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Modeling of an autonomous mobile robot using

probabilistic timed automaton
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Abstract: In recent years, development of autonomous mobile system has been developed. Errors occur when a robot equipped
with autonomous mobile system is operated under physical environment. Therefore, coordinates of the robot take probabilistic
distribution even if the robot performs error detection and correction. Verification of reliability of such probabilistic systems are
not yet sufficient. In this study towards model checking, we construct a model representing behaviors of an autonomous robot
which performs error detection and correction in discrete states. In our previous study, probabilistic behaviors of a robot are
modeled using Markov decision processes, and are verified by probabilistic model checker. However, the verification does not
consider time related properties such as movement time. In this study, we construct a model in consideration of probabilistic and
time related properties, for handling more realistic robot behaviors. For that purpose, robot behaviors are classified into
probabilistic property and time related property. Then, a model expressed in probabilistic timed automaton is constructed in
which both of these properties are considered. We also describe that robot behaviors consisting of probabilistic and time related
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properties can be verification target using model checking.
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Figure 1 Behavior of error detection and correction
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Figure 2 Example of probabilistic timed automaton
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Figure 3 Region partitioning and probabilistic transition
function
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Figure 4 TA model representing time related behaviors
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Figure 5 PTA model representing probabilistic and time
related behaviors
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EDOTH DI, FHEFEMME K ORRMME %5 BIZ A
7-aRy FOEBOITETAREORIENRE 2 VED.
ZZTC, MEEEBIZOWTHELET S, MEEHEBE OB E LT
I, KR CImEATE AL BHICRES D Z &R
Wrishs. Fio, RECEMET 2Ry ot OB
EIZBE T 2 MAEEB NI 52 LB 201D, HBED
PEE R ORI E 2 ok 2 RETE DmBL L LT
PTCTL (Probabilistic Timed Computation Tree Logic) [3]23%&
Foins.

EFMER L LTIE, PTAICKS L TWAIEREST L
FRAESS PRISM 2MERf L LTHEZ HD. PRISM [XFEMRIT)
WBARBRUT GV TWDETLVRERTH DD, —ED
MWEIIMFEARETH D EEZDBNS. LrL, PTAEHD
VBN B IFN BN T IR IS RE S 5 4 5 2 AT REME:
NdHD. ZORBEICK L TIE, PTA OffeRIMEE ORI
PEE 2% L, PTA OMERNIMERIZIE LTz MDP, F720%
BRI G Lz TA 222tk 52 Licky
PRISM, F721% UPPAAL THGET D2 AIENEZ LS.
PRISM Ti&, 27 v FHICuR y s OBIEHEDHERDK
MBI AR 2 MEE L, UPPAAL T, BifENMIAE
12X o CTED TR &0 72 320 & ) DM DV CTHRGE
T 5.

REORA Y T, AESCHEIIRBEOBEKTHY,
Ry OPLETER SR/ Stk o Tiikana. K
MZEDIRBRFIETH D PTAIC L DETF /LTI, BESAZ
BRI Lodpi M 2 BHAHETh 5203, BERICH L T&1L
THRBNIRBT DL ZENTERN. 20X 9 RBEHR
EEBERMPBIET D2 A 7 U v RV AT A[B]DORRAEICEE
FTAHIIABHICID M EN TR Y, EEVWERILTE
HREEERE LTS T Yy K= b= bbb T
WA[9]. XHR[0LIX, ~A TV v Ry AT AEL TR Y
FERZTZE E DT FIER EICTOVWTER LTS,
WEEE B OBRFNCER E BN 5.

6. HHYIC

AWFFEO BT, AFEBEITR Y b ORERA K O R
RIRBNEETMET 22 L THD. ZOHMITHLT,
FATE THE STV B~ /Lo 7IRERREE AV iE
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72 RN OE T AL OPERIZINZ T, W72 IREE WIS
* U TCHfA— b~ P AZ K DET L ERE L. BE
FIETHE, FERMREEOICR LTS E @A 5
ko TR A ARICIZ, 2>, REFAMEE T
aRy hOBEICERT D2 E TREZEDD. ZNHD
FERICE DX, FEREEMA— F= b AT XD fERN L O
MPPEE % PR DT ML AR R LT, ARsREf A — b
<~ M TOETIMUIZE Y, HERITET NVREORIG L
0D,

SBOPEEL LT, 7 VIRERE AW E#BE o R
v b ORBOREEAZET DD, BRI K OIS %2
EekEEE A DRk IZ 1% PTCTL (Probabilistic Timed CTL)
WL DMAEROTRENEZ OND. BENReR Y b EH
AEE T DA, MR A2 E DEE ED D NERD D720
KGRDOIHEC L HMEREOBELRETH L. £
LVEBEN Ry FORBWNEEZEXTZEE, v Ry bO
RV IR L, EERAcEkEnd. 2ok
TRBERCR E R DNRIET DA T U v RV AT AL xtGe
AR T-BRORMGELIRE L L2V,

S RBFZEIL, JSPS BMFE 26330092 D BhAL A 3T 7=
3D TCT
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