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DATA STRUCTURE OF ENVIRONMENT MAP, ENVIRONMENT MAFPREPARING
SYSTEM AND METHOD, AND ENVIRONMENT MAP UPDATING SYJEM AND
METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a data structure of amirenment map, an
environment map preparing system and method, amsh@nonment map updating system
and method.

2. Description of Related Art

[0002] A mobile robot that stores map information inchglinformation of the
position and size of an obstacle such as a pietigmture in a room, determines a moving
route for moving from a current position to a destion while avoiding the piece of
furniture using the map information, and movesha toom along the moving route is
known (see Japanese Patent Application Publicémn2003-345438 A (JP 2003-345438
A)).

[0003] When the obstacle in the room is a static obstatkhich the position
rarely changes such as a bed and the map informatitudes information of the position
and the size of the obstacle, the mobile robot maye while avoiding the obstacle.
However, when the obstacle is a static obstacletoth the position changes relatively
frequently such as a chair or a trashcan and thigc stbstacle is located at a certain
position at a certain time, the possibility of gtatic obstacle being at the certain position
at another time is low and the possibility of thetis obstacle being at a position other than
the certain position is high. When the obstacle dyynamic obstacle such as a person or
a pet, the possibility of the position changingven higher.

[0004] The map in JP 2003-345438 A merely includes in&drom on the position
and size of an obstacle at the time at which the mi@rmation is prepared. Accordingly,

in JP 2003-345438 A, the position of an obstaclewbhanges with the lapse of time, that
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is, the situation in the room, may not be accuyadskertained. In other words, when the
map information merely includes the information the position and the size of the
obstacle, it is difficult to accurately ascertairsituation in a space in which the mobile

robot moves.

SUMMARY OF THE INVENTION

[0005] The invention provides map information that camuaately express a
situation in a space.

[0006] A first aspect of the invention provides a datadture of an environment
map. The data structure of the environment malpides position information indicating
a position in a space, and a state quantity vditialof the position. The state quantity
variability is correlated with the position inforti@n, and the state quantity variability
indicates a variation tendency of a state quanfityre position with respect to time.

[0007] In the first aspect of the invention, the dataidure of the environment
map may include a state quantity representativeevaf the position. The state quantity
representative value may be calculated based ostdlte quantity and correlated with the
position information.

[0008] In the first aspect of the invention, the dataicdtire of the environment
map may include a newest detection time. The stmientity variability may be
calculated based on the state quantity, and thestedetection time may be newest among
detection times of the state quantity. The debectimes of the state quantity may be
used to calculate the state quantity variabilitfthe newest detection time may be
correlated with the state quantity variability.

[0009] In the first aspect of the invention, the statargity of the position may
be expressed by a presence probability of an objdbie position.

[0010] A second aspect of the invention provides an enwrent map preparing
system. The environment map preparing systemdiesla detector configured to detect
position information indicating a position in a spaand a state quantity of the position, an

environment map storage unit, and an electroni¢rebuanit. The electronic control unit
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is configured to cause the detector to detect dsitipn information and the state quantity
of the position at different times for the positionthe space, calculate a state quantity
variability indicating a variation tendency of te&ate quantity with respect to time using
the quantity for the position, and store the stptantity variability in correlation with the
position information of a corresponding positiorthie environment map storage unit.

[0011] In the second aspect of the invention, the eleatroontrol unit may be
configured to calculate a state quantity represimetaalue based on the state quantity for
the position and store the state quantity reprasieetvalue in correlation with the position
information of the corresponding position in theieonment map storage unit.

[0012] In the second aspect of the invention, the elaatroontrol unit may be
configured to calculate a variation of the statargity per unit time for the position, and
calculate the state quantity variability based lom ariation of the state quantity per unit
time.

[0013] In the second aspect of the invention, the stasatity of the position may
be expressed by a presence probability of an objdabie position.

[0014] A third aspect of the invention provides an enwviment map preparing
method. The environment map preparing method dedwdetecting position information
indicating a position in a space and a state quyaoitithe position at different times for the
position in the space, calculating a state quawntityability indicating a variation tendency
of the state quantity with respect to time using #tate quantity for the position, and
storing the state quantity variability in corretati with the position information of a
corresponding position in an environment map s@rtagt.

[0015] In the third aspect of the invention, the envimemt map preparing
method may include calculating a state quantityeggntative value based on the state
quantity for the position, and storing the statargity representative value in correlation
with the position information of the correspondpusition in the environment map storage
unit.

[0016] In the third aspect of the invention, the envir@minmap preparing system

may include calculating a variation of the statergiy per unit time for the position.
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And the calculating of the state quantity varidapilmay include calculating the state
quantity variability based on the variation of #tate quantity per unit time.

[0017] In the third aspect of the invention, the statardity of the position may
be expressed by a presence probability of an objdbie position.

[0018] A fourth aspect of the invention provides an emwviment map updating
system. The environment map updating system iesluah update target environment
map storage unit, a detector, an updated environmap storage unit, and an electronic
control unit. The update target environment mapagfe unit configured to store update
target environment map information. The updatgerenvironment map information
includes first position information indicating agibon in a space and a first state quantity
variability of the position correlated with the dirposition information. The first state
quantity variability indicates a first variationnidency of a state quantity of the position
with respect to time. The detector is configureddetect the first position information
and the first state quantity of the position. Télectronic control unit is configured to
newly detect a second position information indiegitthe position and a second state
quantity of the position at different time, newlglculate a second state quantity variability
by using the second state quantity for the positionupdate the first state quantity
variability of the update target environment maf@imation by using the second position
information and the second state quantity varigbiland store the updated first state
quantity variability in correlation with the secommbsition information in the updated
environment map storage unit.

[0019] In the fourth aspect of the invention, the updatget environment map
information may include a first state quantity eggntative value of the position correlated
with the first position information. The electroncontrol unit may be configured to
newly calculate a second state quantity represeatanlue based on the second state
quantity for the position, update the first stateufity representative value of the update
target environment map information by using theosdcposition information and the
second state quantity representative value, ance dtee updated first state quantity

representative value in correlation with the secpnodition information in the updated
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environment map storage unit.

[0020] In the fourth aspect of the invention, the eleaizocontrol unit may be
configured to newly calculate a variation of a stqtiantity per unit time for the position,
and newly calculate a state quantity variabilitgdxh on the variation of the state quantity
per unit time.

[0021] In the fourth aspect of the invention, a state tjtyanf the position may
be expressed by a presence probability of an objdabie position.

[0022] A fifth aspect of the invention provides an enwment map updating
method. The environment map updating method imdu@reparing update target
environment map information, newly detecting a selcposition information indicating
the position and a second state quantity of th&iposat different time, newly calculating
a second state quantity variability by using theosd state quantity for the position,
updating the first state quantity variability ofethupdate target environment map
information by using the second position informatiand the second state quantity
variability, and storing the updated first stateamity variability in correlation with the
second position information in an updated enviromnmaap storage unit. The update
target environment map information includes firgisiion information indicating a
position in a space and a first state quantityalality of the position correlated with the
first position information. The first state quawptvariability indicates a first variation
tendency of a state quantity of the position wibpect to time.

[0023] In the fifth aspect of the invention, the enviramhmap updating method
may include newly calculating a second state qtianéipresentative value based on the
second state quantity for the position, updatirfigsa state quantity representative value of
the update target environment map information bggighe second position information
and the second state quantity representative valoe, storing the updated first state
quantity representative value in correlation witle tsecond position information in the
updated environment map storage unit. The updatet environment map information
may include the first state quantity representatiwaue, and the state quantity

representative value may be correlated with ths fiosition information.
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[0024] In the fifth aspect of the invention, the enviremhmap updating method
may include newly calculating a variation of a stqtiantity per unit time for the position,
and newly calculating a state quantity variabiligsed on the variation of the state
quantity per unit time.

[0025] In the fifth aspect of the invention, a state ditgrof the position may be
expressed by a presence probability of an objetiteaposition.

[0026] According to the data structure of an environmeap, the environment
map preparing system and method, and the environmap updating system and method
disclosed in the invention, it is possible to pdevimap information that can accurately

express a situation in a space.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Features, advantages, and technical and indussigthificance of
exemplary embodiments of the invention will be disd below with reference to the
accompanying drawings, in which like numerals denide elements, and wherein:

FIG. 1 is a block diagram illustrating an envira@mwh map preparing system
according to a first embodiment of the invention;

FIG. 2 is a schematic diagram illustrating an exdésensor;

FIG. 3 is a schematic diagram illustrating a mdtbbdetecting position information
and a state quantity;

FIG. 4A is a diagram illustrating an example ofaiation of a state quantity with
respect to time;

FIG. 4B is a diagram illustrating another examgfléhe variation of the state quantity
with respect to time;

FIG. 4C is a diagram illustrating still anotheraexple of the variation of the state
quantity with respect to time;

FIG. 5A is a timing chart illustrating a calcutati example of a state quantity
variability;

FIG. 5B is a timing chart illustrating a calcutati example of a state quantity
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variability;

FIG. 6 is a schematic diagram illustrating envimamt map information according to
the first embodiment of the invention;

FIG. 7 is a flowchart illustrating an environmemiap preparation control routine
according to the first embodiment of the invention;

FIG. 8 is a schematic perspective view of a Upéice;

FIG. 9 is a schematic perspective view of a ypgice illustrating a reflecting surface;

FIG. 10 is a block diagram illustrating an enviment map preparing and updating
system according to a second embodiment of thentioue

FIG. 11 is a block diagram illustrating the secentbodiment of the invention;

FIG. 12 is a flowchart illustrating an environmemap update control routine
according to the second embodiment of the invention

FIG. 13 is a block diagram illustrating an enviment map preparing and updating
system according to another embodiment;

FIG. 14 is a block diagram illustrating an enviment map preparing and updating
system according to a third embodiment of the itroen

FIG. 15 is a diagram illustrating an example afi@ghting factor map according to
the third embodiment of the invention;

FIG. 16 is a diagram illustrating another exampfethe weighting factor map
according to the third embodiment of the invention;

FIG. 17 is a block diagram illustrating an enviment map preparing and updating
system according to a fourth embodiment of thentioa;

FIG. 18 is a schematic diagram illustrating envim@nt map information according
to the fourth embodiment of the invention;

FIG. 19 is a diagram illustrating an example afi@ghting factor map according to
the fourth embodiment of the invention;

FIG. 20 is a diagram illustrating another exampfethe weighting factor map
according to the fourth embodiment of the invention

FIG. 21 is a block diagram illustrating an envimemt map preparing system
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according to another embodiment;

FIG. 22 is a block diagram illustrating an enviment map preparing and updating
system according to another embodiment;

FIG. 23 is a schematic diagram illustrating anoteeample of environment map
information;

FIG. 24 is a block diagram illustrating an envimemt map preparing system
according to the embodiment illustrated in FIG. &3

FIG. 25 is a block diagram illustrating an enviment map preparing and updating

system according to the embodiment illustratedi(a E3.

DETAILED DESCRIPTION OF EMBODIMENTS

[0028] FIG. 1 is a block diagram illustrating an envire@mwh map preparing
system A according to a first embodiment of theeimion. In the first embodiment of the
invention, the environment map preparing systems mounted on a mobile object having
an automatic driving function. Examples of the melobject include a vehicle or a
mobile robot. In the following description, it sssumed that the mobile object is a
vehicle. Referring to FIG. 1, the environment n@ageparing system A includes an
external sensor 1, a GPS receiver 2, an intermslose2a, an environment map storage unit
3, and an electronic control unit 10.

[0029] The external sensor 1 is a detection device tbtcts information on the
outside or the surroundings of the vehicle. Themmal sensor 1 includes at least one of a
laser imaging detection and ranging (LIDAR), a radand a camera. In the first
embodiment of the invention, as illustrated in R2Gthe external sensor 1 includes at least
one LIDAR SO1, at least one radar SO2, and at mastamera SO3.

[0030] The LIDAR SOL1 is a device that detects an objedside the vehicle V
using a laser beam. In the first embodiment of ithention, examples of the object
include a static object which is an immovable objetich as a building or a road), a
dynamic object which is a movable object (such mastleer vehicle or a pedestrian), a

guasi-static object which is an object that is ¢ty immovable but can be easily moved
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(such as a standing signboard, a trashcan, oedtench). In the example illustrated in
FIG. 2, a single LIDAR SO1 is installed on the ramif the vehicle V. In another
embodiment (not illustrated), for example four LIRA are attached to bumpers at four
corners of the vehicle V. The LIDARs SO1 sequédigtiamit laser beams in all directions
from the vehicle V and measure information on oisjéom the reflected beams thereof.
The object information includes a distance andrection from the corresponding LIDAR
SOL1 to the object, that is, a relative positionihaf object to the LIDAR SO1. The object
information detected by the LIDARs SO1 is transeditto the electronic control unit 10.
On the other hand, the radar SO2 is a device thi@icts an object outside the vehicle V
using radio waves. In the example illustrated I@.R2, for example four radars SO2 are
attached to the bumpers at four corners of theclehf. The radars SO2 emit radio
waves from the radars SO2 in all directions fromkhicle V and measure information on
an object near the vehicle V from reflected waviesréof. The object information
detected by the radar SO2 is transmitted to therel@c control unit 10. In the example
illustrated in FIG. 2, the camera SO3 includesglsi stereo camera installed inside a front
glass of the vehicle V. The stereo camera SO3oginaphs the front side of the vehicle V
in a color or monochrome manner and the color omauobrome photographing
information from the stereo camera SO3 is trangahitb the electronic control unit 10.

[0031] Referring to FIG. 1 again, the GPS receiver 2 ivesesignals from three
or more GPS satellites and detects informationcatthg an absolute position of the
vehicle or the external sensor 1 (for exampletudé, longitude, and altitude of the vehicle
V) therefrom. The absolute position information tbe vehicle detected by the GPS
receiver 2 is transmitted to the electronic contmit 10. In another embodiment (not
illustrated), the absolute position detected on blasis of the signals from the GPS
satellites is corrected and an absolute value akigher accuracy is acquired. That is,
the absolute position detected on the basis ofsigrals from the GPS satellites is
corrected, for example, on the basis of a diffeeebetween the external information
detected by the external sensor 1 and externainabon stored in advance.

[0032] The internal sensor 2a is a detection devicedbtcts a travel condition
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of the vehicle V. The travel condition of the veRiV is expressed by at least one of a
speed, an acceleration, and a posture of the eehidlhe internal sensor 2a includes one
or both of a vehicle speed sensor and an inertedsmrement unit (IMU). The vehicle
speed sensor detects the speed of the vehicle Me INMU includes, for example, a
three-axis gyro and a three-direction acceleragemsor, detects three-dimensional angular
velocity and acceleration of the vehicle V, andedtt the acceleration and the posture of
the vehicle V on the basis thereof. The travelddtton information of the vehicle V
detected by the internal sensor 2a is transmitt¢lde electronic control unit 10.

[0033] The environment map storage unit 3 stores envissrinrmap information.

[0034] The electronic control unit 10 is a computer igohg a central processing
unit (CPU), a read only memory (ROM), and a randmoess memory (RAM) which are
connected to one another by bidirectional busess illastrated in FIG. 1, the electronic
control unit 10 according to the first embodimehtle invention includes a storage unit
11 including the ROM and the RAM, an environmermogmnizing unit 12, a state quantity
variability calculating unit 13, a state quantigpresentative value calculating unit 14, and
an environment map preparing unit 15.

[0035] The environment recognizing unit 12 detects paositinformation
indicating a plurality of positions in a space arduhe vehicle V and state quantities of the
positions. In the first embodiment of the inventidhe above-mentioned space is a
three-dimensional space. In another embodiment i(lustrated), the space may be a
two-dimensional space. In the first embodimenth& invention, a state quantity of a
certain position is expressed by a presence prhifyati an object at the certain position.
In this case, the state quantity is calculatedef@mple, in the form of a continuous value
from zero to 1. In another embodiment (not illattd), the state quantity may be
calculated in the form of a discrete value. In fingt embodiment of the invention, the
position information and the state quantity arewlated from object information from the
external sensor 1 and the absolute position infoomaof the vehicle V or the external
sensor 1 from the GPS receiver 2. This will becdbed below with reference to FIG. 3.

[0036] FIG. 3 illustrates a case in which a laser beantitednfrom the LIDAR



10

15

20

25

11

serving as the external sensor 1 is reflected bybgagct OBJ. In this case, as indicated by
a black circle in FIG. 3, a reflecting point is fieed at a position PX. The LIDAR 1
measures relative position information of the posiPX of the reflecting point. It can be
seen from the measurement result that the object i©BPresent at the position PX, and
thus the state quantity, that is, the object presegsrobability, of the position PX is 1.
The absolute position information of the positioh &an be seen from the relative position
information of the position PX from the LIDAR 1 atfte absolute position information of
the external sensor 1 from the GPS receiver 2caritbe seen that no object is present at a
position PY which is not the reflecting point, atidis the state quantity, that is, the object
presence probability, of the position PY is zerdhe absolute position information of the
position PY can be seen from the relative positdarmation of the position PX from the
LIDAR 1 and the absolute position information ottkxternal sensor 1 from the GPS
receiver 2. In this way, the absolute positioroinfation and the state quantities of the
positions PX and PY are calculated.

[0037] In the first embodiment of the invention, the em&d sensor 1 repeatedly
detects object information, for example, at intés\af several tens of ms. In other words,
the external sensor 1 detects the object informatib a plurality of different times.
Accordingly, the environment recognizing unit 12cadates the state quantity at a plurality
of different times from the object information abet plurality of different times.
Alternatively, when the vehicle V moves to a predetined position a plurality of times,
the object information at a plurality of differeimhes is also detected and the state quantity
at a plurality of different times is also calculdte In FIGS. 4A, 4B, and 4C, various
examples of the state quantity of a certain pasit a plurality of different times are
illustrated.

[0038] The state quantity variability calculating unit @8lculates a state quantity
variability for each of a plurality of positions.The state quantity variability of a certain
position indicates a variation tendency of theestgiantity of the certain position with
respect to time. In the first embodiment of theeimtion, the state quantity variability is

calculated in the form of a continuous value. motaer embodiment (not illustrated), the
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state quantity variability is calculated in therfoof a discrete value. The state quantity
variability will be additionally described with refflence to FIGS. 4A, 4B, and 4C. In
FIGS. 4A, 4B, and 4C, detected state quantitieplmtied.

[0039] The state quantity variability is expressed, fwaraple, by a frequency of
variation or a degree of variation of the statergina with respect to time. That is, the
state quantity in the example illustrated in FI8.Ras a higher frequency of variation and
a higher variation tendency with respect to timenthhe state quantity in the example
illustrated in FIG. 4A. Accordingly, the state au#y variability in the example
illustrated in FIG. 4B is higher than the state rjitg variability in the example illustrated
in FIG. 4A. On the other hand, the state quamtithe example illustrated in FIG. 4C has
a higher frequency of variation and a higher varatendency with respect to time than
the state quantity in the example illustrated i®.FA. Accordingly, the state quantity
variability in the example illustrated in FIG. 4€ higher than the state quantity variability
in the example illustrated in FIG. 4A.

[0040] In the first embodiment of the invention, a vaadatof the state quantity
per unit time is calculated and the state quanatyability is calculated on the basis of the
variation of the state quantity per unit time. Tisain the example illustrated in FIG. 5A,
variations (absolute values) dsQ1, dsQ2, ... of taeegjuantity at the same time interval
dt are calculated. In this case, the time intediais, for example, the same as the
detection time interval of the state quantity. the example illustrated in FIG. 5A, the
variations dsQ1, dsQ2, ... of the state quantity @akeulated at the continuous time
interval dt. In another embodiment, the variatiohs¢he state quantity may be calculated
at discontinuous time intervals dt. Alternatively,the example illustrated in FIG. 5B,
variations (absolute values) dsQ1, dsQz2, ... of theeqquantity at a plurality of different
time intervals dtl1, dt2, ... are calculated. Théedént time intervals are, for example, of
an order of seconds, minutes, days, or years. €gubstly, variations per unit times
dsQ1/dtl, dsQ2/dt2, ... of the state quantity areusetijally calculated. In the example
illustrated in FIG. 5B, the variations dsQ1, dsQ2,0f the state quantity are calculated at

the continuous time intervals dtl, dt2, .... In d®otembodiment, the variations of the
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state quantity may be calculated at discontinugue intervals. Subsequently, the state
quantity variability is calculated by simple-averagor weighted-averaging the variations
per unit times dsQ1/dtl, dsQ2/dt2, ... of the statengjity. When the weighted average is
used, for example, the variation per unit time dsQ@f the state quantity of which the
detection time is newer is more weighted and th&tran per unit time dsQ/dt of the state
guantity of which the detection time is older isdaveighted. In another embodiment, the
variation per unit time dsQ/dt of the state quamit which the detection time is newer is
less weighted, and the variation per unit time ds@f the state quantity of which the
detection time is older is more weighted. Theestatantity variability is calculated for a
plurality of positions.

[0041] In another embodiment (not illustrated), a pluyadif state quantities as a
function of time are Fourier-transformed and thatestquantity variability is calculated
from the result. Specifically, for example, anemsity of a predetermined spectrum
(frequency) is calculated as the state quantityabdity. In another embodiment, the
state quantity variability is calculated by simpleraging or weighted-averaging the
intensities of various spectrums.

[0042] The state quantity representative value calcudatinit 14 calculates a
state quantity representative value on the basikeobtate quantity for each of a plurality
of positions. A state quantity representative gabf a certain position appropriately
indicates a state of the position. In the firstbediment of the invention, the state
guantity representative value is calculated onhiagis of the state quantity of the certain
position detected at a plurality of different timesFor example, the state quantity
representative value of a certain position is sethe newest state quantity of the state
quantities of the certain position at a pluralifyddferent times. Then, the state quantity
representative value of the certain position indisdhe newest state of the certain position.
In another example, the state quantity represeetatialue of a certain position is
calculated by simple-averaging or weighted-avergdhe state quantities of the certain
position at a plurality of different times. Thexjen when the state quantity of a certain

position varies temporarily, the state of the positcan be accurately expressed by the
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state quantity representative value. In the fnstbodiment of the invention, the state
quantity representative value is calculated, fanegle, in the form of a continuous value
between zero and 1. In another embodiment (noistitited), the state quantity
representative value is calculated in the form disarete value.

[0043] The environment map preparing unit 15 preparesir@mvient map
information and stores the prepared environment imf@pmation in the environment map
storage unit 3. That is, the environment map pregaunit 15 stores the state quantity
representative value in correlation with the cquoesling position information in the
environment map storage unit 3. The environmerd praparing unit 15 stores the state
quantity variability in correlation with the corganding position information in the
environment map storage unit 3. In this way, thgirenment map information M is
prepared. As a result, the environment map inftonaM according to the first
embodiment of the invention includes the positioioimation indicating each of a
plurality of positions in a space, the state gugnmgpresentative value correlated with the
corresponding position information, and the statangity variability correlated with the
corresponding position information as illustrated-iG. 6.

[0044] In this way, the state quantity representativai@and the state quantity
variability are correlated with the position infaation. Accordingly, when the position
information is designated, the state quantity regméative value and the state quantity
variability of the corresponding position can beersefrom the environment map
information. In the first embodiment of the inviemt, the environment map information
M includes the position information, the state dugnmepresentative values, and the state
quantity variabilities of positions in a three-dinseonal space and thus is a
three-dimensional map. In the first embodimenthefinvention, the position information
is absolute position information. In another embuht (not illustrated), the position
information is relative position information to eepgetermined specific position.

[0045] When the vehicle V travels, the position informatand the state quantity
of each position in a space around the vehicleesagquentially detected. Then, the state

quantity representative values and the state gyawdriabilities of the positions are
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calculated, and environment map information M ispared from the position information,
the state quantity representative value, and e sfuantity variability. In this case, in
the first embodiment of the invention, when theippms information and the state quantity
of each of a plurality of positions are detecteteast once, environment map information
M is prepared. In another embodiment (not illuswy when the detection frequency of
the position information and the state quantityath of a plurality of positions is greater
than a predetermined threshold value, environmext imformation M is prepared.

[0046] The following can be seen from the environment nr#prmation M
prepared in this way. That is, when the state tjtyanf a certain position which is
expressed by an object presence probability iselangd the state quantity variability
thereof is low, the position is occupied by a statbject (such as a building or a road
surface), a dynamic object which remains station@ych as another vehicle or a
pedestrian), or a quasi-static object (such aaralstg signboard, a trashcan, or a branch of
a tree). Alternatively, an occupied state in whilsl position is occupied by a dynamic
object or a quasi-static object and a non-occuiade in which the position is not
occupied by a dynamic object or a quasi-static cibgge completely switched with a
relatively low frequency and a duration of the qued state is relatively long. On the
other hand, when the state quantity of a certasitipn is small and the state quantity
variability thereof is low, there is nothing at tpesition. A specific example of such a
position is a space above a pond. When the staptity of a certain position is large
and the state quantity variability thereof is higle occupied state and the non-occupied
state are completely switched with a relativelyhhigequency at the position, and a
duration of the occupied state is relatively lond specific example of such a position is
a road having a relatively large traffic volume. h¥ the state quantity of a certain
position is small and the state quantity variapiig high, the occupied state and the
non-occupied state are completely switched witblatively high frequency at the position,
and a duration of the non-occupied state is radgtilong. A specific example of such a
position is a road having a relatively small traffiolume (not zero).

[0047] That is, the environment map information M accogdito the first
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embodiment of the invention includes information asituation of a certain position as

well as information on an object at the positionimiormation on whether there is an

object at the position. Accordingly, it is possildd more accurately express a situation in
a space. Moreover, retaining various informatidow the environment based on the
state quantity variability eliminates the need ¢ the maps for various types of objects
or maps for many different purposes. Thereforee #mount of the data of map

information can be reduced.

[0048] In the first embodiment of the invention, the \aiV determines a
moving route using the environment map informatiband performs automatic driving to
move along the moving route. In this case, sit \tehicle V can more accurately
ascertain a situation in the space in which thackelV can move using the environment
map information M, it is possible to determine gmimal moving route. Paying attention
to only preparation of the environment map infongratv, a mobile object on which the
environment map preparing system A is mounted dagsneed to have an automatic
driving function.

[0049] Here, when a position at which map information anstate quantity are
detected is referred to as a detection point, jposiinformation, a state quantity
representative value, and a state quantity vaitplale stored for each of a plurality of
detection points in the first embodiment of theantton. Accordingly, the environment
map information M can be said to be expressed wsplgrality of detection points.

[0050] FIG. 7 illustrates a routine for performing envinment map preparation
control according to the first embodiment of theention. This routine is performed
once when environment map information is to be greg. Referring to FIG. 7, position
information and a state quantity are detected ep &1. In Step 32, a state quantity
variability is calculated. In Step 33, a state rgiig representative value is calculated.
In Step 34, the state quantity representative vahe the state quantity variability are
correlated with corresponding map information tegare environment map information M,
and the environment map information M is storedhi& environment map storage unit 3.

In another embodiment (not illustrated), the stptantity representative value is calculated
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and then the state quantity variability is caloedat

[0051] In the first embodiment of the invention, a stgigantity of a certain
position is expressed by a presence probabilitgrofobject at the certain position. In
another embodiment (not illustrated), a state qtyaot a certain position is expressed by a
color or a luminance value of an object at theaierposition. In this case, for example,
it is possible to ascertain which lamp of a traffignal is lighted. In this embodiment,
when the state quantity is expressed by a coloanobbject, the color of the object is
detected by a color camera as the camera SO3 ektamal sensor 1. On the other hand,
when the state quantity is expressed by a luminamatge of an object, the luminance
value of the object is detected by the LIDAR SOtie tadar SO2, or the color or
monochrome camera SO3 of the external sensor lat i§hthe intensity of a reflected
beam which is acquired when a laser beam emitted the LIDAR SOL1 is reflected by an
object indicates the luminance value of the obje&imilarly, the intensity of a reflected
wave of the radar SO2 indicates the luminance valuéhe object. Accordingly, the
luminance value of an object is detected by detgdine intensity of a reflected beam or
the intensity of a reflected wave. When a statentjty is expressed by a color of an
object, the state quantity is digitalized, for exden using an RGB model.

[0052] On the other hand, in the first embodiment of imeention, one state
quantity variability is correlated with one piecé position information. In another
embodiment (not illustrated), a plurality of stapeantity variabilities are correlated with
one piece of position information and thus the emment map information M includes a
plurality of state quantity variabilities. In thisse, for example, as illustrated in FIG. 5B,
a plurality of state quantity variabilities are @ahted on the basis of the variation of the
state quantity at a plurality of different timeentals. In another example, a plurality of
state quantity variabilities are calculated on Hfiasis of the intensities of a plurality of
spectrums which are acquired by Fourier-transfogtive sate quantities.

[0053] Another embodiment of the method of calculatingstate quantity
representative value will be described below. He first embodiment of the invention,

the state quantity representative value and the gteantity variability are calculated from
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a plurality of state quantities detected at a piyraf positions. In this case, as the
detection frequency of the state quantity becoraggel, the accuracy of the state quantity
representative value and the state quantity vditialbecomes higher. However, a large
detection frequency may not be secured.

[0054] Therefore, in another embodiment, one or bothnahdial value of a state
quantity and an initial value of a variation of tiate quantity per unit time are set using
existing map information. For example, for a positat which there is a building in
existing map information, an initial value of atstguantity of the position is set to 1 and
an initial value of the variation of the state qtiignper unit time of the position is set to
zero. As a result, even when the detection frequerf the state quantity is small, it is
possible to increase the accuracy of the statetfyanpresentative value and the state
quantity variability.

[0055] Another embodiment of the environment map inforaratM will be
described below. In this embodiment, the envirammmeap information M is expressed
using voxels. That is, a plurality of voxels oritugpaces adjacent to each other are
partitioned in a space. An example of a unit spaddustrated in FIG. 8, and the unit
space US has a rectangular parallelepiped shapshwekiends in the vertical direction in
the example illustrated in FIG. 8. Then, the positinformation, the state quantity
representative value, and the state quantity viditialare stored for each unit space US.
In this case, the position information of the wspaice US is expressed by absolute position
information of one arbitrary point in the unit spadS indicated by P in FIG. 8. On the
other hand, the state quantity representative vahgethe state quantity variability of the
unit space US can be calculated using various rdsttuich will be described below.

[0056] In a first calculation example, similarly to thest embodiment of the
invention, first, position information and a stageantity are detected and a state quantity
representative value and a state quantity vartglatie calculated for each of a plurality of
positions in a space. Subsequently, unit spacesoUhich the positions at which the
position information and the state quantity areedietd, that is, detection points, belong are

specified. Then, the state quantity representatatae of the corresponding unit space
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US is calculated on the basis of the state quantipyesentative value of the detection
points belonging to the specified unit space USor Example, the state quantity
representative value of the unit space US is caledl by simple-averaging or

weighted-averaging the state quantity represemtatialues of the detection points
belonging to the corresponding unit space US. [&rhygj the state quantity variability of

a unit space US is calculated on the basis oftdte guantity variabilities of the detection
points belonging to the corresponding unit space Ur example, the state quantity
variability of the unit space US is calculated byp@e-averaging or weighted-averaging
the state quantity variabilities of the detectianings belonging to the corresponding unit
space US. In this case, the state quantity repiabee value of the unit space US is
correlated with the position information of the uspace US, the state quantity variability
of the unit space US is correlated with the positioformation of the unit space US,

environment map information M is prepared as a ltesand the environment map

information M is stored in the environment map ag@ unit 3. The state quantity
representative values and the state quantity vétie of the detection points belonging to
the unit space US are not stored in the environmmaqt storage unit 3. Accordingly, it is
possible to reduce an amount of data stored ieikéonment map storage unit 3.

[0057] In a second calculation example, position infororaind a state quantity
are detected for each of a plurality of positiamsispace. Then, unit spaces US to which
the positions at which the position information dhd state quantity are detected, that is,
detection points, belong are specified. The sjasntity of a detection point belonging to
a specific unit space US can be considered todiata quantity of the corresponding unit
space US. Subsequently, the state quantity rapedse value of the corresponding unit
space US is calculated using the state quantities® or more detection points belonging
to the specified unit space US. The state quarttjability of the corresponding unit
space US is calculated using the state quantitiagpturality of detection points belonging
to the specified unit space US.

[0058] In a third calculation example, a state quantityaounit space US is

detected for each of a plurality of unit spaces E&] the state quantity representative
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values and the state quantity variabilities of timt spaces US are calculated from the
detected state quantities. Various specific examplf the method of detecting a state
quantity of a unit space US in the third calculatexample when the external sensor 1 is a
LIDAR will be described below.

[0059] In a first specific example of the third calcubetiexample, when a unit
space US is irradiated with laser beams from thBAR 1, a ratio (for example,
NLR/LFP) of the number of laser beams NLR reflecbsdthe unit space US and the
number of laser beams NLP passing through thesyite US is calculated and the state
quantity of the unit space US is set to the ratldRNNLP. The number of laser beams
reflected NLR or the ratio NLR/NLP indicates a sofean object in the unit space US or a
presence probability of an object in the unit spd&e

[0060] In a second specific example of the third caleotaexample, a reflecting
surface which is a plane or a curved surface andhwk acquired by connecting reflecting
points of the laser beams formed in the unit spa8eis supposed. An example of the
reflecting surface is illustrated in FIG. 9, anck treflecting surface RP in the example
illustrated in FIG. 9 is a plane. The reflectingface RP partitions the unit space US into
a sub space PSX distant from the LIDAR 1 with respe the reflecting surface RP and a
sub space PSY close to the LIDAR 1 with respectthie reflecting surface RP.
Subsequently, the volumes of the sub spaces PSX»8&iNdare calculated, a ratio thereof
(for example, PSX/PSY) is calculated, and the sjamntity of the unit space US is set to
the ratio PSX/PSY. The volume of the sub space BSiKe ratio PSX/PSY indicates a
size of an object in the unit space US or a presgmobability of an object in the unit
space US.

[0061] In a third specific example of the third calcutatiexample, a ratio (for
example, NPRR/NPR) of the total number of reflegipoints NPR of a laser beam formed
in a unit space US and the number of reflectingiisoNPRR at which the intensity of a
reflected beam is greater than a predeterminedtible value is calculated and the state
quantity of the unit space US is set to the rati®RR/NPR. The number of
high-reflecting points NPRR or the ratio NPRR/NRRlicates a size of an object in the
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unit space US or a presence probability of an dlfethe unit space US.

[0062] In the second calculation example and the thitdutation example, it is
possible to reduce an amount of data stored iretivgonment map storage unit 3 and to
shorten the time required for preparing environnrmeap information M.

[0063] In the third calculation example, in brief, thatstquantity is a ratio of the
volume of a part or all of the unit space US ocedy an object to the volume of the unit
space US. This ratio indicates a size of an ohjed¢he unit space US or a presence
probability of an object in the unit space US ascdbed above. In another embodiment,
in a predetermined period of time t0, a time tWhrch a certain position is occupied by an
object and a time in which the certain positiomag occupied by the object are calculated
and the state quantity of the certain positioreists a ratio (t1/t0) of the time t1 in which
the certain position is occupied by the objecthia predetermined period of time t0. This
ratio indicates a size of an object in the unitcepldS or a presence probability of an object
in the unit space US.

[0064] Another embodiment of the environment map inforaratM will be
described below. In this embodiment, the enviromnmeap information M is expressed
using at least one of a mesh, basic shape calledtipes, and a function expression
indicating a plane. The basic shapes include @rspha rectangular parallelepiped, a
cylinder, and a cone. Then, in the first speciéikample, first, a plurality of detection
points at which the state quantity representatiaieias are almost identical and the state
quantity variabilities are almost identical areragted from a plurality of detection points.
Subsequently, a mesh or a basic shape matchinghidyge obtained by connecting the
extracted detection points is selected. Thenettteacted detection points are replaced
with the selected mesh or basic shape, and the ardsdsic shape is stored. In this case,
the position information of the mesh or basic shapexpressed by absolute position
information of an arbitrary point in the mesh orsicashape, and the state quantity
representative value and the state quantity vditilof the mesh or basic shape are
calculated on the basis of the state quantity sgmtative values and the state quantity

variabilities of the detection points belongingthe mesh or basic shape. For example, a
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plurality of detection points indicating a roadfsige are replaced with a mesh, a plurality
of detection points indicating a building is re@daowith a rectangular parallelepiped, and a
plurality of detection points indicating an electpole are replaced with a cylinder. On
the other hand, in the second specific exampleetivronment map information M is first
expressed using voxels, and then some or all ovtixels are replaced with a mesh or
basic shape. At any rate, it is possible to redaneamount of data stored in the
environment map storage unit 3.

[0065] When the mesh or basic shape to be replacedeastsdland information
on a position and a size of a road, a buildingroelectric pole is acquired in advance, for
example, from existing map information, the enviramt map information M can be
easily prepared.

[0066] On the other hand, when the environment map irdtion M is expressed
using voxels, the size of a unit space US indicatessolution of the environment map
information M. It is preferable that the resolutibe as high as possible, but when the
resolution is excessively high, an amount of déth® environment map information M is
excessively large, which is not preferable. Onadtieer hand, when the vehicle V travels
by automatic driving, a position of an object segvas an obstacle to travel of the vehicle
V is specified using the environment map informath and a moving route is determined
to avoid the obstacle. Paying attention to thisippahe size (for example, a volume) of a
unit space US indicating the resolution of the ssvinent map information M does not
need to be set to be smaller than the size of #eshabstacle among obstacles to travel of
the vehicle. Alternatively, paying attention tdiemtion of the position of the vehicle V
in the environment map information M when the vi&hi¢ travels by automatic driving,
the size (for example, a size in the horizontakdion) of a unit space US in the
environment map information M does not need to éets be smaller than position
estimation accuracy. Alternatively, paying attentito control of the position of the
vehicle V to move along a moving route which isedetined using the environment map
information M when the vehicle V travels by automatriving, the size (for example, a

size in the horizontal direction) of a unit spacg id the environment map information M
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does not need to be set to be smaller than positiotrol accuracy. Accordingly, in order
to shorten the preparing time of the environmenp nmformation M and to reduce the
amount of data thereof, it is preferable that tlze ®f the unit space US indicating the
resolution of the environment map information Mdet to be equal to or greater than the
size of the smallest obstacle, equal to or grethi@m the position estimation accuracy of
the vehicle V, or equal to or greater than the tpwsicontrol accuracy of the vehicle V.
The size of a unit mesh when the environment méprmation M is expressed using a
mesh and the size (for example, a volume) of ahasic shape when the environment map
information M is expressed using a basic shapalameset in this way.

[0067] In order to shorten a preparing time of environtmaap information M
and to reduce an amount of data thereof, it is epable that the state quantity
representative value be binarized. Specificalg, $tate quantity representative value is
changed, for example, to zero when the calculatat sjuantity representative value is
less than a predetermined threshold value, andsttte quantity representative value is
changed, for example, to 1 when the calculate@ sfaantity representative value is equal
to or greater than the threshold value. On therottand, it is preferable that the state
quantity variability not be binarized. This isfioely ascertain a variation tendency of the
state quantity.

[0068] A second embodiment of the invention will be désmt below.
Differences from the first embodiment of the inventwill be described below.

[0069] FIG. 10 is a block diagram of an environment megparing and updating
system AR according to the second embodiment of itivention. In the second
embodiment of the invention, the electronic contrwotit 10 further includes an
environment map updating unit 16.

[0070] The environment map updating unit 16 updates enment map
information stored in the environment map storaget 8, that is, update target
environment map information. That is, as scheraljicillustrated in FIG. 11, the
environment recognizing unit 12 newly detects positnformation and state quantities of

a plurality of positions even after environment maformation is prepared. The state
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quantity variability calculating unit 13 newly calates the state quantity variability using
the newly detected state quantities for each of gheality of positions. The state
quantity representative value calculating unit léwly calculates the state quantity
representative value on the basis of the newlyctisdestate quantities. The environment
map updating unit 16 updates the state quantityesgmtative value of the update target
environment map information M using the newly degdcposition information and the
newly calculated state quantity representative ejatuind stores the updated state quantity
representative value in correlation with the cquoesling position information in the
environment map storage unit 3. The environmend opating unit 16 updates the state
quantity variability of the update target envirommhenap information M using the newly
detected position information and the newly calmdastate quantity variability, and stores
the updated state quantity variability in correatiwith the corresponding position
information in the environment map storage unit & this way, the update target
environment map information M is updated or theatpd environment map information
MR is prepared.

[0071] Specifically, in the second embodiment of the itian, an updated state
quantity representative value SQR is calculatedvbighted-averaging the state quantity
representative value SQO of the update target @mvient map information and the newly
calculated state quantity representative value &fpMach of a plurality of positions. An
updated state quantity variability VAR is calcutitby weighted-averaging the state
guantity variability VAO of the update target eronment map information and the newly
calculated state quantity variability VAN for eagha plurality of positions. That is, the
updated state quantity representative value SQRlendpdated state quantity variability
VAR are expressed, for example, by the followingression using a weighting factor K
(O<K<1).

[0072] SQR=SQE&+SQNI1-K)

VAR=VAO [K+VAN [{1-K)

By updating the environment map information irsthiay, a situation of a space can

be more accurately ascertained.
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[0073] FIG. 12 illustrates a routine for performing emviment map updating
control according to the second embodiment of tivention. This routine is performed
once when environment map information is to be tgutla Referring to FIG. 12, position
information and a state quantity are newly detedte®tep S41. In Step S42, a state
quantity variability is newly calculated. In St&d3, a state quantity representative value
is newly calculated. In Step S44, the state gtiaméipresentative value and the state
guantity variability are updated. In Step S45, tipelated state quantity representative
value and the updated state quantity variabiliey @rrelated with the corresponding map
information to prepare updated environment maprimédion and the updated environment
map information is stored in the environment mayagje unit 3.

[0074] In the second embodiment of the invention, theatgpdarget environment
map information is prepared by the environment mpegparing unit 15 mounted on the
vehicle V. In another embodiment (not illustratetlle update target environment map
information is environment map information which psepared on the outside of the
vehicle V and stored in advance in the environnnegp storage unit 3.

[0075] In the second embodiment of the invention, theatgpdarget environment
map information and the updated environment maprimétion are stored in the same
environment map storage unit 3. On the other handn embodiment illustrated in FIG.
13, the environment map storage unit 3 includespafate target environment map storage
unit 3a and an updated environment map storage3bnivhich are different from each
other. Update target environment map informatisnstored in the update target
environment map storage unit 3a. Updated envirommap information is stored in the
updated environment map storage unit 3b.

[0076] A third embodiment of the invention will be desmd below.
Differences from the second embodiment of the itiearwill be described below.

[0077] FIG. 14 illustrates a block diagram of an envir@mtnmap preparing and
updating system AR according to the third embodim@nthe invention. In the third
embodiment of the invention, the electronic contrnit 10 further includes a reliability

calculating unit 17.



10

15

20

25

26

[0078] The reliability calculating unit 17 calculatesediability which is detection
accuracy of the newly detected position informatimmd state quantity. Then, the
environment map updating unit 16 updates the spadmtity representative value and the
state quantity variability using the reliability.

[0079] When the reliability is low, the accuracy of theate quantity
representative value and the state quantity vdit\bvhich are newly calculated on the
basis of the newly detected position informatiod atate quantity is lower than that when
the reliability is high. When the environment maformation is updated using the state
quantity representative value and the state quawétiability having low accuracy, the
accuracy of the environment map information de@gas

[0080] Therefore, in the third embodiment of the inventithe weighting factor
K is set on the basis of the reliability. Speaflg, when the reliability is low, the
weighting factor K is set to be larger than thatewhthe reliability is high. When the
weighting factor K is set to be larger, the weiggtof the newly calculated state quantity
representative value and the newly calculated spadmtity variability decreases as can be
seen from the above-mentioned calculation expradsioupdating.

[0081] FIGS. 15 and 16 illustrate various examples ofvilegghting factor K in
the third embodiment of the invention. In the epéanmillustrated in FIG. 15, the lower
the reliability becomes, the larger the weightiragtér K becomes. In the example
illustrated in FIG. 16, the weighting factor K ist4o a relatively small value, for example,
zero, when the reliability is higher than predetieed set reliability, and the weighting
factor K is set to a relatively large value, fomexle, 1, when the reliability is lower than
the set reliability. As a result, it is possibtefgrevent the accuracy of the environment
map information from being lowered due to the ujpaat

[0082] The reliability is calculated, for example, asldals. When detection
accuracy of the external sensor 1 is low, the Ibéiig is calculated to be lower than that
when the detection accuracy of the external sets@r high. Alternatively, when the
detection frequency of the position information &mel state quantity per unit time is small,

the reliability is calculated to be lower than thaten the detection frequency is large.
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Alternatively, when the vehicle V estimates theipos of the vehicle V and the position
estimation accuracy of the vehicle is low, theaiality is calculated to be lower than that
when the position estimation accuracy of the vehiglhigh.

[0083] A fourth embodiment of the invention will be dabed below.
Differences from the second embodiment of the iteerwill be described below.

[0084] FIG. 17 illustrates a block diagram of an envir@minmap preparing and
updating system AR according to the fourth embodinué the invention. In the fourth
embodiment of the invention, the electronic conualt 10 further includes an elapsed
time calculating unit 18.

[0085] Environment map information M, MR in the fourth leodiment of the
invention additionally includes a newest detectitme which is correlated with the
corresponding state quantity representative vahm the corresponding state quantity
variability as illustrated in FIG. 18. The newaldtection time is the newest among
detection times of the state quantity which is us®aalculate the corresponding state
quantity representative value and the corresponstiaig quantity variability.

[0086] The elapsed time calculating unit 18 calculatetifierence between the
newest detection time and a current time, thansglapsed time, for each of a plurality of
positions. Then, the environment map updating Uit updates the state quantity
representative value and the state quantity vdityabn the basis of the elapsed time.

[0087] When the elapsed time is short, a possibility dfitaation in a space
varying is lower than that when the elapsed timéomg). Accordingly, there is a low
necessity to update the environment map informatiddn the other hand, when the
elapsed time is long, a possibility of the situatio the space varying is higher than that
when the elapsed time is short. Accordingly, thisrea high necessity to update the
environment map information.

[0088] Therefore, in the fourth embodiment of the inventithe weighting factor
K is set on the basis of the elapsed time. Speadlji when the elapsed time is short, the
weighting factor K is set to be larger than thakewhhe elapsed time is long. When the

weighting factor K is set to be larger, the weiggtof the newly calculated state quantity
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representative value and the newly calculated sjadatity variability decreases as can be
seen from the above-mentioned calculation expradsioupdating.

[0089] FIGS. 19 and 20 illustrate various examples ofvilegghting factor K in
the fourth embodiment of the invention. In therapée illustrated in FIG. 19, the shorter
the elapsed time becomes, the larger the weighiiogpr K becomes. In the example
illustrated in FIG. 20, the weighting factor K istdo a relatively small value, for example,
zero, when the elapsed time is longer than a peedéted set time, and the weighting
factor K is set to a relatively large value, fomeple, 1, when the elapsed time is shorter
than the set time. As a result, it is possiblagpropriately set the weighting of the newly
calculated state quantity representative value #ued newly calculated state quantity
variability depending on the elapsed time.

[0090] A fifth embodiment of the invention will be dedwmed below.
Differences from the second embodiment of the iteerwill be described below.

[0091] In the second embodiment of the invention, whestade quantity of a
certain position is newly detected, the state gtiamépresentative value and the state
quantity variability of the certain position aredgted. When updating is performed at all
the positions at which the state quantity is nesMtected in this way, there is a possibility
of a load of the electronic control unit 10v of tlehicle V increasing and there is a
possibility of a long time being required to updtte environment map information.

[0092] Therefore, in the fifth embodiment of the inventithe environment map
updating unit 16 determines an update target jpositthich is an update target position
among positions of the environment map informatidrstored in the environment map
storage unit 3 and updates the state quantity septative value and the state quantity
variability of the update target position. On tbt#her hand, positions other than the
update target position are not updated. As a teuk possible to simply update the
environment map information for a short time. Was determination examples of an
update target position will be described below.

[0093] In a first determination example of an update géaggpsition, the update

target position is determined on the basis of tagesquantity variability of update target
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environment map information. For example, a positat which the state quantity
variability of the update target environment mapfoimation is higher than a
predetermined lower limit value is determined tothe update target position. In other
words, positions at which the state quantity valiigbis low are not updated. This is
because a position at which the state quantityabdily is considerably low has a
considerably low possibility of the situation oktposition varying. When a situation of
a certain position varies, the environment map rmftgion of the position has to be
updated.

[0094] In a second determination example of an updagetgosition, the update
target position is determined on the basis of ttagesquantity representative value of
update target environment map information and a lyesalculated state quantity
representative value. For example, a position hichva difference (absolute value)
between the state quantity representative valu¢hefupdate target environment map
information and the newly calculated state quant#gresentative value is larger than a
predetermined first set value is determined to e dpdate target position. This is
because a position at which the state quantityesgmtative value varies greatly has a high
possibility of the situation of the position vargin

[0095] In a third determination example of an updatedampsition, the update
target position is determined on the basis of theesquantity variability of update target
environment map information and a newly calculagtdte quantity variability. For
example, a position at which a difference (absokdkie) between the state quantity
variability of the update target environment majoimation and the newly calculated state
guantity variability is larger than a predetermirsstond set value is determined to be the
update target position. This is because a posdtowhich the state quantity variability
varies greatly has a high possibility of the sitaf the position varying.

[0096] In a fourth determination example of an updatgdaposition, the update
target position is determined on the basis of thte gjuantity representative value SQO and
the state quantity variability VAO of update targatvironment map information and a

newly calculated state quantity representative e/dhl@N. For example, a position at
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which an index value IDX indicated by the followingxpression is larger than a
predetermined third set value is determined tdhkeupdate target position.

IDX=|SQO0-SQNVAO

[0097] In the second determination example of an updatget position, when
the state quantity representative value of a gefasition varies greatly, a possibility of
the situation of the certain position varying istedmined to be high. However, at a
position at which the state quantity variability hgyh, the state quantity representative
value is likely to vary. Accordingly, at a positi@t which the state quantity variability is
high, a possibility of the situation of the certaiosition varying may be considered to be
low even when the state quantity representativaevahries greatly. On the other hand,
at a position at which the state quantity represem value is not likely to vary, a
possibility of the situation of the certain positivarying may be considered to be high
when the state quantity representative value vapeatly. On the other hand, the index
value IDX has a small value when the state quanttyability VAO is large, and has a
large value when the state quantity variability VA®O small and the state quantity
representative value varies greatly. Thereforghenfourth determination example of an
update target position, a position at which theeindalue IDX is large is determined to be
the update target position.

[0098] In a fifth determination example of an update ¢angosition, the update
target position is determined on the basis of taeegjuantity representative value and the
state quantity variability of update target envir@ent map information, a newly calculated
state quantity representative value, and a newbulzded state quantity variability. For
example, a position at which both the state quantdriability of the update target
environment map information and the newly calculagtate quantity variability are lower
than a predetermined fourth set value and a difftergabsolute value) between the state
quantity representative value of the environmenp mégrmation and the newly calculated
state quantity representative value is larger thampredetermined fifth set value is
determined to be the update target position. Hhermivords, a position or an area in which

the state quantity variability remains low and #t@e quantity representative value varies
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greatly is determined to be the update target iposit

[0099] When a quasi-static object moves or when a stdiject is created or
dissolved (for example, construction or demolitioh a building), the state quantity
variability of the corresponding position or areamains low and the state quantity
representative value varies greatly. Accordingtythe above-mentioned example, the
position or area in which a quasi-static object a®wr the position or area in which a
static object is created or dissolved is determiodake the update target position.

[0100] More specifically, in this example, when a qudaiis object moves, a
previous position or a new position of the quaatistobject is determined to be an update
target position. Specifically, at the previousipos of the quasi-static object, a position
or area in which the state quantity variability eens low and the state quantity variability
decreases greatly is determined to be the updagettposition. At the new position of
the quasi-static object, a position or area in Whie state quantity variability remains low
and the state quantity representative value inesgeeatly is determined to be the update
target position. In this case, by performing pattematching on the area in which the
state quantity representative value decreaseslygraat the area in which the state
quantity representative value increases greatly, dhape of the quasi-static object is
maintained and the environment map informationpdated. Accordingly, it is possible
to more accurately update the environment map nmédion.

[0101] On the other hand, when a static object is createtissolved, a position
or area in which the state quantity variability eens low and the state quantity
representative value varies greatly and a periptheEmeof are determined to be positions to
be updated. This is because when a building olikieeis constructed or demolished,
there is a high possibility of a situation of treriphery thereof varying.

[0102] When the state quantity variability of a certamsgpion remains low and
the state quantity representative value thereaésareatly, whether the variation is based
on movement of a quasi-static object or creatioa etatic object can be determined, for
example, as follows. That is, when the area ouwe of a position or area in which the

variation occurs is small, when a partner of thégpa matching is present, or when the
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variation occurs in a short order of time (for exéden an order of days, weeks, or months),
the variation is determined to be based on the mewt of a quasi-static object. On the
other hand, when the area or volume of a positioarea in which the variation occurs is
large, when a partner of the pattern matching tgonesent, or when the variation occurs in
a long order of time (for example, an order of ggathe variation is determined to be
based on the creation of a static object.

[0103] In a sixth determination example of an update efargosition, the
environment map information of a position is repdat updated at a predetermined
updating interval for each position. In other ward position at which an updating time
which is determined depending on the correspondipglating interval arrives is
determined to be the update target position. Ia tase, at a position at which the
updating interval is set to be short, the accuratyhe environment map information
becomes higher. On the other hand, at a positievhich the updating interval is set to
be long, a calculation load of the electronic coiniinit 10 decreases.

[0104] The updating interval is set, for example, asofgf. In a first setting
example of the updating interval, an updating waéeof a certain position is set depending
on the state quantity variability of the positioh tbe update target environment map
information. For example, at a position at whitte tstate quantity variability of the
update target environment map information is |dwe, ipdating interval is set to be longer
than that at a position at which the state quantigyiability of the update target
environment map information is high. This is besmthere is a high possibility that the
situation of the position at which the state qugntariability is low varies.

[0105] In a second setting example of the updating iadean updating interval
of a certain position is set depending on the stgtentity representative value of the
position of the update target environment map méttion. For example, at a position at
which the state quantity representative value & tipdate target environment map
information is small, the updating interval is setbe shorter than that at a position at
which the state quantity representative value & tipdate target environment map

information is large. This is because it is neags40 more accurately ascertain in a
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variation from a state in which no obstacle is pnégo a state in which an obstacle is
present than that in a variation from a state inctvtan obstacle is present to a state in
which no obstacle is present.

[0106] In a seventh determination example of an updatgetaposition, the
update target position is determined dependingxbereal information. Examples of the
external information include information indicatiagplace in which road construction is
carried out and information indicating a place imieth a building is constructed or
demolished.

[0107] In an eighth determination example of an updatgetgosition, an update
target area is first selected and then a posita@anging to the selected update target area
is determined to be an update target position. nigtes of the update target area include
areas which are partitioned in units of prefectunesunits of municipalities, in units of
roads, or in units of intersections or areas wlaoh partitioned to have a constant area.
When another update target area is selected, theteiparget position is changed.

[0108] When the environment map information M is exprdsssing the
above-mentioned basic shape or the like, the emviemt map information can also be
updated. Updating of a basic shape or the likihisicase will be described below. For
example, when a basic shape representing an oigedbcluded in update target
environment map information M and the object mowés, basic shape at the previous
position of the quasi-static object is deleted andew basic shape is formed at a new
position of the object. When the object is defadmthe basic shape representing the
object is changed (for example, from a rectangyarallelepiped to a cylinder).
Alternatively, the basic shape is deleted andtisrned to, for example, voxels.

[0109] In the first embodiment of the invention, the emtenvironment map
preparing system A is mounted on a vehicle. Ondtieer hand, in an embodiment
illustrated in FIG. 21, a part of the environmeraprpreparing system A is mounted on the
vehicle V and the other is mounted on a server I8.this case, the environment map
storage unit 3 includes an environment map storage 3v and an environment map

storage unit 3s. The electronic control unit 1€ludes an electronic control unit 10v and
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an electronic control unit 10s. The external sedsthe GPS receiver 2, the environment
map storage unit 3v, and the electronic controt WGv are mounted on the vehicle v.
The environment map storage unit 3s and the el@ctimontrol unit 10s are mounted on
the server S. In the example illustrated in FIG.tBe electronic control unit 10v includes
an environment recognizing unit 12, a state quanatiability calculating unit 13, and a

state quantity representative value calculating Lj and the electronic control unit 10s
includes an environment map preparing unit 15. dleetronic control unit 10v and the

electronic control unit 10s are configured to comiate with each other via a network
W.

[0110] In this case, in the vehicle V, the position imhation and the state
quantity are detected and the state quantity repta8ve value and the state quantity
variability are calculated. The state quantityresentative value and the state quantity
variability are transmitted to the server S, andiremment map information is prepared in
the server S. The prepared environment map infitomas stored in the environment
map storage unit 3s. The environment map infolwnasitored in the environment map
storage unit 3s is read by the vehicle V and isestin the environment map storage unit
3v. In the vehicle V, automatic driving is perfach using the environment map
information in the environment map storage unit 3v.

[0111] In this way, the environment map information candrsepared using the
state quantity representative value and the staatdy variability which are calculated in
a plurality of vehicles V.  Accordingly, it is pabte to further enhance the accuracy of the
environment map information. It may also be pdssib reduce a load of the electronic
control unit 10v of the vehicle V. The amount atta of the state quantity representative
value and the state quantity variability is muctalien than the amount of data of the state
quantity as measurement data. Accordingly, iretodiment illustrated in FIG. 21, it is
possible to reduce a communication load in comparigiith a case in which the
measurement data as a whole is transmitted toetiversS. In another embodiment (not
illustrated), the electronic control unit 10s oétbkerver S also includes one or both of the

state quantity variability calculating unit 13 atfte state quantity representative value
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calculating unit 14.

[0112] On the other hand, in the second embodiment ofntvention, the entire
environment map preparing and updating system ARwasinted on a vehicle. On the
other hand, in an embodiment illustrated in FIG, @2part of the environment map
preparing and updating system AR is mounted orvétécle V and the rest is mounted on
a server S. In this case, the environment mapgtounit 3 includes an environment map
storage unit 3v and an environment map storage3dsit The electronic control unit 10
includes an electronic control unit 10v and an tetexc control unit 10s. The external
sensor 1, the GPS receiver 2, the environment napge unit 3v, and the electronic
control unit 10v are mounted on the vehicle v. €hgironment map storage unit 3s and
the electronic control unit 10s are mounted onsiiwer S.  In the example illustrated in
FIG. 22, the electronic control unit 10v includes environment recognizing unit 12, a
state quantity variability calculating unit 13, aadstate quantity representative value
calculating unit 14, and the electronic control tub@s includes an environment map
preparing unit 15 and an environment map updatmgi6. The electronic control unit
10v and the electronic control unit 10s are comguo communicate with each other via
a network W. Update target environment map infdiomais stored in the environment
map storage unit 3s.

[0113] In this case, in the vehicle V, the position imhation and the state
quantity are newly detected and the state quaméipresentative value and the state
guantity variability are newly calculated. Thetstguantity representative value and the
state quantity variability which have been newlicakated are transmitted to the server S,
and the environment map information is updated he server S. The updated
environment map information is stored in the enwinent map storage unit 3s. The
updated environment map information stored in theirenment map storage unit 3s is
read by the vehicle V and is stored in the envirentimap storage unit 3v. In the vehicle
V, automatic driving is performed using the envirent map information in the
environment map storage unit 3v. In another embedt (not illustrated), the

environment map storage unit 3s of the server fudies an update target environment
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map storage unit and an updated environment mapg&tainit which are different from
each other. The update target environment mamgounit stores the update target
environment map information. The updated enviramm®ap storage unit stores the
updated environment map information.

[0114] In this case, it is also possible to further emieathe accuracy of the
environment map information and to reduce a loathefelectronic control unit 10v of the
vehicle V. The same is true of the third emboditreamd the fourth embodiment of the
invention and thus description thereof will notrbpeated.

[0115] FIG. 23 llustrates another embodiment of the emment map
information M. In the embodiment illustrated inG-l23, the environment map
information M includes position information indigag a plurality of positions in a space
and state quantity variabilities correlated witk torresponding position information and
does not include the state quantity representatige. In this case, it is also possible to
ascertain situations of a plurality of positionsngsthe state quantity variabilities. It is
possible to shorten the preparation time of theirenment map information M and to
reduce the amount of data of the environment mgpriration M.

[0116] An example of the environment map preparing sys#&mvhen the
environment map information M is prepared as itatgd in FIG. 23 is illustrated in FIG.
24. Compared with the environment map preparirgiesy A illustrated in FIG. 1, the
environment map preparing system A illustrated I®.R24 does not include the state
guantity representative value calculating unit 14 this case, the position information
and the state quantity are detected for each dbaljpy of positions, the state quantity
variability is calculated from the detected stat@rmtities, and the calculated state quantity
variability is stored in correlation with the cosponding position information in the
environment map storage unit 3.

[0117] An example of the environment map preparing angdiatipg system AR
when the environment map information M is prepasdllustrated in FIG. 23 is illustrated
in FIG. 25. Compared with the environment map argyy and updating system AR

illustrated in FIG. 10, the environment map prepgrand updating system AR illustrated
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in FIG. 25 does not include the state quantity @sentative value calculating unit 14. In
this case, the position information and the statentjty are newly detected for each of a
plurality of positions, the state quantity varidyilis newly calculated from the newly
detected state quantities, the update target gtadatity variability is updated using the
newly calculated state quantity variability, anck thpdated state quantity variability is
stored in correlation with the corresponding positinformation in the environment map
storage unit 3. The third embodiment and the foarhbodiment of the invention can be
applied to the example illustrated in FIG. 23.

[0118] According to the embodiments of the invention,ima maps can be
updated automatically because the state quantityiabiity can be calculated

automatically.
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CLAIMS:

1. A data structure of an environment map charaet@ by comprising:

position information indicating a position in aase; and

a state quantity variability of the position, tls¢ate quantity variability being
correlated with the position information, the statentity variability indicating a variation

tendency of a state quantity of the position wahpect to time.

2. The data structure of the environment map acgrto claim 1, further
comprising a state quantity representative valueth&f position, the state quantity
representative value being calculated based ost#te quantity and being correlated with

the position information.

3. The data structure of the environment map awegrto claim 1 or 2, further
comprising a newest detection time, wherein
the state quantity variability is calculated basedthe state quantity, and the newest
detection time is newest among detection timef@fstate quantity, the detection times of
the state quantity is used to calculate the stasatity variability, the newest detection

time being correlated with the state quantity Jaitity.

4. The data structure of the environment map aiegrto any one of claims 1 to 3,
wherein the state quantity of the position is expeel by a presence probability of an

object at the position.

5. An environment map preparing system chara&er® comprising:

a detector (1) configured to detect position infation indicating a position in a
space and a state quantity of the position;

an environment map storage unit (3); and

an electronic control unit (10) configured to
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cause the detector (1) to detect the positioorin&tion and the state quantity of
the position at different times for the positiortle space,

calculate a state quantity variability indicatiagzariation tendency of the state
quantity with respect to time using the quantitytfee position; and

store the state quantity variability in corredatiwith the position information of

a corresponding position in the environment mapagi® unit (3).

6. The environment map preparing system accordmglaim 5, wherein the
electronic control unit (10) is configured to:

calculate a state quantity representative valusedan the state quantity for the
position; and

store the state quantity representative value amretation with the position

information of the corresponding position in therieonment map storage unit (3).

7. The environment map preparing system accortbngaim 5 or 6, wherein the
electronic control unit (10) is configured to:

calculate a variation of the state quantity pet time for the position; and

calculate the state quantity variability basedhmnvariation of the state quantity per

unit time.

8. The environment map preparing system accortbngny one of claims 5 to 7,
wherein the state quantity of the position is expeel by a presence probability of an

object at the position.

9. An environment map preparing method charaadrizy comprising:

detecting position information indicating a pasitiin a space and a state quantity of
the position at different times for the positiortle space;

calculating a state quantity variability indicafim variation tendency of the state

quantity with respect to time using the state giyafdar the position; and
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storing the state quantity variability in corréat with the position information of a

corresponding position in an environment map s@ragt (3).

10. The environment map preparing method accorirggim 9, further comprising:

calculating a state quantity representative vdlased on the state quantity for the
position; and

storing the state quantity representative valuecamrelation with the position

information of the corresponding position in theyieonment map storage unit (3).

11. The environment map preparing system accortinglaim 9 or 10, further
comprising calculating a variation of the statergitg per unit time for the position,
wherein the calculating of the state quantity afaitity includes calculating the state

quantity variability based on the variation of #tate quantity per unit time.

12. The environment map preparing method accortireny one of claims 9 to 11,
wherein the state quantity of the position is expeel by a presence probability of an

object at the position.

13. An environment map updating system chara@eri® comprising:

an update target environment map storage unitq@afigured to store update target
environment map information, the update target remvnent map information including
first position information indicating a position ia space and a first state quantity
variability of the position, the first state quaptvariability being correlated with the first
position information, the first state quantity \aaility indicating a first variation tendency
of a state quantity of the position with respedirte;

a detector (1) configured to detect the first posiinformation and the first state
quantity of the position;

an updated environment map storage unit (3b); and

an electronic control unit (10) configured to
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newly detect a second position information intliathe position and a second
state quantity of the position at different time,

newly calculate a second state quantity varigblhy using the second state
quantity for the position,

update the first state quantity variability oéthpdate target environment map
information by using the second position informatiand the second state quantity
variability, and

store the updated first state quantity variabilit correlation with the second

position information in the updated environment ragage unit (3b).

14. The environment map updating system accordirgpim 13, wherein the update
target environment map information includes a fatsite quantity representative value of
the position, the first state quantity represemgatralue being correlated with the first
position information, and

the electronic control unit (10) is configured to:

newly calculate a second state quantity reprasigatvalue based on the second
state quantity for the position;

update the first state quantity representativéuevaof the update target
environment map information by using the secondtjposinformation and the second
state quantity representative value; and

store the updated first state quantity represeptaalue in correlation with the

second position information in the updated envirentmap storage unit (3b).

15. The environment map updating system accordirgaim 13 or 14, wherein the
electronic control unit (10) is configured to:

newly calculate a variation of a state quantity yoat time for the position; and

newly calculate a state quantity variability basedhe variation of the state quantity

per unit time.
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16. The environment map updating system accorttirany one of claims 13 to 15,
wherein the state quantity of the position is egpeel by a presence probability of an

object at the position.

17. An environment map updating method charaadrizy comprising:

preparing update target environment map informaftibe update target environment
map information including first position informationdicating a position in a space and a
first state quantity variability of the positiomet first state quantity variability being
correlated with the first position information, tfiest state quantity variability indicating a
first variation tendency of a state quantity of gusition with respect to time;

newly detecting a second position information @ating the position and a second
state quantity of the position at different time;

newly calculating a second state quantity vargbiby using the second state
guantity for the position;

updating the first state quantity variability dfet update target environment map
information by using the second position informatiand the second state quantity
variability; and

storing the updated first state quantity vari&piin correlation with the second

position information in an updated environment raggrage unit (3b).

18. The environment map updating method accordiogclaim 17, further
comprising:

newly calculating a second state quantity repriesee value based on the second
state quantity for the position;

updating a first state quantity representativai@alf the update target environment
map information by using the second position infation and the second state quantity
representative value, the update target environmreag information including the first
state quantity representative value, the statetguaepresentative value being correlated

with the first position information; and
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storing the updated first state quantity represterd value in correlation with the

second position information in the updated envirenbmap storage unit (3b).

19. The environment map updating method accordinglaim 17 or 18, further
comprising:

newly calculating a variation of a state quanpigy unit time for the position; and

newly calculating a state quantity variability bdson the variation of the state

guantity per unit time.

20. The environment map updating method accorttireny one of claims 17 to 19,
wherein the state quantity of the position is egpeel by a presence probability of an

object at the position.



