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TURN-TAKING MODEL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority from US. Provi 
sional Patent Application entitled “TUI DESIGN TURN 
TAKING” by AttWater et al., ?led Dec. 22, 2004, Ser. No. 
60/638,431, and is hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a tum-taking state 
machine, and more particularly, to a turn-taking model for an 
interactive system that handles an interaction betWeen a 
person and a machine Which uses speech recognition. 

DESCRIPTION OF THE RELATED ART 

[0003] The term ‘Tum-taking’ refers to the pattern of 
interaction Which occurs When tWo or more people commu 
nicate using spoken language. At any given moment one or 
all of the people in a conversation may be speaking, thinking 
of speaking or remaining silent. Tum-taking is the protocol 
by Which the participants in the conversation decide 
Whether, and When, it is their turn to speak. 

[0004] The normal pattern of turn-taking is for one person 
to speak at a time. There are hoWever many instances Where 
speakers overlap their speech. Turns evolve over time and 
have internal structure. A ‘turn’ may actually comprise a 
number of “tums-so-far”itermed Turn Constructional 
Units (TCU). TCUs Will often be capable of forming turns 
in their oWn rightiie. a turn is made up of smaller turns. 
For clarity, in this description We shall adopt the term 
‘Move’ for a TCU, Where turns are made up of one or more 
moves. Boundaries betWeen moves form potential tum 
taking boundaries. 

[0005] At some move boundaries (eg at the end of a 
question), the speaker Will elect for another speaker to take 
over at that point. Even When speakers elect to give the turn 
aWay, they may choose to re-claim it again if the listener 
chooses not to respond. Listeners may of course self-select 
to take turns at other points. 

[0006] Tum-taking can also exist in a conversation 
betWeen a machine and a person or ‘user’. Just as in 

Human-Human conversation, Human-Machine conversa 
tion must deal With the phenomena of interruptions. When 
one of the conversantsisay the machineiis speaking then 
the other conversantithe userimay choose to remain 
silent or interrupt at any moment. The response of the 
machine to such interruption Will de?ne its turn-taking 
policy. On interruption, for example, it may choose to ‘hold’ 
the ‘?oor’ or ‘yield’ it. 

[0007] The use of the term ‘?oor’ is by analogy to formal 
debate Where speakers are given the ‘?oor’ in order to 
express their vieWs one at a time. To ‘hold’ the ?oor is to 
continue speaking Whilst being interrupted. To ‘yield’ the 
?oor is to either stop speaking on an interruption (a self 
selected turn-change)ior to stop speaking to give someone 
the chance to speak next (an elective turn change). 

Yielding the Floor 

[0008] The most common tum-taking patterns are orderly 
transitions at turn-taking boundaries. These comprise three 
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primary patterns. FIG. 1A shoWs an orderly transition of a 
turn Where speakerA pauses, speaker B speaks in the pause, 
and SpeakerA yields the ?oor (i.e. lets speaker B continue). 
Such patterns generally occur at elective turn-taking bound 
aries i.e. Where the speaker intends the other person to speak. 
FIG. 1B shoWs a similarly ordered transition but Where the 
speaker B has anticipated the turn-transition point at the end 
of A1. Speaker A has yielded in a similar manner. This 
pattern may occur in elective transitions or self-selected 
ones. That is to say, speaker A may have had something 
planned to say folloWing turn A1 but chose not to continue 
With the planned utterance. Finally, FIG. 1C shoWs the case 
Where speaker B started to respond to utterance A1, but it 
Was a late response and speaker A has begun the next move. 
Speaker A interprets this interruption as a response to turn 
A1 and immediately backs-o?f to let speaker B1 continue. It 
should be noted that overlapping speech such as that shoWn 
in the tWo examples is more common in telephone conver 
sations than in face-to-face conversations. 

Holding the Floor 

[0009] The other less frequent, but still signi?cant pattern 
seen in human-human conversation is ?oor-holding. Here 
the speaker chooses to hold the conversational ?oor in the 
presence of an interruption from the other speaker. There can 
be many different reasons for doing SOiWhICh Will depend 
amongst other things on the topic, the nature of the task, and 
relative social relationships betWeen the speakers 

[0010] FIGS. 1D and 1E shoW tWo examples of ?oor 
holding by speaker A in the presence of an interruption at or 
around the boundary of tWo moves. There are several other 
patterns, depending on the point of interruption and duration 
of the interruption. The common feature of these patterns is 
that speaker B backs-o?f and alloWs speaker A to continue. 
In such circumstances, speaker B Will generally hold the 
planned utterance B1 and produce it later if it is still relevant 
given the context. Floor holding often causes the thWar‘ted 
speaker to re-produce the aborted utterance at the next 
turn-taking opportunity. FIG. 1F shoWs the situation Where 
speaker B has interrupted speaker A in the middle of a move. 
SpeakerA has ignored the interruption and continued speak 
ing. Such interruptions are not common in human-human 
task oriented conversation, but do occur. Examples include 
speaking along With the giver (for example during a number 
con?rmation), side comments to other participants, and 
strongly competitive interruptions. It is of interest that in 
automated dialogues, such occurrences are much more com 
mon due to the unusual social contract betWeen man and 
systemiand the deliberate encouragement of the use of 
barge-in as a user-interface device. 

Mutual Back-O?f and Re-Starts 

[0011] On occasions in human-human conversation, When 
the conversants clash, they both choose to back-off. FIG. 1G 
shoWs an example of this. When both conversants have 
backed-off, an ambiguous state has occurred in the natural 
turn-taking protocol, and oscillations can occur With 
repeated back-offs. It often becomes necessary to recourse to 
meta-dialoguei“you ?rst!”, Which of course can also clash. 
Such clashes are quite common in current man-machine 
dialogues employing “barge-in” for reasons Which Will be 
discussed later. “Barge-in” refers to one conversant explic 
itly speaking While the other conversant has the ?oor for the 
purpose of creating an interruption. 



US 2008/0004881 A1 

[0012] Current day automated systems that deal With 
Turn-Taking betWeen a user and a machine use either 
Half-Duplex or Full-Duplex mechanisms. Patterns Which 
are seen in half-duplex systems are: 

[0013] The prompt is never stopped. Speakers are ignored 
Whilst the prompt is playing. If they are still speaking at the 
end of the promptispoke-too-soon conditions are throWn 
by the recogniZer. In this situation tones can be used to 
denote that users must repeat their utterances. This could be 
termed an “AlWays-Hold” protocol. 

Patterns Which are seen in current full-duplex systems are: 

[0014] The prompt is stopped When speech input is 
detected, sometimes after a short delay. Echo cancellation is 
used to clean-up any overlapping of the speech. Recognition 
of the signal is performed Which returns When con?dent 
result is detected, usually relying on a short period of silence 
to determine this juncture. This result is returned to the 
application Which decides What to do next. The response is 
assumed to relate to the prompt Which Was stopped. Uncer 
tain recognition usually Will result in a repeat of the previous 
prompt or something With similar meaning along With 
optional error messages. Systems generally vary in hoW 
quickly they cut the prompt after speech is detected. This can 
be due to: 

[0015] a. Autonomic prompt cut on speech detecti 
(may be slight inherent delay) 

[0016] b. Deliberate checking of the initial signal to 
check Whether it looks like valid speech. 

[0017] c. Recognition of Whole utterance up to band 
silence. 

These options could be labeled as the folloWing strategies. 

[0018] (a) “Always-Yield” 
[0019] (b) “Yield on Speech” 

[0020] (c) “Yield When con?dent” 

[0021] Current speech user-interface designs generally use 
‘barge-in’ for one of tWo purposesialthough they are rarely 
distinguished in the literature. These are: 

[0022] l) Barge-in as a user-interface device: The user 
understands that they can interrupt machine prompts at 
any time. They generally knoW the available keyWords 
and consciously choose to interrupt the machine as an 
explicit act. 

[0023] 2) Barge-in to manage turn-taking overlaps: The 
user interrupts the end of a machine prompt as a natural 
overlapping turn-taking behavior due to anticipation of 
the turn-taking juncture. The behavior is generally 
autonomic although it can be modi?ed With conscious 
effort. 

The confusion betWeen the tWo is generally compounded 
by the common practice of recording multiple turns, or 
phrases With internal turn-taking junctures in a single 
prompt. 

[0024] The problem With the use of barge-in for the second 
purpose is that the technology displays universal behavior 
regardless of Where in the prompt the interruption occurs. 
This often leads to serious errors Which are ampli?ed by the 
user interface. A prompt may be cut-olf by an extraneous 
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noise and almost immediately it begins to play. This Will 
then return a rejected result from the speech recogniZer. The 
application designer then interprets this as a user behavior 
error, and enters error correction4designed to correct an 
error in response to a prompt Which the user has not yet 
heard. The result is generally unstable user-interface perfor 
mance, particularly in the presence of noise. 

[0025] The other problem often observed With current 
barge-in technology results from delays betWeen the detec 
tion of an interruption and the cutoff of the prompt. As 
described above, this can be due to inherent technology 
limitations, or by deliberate design in an attempt to avoid the 
false cut-olf problem described above. The result hoWever is 
that the interrupting user perceives that the machine is 
‘holding-the-?oor’, and therefore backs-o?f their oWn 
speech just as the machine shuts off its oWn prompt. Then 
machine and user are in a race for Who Will speak ?rst, and 
turn-clashing can occur cyclically and unpredictably. 

[0026] The ?nal problem seen in current state-of-the-art is 
interruptions at the start of prompts Which are delayed 
responses to the previous phrase. In general this does not 
result in an obvious erroriif the same grammar and dia 
logue state persist betWeen the tWo phases. HoWever, in 
designs Which make default transitions of dialogue state 
betWeen phrases this can result in dialogue state errors. 

SUMMARY OF THE INVENTION 

[0027] A method is disclosed for managing interactive 
dialog betWeen a machine and a user. In one embodiment, an 
interaction betWeen the machine and the user is managed in 
response to a timing position of possible speech onset from 
the user. In another embodiment, the interaction betWeen the 
machine and the user is dependent upon the timing of a 
recognition result, Which is relative to a cessation of a 
verbaliZation of a desired sequence from the machine. 
Further, the interaction betWeen the machine and the user is 
dependent upon a recognition result and Whether the desired 
sequence Was ceased or not ceased. 

DESCRIPTION OF THE DRAWINGS 

[0028] For a more complete understanding of the present 
disclosure and the advantages described herein, reference is 
noW made to the folloWing descriptions taken in conjunction 
With the accompanying draWings, in Which: 

[0029] FIGS. 1A-1G illustrate common turn-taking pat 
terns seen in human to human conversations; 

[0030] FIG. 2 illustrates a state diagram representing a 
turn-taking model for a system-user turn. 

[0031] FIG. 3 illustrates three Zones of turn-taking yield 
and hold behavior in a move; 

[0032] FIG. 4 illustrates a state diagram depicting the 
three Zones of turn-taking yield and hold behavior in a move; 

[0033] FIG. 5 illustrates a detailed diagram of a SALT 
Automatic Listen Mode; 

[0034] FIG. 6 illustrates a detailed diagram of a SALT 
Multiple Listen Mode; 

[0035] FIG. 7 illustrates a state diagram representing a 
turn-taking model for a system-user turn Wherein HoldTim 
eout=0 and the on PreHoldTimeout transition is removed; 



US 2008/0004881 A1 

[0036] FIG. 8 illustrates a question answering device 
which causes restarts in the presence of noise; 

[0037] FIG. 9 illustrates a turn taking state machine which 
is extended to perform restarts in the presence of noise; 

[0038] FIG. 10 illustrates an alternative embodiment of a 
question answering device which causes restarts in the 
presence of noise; and 

[0039] FIG. 11 illustrates an alternative method of calcu 
lating HoldTimeouts based on the point of speech onset. 

DETAILED DESCRIPTION 

[0040] In the following discussion, numerous speci?c 
details are set forth to provide a thorough understanding of 
the present invention. However, those skilled in the art will 
appreciate that the present invention may be practiced 
without such speci?c details. In other instances, well-known 
elements have been illustrated in schematic or block dia 
gram form in order not to obscure the present invention in 
unnecessary detail. Additionally, for the most part, details 
concerning network communications, and the like, have 
been omitted inasmuch as such details are not considered 
necessary to obtain a complete understanding of the present 
invention, and are considered to be within the understanding 
of persons of ordinary skill in the relevant art. 

[0041] The turn taking design of this disclosure attempts 
to model the tum-taking process more explicitly than the 
prior art by selecting “Hold” or “Yield” strategies based on: 

[0042] 
[0043] b) explicit model of turn-taking and back-olf. 

a) point of interruption in the prompt; and/or 

Machine Turns and Moves 

[0044] From the perspective of this disclosure a turn is the 
period from which a machine starts speaking through to 
where it decides that a signi?cant user-event has occurred 
which needs application logic to respond to it. It is thus an 
autonomic state machine responding primarily to local infor 
mation managing the basic sharing of the speech channel 
between two interlocutorsiin this case the machine and the 
user. 

[0045] If the user remains silent, a machine turn can be 
formulated in advance to be a sequence of spoken phrases 
(or moves) which will be spoken by the machine in sequen 
tial order until it requires a response in order to move 
forwards. 

An example turn would be: 

[0046] Please select one of the following: news, sport and 
weather. 

This could be considered to be made up of four Moves: 

[0047] [Please select one of the following][news][sport] 
[and weather]. 
The selection of what constitutes a move is not mandated by 
this design. It is however anticipated that generally: 

[0048] a) Each move will be a phrase in its own right. 

[0049] b) Each move will have a pause before and after it 
(pauses may be very short). 
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It is further assumed that the point of interruption of a move 
by a speaker is important and will affect the model. 

[0050] This design recogniZes that amongst other things, 
any move boundary may act as a tum-taking cue, and that 
move boundaries will generally coincide with phrasal 
boundaries. 

Consider the following example: 

[What woildyoti like to do?][2 sec pause][You can say one 
of the following][news][spor‘t][and weather][2 sec pause][or 
hold for an agent] 

[0051] For the purpose of clarity we treat this as a single 
‘turn’, but the design is actually neutral to this linguistic 
distinction. The design takes as its input a sequence of 
moves which may be anticipated in the absence of any user 
response, each potentially with its own anticipated grammar, 
and a speci?ed pause following each move. 

[0052] Turn starts are more likely at move boundaries, 
especially where there is a pause between the moves. This 
invention adopts different tum-taking behaviors depending 
on the point of interruption by the user. In order to facilitate 
this, each machine move is broken up into three optional 
Zones: 

[0053] i. Pre-Hold Zone 

[0054] ii. Hold Zone 

[0055] iii. Post-Hold Zone. 

These Zones can be seen in FIGS. 3 and 4. Each of the Zones 
could be optionally Zero length but, where present, they 
follow in this same ordered sequence. 

[0056] The three Zones can be de?ned by just two break 
spointsitermed the PreHoldTimeout and PostHold Tim 
eouts. This invention does not depend on the method by 
which these break points are determined. These two tim 
eouts could for example be derived from turn-taking likeli 
hood functions, or simply de?ned by the developer. 

[0057] FIG. 3 illustrates the likelihood of a turn-taking act 
from the user dropping as the move progresses, it then rises 
again as the move completes. The moves in this diagram are 
assumed to present strong tum-taking cues to the user. The 
shape of these likelihood functions are idealiZed and will 
vary depending on prosodic, semantic, pragmatic and other 
extra-linguistic cues which are present in the user-interface. 
For example, the prior knowledge of the user interface and 
the propensity to use barge-in as a user interface device can 
alter the diagram of FIG. 3. Other methods of determining 
turn-taking likelihoods may also be envisaged by those 
skilled in the art. 

[0058] With reference to FIG. 3, one way to determine the 
Pre-Hold, Hold and PostHold Zones and their corresponding 
timeouts would be to apply two parameters shown below. 

Parameter Description Default 

LostFloorThreshold The threshold below which 0.5 
the machine turn moves from 
the Pre-Hold state to the 
Hold state as the floor is 
taken away from the user by 
the machine. 
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-continued 

Parameter Description Default 

YieldAnticipationThreshold The threshold above which 0.5 
the machine turn moves from 

the Hold state to the Post 
Hold state, as the user 
anticipates the turn-taking 
boundary that is approaching. 

[0059] The ?rst breakpoint occurs when the likelihood of 
a useriresponse to the previous move has fallen below a 
certain value (LostFloorThreshold), the second where the 
emerging likelihood of a useriresponse to the current 
phrase rises above a certain value (AnticipationThreshold). 

[0060] If the function never reaches these thresholds then 
the Hold state never occurs. The PreHold state transitions 
directly into the PostHold state. This could be due to a 
sequence of short moves, low threshold values, or other 
parameters in the likelihood function model. In this circum 
stance, the boundary between these states is taken to be the 
point at which the minimum value of the function occurs 
(i.e. co-incident at the same point where contribution to the 
turn-taking likelihoods are equal from the previous move 
and the next move). If the minimum occurs at a point with 
a gradient of Zero (i.e. has a ?xed minimum value over a 
certain time period, then the boundary is taken to be the time 
representing the mid-point of this ?xed region. 

[0061] FIG. 4 illustrates the progression through the three 
Zones as a state machine where state transition points are 
de?ned by the timeouts described above, and the length of 
the prompt. 

Pre-Hold Zone. 

[0062] An interruption during the Pre-hold Zone occurs 
prior to the key information in the prompt being heard by the 
listener. It is therefore likely to actually be a late response to 
the previous move. In this region the machine yields to this 
input and cuts the current prompt delivery. 

Hold Zone. 

[0063] In this Zone, the likelihood of a turn-taking act by 
the user is lessened considerably (according to the usual 
protocols of conversational turn-taking)ihowever it is still 
possible. Interruption in this Zone is likely to be very late 
response to previous moves, or an anticipated response to 
the current move if the user is already familiar with the 
dialogue model. In this region the machine will hold the 
?oor. This does not however mean that it is ignoring the user 
input. In applications where users are familiar with the 
domain and/or chose to use the explicit barge-in style, the 
hold Zone may be of Zero length. This could happen dynami 
cally in response to an explicit model of user turn-taking 
likelihood. 

Post-Hold Zone. 

[0064] In the post hold Zone, the key information in the 
current move is likely to have been perceived by the user. 
Interruption in this Zone is likely to be a normal anticipation 
of the end of the move. If key information is revealed early 
in the move (A common design practice that may indicate 
that there are multiple actual moves in the ‘move’) then the 
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Post-Yield Zone may actually be quite long. In this region it 
is assumed that the machine will yield to interruptions. This 
yield may even go unnoticed if it is suf?ciently near to the 
end of the move. 

[0065] These three Zones closely emulate human commu 
nication behavior. Where they are used in conjunction with 
user interface designs containing relatively short moves they 
will result in stable user interfaces which are intuitively 
accessible to users. 

[0066] In this disclosure the interruptions which are initi 
ated in the three di?ferent Zones result in either ‘yield’ or 
‘hold’ behavior. Through the choice of various parameters 
the generalized turn-taking engine described below can 
deliver a continuum of behaviour from ‘immediate yield’ 
through to ‘always hold’. The yield Zones use parameter sets 
which result in relatively rapid yield and the hold Zone uses 
di?ferent parameters which results in the behaviour of hold 
ing the ?oor. 

Example of Hold Zones 

[0067] An un-contested Turn can therefore be viewed as a 
sequence of the following Zones: 

[0068] Move1. Pre Yield 

[0069] Move1. Hold 

[0070] Move 1. Post Yield 

[0071] Move 1. Yield Timeout 

[0072] Move 2. Pre-Yield 

[0073] Move 2. Hold 

[0074] Etc etc. . . . 

[0075] Move N. Pre yield 

[0076] Move N. Hold 

[0077] Move N. post Yield. 

[0078] 
[0079] 
[0080] The YieldTimeout de?nes the pause following each 
move. The YieldTimeout of the ?nal move will be consid 
erably longer in order to fully give the turn away at that 
point. Recall that moves can optionally omit PreHold, Hold 
or PostHold Zones by setting the appropriate timeouts, and 
that the YieldTimeout can be set to Zero. 

Move N. Yield Timeout. 

(Turn ends with ‘silence’ on no response). 

[0081] The user may of course also be making turns and 
moves in a similar fashion to the machine. With current 
technology the machine unfortunately has access to much 
less information regarding the user turn. 

[0082] This design can utilize the speech application lan 
guage tags (“SALT”) model. This is an event based model 
where listen and prompt are independent threadsigiving 
the designer the widest range of options yet for building 
turn-taking models. The SALT model is commonly known 
in the art. Other similar models could be used. It is also 
anticipated that speech technology vendors will develop 
better ways of detecting user phrase boundaries, dis?uent 
re-starts, and yielding behavior. Should this happen then the 
current design will be able to make use of this extra 
information. 
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[0083] The SALT model is a standard Which is close to the 
state of the art regarding What machines can know about user 
turns as perceived by a speech recognizer. The SALT model 
comprises independent <Prompt> and <Listen> threads 
Which can be startediStart( ), pausediPause( ) or 
stoppediStop( ). Prompts and Listens throW events as they 
execute. It is the designers role to catch these events and 
co-ordinate the interaction betWeen <prompt> and <listen>. 

[0084] There are three listen modes described by SALT: 
Single; Automatic; and Multiple. The current design antici 
pates that the recognition Will use Multiple Mode (FIG. 6), 
although Multiple mode can be emulated using Automatic 
mode (FIG. 5) by restarting the recognizer Whenever on 
Silence (silence detected), onReco (recognizable speech 
detected), onNoReco (un-recognizable speech detected) 
events are received. Single mode is designed for multi 
modal push-to-talk applications Which do not have conver 
sational tum-taking, and therefore it is not relevant to this 
disclosure. 

[0085] In automatic mode the recognizer is running con 
tinuously unless explicitly stopped. It throWs events When 
there is speech matching the grammar (onReco) or speech 
not matching the grammar (onNoReco) has been detected. It 
also throWs events Whenever the start of an utterance is 
detected. 

[0086] In one embodiment, FIG. 2 depicts a primary state 
machine that is used to model the tum-taking behavior. A 
simple auxiliary state machine can be used to keep track of 
the PreHold, Hold, and PostHold states of move playback as 
described above. As shoWn in FIG. 2, these states are: 

[0087] 1) System has ?oor 

[0088] 2) User grabbing ?oor. 

[0089] 3) System backed-off. 

[0090] 4) Both backed-off 

[0091] 5) User has ?oor 

[0092] 6) Both yielded. 
An additional state can occur if the machine interrupted the 
user deliberately. FIG. 2 shoWs the operation of a turn engine 
Where this state is omitted. 

Event Model 

[0093] The state machine responds to the folloWing 
events: 

onPromptComplete SALT:prompt.onComplete 
onSpeechDetected SALT:listen.onSpeechDetected 
onCon?dentReco SALT:listen.onReco && NOT 

(Match (Y ieldGraInmar)) 
onYieldReco SALT:listen.onReco && 

Match(YieldGraInmar) 
onNoReco SALT:listen.onNoReco 
onPreHoldTimeout ThroWn by PreHoldTimer. 
onHoldTimeout ThroWn by HoldTimer. 
onBacko?Timeout ThroWn by Backo?Timer. 
onRestartTimeout ThroWn by RestartTimer. 
onYieldTimeout ThroWn by YieldTimer. 

Most events are self-explanatory With the exception of 
onCon?dentReco and onYieldReco. This design alloWs 
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designers to explicitly model partial yielded responses in the 
speech recognition grammar (represented by YieldGram 
mar). Successful matches against this grammar are taken to 
be indications that the user has yielded the ?oor by giving an 
incomplete utterance. The onYieldReco event can be 
replaced by a better classi?er for detecting back-off at a later 
date With no change to the current design. The onCon?den 
tReco event merely re?ects the SALT onReco event, exclud 
ing this YieldGrammar. Most current speech recognizers are 
unable to detect ?oor yield speci?cally. Thus this invention 
uses ‘loW con?dence recognition’ as a term to refer to 
YieldReco as Well as NoReco. 

[0094] It should be noted that any set of events performing 
the same function as the above could replace the above 
de?nitions. For example better models to distinguish con 
?dent results from rejected results could be substituted. It is 
not the purpose of this design to describe optimal classi?ers 
of speech events. By Way of example, the classi?cation 
onReco and onNoReco could be enhanced using a con? 
dence measure based on tum-taking likelihood as Well as 
acoustic likelihood. Note also that the YieldGrammar per 
forms the function of modeling spontaneous restarts in user 
speech Within the turn taking state engine. 

[0095] In some embodiments the machine responds dif 
ferently to events depending on the state it is in When the 
results are returned. Most notably can do the folloWing: 
Considering FIG. 2, transitions betWeen the states are 
denoted by arroWs from one state to another. These transi 
tions have trigger conditions and actions associated With 
them. These trigger conditions and actions are shoWn in 
boxes attached to the transition arroWs. Transitions trigger 
conditions are shoWn in the ?rst box in ordinary type. These 
comprise boolean combinations of events and boolean func 
tions based on parameters associated With the turn engine. 
When an event is throWn, then relevant transitions from the 
current state that contain that event in the trigger conditions 
are evaluated. If there are additional boolean guard criteria 
on the trigger condition these are also evaluated. If a 
transition trigger condition evaluates to the boolean value 
‘true’ then the transition is triggered. Once a transition is 
triggered then actions associated With that trigger are then 
executed. These are shoWn in bold type in the ?gure. Some 
transitions have no actions associated With them and some 
have more than one action associated With them. 

Timers 

[0096] Timer objects are simple objects Which run in their 
oWn threads. They are started With a timeout value. Timeout 
values are associated With each move. They may vary from 
move to move depending on the move function and content. 

Timers are started With Timer.Start(timeout-value), Paused 
With Timer.Pause( ) and stopped With Timer.Stop( ) in a 
manner directly analogous to the starting, pausing and 
stopping of SALT objects. Once they reach their timeout 
values they throW the corresponding on Timeout event. A 
paused timer is continued With a subsequent Start( ) opera 
tion. Timers are reset using the Stop( ) operation. 

Move Model 

[0097] The turn taking model assumes that moves are 
represented by an array of Movesidenoted Each 
move has prompt4denoted M[n].prompt, and a listen ele 
ment denoted M[m].reco. In this model each move models 
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a single phrase, and the associated reco object is pre-loaded 
With the appropriate grammar in response to that phrase and 
surrounding context. 

[0098] In this design sequential moves are represented 
using a sequence of SALT prompt objects, one for each 
move. An alternative approach Would be to use a single 
SALT prompt object for the Whole turn. The moves Would 
then simply be part of this prompt and have embedded 
silence betWeen them to represent the YieldTimeout for each 
move. Bookmarks may be throWn at the start and end of 
moves to synchronize the state machine With the move 
boundaries. 

[0099] Note that the reco for a move is started AFTER the 
prompt for a given moveithe reco for the previous move is 
still listening as the next prompt starts. This implements 
turn-overlapping in a straightforward manner, although 
there are other Ways to implement the same feature. 

Transition Actions 

[0100] Actions are expressed as functions as shoWn 
beloW: 

Action De?nition 

Sta1tPrompt(n) M[n].Prompt.Sta.tt( ) 
PreHoldTimer.Sta1t(M[n].PreHoldTimeout) 
T[n].Sta1t( ) 

Sta1tPromptX(n) M[n].Prompt.Sta.tt( ) 
T[n].Sta1t( ) 

PausePrompt(n) M[n].Prompt.Pause( ) 
PreHoldTimer.Pause( ) 
T.Pause( ) 

StopPrompt(n) M[n].Prompt.Stop( ) 
PreHoldTimer.Stop( ) 

StopReco(n) M.[n].Reco.Stop( ) 
Sta1tReco(n) M.[n].Reco.Sta1t( ) 
Sta1tYieldTimer(n) PreHoldTimer.Stop( ) 

yieldTimer.Sta1t(M[n].YieldTimeout) 
Sta1tYieldTimerNbi(n) If(NOT BargeIn) { 

yieldTimer.Sta1t(M[n].YieldTimeout) } 
Sta1tHoldTimer(n) holdTimer.Stop( ) 

holdTimer.Sta1t(M[n].GetHoldTimeout(T)) 
Sta1tBacko?Timer(n) backo ?Timer. Sta1t(M[n]. Backo?Timeout) 
Sta1tResta1tTimer(n) restaItTimer. Sta1t(M[n].Resta1tTimeout) 

The turn engine starts by setting the move index (n) to Zero 
and then playing the prompt associated With this ?rst move 

(100). 
Timeouts and their Effect 

Move Timer (T) 

[0101] The timer value (T) denotes the reference times 
tamp of the current place in the playback of the move 
prompt. This timer is started When a move prompt is started, 
paused When the prompt is paused, but not stopped When the 
prompt is stopped. 

[0102] This timer drives the transition through the differ 
ent Zone states shoWn in FIG. 4. Multiple concurrent move 
timers can exist, one for each move. These timers can be left 
to run until the end of the dialog, one for each move. This 
is only a necessary feature if a Turn Con?dence function is 
used in order to calculate the move Zones. In this alternative 
form the turn taking onset likelihood is calculated as the sum 
of the contributions of previous moves as Well as the current 
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move. More details on onset likelihood are provided by 
commonly oWned, co-pending patent application “Turn 
Taking Con?dence” by AttWater, Ser. No. , ?led on 
Dec. 22, 2005. For practical reasons these timers can be 
stopped after an appropriate period of timeifor example at 
the end of the turn, or after a number of further moves have 
elapsed. The MoveTimer does not directly trigger any tran 
sitions in the state machine of FIG. 2. 

Yield Timeout 

[0103] This is the simplest of all the timeouts. It de?nes 
the pause folloWing a move once it has completed. It is 
analogous to the ‘InitialTimeout’ of the SALT listen ele 
ment. The state both-yielded (6) is entered at the end of the 
prompt for each move When onPromptComplete is throWn 
(101), and held until the YieldTimeout completes or speech 
is detected. If speech is detected during this Wait (102), the 
user has taken the ?oor, and user-has-?oor state is entered 
(5). If the timeout completes, the next move prompt is 
started by incrementing the move counter n, and starting the 
prompt associated With the next move denoted by n (103). 
Alternatively the turn completes if there are no Waiting 
moves (104). 

[0104] This transition (104) represents one Way to end the 
turn state engine. Note that in this design the recogniZer is 
not stopped at the end of the turnialloWing its operation 
overlap With the beginning of the next turn by re-entering the 
state machine once more. The PreHoldTimeout of the ?rst 
move of the next turn controls this overlap (105). In this Way 
seamless overlaps betWeen turns are achieved by this design. 

PreHoldTimeout 

[0105] This timeout represents the time from the start of 
the prompt associated With a move up to the point Where the 
PreHold Zone ends. Whilst in the System-Has-Floor state 
(1), this timeout causes the Reco object for the previous 
move to be stopped, and the one associated With current 
move to be started, implementing the overlap mechanism 
described above (105). It has already been mentioned that 
each move has its oWn associated grammar. In many cases 
this grammar may be the same for each move, but there may 
be reasons to change the grammar betWeen movesifor 
example if the next move is likely to signi?cantly alter the 
user’s expectations of What to say next. 

[0106] In one embodiment, the recogniZer is not stopped 
at the end of the moveialloWing its operation to overlap 
With the beginning of the next move. The PreHoldTimeout 
can de?ne the point at Which the recogniZer Will be re 
initialiZed With the neW grammar. During the PreHoldZone 
the caller is judged to be more likely to be responding to the 
previous move rather than the currently evolving one. 

[0107] Indeed if the turn eventually completes success 
fully as a result of an interruption prior to the PreHoldTim 
eout then the result must have matched the grammar for the 
previous move not the currently evolving one. This can 
occur if the state machine completes via transition (112) or 
transition (118) in FIG. 2. 

[0108] Similarly the eventual rejection of an utterance 
Which starts prior to the PreHoldTimeout completing can be 
treated similarly. This can occur if the state machine com 
pletes the turn via transition (117) or transition (119) in FIG. 
2. Such a rejection Will represent the failure of the previous 
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turn. Under such circumstances it Would be sensible for 
dialog design to return to the previous dialog state or enter 
error correction associated With the previous dialogue state. 
This is a desirable feature but not an essential feature of the 
invention. If all of the moves are associated With the same 

grammar then this feature is not required. 

[0109] The PreHoldTimer is Started( ) and Paused( ) and 
Stopped( ) in concert With the prompt for the current move 
via the functions StartPrompt( ), PausePrompt( ) and Stop 
Prompt( ). The value of the PreHoldTimeout should not 
exceed the length of its associated move prompt. 

HoldTimeout 

[0110] The Hold Timeout denotes hoW long the system 
holds the ?oor after detecting an interruption by the user 
until it actually cuts the prompt. It is started When speech is 
detected in the System-Has-Floor state (106) Which causes 
the transition to the User-Grabbing-Floor state (2). This is a 
Way of extending the delay Which may already occur 
betWeen the actual onset of user speech or noise, and the 
point Where the recogniZer reports this as on SpeechDe 
tected. In some embodiments it is preferable for this integral 
delay to be relatively short. 

[0111] Cutting the prompt is a turn yielding action and 
changes the state of the tum-taking protocol. The Hold 
Timeout therefore lets the system Wait a While. In the 
absence of any other events the completion of this timeout 
period causes the current move to be paused (i.e. stopped, 
but in such a Way that it could be continued later if 
necessary), and the System-Backed-Olf state is entered 
(107). This is only useful if the recogniZer can report useful 
information in this timeout period. If We could poll for 
results then We may be able to see hoW the recognition Was 
evolving in this period (This Would emulate What some 
recogniZers already do in this regard)iHoWever in the 
SALT model, the system can Wait to see Whether an OOG 
(out-of-grammar) result or very rapid recognition is 
returned. Brief noises may be ignored as a result. 

[0112] If the move completes While the user is grabbing 
the ?oor then the user is automatically granted the ?oor and 
the state User-Has-Floor is entered (110). This timeout is 
varied according to When the prompt is interrupted, and is 
the primary mechanism for implementing the hold or yield 
strategies in the different move Zones. Even in PreHold and 
PostHold Zones non-Zero values may be desirable. 

[0113] The HoldTimeout should not be confused With the 
PreHoldTimeout. The function GetHoldTimeout(T) embod 
ies this behavior. In some embodiments this function can 
return the timeout values according to Which Zone the 
interruption occurred in as folloWs: 

int GetHoldTimeout(int T) { 
Case GetZone(T): 

(Pre Hold): HoldTimeout=200ms; break; 
(Hold): HoldTimeout=in?nity; break; 
(Post Hold): HoldTimeout=300ms; break; 

Return HoldTimeout; 
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The non-Zero values in the Pre and Post Hold regions can be 
used to damp the recogniZer response to short noises in these 
regions. 
[0114] FIG. 4 shoWs a possible de?nition for the function 
GetZone(T). The states PreHoldPause, HoldPaused and Post 
Hold Paused represent that case Where the prompt has been 
paused Whilst in the corresponding Zone. 

[0115] In the User-Grabbing-Floor state (2)4de?ned by 
the HoldTimeoutiNoises or partial Yields are ignored and 
the system returns to the System-Has-Floor state (108). 
Con?dent responses Which complete before the timeout are 
also apparently ignored from the user perspective (109). The 
results from such con?dent responses can be remembered 
and used to boost the con?dence of subsequent recognitions 
of the same utterance. Such behavior is less desirable in the 
Pre and Post yield Zones, hence the timeout values for these 
Zones are selected to be shorter than the shortest anticipated 
Word. They can be increased if long utterances are antici 
pated. In an alternative embodiment, con?dent results can be 
accepted in the state User-Grabbing-Floor and complete the 
state machine in a manner analogous to transitions from the 
Both-Backed-Olf state (112) and the User-Has-Floor state 

(118). 
[0116] Those skilled in the art could conceive of many 
different de?nition of the function GetHoldTimeout. Each 
de?nition Would de?ne the machines ‘attitude’ toWards 
interruptions and ?oor holding. FIG. 11 shoWs an example 
of hoW based on the point of speech or noise onsets a 
continuous function could be used to derive the Hold 
Timeout. In the example, the Hold Timeout rapidly increases 
from a minimum value (100 milliseconds) to a ?nite maxi 
mum value (10 seconds) at the boundary of the Hold Zone. 
The timeout then falls steadily (in the logarithmic domain) 
through the Hold and Post Hold Zones. The use of ?nite 
values means that the turn machine opearates upon a con 
tinuum betWeen ?oor yielding and ?oor holding policies 
rather than the abrupt transition betWeen ?oor holding and 
?oor yielding described above. 

[0117] The HoldTimeout could alternatively be selected 
such that it causes the prompt to be paused at the end of the 
next spoken Word. Such behavior Would be made possible 
by making use of the timing information obtained by forced 
alignment of the prompt text and a recorded utterance, or 
obtained directly from a speech synthesiZer. 

Back Olf Timeout 

[0118] The Back Olf Timeout begins as the System yields 
the ?oor to an interruption folloWing the Hold Timeout 
(107). This timeout represents the perceptual period folloW 
ing back-off in Which the user Will not perceive that the turn 
has been un-equivocally given aWay by the system. It 
de?nes the maximum period in Which the state machine Will 
remain in the System-Backed-Off state (3). Note that the 
machine prompt is Paused, not stopped folloWing this tim 
eout (107). If, during this short back-off period just after the 
machine has fallen silent, the end of user speech in the form 
of an uncertain recognition or yield is detected, the turn 
taking engine Will assume that the user has backed off and 
proceed to the both-backed-olf state (111). Con?dent rec 
ognition during the back-off state hoWever is taken at face 
value and the turn completesimore accurately the state 
machine completes to let the parent state machine decide on 
the next course of action (112). 



US 2008/0004881 A1 

[0119] If no recognition result occurs during the backolf 
period then, on completion of the BackO?Timeout, the user 
is still talking, and is noW assumed to be clearly holding the 
?oor. The state machine progresses to the user-has-?oor 
state (113). A default value of less than 200 ms is suggested 
for this timeout. 

[0120] RestartTimeout 

[0121] Once the Both-Backed-Olf state is entered (4) the 
Restart Timer is started (111). In this state the user has fallen 
silent and the machine is also silent. An impasse has 
occurred. The Restart timer can de?ne the duration Which 
the machine is prepared to Wait to see Whether the user Will 
re-start their utterance spontaneously. If the user restarts 
during this time period then the current move is considered 
complete, and the user is unequivocally given the ?oor, 
moving to the User-Has-Floor state (114). 

[0122] This timeout can be set to a relatively long period, 
as it is analogous to the usual recognition silence timeout. A 
value of betWeen 0 and 1000 ms is suggested but it could be 
longer. Changing this value will affect the emergent property 
of Whether the machine is eager to grab turns back. This will 
affect the perceived personality of the machine, and this 
timeout may be set according to design criteria. If the user 
does not speak before the timeout is reached, then one of 
three transitions occur: 

[0123] 1. If the interruption point Was early in the 
prompt (de?ned by the logical NOT of the boolean 
function IsLateInterruption), and a policy of Restarting 
on Backolf (de?ned by the boolean function Restar 
tOnBacko?) is in place, then the move can be re 
started. This Will result in the apparent effect of a 
dis?uent restart of the Whole turn on behalf of the 
machine in response to external interruptions (115). 
Dis?uent re-starts can be perceived by users as inap 
propriate behavior and often not recalled after the 
interaction. 

[0124] 2. If the same condition as above occurs and 
RestartOnBackolf( ) is false, then the machine prompt 
can be started againiie. it continues from Where it 
Was paused. This behavior is only appropriate if the 
hold timeout and restart timeout have loW values. (116). 

[0125] 3. If the interruption point Was late in the 
prompt, the turn can be completed. The user has chosen 
not to speak, and the machine must decide What to do 
next (117). 

A possible enhancement to the ?rst step of re-star‘ting a 
move (115) could be to restart from the start of the 
previous move boundary instead of the start of the turn. 
In this case the value of n Would not be reset to Zero. 
A further alternative Would be to modify the form of the 
repeated turn or move. A subtly different prompt could 
be used With the same meaning Which could prevent a 
mechanical sounding effect on repetition of previous 
prompts. In addition or as an alternative a re-start signal 
phrase such as ‘Sorry!’ may be interjected to signal the 
re-star‘t. This is a behavior often seen in human lan 
guage during dis?uent re-starts. 

[0126] A possible enhancement to the second step (116) 
Would be to continue the prompt at the point Where it Would 
have reached had it continued to play to reduce the percep 
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tual impact of the interruption. Another similar approach 
Would be to begin to modulate the volume of the prompt 
doWn to a loW value on transition to the System-Backed-Olf 
state. This modulation could folloW some kind of amplitude 
envelope designed to emulate the effect of a speaker cutting 
off an utterance in mid vocalization. The volume Would be 
modulated up again on return to the System-Has-Floor state. 
A further enhancement Would be to back-track to a previous 
syllable boundary in the current moveiif the syllable 
boundaries of the current utterance are knoWn to the system. 

[0127] The IsLateInterruption function can be de?ned in a 
number of Ways. One embodiment Would return a false 
value if the interruption occurred during the PostHold Zone 
but true otherWise. This means that the function Would 
return true in the Hold Zone and Post Hold Zone. Where the 
HoldTimeout is in?nite in the Hold Zone then the condition 
cannot actually occur under normal circumstances. This 
de?nition anticipates the case Where the HoldTimeout could 
also have a ?nite value in the Hold Zone. In an alternative 
embodiment, this function could alWays return a false value. 
In this case transition 117 Would never occur and the 
decision Whether to restart the prompt or not Would be 
independent of the point of the interruption. 

[0128] In a further embodiment of the present invention, 
the system could modulate the timeout parameters according 
to a turn con?dence function. The turn con?dence function 
factors in the con?dence applied to a user input based upon 
the timing of the user input. 

Recognition Returns When User has Floor 

[0129] In this case con?dent or non con?dent recognition 
Will cause the turn to end. It is up to the application to decide 
What to do next (118) (119). In the unlikely event that an on 
Yield event occurs under these circumstances the user can be 
given the chance for a re-start as described above (120). 

Simplifying the Model for Non-Salt Applications 

[0130] This invention is made possible by the ?ne grained 
control that the SALT model provides for the Prompt and 
Reco SALT elements. On most of the current day speech 
application platforms the developer does not have this level 
of control. More speci?cally Where the barge-in model is 
?xed then control over When the prompt is cut relative to the 
interruption is pre-de?ned regardless of the point of inter 
ruption. Assuming that barge-in is enabled on the platform 
then the recogniZer is started at the start of the turn. If 
barge-in is not enabled then the recogniZer is started at the 
completion the prompt. 

[0131] Most current combinations of speech recogniZer 
and telephony platform only support ‘AutomaticMode’. 
This invention can be implemented using this mode by 
restarting the recogniZer explicitly When it returns a result as 
described above. With such systems the User-Grabbing 
Floor state (2) cannot be supported, and the on PreHold 
Timeout transition (105) becomes redundant. FIG. 7 shoWs 
the effect of reducing FIG. 2 under these limitations. Tran 
sitions (106) and (107) are merged to form transition (606). 
The resulting engine has lost a couple of features. First, it 
loses the poWer to overlap prompting and recognition 
betWeen moves. The actions in transitions (100), (103), 
(115) and (116) are altered accordingly to give those shoWn 
in transitions (600), (603), (615), and (616). There is still the 
opportunity to change the grammar at the boundaries 














