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(54) MOVING OBJECT DETECTION DEVICE, PROGRAM, AND RECORDING MEDIUM

(57) The present disclosure provides a moving object
detection device including a first input circuitry that re-
ceives positional information indicating a position of an
object present around a vehicle in time sequence from
an object detector included in the vehicle, and a controller
that processes the positional information received by the
first input circuitry in time sequence, detects at least a

first continuum along a traveling road of the vehicle, and
when a shape of a detected first continuum of this time
is changed in comparison with a shape of a previous first
continuum, outputs information indicating that another
moving object different from the vehicle is present to a
vehicle control circuitry of the vehicle.
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Description

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to a moving ob-
ject detection device, a program, and a recording medium
for detecting a moving object on the basis of a detection
result of an object detector.

2. Description of the Related Art

[0002] A conventional one of such moving object de-
tection devices is for example, an object type determina-
tion device disclosed in Japanese Patent No. 4753053.
The object type determination device determines the
presence or absence of a characteristic firstly, which in-
dicates a vehicle, on the basis of the detection result of
a millimeter wave radar and when heat is sensed through
an infrared camera at tail light or headlight part, deter-
mines that it is a vehicle.
[0003] The conventional object type determination de-
vice further continues the determination process of a ve-
hicle when the detection result of the millimeter wave
radar includes a characteristic of two straight lines having
an intersection point, that is, a characteristic formed by
a front face and a side face of a rectangular parallelepi-
ped. Depending on the position of the vehicle to be de-
tected, however, the millimeter wave radar may detect
only one face of the vehicle. In this case, the conventional
object type determination device fails to detect the above-
described characteristic from the detection result of the
millimeter wave radar. In other words, there has been an
issue that conventional object type determination devic-
es may fail to determine moving objects suitably.

SUMMARY

[0004] One non-limiting and exemplary embodiment
facilitates providing a moving object detection device, a
program, and a recording medium, which enable a mov-
ing object to be detected more stably.
[0005] In one general aspect, the techniques disclosed
here feature a moving object detection device including
a first input circuitry that receives positional information
indicating a position of an object present around a vehicle
in time sequence from an object detector included in the
vehicle, and a controller that processes the positional
information received by the first input circuitry in time se-
quence, detects at least a first continuum along a
traveling road of the vehicle, and when a shape of a de-
tected first continuum of this time is changed in compar-
ison with a shape of a previous first continuum, outputs
information indicating that another moving object differ-
ent from the vehicle is present to a vehicle control circuitry
of the vehicle.
[0006] The present disclosure can facilitate providing

a moving object detection device, a program, and a re-
cording medium, which enable a moving object to be de-
tected more stably.
[0007] It should be noted that general or specific em-
bodiments may be implemented as a system, a method,
an integrated circuit, a computer program, a recording
medium, or any selective combination thereof.
[0008] Additional benefits and advantages of the dis-
closed embodiments will become apparent from the
specification and drawings. The benefits and/or advan-
tages may be individually obtained by the various em-
bodiments and features of the specification and draw-
ings, which need not all be provided in order to obtain
one or more of such benefits and/or advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1 illustrates a hardware configuration of a mov-
ing object detection device according to the present
disclosure;
Fig. 2A is a flow chart that illustrates the first half of
a processing procedure of a controller according to
an embodiment;
Fig. 2B is a flow chart that illustrates the latter half
of the processing procedure following Fig. 2A;
Fig. 3A is a schematic diagram that illustrates a T
junction;
Fig. 3B is a graph that illustrates positional informa-
tion of one frame, which is output from the object
detector in Fig. 1 when the vehicle in Fig. 3A is
traveling immediately before an area;
Fig. 4 is a schematic diagram that illustrates an out-
line of coordinate transformation in step S017 in Fig.
2A;
Fig. 5A is a schematic diagram that illustrates a
scene where no moving object is entering an area
from an intersecting road;
Fig. 5B is a graph that illustrates positional informa-
tion of this time, which is output from the object de-
tector in Fig. 1 when the vehicle in Fig. 5A is traveling
on a traveling road, and previous positional informa-
tion;
Fig. 5C is a graph that illustrates an absolute value
of a first difference value between the positional in-
formation of this time and the previous positional in-
formation in Fig. 5B;
Fig. 6A is a schematic diagram that illustrates a
scene where a moving object is entering the area
from the intersecting road;
Fig. 6B is a graph that illustrates positional informa-
tion of this time, which is output from the object de-
tector in Fig. 1 when the vehicle in Fig. 6A is traveling
on a traveling road, and previous positional informa-
tion;
Fig. 6C is a graph that illustrates an absolute value
of a first difference value between the positional in-
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formation of this time and the previous positional in-
formation in Fig. 6B;
Fig. 7 is a flow chart that illustrates the latter half of
a processing procedure of a controller according to
a first variation;
Fig. 8A is a graph that illustrates a threshold value
according to the first variation;
Fig. 8B is a graph that illustrates an absolute value
of the first difference value in a case where no moving
object is entering the area from the intersecting road,
and the threshold value in Fig. 8A;
Fig. 8C is a graph that illustrates an absolute value
of the first difference value in a case where no moving
object is entering the area from the intersecting road,
and the threshold value in Fig. 8A;
Fig. 9 is a flow chart that illustrates the latter half of
a processing procedure of a controller according to
a second variation;
Fig. 10 is a flow chart that illustrates the first half of
a processing procedure of a controller according to
a third variation;
Fig. 11A is a schematic diagram that illustrates a
scene where a moving object is entering the traveling
road from the outside of the traveling road;
Fig. 11B is a graph that illustrates positional infor-
mation of this time, which is output from the object
detector in Fig. 1 when the vehicle in Fig. 6A is
traveling on the traveling road, and previous posi-
tional information; and
Fig. 11C is a graph that illustrates an absolute value
of the first difference value between the positional
information of this time and the previous positional
information in Fig. 6B.

DETAILED DESCRIPTION

[0010] Moving object detection devices 1 and 1A to
1C, a program 157, and a recording medium that stores
the program 157 according to the present disclosure are
described below by referring to the above-listed draw-
ings.

<1. Definition>

[0011] In the drawings, the x axis and the y axis indicate
the width direction and the length direction of a vehicle
V, respectively. It is assumed that an origin point O of
both the axes corresponds to the position at which an
object detector 3 is arranged when the vehicle V is at a
current position. In the present disclosure, it is assumed
that the y axis indicates positive values in the traveling
direction of the vehicle V on the basis of the origin point
O and the x axis indicates positive values in a rightward
direction relative to the traveling direction of the vehicle
V that travels in a positive direction of the y axis.
[0012] An area C is an intersection for example, where
the vehicle V is movable. The area C may be a bend, in
particular a sharp turn, in a road.

<2. Embodiments>

[0013] The moving object detection device 1 according
to an embodiment of the present disclosure is described
below.

<2-1. Structures of Moving Object Detection Device 1 
and Periphery thereof>

[0014] In Fig. 1, in addition to the above-described the
moving object detection device 1, the vehicle V includes
the object detector 3, a vehicle information detector 5,
and a vehicle control circuitry 7.
[0015] First, the object detector 3 and the vehicle in-
formation detector 5 are described.
[0016] For example, the object detector 3 is a sensor,
such as a laser radar or a millimeter wave radar, and is
arranged in the proximity of a front end of the vehicle V.
For example, while performing scanning at predeter-
mined angular steps within a measurable range of the
object detector 3, in other words, within the view thereof,
the object detector 3 emits a radar signal for each azimuth
defined as each angular step from a transmission anten-
na.
[0017] The object detector 3 receives a reflection sig-
nal (a return signal) for the emitted radar signal at a re-
ception antenna and for example, on the basis of a time-
of-flight (TOF) scheme, derives a spatial distance to what
exists in the measurement range at each azimuth, which
may not only be a moving object but may also be a wall,
a tree, a sign, or the like to generate positional information
P, which includes each azimuth within the measurement
range and a spatial distance corresponding to each az-
imuth, for one frame.
[0018] Radar signals are regularly emitted so that the
positional information P is generated by the object de-
tector 3 in time sequence, specifically in each frame pe-
riod Tf. The positional information P may include the rel-
ative speed of an object, which a transmitted radar signal
hits and on which the signal is reflected, relative to the
vehicle V, and/or the strength of a received return signal.
[0019] The vehicle information detector 5 detects ve-
hicle information, which enables the traveling amount
and traveling azimuth of the vehicle V to be derived, and
transmits detection results to the moving object detection
device 1 in time sequence. In the present disclosure, the
vehicle information detector 5 includes a vehicle speed
sensor, a steering angle sensor, and an angular velocity
sensor for example so as to obtain the vehicle informa-
tion.
[0020] The vehicle speed sensor detects a speed v of
the vehicle V, which is hereinafter referred to simply as
the vehicle speed v, and generates a signal indicating a
detection result. The steering angle sensor detects a
steering angle φ of the vehicle V, which is hereinafter
referred to simply as the steering angle φ, and generates
a signal indicating a detection result. The angular velocity
sensor detects an angular velocity ω of the vehicle V
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about a yaw axis, which is hereinafter referred to simply
as the angular velocity ω, and generates a signal indicat-
ing a detection result. The vehicle speed v, the steering
angle φ, and the angular velocity ω are transmitted to the
moving object detection device 1 in time sequence. More
specifically, the vehicle speed v, the steering angle φ,
and the angular velocity ω are substantially transmitted
in synchronization with the above-described frame peri-
ods Tf.
[0021] The moving object detection device 1 is accom-
modated in for example, a casing of an electronic control
unit (ECU) and includes a first input circuitry 11, a second
input circuitry 13, a controller 15, and an output circuitry
17.
[0022] The first input circuitry 11 is an input interface
for receiving the positional information P from the object
detector 3. Further, under control of the controller 15, the
first input circuitry 11 transfers the received positional
information to work memory of the controller 15, which
is not illustrated. Hereinafter, the work memory is referred
to as the work area.
[0023] The second input circuitry 13 is an input inter-
face for receiving various kinds of information from the
vehicle information detector 5, which include the vehicle
speed v, the steering angle φ, and the angular velocity
ω. Further, under control of the controller 15, the second
input circuitry 13 transfers the received information to the
work area.
[0024] For example, the controller 15 includes program
memory 151, an information accumulator 153, and a mi-
crocomputer 155.
[0025] For example, the program memory 151 is non-
volatile memory, such as electrically erasable program-
mable read-only memory (EEPROM). The program 157
with the description of a processing procedure, which is
described below, is stored in the program memory 151
in advance.
[0026] For example the information accumulator 153
is semiconductor memory or a hard disk drive. Under
control of the microcomputer 155, predetermined infor-
mation, which is described below in detail, is accumulat-
ed in the information accumulator 153 in time sequence.
[0027] The microcomputer 155 performs the program
157 using the work area, not illustrated, and on detecting
a moving object V1 present around the vehicle V, gen-
erates information R indicating that the moving object V1
has been detected. For example, the moving object V1
is a vehicle that enters the area C located in the traveling
direction of the vehicle V from a side.
[0028] The output circuitry 17 is an output interface for
outputting the information R to the vehicle control circuitry
7. Under control of the microcomputer 155, the output
circuitry 17 transmits the information R generated in the
microcomputer 155 to the vehicle control circuitry 7.
[0029] The vehicle control circuitry 7 is a display de-
vice, an automatic travel control device, or the like includ-
ed in the vehicle V and performs a predetermined process
based on the information R received from the output cir-

cuitry 17.

<2-2. Processing of Controller 15>

[0030] A processing procedure of the microcomputer
155 that executes the program 157 is described below
by referring to Figs. 2A and 2B.
[0031] The microcomputer 155 acquires a profile of the
object detector 3 (step S001). Specifically, the microcom-
puter 155 receives the positional information P from the
object detector 3 through the first input circuitry 11 in time
sequence, more specifically in the frame periods Tf, and
transfers the received positional information P to the work
area, not illustrated, to cause the positional information
P to be stored. The positional information P of one frame
includes a spatial distance to the reflection position of a
radar signal at each of azimuths into which the measure-
ment range of the object detector 3 is divided.
[0032] When the microcomputer 155 receives the po-
sitional information P of one frame, the microcomputer
155 performs a recognition process of a first continuum
K1, a second continuum K2, and an interruption section
J (step S003).
[0033] A T junction A is illustrated in Fig. 3A. For con-
venience of explanation, a orthogonal coordinate system
defined in Section <1.> is also illustrated. The T junction
A includes a traveling road A1 of the vehicle V and an
intersecting road A2, which intersects with the traveling
road A1. The traveling road A1 is a narrow street for ex-
ample. For example, obstacles like a wall and a construc-
tion are located on both sides of the traveling road A1.
The intersecting road A2 connects to the area C, more
specifically the intersection C, from both the left and right
directions relative to the traveling direction of the vehicle
V and intersects with the traveling road A1. Fig. 3A illus-
trates an example in which it is difficult to view the con-
dition of the intersecting road A2 from the vehicle V when
the vehicle V is traveling toward the area C on the
traveling road A1 and obstacles exist on both sides of
the traveling road A1.
[0034] In Fig. 3A, the reflection position of a radar sig-
nal is denoted with a star symbol for each of azimuths
into which the measurement range of the object detector
3 is divided. Regarding a certain reflection point, specif-
ically the coordinate values of a reflection point Pi, the
azimuth is denoted as θi and the spatial distance is de-
noted as di. Regarding another reflection point Pi+1, the
azimuth is denoted as θi+1 and the spatial distance is
denoted as di+1. The azimuth θi+1 is an angular step
subsequent to the azimuth θi. In the example of Fig. 3A,
the x axis direction is defined as being at an azimuth of
90° (θ = 90°) and the y axis direction is defined as being
at an azimuth of 0° (θ = 0°).
[0035] When the traveling road A1 is a narrow street,
it is difficult for the object detector 3 to detect a boundary
portion B21 between an edge of the intersecting road A2
located on the rear side when viewed from the vehicle
V, that is, an edge that is included in the edges of the
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intersecting road A2 and located in the more negative
direction of the y axis, and the outside of the intersecting
road A2. Accordingly, as illustrated in Fig. 3A, it is difficult
for the object detector 3 to detect a return signal reflected
off the boundary portion B21. It is also difficult for the
object detector 3 to detect a return signal reflected off a
boundary portion B22 between an edge of the intersect-
ing road A2 located on the front side when viewed from
the vehicle V, that is, an edge that is included in the edges
of the intersecting road A2 and located in the more pos-
itive direction of the y axis, and the outside of the inter-
secting road A2.
[0036] Fig. 3B is a graph that illustrates the positional
information P of one frame, which is output from the ob-
ject detector 3 when the vehicle V is traveling in an area
further on the side of the traveling road A1 than the area
C. As illustrated in Fig. 3B, when change in the spatial
distance d relative to the azimuth θ is recognized, the
spatial distance di+1 at the azimuth θi+1 is changed
largely by the amount that corresponds to the road width
of the intersecting road A2 in comparison with the spatial
distance di at the azimuth θi.
[0037] A reference value dth, which corresponds to the
road width of the intersecting road A2 to be detected (the
interruption section), is designated in advance in the pro-
gram 157. In step S003, the microcomputer 155 calcu-
lates an absolute value |Δd0| of a difference value be-
tween the spatial distances di and di+1 of the two azi-
muths θi and θi+1 adjacent to each other in the positional
information P of this time, and determines whether or not
|Δd0| is equal to or larger than a reference value dth.
When the microcomputer 155 detects reflection points
Pi and Pi+1 at which |Δd0| is equal to or larger than the
reference value dth, the microcomputer 155 determines
that the interruption section J along the traveling direction
of the vehicle V is present between the reflection point
Pi and the reflection point Pi+1. In other words, both ends
of the interruption section J are the reflection points Pi
and Pi+1.
[0038] When the microcomputer 155 detects the inter-
ruption section J, the microcomputer 155 selects a re-
flection point that is the closer one of the reflection points
Pi and Pi+1 to the vehicle V, that is, the end portion closer
to the vehicle V in the interruption section J, and reflection
points whose azimuths θ, that is, angular steps are con-
tinuous from the closer reflection point, which is Pi+1
here, in the direction approaching the vehicle V from
among the positional information P of this time. Accord-
ingly, a first continuum K1 is constituted. When any object
other than the vehicle V, such as another vehicle, is not
present in the area C as illustrated in Fig. 3A, the first
continuum K1 is constituted of a plurality of reflection
points along the traveling road A1, which indicate a
boundary between the traveling road A1 and the outside
thereof. In Figs. 3A and 3B, the interruption section J and
the first continuum K1 that are present on the right side
relative to the traveling direction of the vehicle V may be
present on the left side relative to the traveling direction

of the vehicle V.
[0039] Further, the microcomputer 155 detects reflec-
tion points other than the reflection points that constitute
the first continuum K1 from the positional information P
of this time as the second continuum K2. When illustrated
in Fig. 3A, the second continuum K2 is present away from
the first continuum K1 by a spatial distance equal to or
larger than the reference value dth in the traveling direc-
tion of the vehicle V. In Fig. 3A, a portion that is a boundary
between the intersecting road A2 and the outside thereof
and can be viewed from the object detector 3 is illustrated
as a second continuum K2. When the area C is a four-
way intersection, the second continuum K2 is present
away from the first continuum K1 by a spatial distance
equal to or larger than the reference value dth in the
traveling direction of the vehicle V and, along the traveling
road A1, is constituted of a plurality of reflection points
that indicate a boundary between the traveling road A1
and the outside thereof.
[0040] In parallel to step S001 in Fig. 2A, the micro-
computer 155 receives the vehicle information, which in-
cludes the vehicle speed v, the steering angle φ, and the
angular velocity ω, from the vehicle information detector
5 through the second input circuitry 13 in time sequence,
more specifically in the frame periods Tf and transfers
the received vehicle information to the work area to cause
the vehicle information to be stored (step S005). Step
S005 may be performed before step S001 or be per-
formed after step S001.
[0041] When step S003 is complete, the microcomput-
er 155 determines whether or not both the continua K1
and K2, and the interruption section J have been recog-
nized in step S003 (step S007). When the microcomputer
155 determines NO in step S007, the microcomputer 155
discards the vehicle information obtained in step S005
(step S009) and returns to step S001 so as to process
the positional information P of a subsequent frame.
[0042] In contrast, when the microcomputer 155 deter-
mines YES in step S007, the microcomputer 155 per-
forms an accumulation process (step S011). Specifically,
the microcomputer 155 forms sets so that each set con-
tains the reflection points constituting the first continuum
K1 and the reflection points constituting the second con-
tinuum K2, which have been recognized in step S003,
and the vehicle information, which has been obtained in
step S005, more specifically the corresponding positional
information P and the vehicle information obtained by the
vehicle information detector 5 in the identical frame pe-
riod Tf, and causes the formed sets to be stored in the
information accumulator 153 in time sequence. The in-
formation accumulator 153 can store a plurality of sets
of the reflection points of the continua K1 and K2 and the
vehicle information according to a first-in first-out (FIFO)
scheme for example. More specifically, for example, the
information accumulator 153 can accumulate sets of pre-
vious reflection points and vehicle information, which are
referred to as the previous sets hereinafter, in addition
to a set of the reflection points and vehicle information
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of this time. The previous sets include at least a set of
the reflection points and vehicle information of the pre-
ceding time.
[0043] Subsequently, the microcomputer 155 deter-
mines whether or not there is any previous set in the
information accumulator 153 (step S013). When the mi-
crocomputer 155 determines NO in step S013, the mi-
crocomputer 155 performs step S019.
[0044] In contrast, when the microcomputer 155 deter-
mines YES in step S013, the microcomputer 155 reads
the previous set from the information accumulator 153
(step S015) and transforms the coordinate values of the
read previous reflection points into values in a coordinate
system of the positional information P of this time (step
S017), which is hereinafter referred to as the current co-
ordinate system. The coordinate transformation is de-
scribed in detail below.
[0045] In Fig. 4, an origin point On in the orthogonal
coordinate system of the n-th frame and an origin point
On+1 in the orthogonal coordinate system of the n+1-th
frame are illustrated. For convenience of explanation, it
is assumed that the origin points On and On+1 have co-
ordinate values (Xn, Yn) and (Xn+1, Yn+1), respectively,
in a orthogonal coordinate system formed of the X axis
and the Y axis. It is also assumed that the vehicle speed
v, the steering angle φ, and the angular velocity ω in the
same time as the n-th frame are denoted as vn, φn, and
ωn, respectively. Tf represents a frame period.
[0046] Under the above-described assumption, the ve-
hicle V moves by a distance of vn·Tf between the n-th
frame and the n+1-th frame, that is, during a unit frame.
In this case, (Xn+1, Yn+1) can be expressed by the fol-
lowing equations (1) and (2) using Xn and Yn: 

where αn represents the orientation of the vehicle V in
the n-th frame. It is assumed that the orientation αn of
the vehicle V takes a positive value in a clockwise direc-
tion while the X axis indicates 0°.
[0047] The orientation αn+1 of the vehicle V in the n+1-
th frame can be expressed by the following equation (3): 

[0048] As described above, the origin point On (Xn,
Yn) of the n-th frame, that is, the position of the object
detector 3 indicates (Xn+1, Yn+1) in the n+1-th frame.
[0049] On the basis of the equations (1) to (3) above,
the microcomputer 155 transforms the coordinate values
of each reflection point in a previous set into the coordi-
nate values of the current coordinate system. In the trans-

formation, vn, αn, and φn included in the vehicle infor-
mation of the previous set are used. Tf represents a pre-
determined frame period.
[0050] When step S017 ends, the coordinate values
of the reflection points that constitute the continua K1
and K2 of this time and the coordinate values of the re-
flection points that have undergone the transformation
to the current coordinate system and constitute the pre-
vious continua K1 and K2 are stored in the work area.
After step S017, the microcomputer 155 determines
whether or not the shape of an end portion of the first
continuum K1 of this time on the side closer to the second
continuum K2 of this time, which is hereinafter referred
to simply as the end portion of the first continuum K1 of
this time, is changed in comparison with the shape of an
end portion of the previous first continuum K1 on the side
closer to the previous second continuum K2, which is
hereinafter referred to simply as the end portion of the
previous first continuum K1 (step S019 in Fig. 2B). An
example of the determination of such a change in shape
is described below.
[0051] In Figs. 5A and 5B, the coordinate-transformed
coordinate values of the previous reflection points, which
are denoted as broken-line cross symbols, and the co-
ordinate values of the reflection points of this time, which
are denoted as star symbols, are illustrated on an iden-
tical coordinate system. For viewability of the cross sym-
bols, the reflection points of this time are illustrated by
being slightly shifted from the boundaries of the traveling
road A1 in Figs. 5A and 5B.
[0052] When a moving object, such as a vehicle, is not
entering the area C from the intersecting road A2 as il-
lustrated in Fig. 5A, the previous reflection points denoted
as the cross symbols and the reflection points of this time
denoted as the star symbols substantially overlap in the
current coordinate system. Thus, when in the previous
reflection points denoted as the cross symbols and the
reflection points of this time denoted as the star symbols,
an absolute value |Δd1| of a difference value between
the spatial distances d at the mutually identical azimuths
θ, which is hereinafter referred to as the absolute value
of a first difference value, is calculated, as illustrated in
Fig. 5C, the absolute value |Δd1| of each first difference
value is substantially zero at every azimuth θ. That is,
the first continuum K1 of this time and the previous first
continuum K1 substantially overlap each other in the cur-
rent coordinate system.
[0053] In contrast, it is assumed as illustrated in Fig.
6A that the moving object V1, which is a vehicle for ex-
ample, is entering the area C from the intersecting road
A2 in a frame period Tf of this time. In this case, since a
radar signal from the object detector 3 (see Fig. 1) is even
reflected off a side face of the moving object V1, the object
detector 3 receives a return signal reflected off the mov-
ing object V1.
[0054] Accordingly, under the circumstances illustrat-
ed in Fig. 6A, when the previous reflection points denoted
as the cross symbols and the reflection points of this time
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denoted as the star symbols are depicted in the current
coordinate system, as illustrated in Figs. 6A and 6B, the
shape of the end portion of the first continuum K1 of this
time is changed in comparison with the shape of the end
portion of the previous first continuum K1. More specifi-
cally, as illustrated in Fig. 6A, when the moving object
V1 is entering the area C, the first continuum K1 of this
time is constituted of the reflection points on the side face
of the moving object V1 in addition to the plurality of re-
flection points that indicate the boundary between the
traveling road A1 and the outside thereof along the
traveling road A1. In contrast, the previous first continu-
um K1 is constituted of the plurality of reflection points
that indicate the boundary between the traveling road A1
and the outside thereof along the traveling road A1 (see
Fig. 3A). Also in Fig. 6A, for viewability, the reflection
points of this time are illustrated by being shifted from
the boundary of the traveling road A1.
[0055] When, according to the above-described
change in shape, the absolute value |Δd1| of the first
difference value between the spatial distances d at the
identical azimuth θ in the coordinate values of the reflec-
tion points that constitute the previous first continuum K1
and the first continuum K1 of this time is calculated, as
illustrated in Fig. 6C, the absolute value |Δd1| of the first
difference value largely changes at the azimuths θi and
θi+1 and largely exceeds zero between these azimuths.
[0056] A specific process of the microcomputer 155 in
step S019 is described below.
[0057] The microcomputer 155 calculates the absolute
value |Δd1| of the first difference value between the spa-
tial distances d at the mutually identical azimuths θ in the
first continuum K1 of this time and the previous first con-
tinuum K1. Subsequently, the microcomputer 155 deter-
mines whether or not all the calculated absolute values
|Δd1| of the first difference value exceed a predetermined
threshold value ε (see Figs. 5C and 6C). The threshold
value ε is a value obtained by adding a predetermined
margin to zero. The threshold value ε is set to for example,
a value that is approximately equal to |Δd1| except |Δd1|
corresponding to the azimuth θi and |Δd1| corresponding
to the azimuth θi+1. The threshold value ε is suitably set
as desired on the basis of the experiments, simulations,
or the like performed at the development stage of the
moving object detection device 1.
[0058] When in step S019 in Fig. 2B, all the absolute
values |Δd1| of the first difference value are equal to or
smaller than the threshold value ε, the microcomputer
155 determines that the shape of the end portion of the
first continuum K1 of this time is not changed in compar-
ison with the shape of the end portion of the previous first
continuum K1 (NO in step S019). When it is NO in step
S019, the microcomputer 155 performs step S023. Also
when it is determined in step S013 that there is no pre-
vious set, it is determined in step S019 that no change
in shape is caused. That is, when NO is determined in
step S013, NO is determined in step S019.
[0059] In contrast, when in step S019 in Fig. 2B, all the

absolute values |Δd1| of the first difference value are not
equal to or smaller than the threshold value ε, the micro-
computer 155 determines that change is caused in the
shape of the end portion of the first continuum K1 of this
time (YES in step S019). When it is YES in step S019,
the microcomputer 155 performs step S021.
[0060] In step S021, the microcomputer 155 causes a
display device, which is an example of the vehicle control
circuitry 7, to display the information R indicating that the
moving object V1 has entered the area C and is present
therein through the output circuitry 17. When the vehicle
V can travel automatically, the microcomputer 155 may
output the information R through the output circuitry 17
to an automatic travel control device, which is another
example of the vehicle control circuitry 7. The display
device displays that the moving object V1 is present in
the area C in the traveling direction of the vehicle V to
notify the driver of the vehicle V thereof. The automatic
travel control device slows down or stops the vehicle V
in response to the input of the information R.
[0061] In the present disclosure, in step S019, the mi-
crocomputer 155 detects change over time in the shape
of the end portion of the first continuum K1 only. The
microcomputer 155 may detect change over time in the
shapes of the end portions of both the continua K1 and
K2. Also in this case, the microcomputer 155 can output
the information R that correctly indicates that the moving
object V1 has entered the area C and is present therein.
[0062] After step S021 or determining NO in step S019,
the microcomputer 155 determines whether or not to con-
tinue the processes in Figs. 2A and 2B (step S023) and
when the microcomputer 155 determines YES in step
S023, the microcomputer 155 performs step S001 again.
In contrast, when the microcomputer 155 determines NO
in step S023, the microcomputer 155 ends the processes
in Figs. 2A and 2B.

<2-3. Major Effects and Advantages of Moving Object 
Detection Device 1 >

[0063] As described above, in the moving object de-
tection device 1, the microcomputer 155 processes the
positional information P in time sequence, which the first
input circuitry 11 receives, and detects both the continua
K1 and K2 (step S003 in Fig. 2A). When the shape of the
end portion of the continuum K1 of this time is changed
in comparison with the shape of the end portion of the
previous continuum K1 (see step S019 in Fig. 2B and
Fig. 6C), the microcomputer 155 outputs the information
R indicating that the moving object V1 is present in the
area C in the traveling direction of the vehicle V to the
vehicle control circuitry 7 included in the vehicle V (step
S021). Thus, since the moving object detection device 1
detects the moving object V1 on the basis of change over
time in the shape of the end portion of the first continuum
K1, even when only one face of the moving object V1
can be viewed from the object detector 3, the moving
object detection device 1 can detect the moving object
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V1 correctly and stably.

<2-4. Other Effects and Advantages of Moving Object 
Detection Device 1 >

[0064] A typical millimeter wave radar detects a moving
object using the Doppler shift and in such a scene as Fig.
6A, it is difficult for the millimeter wave radar to detect
the moving object V1 entering the area C from the inter-
secting road A2 unless the vehicle V approaches the area
C to a certain extent. This is because when the vehicle
V is distant from the area C, a component toward the
direction of the vehicle V, which is included in the relative
speed of the moving object V1 to the vehicle V, becomes
closer to zero.
[0065] In contrast, as described above, since the mov-
ing object detection device 1 detects the moving object
V1 on the basis of change over time in the shape of the
end portion of the first continuum K1, even when the ve-
hicle V is traveling in a distant place on the traveling road
A1 from the area C, the moving object V1 can be detected
stably.
[0066] In addition, in the moving object detection de-
vice 1, when the object detector 3 receives a return signal
reflected off the moving object V1, change in the shape
of the end portion of the first continuum K1 appears in
the positional information P processed by the controller
15. Accordingly, the moving object detection device 1
can detect the presence of the moving object V1 early in
comparison with conventional techniques.
[0067] A recent collision avoidance system for vehicles
monitors a short range of a vehicle using a stereo camera
or the like and monitors a long range of the vehicle using
a millimeter wave radar or the like. The moving object
detection device 1, however, can monitor a short range
of the vehicle V using a laser radar or a millimeter wave
radar. In other words, since employing the moving object
detection device 1 enables a short range to be monitored
without any stereo camera or the like, a collision avoid-
ance system for vehicles can be implemented at low cost.

<3. Variations>

[0068] Variations of the above-described moving ob-
ject detection device 1 are described below.

<3-1. Configuration and Processes of Moving Object De-
tection Device 1A according to First Variation>

[0069] First, a moving object detection device 1A ac-
cording to a first variation of the above-described em-
bodiment is described. In Fig. 1, compared with the mov-
ing object detection device 1, the moving object detection
device 1A is different in that a program 157A is stored in
the program memory 151 instead of the program 157. In
the moving object detection device 1A, identical refer-
ences are given to the constituents equivalent to those
of the moving object detection device 1 and descriptions

of the constituents with the identical references are omit-
ted as suitable.
[0070] A processing procedure of the microcomputer
155 that executes the program 157A is described by re-
ferring to Fig. 7.
[0071] When it is NO in step S013 or the process of
step S017 ends in Fig. 2A, the microcomputer 155 per-
forms the processes in Fig. 7 instead of the processes
in Fig. 2B. In step S101, on the basis of the coordinate
values of the previous reflection points that have under-
gone coordinate transformation in step S017, the micro-
computer 155 derives a threshold value εA, which varies
with azimuths. Specifically, as illustrated in Fig. 8A, the
threshold value εA, which is a value obtained by multi-
plying the spatial distance d at each of the azimuths θ
indicated by the coordinate-transformed previous reflec-
tion points by a predetermined coefficient α, depends on
the azimuth θ and for example, is decided by assigning
a weight at least to the proximity of the azimuth θ at which
the end portion of the first continuum K1 is present. The
threshold value εA for the azimuth θ at which the end
portion of the first continuum K1 is present is caused to
be larger than the threshold value εA for the azimuths θ
at which the first continuum K1 except the end portion is
present. In this case, it is sufficient for α to satisfy the
expression, 0<α<1.0 and α is set to 0.1 for example.
[0072] When the process of step S101 ends, the mi-
crocomputer 155 performs the processes in steps S019
to S023 in Fig. 7 described above in the embodiment.
Since the above-described threshold value εA is used in
step S019, as illustrated in Fig. 5A, when the moving
object V1 is not entering the area C from the intersecting
road A2, the relation between the threshold value εA and
the absolute value |Δd1| of the first difference value be-
comes as illustrated in Fig. 8B. In contrast, when the mov-
ing object V1 is entering the area C from the intersecting
road A2 as illustrated in Fig. 6A, the relation between the
threshold value εA and the absolute value |Δd1| of the
first difference value becomes as illustrated in Fig. 8C.

<3-2. Effects and Advantages of Moving Object Detec-
tion Device 1A>

[0073] The present variation can bring the advantages
described below in addition to the effects and advantages
described in Sections <2-3.> and <2-4.>. That is, in step
S019, the threshold value εA obtained by assigning a
weight to the azimuths θ at which the proximity of the end
portion of the first continuum K1 is present. Accordingly,
unless the position of the end portion of the first contin-
uum K1 of this time is changed from the position of the
end portion of the previous first continuum K1 by an
amount equal to or larger than a predetermined amount,
the information R is not output in step S021. Thus, since
the moving object detection device 1A can reduce de-
tection errors of the moving object V1, the moving object
detection device 1A can perform more stable detection
than the moving object detection device 1.
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<3-3. Configuration and Processes of Moving Object De-
tection Device 1B according to Second Variation>

[0074] The moving object detection device 1B accord-
ing to a second variation of the above-described embod-
iment is described below. In Fig. 1, compared with the
moving object detection device 1, the moving object de-
tection device 1B is different in that a program 1578 is
stored in the program memory 151 instead of the program
157. In the moving object detection device 1B, identical
references are given to the constituents equivalent to
those of the moving object detection device 1 and de-
scriptions of the constituents with the identical references
are omitted as suitable.
[0075] A processing procedure of the microcomputer
155 that executes the program 157B is described by re-
ferring to Fig. 9.
[0076] When it is NO in step S013 or the process of
step S017 ends in Fig. 2A, the microcomputer 155 per-
forms the processes in Fig. 9 instead of the processes
in Fig. 2B. When the microcomputer 155 determines YES
in step S019 in Fig. 9, the microcomputer 155 determines
whether or not there is more than one absolute value
|Δd1| exceeding the threshold value ε (step S201).
[0077] When the microcomputer 155 determines YES
in step S201, the microcomputer 155 acquires the re-
spective azimuths θ corresponding the absolute values
|Δd1| that exceed the threshold value ε from the coordi-
nate values constituting the first continuum K1 of this time
and determines whether or not the respective azimuths
θ are continuous (step S203). That "the respective azi-
muths θ are continuous" indicates the angular steps be-
ing continuous like θi, θi+1, and so forth.
[0078] When the microcomputer 155 determines YES
in step S203, the microcomputer 155 acquires the re-
spective spatial distances d corresponding the absolute
values |Δd1| that exceed the threshold value ε from the
first continuum K1 of this time and determines whether
or not the respective spatial distances d are substantially
equal to each other (step S205). The detection of whether
or not the spatial distances d acquired in step S205 are
substantially equal to each other is performed, based on
whether or not a standard deviation σ of each spatial
distance d is equal to or smaller than a predetermined
threshold value.
[0079] When the standard deviation σ is equal to or
smaller than the predetermined threshold value, the mi-
crocomputer 155 determines that the spatial distances d
are substantially equal to each other (YES in step S205).
When the standard deviation σ exceeds the predeter-
mined threshold value, the microcomputer 155 deter-
mines that the spatial distances d are substantially une-
qual to each other (NO in step S205). When the micro-
computer 155 determines YES in step S205, the micro-
computer 155 performs the process of step S021 and
the processes after step S021. In contrast, when the mi-
crocomputer 155 determines NO in step S019, S201,
S203, or S205, the microcomputer 155 performs step

S023.

<3-4. Effects and Advantages of Moving Object Detec-
tion Device 1 B>

[0080] The present variation can bring the advantages
described below in addition to the effects and advantages
described in Sections <2-3.> and <2-4.>. That is, when
the moving object V1 enters the area C as in Fig. 6A, the
object detector 3 receives return signals reflected off the
moving object V1 at the plurality of azimuths θ. The plu-
rality of spatial distances d from the object detector 3 to
the plurality of reflection points on the moving object V1
are substantially equal to each other. In the present var-
iation, through the addition of the processes of steps
S201 to S203 in Fig. 9, the microcomputer 155 generates
the information R in step S021 when the difference be-
tween the spatial distance d from the object detector 3
to the end portion of the first continuum K1 of this time
and the spatial distance d from the object detector 3 to
the reflection point at least at the adjacent azimuth θ to
the end portion of the first continuum K1 of this time is
equal to or smaller than a threshold value. Accordingly,
the accuracy of the detection of the moving object V1
can be enhanced.

<3-5. Configuration and Processes of Moving Object De-
tection Device 1C according to Third Variation>

[0081] The moving object detection device 1C accord-
ing to a third variation of the above-described embodi-
ment is described below. In Fig. 1, compared with the
moving object detection device 1, the moving object de-
tection device 1C is different in that a program 157C is
stored in the program memory 151 instead of the program
157. In the moving object detection device 1C, identical
references are given to the constituents equivalent to
those of the moving object detection device 1 and de-
scriptions of the constituents with the identical references
are omitted as suitable.
[0082] A processing procedure of the microcomputer
155 that executes the program 157C is described by re-
ferring to Fig. 10.
[0083] First, the microcomputer 155 performs the proc-
esses in Fig. 10 instead of the processes in Fig. 2A. In
Fig. 10, after steps S001 and S005 described above in
the embodiment, the microcomputer 155 determines
whether or not the view in the traveling direction of the
vehicle V is unclear (step S301). An example of the proc-
ess of step S301 is described below.
[0084] For example, after the road width of the traveling
road A1 of the vehicle V (see Fig. 5A etc.) is determined
according to the positional information obtained by the
object detector 3, when the determined road width is
smaller than a predetermined reference value, the mi-
crocomputer 155 determines that the view in the traveling
direction of the vehicle V is unclear.
[0085] For example, when the moving object detection
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device 1C can communicate with a known navigation de-
vice, after the current traveling position of the vehicle V
is determined, the road width of the current traveling road
is acquired from known network data. When the acquired
road width is smaller than the predetermined reference
value, the microcomputer 155 determines that the view
in the traveling direction of the vehicle V is unclear. When
the moving object detection device 1C can communicate
with a known navigation device and when the attribute
of the current traveling road A1 is a narrow street, the
microcomputer 155 may determine that the view in the
traveling direction of the vehicle V is unclear.
[0086] When the microcomputer 155 determines YES
in step S301, the microcomputer 155 performs the proc-
ess of step S003 and the processes after step S003 ex-
cept step S009, which are described above in the em-
bodiment. In contrast, when the microcomputer 155 de-
termines NO in step S301, the microcomputer 155 per-
forms the process of step S009.

<3-6. Effects and Advantages of Moving Object Detec-
tion Device 1C>

[0087] The present variation can bring the advantages
described below in addition to the effects and advantages
described in Sections <2-3.> and <2-4.>. That is, in the
moving object detection device 1C, only when the vehicle
V is traveling on the traveling road A1 where the view is
unclear, the detection of the moving object V1 is per-
formed. Thus, processing loads of the microcomputer
155 can be reduced. Further, in the moving object de-
tection device 1C, since the detection of the moving ob-
ject V1 is not performed for the traveling road A1 where
the view in the traveling direction of the vehicle V is clear,
outputting the information R when unnecessary can be
inhibited.

<4-1. Supplementary Note>

[0088] Although the above-described embodiment de-
scribes an example in which the vehicle speed v, the
steering angle φ, and the angular velocity to are obtained
by a vehicle speed sensor, a steering angle sensor, and
an angular velocity sensor, the present disclosure is not
limited to this example. For example, the vehicle speed
v may be determined using an integral value of an accel-
eration sensor or an output value of a Global Positioning
System (GPS) receiver. For another example, the vehicle
speed v may be determined using the coordinate values
of a stationary object in the positional information P.
Moreover, for example, the angular velocity ω may be
derived using a detection value of the steering angle sen-
sor.
[0089] Although the first variation describes an exam-
ple in which the threshold value εA is determined by mul-
tiplying the spatial distance d at each of the azimuths θ
corresponding to the coordinate-transformed previous
first continuum K1 by the predetermined coefficient α,

the present disclosure is not limited to this example. For
example, another threshold value may be determined in
step S101 (see Fig. 7) by combining the threshold value
ε and the threshold value εA, depending on the azimuth
θ, and the determined threshold value may be used in
step S019 in Fig. 2B.
[0090] The processes described in selected two or
more of the first to third variations may be combined and
the combined processes may be incorporated in the mov-
ing object detection device 1.
[0091] Although examples in which the programs 157
and 157A to 157C are each stored in the program mem-
ory 151 are described above, the present disclosure is
not limited to these examples. For example, the programs
157 and 157A to 157C may each be stored in a computer-
readable recording medium, such as a digital versatile
disc (DVD). For another example, the programs 157 and
157A to 157C may each be stored in a server so that the
programs 157 and 157A to 157C can be downloaded to
various terminal devices, which include a desktop per-
sonal computer, a smartphone, and a tablet terminal.
[0092] Although examples in which, to detect the mov-
ing object V1 entering the area C from the intersecting
road A2, the moving object detection devices 1 and 1A
to 1C each detect the second continuum K2 in addition
to the first continuum K1 and when it is determined that
the shape of the end portion of the first continuum K1 of
this time is changed in comparison with the shape of the
end portion of the previous first continuum K1, generate
the information R indicating that the moving object V1
has entered the area C are described above, the present
disclosure is not limited to these examples.
[0093] For example, as illustrated in Fig. 11A, the mov-
ing object detection device 1 and 1A to 1C may each
detect the moving object V1 entering the traveling road
A1 toward the center in the width direction from a side of
the traveling road A1, which is a person or a bicycle for
example. In this case, however, before the moving object
V1 enters the traveling road A1 toward the center in the
width direction from the side of the traveling road A1, the
microcomputer 155 can only detect the first continuum
K1 along the traveling road A1 of the vehicle V even when
the microcomputer 155 processes the positional infor-
mation P received by the first input circuitry 11 in time
sequence (see Fig. 11 B). In this case, therefore, in step
S003 in Fig. 2A or the like, only the detection of the first
continuum K1 is performed without performing the de-
tection of the second continuum K2 and the interruption
section J. For example, in step S019 in Fig. 2B, whether
or not the shape of the first continuum K1 of this time is
changed in comparison with the shape of the previous
first continuum K1 and when it is YES in step S019, that
is, when as illustrated in Fig. 11C, the absolute value of
the difference value between the spatial distances d at
the identical azimuth θ in the first continuum K1 of this
time and the previous first continuum K1 exceeds the
threshold value ε or the like, the information R is gener-
ated.
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[0094] The present disclosure can be implemented us-
ing software, hardware, or software in cooperation with
hardware.
[0095] Each functional block used in the description of
the embodiment above can be partly or entirely imple-
mented as a large-scale integration (LSI), which is an
integrated circuit, and each process described above in
the embodiment may be controlled partly or entirely by
a single LSI or a combination of LSIs. Such LSIs may be
formed as individual chips, or as a single chip so as to
include part or all of the functional blocks. The LSI may
include an input and an output of data. The LSI may be
referred to as an IC, a system LSI, a super LSI, or an
ultra LSI, depending on a difference in the degree of the
integration.
[0096] The LSI is not a limited technique for the circuit
integration, which may be achieved using a dedicated
circuit, a general-purpose processor, or a special-pur-
pose processor. A field programmable gate array (FP-
GA), which is programmable after the manufacture of the
LSI, or a reconfigurable processor, which enables the
connections and settings of circuit cells inside the LSI to
be reconfigured, may also be utilized. The present dis-
closure may be implemented as digital processing or an-
alogue processing.
[0097] Moreover, when other circuit integration tech-
niques that can replace the LSI are brought as a result
of the advancement of semiconductor techniques or oth-
er derivative techniques, the functional blocks may be
integrated using such techniques of course. Biotechnol-
ogy can be applied for example.
[0098] The moving object detection device according
to the present disclosure can detect a moving object more
stably and is applicable to a navigation device, an auto-
matic travel control device, and the like.

Claims

1. A moving object detection device comprising:

a first input circuitry that receives positional in-
formation indicating a position of an object
present around a vehicle in time sequence from
an object detector included in the vehicle; and
a controller that processes the positional infor-
mation received by the first input circuitry in time
sequence, detects at least a first continuum
along a traveling road of the vehicle, and when
a shape of a detected first continuum of this time
is changed in comparison with a shape of a pre-
vious first continuum, outputs information indi-
cating that another moving object different from
the vehicle is present to a vehicle control circuitry
of the vehicle.

2. The moving object detection device according to
claim 1, comprising:

a second input circuitry that receives vehicle in-
formation related to a move of the vehicle in time
sequence, wherein
the controller

transforms coordinate values of the previ-
ous first continuum into coordinate values
that correspond to a coordinate system of
coordinate values indicating the first contin-
uum of this time on basis of the vehicle in-
formation received by the second input cir-
cuitry, and
detects change in a shape of an end portion
of the first continuum of this time on basis
of at least the coordinate-transformed coor-
dinate values indicating the previous first
continuum and the coordinate values indi-
cating the first continuum of this time.

3. The moving object detection device according to
claim 1, wherein
the controller processes the positional information
received by the first input circuitry in time sequence,
detects a second continuum that is at a first distance
from the first continuum farther in a traveling direction
of the vehicle than the first continuum, and when a
shape of an end portion of the first continuum of this
time on a side closer to the second continuum is
changed in comparison with a shape of an end por-
tion of the previous first continuum on a side closer
to the second continuum, outputs the information to
the vehicle control circuitry.

4. The moving object detection device according to
claim 3, comprising:

a second input circuitry that receives vehicle in-
formation related to a move of the vehicle in time
sequence, wherein
the controller

transforms coordinate values of the previ-
ous first continuum and the second contin-
uum into coordinate values that correspond
to a coordinate system of coordinate values
indicating the first continuum of this time and
the second continuum on basis of the vehi-
cle information received by the second input
circuitry, and
detects change in a shape of an end portion
of the first continuum of this time on basis
of at least coordinate-transformed first co-
ordinate values indicating the previous first
continuum and second coordinate values
indicating the first continuum of this time.

5. The moving object detection device according to
claim 2, wherein

19 20 



EP 3 260 878 A1

12

5

10

15

20

25

30

35

40

45

50

55

each positional information received by the first input
circuitry includes coordinate values at each of azi-
muths relative to the object detector, and
the controller determines that the shape is changed
at least when a difference value between coordinate-
transformed first coordinate values indicating an end
portion of the previous first continuum and second
coordinate values indicating the end portion of the
first continuum of this time is equal to or larger than
a first threshold value obtained by assigning a weight
for each azimuth on basis of the positional informa-
tion received previously by the first input circuitry.

6. The moving object detection device according to
claim 2, wherein
each positional information received by the first input
circuitry includes coordinate values at each of azi-
muths relative to the object detector, and
the controller generates information indicating that
the moving object is present at least when a differ-
ence value between coordinate-transformed first co-
ordinate values indicating an end portion of the pre-
vious first continuum and second coordinate values
indicating the end portion of the first continuum of
this time is equal to or larger than a second threshold
value and when a first spatial distance between the
end portion of the first continuum of this time and the
object detector and a second spatial distance be-
tween an end portion corresponding to at least an
azimuth adjacent to an azimuth of the end portion
and the object detector are substantially identical to
each other.

7. The moving object detection device according to
claim 1, wherein when the controller determines that
a width of the traveling road is smaller than a third
threshold value, the controller processes the posi-
tional information received by the first input circuitry
in time sequence.

8. A non-transitory computer-readable storage medi-
um storing a program that causes a computer to ex-
ecute:

a process of receiving positional information in-
dicating a position of an object present around
a vehicle in time sequence from an object de-
tector included in the vehicle; and
a process of processing the positional informa-
tion in time sequence, detecting at least a first
continuum along a traveling road of the vehicle,
and when a shape of a detected first continuum
of this time is changed in comparison with a
shape of a previous first continuum, outputting
information indicating that another moving ob-
ject different from the vehicle is present to a ve-
hicle control circuitry included in the vehicle.
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