DESCRI PTI ON DEVI CE FOR DETECTI NG CHEM CAL SUBSTANCES TECHNI CAL FI ELD [ 0001]
The present invention relates to an apparatus that detects chem cal
substances using a sensor. BACKGROUND ART [ 0002] W)2006/ 013396
(Japanese Patent Publication No. 2008-508693) discloses an ion nobility
spectrometer with an ion filter in the formof at |east one ion channel
that includes a plurality of electrodes. W?2005/ 052546 (Japanese Patent

Publ i cati on No. 2007-513340) dis Non nobi | ity-based system
nmet hod, and apparatus for analy2|ng saﬁg DI SCLOSURE OF THE | NVENTI ON
[ 0003]

DEVICE FOR DETECTING CHEMICAL SUBSTANCES

TECHNICAL FIELD
[0001]
The present invention relates to an apparatus that detects chemical

substances using a sensor.

BACKGROUND ART
[0002]

W02006/013396 (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. W02005/052546 (Japanese Patent Publication No.
2007-513340) discloses an ion mobility-based system, method, and apparatus for

analyzing samples.

DISCLOSURE OF THE INVENTION
[0003]

The ability to respond to situations that require prompt action, such as the
presence of hazardous substances, like explosives, poisons, and poisonous gases, is
important.

[0004]

One aspect of the present invention is an apparatus including: a detection unit
acquiring chemical substance-related information relating to chemical substances
included in a fluid at a sampling point using a first type of sensor; a local memory
storing a library including a specifying pattern generated when a specified chemical
substance was detected by the first type of sensor; and a matching unit that routinely
compares the chemical substance-related information obtained by the detection unit
and a specifying pattern for monitoring purposes included in the library and outputs
match information when the obtained chemical substance-related information and the
specifying pattern for monitoring purposes match. The number of varieties of chemical
substances that can be the cause of a threat that needs immediate detection is not so
large. Accordingly, by storing specifying patterns, which can be directly compared with



The ability to respond to situations that require pronpt action, such as
the presence of hazardous substances, |ike expl osives, poisons, and

poi sonous gases, is inmportant. [0004] One aspect of the present
invention is an apparatus including: a detection unit acquiring chem cal
substance-rel ated information relating to chem cal substances included in a
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[0007]

This apparatus may further include a communication unit that communicates
with the outside wirelessly or using wires, and the event output unit may transfer event
occurrence information including the chemical substance-related information to the
outside and acquire the occurrence cause of the event via the communication unit.
Even during communication with the outside using the communication unit, it is
possible to routinely determine or judge the probability of a cause of a threat being
present using the matching unit.

[0008]



This apparatus may further include a comunication unit that comuni cates
with the outside wirelessly or using wires, and the event output unit my
transfer event occurrence information including the chem cal

substance-rel ated information to the outside and acquire the occurrence
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[0011]

Another aspect of the present invention is a method that controls an apparatus
including a detection unit detecting chemical substance-related information relating to
chemical substances included in a fluid at a sampling point using a first type of sensor,
the method including the following steps.

1. Having a library including a specifying pattern generated when a specified chemical
substance was detected by the first type of sensor stored in the local memory of the
apparatus, and routinely comparing chemical substance-related information obtained
by the detection unit and a specifying pattern for monitoring purposes included in the
library.

2. Outputting match information when the obtained chemical substance-related
information and the specifying pattern for monitoring purposes match.

[0012]

This method should preferably also include the following step.



1. Having a library including a specifying pattern generated when a

speci fied chem cal substance was detected by the first type of sensor
stored in the |ocal nmenory of the apparatus, and routinely conparing

chem cal substance-related informati on obtained by the detection unit and a
specifying pattern for nonitoring purposes included in the library. 2.
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informatio nd,.t he specifying pattern for nonitoring purposes match.
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optical disc) or may be provided via a computer network such as the Internet.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]
FIG. 1 is a block diagram showing the arrangement of a robot dog.
FIG. 2 is a block diagram showing an olfactory system.

FIG. 3 is a flowchart showing the overall control of the olfactory system.

DETAIL DESCRIPTION
[0015]

FIG. 1 shows the overall construction of a dog-shaped robot (or “robot dog”)
equipped with an olfactory sense. The robot dog 1 has an olfactory ability based on an
IMS (lon Mobility Spectrometry)-type sensor, and by comparing the output of the IMS

sensor with a chemical substance database and also communicating with a plurality of



[0014] FIG 1 is a block diagram show ng the arrangenment of a robot dog.
FIG 2 is a block diagram show ng an ol factory system FIG 3 is a

fl omchart showi ng the overall control of the ol factory system DETAIL
DESCRI PTI ON [ 0015] FIG 1 shows the overall construction of a
dog- shaped robot (or "robot dog") equipped with an ol factory sense. The
robot dog 1 has an ol factory ability based on an IM5 (lon Mbility
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cannot b@eﬁfétbéet'&f"%y'té?n ossble, fo slglsict cpegicg] substances thal,gannot iy odor s

are causgdtemédcﬁyemrﬁag asdhdances such as conpounds and gases included in
air in the gﬁrlphery, surroundi ng or environnment. In the present
speci fi c &1 t he expression "chem cal substance" includes conpounds,

mol ecul es, andsfefsBAl Sododddrd Balsedasy Eicpalodltsubsiahbsyisudebs Gompbuidsd t o
constit ue% Sga(sjc-.[s included in air in the periphery, surrounding or environment. In the present
specification, the expression “chemical substance” includes compounds, molecules,
and elements, and includes products without being limited to constituents or
compositions.  The expression “chemical substances” also includes organic and
inorganic substances. It is said that many chemical substances capable of being
detected by the olfactory sense include functional groups. One functional group is
hydrocarbons, with an example of such being alkanes (chained saturated
hydrocarbons). This group includes ethane, methane, propane, butane, and the like as
chemical substances. The functional groups are not limited to hydrocarbon 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 substances and functional groups. It is supposed 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.
[0017]
One analyzer that is compact, portable, and capable of detecting the causes of
an odor is the ion mobility sensor described earlier, 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
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the parameters in three dimensions is fixed are obtained as information relating to

chemical substances. It is also possible to acquire spectral features (a spectral

signature, spectral characteristics and features) that show the elements of a spectrum

as information related to chemical substances. As examples, the spectral features

include a spectral 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 Vcomp

to Vrf characteristic, and the like.

[0020]

The detection unit (sensor) that obtains information related 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 included in the fluid.

[0021]

A spectrometric 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 analysis is



In an I M5 sensor, as information relating to chem cal substances included
ina fluid (typically a carrier gas such as air or nitrogen gas), it is
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-t S TN A Tl e MM e T
i nf or mat iappendingithemaiiecst th@¥ensor type. For example, the chemical substance-related
information obtained by an IMS sensor is referred to as “IMS data”’. Also, chemical
substance-related information that has been processed such as by mapping chemical
substance-related information that is unique to a sensor onto the same space showing
chemical substances and can therefore be handled in a unified or generalized manner
is referred to as “universal” or “general-purpose” data. One example of universal data
is FCWS data proposed by the applicant of the present application. Such data is
produced by mapping (assigning) chemical substance-related information that is

unique to a sensor to a frequency space that is a space that is characterized to



[ 0024] In the present specification, chem cal substance-related
information that is unique to a sensor and has been obtained fromdifferent
types of sensor is indicated by appendi ng the nane of the sensor type. For
exanpl e, the chem cal substance-related information obtained by an I M
sensor is referred to as "I M5 data". Also, chem cal substance-rel ated
information that has been processed such as by mappi ng chem cal

substance-rel] ated information that i nigue.to, a sens e same
space shSW?rH'Qg]cﬁ@ﬁ?tﬁ'é?essﬁﬁgqrg'ﬁgeg’ f@vgakﬂ{”ﬁg‘?@%r@ebepﬁﬁﬁiﬁp%d rﬂ”pi uni fi ed
or gener @idsakidatiBarivave iShapif§elechibiégy @Sconvert ety mfﬁfmat@ﬁﬁ&fo&dmg)thbpqse"

of the pPESERES YgPPTIEH PURIaTaat fb ENSTY BIBPBUTLI TSy PRRRRPRE: (acs, gni gy
chemi cal [cp2Bpt ance-rel ated i nformation that is unique to a sensor to a
SUbat anows. acoBiETrordy B, iheeveh e ) Tdss, Srifrek POt 2ePol

subst ances acc y ’ 0

Ohas_si fi patibArs, Y@k §b]§u@h ngh Iég?ﬁ&lﬂﬁlg B0y rirap @onivAre, ahd beais peb?mon mf afhemt | on
showi ng t resence, of c ubstances to, iptensity . infornmati on on
frequencx}oq’r?éﬁag 1 ipgjudag) an '"?em"g%us%ﬂrf’aﬁ? @‘Ir?}’g&te?ggﬁd pgﬂ'logzr&?o? 309 1

i nclt udes poRioh € the Gk pcarua?3 43 ang ke |tamp |pamoa 6 & tdaU?ﬁh@tmlt partiort 7 amdl egI .
portion I on ataj ion i ncl udes
an int erﬁgfr%lb'ifér%ﬁ%?n gg‘g%fss?ﬂ}ag%ethf}?gs ho'bsog‘frfcgﬂnaj unﬁﬁénﬁ ‘% éeéjrti on 3,
t he trunin prerfobonddg 1ame ddpableudfpcdparhimicating with be@@hothee thabhttergrd ison 7 and
distributes data and power. so various_functions u tlo al

ni t5) 1 heuo e onb T ¢ Babedhs eboyfas ddp rpebioe! BEMRGIEER R Wi ¢ h
gne anot ban. lﬁ. dizﬁiitlgoﬂr yheSrdbst Hogls1ei§ édquipgped wltrunkruqmm;éxt@naﬂomnrgbhuaat?nhedr obot
og 1 is capable Vi reely on_its own e robot dog 1
is equi pHB@SDW {hﬁt &‘grrgg?}s&gx% '8°AB bl%8ﬂ?ﬂmm83'f:?t5}9 Vi’]'ﬁ] c?tber 'gg%(iﬁgst ﬁ Pobot dog
1 is capappsrafl, @admwiti vatiousgresotiivestthal areobapatito g, beinghastesappariataus, and
Wi th various resour urces that are capabl e of being accessed via a conputer
net wor k. CP'HBYI] networ Note that although the followi ng expl anation
descri begoozetase where units equi pped with various functions are housed in

th bot d Lt I t whi ch ; t h

it ed to s neNbise REe 68 PR Bloril ek et Pridibdh s ARE SReBlfnfonct i ons
ﬁl f ugct I oRglipped with vaﬁ@fst%apcttmblafe heaéédzilecthé)yomﬁbg/ar ¢healodatjzms gat avhickb| e ]
ardware resources,i ncludin Ny r ura of ,CPUs .an m) , Suc
programﬁﬁﬁﬁbuﬁ radﬁ\/QP\éserdeasr‘f')ngE@E'?%ﬁ)? tﬁ%&ca@@sdngr}ﬁ%ll%m%dggcng 'd{\%g’t ed ASIC

alndhmay hisucﬂ ﬂﬁetn@nstﬁisrp;tlomal\Mmit@)fmei tymuéllysreaﬁzedrm/csniw\ragellaablpeogrbmnmtm;' tion,

al t hough, an, exa

nctions reI sent _inveption are

i ncor por g?é’d"ai“?'nn'gs?‘gﬁ?ﬁ "f%'éff ng on§ ﬂ{)vaatﬂ ﬂg Pygﬁagp BERYni c3ien
appar at ugrdgsaraimasie, hardwars ragfpiréesanhap i‘ncwa!eraedaplbocloa@aaiemwlatddl A$1G andhot
required, the fynctions described.bel ow can real.i zed. usi
conput er "?"’Wc'lnﬁ'éfaﬁga ﬁﬁ'lpd%uw G SIETIHIR € | PR '8”'@%% aﬁrbl aﬁ@%?y m&lﬁ'@ﬁg‘?s a
term naI e((anplermalfumﬁmltewtmgatolsz presrenamnaiﬁldnearp hsveparatetihie d ldbeb
[ 0027 t he rohgt do 1|s th .an oIf system
L0 1 nel Aty & wavale e bPErife MghateaCemrBe i st A e sbARRRY | b
t hr eat nmmteaamtagommé méBshtyTéneodmneméd tine mmcnonlsocﬂbsdeb@bbesow reho ratsat heon of
chem cal -s ance reIaHtfons IalgI Q%’to chem cal asg?,%téi es |ncIHed in a
Frare ol reATRed B areriiss Taifnd hardiaierief SRy ey £GP A EmoRe 54
sanpl i ng aB@Itéltn&nall(a pbi‘senalroamtermrﬁm oea mobtld phalet @rdbé tike)uni t 100

[0027] ‘

First, the robot dog 1 is equipped with an olfactory system 300 including the
detection unit 100, the event output unit 30, and the threat monitoring unit 40. The
detection unit 100 detects information of chemical-substance relations relating to
chemical substances included in a fluid (in the present embodiment, external air 19) at

a plurality of sampling points. In the present embodiment, the detection unit 100



includes an I MS sensor and is sonetines referred to hereinafter as the "IM
unit". The event output unit 30 determ nes (estimates) and outputs the
occurrence of an event and the occurrence cause of the event from a change
in the chem cal substance-related information obtained at the respective
sanpling points. The threat nonitoring unit 40 operates in parallel with
the event output unit 30. If a chem cal substance that poses a threat or

t he occurrence ca of an event ses a threat,. alarm.infaor, i on,that can
bo- r ecoq MRS s RS sBtad i BoorlERY iR aAaB dsafbfler 4ol o

war ni ng yevexnbbutpotionit G0 detghtinesntestimatesyapd tdugulitd yheancalr@noe iocf smi ng uni t
59. [0028 t The chem cal ﬁ}u?gstaﬁfce-relhat ed. it fobmatilonbh%ndl_ed by
the ol faf %’?f"gﬂ? BFUs68°% %alisﬁfo(f) $°8h TR &C 8ﬂ%€?"|5'e e(; APCRSYPRELET o ng to
t he pr eseslated dfforhetiohamitaisetdat theaespectie sdraplihgt mirits.o Therthiteafl B@nitorivgor mat i on
i ncludin pectrum and/ ctral features is.outputted as desgri bed
above as UPREDpaearE PR BhiIRTE §eheSRuEiad nE B St R 1 1 s
12L and p3&wa thirbat srabe otdurmmct ltause onan sverit posesld tokat, hiariaa@rpatidni on 2
are sanpl i hol es _and the tection unit 100 is.housed behind the nose 11.
l00z0]  that e e ediical Aoy ot YPlally FO A RibA Rl Fowb g 1
first théeymwayofsowg drlight magds cutputted ihg anraldrm58€uippaEtd® of novi ng t he

r obot do%oé Ln a freely chosen direction by noving the leg portion 5. Using
a central gtrol unit (CCU) 55, it is possible to have the robot dog 1

turn and nove iThe chemizat substarce-reliategicihfoonatidn bamdiadeby theboléacterd shstetnhe event
out put uny

Wi 30. . 10030 T robot dog 1.f her i ngl
oppended Phe B R ANh il 98 WD etreprane 4 dhe MEesal b Sebitfe
i nf or mat isobst&fcesn @it thet dedection luad 400 dnferrodtidniagedingadpsctiumdl ahd/or spestral
occurrence. directi of _an _even he | i f LS. e, hearin
of Cihe o leaifteh e alaMedl of feseHER sodiicaq AIS BN B With it P ugb Houpte '
envi r onmieit ard dgtitanoatricuizl. amd 2R tdfi¢heprosephieoy traef frorti ssirfacd 60 .of Teeheasbot dog
1 includes.i e _acquj.sition its, 61 n I I nd right
Fmges. aPoTRE 2He RERRIE Ay atinbetetlie it s At el kRS0 sl or)' 9!
The | mag@Oyui sition units 61L and 61R are capabl e of obtaining not only
t hr ee- di nensi oRal__i nages ip,th . i, Si i ght.. i capabl e
of obtai ning ¢ A YRR D Sine 8GR, of ' B AT rikthe Popt gD °3h
ar e t her éfohudes abneoving srit 5001 dahable af kmovitige theregpet aogul 1 i beelyrchoser61L and

CLR ™ SR g b Defloi®s, b 5 Sl bifh s RO % L2,
t hat acqpossibleéé hawnttherdigttdogdutach énd moye 8t the @ocursaneadijrestiont dfanpoent i ons  of
L P b RS sl 36,57 Pt 2, The Tobet G917
right rellGa3oye to the trunk portion 4 by way of an actuator 15 provided in
LD e et e Bnd 8BS APl Bl CEl SRS bRt AR AU e, |
t he eventhatcrquireneeerdi appehdexh infgrd@Ban 69 including at least one of images and

sound for the occurrence direction of an event, the location of this robot, the bearing of

the occurrence direction, a movement direction of the fluid, and environmental data

around or on the periphery of this robot. The robot dog 1 includes image acquisition

units 61L and 61R 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 61R 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 61L and 61R may also

be provided with other abilities including the ability to measure distance. The robot dog

1 also includes microphones 62L and 62R that acquire left and right sound (i.e., stereo



In addition, the robot dog 1 includes a GPS unit 63 and is capabl e of

i ncludi ng a gl obal position of the robot dog 1 in the event appended
information 69. The robot dog 1 includes an environnent neasuring unit 64
that includes wind direction, tenperature, and humdity, and is capabl e of
i ncludi ng such information in the event appended information 69. [0032]
The robot dog 1 further includes various types of comunication unit 200,

201, and 210, that transfer .event informati i pcl udi n he_occurrence of an

cvent t oSoWEh b e pestions & 18 Bfiang ot o o e i Rhehion 20 d e dBEo: f or e

|th1? RF gaagugfsmabhma dﬂlh?dvir@OlﬂetH%aH poston 2 e, fddmrd tAdIdr; eqdemryef hgmtds. The
eft and right, ear 3 rma M M> e .co icatjqQn ynit 201 for

ransat s (9AERdRGRS Eudk oot By P TR PE et I ferkei 3n. ¢ he
nose 11 fActdr@inglyd by etienttftheChéaalportiain i20Mm thet @rehtoecutdehce Wirebtian, di isect i onal

conmuni cat i%)lﬂeyni t 210 bein houae ehi The directional

d th C11,
o C RSl Hloia Jaa0s A% SRras ERE VS aetdrhen GrEdionon t ype

sem condyoo3ay | aser, a visible light comunication LED, a |light-receiving

unit, an ultrasoupd. enjtti parat ys f ul t. onic co ni.cation, and a
et ophone. by TR eeolth GBPOR S sl GRORLR BB o kel oot bre
t 0 poi nt atdisballipbsitidri oMtk relodtrdogi T &t the revienit fggeaded Midrmatiom 6de Siheadbeti r ect i on
and limt, the .range of comruni cati on, .whic ilitates inmprovenent in
comuni c4P9 oﬁ 'B&‘é‘gqss PBneNYiIrenIERt, mpgsidng tunﬂaé{ﬂébatt Wch‘gjgf) ‘pﬁg ¥'H$§P'ﬁ'ati on
bei ng ex@nmpgeaitre entdiumifli@)38H is capable oVirgluwlnghsuchrinfonativni iarthe reivest 200,
201, and 210, it s eﬁﬁﬁ%igbl e to access a conputer network, such as an

t

i nt r anet 2BPe119% "ffﬂ'f"é > Accordingly, the robot dog 1 is capable of using
a varietyoosb] resources that are avail able on a conmputer network. As one

exanple, it is.possible end e IMS data 115 via a co work to
- Cause det or P oL LRl 05 vaor S el ot B Dnaf AL AR, 2By on
usi ng extaad r?gbztgelstmiswsevest M@'nidltioh dnqhadisg kHecostuarehbe of:amnmh nt&t then units
200, 201, a .t se extern resoprces .to estiqmte the occurrence
cause. i Pofdend B BedBlpepEy et e KR8t FAET bt BFe bRl

occur r en@eo ckatsses [tEOFA] and AM freqdérsay, bangs U STheg lefthandc dightueairs d8iform wni t s
200, 201 infornmati o r obot

200 20yl 3 Rom B0 MR L SEcEg Tt S, 00
when t heirgarutatien.oin additore e pasees! @b beadiectiortal cemmosicatireintesface2fitont such
e e B Boal BN OOt O 400 OBy SRR B AN D 2
of the ediedtiondl sscommdnidation s tnierfazeof21an iksledes reoviaser idomrsurpeisntype t 0
track S“%Qm%%‘r{c‘?ﬁé‘rt Ia%r, tao v:ss'iglé qlldntd cgﬁl?nu?\%%{igr? 'LEHZ)(,)Oa3 l‘:lxll;h’(-receiving unit, an
ultrasound emitting apparatus for ultrasonic communication, and a microphone. By
moving the actuator 15 of the neck portionb 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 precision. It also
makes it easier to keep the information being exchanged secret.
[0033]

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 available on a computer network. As
one example, it is possible to send the IMS data 115 via a computer network to a
cause determining server and to obtain the occurrence cause of the event using

external resources. Since it is possible via the communication units 200, 201, and 210

10



The robot dog 1 further includes an odor output unit 400 that rel eases
chem cal substances that are a source of a specified odor. By placing an
odor that can identify the robot dog 1 at a specified target |ocation
during novenent, it becones possible to cause a robot dog 1 equipped with
the sanme functions to track the present robot dog 1. By using an

unnoti ceabl e odor that hunmans are incapable of recognizing or an odor that
is not distinctive enough to be distinguished from.background .odor, it is
possi bl e G U7 REFEL FRPOItR o ARGTErhe BTG St L IRSSRB PP aE h or

t he |1 ke ttaf edtifration peicisttddordthe [0@0dfdnce cause. FIG 2 is a bl ock di agram

show ng t@ﬁ j)utl ines of the olfactory system 300. The ol factory system 300
i ncl udes 4 det ection unit 100 that acqui res chem cal substance-rel ated

i nformati on reAsbj by usingahe bemunioabish anike200,2d1udad 210, tHeerobst dognal air 19

o oo oBr e Rk SBRER it ok 188 R Pl PSR Bl o
i Ecl udi lngoénseativadpegatipatahgmn;tﬁe tsdls)mbe ﬁfm padrit eosss g dnedtalt atboskidbie 1|s>peci fijed
i n r tect t I r 110 r ti , an

thet r eGNRBhEbE! PREFLrPY ShTerdeigler Aul's Senpseutetn ki wif =" °

bst turatityadfardbet | Vs miasiale td breaidelyespeeifly iy soheedt trecdveaty Alsot 100
\?\A!Jt?] ?Rge r.ec)‘ia‘? in a:togf,gl Ir nspi?&?‘.eorb& i y(t;spieedy ygr oﬁsbgs inclul?ged iao t he
' brary 4306 Fhrbe oF BB EVRENTIO W idF RRTTOR Il s et At i ko
(col | ati ¢the sourde) 42 that outputs match informati on when the obtained I M5
data 115 any of the specifying patterns 48 for nonitoring purposes

mat ch. | A specifying pattern 48 includes spectral features
(a spectral si@hatrabet, dspeic furtler dhaludest eni edar cautpatndnif @D uthes yelsaisesi ng t he

elements jn an output spectrumof the |MS_.sensor J1Q i.nclud in the | M5
Gt o 110 chinBR Sk BHbe PEEHE Aotod 1% APdrE T BT BV ladRS RiTSROL AL Lot o
peak w didentfiycthe pelsdtrddg pexla spenified tapet iocatiopeakng nicyemeht, inbedoeresof
ectral pe rel ati i tional shi of ctr.al ak t o_change
T pr oce Bras 1 Rt 1ol ds i eAPoad By marte s 8RB Urr O°°
char act erotstt dog 1arBy tdirgg &m kienotisaablaodomthat humanseatetincapable. of [réigaizing
Th t chi il A2 A . t nber._.of . t i t
The LB} 8P bl e R o LN Bl R R b BRE T b A RO 1
spect r umpossithle dke thdirectlyhefoinviStida rebot Hogan bf thet mbvementipattk osthelikp af #eet er s
agai nst tcgb%tégéag”al features in the library 49. Also, the matching unit 42
Si

may syntﬁ pectra for nmatching purposes fromthe spectral features in
the |ibr&@06h9 and nmatch the specifying patterns 48 and the I M5 data 115

usi ng a techni uch . as, pattern matchjng. .[ 0039] Th l.factory
system 300 fur E K’grf (*nd Ib&%sﬁﬁq{%meﬁpé%’fngothteg?ﬁﬂgq?%ic? t%% °!fﬁ%ﬁ’ryo?¥ts§e€§) ngn event
occur r endee avidctory cgstamr 80Q endadese thef deteetievenit f00othad acheingge chemichie
obt ai ned_| dat a _(chem cal substance:rel ate ta). 115 .and th chi ng
ani ¢ 45 SpeTa e Rl E AN Sheicat SR s B the R o1 o
(time shairi1@gt acsampling aroddt lusing altirst typé &€ semsor sy the pre36ot exthisadimmacy, thkes an
aut ormat e ti unjt_A5 t hat autonati.call y upd .speci fyi
ot ¢ or ne B S8R ddoi PleatRegBla CHAGTR Rl 46, 08PaRGSer PG 2
communi c #tat are patternL@éherathe whiehespecifiedroimnsiadli substanceswa@ldedect@d By theey al so
be used, t e nuni ¢cati on it..2Q00 is used r.epr tative exanple
"h the 1 BPP SR BRI efattny ol R Huf o o SBURRE Rl
sanpl e strerdgenicatistbgandehatatarbdata (MMt date) ¢t 5 abtaed byIhedgtectiedurit 110 a
sanpl | ngmﬂgltﬁet sﬂe%if;?iné %gRérﬁs ﬁ%%rarggni%?iﬂs %h?po%gsg included in the library 41. The
threat monitoring unit 40 includes a matching unit (collation unit) 42 that outputs match
information when the obtained IMS data 115 and any of the specifying patterns 48 for
monitoring purposes match.
[0037]
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[ 0040] First, the detection unit 100 includes an I M sensor 110
that is shared by the left and right nostrils 12L and 12R The detection
unit 100 includes the I M5 sensor 110 that is shared between the plurality
of sanpling points 12R and 12L, the supply unit 120 that supplies fluid (in
the present enbodinent, air (external air)) 19 fromthe plurality of
sanpling points 12R and 12L to the | MS sensor 110 according to tine

di vision, and the sanple orage.unit 50 that_is capable of sealjng and
Storing he ey Spsiiymaspatedh 5 indlksr el tmallogd B peeab SoRRbAEAR

se gsirz Rl k[a%my ]cb@rabtﬁﬁétﬁ:lsJ ﬁﬁﬂ Rapass)tebbyingt thé Iuenhem‘éé iraadl otiipghspevtratr ofl s 121
an X . T M5 se r, 110 i ncludes an Jonizin nit 111
that i onitéeew%ﬁgnﬁq{emocﬁfjug?é)ﬁ gﬁc@@gldﬂél gﬁ%d%ﬁ stpﬁ‘étrqr]rfgwqunmg%l{leélanal air
]}9 :JZ ing sb&dfaa]tcp'ei@lﬂ ,anipiilggé,, shrm&treﬂ gedkr wielth ira]ﬁl €peadal pbak ]Esiobe,, spatrel mc?kr ihC I
ie contro ilter 112 that control.s the. novenent, o e ionized chem ca
Subst ancakemanduibe, of SFackaf aficn PRl PPNISTAL S AT o sSPet e ol

rel ati ng chéndgseirc pesteesihg saobaitians; espdciral diibedntinuity heiretxt er Madbmpi to V& from

t he novenent anounts B{? thegliﬁoni zcﬁc} chgrri cal substances. [0042] The
supply ufileragshsic, and fiedks. Rt 2rq 2ot itRd (43S on punp) 128 for drawing in
the extefoodglair 19 fromthe left and right nostrils 12L and 12R that are
the sanpling pgjnts and discharqging the external air 19 froma discharge
Ut ot 129" and T bR TR RS AA MioRasha TN O e Bmalf o ar e o The
| ef t and thid spectraldfeaturdssof it s@nilying Ratterns B8 fioM3he et sgddiruaciacludedisp to ti ne
division,, T l,eft, . and right ducts 130L and, 130R have the.s construction
and eachtri‘en@ﬁja%taa”g@@f’i %Cr&ﬂ%ﬁ{)etgﬁ Sy Pargn}eltee(§|""8?'83ctﬁﬁﬁg%?t@?%es'zQ suppl y

t ube 123 thehdibrasyEpl | @dsot Hive andtehingl urdti 42 IBay cymthesitdSpeetres dor tblchirg bypass

tube 124 that bypasses the supply.tube 123 —and an exhaust.tube 125 for
exhaust | RUTREES DA needasaiRey 53 doreenae AT aBi Y P REE i Pt Rect o

122 i s p48wndeice IMS dbtarigé using aotetiatidut suzh asfpattbie hatthingnd ri ght nostrils
12L and ﬁ(ﬁff the nose that are the sanpling points by around 15 (this is
not a i 2 ion) in the up, down, left, and right directions. Accordingly,
it is possibl eThe offfitrgasysthm 300 farthertindudesfthé eeersdaufdut ngit fO ittt utbBts and 12R
wi t hout novin he neck

or ovi ded T AL RO T SReERbe Y e eroft R e BBEN T bl 2o e
of shut t iobireldf IMShdatdgtieerhicainsubstancd-Bélated atatd) el Sexared thel maiching unitEper s
TRt AR Gt cbal U SRl 52 ool RSP Be B o
uni t 100 phraiieheThe pifdaicre Systenn800 also limdltdek3dn altatmatsahtpdatiag snd5dhaper s 126
and 127aatu%mla%izglIyaﬂéjdattehsethlelvs%eséﬁﬁﬁg rpat;l‘él'rg's 48 stored in' the library 49 in the local

memory 41 via the communication unit 200 (the other communication units 201 or 210

may also be used, but the communication unit 200 is used as a representative example

in the following description). The olfactory system 300 also includes a sample storage

unit 50 that seals the external air 19 acquired from a sampling point in a sample

storage capsule 159.

[0040]

First, the detection unit 100 includes an IMS sensor 110 that is shared by the

left and right nostrils 12L and 12R. The detection unit 100 includes the IMS sensor 110

that is shared between the plurality of sampling points 12R and 12L, the supply unit

120 that supplies fluid (in the present embodiment, air (external air)) 19 from the

plurality of sampling points 12R and 12L to the IMS sensor 110 according to time

division, and the sample storage unit 50 that is capable of sealing and storing the

12



[ 0044] For exanple, when drawing in and analyzing the external air
19 fromthe left nostril 12L, the danpers 127a to 127d of the right duct
130R are closed and the danpers 127a to 127d of the left duct 130L are
opened to purge the lines. Next, the danpers 127a to 127d of the right
duct 130R are closed and the chem cal substances included in the external
air 19 drawn in fromthe left nostril 12L are detected by the I M5 sensor

110. The | ata,115 is supplied to t en t the
Chreat S Phg odkAaRel Thaae fabstic 150, YL RH 1 i iy BRI e not
been det esepardteht attthelethwadrightrgstrils 02l andB2Rnd t he threat nonitoring unit
40, air i&oﬁgia\/\n in and anal yzed in the sane way as descri bed above from
the ri ght[ tril 12R [0046] I f an event has been detected by the
event output uimhé I[468 dembort hH) exkdes caaUeﬁziogmmﬁm1bethiahfoaizeedihe thamieali s t he

bility.that t bst ded th I
b e uncont T dbiE B e Rhattd AR Rh or S L Al ugtly SRR Beor o o
the | M5 diedsor thEllke, Aacedaiia fidly,cohtedldiiter adﬂahMMcngtrble taam%n&nbbf thee ri ght
o b Rea N haliEe akeF RETES S, ROPER 455 ittt o
19 accummlatireptoi the bhenloylpmmstainuémmﬂ:ldeseaﬂhedax_te;naltw ‘&J’m(prhehesmwargean t 50
in a Sa”%%umslﬁf@9@8@3?@]%e(?gi%%aygstgﬁ%f%apsu' e is then stored via a capsule

di scharging ro The external air 19 sealed in the
sanpl e sf@ra@pe capsul e 159 stocked in the stocker 160 is subsequently

anal yzed usi naTaD o W 260995 dhe's S SoR AP(L YRR ANThu Y BLGBARLE On, oS

anal yzer or the toa cC mcI
subst anc ¢halaxtatmat eir 1Byfraex ¢reulteftramdt rhghi; nbytpb L andbd28 Shatiareitise pawpling e t o

subsequentll ANPLXEE GRS T akaRUbSt 9555 5 NRbATE LB SRR g bA0:sHiovi ded

inther s OAAD t o anal
The sanplaed SIBORaget lead théSé)(temyl auﬂ@ﬁr@m thal lefy asd oigbt aosttaiijZé and t2ketocapsul e

159 as d?r?clrl\)lé) %S%P?)(& ac?c(or tﬁr%?lv%m%a ege\{’ﬂgna nf;lé_bocﬁ}&seﬁb? an%cflé%hd' ng to

an instruction (renot
possi bl e haee rtieg) isaanel yomsdmtilm'rmnueea‘chnmcludenmgudfom hlmMMred:m oa flewibte 100

and/ or t %8,("?3%%,,3&2)’ S%@B.&%@ﬁz@ fat '8 6"‘21 tind Qx‘MHa(f 0t 1g)eto R8s QGsdr | S

pl aced and 10 St 6ret s as a orlca rec
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 (flexible) connector 122 is
provided to change the orientation of the left and right nostrils 12L and 12R of the nose
that are the sampling points by around +£15° (this is not a limitation) in the up, down, left,
and right directions. Accordingly, it is possible to change the orientation of the
sampling points 12L and 12R without moving the neck portion 3.
[0043]

A shutoff damper 126 is provided in each of the left and right nostrils 12L and
12R and is capable of shutting 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.
[0044]

For example, when drawing in and analyzing the external air 19 from the left
nostril 121, the dampers 127a to 127d of the right duct 130R are closed and the
dampers 127a to 127d of the left duct 130L are opened to purge the lines. Next, the
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[ 0048] The event output unit 30 includes an event nonitoring unit
31 that determnes or finds the cause of an event according to changes in
the | M5 data 115 of the external air 19 sanpled at the respective left and
right sanpling points 12L and 12R and also a cause estimating unit 32. A
change in the I M5 data 115 that is chem cal substance-related information
inplies at |east one of a change in the chem cal substances and a change in

the concentration qf em cal ances included,in.the ternal air
16t OTh EPls 1530 4 of B aif fud SA0RGS SRt Bndr Rl cristhitd] Sufidteies

](c:orrpaL es irchelet I\(Btrﬁatxferdélairﬁ@rdré\hﬁimﬁmhmlﬁftmﬁtﬁl 12\gara i tetckaal w\aﬂBedlg‘Sah 115 )
or the present .s n eterm,n at an event . 0 ree en the
01T or onBEreda0n e M edR oG 5 SLPRRS T e eERE e 3R eRAIHE HEFRt D i |
31. [ 004%onitoring unit 4the "event™ in such a case includes various situations
such as &(&%@Lel easing of a new chem cal substance to the external air 19

and the sing of a | arge anount of chem cal substances into the
external air 1l1f§ankEvanfdres bfeatiavd sotibeeh deectcdant flecmentodtpatfunit@dedndi ng wit h

an odor, .t he appearance of. sqnmet hi ng acconpapi ed by, an.,odor, and an event
that i s 6 SHRENEANEIo, ANt 30y air s, GaWpE BXhABaYPh T 43k Pere WAy ¥ e not
i mted deswmibed abbleafroradie dight hesttil 1BR.humans and nay i ncl ude chem cal
substanc? 4i6fC| uded in the external air 19 with a concentration that can be
det ect ed (&/ he I M5 sensor 110. The expression "sonethi ng acconpani ed by an
odor" i ncl udesiféarggenohss sadhdeteutatbys thehevaat @apltuinitridshut ehepbasit vase and
narcotics i

Livi : h . .Th " h

e accomsamiaaeHyouRe bR Medhraie S e B Ry e g e B g e
I n addi t ierternd bie 10\aee uncunifipniéd omare sBBstdrdesrfor wisish theee Ecouamadysieredordect i on

f ti t,QAt 1. The. i i
capabl o 6 el hetieng ToneshRliie Hebrgiana B ot L Y BRI 1 ng
St er eo- t YIpR, theaontrall urdiutsstapeoe tikedamperolrbsi thatdradedhiubpff ther loypass éuttel 1824
di ff d/ t j iLff t h hem cal t
et Fr onSB ANy 8 S06E U5t ] Bl B B e Pt e
posi ti onalber tldaddatausthy ihelsampiestotdge ypiittbtaihia sangdle stongd capsplei 189s, Thet 1s -

ible t t i t.i mat he. i i t.
Ben the POulR GUEM oo fit doreheHs Far and Prighio Bt e®d 3p0s R of
t he noi sexiaral aseld saaledhie treasgphple gtopagentapsulet 159sstadked ip thessttdker 160  ovi de
ositio For _ex i

DO BB R e P AR o R S S
i nprove niEss@nealyzeri ayrthd like dfteesidtablettyme and isehereaddedetota cheniical tshiestapsed own
direct| O'a'atai)(a)geS. 1]By executing this type of process, it is possible to subsequently analyze
chemical substances that the IMS sensor 110 provided in the robot was unable to
analyze at the time of sampling.
[0047]
The sample storage unit 50 may automatically store a sample in the capsule
159 as described above or may store a sample in a capsule 159 according to an
instruction (remote instruction) from the user. For example, it is possible to regularly
confirm the functioning of the detection unit 100 and/or to regularly sample the
environment in which the robot dog 1 is placed and to store the results as a historical
record.
[0048]
The event output unit 30 includes an event monitoring unit 31 that determines
or finds the cause of an event 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 and also a
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The positions where sanpling points are provided to detect chem cal
substances are not limted to the head portion 2 and may be provided at

ot her locations, such as by being provided on the trunk portion 4 or being
provi ded on the runp portion 6, for exanple. Al so, the substance detection
unit 100 provided on the robot dog 1 is not limted to a single unit and
units may be separately provided on the head portion 2, the trunk portion

4, and the runp. portio . [0052] . h use estinpting unit 32
el des SBut CRpRnG WAl 5 A Shaais Biihe VS st 115 DG ot REERE o’ | e
dat ﬁ 115 r@ﬁ@dirilﬁoﬁﬁal@b“mpﬁés ﬁﬂéééfbhé@fbftﬁah@@indﬁé@hérﬁﬁzauﬁb%mrﬂfés aﬂably:/is sd
tec ni que,sucn, as attern. mat chi n an estl matl n . cause, O t he at a
e o Cognatialpdte Bidenkion!ihe Chemed aibelaBet MapPSiEindRE E¥iedatey TSht o o
tﬂe ocCurzk wgmuggpmnszg%usm1m. ane[@wemtrgbmto%ia@@hmgﬂd@mb?& tdatmusl|15 via
the commun| catj on unit . to externa r awa resour ces or. . exanpl e, an
anal ysi sdél?rﬁ for thePrevipist safeRjing and t%w&%F%tao#%afﬁb%Sé’é?ﬁeﬁgST’H%‘"@cﬁﬂdce of an
event andermmef thdtian®eveMohatdtuddd when tesgifedhog ekceedb antheshold wesinances of
a higher concentration _g)ordi nglr?‘i it is possible to inprove the
ncC

Acco,
esti mat i GAVHICELR tiedryeptmpRiEorgg o e cause of an event. [0053]
| n addi tij@u9]t he cause estimating unit 32 inproves the estimation precision

of the event capses by .using the event appended.infornmatipn 69 such as
ragos. ang soulhe fevef it Sudtth tare, Bdts ARG S iatof Sl PR epa e
appenﬂed ai nfémochmiiéa)@umam&e?tbtth@éxtumat ?:6@9 ahctrll tﬂérefdagmgpﬁssérbb@rﬁwnt ?]fm t the
search rapge. of a pattern r a search int | ata 115 usin e event
appended CF% [5’?{7&{’?%%”0@@ @E&ﬁh%sex?%ﬂeg'ra d slg{ﬁ%%%(ftft%"gp M%d%u t he
processi packmert dfogonssthingwiithngh b, teuspeafanaa of gemethifdd8&ebmpanied by  The
t hr eat rmnicH(}ri ng, unit 1({ otp.erat es in (ggral I e(l vvi|_§ih the event. out put unit
30. If tRY FRRATLAY eXRt Rl B ASHYMBRRSLEY @i 99%0 HEte PR PRSI0/ s t he
tEreaéI MpsThélyT isng)tmniitﬁdti@oags thelad:a&ru_zaelféwb;ahsﬂnan&s_adnqb_mma'aslode @ﬁahi)c_f alht he
shared processor . e ysed  accor. to tine.division. S0 t he event
Sotpat ROSiaR iNdeg o MRS EREEHE 10 Fith & son St Bl Ban Be gBiestad v o e T
reconf i gthieal® sbasatvieloe, Thd exgresstoratsontttifig atemipanizioby eradoslintludeas t s nmay
be nmounted so as tB oRerate i%ar@dletl, bU]t If thec{e ari. i nsufficient
r esour ceSaNGKIRYS FPPENGRR, SHED rAsuRPLHRLS SEPIPHVEHhet™ A lST PR MY i ne
di vi si oncrda@@8Skuch as humandh& hehexpedssivhrietvattithat isictompaniedt bydasoddie | ocal

i brary 49 including specifying patterns 48 that

menory 41 that stores the |
are infoﬂ%@ﬁﬁ%&%'%'ﬁﬁh@tly conpar abl e el enents of chem cal substances
to be sefasoed with the I M5 data 115 and/or a plurality of characteristic

paranmeters (spectral feature for fagjlitate t chin roduced

converting (re&?i‘ﬂ“o@o e?\{ef’ﬁé‘)'tp?%@'tgﬂﬂ%%?rwn%so ﬁpgﬁr?gpqenﬁrgpﬁ% ﬁ?fﬁ%{‘, and

t he mat cleverg relative (cCthlel rabotodoguni The 4Reithadtputauniti 30eis ycapable lof detdnminteci f yi ng

patterns 48 and the 4!\/8 dat? 115 agcbor diqu}l?r.to an an ue such as
' df 2F

: al ysi s.techni

bat torn Mg GRFHIEENCR IGEIAL AT SaR BlonsETesRUPR Feicel bR | y
conpar ed detectigri dhfedhatgal NSroinhéhd himeddifierenktd bsd/datcanédnifaticlat differpnaeduced or
generate t I sensor . 110 detect.i t he chem cal substance that is
The soar oreghdhe chomEA S Hstarpes Sterter 4 dhd RErRER FtoeiPg BV 889 1,
det er m nithrge-@iménsitgiahgoditivaial eelstipaship Wetvieepiathe gluralitd osamplirey pdifisdibisa 115
mat ch, or_that .a specifyi ttern 48 is included,in the dat 15, the
at ohi ng Pt 43 BRrRneXeRth e e ettt Ao adue™s WPl e
such as dogpuytatthoghathedéfdmnd right nostrils 12L and 12R of the noise are used as the

sampling points, it is also possible to provide sampling points at more distant positions.

For example, by setting or adding the holes of the ears 13 as sampling points, it is

possible to improve the precision for the event occurrence direction in the up-down

direction. ‘

[0051]
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[ 0056] Represent ati ve exanpl es of targets for which specifying
patterns 48 are stored in a continuous search library 49 and are subjected
to routine or continuous searches (nonitoring) are toxic substances that
pose a threat to humans, explosives, weapons, drugs such as ill egal
narcotics, crimnals who are being tracked, and m ssing persons. By storing
the I M5 data 115 outputted when the | M5 sensor 110 has detected the unique

odors of such arch.targets in _advance.in the |ocal Ly.4 it s

possi bl e for tﬁger%??gtonaogkﬁret 8@?%&9 t‘??én%e%r?cﬁmtvéigae?og rq)eﬁé{cé é?%?'?%lr tine

and nuch sobstencekfaes hotvialited t¢ Hehehad portion 2 anbheayberbevidet! at piheslocationar i et i es
i mredi.at el y

of chem cal, supstances that S threat that needs to be |

det ect ed SFE A yé%'"? BFOQ{EI.%%IOL"F{B%%H&8°'H8g§i°5lb8m9(9r Vé(fqdow @S\A'Hmf) PO ses of
t hreats Bhasr examplee Alsd)fthe stigdarzy defetivo ot 100 grdvidedomT themgbdtaloghteis
mobi | i zati on objecti.v | ocation, and the |jke of the robot dog.1l.,0n the
ot her hafgt! cheﬁ"é‘ﬁ?%'ﬁaﬂ‘i@a'gs 'PSYE%SPH?FE yaqrgyld?ﬂgng}eo eeaéigq P e
requi r ed thedtr@rkoation 4 wnp Wisrunpaportiorf 6.er according to the type of sensor for
detecti n%&%&ﬁi chem cal substances (in the present enbodi nent, the |IMs-type

sensor 1 th the universal database is potentially fatal. [0058]
I n this ol fact Phy caysst estini3fifg uhin 82 lindudes ya dialidsatst@ingraegarispedf datterny

tt 48 whi ch i ith th I ta 115
b the 1 fevesogpo 14 habited e el ® Biae b s SR AR b fF B ompar e
by mer el wnextiatyaisttectthiqueasuthess pattesd aradchingnandestinoatinb theweuse dfithedMSh as a

cache nenp ich has a .short cess tine. Accordi Ly, ferring to
Che i br anle 11t B pRéteR SRRl BRSTRR (B iach ol g 58, R P BITEL "Pre

ri sk of acthrerat causardr causen of amazvent ibgesendirgothebyMSi datai i wiaethsunber of
speci fyin atterns 4 ored jin the |ibrar [ si.hl .store
tﬁe spgcicgk}‘?'}v&'cﬁé?q éﬂnﬁsﬁ&%{ol ﬁXtIFH@H ﬂaBArv{zia??/ rﬁgc}u\z/}mg%‘chlfér Igg?rgglé blraﬁn%aﬁ)%gt

facilit atsesec.onerrioboinded this tdapablyf datpeoathing thés8jce of an everoandesfanpl e,

b rovi ding.unc resse eci fvin atter A48 i hra it
p)c/)sgi bl eaggﬂgrhq tﬁﬁeg%?ng@g&?ﬁr?%anggg &oec%h%'%ags%%sﬁghecﬁgg%i %?’gﬁﬂers: nc:asi t
i S possi kebecdntratierdu@ecordinglyi liteis grodsiblesouinpesver thquestiowtibo predisorpobtessi ng of

t he mat chi nlg, uni t 423! fit bECﬁnes easier to carry out parallel processing or
ti me-di vio§PBIFEP GREESY Y SWPth t he ot her processes such as the process of
the caus@o@sii nmating unit 32 or the |like. Accordingly, it is possible for

e emee of o I Padifoh, 1 Sagk dstrfefhd LRE ¥ BRSEC U ediaioh Pecilior B
the event causes by using the event appended information 69 such as images and
sound in the event direction that can be acquired by the appended information
acquisition unit 60. It is also possible to limit the search range of a pattern for a search
in the IMS data 115 using the event appended information 69 such as images and
sound and thereby reduce the processing time for estimating the cause of an event.
[0054]

The threat monitoring unit 40 operates in parallel with the event output unit 30.
0 If the functions as the event output unit 30 and the functions as the threat monitoring
unit 40 are realized by a shared processor (CPU), the shared processor may be used
according to time division. Also, if the event output unit 30 and the threat monitoring
unit 40 are mounted in a chip with reconfigurable hardware, if there are sufficient
resources, such units may be mounted so as to operate in parallel, but if there are
insufficient resources, such units may be mounted so as to operate according to time
division.
[0055]
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The aut omated updating unit 45 automatically replaces the specifying
patterns 48 stored in the library 49 for continuous nonitoring. The
automat ed updating unit 45 is capable of updating the specifying patterns
48 in the library 49 based on the occurrence cause of the event acquired by
the event output unit 30. The automated updating unit 45 is capable of
determ ning or interpreting the current state fromthe event occurrence

d/ f i d/ or . nd d th j d inth
cvent appended ThiBPRGETBIES MIGRLTESRER NS Gl oRREY Ay ol BEISHRE, 1o | n°
t he evenlibraoc wor dnvbelirdy rspetifyiny gatterot a4 dthbt rage tinformptian fhaving paedtigr ns 48
inthe library,49. \Wen it _that i th t.h d
| nf or mat PBRPFE0ORE L8P REIG LA e S A e B s B e o5 FRECISabI o of
updat i ng ahtiler aphealfty ohchapadtérstio padbndtasddpantrat featunéd)dor favibtate mpjobimded
i nformation datin

61 . By u t he specifvin atter 48 stored
i Che 1 PBRuet? B chavartpa freyaite EPARKINEE M e ShlppRich i Feflin Hiad 05 b
t 0 det ecthd mawhing umitc(eoliaion uni) B2lhat . rodinety, mbichesittenspdaciyihg patigrdatddng t he
speci fyin at S stored i.n_the |ibrary.49, i iRle to
Pt o 50 B DY Aftg s et Rbal R s Hebr R I8t ongh aS PR R a8 i oRect |
t he | i br &ypjcall @xample arf difaghationtthat ¢annise dizepily radthpaceds eamaltchBdragaimseties can be
further reduced., [[006 F X e, if.o } t.ance
i ncl uded “\‘ﬁ% ‘ﬁ% 1S1%e'c?i %%}? n%M%aﬁt%)r ﬁ'rs()dﬁ%%g gggé%terdggﬁéﬁlggg%? g|ert§sl.é|p§11§ossi bl e
t 0 aut ondetectind theupheatical shisstamechétyis fige pedrthe target4s amoodas (sroell)ricinuthe ot her
chem cal _substance hat Qse I i C ] action
wth ¢ne saeliPEaReln S Bl RTRCe AR Fls B¥pEAN BB B B R
react i ve detzet tfymatchheathat @ specifng pgttetartfeisdocyudethint thhdMSi dada i 5t the
speci fyi atter. i .chem cal b ' i the
speci fgi %t‘%}éﬁ 3'5'E§'2 }g't%fggs ﬁ%écg nlkﬁogrg%téoﬁ} ;ﬁgg(ﬁ?ﬁ%lfég h%éémg%g{ e%%br:éﬂsggga%e in the
pr opor t i ootpofting@otalartnem cal substance carries the risk of a dangerous
chemi cal [é{%%gti on occurring, it is possible to update the specifying

patterns 0 as to frequently check the concentration of such chem cal
subst ance. [ OOR8presentative edah@lesdofsdrgets forpphictaspexifping phatterhs BB arepstbect or y

syst em 300 f l,. hagt i L, 8
comput er ThacualBoys edeh B4 35 oo E BuaPRLS Ry iRl BE oA BULAE bl i
product ) (mpaiGBiAY) are toxic substastespthatQgsetehthrad®o bamsos, exp®sivks t\wWeapdesect i on

the 1 v 4 58 =8 e3Pt contd, el Tk by RRBH d i RENATEARAC, P11 P S
st ep 702 ByhstoragpthedidMb idafaot tabiipotted eunesitheé dMSusenso601@daai detectechéheappended
I nf or mat iuﬂiraug %‘dors of such search targets in advance in the local memory 41, it is possible

for the robot dog 1 to find the search targets in a shorter time and much more

effectively.

[0057]

The number of types or varieties of chemical substances that pose a threat

that needs to be immediately detected is not so large. It is also possible to narrow

down the causes of threats that can be confronted by the robot dog 1 according to the

mobilization objective, location, and the like of the robot dog 1. On the other hand,

when detection needs to be immediate, the processing time required to compare

outputs that differ according to the type of sensor for detecting the chemical

substances (in the present embodiment, the IMS-type sensor 110) with the universal

database is potentially fatal.

[0058]
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[ 0065] In step 703, the IMS data 115 obtai ned by sanpling and the
specifying patterns 48 for nonitoring purposes included in the library 49
of the local nmenory 41 are routinely conpared and matched by the threat
monitoring unit 40. If, in step 704, the I M5 data 115 and a specifying
pattern 48 for nonitoring purposes match, in step 705 the match information
44 is outputted. In step 705, since a threat has been discovered, this
normal |y | eads

to.a t . JAs..d ' [ | oad
of the throat ORI /IRy Qvremane; 18 BAY s Bake B Sbecliilfo BPESEE 200 1my
be a?‘si gmd:htc.gm;iaardiramﬂy ttvapared vethshe guiplot (IMSydatd 11 Hleofdbatvi@lseosort 6l  uni t
55 that inc U. apd dedi cat ed i ded,
or & prodBebIniFied chamBha T RR oS lBe s RbABLPY Sy e el Bl
noni t or i fgstbiedeatise lovalraemblyed1, sayh be aprache dedory,[Wid@6has a short acéesso, in
foscri bedTabayes Ve PYe o8 i eubiEny “Bul Bap Tnboaht sl s & occ
ofccur r endetelw]hinlaﬁheﬁe!nbf 4 thoeat (ogsurrigg irbaskatt tme. Ateon e dimitimgtthe nuBedeft a 115.
If, in parallel w.th or, befor d.aft t. i th
aut onat oaPaiiuEe: HAE 7o SEorgL o B HEehCho. f oy BORMIC 185194 470 sl "
necessar yatternsigdan éhet lthearg @goavithya datagamntad timet fak@itétes edmparidonewithvibatiM&ppended
infornatio%ﬁ%,d in step 713 the specifying patterns 48 are updated. It is

a

possi bl edf’1 te the specifying patterns 48 in keeping with the |ocation
and st at ¢0d%i ng noni tored by the robot dog 1. [0067] If an event

has been detected in ] . i tnﬁg- jt 32
determ nes t hekgrc%)ffrr?@élgogl eré%lglenggp E{)'ﬁgr%\g/éedn%g%g@%%gﬁg@%e&ﬁ dgllfjrg 115. |If
t he cent A8) it Gopossidle tmbmit3be dietecrequinastsfor mlesorepregdion.t aadditippaincei isisr equi r ed

fromr es%ggsclﬁg t$ P&Jﬂicgﬁhﬁaemag éﬁwgrrgﬁdéjrrée%rrt\éﬁﬂiﬁgj f3r fe ozgs‘?éinhgag éﬁ%’ ﬁgtchripgt ion via

informati"on 1S transhit toge e event appe nf or
t he communit dat it becomes e266r mnzhrtyhmut Ipakatiet protéssinguerstinde-divigian prieeessing

conmuni cat.i i e t Lr el i i G| 4] t he
obt ai ned |tk/gtq%§ SF ‘i’%ggsr%%/ Qg%h %g{a%r?s‘g éc?er%gg?gﬁ%dc altu E%Q%tﬁ%tin gjrﬁge% cﬁggé;ﬂ(c?r' causes
of the ewentrdimgly, iids possible ddr fhedhresah noniteringalinit 40 ve rowinetyhdetérimiee tHe0068]

On deterW’ﬁ@%ﬁggigge%hg?pﬁfgﬁwégﬁaisﬁorjtﬁmg_ecessary to update the specifying

patterns e ocCurrence cause or causes of the event, in step
725 the #066imted updating unit 45 automatically updates the specifying

ormuni cat o G cub i hEly 43 sblosiatBal 1eBlae T IR beCd dafel |,
provi ded 48istorethén therlimary @dtforocontinueus2@0nitaniget Ade avtarhatedh epdatingt undicdbur r ence
iéu[sgoggfsmcgygblg )%tfer%{ini e’ %E)eairyin% 8%59 I4'86fn file ﬁg}grs) hgeoa%tedté}?tﬂeObOt dog

occurrence cause of the event acquired by the event output unit 30.. The automated

updating unit 45 is capable of determining or interpreting the current state from the

event occurrence cause and/or from images and/or sound around the apparatus

included in the event appended information 69 and also the images, sound, and the

like in the event occurrence direction and of updating the specifying patterns 48 in the

library 49. When a unit that acquires the other event appended information is also

included, the automated updating unit 45 is capable of updating the specifying patterns

48 based on the other event appended information.

[0061]

By updating the specifying patterns 48 stored in the library 49 based on the
state facing the robot dog 1, it is possible to detect threats much more reliably. Also,

by automatically updating the specifying patterns 48 stored in the library 49, it becomes
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If, in step 726, the event occurrence cause has not been established, in
step 727 the central control unit 55 has the fluid at the sanpling point
sealed in a sanple storage capsule 159 by the sanple storage unit 50.

[ 0070] In this way, one characteristic of the olfactory robot dog 1
is that the dog is configured to give priority to carrying out processing
that are extrenely dangerous and/ or poisons, such as explosive substances,

poi sonous apd. har nf bstances o t ha i 0 e .to.react to
D onrer oBAESIS S Bt S5 p gt desris D agraunh SLame b phlers A8 ShrFoiT PES o
processi figran| 48) 7Adcordingly, the time aetfliiret tnsedrétefor tvedts dag ba furthee cpduppdd wi t h
the thr er@(??ﬁm toring unit 40 that functions independently as a dedi cated

danger ting unit and continuously nonitors conditions that can pose a
threat. Wen aFeheaintid, iSeHasihenteal dabsadrasdandlodedsiaahe bpddfyigg tpattaris e

t t d to. t | | 41 put
P ocl ot BRe e Sanped ib 8 hrab e g cuabdicalit ek tespaaning Pafiete 2Be 1o
refer tpsé@motoeiny:wheaﬂm@dcrginﬂMIswetbac@ tHaercah rpi:epeandengéryby)baw:ag bhgl caufse
estlnatun uni t able o
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[0063]

FIG. 3 shows typical control of the olfactory system 300 by way of a flowchart.
Such control can be provided via a computer network or recorded on a recording
medium as a program (program product).

[0064]

’In step 701, the IMS sensor 110 of the detection unit 100 carries out sampling
at a plurality of sampling points and outputs the IMS data 115. Before or after such
process or in parallel with it, in step 702 the appended information acquisition unit 60
acquires the appended information 69.

[0065]

In step 703, the IMS data 115 obtained by sampling and the specifying
patterns 48 for monitoring purposes included in the library 49 of the local memory 41
are routinely compared and matched by the threat monitoring unit 40. If, in step 704,
the IMS data 115 and a specifying pattern 48 for monitoring purposes match, in step
705 the match information 44 is outputted. In step 705, since a threat has been
discovered, this normally leads to an alarm output. As described above, the
processing load of the threat monitoring unit 40 is low. Accordingly, such processing
may be assigned to part of the processing ability of the central control unit 55 that
includes a CPU and memory, a dedicated processor may be provided, or a processing
system that carries out a number of jobs including monitoring threats in parallel may be

provided.
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In addition, if there is no registration in the global data, the robot dog
1 is capable via the sanple storage unit 50 of registering a substance as a
new chem cal substance. That is, if a cause cannot be determ ned, instead
of having the external air 19 sinply discharged fromthe substance
detection unit 100, the external air is switched to the sanple storage unit
50 and is stored in a capsule 159. By doing so and matchi ng agai nst the
anal ysi s ¥Its of an existing analyzing apparatus at a later tinme and
subsequeﬁ&ﬁ% registering the result, it is possible to inprove the quality
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[0070]
In this way, one characteristic of the olfactory robot dog 1 is that the dog is
configured to give priority to carrying out processing that are extremely dangerous

and/or poisons, such as explosive substances, poisonous gas, and harmful substances,
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for monitoring threats may be nounted in a nobile information termna
together with the | M5 sensor 110 and the |ike, nay be nounted in a noving
body such as a car, an airplane, or a boat, nay be nounted in a donestic
appl iance, and/or may be nounted in a security product for protecting a
home or other kind of building. CLAIMS 1. An apparatus conprising:

a detection unit acquiring chem cal substance-related information relating

to chem q i i i : [ L0t - using a
firer tysa spnIEpaRARS d RELHEE oo/ byl SPARNADRPLIIELIE o
speci fyi thg prieritizedrprgesssingt ed when a specified chenical substance was
detectedigyt he first type of sensor; and a matching unit that

routi neI{/ co}rrpar es chem cal substance-related information obtained by the
det ecti on uni t Inaadditgnsihecpbgtideg bistaasinped avithrtbe threati menitoring vsié40ithatl uded i n

the lib and: i t] Tk j em cal
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pur poses meatteh copditigrs hiphearnpess aldreatdiVMigen a chemical qubstance databpee fdver
conpri si QQar@ﬁ‘taﬁ’%é?@Bf fﬁgtp?%en’t‘ﬂibbt &%gic hQUbOH 15addy iﬂﬁﬁHé 'io"cBFrﬂeﬁie)r;gzg]t gyent and

an occurrence cause O . ne event or di ng to a ¢ ange In t al ned
cheni cal aBwhsagisiered rableaticadi stbgtanagaitasobeen encountergehdt isi pessible teateieritag uni t

SESLSE eﬁ F]é;n{i'c?tgﬁ-rl@daltﬁ gl¥bdi AataithBF AL SR N I orlVid e atiss &tk imit 3Be event
[0072]

The olfactory robot dog 1 is capable of switching between a plurality of modes
according to instructions from a controller. The threat monitoring unit 40 can be used
when analyzing chemical substances that are search targets and substances of the
same system, and by having a search database (library) 49 in the local memory 41 of
the robot dog 1, it is possible for the matching unit 42 to refer to the database in a short
time. The database 49 uses an RD structure where it is possible to search using a
plurality of keys, and it is possible 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.

[0073]

In addition, if there is no registration in the global data, the robot dog 1 is
capable via the sample storage unit 50 of registering a substance as a new chemical
substance. That is, if a cause cannot be determined, instead of having the external air
19 simply discharged from the substance detection unit 100, the external air is
switched to the sample storage unit 50 and is stored in a capsule 159. By doing so and
matching against the analysis results of an existing analyzing apparatus at a later time
and subsequently registering the result, it is possible to improve the quality of the
database used to supply the specifying patterns 48 used to determine threats. To
construct a vast database including the specifying patterns 48 with appropriate quality,
such an automated system is extremely important. To efficiently enhance or construct
a database for an IMS sensor, it is preferable to build rules for matching the difference
data 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. By accumulating statistical data in this way, the
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3. An apparatus according to claim 2, further conprising a
communi cation unit that conmmunicates with outside wirelessly or using

W res, wherein via the comruni cation unit, the event output unit
transfers event occurrence information including the chem cal
substance-rel ated information to the outside and acquires the occurrence
cause of the event. 4. An apparatus according to claim 3, further

Corpr =L B 34 85 g5 BN W, M0 Mot e shc) i

patterns store rar conmuni cati on

uni t. 5. My sapgeacar bs asioowtet. ng to cl ai m 4, wher ei n the aut onat ed
updati ng d('ﬁh]t updat es the specifying patterns based on the occurrence cause
of the el/ent. 6. An apparatus according to claim4 or 5, further

conpri si ng a uliatnenwheitemicsd substanceraistbeap detedted, thefalfaatary whoi dag Lithaslg | nages

and/ or SBWQio@IQW’%iétQP tr%ogaﬁs%rlr&%’ via a network in a global memory. With this
method, if the substance is later specified by carrying out component analysis, proper -
registration is carried out. A signature of the chemical substance is registered and
substances are estimated using a given estimation algorithm. 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 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-automated
algorithm to a fully automated algorithm. To increase 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
results and analogizing including correlation with other signatures present at such
location.
[0075]

Note that although the olfactory system 300 mounted in the robot dog 1 has
been described above as an example of a robot that is capable of moving
independently, the olfactory system 300 may be mounted in a movable apparatus such
as another type of robot or a mobile terminal or the like (which includes mobile phones),
or in an apparatus that is fixed. Also, although the olfactory system 300 described
above includes a plurality of sampling points, the system may detect chemical
substances included in external air 19 collected at a single sampling point.

[0076]

Also, although the robot dog 1 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 including a function that detects chemical substances present in a gas
has been described above as an example, the robot may include a function that

detects chemical substances included in water or in the sea. In addition, the function
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and the automated updating unit updates the specifying patterns based on
the event appended information. 7. An apparatus according to claim 3,
further conprising a sanple storing unit operabl e when the occurrence cause
of the event is not established, to seal the fluid at the sanpling point in
a storage capsule. 8. An apparatus according to claim1, wherein
the first type of sensor is a spectronetric sensor that outputs chem ca
subst anc e’ Bbaiofg LS TRy B8 @unfedS R hoHf ARStrlaliGh S WgetheP Hith®' "

i ncludes spectral”features, an the matching unit carries out

mat chi ng tghIM$heenspediQ and dist lkeneay Pedneurtied inpemorioa®ody sudeasarcausinng t he
spectral r A | i ; i of Vs r ) us

Gcor di ng Eane &2 bR, HaF b nbutd BB apPRIneE dharch mATLERRBRENT, | ¢y
sensor. MyseqrikeRraddct farproteeingraohemear efpgrdfind ofbuildiobudi ng a detection unit
detecting chem cal substance-related information relating to chem ca
substances included in a fluid at a sanpling point using a first type of
sensor, wherein a library including a specifying pattern generated
when a specified chem cal substance was detected by the first type of
sensor is stored in a local nenory of the apparatus, the nethod conprising:
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routinely conparing chem cal substance-related information obtained by the
detection unit and a specifying pattern for nonitoring purposes included in

the library; and outputting match informati on when the obtai ned
chem cal substance-related information and the specifying pattern for
noni tori ng purposes natch. 11. A method according to claim 10,

further conprising outputting an occurrence of an event and an occurrence
cause of the event according to a change in the obtained chem cal

subst ance-rel ated information, wherein the outputting match
information is carried out in paralClAIME th, or according to tine division

with the 10K Q%éré@gmﬁqulgﬁ&rrence of an event. 12. A nethod according to

claim 11 't he apparatus further includes a conmuni cation
unit that comarietsties unit taeqaiting iclemicat slilestsicg-relatedsinfogmediore sslatagdo

the met hog DL AOURRLSES) h-ANR] ST LIMGIEY BBl BGRHLTRN G QLRAITR | On

i ncl udi ng al ne e car stan I"on
out si de and acagldcal mgmbhestoringua lizageincdadisg acpetifyigepaitern géererated when

conmmuni ¢ QEBQHﬁéH"éﬁemi&a? wéétg%ewg c?quc%éj b)'/q gletff?stqgl&j @s%ﬁsor; and
a matching unit that routinely compares chemical substance-related
information obtained by the detection unit and a specifying pattern for monitoring
purposes included in the library and outputs match information when the obtained
chemical substance-related information and the specifying pattern for monitoring

purposes match.

2. An apparatus according to claim 1,

further comprising an event output unit that outputs an occurrence of an event
and an occurrence cause of the event according to a change in the obtained chemical
substance-related information,

wherein the matching unit operates in parallel with, or according to time

division with, the event output unit.

3. An apparatus according to claim 2,

further comprising a communication unit that communicates with outside
wirelessly or using wires,

wherein via the communication unit, the event output unit transfers event
occurrence information including the chemical substance-related information to the

outside and acquires the occurrence cause of the event.

4. An apparatus according to claim 3,
further comprising an automated updating unit that automatically updates

specifying patterns stored in the library of the local memory via the communication unit.
5. An apparatus according to claim 4,
wherein the automated updating unit updates the specifying patterns based on

the occurrence cause of the event.
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further conprising updating specifying patterns stored in the library of
the local nmenory via the communication unit based on the occurrence cause

of the event. 14. A method according to claim 13, further
conprising acquiring event appended information including imges and/or
sound around the appar at us, wherein the updating includes updating

the specifying patterns based on the event appended information. 15. A
program executed by an apparatus including a detection unit detecting

chem cal substance-related information relating to chem cal substances

i ncl uded6i An appdratud aatording dorplaimng opbi nt usi ng a first type of sensor, a
CPU, and a ne i tern
gener at ed Mer%gxgb%%m?rmgfgﬁgﬁﬁt&%ﬁ£ S a\fqe%!été&g%(fet' %?r%é{l%rl P‘Q‘HB% rst
type of #eagesranddrsowrdcatound theeppamatusy, the program conpri sing instructions

obt ai ned by ¢ HERHEPREIS SRS 4P B RS 15 RN BUGE pb R e B BT "
pur poses evert lappediedrinfomaationbr ary; and outputting match information

when the obtai ned chem cal substance-related information and the specifying
pattern for nonitoring purposes match.
7. An apparatus according to claim 3,

further comprising a sample storing unit operable when the occurrence cause
of the event is not established, to seal the fluid at the sampling point in a storage

capsule.

8. An apparatus according to claim 1,

wherein the first type of sensor is a spectrometric sensor that outputs chemical
substance-related information as a spectrum and the specifying pattern includes
spectral features, and

the matching unit carries out matching on the spectrum obtained from the

spectrometric sensor using the spectral features included in the specifying pattern.

9. An apparatus according to claim 8,

wherein the spectrometric sensor is an ion mobility sensor.

10. A method that controls an apparatus including a detection unit detecting chemical
substance-related information relating to chemical substances included in a fluid at a
sampling point using a first type of sensor,

wherein a library including a specifying pattern generated when a specified
chemical substance was detected by the first type of sensor is stored in a local memory
of the apparatus,

the method comprising:

routinely comparing chemical substance-related information obtained by the
detection unit and a specifying pattern for monitoring purposes included in the library;
and

outputting match information when the obtained chemical substance-related

information and the specifying pattern for monitoring purposes match.
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11. A method according to claim 10,

further comprising outputting an occurrence of an event and an occurrence
cause of the event according to a change in the obtained chemical substance-related
information,

wherein the outputting match information is carried out in parallel with, or

according to time division with the outputting an occurrence of an event.

12. A method according to claim 11,

wherein the apparatus further includes a communication unit that
communicates with outside wirelessly or using wires, and

the method further comprises transferring event occurrence information
including the obtained chemical substance-related information to the outside and

acquiring the occurrence cause of the event via the communication unit.

13. A method according to claim 12,
further comprising updating specifying patterns stored in the library of the local

memory via the communication unit based on the occurrence cause of the event.

14. A method according to claim 13,

further comprising acquiring event appended information including images
and/or sound around the apparatus,

wherein the updating includes updating the specifying patterns based on the
event appended information.

15. A program executed by an apparatus including a detection unit detecting chemical
substance-related information relating to chemical substances included in a fluid at a
sampling point using a first type of sensor, a CPU, and a memory,

wherein a library including a specifying pattern generated when a specified
chemical substance was detected by the first type of sensor is stored in the memory,

the program comprising instructions for:

routinely comparing chemical substance-related information obtained by the
detection unit and a specifying pattern for monitoring purposes included in the library;

and
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outputting match information when the obtained chemical substance-related

information and the specifying pattern for monitoring purposes match.

27



