includes 

selector 132 in addition to memory 131 illustrated in FIG. 31.  In this 

example, memory 131 stores a plurality of code set candidates.  The 15 

plurality of code set candidates are different from each other. 

[0231] 

 Each code set candidate includes a plurality of first two-

dimensional vector codes and a plurality of second two-dimensional 

vector codes that have the same characteristics as the characteristics 20 

of the plurality of first two-dimensional vector codes and the plurality 

of second two-dimensional vector codes included in the code set 

described with reference to FIG. 31. 

[0232] 

 In this example, selector 132 selects a code set from among 25 

the code set candidates.  Selector 132 then generates the plurality 

of pairs of first pulse trains and the plurality of pairs of second pulse 

trains that correspond to the plurality of first two-dimensional vector 

codes and the plurality of second two-dimensional vector codes 

included in the selected code set. 30 

[0233] 

 In this example, similar to the example in FIG. 8, every time 

the condition for changing the plurality of codes related to the 

plurality of waves to be emitted is satisfied, selector 132 changes the 



 - 51 - 

plurality of two-dimensional vector codes by selecting the code set 

from among the code set candidates. 

[0234] 

 FIG. 33 is a block diagram illustrating still another 

configuration example of code generator 121 in the case where two 5 

pairs of carrier waves are used.  In this example, code generator 121 

includes random number generator 133 in selector 132.  Similar to 

the example in FIG. 9, random number generator 133 generates a 

random number.  Selector 132 randomly selects a code set from 

among code set candidates according to a random number obtained 10 

from random number generator 133. 

[0235] 

 In this case, selector 132 generates the plurality of pairs of 

first pulse trains and the plurality of pairs of second pulse trains that 

correspond to the plurality of first two-dimensional vector codes and 15 

the plurality of second two-dimensional vector codes included in the 

randomly selected code set. 

[0236] 

 FIG. 34 is a block diagram illustrating a configuration example 

of deriver 104 in the case where two pairs of carrier waves are used.  20 

In this example, deriver 104 includes local wave generator 141, and 

demodulators 171 to 173. 

[0237] 

 In this example, local wave generator 141 generates a pair of 

first local waves and a pair of second local waves that respectively 25 

correspond to the pair of first carrier waves and the pair of second 

carrier waves generated by carrier wave generator 122 illustrated in 

FIG. 30. 

[0238] 

 For example, the pair of first local waves have the same 30 

frequency as the pair of first carrier waves, and are orthogonal to 

each other.  The pair of second local waves have the same frequency 

as the pair of second carrier waves, and are orthogonal to each other.  

The phase of the pair of first local waves and the phase of the pair of 

second local waves may or need not be synchronized with the phase 35 
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of the pair of first carrier waves and the phase of the pair of second 

carrier waves. 

[0239] 

 In this example, demodulator 171 demodulates the received 

data of each receiver 103, with the pair of second local waves 5 

generated by local wave generator 141, to recover first data to be 

processed.  The first data to be processed corresponds to the 

plurality of first modulated waves and the plurality of second 

modulated waves.  The demodulated first data to be processed 

includes two components that are an in-phase component and an 10 

orthogonal component.  Demodulators 172 and 173 then demodulate 

the two components of the first data to be processed, with the pair of 

first local waves generated by local wave generator 141, to recover 

second data to be processed corresponding to the plurality of pairs of 

first pulse trains and the plurality of pairs of second pulse trains.  15 

[0240] 

 Accordingly, second data to be processed is obtained that 

corresponds to the plurality of first two-dimensional vector codes 

(plurality of pairs of first pulse trains) and the plurality of second two-

dimensional vector codes (plurality of pairs of second pulse trains) 20 

modulated with the pair of first carrier waves and the pair of second 

carrier waves.  Deriver 104 then derives individual data from the 

second data to be processed, for each of combinations of transmitters 

102 and receivers 103. 

[0241] 25 

 FIG. 35 is a block diagram illustrating another configuration 

example of deriver 104 in the case where two pairs of carrier waves 

are used.  In this example, deriver 104 includes deconvolution 

processor 143 in addition to local wave generator 141 and 

demodulators 171 to 173 illustrated in FIG. 34. 30 

[0242] 

 In this example, deconvolution processor 143 performs 

deconvolution for the second data to be processed demodulated by 

demodulators 172 and 173, with the first two-dimensional vector code 
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and the second two-dimensional vector code that correspond to each 

transmitter 102. 

[0243] 

 Accordingly, deconvolution processor 143 can obtain a 

component corresponding to the two-dimensional vector code from 5 

the second data to be processed.  Consequently, detection device 

100 can derive individual data corresponding to each transmitter 102, 

from the received data of each receiver 103, and can derive the 

individual data, for each of combinations of transmitters 102 and 

receivers 103. 10 

[0244] 

 FIG. 36 is a block diagram illustrating still another 

configuration example of deriver 104 in the case where two pairs of 

carrier waves are used.  In this example, deriver 104 includes 

determinant processor 144 in addition to local wave generator 141, 15 

demodulators 171 to 173, and deconvolution processor 143 illustrated 

in FIG. 35. 

[0245] 

 In this example, determinant processor 144 performs 

determinant computation, for the computational result of the 20 

deconvolution performed by deconvolution processor 143.  

Accordingly, deriver 104 can derive individual data in an appropriate 

form, for each of combinations of transmitters 102 and receivers 103, 

according to the deconvolution corresponding to the first two-

dimensional vector code and the second two-dimensional vector code, 25 

and the determinant. 

[0246] 

 FIG. 37 is a conceptual diagram illustrating a process example 

in the case where two pairs of carrier waves are used.  In this 

example, code generator 121, modulators 181 to 183, transmitter 102, 30 

receiver 103, demodulators 171 to 173, and processor 145 are 

described as configuration elements of detection device 100.  These 

configuration elements correspond to the configuration elements 

described above.  For example, modulators 181 to 183 correspond to 
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modulators 161 to 166 and the like.  Processor 145 corresponds to 

deconvolution processor 143, determinant processor 144 and the like. 

[0247] 

 In this example, code generator 121 generates four pulse trains 

corresponding to four PN codes, inputs a pair of pulse trains 5 

corresponding to the first PN code and the second PN code into 

modulator 182, and inputs a pair of pulse trains corresponding to the 

third PN code and the fourth PN code into modulator 183. 

[0248] 

 Modulator 182 modulates the pair of pulse trains corresponding 10 

to the first PN code and the second PN code, with the pair of first 

carrier waves, thereby generating the modulated wave.  Modulator 

183 modulates the pair of pulse trains corresponding to the third PN 

code and the fourth PN code, with the pair of first carrier waves, 

thereby generating the modulated wave.  Here, I/Q modulation, 15 

which is orthogonal modulation, is used.  From the pair of pulse 

trains, one is used as an in-phase (I) component, and the other is 

used as an orthogonal (Q) component.  For example, the frequency 

of the pair of first carrier waves is 6 GHz. 

[0249] 20 

 Modulator 181 modulates the modulated wave generated by 

modulator 182, and the modulated wave generated by modulator 183, 

with the pair of second carrier waves, thereby newly generating a 

modulated wave.  Here, I/Q modulation, which is orthogonal 

modulation, is also used.  From two modulated waves, one is used as 25 

an in-phase (I) component, and the other is used as an orthogonal 

(Q) component.  For example, the frequency of the pair of second 

carrier waves is 40 GHz. 

[0250] 

 Modulator 181 then inputs the modulated wave into each 30 

transmitter 102.  Transmitters 102 emit the modulated waves.  

Subsequently, the modulated waves are reflected by an object. 

[0251] 

 Each receiver 103 then receives the modulated waves, and 

inputs the modulated waves into demodulator 171.  It is assumed 35 
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that the modulated waves include a plurality of modulated waves 

emitted from the plurality of transmitters 102 and reflected by the 

object in a mixed manner. 

[0252] 

 Demodulator 171 demodulates the modulated waves to an in-5 

phase (I) component and an orthogonal (Q) component according to 

the pair of second local waves.  Demodulator 171 then inputs the in-

phase (I) component into demodulator 172, and inputs the orthogonal 

(Q) component into demodulator 173.  Demodulator 172 

demodulates the in-phase (I) component demodulated by 10 

demodulator 171, according to the pair of first local waves, to recover 

an II component and an IQ component.  Demodulator 173 

demodulates the orthogonal (Q) demodulated by demodulator 171, 

according to the pair of first local waves, to recover a QI component 

and a QQ component. 15 

[0253] 

 Processor 145 then performs deconvolution for the 

demodulated II component, IQ component, QI component, and QQ 

component, with the first PN code, the second PN code, the first PN 

code, and the second PN code, respectively.  Accordingly, individual 20 

data items with respect to the first PN code, the second PN code, the 

first PN code, and the second PN code are obtained. 

[0254] 

 Next, the PN code vector in the case where the two pairs of 

carrier waves are used is described.  First, one PN code is selected.  25 

The PN code is represented as following Expression (3-1-1). 

[0255] 

[Math. 29] 

 

[0256] 30 

 Hereinafter, a code obtained by cyclically shifting the code of 

Expression (3-1-1) is used.  Next, two pairs of two-dimensional PN 

codes as in following Expression (3-1-2) are defined. 
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[0257] 

[Math. 30] 

 

[0258] 

 The suffix corresponds to FIG. 37, i of c i
AB corresponds to i-th 5 

transmitter 102, A corresponds to the I port or Q port of modulator 

181, and B corresponds to the I port or Q port of modulators 182 and 

183. 

[0259] 

 Here, pIIi is defined as zero.  Remaining pABi (AB = IQ, QI, QQ) 10 

has a positive integer value.  For pABi (AB = II, IQ, QI, QQ), change 

in AB in turn changes pABi.  Except AB = II, change in i corresponding 

to transmitter 102 in turn changes pABi.  Except AB = II, values 

different for each combination of AB and i may be selected as pABi. 

[0260] 15 

 To satisfy the condition described above, from code generator 

121, two-dimensional PN code c i
I is input into the I port and Q port 

of modulator 182, and two-dimensional PN code c i
Q is input into the I 

port and Q port of modulator 183. 

[0261] 20 

 Modulator 182 then generates modulated signal s I(t) of 6 GHz 

indicated by following Expression (3-1-3), based on two-dimensional 

PN code c i
I, and inputs the signal into the I port of modulator 181.  

Modulator 183 then generates modulated signal sQ(t) of 6 GHz 

indicated by following Expression (3-1-4), based on two-dimensional 25 
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PN code c i
Q, and inputs the signal into the Q port of modulator 181.  

Note that fc2 in Expressions (3-1-3) and (3-1-4) is 6 GHz. 

[0262] 

[Math. 31] 

 5 

[0263] 

[Math. 32] 

 

[0264] 

 Modulator 181 generates a modulated signal of 40 GHz, based 10 

on modulated signals sI(t) and sQ(t) of 6 GHz, and outputs the signal.  

Accordingly, as the signal modulated by orthogonal modulation based 

on QPSK, a time-series signal as in following Expression (3-1-5) is 

output using a carrier wave of 40 GHz from transmitter 102.  Note 

that fc1 in Expression (3-1-5) is 40 GHz. 15 

[0265] 

[Math. 33] 

 

[0266] 

 In a case where a highly accurate crystal oscillator is used to 20 

generate the carrier wave, the frequency accuracy is about 10 -10.  

Consequently, in a case where the frequency of the carrier wave is 40 

GHz, an error about 4 Hz occurs.  Accordingly, in a case where 

heterodyne detection where the transmission side and the reception 
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side are not synchronized with each other is used, the phase gradually 

changes with time.  For example, the signal modulated by orthogonal 

modulation based on QPSK is output as a time-series signal as in 

following Expression (3-1-5) from transmitter 102. 

[0267] 5 

 It is hereinafter assumed that the phase of the carrier wave 

(i.e., LO signal) is different between transmitter 102 and receiver 103.  

Specifically, it is assumed that the phase of a 40-GHz wave detection 

oscillator (local wave generator 141) is different by  from the phase 

of an oscillator (carrier wave generator 122) for transmitter 102, and 10 

the phase of a 6-GHz wave detection oscillator is different by  from 

the phase of an oscillator for transmitter 102.  Under this assumption, 

the signal input into receiver 103 residing at the same point as 

transmitter 102 is represented as following Expression (3-2-1). 

[0268] 15 

[Math. 34] 

[0269] 

 Baseband signals output from two 6-GHz wave detectors 

(demodulators 172 and 173) are represented as following Expression 

(3-2-2).  The meanings of suffixes are defined as follows.  R means 20 
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reception.  I or Q subsequent to R means the I port or Q port of the 

40-GHz wave detector (demodulator 171).  The third suffix means 

the I port or Q port of the 6-GHz wave detector (demodulator 172 or 

173). 

[0270] 5 

[Math. 35] 

 

[0271] 

 Expression (3-2-2) is represented as following Expression (3-

2-3) using a matrix representation. 10 

[0272] 

[Math. 36] 
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[0273] 

 For the matrix on the right side of Expression (3-2-3), following 

Expression (3-2-4) holds. 

[0274] 5 

[Math. 37] 
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[0275] 

 Factorization as in Expression (3-2-4) can easily derive that 

following Expression (3-2-5) holds. 

[0276] 5 

[Math. 38] 

 

[0277] 

 Here a case where the number of transmitters 102 is one is 

assumed.  Expression (3-2-3) can be represented as in following 10 

Expressions (3-3-1) and (3-3-2). 

[0278] 

[Math. 39] 
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[0279] 

[Math. 40] 

 

[0280] 5 

 Deconvolution performed for Expression (3-3-1) with the code 

defined by Expression (3-1-2) is represented as Expression (3-3-3) in 

FIG. 38.  In a case where the matrix on the left side of Expression 

(3-3-3) is represented as X, following Expression (3-3-4) is obtained. 

[0281] 10 

[Math. 41] 

 

[0282] 

 By obtaining determinants of both the sides of Expression (3-

3-4), following Expression (3-3-5) is obtained. 15 

[0283] 

[Math. 42] 
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[0284] 

 The result of Expression (3-3-5) is obtained using the limitation 

described in the definition of the code in Expression (3-1-2).  

Consequently, if transmitter 102 is different, detX is zero. 5 

[0285] 

 Next, it is assumed that the signal as in Expression (3-1-5) is 

output from each of transmitters 102, reflected by a plurality of 

objects, and received by receivers 103.  For example, the signal 

received by i-th transmitter 102 is represented as following 10 

Expression (3-4-1). 

[0286] 

[Math. 43] 

 

[0287] 15 

 The reflected signal is represented as following Expression (3-

4-2).  In Expression (3-4-2), j corresponds to the j-th reflection point. 

[0288] 

[Math. 44] 
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[0289] 

 Four time-series signals received and detected by one receiver 

103 are represented as following Expression (3-4-3). 

[0290] 5 

[Math. 45] 

 

[0291] 

 Expression (3-4-3) is represented as following Expression (3-

4-4) in FIG. 39 in a case of a matrix representation. 10 

[0292] 

 The deconvolution performed for Expression (3-4-4) with the 

code defined in Expression (3-1-2) is represented as Expression (3-

4-6) in FIG. 41 using A i,j indicated in Expression (3-4-5) in FIG. 40.  

With reference to calculation of deconvolution described later, 15 
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Expression (3-4-6) is calculated, and the matrix on the left side is 

represented by X, thereby obtaining Expression (3-4-7) in FIG. 42. 

[0293] 

 By representing the calculation result of the determinant at 

each time as detX, following Expression (3-4-8) is obtained. 5 

[0294] 

[Math. 46] 

 

[0295] 

 Here, an accidental interference term is made up of a term that 10 

includes, as a factor,  function not including time t, similar to 

Expression (2-5-7).  For example, the accidental interference term 

includes a term such as the following expression. 

[0296] 

[Math. 47] 15 

 

[0297] 

 ti,j is a time period during which the wave emitted from i-th 

transmitter 102 is reflected by the object (identification number j), 

and is received by receiver 103.  This t i,j is a quantity continuously 20 

changing with time t.  On the other hand, pQi, pQk and the like are 

quantities that can be freely determined. 

[0298] 

 For example, it can happen by chance that the term indicated 

by Expression (3-4-9) is not zero.  However, when pQi, pQk and the 25 

like have other values, the term is zero. 

[0299] 
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 The accidental interference term can converge to a time 

average of zero, using code hopping that changes pABi (AB = IQ, QI, 

QQ) for every code transmission trigger.  Consequently, the following 

expression is obtained. 

[0300] 5 

[Math. 48] 

 

[0301] 

 In a case where the number of receivers 103 is M, the 

deconvolution process described above can be simultaneously 10 

performed in parallel in each receiver 103.  Here, the two-step 

modulation is applied.  Alternatively, modulation of three or more 

steps may be applied. 

[0302] 

 FIG. 43 is a conceptual diagram illustrating synchronization of 15 

transmitters T1, T2, ..., Tn, and receivers R1, R2, ..., Rn. 

[0303] 

 The plurality of transmitters T1, T2, ..., Tn are connected by 

optical fiber cables using E/O converters and O/E converters for 

conversion into optical signals for communication.  For example, as 20 

soon as a pulse arrives from transmitter T1 through the optical fiber, 

transmitter T2 emits microwaves from an antenna.  At the same time, 

transmitter T2 transmits a synchronization signal to transmitter T3 

through the optical fiber. 

[0304] 25 

 This similarly applies to receivers R1, R2, ..., Rn.  Note that 

after transmitter T1 transmits the synchronization signal to receiver 

R1, and receiver R1 receives the pulse, the cascading operation is 

started.  By the synchronization pulse of the received signal, each 

receiver Ri starts receiving data. 30 

[0305] 
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 For example, individual data may be derived with respect to 

each transmitter T i, by allowing distributed processing circuit 191 

corresponding to each receiver R i to perform deconvolution for the 

received data obtained by corresponding receiver R i.  In centralized 

processing circuit 192, individual data with respect to each of 5 

combinations of transmitters T i and receivers R i is obtained, and the 

object may be detected according to the individual data.  For 

example, deriver 104 may be included in distributed processing circuit 

191, and detector 105 may be included in centralized processing 

circuit 192. 10 

[0306] 

 Distributed processing circuit 191 may be an information 

processing circuit corresponding to a CPU, a GPU or the like.  

Centralized processing circuit 192 may be an information processing 

circuit corresponding to a PC cluster, a host computer or the like. 15 

[0307] 

 According to the method described above, the integral of 

following Expression (4-1) appears in calculation of deconvolution.  

Here, A and B each represent I (in-phase component) or Q 

(orthogonal component).  This also applies to C and D. 20 

[0308] 

[Math. 49] 

 

[0309] 

 In a case where the basic code of Expression (3-1-1) is 25 

represented as c(t), Expression (4-1) described above is represented 

as following Expression (4-2).  PAB and PCD correspond to the number 

of bits of cyclically shifting. 

[0310] 

[Math. 50] 30 
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[0311] 

 According to the property of the code, the integral of 

Expression (4-2) is not zero only when following Expression (4-3) 

holds. 

[0312] 5 

[Math. 51] 

 

[0313] 

 Consequently, following Expression (4-4) is obtained. 

[0314] 10 

[Math. 52] 

 

[0315] 

 Specifically, based on the above expression, following 

Expression (4-5) is used for deconvolution. 15 

[0316] 

[Math. 53] 

 

[0317] 

<Basic operation example> 20 

 FIG. 44 is a flowchart illustrating a basic operation example of 

detection device 100 illustrated in FIG. 4 and the like. 

[0318] 

 First, generator 101 generates a plurality of waves (S101).  In 

this case, generator 101 generates a plurality of pulse train groups 25 

corresponding to the respective code groups different from each other, 

and at least one carrier wave. 
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[0319] 

 Here, each code group includes a reference code, and one or 

more individual codes.  The reference code is common to the plurality 

of code groups.  The plurality of individual codes in the plurality of 

code groups are different from each other.  Generator 101 modulates 5 

the plurality of pulse train groups using at least one carrier wave, to 

generate a plurality of modulated waves as a plurality of waves. 

[0320] 

 Next, the plurality of transmitters 102 emit the respective 

waves generated by generator 101 (S102).  In this case, each 10 

transmitter 102 emits one of the waves generated by generator 101.  

Each of receivers 103 receives one or more of the waves emitted from 

transmitters 102, as a composite wave (S103). 

[0321] 

 Next, deriver 104 derives individual data corresponding to each 15 

transmitter 102, from the received data of each receiver 103, thus 

deriving individual data, for each of combinations of transmitters 102 

and receivers 103 (S104).  In this case, deriver 104 demodulates the 

received data of each receiver 103 to recover data to be processed 

corresponding to the pulse train groups, and derives individual data 20 

from the data to be processed.  Detector 105 detects an object that 

affects at least one of the waves according to the individual data 

(S105). 

[0322] 

 Accordingly, even in the case where the plurality of 25 

transmitters 102 and the plurality of receivers 103 are used at the 

same time, detection device 100 can obtain individual data with 

respect to each of combinations of transmitters 102 and receivers 103 

because the signals of the waves respectively correspond to the code 

groups different from each other.  Consequently, detection device 30 

100 can detect the object at high resolution and high speed.  

Accordingly, detection device 100 can appropriately detect the object 

moving at high speed. 

[0323] 
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 Here, each code group may be, for example, a two-dimensional 

vector code having a pair of codes, or two two-dimensional vector 

codes each having a pair of codes.  Each pulse train group may be 

for, for example, a pair of pulse trains, or two pairs of pulse trains.  

At least one carrier wave may be a pair of carrier waves, or two pairs 5 

of carrier waves. 

[0324] 

 For example, generator 101 may generate a plurality of pairs 

of pulse trains corresponding to a plurality of two-dimensional vector 

codes different from each other, and a pair of carrier waves having 10 

phases orthogonal to each other, as a plurality of pulse train groups, 

and at least one carrier wave.  Here, each two-dimensional vector 

code includes a reference code and an individual code as two elements.  

The reference code is common to the plurality of two-dimensional 

vector codes.  The plurality of individual codes in the plurality of two-15 

dimensional vector codes are different from each other. 

[0325] 

 Generator 101 may then generate a plurality of modulated 

waves by modulating the plurality of pairs of pulse trains with a pair 

of carrier waves.  Deriver 104 may then demodulate the received 20 

data of each receiver 103 to recover data to be processed 

corresponding to the plurality of pairs of pulse trains. 

[0326] 

 Accordingly, detection device 100 can efficiently transmit the 

modulated waves corresponding to the two-dimensional vector codes 25 

according to the pair of carrier waves. 

[0327] 

 For example, the reference code and the plurality of individual 

codes may be a plurality of orthogonal codes that are orthogonal to 

each other.  Accordingly, detection device 100 can efficiently obtain 30 

the individual data with respect to each of combinations of 

transmitters 102 and receivers 103 according to the orthogonality of 

the codes. 

[0328] 
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 For example, the reference code and the plurality of individual 

codes may be a plurality of cyclic codes that have shift amounts 

different from each other.  Accordingly, detection device 100 can 

efficiently obtain the individual data with respect to each of the 

combinations of transmitters 102 and receivers 103 according to the 5 

difference in shift amount. 

[0329] 

 For example, the reference code and the plurality of individual 

codes may be a plurality of PN (Pseudo-Noise) codes that are 

orthogonal to each other and each of which has a different shift 10 

amount.  Accordingly, detection device 100 can efficiently obtain the 

individual data with respect to each of the combinations of 

transmitters 102 and receivers 103 according to the characteristics of 

the PN code. 

[0330] 15 

 For example, every time the condition is satisfied, generator 

101 may change the reference code and the plurality of individual 

codes by selecting a reference code and a set of individual codes from 

a plurality of candidate sets.  Accordingly, detection device 100 can 

adaptationally change the plurality of codes related to the plurality of 20 

waves.  Accordingly, detection device 100 can prevent accidental 

reduction in distinguishability, and appropriately obtain the individual 

data with respect to each of the combinations of transmitters 102 and 

receivers 103. 

[0331] 25 

 For example, generator 101 may randomly select the set from 

the plurality of candidate sets.  Accordingly, detection device 100 can 

prevent accidental reduction in distinguishability according to the 

randomness, and appropriately obtain the individual data with respect 

to each of combinations of transmitters 102 and receivers 103. 30 

[0332] 

 For example, deriver 104 may derive the individual data 

according to the computational result obtained by performing 

deconvolution for data to be processed, with each two-dimensional 

vector code.  Accordingly, detection device 100 can efficiently obtain 35 
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the individual data with respect to each of combinations of 

transmitters 102 and receivers 103 according to the deconvolution 

corresponding to the two-dimensional vector code. 

[0333] 

 For example, deriver 104 may derive the individual data 5 

according to the determinant for the computational result.  

Accordingly, detection device 100 can efficiently obtain the individual 

data with respect to each of combinations of transmitters 102 and 

receivers 103 according to the deconvolution corresponding to the 

two-dimensional vector code and the determinant. 10 

[0334] 

 For example, generator 101 may generate a plurality of pairs 

of first pulse trains, a plurality of pairs of second pulse trains, a pair 

of first carrier waves, and a pair of second carrier waves, as a plurality 

of pulse train groups, and at least one carrier wave.  The plurality of 15 

pairs of first pulse trains correspond to a plurality of first two-

dimensional vector codes that are different from each other.  The 

plurality of pairs of second pulse trains correspond to a plurality of 

second two-dimensional vector codes that are different from each 

other.  The pair of first carrier waves have phases that are orthogonal 20 

to each other.  The pair of second carrier waves have phases that are 

orthogonal to each other. 

[0335] 

 Each first two-dimensional vector code includes a reference 

code and a first individual code as two elements.  Each second two-25 

dimensional vector code includes a second individual code and a third 

individual code as two elements.  The reference code is common to 

the plurality of first two-dimensional vector codes.  The plurality of 

first individual codes, the plurality of second individual codes, and the 

plurality of third individual codes in the plurality of first two-30 

dimensional vector codes and the plurality of second two-dimensional 

vector codes are different from each other.  The frequency of the pair 

of first carrier waves and the frequency of the pair of second carrier 

waves are different from each other. 

[0336] 35 
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 Generator 101 may then modulate the plurality of pairs of first 

pulse trains using the pair of first carrier waves, to generate a 

plurality of first modulated waves.  Generator 101 may modulate the 

plurality of pairs of second pulse trains using the pair of first carrier 

waves, to generate a plurality of second modulated waves.  By 5 

modulating the plurality of first modulated waves and the plurality of 

second modulated waves using the pair of second carrier waves, the 

plurality of modulated waves may be generated. 

[0337] 

 Deriver 104 may then demodulate the received data of each 10 

receiver 103 to recover first data to be processed corresponding to 

the plurality of first modulated waves and the plurality of second 

modulated waves.  Deriver 104 may demodulate the first data to be 

processed, to recover second data to be processed corresponding to 

the plurality of pairs of first pulse trains and the plurality of pairs of 15 

second pulse trains, as data to be processed. 

[0338] 

 Accordingly, detection device 100 can efficiently transmit the 

plurality of modulated waves corresponding to the plurality of pairs 

of two-dimensional vector codes according to the two pairs of carrier 20 

waves. 

[0339] 

 For example, the reference code, the plurality of first individual 

codes, the plurality of second individual codes, and the plurality of 

third individual codes may be a plurality of orthogonal codes that are 25 

orthogonal to each other.  Accordingly, detection device 100 can 

efficiently obtain the individual data with respect to each of 

combinations of transmitters 102 and receivers 103 according to the 

orthogonality of the codes. 

[0340] 30 

 The reference code, the plurality of first individual codes, the 

plurality of second individual codes, and the plurality of third 

individual codes may be a plurality of cyclic codes that have shift 

amounts different from each other.  Accordingly, detection device 

100 can efficiently obtain the individual data with respect to each of 35 
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the combinations of transmitters 102 and receivers 103 according to 

the difference in shift amount. 

[0341] 

 The reference code, the plurality of first individual codes, the 

plurality of second individual codes, and the plurality of third 5 

individual codes may be a plurality of PN (Pseudo-Noise) codes that 

are orthogonal to each other and each of which has a different shift 

amount.  Accordingly, detection device 100 can efficiently obtain the 

individual data with respect to each of the combinations of 

transmitters 102 and receivers 103 according to the characteristics of 10 

the PN code. 

[0342] 

 For example, every time the condition is satisfied, generator 

101 may select a set of a reference code, a plurality of first individual 

codes, a plurality of second individual codes, and a plurality of third 15 

individual codes from a plurality of candidate sets.  Thus, generator 

101 may then change the reference code, the plurality of first 

individual codes, the plurality of second individual codes, and the 

plurality of third individual codes. 

[0343] 20 

 Accordingly, detection device 100 can adaptationally change 

the plurality of codes related to the plurality of waves.  Accordingly, 

detection device 100 can prevent accidental reduction in 

distinguishability, and appropriately obtain the individual data with 

respect to each of the combinations of transmitters 102 and receivers 25 

103. 

[0344] 

 For example, generator 101 may randomly select the set from 

the plurality of candidate sets.  Accordingly, detection device 100 can 

prevent accidental reduction in distinguishability according to the 30 

randomness, and appropriately obtain the individual data with respect 

to each of combinations of transmitters 102 and receivers 103. 

[0345] 

 For example, deriver 104 may derive the individual data 

according to a computational result obtained by performing 35 
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deconvolution for the second data to be processed, with each 

combination of corresponding first and second two-dimensional vector 

codes.  Accordingly, detection device 100 can efficiently obtain the 

individual data with respect to each of combinations of transmitters 

102 and receivers 103 according to the deconvolution corresponding 5 

to the pair of two-dimensional vector codes. 

[0346] 

 For example, deriver 104 may derive the individual data 

according to the determinant for the computational result.  

Accordingly, detection device 100 can efficiently obtain the individual 10 

data with respect to each of combinations of transmitters 102 and 

receivers 103 according to the deconvolution corresponding to the 

pair of two-dimensional vector codes and the determinant. 

[0347] 

 Although the aspects of the detection device have been 15 

described above based on the embodiment, the aspects of the 

detection device are not limited to the embodiment.  Modifications 

that may be conceived by a person skilled in the art may be applied 

to the embodiment, and a plurality of configuration elements in the 

embodiment may be combined in any manner.  For example, 20 

processes performed by specific configuration elements in the 

embodiment may be performed by other configuration elements 

instead of the specific configuration elements.  In addition, the order 

of processes may be changed or processes may be performed in 

parallel.   25 

[0348] 

 The mathematical expressions and the like described in the 

present embodiment may be appropriately changed and used.  For 

example, mathematical expressions that indicate the substantially 

same content as the aforementioned mathematical expressions in 30 

other representations may be used, or other mathematical 

expressions derived based on the aforementioned theories may be 

used. 

[0349] 
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 Some of configuration elements among the plurality of 

configuration elements indicated in the above description need not be 

implemented.  In particular, a process performed by a second 

configuration element included in a first configuration element in the 

above description may be interpreted as a process performed by the 5 

first configuration element, and may be performed by the first 

configuration element not necessarily by the second configuration 

element described as the example.  Some of processes indicated in 

the above description need not be executed. 

[0350] 10 

 The ordinal numbers, such as first and second, used in the 

description may be appropriately replaced, removed, or newly 

assigned.  These ordinal numbers do not necessarily correspond to 

ordinal numbers having meanings, and may be used to distinguish the 

elements. 15 

[0351] 

 The detection method including the steps performed by the 

respective configuration elements of the detection device may be 

executed by any device or system.  For example, part or all of the 

detection method may be executed by a computer including a 20 

processor, memory, and an input/output circuit, etc.  In doing so, 

the detection method may be executed by the computer executing a 

program for causing the computer to execute the detection method.    

[0352] 

 The above program may be recorded on a non-transitory 25 

computer-readable recording medium.   

[0353] 

 Each configuration element of the detection device may be 

configured of dedicated hardware, general-purpose hardware that 

executes, for example, the above program, or a combination thereof.   30 

The general-purpose hardware my include memory on which a 

program is recorded, a general-purpose processor that reads out the 

program from the memory and executes the program, etc.  Here, the 

memory may be a semiconductor memory or a hard disk, etc., and 

the general-purpose processor may be a CPU etc.   35 
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[0354] 

 The dedicated hardware may include memory and a dedicated 

processor, etc.  For example, the dedicated processor may execute 

the above detection method using memory for recording received data 

and individual data.   5 

[0355] 

 Each configuration element of the detection device may be an 

electrical circuit.  These electrical circuits may constitute one 

electrical circuit as a whole or may each be a different electrical circuit.  

The electrical circuits may correspond to dedicated hardware or 10 

general-purpose hardware that executes the above program etc.   

[0356] 

 The detection device is not limited to a physically integrated 

device, and may include a plurality of sub-devices disposed 

dispersedly.  The detection device may be referred to as a detection 15 

system.   

[Industrial Applicability] 

[0357] 

 An aspect of the present disclosure is useful for a detection 

device that detects an object using waves, and is applicable to 20 

detection of a moving object and the like. 

[Reference Signs List] 

[0358] 

 100 Detection device 

 101 Generator 25 

 102 Transmitter 

 103 Receiver 

 104 Deriver 

 105 Detector 

 106, 107 Repeater 30 

 108 Controller 

 121 Code generator 

 122 Carrier wave generator 

 123, 151, 152, 154, 161, 162, 163, 164, 165, 166, 181, 182, 

183 Modulator 35 
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 124 Amplifier 

 131 Memory 

 132 Selector 

 133 Random number generator 

 141 Local wave generator 5 

 142, 171, 172, 173 Demodulator 

 143 Deconvolution processor 

 144 Determinant processor 

 145 Processor 

 153, 167, 168, 169 Combiner 10 

 191 Distributed processing circuit 

 192 Centralized processing circuit 
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[CLAIMS] 

[Claim 1] 

 A detection device comprising: 

 a generator that generates a plurality of waves;   

 a plurality of transmitters that emit the plurality of waves, the 5 

plurality of waves each being emitted by a corresponding one of the 

plurality of transmitters;   

 a plurality of receivers each of which receives one or more of 

the plurality of waves as a composite wave;   

 a deriver that derives individual data for each combination of 10 

one of the plurality of transmitters and one of the plurality of 

receivers by deriving, from received data of each of the plurality of 

receivers, the individual data corresponding to each of the plurality 

of transmitters; and   

 a detector that detects an object that affects at least one of the 15 

plurality of waves, according to the individual data,   

 wherein the generator:   

  generates a plurality of pulse train groups and at least 

one carrier wave, the plurality of pulse train groups corresponding to 

a plurality of code groups each of which includes a reference code and 20 

one or more individual codes and that are different from each other; 

and   

  modulates the plurality of pulse train groups using the 

at least one carrier wave, to generate a plurality of modulated waves 

as the plurality of waves,   25 

 the deriver:   

  demodulates data to be processed from the received data 

of each of the plurality of receivers, the data to be processed 

corresponding to the plurality of pulse train groups; and    

  derives the individual data from the data to be processed,   30 

 the reference code is common to the plurality of code groups, 

and   

 a plurality of individual codes in the plurality of code groups 

are different from each other.   

 35 
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[Claim 2] 

 The detection device according to claim 1, 

 wherein the generator:   

  generates a plurality of pairs of pulse trains and a pair 

of carrier waves as the plurality of pulse train groups and the at least 5 

one carrier wave, respectively, the plurality of pairs of pulse trains 

corresponding to a plurality of two-dimensional vector codes each of 

which includes the reference code and one individual code as two 

elements and that are different from each other, the pair of carrier 

waves having phases that are orthogonal to each other; and    10 

  modulates the plurality of pairs of pulse trains using the 

pair of carrier waves, to generate the plurality of modulated waves,    

 the deriver demodulates the data to be processed from the 

received data of each of the plurality of receivers, the data to be 

processed corresponding to the plurality of pairs of pulse trains,    15 

 the reference code is common to the plurality of two-

dimensional vector codes, and   

 the plurality of individual codes in the plurality of two-

dimensional vector codes are different from each other.   

 20 

[Claim 3] 

 The detection device according to claim 2, 

 wherein the reference code and the plurality of individual codes 

are a plurality of orthogonal codes that are orthogonal to each other.    

 25 

[Claim 4] 

 The detection device according to claim 2, 

 wherein the reference code and the plurality of individual codes 

are a plurality of cyclic codes each of which has a different shift 

amount.   30 

 

[Claim 5] 

 The detection device according to claim 2, 
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 wherein the reference code and the plurality of individual codes 

are a plurality of pseudo-noise (PN) codes that are orthogonal to each 

other and each of which has a different shift amount.   

 

[Claim 6] 5 

 The detection device according to claim 2, 

 wherein every time a condition is satisfied, the generator 

selects a set of the reference code and the plurality of individual codes 

from a plurality of candidate sets, to change the reference code and 

the plurality of individual codes.   10 

 

[Claim 7] 

 The detection device according to claim 6, 

 wherein the generator selects the set randomly from the 

plurality of candidate sets.   15 

 

[Claim 8] 

 The detection device according to any one of claim 2 to claim 

7, 

 wherein the deriver derives the individual data according to a 20 

computational result obtained by performing deconvolution on the 

data to be processed, using each of the plurality of two-dimensional 

vector codes.   

 

[Claim 9] 25 

 The detection device according to claim 8, 

 wherein the deriver derives the individual data according to a 

determinant for the computational result.   

 

[Claim 10] 30 

 The detection device according to claim 1, 

 wherein the generator:   

  generates (i) a plurality of pairs of first pulse trains and 

a plurality of pairs of second pulse trains and (ii) a pair of first carrier 

waves and a pair of second carrier waves as the plurality of pulse 35 
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train groups and the at least one carrier wave, respectively, the 

plurality of pairs of first pulse trains corresponding to a plurality of 

first two-dimensional vector codes that are different from each other, 

the plurality of pairs of second pulse trains corresponding to a 

plurality of second two-dimensional vector codes that are different 5 

from each other, the pair of first carrier waves having phases that are 

orthogonal to each other, the pair of second carrier waves having 

phases that are orthogonal to each other;   

  modulates the plurality of pairs of first pulse trains using 

the pair of first carrier waves, to generate a plurality of first 10 

modulated waves;   

  modulates the plurality of pairs of second pulse trains 

using the pair of first carrier waves, to generate a plurality of second 

modulated waves; and   

  modulates the plurality of first modulated waves and the 15 

plurality of second modulated waves using the pair of second carrier 

waves, to generate the plurality of modulated waves,   

 the deriver:   

  demodulates first data to be processed from the received 

data of each of the plurality of receivers, the first data to be processed 20 

corresponding to the plurality of first modulated waves and the 

plurality of second modulated waves; and   

  demodulates, as the data to be processed, second data 

to be processed from the first data to be processed, the second data 

to be processed corresponding to the plurality of pairs of first pulse 25 

trains and the plurality of pairs of second pulse trains,    

 each of the plurality of first two-dimensional vector codes 

includes the reference code and a first individual code as two 

elements,   

 each of the plurality of second two-dimensional vector codes 30 

includes a second individual code and a third individual code as two 

elements,   

 the reference code is common to the plurality of first two-

dimensional vector codes,   
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 a plurality of first individual codes in the plurality of first two-

dimensional vector codes and a plurality of second individual codes 

and a plurality of third individual codes in the plurality of second two-

dimensional vector codes are different from each other, and   

 a frequency of the pair of first carrier waves and a frequency 5 

of the pair of second carrier waves are different from each other.    

 

[Claim 11] 

 The detection device according to claim 10, 

 wherein the reference code, the plurality of first individual 10 

codes, the plurality of second individual codes, and the plurality of 

third individual codes are a plurality of orthogonal codes that are 

orthogonal to each other.   

 

[Claim 12] 15 

 The detection device according to claim 10, 

 wherein the reference code, the plurality of first individual 

codes, the plurality of second individual codes, and the plurality of 

third individual codes are a plurality of cyclic codes each of which has 

a different shift amount.   20 

 

[Claim 13] 

 The detection device according to claim 10, 

 wherein the reference code, the plurality of first individual 

codes, the plurality of second individual codes, and the plurality of 25 

third individual codes are a plurality of pseudo-noise (PN) codes that 

are orthogonal to each other and each of which has a different shift 

amount.   

 

[Claim 14] 30 

 The detection device according to claim 10, 

 wherein every time a condition is satisfied, the generator 

selects a set of the reference code, the plurality of first individual 

codes, the plurality of second individual codes, and the plurality of 

third individual codes from a plurality of candidate sets, to change 35 
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the reference code, the plurality of first individual codes, the plurality 

of second individual codes, and the plurality of third individual codes.    

 

[Claim 15] 

 The detection device according to claim 14, 5 

 wherein the generator selects the set randomly from the 

plurality of candidate sets.   

 

[Claim 16] 

 The detection device according to any one of claim 10 to claim 10 

15, 

 wherein the deriver derives the individual data according to a 

computational result obtained by performing deconvolution on the 

second data to be processed, using each combination of one of the 

plurality of first two-dimensional vector codes and a corresponding 15 

one of the plurality of second two-dimensional codes.   

 

[Claim 17] 

 The detection device according to claim 16, 

 wherein the deriver derives the individual data according to a 20 

determinant for the computational result.   

 

[Claim 18] 

 A detection method comprising: 

 generating a plurality of waves;   25 

 emitting the plurality of waves from a plurality of transmitters, 

the plurality of waves each being emitted from a corresponding one 

of the plurality of transmitters;   

 receiving, by each of a plurality of receivers, one or more of 

the plurality of waves as a composite wave;   30 

 deriving individual data for each combination of one of the 

plurality of transmitters and one of the plurality of receivers by 

deriving, from received data of each of the plurality of receivers, the 

individual data corresponding to each of the plurality of transmitters; 

and   35 
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 detecting an object that affects at least one of the plurality of 

waves, according to the individual data,   

 wherein in the generating:   

  a plurality of pulse train groups and at least one carrier 

wave are generated, the plurality of pulse train groups corresponding 5 

to a plurality of code groups each of which includes a reference code 

and one or more individual codes and that are different from each 

other; and   

  the plurality of pulse train groups are modulated using 

the at least one carrier wave, to generate a plurality of modulated 10 

waves as the plurality of waves,   

 in the deriving:   

  data to be processed is demodulated from the received 

data of each of the plurality of receivers, the data to be processed 

corresponding to the plurality of pulse train groups; and    15 

  the individual data is derived from the data to be 

processed,   

 the reference code is common to the plurality of code groups, 

and   

 a plurality of individual codes in the plurality of code groups 20 

are different from each other.   


