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Description

TECHNICAL FIELD

[0001] The present invention relates to a robot that de-
tects chemical substances.

BACKGROUND ART

[0002] WO2006/013396 (Japanese Patent Publication
No. 2008-508693) discloses an ion mobility spectrometer
with an ion filter in the form of at least one ion channel
that includes a plurality of electrodes. WO2005/052546
(Japanese Patent Publication No. 2007-513340) disclos-
es an ion mobility-based system, method, and apparatus
for analyzing samples.
[0003] Further, XP019391131 refers to a mobile robot
navigation using vision and olfaction to search for a
gas/odor source. Two navigation strategies are pro-
posed. In a first algorithm the robot looks for a visible
object laid on the floor and drives to it to check the object
with the gas sensor. The olfactory signal plays a more
important role in a second algorithm. When gas is de-
tected, the robot turns toward the upwind direction and
looks for any visible object in that direction.

DISCLOSURE OF THE INVENTION

[0004] The olfactory sense is defined as one of the
senses and is realized by receiving molecules of speci-
fied chemical substances at receptors. The present in-
vention has an object of providing a robot equipped with
an ability that corresponds to the olfactory sense.
[0005] One aspect of the present invention is a robot,
that is, a programmable mechanical apparatus, including
a plurality of sampling points. Such robot includes: a de-
tection unit that acquires chemical substance-related in-
formation relating to chemical substances included in a
fluid at the plurality of sampling points, the detection unit
including a sensor outputting spectral data; a communi-
cation unit that enables communication with other robots,
a memory that enables storing target chemical data for
search, an event monitoring unit that determines an oc-
currence of an event and an occurrence direction of the
event relative to the robot based on a change in a chem-
ical constituent in the spectral data of each sampling
point, a search target detection unit that searches a
chemical using the target chemical data in the memory
and the spectral data output by the sensor, and means
of group-searching that searches a chemical using infor-
mation transmitted via the communication unit from an-
other robot and the spectral data output by the sensor
without interrupting a process of the search target detec-
tion unit.
Here, a "change in the chemical substance-related infor-
mation" includes a change in the chemical substance-
related information due to the inclusion of a new chemical
substance in the fluid, a change in the chemical sub-

stance-related information due to a change in the con-
centration of chemical substances, and the like. By de-
tecting chemical substances included in a fluid such as
air at the plurality of sampling points provided on a single
robot, it is possible to infer the direction of a source of
the chemical substances. For this reason, it is possible
to infer the occurrence direction of the event where the
detected chemical substances are present.
[0006] The robot should preferably include a moving
unit (transportation unit, traveling unit) that moves (trans-
fers, transports) the robot in the occurrence direction of
the event. By moving in the event occurrence direction
where it was inferred that the event occurred, that is, by
turning or transferring, the concentration of the chemical
substances that can be detected by the robot will normally
increase. Accordingly, it is possible to infer the occur-
rence direction of an event even more precisely. It is also
possible to confirm the source of an event and to track
the source of an event.
[0007] The robot should preferably further include a
cause estimating unit that determines an occurrence
cause of the event including a type of chemical substance
or a type of the event estimated based on the chemical
substance-related information of each sampling point. By
turning in the occurrence direction of an event and/or
approaching the source, it is possible to improve the es-
timation precision of the occurrence cause of the event.
[0008] The robot should preferably further include an
alarm issuing unit that outputs a warning relating to the
occurrence cause of the event and search results of the
search target detection unit as information that can be
recognized at least one of visually and audibly. By doing
so, it is possible to output a warning when it has been
inferred that the event poses some kind of threat.
[0009] The robot should preferably also include an in-
formation acquiring unit that acquires event appended
information including at least one of images and sound
in the occurrence direction, a location of the robot, a bear-
ing of the occurrence direction, a movement direction of
the fluid, and environment data around the robot and the
cause estimating unit determines the occurrence cause
of the event based on the chemical substance-related
information of each sampling point and the event append-
ed information. Since it is possible to infer the occurrence
direction of the event, it is possible to acquire event ap-
pended information including images, sounds, and the
like in such direction.By taking into account the event
appended information including images and sound in the
event occurrence direction and the like, it is possible to
estimate the occurrence direction of the event even more
precisely.
[0010] The event information in a further embodiment
can include chemical substance-related information and
the communication unit transfers event information in-
cluding the occurrence of the event to an outside and the
robot further comprises an alarm issuing unit that ac-
quires, via the communication unit, an occurrence cause
of the event which includes a type of chemical substance
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or a type of the event estimated based on the chemical
substance-related information of each sampling point
and outputs a warning relating to the occurrence cause
of the event as information that can be recognized at
least one of visually and audibly.Since it is possible via
the communication unit to use external resources to es-
timate the occurrence cause, it is possible to improve
precision when inferring the occurrence cause.
[0011] In a further embodiment the communication unit
transfers event information including the occurrence of
the event to an outside and the robot further comprises
a moving unit that moves (transfers, travels, transports)
the robot in the occurrence direction of the event and a
control unit that exchanges information with another ro-
bot via the communication unit and controls a moving
unit so as to link up with the other robots and track move-
ment of a source of the event or surround the source. By
sharing information on the event occurrence direction
with a plurality of robots, it is possible to precisely specify
the source of the event. Also, if the source of the event
moves, it is possible to track such movement and/or sur-
round the source.
[0012] The robot should preferably also include in a
further embodiment a moving unit that moves the robot
and an odor outputting unit that emits chemical substanc-
es that form a source of a predetermined odor. By placing
an odor, it becomes possible for a robot equipped with
the same functions to track this robot.
[0013] The at least one detection unit may include a
plurality of detection units that respectively correspond
to the plurality of sampling points. The at least one de-
tection unit may include a shared detection sensor that
is shared between the plurality of sampling points and a
supply unit that supplies the fluid from a plurality of sam-
pling points to the shared detection sensor according to
time division. A typical detection sensor is an ion mobility
sensor (IMS).
[0014] The plurality of sampling points may include at
least three sampling points disposed at different positions
in three dimensions.
[0015] Another aspect of the present invention is a
method of controlling a robot, wherein the robot includes
a memory that enables storing target chemical data, a
CPU, a plurality of sampling points, and a detection unit
acquiring chemical substance-related information relat-
ing to chemical substances included in a fluid at the plu-
rality of sampling points, the detection unit including a
sensor outputting spectral data, and the method com-
prises determining an occurrence of an event and an
occurrence direction of the event relative to the robot
based on a change in a chemical constituent in the spec-
tral data of each sampling point, self-searching a chem-
ical using the target chemical data in the memory and
the spectral data output by the sensor, and group-search-
ing a chemical using information transmitted via the com-
munication unit from another robot and the spectral data
output by the sensor without interrupting the process of
self-searching.

[0016] The method may further comprise determining
an occurrence cause of the event including a type of
chemical substance or a type of event estimated based
on the chemical substance-related information of each
sampling point.
[0017] Further, in one embodiment the robot further
includes an information acquiring unit that acquires event
appended information including at least one of images
and sound in the occurrence direction of the event, a
location of the robot, a bearing of the occurrence direction
of the event, a movement direction of the fluid, and en-
vironment data around the robot, and the determining
occurrence cause of the event includes determining the
occurrence cause of the event from the acquired chem-
ical substance-related information of each sampling point
and the event appended information.
[0018] Further, the communication unit can transfer
event information including the occurrence of an event
and chemical substance-related information of each
sampling point to an outside, and the determining occur-
rence cause of the event can include acquiring the oc-
currence cause of the event via the communication unit.
[0019] Further, in a further embodiment the robot can
include a moving unit and the method can further com-
prise moving in the event occurrence direction using the
moving unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

FIG. 1 is a block diagram showing the major elements
of a robot dog.

FIG. 2 is a view showing the robot dog from the front.
FIG. 3 is a view showing the robot dog from above.
FIG. 4 is a block diagram showing a detection unit.
FIG. 5 is a flowchart showing an overview of control

of the robot dog.

DETAIL DESCRIPTION

[0021] FIG. 1 shows the outlines of a dog-shaped robot
(or "robot dog") equipped with an olfactory sense. FIG.
2 shows the appearance of the robot dog when looking
from the front. FIG. 3 shows the appearance of the robot
dog when looking from above.
[0022] The robot dog 1 has an olfactory ability based
on an IMS (Ion Mobility Spectrometry)-type sensor (or
"detection unit") and, by comparing the output of the sen-
sor with a chemical substance database and also com-
municating with a plurality of other robot dogs, is capable
of specifying and analyzing a target chemical substance
and tracking and/or chasing after a moving body (or crim-
inal). Note that the olfactory sense is defined as one of
the senses and is realized by receiving molecules of
specified chemical substances at receptors. Accordingly,
although the detection of chemical substances included
in the atmosphere (air) or the like is described below as
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an "olfactory sense" or "odors/smells", in the system (ap-
paratus or robot) described below, it is also possible to
detect chemical substances that cannot be detected by
animals as an odor.
[0023] Smells and odors are caused by chemical sub-
stances such as compounds and gases included in air
in the periphery. In the present specification, the expres-
sion "chemical substance" includes compounds, mole-
cules, and elements, and includes products without being
limited to constituents or compositions. The expression
"chemical substances" also includes organic and inor-
ganic substances. It is said that many chemical substanc-
es capable of being detected by the olfactory sense in-
clude functional groups. One functional group is hydro-
carbons, with an example of such being alkanes (chained
saturated hydrocarbons). This group includes ethane,
methane, propane, butane, and the like as chemical sub-
stances. The functional groups are not limited to hydro-
carbon groups, and the amino group and the like can be
given as an example of a functional group containing
nitrogen and the alcohol group and the ketone group can
be given as examples of functional groups that contain
oxygen. These are mere examples of chemical substanc-
es and functional groups. It is believed that the atoms in
molecules of a functional group are subject to the same
or similar chemical reactions and exhibit a characteristic
in having a common odor. Volatile organic materials and
organic compounds typically stimulate the olfactory
sense as odors. The chemical substances may be gases
(i.e., a gas itself) such as carbon monoxide or carbon
dioxide. The chemical substances may also be inorganic
substances, such as carbon, aluminum, or nitrogen.
[0024] One analyzer that is compact, portable, and ca-
pable of detecting the cause of an odor is an ion mobility
sensor, which has been provided as a chip-type device
using MEMS. An ion mobility sensor (or "ion mobility
spectrometer") ionizes substances (molecules) present
in the air and outputs a spectrum (output pattern or air
quality pattern ) based on differences in mobility between
the ionized molecules, with field asymmetric waveform
ion mobility spectrometry (FAIMS) and differential ion
mobility spectrometry (DIMS) as known methods.
[0025] A spectrometry-type sensor of this type, here-
inafter referred to in general as an "IMS sensor", inputs
ionized molecular flows into an asymmetric electric field
that changes from low voltage to high voltage and outputs
the result of filtering such flows based on field mobility of
the ions. The "micro DMx" made by SIONEX and the
FAIMS device made by OWLSTONE can be given as
examples of compact IMS sensors that are commercially
available.
[0026] In an IMS sensor, as information relating to
chemical substances included in a fluid (typically a carrier
gas such as air or nitrogen gas), it is possible to detect
an ion current that changes in accordance with the two
variables of the voltage Vd (dispersion voltage or electric
field voltage (Vrf), alternating current) and the voltage Vc
(compensation voltage, direct current). Accordingly,

three-dimensional data (waveform data, spectra) includ-
ing such information and two-dimensional spectra where
a parameter in one of the three dimensions is fixed are
obtained as information relating to chemical substances.
It is also possible to acquire a spectral signature (spectral
characteristics and features) that shows the elements of
a spectrum as information related to chemical substanc-
es. As one example, a spectral signature includes a spec-
tral peak amplitude, spectral peak width and spectral
peak slope, spectral peak interval, number of spectral
peaks, relative positional shift of spectral peaks due to
changes in processing conditions, spectral discontinuity
points, a Vrf to Vcomp characteristic, and the like.
[0027] The detection unit (sensor) that obtains infor-
mation relating to the chemical substances may be a
mass spectrometry-type sensor so that M/Z (mass-to-
charge) is obtained as the information related to the
chemical substances (chemical substance-related infor-
mation) included in the fluid.
[0028] An analysis-type sensor that uses ion mobility
or the like has widespread applicability compared to a
sensor that is sensitive to specific constituents (chemical
substances) and is capable of detecting the presence
and intensity (concentration) of almost all constituents
with a similar level of precision in the range where anal-
ysis is possible. The information on chemical constituents
(chemical substances) detected by the sensor includes
intensity variations (which include concentration varia-
tions, presence variations, and other changes and vari-
ations detected by the sensor) of chemical substances
(which includes at least one of compounds, molecules,
and elements). As the detection sensor that acquires in-
formation related to chemical substances, it is possible
to use a wide variety of sensors including a chemical
sensor that conforms to IEEE 1451, a liquid crystal sensor
(or QCM (Quartz Crystal Microbalance)), an electro-
chemical sensor, a SAW (Surface Acoustic Wave) de-
vice, an optical sensor, gas chromatography, liquid chro-
matography, and a MOS (Metal Oxide Semiconductor)
sensor.
[0029] When broadly divided, the robot dog 1 includes,
a head portion 2, a neck portion 3, a trunk portion 4, a
leg portion 5, a rump portion 6, and a tail portion 7. The
robot dog 1 includes an internal bus 9 that passes through
the head portion 2, the neck portion 3, the trunk portion
4, and the rump portion 6 to reach the tail portion 7 and
distributes data and power, so that the various functions
(functional units) incorporated in the robot dog 1 are ca-
pable of communicating with one another. A battery 8 is
housed in the trunk portion 4 so that the robot dog 1 is
capable of moving freely on its own. In addition, the robot
dog 1 is equipped with various external communication
units so that the robot dog 1 is capable of communicating
with other robot dogs, a host apparatus, and with various
hardware resources that are capable of being accessed
via a computer network.
[0030] Note that although the following explanation de-
scribes a case where units equipped with various func-
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tions are housed in the robot dog 1, the locations at which
such units are housed are not limited to the locations in
the following explanation. Such functions (functional
units) are typically realized by software and programma-
ble hardware resources including one or a plurality of
CPUs and memory. Such programmable hardware re-
sources may include a chip such as a dedicated ASIC
and may include a chip on which circuits are reconfig-
urable.
[0031] This robot dog 1 includes a detection unit 100
that detects chemical substances included in a fluid at a
plurality of sampling points. In the present embodiment,
the detection unit 100 includes an IMS sensor and is
sometimes referred to hereinafter as the "IMS unit". The
robot dog 1 also includes an event monitoring unit 30 that
determines an occurrence of an event and the occur-
rence direction of the event relative to the robot dog 1
based on at least one of changes in the chemical sub-
stances detected at the respective sampling points and
changes in the concentration of the detected chemical
substances. More specifically, the left and right nostrils
12L and 12R of the nose 11 on the front surface 10 of
the head portion 2 of the robot dog 1 are sampling holes
and the detection unit 100 is housed behind the nose 11.
The detection unit 100 may output information on the
chemical substances themselves or may output informa-
tion that changes (varies) according to the presence of
chemical substances, that is, "chemical substance-relat-
ed information".
[0032] As the chemical substance-related information,
as described earlier, the IMS unit 100 is capable of ob-
taining a spectrum and/or a spectral signature (hereinaf-
ter collectively referred to as "IMS data"). The event mon-
itoring unit 30 determines whether an event has occurred
according to changes in the chemical substance-related
information.
[0033] The IMS unit 100 may include a plurality of IMS
sensors attached respectively to the left and right nostrils
12L and 12R that are the sampling points. FIG. 4 shows
one example of the detection unit 100 that includes an
IMS sensor 110 that is shared between the left and right
nostrils 12L and 12R. That is, the detection unit 100 in-
cludes the IMS sensor 110 that is shared between the
plurality of sampling points 12R and 12L, a supply unit
120 that supplies fluid (in the present embodiment, air
(external air) 19 to the IMS sensor 110 according to time
division from the plurality of sampling points 12R and
12L), and a sample storage unit 150 that is capable of
sealing and storing the external air 19 in sample storage
capsules 159.
[0034] The IMS sensor 110 includes an ionizing unit
111 that ionizes the chemical substances included in the
drawn-in external air 19 using radiation, light, an electric
field, or the like, an electric field control filter 112 that
controls the movement of the ionized chemical substanc-
es, and a unit 113 that outputs IMS data 115 as informa-
tion relating to the chemical substances included in the
external air 19 based on the moved amounts of the ion-

ized chemical substances.
[0035] The supply unit 120 includes a suction fan (suc-
tion pump) 128 for drawing in the external air 19 from the
left and right nostrils 12L and 12R that are the sampling
points and discharging the external air 19 from a dis-
charge outlet 129 and ducts 130L and 130R that lead the
external air 19 from the left and right nostrils 12L and
12R to the IMS sensor 110 according to time division.
The left and right ducts 130L and 130R have the same
construction and each include a suction chamber 121, a
movable connector 122, a supply tube 123 that supplies
the external air 19 to the IMS sensor 110, a bypass tube
124 that bypasses the supply tube 123, and an exhaust
tube 125 for exhausting air from the IMS sensor 110. The
movable connector 122 is provided to change the orien-
tation of the left and right nostrils 12L and 12R of the
nose that are the sampling points by around 615° (this
is not a limitation) in the up, down, left, and right direc-
tions. Accordingly, it is possible to change the orientation
of the sampling points 12L and 12R without moving the
neck portion 3.
[0036] A shutoff damper 126 is provided in each of the
left and right nostrils 12L and 12R and is capable of shut-
ting off the detection unit 100 from the external air 19.
Dampers 127a to 127d are provided on the supply tube
123, the bypass tube 124, and the discharge tube 125
so that such tubes can be separated. The detection unit
100 further includes a control unit 135 that controls such
dampers 126 and 127a to 127d and the IMS sensor 110.
[0037] For example, when drawing in and analyzing
the external air 19 from the left nostril 12L, the dampers
127a to 127d of the right duct 130 are closed and the
dampers 127a to 127d of the left duct 130 are opened to
purge the lines. Next, the dampers 127a to 127d of the
right duct 130R are closed and the chemical substances
included in the external air 19 drawn in from the left nostril
12L are detected by the IMS sensor 110. The IMS data
115 is supplied to the event monitoring unit 30 and a
search target detection unit 40.
[0038] If an event and a search target have not been
detected at the event monitoring unit 30 and the search
target detection unit 40, air is drawn in and analyzed in
the same way as described above from the right nostril
12R.
[0039] On the other hand, if an event has been detect-
ed by the event monitoring unit 30 but the event cause
cannot be inferred at an event cause estimating unit 50,
there is the possibility that the chemical substances in-
cluded in the external air 19 are unconfirmed or are sub-
stances that have not been previously analyzed by the
IMS sensor 110. Accordingly, before advancing to anal-
ysis of the right nostril 12R, the control unit 135 opens
the damper 155 that had shut off between the bypass
tube 124 and the sample storage unit 150 and has the
external air 19 accumulated in the bypass tube 124
sealed by the sample storage unit 150 in a sample stor-
age capsule 159. The capsule 159 is then stored via a
capsule discharging route 162 in a stocker 162. By sub-
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sequently using an IMS sensor 110 of the same type and
a high-precision mass analyzer of a suitable type or the
like to analyze the external air 19 sealed in the sample
storage capsules 159 stocked in the stocker 160 and
adding to a chemical substance database, it is possible
to subsequently analyze chemical substances that the
IMS sensor 110 provided in the robot was unable to an-
alyze at the time of sampling.
[0040] The IMS data 115 for the left and right sampling
points 12L and 12R obtained by the substance detection
unit 100 is transmitted to the event monitoring unit 30.
The event monitoring unit 30 determines whether an
event has occurred according to changes in the IMS data
115 of the external air 19 sampled at the respective left
and right sampling points 12L and 12R. A change in the
IMS data 115 that is the chemical substance-related in-
formation implies at least one of a change in the chemical
substances and a change in the concentration of the
chemical substances included in the external air 19 at
the sampling points 12L and 12R. The event monitoring
unit 30 compares the IMS data 115 for the previous sam-
pling and the IMS data 115 for the present sampling and
determines that an event has occurred when the differ-
ence exceeds a threshold set in advance in the event
monitoring unit 30.
[0041] The "event" in such a case includes various sit-
uations such as the releasing of a new chemical sub-
stance to the external air 19 and the releasing of a large
amount of a chemical substance into the external air 19.
Examples of events include the placement of something
with an odor, the appearance of something accompanied
by an odor, and a happening that is accompanied by an
odor. Here, the expression "odor (smell)" is not limited to
odors that can be felt by humans and may include chem-
ical substances included in the external air 19 with a con-
centration that can be detected by the IMS sensor 110.
The expression "something accompanied by an odor"
includes dangerous substances such as pollutants, ex-
plosives, and narcotics, and living creatures such as hu-
mans. The expression "happening that is accompanied
by an odor" includes a shooting and a fire.
[0042] In addition, the event monitoring unit 30 deter-
mines the occurrence direction of an event relative to the
robot dog 1. The event monitoring unit 30 is capable of
determining the occurrence direction of an event by ac-
quiring stereo-type chemical substance detection infor-
mation. From the time difference and/or concentration
difference between the chemical substances detected at
the plurality of sampling points 12L and 12R and the
three-dimensional positional relationship between the
plurality of sampling points 12L and 12R, it is possible to
determine (estimate) the occurrence direction of the
event. With the robot dog 1, although the left and right
nostrils 12L and 12R of the nose 11 are used as the
sampling points, it is also possible to provide sampling
points at more distant positions. For example, by setting
the holes of the ears 13 as sampling points or adding the
holes of the ears 13 to the nose 11 as sampling points,

it is possible to improve the determination precision for
an event in the up-down direction.
[0043] The positions where sampling points are pro-
vided to detect chemical substances are not limited to
the head portion 2 and may be provided at other loca-
tions, such as by being provided on the trunk portion 4
or being provided on the rump portion 6, for example.
Also, the detection unit 100 provided on the robot dog 1
is not limited to a single unit and units may be separately
provided in the head portion 2, the trunk portion 4, and
the rump portion 6.
[0044] The robot dog 1 further includes a moving unit
(transporting unit, traveling unit, transferring unit) 500 ca-
pable of moving or transporting the robot dog 1 in a freely
chosen direction by moving the leg portion 5. By using
the moving unit 500, the robot dog 1 is capable of turning
in the occurrence direction of an event, moving closer or
further away in the occurrence direction of the event, and
moving so as to maintain the same distance from an
event occurrence point. The robot dog 1 includes a cen-
tral control unit 55 including hardware resources such as
a CPU and a memory and moves the robot dog 1 toward
the event occurrence direction obtained from the event
monitoring unit 30. If the robot dog 1 moves in the inferred
event occurrence direction when an event has occurred,
the concentration of the chemical substances included
in the external air 19 will normally rise. Also, if the move-
ment or traveling direction is incorrect, the concentration
of the chemical substances will normally fall, which
makes it possible to determine that the inferred event
occurrence direction is erroneous. Accordingly, the oc-
currence direction of an event can be inferred even more
precisely. Also, by moving closer to the source of an
event, it is possible to acquire an image of the source of
the event using an image acquisition unit 61, described
later, and to track the source of the event.
[0045] The robot dog 1 further includes the cause es-
timating unit 50 that determines or estimates the occur-
rence cause of an event from the IMS data 115 obtained
by the chemical substance detection unit 100. The cause
estimating unit 50 includes a database storing a variety
of patterns corresponding to the IMS data 115 and is
capable of analyzing the IMS data 115 using an analysis
technique such as pattern matching and of estimating
the cause of the IMS data 115 or of changes thereto. The
cause estimating unit 50 may also obtain the occurrence
cause of an event by sending the IMS data 115 via various
types communication units, described later, to external
hardware resources, for example, an analysis server.
The robot dog 1 is capable of approaching the source of
an event and of acquiring IMS data 115 corresponding
to chemical substances of a higher concentration. Ac-
cordingly, it is possible to improve the estimation preci-
sion of the occurrence cause of an event.
[0046] The cause estimating unit 50 is also capable of
dynamically changing a priority order table and rules in-
cluded in the cause database via the communication
units and the network. As one example, if the event that
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has been detected by the event monitoring unit 30 is re-
lated to one particular chemical substance, it is preferable
to dynamically change the database so as to become
sensitive to elements relating to the chemical reactions
that may happen accompanying the detected chemical
substance and are subject to dangerous chemical reac-
tions that produce an extremely large amount of reactive
energy or heat. It is also desirable for spatial data on the
region or factory ("monitored region") monitored by the
robot dog 1 to be inputted in advance into the database
to make it possible to predict damage that will occur to
the monitor region if the event detected by the event mon-
itoring unit 30 gradually develops and to give a warning
or notification.
[0047] The priority order in the cause database of the
oxygen concentration or CO concentration or of chemical
substances that are poisonous or harmful to humans may
be changed from the outside via a communication unit.
For an unmanned factory for example, there is the fun-
damental case of explosive substances and other prob-
lematic substances that can cause extensive damage to
structures. For a situation where a specified chemical
substance is being produced or handled, there is also
the case where a problematic chemical substance can
be produced by a chemical reaction that occurs when
the presence of a certain chemical substance becomes
too great. In such situations or conditions, the operation
of the robot dog 1 can be dynamically controlled.
[0048] In addition, the robot dog 1 includes the search
target detection unit 40 that operates in parallel with the
cause estimating unit 50. The search target detection
unit 40 includes a local memory 41 that stores a library
including specified patterns produced by converting (re-
verse converting) causes including chemical substances
to be searched for to IMS data 115, a matching unit 42
that routinely or steadily matches the specified patterns
against the IMS data 115 according to an analysis tech-
nique such as pattern matching, and an alarm unit 45
that outputs an alarm when a specified pattern and the
IMS data 115 match or a specified pattern is included in
the IMS data 115.
[0049] Representative examples of search targets in-
clude toxic substances that pose a threat to humans,
explosives, weapons, drugs such as illegal narcotics,
criminals who are being tracked, and missing persons.
By storing the IMS data 115 outputted when the IMS sen-
sor 110 has detected the unique odors of such search
targets in advance in the local memory 41, it is possible
for the robot dog 1 to find such search targets more ef-
fectively.
[0050] The robot dog 1 further includes an alarm issu-
ing unit 59 that outputs a warning relating to the occur-
rence cause of an event as information (alarm informa-
tion) that can be recognized at least one of visually and
audibly. If an event detected by the event cause estimat-
ing unit 50 or the search target detection unit 40 is inferred
to be an event that carries some kind of threat, the alarm
issuing unit 59 is capable of outputting a warning by way

of sound, light, or the like.
[0051] The robot dog 1 further includes the information
acquisition unit 60 that detects event appended informa-
tion including at least one of kinds of information such as
images and sound in the occurrence direction, the loca-
tion of this robot, the bearing of the occurrence direction,
the moving direction of the fluid, and environmental data
for the periphery of this robot. Since the robot is capable
of inferring the occurrence direction of an event, it is pos-
sible to acquire event appended information including
images and sound for such direction.
[0052] The robot dog 1 includes image acquisition units
61 L and 61 R that acquire left and right images at the
positions of the left and right eyes on the head portion 2.
The image acquisition units 61L and 61 R are capable
of obtaining not only three-dimensional images in the
range of visible light but are also capable of obtaining
three-dimensional images in the range of infrared light
and are therefore able to see in the dark. The image
acquisition units 61 L and 61 R may also be provided
with other abilities including the ability to measure dis-
tance. The robot dog 1 also includes microphones 62L
and 62R that acquire left and right sound (i.e., stereo
sound) at the positions of the left and right ears 13 on
the head portion 2. The robot dog 1 is capable of moving
the head portion 2 up, down, to the left, and to the right
relative to the trunk portion 4 by way of an actuator 15
provided in the neck portion 3. Accordingly, by orienting
the head portion 2 in the event occurrence direction, it is
possible to obtain images and sound in the event occur-
rence direction.
[0053] In addition, the robot dog 1 includes a GPS unit
63 and is capable of including a global position of the
robot dog 1 in the event appended information. The robot
dog 1 includes an environment measuring unit 64 that
includes wind direction, temperature, and humidity, and
is capable of including such information in the event ap-
pended information.
[0054] The event appended information is supplied to
the cause estimating unit 50. The cause estimating unit
50 is capable of estimating the occurrence cause of the
event more precisely by taking into account the event
appended information that includes images and sound
in the event occurrence direction and the like.
[0055] The robot dog 1 further includes various types
of communication unit 200, 201, and 210 that transfer
event information including the occurrence of an event
to the outside. First, the tail portion 7 of the robot dog 1
forms the RF communication unit 200 that uses the FM
and AM frequency bands. The left and right ears 13 form
a MIMO-type communication unit 201 for transmitting
and receiving large amounts of information. In addition,
the nose 11 forms a directional communication interface
211, with a directional communication unit 210 being
housed behind the nose 11. The directional communica-
tion interface 211 includes a laser communication-type
semiconductor laser, a visible light communication LED,
a light-receiving unit, an ultrasound emitting apparatus
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for ultrasonic communication, and a microphone. By
moving the actuator 15 of the neck portion 3, it is possible
to point the directional communication interface 211 in a
desired direction and limit the range of communication,
which facilitates improvement in communication preci-
sion. It also makes it easier to keep the information being
exchanged secret.
[0056] Via such communication units 200, 201, and
210, it is possible to access a computer network such as
an intranet or the Internet. Accordingly, the robot dog 1
is capable of using a variety of resources that are avail-
able on a computer network. As one example, it is pos-
sible to send the IMS data 115 via a computer network
to a cause determining server and to obtain the occur-
rence cause of the event using external resources. Since
it is possible via the communication units 200, 201, and
210 to use external resources to estimate the occurrence
cause, it is possible to improve the estimation precision
for the occurrence cause.
[0057] Also, by using the communication units 200,
201, and 210, the robot dog 1 exchanges information
with other robot dogs to specify the source of an event
through cooperative (linked) operation and when the
source of an event poses a threat, it is possible to confront
such threat. That is, the central control unit 55 controls
the moving unit 500 so as to make movements that are
coordinated with other robot dogs 1. By sharing informa-
tion on the event occurrence direction with a plurality of
robot dogs 1, it is possible to precisely specify the source
of the event. Also, if the source of an event moves, it is
possible to track such movement or to surround the
source.
[0058] The robot dog 1 further includes an odor output
unit 300 that releases chemical substances which are a
source of a specified odor. By placing an odor that can
identify the robot dog 1 at a specified target location dur-
ing movement, it becomes possible to cause a robot dog
1 equipped with the same functions to track the present
robot dog 1. By using an unnoticeable odor that humans
are incapable of recognizing or an odor that is not dis-
tinctive enough to be distinguished from the background
odor, it is possible to indirectly inform other robot dogs 1
of the movement path or the like of the robot dog 1.
[0059] In addition, the robot dog 1 includes a counter-
measure unit 600 that eliminates threats when the cause
specified by the event cause estimating unit 50 is a threat
that can be handled by the robot dog 1. One example of
the countermeasure unit 600 is a fire extinguisher. If the
cause of the event is a fire that can be extinguished at
an initial stage, such event can be solved by the robot
dog 1. Another example of the countermeasure unit 600
is a unit capable, when the cause of an event is a dan-
gerous chemical reaction, of spraying a derivative capa-
ble of inducing a different chemical reaction that cancels
out the dangerous chemical reaction. The countermeas-
ure unit 600 may also be a unit that reduces the concen-
tration of a dangerous chemical substance using nitrogen
gas or an inert gas, or that reduces the concentration of

oxygen. The countermeasure unit 600 may be a lifesav-
ing emergency unit, which includes an oxygen tank, phar-
maceuticals, food, and the like.
[0060] FIG. 5 shows typical control of the robot dog 1
by way of a flowchart. Such control can be provided via
a computer network or be recorded on a recording me-
dium as a program (program product).
[0061] In step 701, sampling is carried out by the de-
tection unit 100 at a plurality of sampling points. In step
702, the event monitoring unit 30 determines that an
event has occurred from at least one of a change in the
chemical substances or a change in concentration of a
chemical substance in the fluid (air) that are shown or
included in the IMS data 115. In addition, if the occurrence
of an event has been recognized, in step 703 the event
monitoring unit 30 determines the occurrence direction
of the event relative to this robot dog 1.
[0062] If the central control unit 55 determines in step
704 that it is necessary to move or transport the robot
dog 1 in response to the event, in step 705 the robot dog
1 moves or travels in the event occurrence direction using
the moving unit 500.
[0063] Before and after such processing, or in parallel
with such processing, in step 706 the information acqui-
sition unit 60 acquires event appended information in-
cluding at least one of kinds of information relating to
images and sound in the occurrence direction, the loca-
tion of the robot, the bearing of the occurrence direction,
the movement direction of the fluid, and environment data
for the periphery of or around the robot dog 1.
[0064] In addition, if the central control unit 55 deter-
mines in step 707 that support is required from resources
such as an external server, in step 708 the event infor-
mation is transferred together with the event appended
information to the outside via the communication unit 200
and the like.
[0065] In step 709, the cause estimating unit 50 deter-
mines the occurrence cause of the event based on at
least one of a change in the chemical substances and a
change in the concentration of a chemical substance in-
cluded in the IMS data 115. The cause estimating unit
50 may acquire the event occurrence cause from an ex-
ternal server or the like.
[0066] If, in step 710, the occurrence cause that has
been determined or estimated requires a warning, in step
S711 the central control unit 55 outputs a warning using
the alarm issuing unit 59. By doing so, the presence of
a threat in the periphery of the robot dog 1 is indicated.
By using the communication unit 200 or the like, it is also
possible to inform the outside of the presence of the
threat.
[0067] If the central control unit 55 determines in step
712 that it is necessary to link up with other robot dogs,
in step 713 a coordinated operation with other robot dogs
is carried out via the communication unit 200 or the like.
The central control unit 55 controls the moving unit 500
so as to link up with other robot dogs 1 or the like. Chem-
ical substances that are the source of a predetermined
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odor may be emitted from the odor output unit 300 to
indirectly transmit information to other robot dogs 1.
[0068] In addition, if the central control unit 55 deter-
mines in step 714 that the robot dog 1 is capable of han-
dling (carrying out initial response) to the occurrence
cause that has been determined or estimated, the coun-
termeasure unit 600 is used to take suitable counter-
measures to the occurrence cause. In step 715, the cen-
tral control unit 55 controls the moving unit 500 to move
the robot dog 1 to a suitable position for the countermeas-
ures.
[0069] This type of olfactory robot dog 1 has independ-
ent left and right nasal cavities and is capable of drawing
in and analyzing air by carrying out independent speed
control over the air in the olfactory spaces. Normally a
minimum of one IMS (sensor) is installed, but two inde-
pendent sensors may be provided. If one sensor is in-
stalled, analysis is carried out according to time division.
The olfactory robot dog is provided with a self-storage
search mode where the robot dog first searches for chem-
ical substances that are present in its own storage (data),
a group-storage search mode where the robot dog com-
municates with other olfactory robot dogs present in the
vicinity and links up to conduct a search, a global search
mode where the robot dog carries out a search by re-
motely accessing chemical substances, an estimation
mode where the robot dog analogizes chemical sub-
stance information that is not present in storage, a learn-
ing mode where the robot dog stores and accumulates
new chemical substance information not present in an
estimated range, a parallel search mode carried out by
a plurality of olfactory robot dogs, and a trace search
mode where a moving target is tracked and/or the posi-
tion of such target is specified.
[0070] Since the olfactory robot dog 1 is also capable
of transmitting individually the information stored by itself
to another olfactory robot dog that requires such infor-
mation, it is possible to reduce the network overheads
and carry out a search in parallel. Since it is also possible
to synthesize tiny amounts of chemical substances to
create a mock odor based on transmitted odor/fragrance
streaming information, it is possible to share the target
presently being searched for with humans.
[0071] Since the olfactory robot dog 1 will have no fear
or emotional reaction to danger at a fire scene or other
location that is dangerous due to radiation or explosives,
such emotions will not hinder the achievement of objec-
tives. Since the olfactory robot dog is equipped with a
visible light communication function in addition to wire-
less communication, there is almost no leaking of com-
municated information to superfluous parties and it is
possible to communicate at high speed with only other
parties in visible range. At a controller that controls an
entire group of olfactory robots, it is possible to group
together and/or split the olfactory robots as necessary
and, by controlling the wavelength of visible light, to dy-
namically configure teams that are unlikely to intercept
each others’ information. In particular, by using visible

light communication, it is possible to measure position
extremely precisely to an accuracy of several tens of mil-
limeters, even in locations where the olfactory robots are
incapable of receiving GPS signals.
[0072] Conventionally, real dogs have often been used
to sniff out and recognize narcotics, explosives and per-
sonal articles of criminals, but when a dog is exposed to
the same strong odor many times, this results in a drop
in the olfactory function of the dog. With metal oxide film-
type sensors, such sensors react to only specified chem-
ical substances and there are cost and physical issues
when realizing a wide search space. Although a sensor
network may function as in the chemical substance spec-
ifying process of the robot dog 1 within a given range,
such network is not equipped with objective-based
modes. There is also the problem that although the ol-
factory robot dog 1 having mobility and being capable of
moving is realized, unless the sensor network is appro-
priately set up in advance, the efficiency of robot is not
so large. In particular, if such networks are not applied,
the robots have not had functions for adding, analogizing,
and learning new chemical substances, of which an un-
known number exist.
[0073] The robot dog 1 includes the detection unit 100
that carries out olfactory processing and the control unit
55 that controls such unit and is also capable of being
equipped with a reflex response unit that immediately
responds to a variety of external stimuli and an intelli-
gence function that carries out estimation, inference, and
learning.
[0074] The specifying of chemical substances is real-
ized by the function for adjusting the angles of the two
independent nasal cavities 12R and 12L, the function for
adjusting the suction speed, the internally provided de-
tection unit 100 with humidity controller, and the data
processing unit 55, and the like. One characteristic of the
olfactory robot dog 1 is that the dog is configured to give
priority to process relating to explosive substances that
are extremely dangerous and/or poisons, poisonous gas,
and harmful substances, so that it is possible, if neces-
sary, to react to an emergency by stopping all analysis
and carrying out the prioritized processing.
[0075] In addition, the robot dog 1 is equipped with the
cause estimating unit 50 that acts as a dedicated danger
predicting unit and also the search target detection unit
40 that functions independently, and therefore has a
function for continuously monitoring conditions that can
pose a threat. When a chemical substance database for
search targets of the present robot dog 1 has been loaded
into the local memory 41 of the search target detection
unit 40 but an unregistered chemical substance has been
encountered, it is possible to refer to remotely-located
global data either independently or via the event cause
estimating unit 50.
[0076] In addition, if there is no registration in the global
data, the robot dog 1 is capable via the sample storage
unit 150 of registering a substance as a new chemical
substance. That is, if a cause cannot be determined, in-
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stead of having the external air 19 simply discharged
from the substance detection unit 100, the external air is
switched to the sample storage unit 150 and is stored in
a capsule. This is carried out to enable matching against
the analysis results of an existing analyzing apparatus
at a later time and subsequent registration, which im-
proves the quality of the database. To construct a vast
database with appropriate quality, such an automated
system is extremely important. To efficiently enhance an
IMS-type database, it is possible to build rules for match-
ing the difference information produced when analysis
results of existing mass spectrometry apparatuses and
the like are compared with analysis results using IMS or
for absorbing and compensating for such differences.
Since statistical data is accumulated in this way, the build-
ing of an IMS database can be automated.
[0077] The olfactory robot dog 1 is capable of switching
between a plurality of modes according to instructions
from an external controller received via the communica-
tion unit 200 or the like. The cause estimating unit 50 is
capable of storing information on chemical substances
that are search targets (analysis targets) and substances
of the same system in the search database in the local
memory. Accordingly, it is possible to search for the oc-
currence cause of an event in a short time (self-storage
search mode). One example of a search database uses
an RD (Relational Database) structure where it is possi-
ble to search using a plurality of keys, and it is desirable
to use a construction where similar chemical substances,
intermediate reactants that are susceptible to chemical
changes, and byproducts or the like are disposed short
distances apart in the search space.
[0078] It is also possible to easily add new and yet to
be registered chemical substances to the database by
changing the search keys. The olfactory robot dog 1 is
also equipped with a mode which is capable, when the
robot dog 1 has been externally requested to cooperate
in a search which is separate to the self-storage search
mode, cooperates with the external search independent-
ly of and without interrupting a self-storage search proc-
ess. This means that the robot dog 1 has a dual-system
structure so as to be capable of executing completely
independent searches. By doing so, searches are real-
ized through parallel processing where olfactory robot
dogs cooperate with one another. Although a common
search algorithm is used in a fundamental case, to reduce
the search time, it is also possible to provide a mode that
accesses the RD structure of a search database while
changing the search keys to enable a plurality of olfactory
robot dogs to perform a search using different estimates
for a single target. If, by doing so, a hit is achieved sooner,
it is possible to cancel the other search and start a new
search. This means that it is possible to further speed up
a parallel search that uses a plurality of robot dogs 1. It
is also possible to reduce the search time by logically
dividing a search space and applying the divided search
spaces to a plurality of olfactory robot dogs 1 respectively
for the search.

[0079] If a new chemical substance has been detected,
the olfactory robot dog 1 provisionally registers the sub-
stance via a network in a global memory. With this meth-
od, if the substance is later specified by carrying out com-
ponent analysis, proper registration is carried out. A sig-
nature of the chemical substance is registered and sub-
stances are estimated using a given estimation algo-
rithm. Such estimation uses an arrangement where the
algorithm and estimation reasoning (rules) are modified
to improve the accuracy using statistical processing and
the results of specifying the actual substances. This is
referred to as the estimation and learning of chemical
substances and contributes to reducing the time required
for humans to specify chemical substances. In other
words, this contributes to advancing from a semi-auto-
mated algorithm to a fully automated algorithm. To in-
crease the estimation accuracy and learning efficiency,
it is extremely important to discover not only the signature
information of the search target but also other information
at such location, such as humidity and temperature and
factors that fall into the gap between actual analysis re-
sults and analogizing including correlation with other sig-
natures present at such location.
[0080] Note that a robot dog has been described above
as an example of a robot that is capable of moving inde-
pendently, that is, a programmable mechanical appara-
tus. Such robot may be capable of freely moving by itself
like an animal or may be a robot that has a premise of
being connected to a network and does not transfer to
cover any distance, for example, by only revolving or
moving up and down. By estimating the occurrence di-
rection of the event and taking action such as changing
the orientation, it is possible to acquire images and sound
for the occurrence direction of the event. Accordingly, by
using a robot, it is possible to determine the cause of an
event with overall consideration not just to information
on chemical substances but also other information such
as images and sound.
[0081] Also, although the robot dog is one example of
a robot capable of moving on the ground, the robot may
be a robot bird or a robot that is capable of floating or
flying in the air. In addition, the robot may be a robot that
moves over or under the sea. Also, although a robot in-
cluding a function that detects chemical substances
present in a gas has been described above as an exam-
ple, the robot may include a function that detects chem-
ical substances included in water or in the sea.

Claims

1. A robot (1) including a plurality of sampling points
(12R, 12L), comprising:

a detection unit (100) that acquires chemical
substance-related information relating to chem-
ical substances included in a fluid at the plurality
of sampling points (12R, 12L), the detection unit
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(100) including a sensor (110) outputting spec-
tral data;
a communication unit (200, 201, 210) that ena-
bles communication with other robots,
a memory (41) that enables storing target chem-
ical data for search,
an event monitoring unit (30) that determines an
occurrence of an event and an occurrence di-
rection of the event relative to the robot (1) based
on a change in a chemical constituent in the
spectral data of each sampling point (12R, 12L),
a search target detection unit (40) that searches
a chemical using the target chemical data in the
memory (41) and the spectral data output by the
sensor (110), and
means of group-searching that searches a
chemical using information transmitted via the
communication unit (200, 201, 210) from anoth-
er robot and the spectral data output by the sen-
sor (110) without interrupting a process of the
search target detection unit (40).

2. The robot according to claim 1,
further comprising a moving unit (500) that moves
the robot (1) in the occurrence direction of the event.

3. The robot according to claim 1 or claim 2,
further comprising a cause estimating unit (50) that
determines an occurrence cause of the event includ-
ing a type of chemical substance or a type of the
event estimated based on the chemical substance-
related information of each sampling point (12R,
12L).

4. The robot according to claim 3,
further comprising an information acquiring unit (60)
that acquires event appended information including
at least one of images and sound in the occurrence
direction of the event, a location of the robot (1), a
bearing of the occurrence direction of the event, a
movement direction of the fluid, and environment da-
ta around the robot (1), and
the cause estimating unit (50) determines the occur-
rence cause of the event based on the chemical sub-
stance-related information of each sampling point
(12R, 12L) and the event appended information.

5. The robot according to claim 3 or 4,
further comprising an alarm issuing unit (59) that out-
puts a warning relating to the occurrence cause of
the event and search results of the search target
detection unit (40) as information that can be recog-
nized at least one of visually and audibly.

6. The robot according to claim 1,
wherein the event information includes chemical
substance-related information and the communica-
tion unit (200, 201, 210) transfers event information

including the occurrence of the event to an outside
and the robot (1) further comprises an alarm issuing
unit (59) that acquires, via the communication unit
(200, 201, 210), an occurrence cause of the event
which includes a type of chemical substance or a
type of the event estimated based on the chemical
substance-related information of each sampling
point (12R, 12L) and outputs a warning relating to
the occurrence cause of the event as information
that can be recognized at least one of visually and
audibly.

7. The robot according to claim 1, wherein the commu-
nication unit (200, 201, 210) transfers event informa-
tion including the occurrence of the event to an out-
side and the robot (1) further comprises:

a moving unit (500) that causes the robot to
move in the occurrence direction of the event;
and
a control unit (55) that exchanges information
including the occurrence direction of the event
with another robot via the communication unit
(200, 201, 210) and controls the moving unit
(500) so as to link up with the other robot and
track movement of a source of the event or sur-
round the source.

8. The robot according to claim 1, further comprising:

a moving unit (500) that moves the robot (1); and
an odor outputting unit (300) that emits chemical
substances that form a source of a predeter-
mined odor.

9. The robot according to claim 1 to 8,
wherein the detection unit (100) includes a shared
detection sensor and a supply unit (120) that sup-
plies the fluids from the plurality of sampling points
(12R, 12L) to the shared detection sensor according
to time division.

10. The robot according to claims 1 to 9,
wherein the plurality of sampling points (12R, 12L)
include at least three sampling points disposed at
different positions in three dimensions.

11. A method for controlling a robot (1),
wherein the robot (1) includes a memory (41) that
enables storing target chemical data, a CPU, a plu-
rality of sampling points (12R, 12L), and a detection
unit (100) acquiring chemical substance-related in-
formation relating to chemical substances included
in a fluid at the plurality of sampling points (12R, 12L),
the detection unit (100) including a sensor (110) out-
putting spectral data, and
the method comprises determining an occurrence of
an event and an occurrence direction of the event
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relative to the robot (1) based on a change in a chem-
ical constituent in the spectral data of each sampling
point (12R, 12L) (step 703),
self-searching a chemical using the target chemical
data in the memory (41) and the spectral data output
by the sensor (110), and
group-searching a chemical using information trans-
mitted via the communication unit (200, 201, 210)
from another robot and the spectral data output by
the sensor (110) without interrupting the process of
self-searching.

12. The method according to claim 11,
further comprising determining an occurrence cause
of the event including a type of chemical substance
or a type of event estimated based on the chemical
substance-related information of each sampling
point (12R, 12L) (step 709).

13. The method according to claim 12,
wherein the robot further includes an information ac-
quiring unit (60) that acquires event appended infor-
mation including at least one of images and sound
in the occurrence direction of the event, a location
of the robot (1), a bearing of the occurrence direction
of the event, a movement direction of the fluid, and
environment data around the robot (1), and
the determining occurrence cause of the event in-
cludes determining the occurrence cause of the
event from the acquired chemical substance-related
information of each sampling point (12R, 12L) and
the event appended information.

14. The method according to claim 12,
wherein the communication unit (200, 201, 210)
transfers event information including the occurrence
of an event and chemical substance-related infor-
mation of each sampling point (12R, 12L) to an out-
side, and
the determining occurrence cause of the event in-
cludes acquiring the occurrence cause of the event
via the communication unit (200, 201, 210).

15. The method according to claim 11,
wherein the robot (1) includes a moving unit (500),
and the method further comprises moving in the
event occurrence direction using the moving unit
(500).

Patentansprüche

1. Roboter (1), der eine Vielzahl von Abtastpunkten
(12R, 12L) enthält, umfassend:

- eine Detektiereinheit (100), die auf chemische
Substanzen bezogene Informationen bezüglich
chemischer Substanzen gewinnt, welche in ei-

nem Fluid an der Vielzahl von Abtastpunkten
(12R, 12L) enthalten sind, wobei die Detektier-
einheit (100) einen Sensor (110) enthält, der
Spektraldaten abgibt;
- eine Kommunikationseinheit (200, 201, 210),
die eine Kommunikation mit anderen Robotern
ermöglicht;
- einen Speicher (41), der ein Speichern von
chemischen Zieldaten für eine Suche ermög-
licht;
- eine Ereignis-Überwachungseinheit (30), die
ein Auftreten eines Ereignisses und eine Auf-
trittsrichtung des Ereignisses in Bezug auf den
Roboter (1) auf der Grundlage einer Änderung
in einem chemischen Bestandteil in den Spek-
traldaten des jeweiligen Abtastpunktes (12R,
12L) bestimmt;
- eine Suchziel-Detektiereinheit (40), die eine
Chemikalie unter Heranziehung der chemi-
schen Zieldaten in dem Speicher (41) und der
von dem Sensor (110) abgegebenen Spektral-
daten sucht; und
- eine Einrichtung zur Gruppensuche, die eine
Chemikalie unter Heranziehung der über die
Kommunikationseinheit (200, 201, 210) von ei-
nem anderen Roboter übertragenen Informati-
onen und der von dem Sensor (110) abgegebe-
nen Spektraldaten ohne Unterbrechung eines
Prozesses der Suchziel-Detektiereinheit (40)
sucht.

2. Roboter nach Anspruch 1, ferner umfassend eine
Bewegungseinheit (500), die den Roboter (1) in die
Auftrittsrichtung des Ereignisses bewegt.

3. Roboter nach Anspruch 1 oder 2, ferner umfassend
eine Grund-Schätzeinheit (50), die einen Auftritts-
grund des Ereignisses bestimmt, enthaltend einen
Typ einer chemischen Substanz oder einen Typ des
geschätzten Ereignisses auf der Grundlage der auf
die chemische Substanzen bezogenen Informatio-
nen des jeweiligen Abtastpunkts (12R, 12L).

4. Roboter nach Anspruch 3, ferner umfassend eine
einem Ereignis hinzugefügte Informationen gewin-
nende Informations-Gewinnungseinheit (60), ent-
haltend zumindest eine Information aus Bildern und
Ton in der Auftrittsrichtung des Ereignisses, zu einer
Stelle des Roboters (1), einer Lage der Auftrittsrich-
tung des Ereignisses, einer Bewegungsrichtung des
Fluids und von Umgebungsdaten um den Roboter
(1), und
wobei die Grund-Schätzeinheit (50) den Auftritts-
grund des Ereignisses auf der Grundlage der auf
chemische Substanzen bezogenen Informationen
des jeweiligen Abtastpunktes (12R, 12L) und der
dem Ereignis hinzugefügten Informationen be-
stimmt.
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5. Roboter nach Anspruch 3 oder 4, ferner umfassend
eine Alarm-Abgabeeinheit (59), die eine Warnung in
Bezug auf den Auftrittsgrund des Ereignisses und
die Suchergebnisse der Suchziel-Detektiereinheit
(40) als Informationen abgibt, welche durch zumin-
dest eine von einer visuellen und akustischen Erken-
nung erkannt werden können.

6. Roboter nach Anspruch 1, wobei die Ereignisinfor-
mationen auf chemische Substanzen bezogene In-
formationen enthalten, wobei die Kommunikations-
einheit (200, 201, 210) Ereignisinformationen, ent-
haltend das Auftreten des Ereignisses, zu einer Au-
ßenseite überträgt und wobei der Roboter (1) ferner
eine Alarm-Abgabeeinheit (59) umfasst, die durch
die Kommunikationseinheit (200, 201, 210) einen
Auftrittsgrund des Ereignisses gewinnt, der einen
Typ einer chemischen Substanz oder einen Typ des
Ereignisses enthält, welches auf der Grundlage der
auf chemische Substanzen bezogenen Informatio-
nen des jeweiligen Abtastpunktes (12R, 12L) ge-
schätzt ist, und eine Warnung bezüglich des Auf-
trittsgrundes des Ereignisses als Informationen ab-
gibt, welche durch zumindest eine von einer visuel-
len und akustischen Erkennung erkannt werden kön-
nen.

7. Roboter nach Anspruch 1, wobei die Kommunikati-
onseinheit (200, 201, 210) eine Ereignisinformation,
welche das Auftreten des Ereignisses einschließt,
zu einer Außenseite überträgt, und wobei der Robo-
ter (1) ferner umfasst:

- eine Bewegungseinheit (500), die den Roboter
veranlasst, sich in die Auftrittsrichtung des Er-
eignisses zu bewegen, und
- eine Steuereinheit (55), die Informationen, wel-
che die Auftrittsrichtung des Ereignisses enthal-
ten, mit einem anderen Roboter durch die Kom-
munikationseinheit (200, 201, 210) austauscht
und die Bewegungseinheit (500) derart steuert,
um sie mit dem anderen Roboter und der Lauf-
bewegung einer Quelle des Ereignisses oder
der Umgebung der Quelle zu verknüpfen.

8. Roboter nach Anspruch 1, ferner umfassend:

- eine Bewegungseinheit (500), die den Roboter
(1) bewegt, und
- eine Duft-Abgabeeinheit (300), die chemische
Substanzen emittiert, welche eine Quelle eines
bestimmten Duftes bilden.

9. Roboter nach Anspruch 1 bis 8, wobei die Detektier-
einheit (100) einen gemeinsam genutzten Detektier-
sensor und eine Speiseeinheit (120) enthält, welche
die Fluids von der Vielzahl von Abtastpunkten (12R,
12L) an den gemeinsam genutzten Detektiersensor

entsprechend einer Zeitteilung liefert.

10. Roboter nach den Ansprüchen 1 bis 9, wobei die
Vielzahl der Abtastpunkte (12R, 12L) zumindest drei
Abtastpunkte enthält, die an verschiedenen Stellen
in drei Dimensionen angeordnet sind.

11. Verfahren zum Steuern eines Roboters (1), wobei
der Roboter (1) einen Speicher (41), der das Spei-
chern von chemischen Zieldaten ermöglicht, eine
CPU (Zentraleinheit), eine Vielzahl von Abtastpunk-
ten (12R, 12L) und eine Detektiereinheit (100) ent-
hält, die auf chemische Substanzen bezogene Infor-
mationen bezüglich chemischer Substanzen ge-
winnt, welche in einem Fluid an der Vielzahl von Ab-
tastprobenpunkten (12R, 12L) enthalten sind, wobei
die Detektiereinheit (100) einen Sensor (110) ent-
hält, der Spektraldaten abgibt,
und wobei das Verfahren

- ein Bestimmen eines Auftretens eines Ereig-
nisses und eine Auftrittsrichtung des Ereignis-
ses in Bezug auf den Roboter (1) auf der Grund-
lage einer Änderung in einem chemischen Be-
standteil in den Spektraldaten jedes Abtast-
punktes (12R, 12L) (Schritt 703),
- eine selbsttätige Suche einer Chemikalie unter
Heranziehung der chemischen Zieldaten in dem
Speicher (41) und der von dem Sensor (110)
abgegebenen Spektraldaten und
- eine Gruppensuche einer Chemikalie unter
Heranziehung der durch die Kommunikations-
einheit (200, 201, 210) von einem anderen Ro-
boter übertragenen Informationen und der von
dem Sensor (110) abgegebenen Spektraldaten
ohne Unterbrechung des Prozesses der selbst-
tätigen Suche umfasst.

12. Verfahren nach Anspruch 11, ferner umfassend ein
Bestimmen eines Auftrittsgrundes des Ereignisses,
einschließend einen Typ einer chemischen Sub-
stanz oder einen Ereignistyp, der auf der Grundlage
der auf chemische Substanzen bezogenen Informa-
tionen des jeweiligen Abtastpunktes (12R, 12L) ge-
schätzt wird (Schritt 709).

13. Verfahren nach Anspruch 12, wobei der Roboter fer-
ner eine Informationsgewinnungseinheit (60) ent-
hält, die einem Ereignis hinzugefügte Informationen
gewinnt, enthaltend zumindest eine Information von
Bildern und Ton in der Auftrittsrichtung des Ereignis-
ses, zu einer Stelle des Roboters (1), zu einer Lage
der Auftrittsrichtung des Ereignisses, einer Bewe-
gungsrichtung des Fluids und von Umgebungsdaten
um den Roboter (1), und wobei das Bestimmen des
Auftrittsgrundes des Ereignisses ein Bestimmen des
Auftrittsgrundes des Ereignisses aus den gewonne-
nen, auf chemische Substanzen bezogenen Infor-
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mationen des jeweiligen Abtastpunktes (12R, 12L)
und der dem Ereignis hinzugefügten Informationen
einschließt.

14. Verfahren nach Anspruch 12, wobei die Kommuni-
kationseinheit (200, 201, 210) Ereignisinformatio-
nen, enthaltend das Auftreten eines Ereignisses und
von auf chemische Substanzen bezogenen Informa-
tionen des jeweiligen Abtastpunktes (12R, 12L), zu
einer Außenseite überträgt und
wobei die Bestimmung des Auftrittsgrundes des Er-
eignisses die Gewinnung des Auftrittsgrundes des
Ereignisses über die Kommunikationseinheit (200,
201, 210) einschließt.

15. Verfahren nach Anspruch 11, wobei der Roboter (1)
eine Bewegungseinheit (500) enthält und wobei das
Verfahren ferner eine Bewegung in der Ereignisauf-
trittsrichtung unter Heranziehung der Bewegungs-
einheit (500) umfasst.

Revendications

1. Robot (1) comprenant une pluralité de points
d’échantillonnage (12R, 12L), comprenant :

une unité de détection (100) qui acquiert des
informations relatives à des substances chimi-
ques concernant des substances chimiques in-
cluses dans un fluide au niveau de la pluralité
de points d’échantillonnage (12R, 12L), l’unité
de détection (100) comprenant un capteur (110)
délivrant des données spectrales ;
une unité de communication (200, 201, 210) qui
permet une communication avec d’autres ro-
bots,
une mémoire (41) qui permet la mémorisation
de données de produits chimiques cibles pour
une recherche,
une unité de surveillance d’événement (30) qui
détermine une apparition d’un événement et
une direction d’apparition de l’événement par
rapport au robot (1) sur la base d’un changement
d’un constituant chimique dans les données
spectrales de chaque point d’échantillonnage
(12R, 12L),
une unité de détection de cible de recherche (40)
qui recherche un produit chimique en utilisant
les données de produits chimiques cibles dans
la mémoire (41) et les données spectrales déli-
vrées par le capteur (110), et
des moyens de recherche de groupe qui recher-
chent un produit chimique en utilisant les infor-
mations transmises par l’intermédiaire de l’unité
de communication (200, 201, 210) à partir d’un
autre robot et les données spectrales délivrées
par le capteur (110) sans interrompre un pro-

cessus de l’unité de détection de cible de re-
cherche (40).

2. Robot selon la revendication 1,
comprenant en outre une unité de déplacement
(500) qui déplace le robot (1) dans la direction d’ap-
parition de l’événement.

3. Robot selon la revendication 1 ou la revendication 2,
comprenant en outre une unité d’estimation de cau-
se (50) qui détermine une cause d’apparition de
l’événement comprenant un type de substance chi-
mique ou un type de l’événement estimé sur la base
des informations relatives à des substances chimi-
ques de chaque point d’échantillonnage (12R, 12L).

4. Robot selon la revendication 3,
comprenant en outre une unité d’acquisition d’infor-
mations (60) qui acquiert des informations jointes à
l’événement comprenant au moins l’un d’images et
d’un son dans la direction d’apparition de l’événe-
ment, d’un emplacement du robot (1), d’un cap de
la direction d’apparition de l’événement, d’une direc-
tion de déplacement du fluide, et de données d’en-
vironnement autour du robot (1), et
l’unité d’estimation de cause (50) détermine la cause
d’apparition de l’événement sur la base des informa-
tions relatives à des substances chimiques de cha-
que point d’échantillonnage (12R, 12L) et des infor-
mations jointes à l’événement.

5. Robot selon la revendication 3 ou 4,
comprenant en outre une unité d’émission d’alarme
(59) qui délivre un avertissement concernant la cau-
se d’apparition de l’événement et les résultats de
recherche de l’unité de détection de cible de recher-
che (40) en tant qu’informations qui peuvent être re-
connues au moins de l’une d’une manière visuelle
et d’une manière audible.

6. Robot selon la revendication 1,
dans lequel les informations d’événement compren-
nent des informations relatives à des substances chi-
miques et l’unité de communication (200, 201, 210)
transfère les informations d’événement comprenant
l’apparition de l’événement à l’extérieur, et le robot
(1) comprend en outre une unité d’émission d’alarme
(59) qui acquiert, par l’intermédiaire de l’unité de
communication (200, 201, 210), une cause d’appa-
rition de l’événement qui comprend un type de subs-
tance chimique ou un type de l’événement estimé
sur la base des informations relatives à des subs-
tances chimiques de chaque point d’échantillonnage
(12R, 12L) et qui délivre un avertissement concer-
nant la cause d’apparition de l’événement en tant
qu’informations qui peuvent être reconnues au
moins de l’une d’une manière visuelle et d’une ma-
nière audible.
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7. Robot selon la revendication 1, dans lequel l’unité
de communication (200, 201, 210) transfère les in-
formations d’événement comprenant l’apparition de
l’événement à l’extérieur et le robot (1) comprend en
outre :

une unité de déplacement (500) qui amène le
robot à se déplacer dans la direction d’apparition
de l’événement ; et
une unité de commande (55) qui échange des
informations comprenant la direction d’appari-
tion de l’événement avec un autre robot par l’in-
termédiaire de l’unité de communication (200,
201, 210) et qui commande l’unité de déplace-
ment (500) de manière à se relier à l’autre robot
et suivre le déplacement d’une source de l’évé-
nement ou entourer la source.

8. Robot selon la revendication 1, comprenant en
outre :

une unité de déplacement (500) qui déplace le
robot (1) ; et
une unité de sortie d’odeur (300) qui émet des
substances chimiques qui forment une source
d’une odeur prédéterminée.

9. Robot selon les revendications 1 à 8,
dans lequel l’unité de détection (100) comprend un
capteur de détection partagé et une unité d’alimen-
tation (120) qui délivre les fluides à partir de la plu-
ralité des points d’échantillonnage (12R, 12L) au
capteur de détection partagé conformément à une
répartition dans le temps.

10. Robot selon les revendications 1 à 9,
dans lequel la pluralité de points d’échantillonnage
(12R, 12L) comprend au moins trois points d’échan-
tillonnage disposés à différentes positions dans trois
dimensions.

11. Procédé pour commander un robot (1),
dans lequel le robot (1) comprend une mémoire (41)
qui permet la mémorisation de données de produits
chimiques cibles, une unité centrale, une pluralité de
points d’échantillonnage (12R, 12L), et une unité de
détection (100) acquérant des informations relatives
à des substances chimiques concernant des subs-
tances chimiques incluses dans un fluide au niveau
de la pluralité de points d’échantillonnage (12R,
12L), l’unité de détection (100) comprenant un cap-
teur (110) délivrant des données spectrales, et
le procédé comprend la détermination d’une appa-
rition d’un événement et d’une direction d’apparition
de l’événement par rapport au robot (1) sur la base
d’un changement d’un constituant chimique dans les
données spectrales de chaque point d’échantillon-
nage (12R, 12L) (étape 703),

l’auto-recherche d’un produit chimique en utilisant
les données de produits chimiques cibles dans la
mémoire (41) et les données spectrales délivrées
par le capteur (110), et
la recherche de groupe d’un produit chimique en uti-
lisant les informations transmises par l’intermédiaire
de l’unité de communication (200, 201, 210) à partir
d’un autre robot et les données spectrales délivrées
par le capteur (110) sans interrompre le processus
d’auto-recherche.

12. Procédé selon la revendication 11,
comprenant en outre la détermination d’une cause
d’apparition de l’événement comprenant un type de
substance chimique ou un type d’événement estimé
sur la base des informations relatives à des subs-
tances chimiques de chaque point d’échantillonnage
(12R, 12L) (étape 709).

13. Procédé selon la revendication 12,
dans lequel le robot comprend en outre une unité
d’acquisition d’informations (60) qui acquiert des in-
formations jointes à l’événement comprenant au
moins l’un d’images et d’un son dans la direction
d’apparition de l’événement, d’un emplacement du
robot (1), d’un cap de la direction d’apparition de
l’événement, d’une direction de déplacement du flui-
de, et de données d’environnement autour du robot
(1), et
la détermination de la cause d’apparition de l’évé-
nement comprend la détermination de la cause d’ap-
parition de l’événement à partir des informations re-
latives à des substances chimiques acquises de cha-
que point d’échantillonnage (12R, 12L) et des infor-
mations jointes à l’événement.

14. Procédé selon la revendication 12,
dans lequel l’unité de communication (200, 201, 210)
transfère les informations d’événement comprenant
l’apparition d’un événement et les informations rela-
tives à des substances chimiques de chaque point
d’échantillonnage (12R, 12L) à l’extérieur, et
la détermination de la cause d’apparition de l’évé-
nement comprend l’acquisition de la cause d’appa-
rition de l’événement par l’unité de communication
(200, 201, 210).

15. Procédé selon la revendication 11,
dans lequel le robot (1) comprend une unité de dé-
placement (500),
et le procédé comprend en outre le déplacement
dans la direction d’apparition d’événement en utili-
sant l’unité de déplacement (500).
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