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information-theoretic methods ] (¥R ELFHIBRREDBHKICKDBEICHBWVERFTHOE
TILE) EREL, 27ELYBRIN TS,

% 1E Introduction 1 TIE, ABXOHAEE LS LVBMIZDOVWTIRARTNS. {EEREICEDIEL
FRIEREEIE, SRR - KEBER-AKERGEIZEATHS—A, BEREORYNMIKEIT
IWEALDBRPHLWEETHDHEFRRTIND. O LT, KB TEIEEMIZEVRIEREED
EHDOEWMIEETAHELLIC, BEORYMIKEBZEWNBRIERDE=HIZAAEOEVMERIERODR A
FRMYAN, BRER/BEOTILTIVALEDHEEERIETHELHUBBAWNRIER7 LIV X LER
[CEHTHIENENTHDELTINS.

F2ERelated work] TlE, RETDEBVNRIERARDEEZLTRNIZONT, BRITHETILEGWME
HMETILORAMNLEEDHDERIZ, RBXTEATIETILEMTHSHA37Bombyx Morid i
MH7EER, BRI AOE, TLa7REBRE, #RbEFEELEDFERMEHY—ILIZTDOVWTZTOHE
ERRHL TS,

E3EIProblem statement] Tl&, KX DEFKMLEERARICOVWTHRELTWS. §4H5, T
ILEYDITEZFERFIIEETHETEEEL, TR EFEBEEFAWNEETIVEICE>TZEDTEIARE
ETIVETBHIE, ROWTETILAEYOTHZERFUREIL OB /LN SMEHTL, BEiSRIZITEIERR
ETIWERALNCTEIE, RRICHEMLGEGURIERT7 LT X LEZEIRT S8 07T 1TEN R

BORMEAHETRL, HATFEEDLERICE>TEDEMAEZHASNCTEIE, NEABHXDELERIET
HHERRTNS.

g 4ZModeling animal behavior through estimation of rewards via IRLITl&, #i&{EZEFEAL
TETIVEYOTHEREZERAWIEETHETIFEEZBEL VLS. #ATOEYRET7 LTV
LTIE, EMHREBELETHHEABARESELTVSDIZHL, RHXTIERAIVMOEHEEEE
ZRAVTHMEBHMREZETETH LT, ITHEREDREGHERBUREAH I TETILEYZNRDEHE
[CRRIILTUWS. CO=0IT, REBREFRREAW-ETIIVEYOITENEHRIES SO E YK ES E
DEREIZLDETIVEYITBOTILATREBRERBREITIEEDIC, EREST-HAMBERRICEDOW
THEREINATENETLEYDOITEE+ 7 IFHECE TSI LEFREE S THRIELTLS.

% 5% Modeling multi-modal behavior by information entropy analysis1 Tl&, ETILEYMNRKIES
HEVWRIERTEN, BVRAEICETAERIVNOERDEE DISIHBEEEF OMNDOLNTEN
L, ETILEYMHIHEDELZITHHEREECHMICYIYEZ THUOTWSRIEERZ R LY.

% 6Z Hybrid algorithms to bridge multiple search modes ] Tl, E5ZENARICE DL TEYIRE
BORSERITEHLERER/FEOHFRTFAER/METBHERVKEMICYIYEZST7ILTUX
LEEEL, TOAEMMLTRIL TS, 18O, FRIVIOERDEDHEICEIKTILTIX LY
YEZFEZREL, ERORVMERAV-RIERBENLTEOEMMEEREIL-. —7/, GLOHE
REOOARYM A XGEBFEROIREELS>FERBEL TGS, BRIVIAEBVEDHEICR
ENKEBYIZERDENTMN>TLES. £ZTBurstinessEMEIEN 5, —ERBN-YEWNVERZE




BEDFEHESHERAWNIBEZRAVTITHERE VB R SFEEZH-ITIREL. Y2al—3i3
VIZEBRRBRIIDFER, Lo /A X0ORYMF A XDEE R L TIREFEN BRI EREEHIFTS
_&EFRLE-

% 7E [ Discussions and conclusions I TlE, K RXDEFBLHEEZF LD, SEDREEICDODVNTERE
LTLh3.

LUEZETBHIC, KXITEMHIFDILFREICEIRERTHICONT, EEM-ESHLIEEL
SREL TEHMERMNGEN D EERN KRB ET IVIEZTL, SOICEHRIERBREDO TS
METHETHELGTIVTIXLBEICELLS, BEEBHOARYMIISEWNREREREDOR L
[CHEEL-tDTHD.
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This thesis investigates the broad problem of odor source localization (0OSL). In the event of a
natural disaster, a robot that can track and find the source of dangerous chemicals is desirable.
However, OSL is difficult to implement in robots due to turbulent dispersion of chemicals.
Therefore, this research investigates the natural OSL behavior of insects, such as the model
organism of this thesis, the male silk moth Bombyx mori. Furthermore, we analyze such animal
behaviors from the viewpoint of information theory. In addition, we devised strategies to combine
bio—mimetic and information—theoretic methods, thus achieving more adaptive OSL algorithms.

Chapter 1 describes the broad problem in the field of research and the main contributions of this
thesis. Chapter 2 describes related previous studies and introduces the main concepts studied
throughout the thesis. Chapter 3 describes the scope of specific problems, their importance, and
success criteria.

Chapter 4 describes the modeling of animal behavior by estimating their reward function via inverse
reinforcement learning (IRL). We demonstrated that the reconstruction of silk moth behavior by IRL
was more effective than a benchmark model. Furthermore, we verified that IRL generated trajectories
that were statistically more similar to those of actual moths.

Chapter 5 investigates modeling of a multi-modal olfactory behavior based on analysis of information
entropy. Here, we found that silk moths employ two different modes of behavior related to the gain
of information about the source location.

Chapter 6 demonstrates strategies to combine two types of behavior policies to achieve efficient
olfactory searches in various environments. We demonstrated by experiments in simulations and an
actual robot that hybrid strategies resulted in higher success rates than single algorithms.

Finally, chapter 7 discusses the main findings of this thesis. Furthermore, it states their impact
in the field of research and possible future research lines.
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