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A multlmodal interprétation method based on truth maintenance

ABSTRACT Three requirements which should be met in order to develop a practical multimodal interface
system, i.e., (1) integration of delayed arrival of data, (2) elimination of ambiguity in recognition results of each
modality, and (3) treatment of past problem-solving data, are discussed. This paper presents an excellent and
generic methodology for interpretation of multimodal input to satisfy these requirements. It is able to integrate
delayed-arrival data well, and is able to efficiently interpret multimodal input that contains ambiguity by re-
garding the multimodal interpretation process as hypothetical reasoning and formalizing the control mecha-
nism of interpretation on the basis of the ATMS (Assumption-based Truth Maintenance System). Furthermore,
it is able to refer to past problem-solving data while maintaining the consistency of current data by incorpora-
tion of a time stamp management mechanism. The proposed framework is illustrated with an interpretation
system that accepts multimodal input consisting of voice and direct indication by a pointing device.
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& modify(md#2, nn#7)
= object_singular(nn#7, V#1)

' XHIF 4 RPOBMBR, " PEXRL BB D ORATERI N,
FIYFE DR RAYRASOUEEE L WIEATCRET L
TW3., AL, » An#TiRER TA) O¥EFRHE on(— KBS
ARRO TEHORBETHELVI T LERLTVS.



vIn_word(nn#7, V#1)
& object_noun(nn#7, V#1)
& verbal_modifier_noun([nn#7], V#1)
& object of noun(nn#7, [male#202,male#208, fermale#204])
= vIn_object(V#1, [male#202,male#203, fernale#204])

EWSBHBRERTEFEANEMAXOAD S
R/ROoN2BHY GAD TA) BROHLIZ.
RIZ, BEREFANZRMBREAZRTRE
gesture_location(Location#1, G#1)%> 5 D fi# #7 AL
By, FEANEMD S ORI L AAT U TR
N=22ZRLRP5TDI,

gesture_location(Location#20064, G#1)
& location_area(Location#20064, [area#206])
& area_object(area#206, white_board#1)
= gln_object(G#1, [white_board#1])

EVWD LI NERETRNERMBERHEP SES N
5Z58Y (K74 MR—F) PROHBIB. &
h5DOEUBRIIE— ATMS ICEREIND. &
CEH
integrated_input ([V#1,G#1], MMI#1)
& gestural_word(G#1, md#2)
= deixis(G#1, md#2, V#1)

BiTbh, ThETCOHERERE L TCSHBRZE
RREZB/BEIOLTEH, ghh »S5ELNINR
Yihs vin 5B 5N ZBBYESITRVWED,
Z D MM A BRI DRRATIZ R L,

deixis(G#1, md#2, V#1)
& vIn_object(V#1, [male#202,male#f203, female#204])
& gIn_object(G#1, [whlte board#1]) -
=1

EXEVEPND. COFBEEEHET 57-DHIC

FENTR D MM ATRRI 2 RIS 5 3 DORE
vin_phrase((md#2,nn#7unld7unkef3 unldf6unkd#10], V1)
gesture_location(Location#20064, G#1)
gestural_word(G#1, md#2)

PREBRE,LSEDRINSE. 20D, Zh

SDOREDPSEIPNTNWELTD) —RH out

ZRbhavsFI R MpoRESINS. ;
WiZ, MM ATMERESDP SO MM A S

M TH2[ZDO:md2, A:mn#, (d:unk#, Loca

tion#20016, {ifunki, Zunk#6, LT \2Drunk#10] 75538

Rah,
vin_phrase({md#2,nn#7,unke 7 umke3 unkeGunke10], V1)
gesture_location(Location#20016, G#1)
gestural_word(G#1, md#2)

BREZh, ThoORESFHERECISEN

5X3%%. ZOLE, TDMMANEHD

FEREASERXSHEIRIO MM ASMER LR L S

DTHY,

vin_phrase([md#2,nn#7,unk#7unke#3 unk#6,umk# 10, V#1)
gestural_word(G#1, md#2)

XRTEID MM ADRHEERRICRES hTn
3. DY, TWHEDRE, TROLEREA
THERX A 5B P M T2 MM AR O &
BRETHD

deixis(G#1, md#2, V#1)

object_singular(nn#7, V#1)

vin_object(V#1, [male#202,male#203, female#204])
FEHBMIZaYF 72 MIBEND LSRR
D, ZOEBSORTLEEBTT 3 HEIXR.

ERELTIDO MM AGEFOREITIC B

T, ERETHNRUNEBEMAEZRIKRE
gesture_location(Location#20016, G#1)D* 5 0 fi#
LESTOh, B

gesture_location(Location#20016, G#1)
& location_area(Location#20016, [area#204])
& area_object(area#204, female#204)
= gln_object(G#1, [female#204])

&L D ERETNERMUERMED? S DSRYHE
5h3. LT,

integrated_input ([V#1,G#1], MMI#1)
& vIn_object(V#1, [male#202,male#208, female#204])
& gln_object(G#1, [female#204])
& deixis(G#1, md#2, V#1)
& object_singular(nn#7, V#1)
= referent_object([female#204] , MMI#1)

EWD BT X b RDO S Y [female#204 (H111
JA) IBE/LNE. ZhiZL b MM AHERHOD
FRATDSRRIIL, B 4 OERIDY 4 > ROIRT
LR TH 2SBRADPEBRIN-EFFRR
R TLXARAZLTWE0D) BESH,
IV aviiEtIha. ,
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DE—D MM AFEH THRATIEDLERII L,
$@;mhfmw@ﬁﬁ®%ﬁ@ﬁ¢@&éﬂ
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%<@%Akﬁﬁm30ﬁ¢ﬁkéﬁﬂ%7
i3,

4 EBER

BE ARt

AFETRELE MM AL#S - %ﬁﬁﬁz
i, BHAEKIE KA VISR U TCHAL RS
EIREIEhTWB., T=bb, MER—XIZ

B hz (SBREICSER) AL 505
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