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AERICTIE, LR O BB SRS AT MEGUSAT T R m Ry MREZ 2 7 E D) E TRELICOWTERET 5.
BEOMEIIUTOLEBY THD.

B1E Fim TIIAMROE R EBKA =T, 7, LBORMAMRIZBT 2@ s, ey MEE
L7 A AOBREwR LD, O, B uRy MUK DIEESBEZ X DBRICNAL 0D, HHa R
v NEEZ A 7B BRI (Multi-Robot Task Allocation: MRTA) (ZOWTHEA L, FOREBEMHLRT 7o —F 50
{EFRBEZOWTHEIT 2. £z, LEICB T 2EENRHINEZBET 570, Y A7 %ETOREEKErRy o=
FNF—RREBR LT MRTA OV T U 5. &I, Ao BRI L0 K 5 R KRB ZRBREE TR R 72 RKAF)
AR/ AR O ARy M A7 B0 M TREMBORB L HEAETH D Z L b5,

2w [THET N LB TR IS ORM AR 2 BFET B L, AGRSCTHIODR R 5 E 2 Rl 3
HGREEL & 2 OAREANEBGTIER L OREWREEIN S AT A OWTEEFORREZEATS. IXUHIL, KLk
EBLTHEMT 2 LIBETMCONT, Lo, ey b, =57y N, ZA7REOHEE, i, "I A—4,
SHIIEENLOBEBRICOWTHIAT S, XL, THICBITAHiE LR T 5700 EE L 7 25mEIRELE, met
KB A RNFEXHFNLERT D7D OFEEEANT L. RIS, 220F— NI BEDLLIHRES AT Hix LT
ATREZRIR AERELEI & A T DB T /MO WV TN T 5.

FIE [BEn Ry MEXZ A ZEID Y Thiifk] TiE, BEvRy MEX X750 5 TREOEAE L BREZ1T 5 .
EUDIZ, THITBIT 2 8MIEESCR Ry FOHEkE b & ICESTFT_EHAEHRE, oy hoBIY B TEEKRT
LA AW TGHERIC L - TRBLT 5. XL, ThbomBs, LBICHE LCmBEEROERKRE 0-1 T
BT TV EHE RO TRERGEA~AERT S, 618, BRLEAEXAH0E L, TXTORBRIEA %2 21
IR T 5 2 & 2 RKT 5 BB A B/MbT 2 2 2 7810 YRk E EX k3 5. &&ic, Bkl &
7 &N Y TROBELREIC L > THRONDMOZ YA BIEY I 2 Lb—v a VIZ Ko THERT 2. —F, LEOKRKEUE
fBizE b7, 2 A7 EN0 L Thol{bRBEORMMRREEL 725 Z & 24501 5.

Faw BEEMEME Ry MEX XA 7EI0 Y Thalifk) <, KRR L TH 2 27 EI0 Y4 Thali{kfED
FAT AR & R 703 IR CR T 2 2V R E L FIE AR E T 5. £7°, v Ay MOEEZM A2 S EOMEEIC
SEIL, mARy MIEEE X 27 2H0 S TH EEE, HIVYTOREERISICe Ry M &2 RRETICHY 4TS
TRIZHE LB 2 2 780 Y Chblil@Es et 5. ZosE, LETIErARy FOERE TOBE %
F/MEL, TRTETRTOXAINEIVRINCK T2 L2 AL Lo b Z T 2. oEIZ, Bl
MEZ ST L7220 i, EBORELIBE TR NI K-> T, TEOREBEO FATRIEMAFEE L
BEnedZ LR T 5. ZORAGHEEERET 27290, FEORECMEISBMT 287 2fillst2mET 5.
IHI, BT I 2 —va ko TREFENEZDMORLEEZHRT D L L bIZ, HERTORE(LEA 5
BUTZRER S L, SRIEZIEROM EEZH] 50T 5.

BoE MEEDROARAEZRE LI-Z A7 H0) Y TibfE <%, BfEeRy SotiEEEZE L, LVB
FW 2 2 27RO BTk 2Z223 5. £9°, vl y bOBEEN S, BRI S0 ATRE 7 s i & 1F 36 2h =%
NRIA=HELLTEHRL, TONRT A =X ERIRE LIBEEE & 2 780 Y CRIBEICHEAAT. DX, ZOT K
By 7 IMEIETIEMEREECMETOM A/ ONRWGEENRH D Z & 2FRET 5. Z ORAfREMEZ BT 5 72012,
aRy EREID Y TEHX R O A BT 2EK2HEL, Fii-kilbMELEET5. oL, Fi-ds
BATDZEICE-T, #AZEND YT Z A 7Y v RURAT A0, S OIS EEIC
IRECTED 27T, BEZEIC, BEVI 21— a il TRETENG 2 DO L 2RI D.

Few [kl i, RXOMERIEIZONWTE LD, SHROMRORBT R Z#imT 5.
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In this thesis, we investigate optimal task assignment of heterogeneous robots
towards an automatic inspection system for factory equipment and demonstrate the
proposed optimization problems and solutions through simulation.

We begin by describing the logical expression of the rules and constraints
required in the factory inspection with logical variables representing the
assignment of the robots. The logical expressions are then converted into
inequality conditions, and we formulate the optimization problem with the obtained
inequalities as constraints. Finally, we numerically solve the formulated
optimization problem and demonstrate validity of the resulting assignment. We
also point out that the solution may be computationally intractable for a large—
scale factory.

To address the above issue, we propose a computationally efficient hierarchical
optimization, where the upper—layer optimization assigns robots to areas while
the lower—layer assigns robots to inspection contents within areas assigned in
the upper layer. We further introduce new logical constraints in the upper layer
to guarantee feasibility of the lower—layer optimization. Finally, we numerically
solve the proposed hierarchical optimization problem, and compare the results with
the above one—shot optimization in order to confirm computational efficiency of
the present hierarchical approach.

We next refine the present hierarchical optimization problem so that
heterogeneous work efficiency among the robots is reflected. To this end, we
parameterize work efficiency based on the performance differences of the robots
and incorporate them into the constraints of the aforementioned optimal task
assignment. We then illustrate that just introducing the parameters does not
always guarantee feasibility of the lower layer problem, and hence we introduce
new binary variables that represents the number of tasks to be executed, and
redesign the constraints to ensure lower—layer feasibility. Specifically,, it is
shown that time evolution of the additional binary variables can be tracked as
linear dynamical equation. Accordingly, the optimization in the upper layer is
reduced to mixed integer optimization based on the concept of dynamic optimization
of a hybrid system. Finally, we simulate the proposed optimization problem and
discuss validity of the solution.
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