EX-1009
Page 1006 of 1206 U.S. Patent 10,510,341



4 B ERIREEEd A IR LR 'I.I".l"ll"u'll a3 s I_IIJFI.UI}' FEiFlal LY VBl el R BEERCELRR R STRRrERE e e s

between the external XML format used for communication and a given internal

markup language of the specific component. The use of XSLT makes it easier to
adapt a component to interface modifications and simplifies 11s reuse in another dia-
logue system.

Instead of working on basic XML structures like elements and attnibutes, XML
data binding can be used for a direct mapping between program internal data struc-
tures and application-specific M3L markup. In this approach, the M3L language
specification is exploited 1o automatically generate a corresponding object model
in a given programming language.

All the techniques decribed here have been applied in different implementations
of the various functional {:mnpnﬂems of the SMArRTKOM syqlem In addition, a spe-
cific M3L API has been d u:'-'lzll.lj.l:u and included into the SMarTKOM testbed. This
M3L API offers for all target platforms a light-weigit programming interface to sim-
plify the processing of XML structures within the implementation of a component.
It incorporates a standard XML parser and uses the DOM interface to implement
the M3L-specific APl layer. Furthermore, the SMARTKOM testbed also provides a

generic, XML-enabled toolbox and tailored XSLT stylesheets for the offline and on-
line inspection of M3L data.

3.4 Additional Testbed Tools

A rich set of utilities can be used to manipulate log data casily, ¢.g., to select and
identify relevant subsets from the complete data store resulting from a system run.
Flexible replay of selected pool data provides a simple, vet elegant and powerful
mechanism for the simulation of small or complex parts af the dialogue system in
order to test and debug components during the development process. Using a sim-
ple tool, a system tester is also able to generate trace messages on the fly to inject
annotations into the message log.

Another important development tool is a generic XML-enabled data viewer for
the online and offiine inspection of pool data. Figure 4 presents an example of a
word hypothesis graph corresponding to the natural language part of a multimodal
user inpul. Such a graphical visualization of speech recognition results during system
execution aids the system integrator while testing the dialogue system.

The flexible data viewer toolbox can also be used in offline mode. A practical
example is given in Fig. 5, which shows a comprehensible displav format that docu-
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Fig. 6. Siages of system integration

successively by more substantial modules with increased functionality, i.e., com-
ponents are hke black boxes which can be plugged into a breadboard. Nonexistent
modules can be simulated through the replay of appropriate test data. This tech-
nique enables rapid prototyping, given that even at an early stage an environment is
available for testing and evaluating individual modules in the context of the entire
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requires that the clement structure reflects all details of the inherent structure of the
represented data, i.e.. textual content for an element should be restricted to well-

delined elementary types. Another important guidelineg 1s to apply strict naming rules
50 that 1t becomes easier to grasp the mtended meaning of specific XML structures.,
The latest version of M3L consists of more than 1,000 different XML elements.

In order to make the specification process manageable and to provide a thematic or-

ganmization, the M3L language definition has been decomposed into about 40 schema
specificanons. This kind of modulanization allowed to distribute responsibility for

the different parts of the specification, assigning each XML schema to one selected
researcher with specific expertise in that area.

5 Conclusion

This contribution has presented a discussion on system integration in building multi-
modal dialogue applications with an emphasis on the SMARTEKOM integration plat-
form. It has shown the analogy of our approach to component-based software engi-

neering.
The capabilities of the multiplatform software framework are being enhanced

on a continuing basis since the first design in Verbmobil, the predecessor of the
SMARTKOM project. The SMARTKOM testbed provides a powerful environment and
advanced new tools, like, for example, the added support for XML-based data rep-
resentations. Multiplatform has been made available as open source software and is

currently being used at several industrial and academic sites.
The paper also gave a look into the underlying system integration process and

underlines the role of nontechnical factors for effective inter- and intrainstitutional
collaboration.
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Summary. This chapler describes the English-language SuarTE.O0M-Mobile system and re
lated research. We explain the work required to support a second language in SMARTKOM

and the design of the English speech recognizer. We then discuss research cammied out on sig-
nal processing methods for rebust speech recognition and on language analysis using the Em-

bodied Construction Grammar formalism. Finally, the results of human-subject experiments
using a novel Wizand and Operarer model are analyzed with an eye to creating more felicious

interaction in dialogue systems.

1 Introduction

The SMaRTKOM-Mobile application provides navigation and tourism information
using either a handheld personal digital assistant (PDA) interface or an in-car inter-
face. Some images from the application’s display are shown in Fig. 1. A user com-
municates with SMaARTKoM-Mobile using pointing gestures and natural speech, and
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English SMARTKOM-Mobile system were based on, or identical 1o, modules in the
German-language SMARTKOM-Mobile,

The modular architecture of SMARTKOM greatly eased porting to English by en-
capsulating language dependencies in specific modules. Most SMaRTKOM modules
required no modification to suppon English. OFf the modules requiring modification,
only speech recognition and speech synthesis required significamt changes to soft-
ware source code. The speech analyzer (which parses the recognized speech) and
text generator (which creates the system’s output sentences) required only a change
in their template (grammar) files and otherwise used the same software engines for
both German and English, The lexicon module had to be aware of the current lan-
guage in order to provide the correct word pronunciations, Some displayed text pro-
vided by the pedestrian and vehicle navigation modules (such as tourist site informa-
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feature extraction process mtended 1o reduce dimensionality and discard irrelevant
varation. We used perceptual linear prediction (PLP) feature extraction { Hermansky,
1990, which captures the envelope of the frame power spectrum but discards some
spectral detail. The probability of a particular observation for each possible hidden
state 1s determined by an acoustic modeling stage, which we carry out using a mul-
tilayer perceptron { MLP), following the hybnd connectienist approach of Bourlard
and Morgan ( 1993). The probabilities determined by the acoustic modeling stage for

all frames are used by a decoding stage that searches for the most likely sentence,
taking into account a dictionary of word pronunciations and a language model (tables

of word transition probabalities).
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SmartKom-Enghish: From Robust Recognition to Felicitous Interaction 457

the speech level 15 lower) and are subject to reverberation and other effects due to
the longer and sometimes indirect paths taken by the traveling sound waves, While
these degradations affect human speech recognition performance as well, current
automatic speech recognition systems are much more sensitive to them. However.
close-talking microphones are often inconvenient, and improvements in the recogni-
tion accuracy that can be achieved without them are very likely to increase adoption
ol speech recognition technology.

The SMARTKOM-Mobhile application can be used inside a car (using an installed
display and microphones) or on foot (using the microphone and display on a hand-
held computer or PDA).? Of these two circumstances, ICSI research focused on
the in-car case, making use of the SpeechDaiCar {Moreno et al., 2000) corpus. The
SpeechDatCar corpus is available in several languages: in this article we will only
describe results for SpeechDatCar-German. This contains in-car recordings of Ger-
man connected digit strings made simultaneously with close-talking and hands-free
microphones, in various noise conditions: “Stop Motor Running,” “Town Traffic.”
“Low-Speed Rough Road.” and “High-Speed Good Road.” Our speech recognition
experiments with this corpus were performed for three cases: the well-matched case

used all microphone types and noise conditions in both training and test data, the
mediym-matchead case used rml:l.' the hands-free miﬂrﬂphﬁlnt and tests 1.I3il'lg D!'.I!]_i" the
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“High-Speed Good Road"” noise condition (which is excluded from the training data
in this case), and the highly mismatched case used close-talking microphone training

data and hands-free microphone test data.

3.2 Noise Reduction and Deconvolution

Figure 3 shows a model of how acoustic degradation is caused by reverberation and
background noise. Reverberation and other acoustic effects related to the transmis-
sion of speech from talker to microphone, together with the frequency response of
the microphone itself, are modeled as a linear time-invariant system with impulse
response c(n) and frequency response C{w). Background noise (including noise in-
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3.2.1 MNoise Reduction

We used a noise reduction implementation developed for an Aurora (Hirsch and
Pearce, 2000) front-end proposal, a joint effort between 1CS1, OGI. and Qualcomm
engineers, descnbed in Adami et al. (2002). The algorithm performs Wiener filter-
ing with modifications such as a noise overestimation factor, smoothing of the filter
response, and a spectral floor. It calculates an instantaneous noise power speciral
estimate [N (m,k)|* (where & is the frequency bin and m is the frame index) by aver-
aging the noisy power spectra |X (. k)|* over an initial period before speech starts

as well as later frames, which are judged to be nonspeech because their energy level
falls below a threshold. This estimate 15 used 1o calculate a filter

X (m, k)2 = afN ()
{Him k)| = "rm( IX (. k)| 1[5)1

where @ is an SNR-dependent oversubtraction factor and the spectral floor parameter
[ is used to avoid negative and very small filter values. This filter |H{m k)| varies
from frame to frame. To reduce artifacts in the noise-reduced output, the filter is

smoothed over time and frequency. Then the smoothed filter is applied to the noisy
power spectra X to obtain an estimate of the noise-free power specira ¥:

Page 1019 of 1206



SmarKom-English: From Robust Recognition to Felicitous Interaction 459

Table 1. SpeechDatCar-German word error rates {WER) with and without noise reduction.
The well-matched tesi data contain 5009 words, the medium-matched test data contam 1366

waords, and the highly mismatched test data contain 2162 words.

WER (%) Without noize reduction | With noise reduction
Well-matched B0 7.0
Medivm-maiched | 2006 14.9

Highly mismatched|15.4 17.5

of speech as a continuous-time signal is ignored here for simplicity) sent over a lin-
ear ime-invariant channel with impulse response c{n), producing a filtered signal
¥{n). Then the product property holds for the spectra of 5 and c: ¥({w) = S{w)}C{w).
Assume that the filtered signal is processed using a windowed discrete Fourier trans-
form, giving ¥ (m, @), where m is the frame index determining around which sam-
ple the window function was centered. If the window function is long and smooth
enough relative to e{n), then the product propenty approximately still holds {Aven-
dano, 1997): X (m,w) = S{m,@}C{w). Note that the channel is assumed not to vary
over time. Taking the logs of the magnitudes of both sides of the previous equa-
tion, we find that fog|X (ne, w)| == log|S(m, w)| + log|C(w)|. Therefore, by subtract-
ing the mean over m {i.e.. over time) of log|X (m,w)| from log|X (m, @)|, we remove

Page 1020 of 1206



Page 1021 of 1206



The approach te analysis (parsing and semantic analysis) of recognized speech nor-
mally used in the SMARTKOM system was Ralf Engel’s SPINmodule (Engel. 2002).
The SMARTKOM project alse funded investigation into an alternative approach,
aimed at robust and semantically rich language analysis. The altemative approach,
described here, makes use of a linguistically sophisticated language formalism called
Embodied Construction Grammar (ECG (Bergen and Chang, 2002; Chang et al,,
2002). ECG is a construction-based grammar formalism (Goldberg, 1993) that uses
embodied primitives like frames (Fillmore, [982), image schemas (Lakoff, 1987)
and executing schemas (MNarayanan, 1997) as its semantic representation. In addition
0 supporting these cognitive primitives, ECG is an extension of unification-based
formalisms like HPSG (Pollard and Sag, 1994), and as a consequence, it is precise
encugh for computational models of language analysis.

ECG is an extremely expressive grammar formalism, and as such new algorithms
needed to be designed that could take advantage of the wealth of semantic informa-
tion contained in an ECG grammar, and yet still efficiently and robustly process each
utterance. These algorithms are implemented within the so-called constructional an-
alyzer (Bryant, 2003).

The first key innovation employed in the design of the constructional analyzer
15 how it combines linguistic knowledge with process. Instead of treating each con-
struction as a passive piece of grammatical knowledge, the analyzer compiles each
construction into an active unit called a construction recognizer. Each construction
recognizer is responsible for applying both the form and the semantic constraints
associated with its construction. The recognizer then generates an instance of the
construction if an acceptable set of constituents is found.

4 hitp:ifwww.icsi berkeley.edw/Speech/papers/icsip02-gabor/
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Fig. 4. Upper lefi: A log mel-band spectrogram for the spoken word “nine”. Lower feft: The
real part of a Gabor filier. The Gabor filters are complex-valued. Rather than doing acoustic
medeling with complex-valued features. Kleinschmidt chose to use the real part, imaginary
part. or magnitude of the results of correlaion as features. Lipper right: The real part of the
log mel-band spectrogram afier comelation with the Gabor filter. Lower right: The values of

the filtered log mel-band spectrogram at the center frequency of the Gabor filter (it is those
that would be used as features for speech recognition)

The analyzer itself must manage the interaction between each of the recogniz-
ers, while looking for semantically and formally complete analyses of the whole
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Analyses that are more semantically dense specily more of the frame roles in the
utterance than those that are less semantically dense. and the analyzer thus prefers
denser analyvses.

The constructional analyzer was tested by integrating it with the SMARTK.OM do-
main and context model (Porzel et al., 2006). taking semantic information from that
moedule’s ontology. Not only did it successfully analyze questions from the tourist
domain, but it also capitahized on the structure found with the ontology to perform
linguistic type-coercion known as construal {Porzel and Bryant, 2003),

5 Wizard and Operator Study of Felicitous Human Computer
Interaction”

5.1 Imtroddoction

End-to-end evaluations of conversational dialogue systems with naive users are cur-
rently uncovering severe usability problems that result in low task completion rates.
Preliminary analyses suggest that these problems are related to the system’s dia-

logue management and um-taking behavior. We present the results of experiments

hahavrine Racad qn the rocn ll‘Enn
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designed to take a detailed look at the effects of that
findings, we spell out a set of criteria which lie orthogonal to dialogue quality, but
nevertheless constitule an integral part of a more comprehensive view on dialogue
feliciry as a function of dialogue quality and efficiency.

Research on dialogue systems in the past has focused on engineering the various
processing stages involved in dialogical human—computer interaction (HCI), e.g.,
robust automatic speech recognition, intention recognition, natural language gener-
ation, or speech synthesis (Allen et al., 1996; Cox et al., 2000; Bailly et al., 2003).
Alongside these efforts, the characteristics of computer-directed language have also
been examined as a general phenomenon (Zoeppritz, 1985, Wooffin et al., 1997;
Fraser, 1993; Darves and Oviatt, 2002). The flip side, i.e., computer-human inlerac-
tion (CHI), has received very little anention as a research question by itself.
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cemns the last. Given the state of the art regarding the dialogue handling capabilinies
of HCI systems, this inevitably causes dialogues to fail completely.

5.2 Wizard and Operator Study

Here, we describe a new experimental paradigm and the first corresponding exper-
iments tailored toward examining the effects of the computer’s communicative be-
havior on its human partner. More specifically, we will analyze the differences in
human-human interaction (HHI) and HCI/CHI tum-taking and dialogue manage-
ment strategies, which constitutes a promising starting point for an examination of
the effects of the computer’s communicative behavior on the felicity and intutive-
ness of dialogue systems. The overall goal of analyzing these effects is for systems
1o become usable by exhibiting a more felicitous communicative behavior. After re-
porting on the results of the experiments in Sect. 5.3, we highlight a set of hypotheses
that can be drawn from them and finally point toward future experiments that need
1o be conducted 1o verify these hypotheses in Sect. 5.4. ;
For conducting the experiments we developed a new paradigm for collecting
telephone-based dialogue data, called Wizard and Operator Test (WOT), which con-
tains elements of both Wizard-of-Oz (WOZ) experiments (Francony et al., 1992) as
well as Hidden Operator Tests (HOT (Rapp and Strube, 2002)). This procedure also
represents a simplification of classical end-to-end experiments, as it is much like
WOZ and HOT experiments conductable without the technically very complex use
of a real conversational system. As postexperimental interviews showed, this did not
limit the feeling of authenticiry regarding the simulated conversational system by the
human subjects. The WOT setup is described in detail by Porzel and Baudis (2004)
and Gurevych and Porzel (2006). It consists of two major phases that begin after the
subject has been given a set of tasks to be solved with the telephone-based dialogue
system. In the first phase the human assistant is acting as a wizard who is simulating
the dialogue system by operating a speech synthesis interface. In the second phase,

which starts immediately after a system breakdown has been simulated by means
of beeping noises transmitted via the telenhone. the human assistant is acting as a
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the phone, and exiied from the room after handing over the telephone receiver, The
subject was always greeted by the system’s standard opening ply: Welcome o the
Hetdelberger towrist information system, How [ can help vou? After three tasks were
finished (some successful, some not) the assistant simulated the sysiem's breakdown
and came onto the elephone hine saying Excuse me, something secis ro have hap-
pened with our system, may I assist you from here on, and finishing the remaining

three tasks with the subjects.
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Examiming why silences in human-human interaction are unproblematic, we find
that such silences are beng announced, e.g.. by the human operator employing lin-
guistic signals, such as just a moment please or well, 'l have re have a look in our
daralbase in order to communicate that he is holding on to the tumn and finishing his
round,

To push the relay analogy even further, we can look at the differences in overlap
as another indication of crucial dialogue inefficiency. Since most overlaps occur at
the turn boundaries, thereby ensunng a smooth (and fast) handover, their absence
constitutes another indication why we are far from having winning systems. As the
primary effects of the human-directed language exhibited by today’s conversational

dialogue systems, the experiments showed that dialogue efficiency decreased signif-
icantly even beyond the effecis caused by latency times. Additionally, human inter-

locutors ceased in the production of feedback signals, but still attempted to use his
or her turn signals for marking turn boundaries, which, however, go ignored by the

system. Last, an increase in pausing is observable, caused by waiting and uncertainty

effects, which are also manifested by missing overlaps at turn boundaries.

Generally, we can conclude that a felicitous dialogue needs some amount of ex-
trapropositional exchange berween the interlocutors. The complete absence of such
dialogue controlling mechanisms by the nenhuman interlocutors alone  literally
causes the dialogical situation to get out of control, as observable in tum-taking
and tum-overtaking phenomena. As evaluations show, this way of behaving does
not serve the intended end, i.e., efficient, intuitive, and felicitous human-computer

interaction.
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Summary. SMARTK0M-Public is the result of consistent development of traditional public
telephone booths for members of a modem information socsety in the form of a multimodal
communications booth for intuitive broad-bandwidth communication,

1 Introduction

The SMARTKOM-Public communications booth is provided with a wide palette of
modern communication appliances. SMARTKOM-Public offers a higher degree of
privacy, much higher communication bandwidth and optimal quality with regard to
input and output results than is available to mobile systems for technical reasons.
High rates of data Aow and high-resolution screens lead, in contrast to a personal
digital assistant (PDA), to increased comfort and better ergonomics. This communi-
cation space offers the simultaneous and comfortable use of language, pictorial and
data services. A document camera is integrated for the transmission and processing
of documents. An interesting further possibility concerns the saving of the user's data

im tha crnemest anitanes heath | laas hismsatemae idantiBsatian  aesre are akles in arcssee
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2 User Study

2.1 Introduction

EMARTKOM-Public demonstrates fundamental techniques of a user-{riendly, mul-
timodal human—machine communication in public areas. In order to have a close
connection between the project specification and the behavior and the wishes of the

potential users, the project was accompanied by a user study from the beginning.

This study was to give answers to following questions:

» What are the expectations of potential users concerning a multimodal communi-
cation cell?

Which kinds of human—-machine communication does the user accept?
Which communication services have to be provided?

Which fears and application thresholds are connected with these new techniques?

2.2 Milestones

The data of the user study were obtained by questionnaires in two phases. In a first
phase (9/99-5/00) a questionnaires from the technical point of view was elaborated.
The questionnaires were adjusted among the SMARTEKOM partners. Around 100 per-
sons took part in the first pant — mainly ,,insiders,” persons who were directly in-
volved in SMARTKOM or who had a very good knowledge about the project.

In the second phase (6/00-12/00) a more structured questionnaire was devel-
oped in collaboration with the Institute for Communication, Information and Educa-
tion (KIB) of the University of Applied Sciences Zittaw/Garlitz. The questions were
asked in more detail, and the answers had to be given on a S-point scale. It ook
the participants around 30—60 minutes to fill in the questionnaire. The questionnaire
was provided in an Internet version, and owing to different marketing strategies, like
mailings actions and a quiz, around 400 persons took part in the second phase.
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o finger print
e lace

The results were as follows:

e The well-known methods with chipeards or PIN were accepted.
=  Amaong the biometrical methods, the fingerprint found the highest acceptance.

e Signature and Mace recognition were refused in many cases.

2.3.7 General Requirements for a Communication Cell

Different questions about general requirements for a communications cell gave the

following views:

* There were high expectations concerning the intelligence of the system. More
than 70% of the participants expected a successful dialogue with only a few

clearing steps.
The communication cell and the services were regarded more as an office em-

ployee. Only a third of the panicipants saw the technical system in the fore-
ground.

& NMiceratinn and ananemiie wees savaacted e the mainnte nf natennal peers. &l
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2.3.9 User Group Analysis

From the analysis according to the gender it can be concluded that female and male
participants tended to give the same answers. Women showed less interest in techno-
logical details, and their expectations concerning the intelligence of the sysiem were
not so high. On the other hand. they were more resirictive in the face recognition
problems. The user groups “below 30 years™ and “between 30 and 50 years” tended
to give the same answers in tendency. The user group “above 50 years™ had different
opinions on some questions. Elderly people want make less use of the multimodal
communication cell in general. They were less interested in the technical possibil-
ities, and they are less restrictive in security problems. The comparison between
“insiders” and “others” showed that the answers also were given with the same ten-

dency. The “insiders” however were slightly more optimistic and in agreement with
the scenario.

2.3.10 User Suggestions

The questionnaires asked the participants to notify individual suggestions, OpINIoNS,
apprehension or ideas. Fortunately, this possibility was used in a high degree. In sum-
mary, a catalogue of useful ideas containing details of technical question and general
requirements could be obtained. Some of the most interesting statements follow:

Applications

» information and booking for actual events in the city (exhibitions, sport, cinema,
conferences, etc.)

s restaurant guide with detailed information conceming the menu and quality as-
sessments

» service for results of sport events

= social and political information about the city/the country

e virtual city tours, information about sights

-

ramanal and nlakhal sowes camiden
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General Reguiremenis

interaction resulis should not be obvious to any but current user
salety from vandalism

anonymity, only PIN aceepted

guarantee of data security

ease of use for physically challenged people

service free of charge in the 1ourist information centers

special services (fax, ete.) at normal charges

clearly structured with a good overview in each application domain
simple and intuitive handling

2.4 Summary

In the study, a representative variety of potential users took part, thus the results
are valuable. The judgments of the application confirmed the SMARTKOM Demo
scenarios, The most important locations are tourist and transportation centers. The
different input and output modalities were accepted; only the mimic recognition was
refused. User verification by PIN and fingerprint was more accepted than by sig-
nature or face recognition. The intelligence of the system was expected to be very
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Fig. L. The former German federal president using SsarTEKOM-pubhc e-mml

Alogether, SMarTKoM-Public offers more than 20 functionalities that can be com-
bined in many ways

These functionalities are accessed through an easy to use multimodal user nter-
face that combines speech, gesture and mimie input with symmetric output, The opli-
cal output is projected on an interaction surface, where it can be referenced by nat ural
pointing gestures. This part of the svstem is based on the Siemens Viriual Touch-
screen (S1ViT) system (Maggioni and Ronger, 1999), A second dedicated camer
seans documents placed on the interaction area for further processing. As demanded
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Example 2: Dialing by a phone book reference

USER:

I'd like to call Mr. Blocher.
SMARTEOM

{presents entry for Mr. Blocher)

I"ve found an entry for Mr. Blocher.
15 thas correct?
USR: Okav.

SMARTAKUS:  (establishes connection)

3.2 Facsimiles and E-Mail

Users can send facsimiles {fax) and e-mails with SMARTKOM-Public as well. Smar-
takus receives the users’ requesis and guides them through the necessary sieps.
Transmission of pictorial information is mainly used for documents related 10
business or original artifacts that cannot be described in words. Therefore SMART-
K.oM-Public provides the possibility to capture prepared information with a high-
resolution document camera and 1o send it as a picture to the receiver. For examp_lt.
it is possibie to send an image of your just-purchased new tig — do not try this with
a standard fax machine! If the user decides to send an e-mail, the original is captured
as a true-color image and sent to the selected e-mail address as an e-mail attachment.,

For a fax the color image is converted into a black and white version and sent as 3
real fax to the selected 1SDN phone number.

o o FRC SIS E GRS, | W CEC Iy [T
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USER: My name is “Herzog™.
SMARTAKUS:  I've found an entry for Gerd Herzog.
Hand contour is the default biometry,
Please place your hand with spread
fingers on the marked position.
USER: (puts his hand on the interaction area)
SMARTAKUS:

Authentification accomplished.

4 Technical Realization

As is the case for all SMarT KoM demonstrators, SMARTK 0oM-Public is based on the
common SMARTKOM system architecture handling the dialogue with the user. The
SMaRTKOM system architecture consists of several independent modules connected
via communication pocls. Most of these modules have been described in the previous
chapters. The following sections describe SMARTK.0M-Public-specific modules:

the communication module supported by the audio modules, realizing phone

calle and dars franelere an ctomdaed TOTVRT Tiamo
Sl PO ERLIE Sakiel LISiEiihia WAL S1alIEdlil 1L s IR S

the module for standard applications, realizing address book, e-mail and calendar
functionalities

the virtual module for sending documents, as a combination of document camera
and communication module.

4.1 Communication (TK-Module)

The TK-Module in SMARTKOM realizes the telephone and fax services on 2 Mi-

crogoft Windows PC. It works on the hardware base “Fritz!Card PCI” manufactured
by AVM, which provides an ISDN S0 connection with two channels.

g o PSRN _ i "o = a

s s oa

FEEEE
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by wireless LAN. The connection to the local audio devices is realized by the
Multimedia-Microsofi-Wind2-APl. The remote connection 1s based on the RTP pro-
tocol. The devices for audio input and output can be switched in runtime by param-
eters.

The audio modules are controlled by the “*function modeling™ module. The 1asks
from “function modeling™ contain the actual parameters, the purpose and a unique
identification of the data stream. Both modules support the synchronous mechanism
of SMARTKOM. The actions controlled by the modules can be activated by external
events, and the modules themselves can send events related Lo certain system states.

Aundioln Module: The Audioin module receives the audio data from the input
devices and puts it into chunks of defined formats and sizes. The format definitions
are made by the function modeling module. So, for instance, in the operation modes
“telephone™ and “speaker verification” the data chunks contain 2-KB audio samples
with 8-kHz sample rate — thus speech data of 256 ms. In the operation mode “nor-
mal” the chunks contain typically 8-KB data sampled with 16 kHz.

The audio data are sent in regular intervals in XML documents. The documents
contain time stamps with the absolute time of the first sample of each data chunk.

Thus the information of different modalities can be synchronized within the whole
system,

Moi mlalllaloo &L _ &__&I_w LT | - o L] PP T SRS P . (P
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o The local access pattern, which allows the programmer to open NSF files without
the server running in the background. The disadvantage is that the code has to run
on the machine on which Lotus is installed.

e The remote access patierst, which hides a lot of tedious implementation details.
lts drawback is that all methods are invoked through CORBA’s [nterner Inter-
OREB Protocol (IHOP) interface, which means that processing is done remotely.
Even if no traffic between different computers on the network is created, the bits

have to travel through the network adapter of the local machine,

With performance being one of the main issues during the development of SMART-
KoM, the local access pattern represented the natural choice for the implementation
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somewhere within the SMARTEKOM system. Since all users who want to use the stan-
dard applications have 10 be registered on the Lotus Domine Server anyway, it makes
sense to store the information relating to the person in the pubhe address book. This
also makes it possible 1o store other picces of information aboul users, For example,
their preferred method of authentication, Within SMARTKOM these parts of a user
profile are only available to the admimistrator of the Lotus Domino Server through
a metasearch in the public address book. When SMARTKOM is imtialized, the login

information of this metauser is read from the global configuration file. Returning to
the example of an e-mail being sent by a SMARTK.OM user, it now becomes clear that
the standard applications are involved when restoring the user profile, authenticating

the person and fulfilling the request of sending the e-mail,

4.3.5 The Import Tool for User Profiles and Address Book Entries

Once Lotus Domino Server and Lotus Notes have been installed, user profiles and
contacts which should be aceessible to SMARTEKOM have to be created on the server.
This task is handled by an import tool with a graphical user interface, which lets
the SMARTKOM administrator add and edit the relevam data, The offline tool, which

suppons comma-separated value (CSV) files as input, connects to the server and
makes all the desired entries in the address book.

4.3.6 The Interface to Standard Applications

Since all communication within SMARTKOM is carried out using the Multimodal
Markup Language (M3L), which is based on XML, it was necessary to design an
M3L interface and implement a middleware to pass on the functionality of the group-

ware applications to the SMARTK.OM system. This interface accepts messages with
the following content as input:

+ an identifier for the data stream

o login information of the user
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the sending of an e-mml, Under special circumstances it may also be necessary to re-
tum umique identification numbers for the data items processed on the server. These
numbers represent proupwiare documents and are referred to as sare 102 or anfver-
sl 10 in Lotus (N B this 15 not the same as the ideniifier of the data stream). An
example for the use of such an ID 15 a user utterance such as “please move the ap-
pomtment to 7 pm.” which leads to the modification of an entry in the calendar that
was created earlier during a SMARTKOM session but is still held in the system. The
second kind of request 15 charactenized by ihe fact that it resulis in the generation of
data output on top of the metanformation. The retrieval of cantacts from the address
book or entries from a personal calendar are requests of that type. These searches are
maodeled much like an SQL guery: restrictions (the WHERE-clause) such as the last
name ol a person, and the desired answer formal (the SELECT-clause) for the result-
ing data have o be specified. A typical request for example would be “1 need John
Doe’s telephone number™ (for the M3L code of this request, see the next section).
Far the calendar it is also possible 1o ask for appointments that take place during a
certain period of ume. This suppons the processing of speech input such as “show

me all my appointments between 4 and 6 pm™.

4.3.7 Address Book Search: An Example
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< MastMame>

<imame> Y,

<gcontacts
<telephoneNumber>

< fielephoneNumber > 4,
<feontacts
<fpersonAnswerFormal > Y
wacarchiPerson = % the resirictions
<name=> Y\ (WHERE part of query)
<firstName>

John', lock for ‘John Doe’
ifirsiMame= Y

< lastMame= 3

Doe',

< MastMame=

</names Y,

<feearchPeson> Y

< /addressBookSearch>
<laction=

< lexternal ApplicationRequest>

The answer containing the data matching the request is the following (the request
status information, which is also produced as output, has been omitted for the sake
of elarity):

<externalApplicationz \ data from srandard applications
< dalaStream> Y,

< names
abook. 1Y,

</mamez
<purpose

query AddressBook',
</purpose
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Fig. 7. SMARTKOM-Public fax and e-mail functionalities

<contact>
<telephoneNumber>
16508451000
<{lelephoneNumber>
<fcontact> Y,

< /personz Y

< faddressBook=
</external Application> \
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5. The image is converted into a display format and rendered on the screen.
(Module Real Objects and Module Display)

6. The image is converted into a SFF black and white Fax image.
{Module Real Objects)

7. Image penerated in step 7 is sent to the Fax number determined in step 1.
(TK-Maodule).

If the user wants to send an e-mail the steps are slightly different: instead of
the ISDN fax number the e-mail address is determined, and instead of the black and

white image a PNG color image is generated and sent as an attachment to the selected
e-mail address.
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Summary. SMaRTKOM-Home demonstrates the use and benefit of an intelligent multimodal
interface when controlling enterfainment devices like a TV, a recorder, and a jukebox, and
when accessing entertainment services like an electronic program guide combining speech
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— nowadays several similar Web pads are available. The device is sufficiently pow-
erful 1o run the SMARTKOM modules for audio [/O and display generation locally.

2.2 Applications

The main applications are the control of consumer electronics {CE) devices and ac-
cess to an EPG. Furthermore, the personal calendar application is used to store and
retrieve shows to be recorded. For each application a description for the SMARTEK OM
action planming module was created. The action planning medule is responsible for
coordinating/triggenng the different modules when necessary. Links between these
descriptions allow switching from one application description (also termed action
plan) to another, e.g., if the vser indicates in the EPG application that she wants
ter record a certain program with the VCR. This process is transparent for the user,
but facilitates development and integration of new applications. An important differ-
ence between device control and EPG is the way of interaction. EPG is performed
in a browsing mode, where information is always displayed, and missing informa-
tion is substituted by meaningful default values (e.g., “today, now" for time, “all™
for channels and genres). These values are changed and refined during the browsing
process (Kellner and Portele, 2002). On the other hand, device contral needs to have
all values determined before any action can be carned out. This is in line with tra-
ditional mixed-initiative slot-filling dialogues (Aust et al,, 1995). The SMARTKOM
backbone supports both styles of interaction. Each application has a visual repre-
sentation (see screenshots in Figs. 1-3). The EPG application usually takes the full
screen (Figs. | and 3), while TV and VCR information are displayed in the bottom
(see Fig. 3). When delivering user assistance in & metadialogue, the screen changes
again (Fig. 2). The EPG application supports preferences for genres and channels.
These preferences, however, are not used as a filter to eliminate hypothetically un-
wanted information, but help to resort the results — preferred items are displayed (or
spoken in lean-back mode) first. The preference values are extracted by the dynamic
help component (Streit, 2003) according to emotive user reactions. For instance, if
information about a thriller is displayed and the user likes it (she says something like

W a¥ ol o Mol ik e ccalicaaan ssnliom Pae tha aeses Lk lae’ fo fneeanacad
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= System Answer: The results of the user query (EPG information, deviee states)

are displaved on the screen,

In the lean-back mode. only spoken feedback 15 possible. The system state is not
conveyed to the user, but the other two items are {at least partially for result lists)
spoken.

Another issue for complex sysiems is user assistance. Three cases are considered
in SMARTKOM-Home:

e Help: The user can ask for help, Supported questions contain formulations like
“What can 1 say?”" for general help, “Which channels/genres/... do you know?"
for the possible EPG constraints, and *Which commands do you know?" for the
device control. The possible alternatives are then displayed (see central screen-
shot in Fig. 1).

W

Problem detection: The system can detect problems during the interaction.
These problems can be caused by failure to recognize or interpret user input. The
system then gives assistance by describing current input possibilities (similar to
the response to “What can 1 say?™), or by asking for missing information.

* Constraining and Relaxing: The EPG database access can lead 1o no or oo
many resulis. The system then displays the available information and gives hinis

En mrmrdbmnies s sslac sl —aoa— Bh e EBT —ci He abcs cccmeeesilanlles hasssice e
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Fig. 5. Workfow of informal evaluations of prérelease SMaRTEOM-Home systems

Interaction patterns: These patterns define the modalities that can be used to
interact with the system in various situations, Basic patterns that describe the
typical task-specific dialogue behavior have been formulated. For example, for
the user input speech and pointing gestures are used to interact with the system
in the lean-forward mode. In the lean-back mode, only speech is enabled as input
modality. In this mode, audio is the only modality used for system output, while
in lean-forward mode the screen of the portable touch-screen device is the main
output device.

Applications: A number of applications to be controlled by the SMARTKOM-
Home system have been identified. The unified control of different applications
by SMARTKOM supports accessing functionality enabled by the interpiay of two
or more applications in an easy and intuitive way.

Besides the abstract specification, examples of the interactions between user and
system have been provided. These contained formulations for input and output and
sketches for the screen output. These examples have been used by the module design-
ers to create first versions of their modules and to generate the required knowledge
sources (e.g., the grammar templates).

To build a system for end-user tests, the workflow depicted in Fig. 5 was applied
by the sites responsible for the SMARTKOM-Home scenario,

Starting with an initial SMARTKOM-Home system, this system was tested by de-
velopers according to the scenario specifications regarding possible interaction pat-
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tested: The interaction examples provided by the scenario managers and enrnched
by the system group defined a minimal baseline the system must handle. To obtam a
robust system, alternative approaches Lo solve a task were also investugated. Other is-
sues during the test were the system stability and performance in terms of processing
speed,

Afler atest phase, the specification of the scenario was revised. The updated sce-
nanoe deserintion was delivered to the nroiect narners 1o adaot the modules, Interface
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SmartKom-Mobile:
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Summary. This paper presents SMarTKoM-Mobile, the mobile version of the SMARTKOM
system. SMARTKOM-Mobile brings together highly advanced user interaction and mobile
computing 1 a novel way and allows for ubiguitous access to multidemain information,
SMARTK OM-Mahile is device-indenendent and realizes multimedal interaction in cars and

Page 1066 of 1206



ana conmectvity bul, m turn, are lacking inferaction and service Hexibiity. in s
paper, we describe how—for the first time—a system was developed in winch all
levels of complexity are fused mte an operational prototype.

We will show how such a system was adapted and custonuized from the core
SMARTKOM system for mobile use, as sketched in Fig. 1. This task 15 by no means
trivial, as we want to keep the full Aexibility along all the aforementioned levels of
complexity and also support mobility-specific aspects in a scalable and mbmitive way.
In particular, we show how the processing of geographical information and mobile

situanion-dependent interaction was integrated in realizing the SMarTKom-Mobile
system.
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This paper imtroduces SMarRTKOM-Mobile. It is the mobile version of the
SMARTROM system ( Wahlster ¢ al.. 2001). a novel multimodal and multidomain
titlogue svstem. SMarRTKoOM-Mobile enables the user to interact with the system
while driving a car as well as while walking around, the pedestrian case, using dif-
lerent mobile devices, interfaces, and modalities. In one case, the built-in screen
ol the navigation system and the audio system of the car serve as SMARTKOM end-
devices, while in the pedestrian case the user cooperates with SMARTKOM through a
handheld computer We show how such a2 complex interactive system can be adapted
o create a fiell-ficdged mobile system. For comparing mobile systems, we propose at
least three distinetl dimensions of complexity:

. single svstem and device versiy helerogensous and seamless system/device in-

tegration
2. smgle static appheation versuy multiple internal and external service integration
3

- Single-mode, reactive, and contrelled interaction versas intuitive, proactive, and
conversational multimodal interaction.

A system that does not fall short along any of these dimensions of complexity can,

In our opmion, be considered a full-fledged mobile system.
In this paper we will introduce the ontology-driven interactions with and within
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4, Speech interpretation (Engel, 2002): For interpreting and intentional analysis

of utterances the ontology provides the necessary knowledge base for making
inferences and allows for underspecification.

. Dialogue and discourse management (Pfleger et al., 2002): Complex tasks are

also modeled as processes within the ontology. They are then, in tumn, used to
manage dialogue conlext.

For modeling the additional domains necessary for the mobile scenario, we added
concepls for space, tourism, and navigation to the ontology. This domain-specific
ontological modeling was based on the existing ontology of Deep Map and ontolo-

gies that have already been proposed for geographical objects (Malaka and Zipf,
20000 Zimf and Kelieer M0 For the 2us 07K Asdcenacific manhile inferactione 1o
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In order to build a flexible, user-, and context-adaptive mobile system, one has o
fake inio account a model of the user, the environment, and the interaction between
them on the basis of a common ontology, The SMARTE OM-Maobile system realizes
such a system by using an agent-based approach that implements intelligent agents
that are capable of dealing with positioning, spatial cognition, and contextual infor-
malion. The agent system incorporates these aspects by using an overall ontology
that encodes the environment model as well as the interaction with the user. This
way the system tries (o react (0 user requests in an autonomous, independent, and
context-aware way {Porzel and Gurevych, 2002), while taking into account the user
preferences and certain conditions of a given situation or location.

I Chi s Brlf s Adabhile s istasestad ciech o malfiasent cvctam fne intelliosnr
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Since both applications have a spatial context, interactive maps are offered to
the user not only 1o give her an orientation but also as a means (o talk about and
refer to spatial objects. Therefore a central base application for *map interaction®
was realized (HiuBler and Zipf, 2003). The mteractions with maps can be divided
TREERE

| Informative map interactions: The map can be used to identify or select objects
and 1o reauest information about them. The map itself 15 not manipulated.
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from the specific hardware by a client-specific connection software.
The device.mobile module is designed to support the user in her mobile activities

with as lintle disruption as possible. This includes the seamless transition from one
mobile device to another. For example, the user might travel in a car using the built-
in display, speakers, and microphone to communicate with the SMARTKOM system
in order 1o have a trip planned. When the user arrives at her destination she can pick
up her PDA, leave the car, and the SMarRTKOM display will “follow™ her to the new
mobile device. In order for this to be possible, the physical connections between the
SMARTKOM system and the end user device have to be managed and the specific
maobile device s capabilities must be communicated to the SMARTKOM system.
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ing infrastructure. This is especially important since mobile devices can change fre-
quently, requiring constant adaptation of the dialogue to the new situation. Through
this mechanism of device abstraction, the system can adapt the output and rendering
as well as input and dialogue behavior. This constitutes a necessary step in realizing
a framework for a flexible multimodal human—-machine interaction in mobile envi-
ronments ( Biihler et al., 2002). Device- and content-dependent interfaces can then be
build upon such a setup (Elting et al., 2002).

Whenever the maobile device of the SMARTKOM system changes, the device
management device.mobile module checks the multimodal capabilities of the new
device and communicates these to the suitable SMARTKOM communication pool in
order to enable other modules such as the presentation planning or display modules
to use this information. The supported modalities are speech, gesture, minie, audio,
graphics, and persona. Of course, not all modalities are physically identieal for input
and output devices, For example, the “persona™ which represents the life-like char-
acter Smartakus is only a virtual entity serving as output modality as compared to the
physical entity of the user on the input side. Characteristics of special mobile devices
as well as typical usage situations may impose further restrictions on modalities. An

example is the situation in a moving car where the user should not be distracted too
much and also should not user her hands for pen input,

4.2 User-Driven and System-Driven Activation of Mobile Devices

In order for a muliimodal mobile svstem 1o be trulv Alexible it must be able to cope
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zoommg. Aflerwards they had o request information about famous sights, and last
they had to request a tour [rom a start location to an end location. These entire tasks
had 1o be performed via mulumodal interaction including speech input and pointing
gestures. Aller cach sk the participants had to name the best method they know
lo perform the specific sk, for example, using a printed map or a Web-mapping
solution. Furthermore, they had to compare the performed methed with the method
they mentioned in different situations, e.g., alone or with friends, walking, or sitting
in i cafe,

The resulis (see Fig. 8) showed that multimodal interaction is rated better than
any named method i the user i1s alone {except for the situation when the user is using
public transportation). Also, multimoedal interaction is generally more accepted for
more complex tasks like tour planning than for easier ones such as map interaction

or sight information.

6 Conclusion

In this paper, we presented the mobile SMARTKOM system. SMARTKOM-Mobile
represents a new generation of systems for mobile multimodal user interaction, com-
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Summary. People tend to spend an increasing amount of time in their cars and therefore
desire high comfort, safety, and efficiency in that envirenment, A large variety of electronic
devices has been made available to meet these requirements in the vehicle. These electronic
devices should allow for speech interaction in order to minimize driver distraction and to

maximize driver comfort.
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. High flyers: focused on career and conscious about communication styles
Family managers: modermn middle class, practically-oriented consumers
. Conservative, highly educated elderly people

4o e B

The volume market (late followers), which will, among others, also be composed
of these four groups, will develop with a certain delay. Using a user acceptance ques-
tionnaire we found that among a large number of services, the following were the
most desired ones: mobile phone, emergency calls, dynamic route planning, parking
place reservation, and health check.

The most important predictions of this study will be grouped in four main areas:
[uture interaction modalities, financial aspects, data security, and personalization.
The findings for each of these areas are summarized in the following.

2.1 Emerging Interaction Modalities (Speech, Gesture, Mimics)

|. Preserving privacy will play an important role in the use of mobile devices. The
operation of the devices by speech in public places may be affected by this issue.
Mobile phone conversations in the subway are, for instance, outlawed in Japan.
Speech input with close microphone seems to be less suited for public use.

T Mare ssdll ha immardant sarciaes fas snassh tscrhnnalnowr Ane oo cafobur acmanie is
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3 Concept of Functionality for Mobile Use

Today’s users of mobile devices expect to have access to data and services in the
car. The large differences in development and life cycles of cars and communication
devices have so far prevented the establishmem of a standard for the majority of
mobile devices. State-of-the-an solutions either only serve some customer groups
{like adaptors for mobile phones) or they do not offer complete functionality when
used in the car.

The car manufacturers develop proprietary infolainment systems with high ef-
fort. The components of this type of system are designed and developed particularly
for in-car use. These integrated solutions have so far overcome the external solu-
tions due to a more comfortable operation. But they are restricted to a very small
number of services, like navigation, and operation of the audio system and the tele-
phone. Meanwhile, all car manufacturers offer solutions based on a central display
and several operation elements (buttons). In-car telephony has pushed the integration
of particular audio hardware, like microphones, amplifiers, and noise cancellation
techniques.

The future scenario represented in SMARTKOM-Mobile aims at combining the
advantages of a hardware particularly adapted to car environments and the flexibil-
ity and large variety of services available for mobile devices. The communication
svsiem logicallv and nhvsicallv ming an the mohile device while the car nrovides
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and using it in the intelligent background processing. Such a procedure allows for
efficient human-computer interaction and an improved user-friendliness.

The goal of the development in the mobile scenario is a mobile communication
assistant, The general framework in such a mobile environment significantly differs
from the home and public environments. Furthermore, the mobile environment in
the car and for a pedestrian/traveler yield different characteristics. The user is in a

particular situation while driving:

|. The mam task of the driver is to concentrate on the traffic and to drive in an
adapted manner. The SMARTKOM services need to be realized in such a way
that the driver may operate them while driving using speech, but incidentally.
The SMARTKOM services aim at assisting the driver without causing safety risks
through driver distraction. The interaction should incorporate only little graphi-
cal output presented in a simple manner. Input by means of gesture or pen will
not be considered, due to the their higher level of driver distraction. Therefore,
speech plays a very imporant role as input and cutput modality in car applica-
tions.

2. The services should only interact with the driver in situations without safety
risks. The dialogue needs to be aware of the situation if possible. Possibilities ro

intarrant and ta confinne the dizlnone shanld axise
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An array of four microphones has been installed in the car for speech inpul. I has
been calibrated toward the head of the driver, so that simultaneous speech mput from
the codriver can be compensated to a large extent. A particular signal processor

(DSP) allows for reducing noise and combining the four microphone signals to a
monosignal, passed to the speech recognition component.

4.4 PTA Lever for Input Initialization

The PTA lever on the right side of the steering wheel is connected to the mobile
car PC via a microcontroller and a serial connection. The lever is pulled either to
activate the car environment and its mobile device or to start speech input. Pushing
tha leswsr deactivates the mahile devies in the car and switches the activation to the
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SR Gib mir Infarmationen Zum
Parkhaus Kisselgasse.
M [Info presentation]
SMA [Map of Germany] Hier sehen Sie Informa-
Wo wolien Sie staren? tionen zum FParkhaus
USR: Hier Kisselgassa
SMa: [Map of Heidelberg) R Oa will ich parken.

Wea m Heidelberg wollen Se lSMA: [Map with auto route|
hinfabren? Hier sehen Sie die Route
USR: =Pgirts to Peterskirche= von Uim nach Heidelberg,
Cta mochie ich mehr druber lch karnn fhnen auch den

SMA: [Map of Germany]
USR: lch will nach Heidelberg
fahren

WISSEen Fullweg zur Peterskirche
SMA. |Infe presentation) Zeigen,

Hier sind Informationen 2ur JUSE: Ja, bitte.

Petarskirche Ma: [Map with pedestrian roule]

Hier sshen Sie den Weg
vom Farkhaus Kisselgasse

zur Peterskirche,

LISE: lch will zur Peterskinche.

SMA. [Map of parking places|
Wilo waollen Sie parken?

Fig. 3. A sample route planning dialogue using different modalilies

6 Mobile Services

The consortium agreed to focus on services that are highly desired according to the
user requirement studies and that are not already available in state-of-the-art cars and
mobile devices, Therefore it was decided to implement route planning and parking
place reservation as car-specific services and an integrated route planning, which is
a mixture of car and pedestrian navigation service using a device transition from
car to PDA. Standard speech-operated functionalities like air conditioning and audio
operation were not considered since they are already available in state-of-the-art cars.
The module that implements the mobile services designed for the car was dubbed

fervice.navigation.car. ‘ B
This module contains the following three core functionalities: route planning,

Pt mad e clifan e nn mamaembiaen The saske mlanming saseiete aF salsiilaline a
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may also ask for detailed iformation about parking places and places of mterest in
the destination city: the latter are available from the module for pedestrian naviga-
tion. A complete integrated route planning dialogue is shown in Fig, 3.

The M3L protocol employed is defined in the geographical.xsd XML schema,
which guarantees compatibility with the service.navigarion. pedestrian module for
the pedestrian navigation. The protocol is based on request—response exchanges that
are initiated by the function modeling module.

The map request function returns a high-quality bitmap image of the desired ge-
ographical region. The effective extent of the geographical region may be specified
exactly or, alternatively, be inferred from the geographical extent of the vendor ob-
jects to be shown in the map. The vendor objects include caleulated routes and points
of interest (city locations).

The module service.navigation.car can be configured to work with different map
data sets. For the SMARTKOM project two data sets have been devised: a full map
of Germany, and a smaller map of southern Germany. The reason for using different
map data sets relies in the exiensive amount of disk space (about 300 megabytes for
the full map) that is needed for the data.

By default, streets and cities are shown in the map image. When using the full
man data. a geographical relief is also shown as a backeround image. The binary
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dialogue system should be Aexible enough to be used even as a monomodal systern,
that is required. The situations in which restricted multimodal interaction is useful are
manmifold: Unrestricted multimodal output may lead to privacy problems. Requiring
miultimodal input, such as pointing gestures, from the user who may be occupied with

something other than interacting with the system may also lead to inconvenience,

or, much worse, to security problems, most apparently in the SMARTKOM-Mobile

scenario.

The technical realization of a flexible modality control will be an enormously
complex task. However, we are convinced that SMARTKOM and M3L would provide
a suitable groundwork for doing so.

In this section we concentrate on the SMARTKOM-Mobile scenario and try 1o
identify ivs particular requirements for modality control from an application-criented
Perspeciive.

Based on expenence in developing and 1esting speech-based user interfaces in
mobile environments [ 1] we have identified five major combinations of modalities,
mteraction modes, that seem characteristic to the SMarTKoM-Mobile scenario: (see

Fig. 4):

Page 1094 of 1206



34 Andre Berton, Dirk Biihler, and Wollfeang Minker

information 1o the user whose focus of attention 1s placed on tasks other than
interacting with the system. The user may employ camphones in order o protect
his privacy. The listener mode may also prove usefi] for avording confusion of
the system by off-talk. In this mode, the system does not try 1o excite spoken in-
put from the user. It should therefore generate prompis hike “Show me .7 rather
than “Tell me ...,

. Silent: This mode 15 useful when spoken language human-machine dialogue 1s
problematic, for instance, in certain public places or in public transportation. The
interface should be similar to traditional graphical user interfaces.

. Car: This mode 15 a resincted version of the delault mode for use mainly m
the driver environment. Speech is the dominant communication modality, while

graphical displays are used only for presenting additional {nonvital ) information,

such as maps for presenting a route while driving or the locations of parking
options. Consequently, the display does not need 1o be touch-sensitive.

5. Speech-Only: This mode is mainly used in the driver environment notably when
the car is moving. Any additional safety risk (such as driver distraction from the
driving task by gesture input or graphical output) must be avoided. System nter-
action is restricted 1o the audio channel, i.e., the use of a speech-only dialogue is

A s
anoalory.

In the driver environment an emergency requires the dialogue with the system (o
be temporarily suspended. This Suspend situation (Fig. 4) occurs when the driving
situation becomes dangerous and the entire user attention is required. Although the
system suspends any interactivity, it should be prepared to resume the dialogue. es-
pecially after very short interruptions. Temporarily suspending interaction may also
be useful in the pedestrian environment when the user is engaged in task others than
communicating with the system, such as crossing a street or talking to another per-
S0,

Having identified these five interaction modes, we need to determine under which
circumstances intermodal transitions are possible. We distinguish between user- and
system-driven transitions. A user-driven transition is the result of an explicit com-
mand 1o use or not to use a specific modality. In tum, system-driven transitions are
triggered by the system without any user interaction.

The user should be able to switch between modalities anytime, although some
modalities may temporarily be disabled for safety reasons. A user-driven modality
transition may be performed by the following actions:

1. The user may suspend/resume the operation with the system. In the pedestrian

environment this operation could be performed by activating a button on the

portable device. In the driver environment this could be realized by a push-to-
activate button or lever.

In the pedestrian environment the user may switch off speech input and output
usinge a button on the porable device.
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Wizard-of-Oz Recordings

Florian Schiel and Ul Tiirk

Bavarian Archive for Speech Signals
c'o Institut flir Phonetik und Sprachliche Kemmunikation
Ludwig-Maximilhians-Universitit Miinchenn, Germany

{schiel, tuerk}sbas . uni -muenchen. de

Summary. This chapler gives a concise overview of the empirical Wizard-of-Oz recordings
done within the SMARTKOM praject. We define the abstract specifications of the intended
simtiilated communicative situations, describe the necessary technmical zetup {including numer-
ous useful practical hinis), and finally outline the specifications of the resulting multimodal
corpus, which may be abtained from the Bavarian Archive for Speech Signals (BAS).
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The fully detailed recording plan is documented in Steininger and Kartal (2000)
and implicitly also i the corpus documentation and corpus metadata. Here "-'-"E will
restrict the presentation to the basic design principles and performance rules. *

4.2 Experimental Design
2.2.1 Typical Session

A typical SK recording session’ consists of the following phases:

Questionnaire for user

Instructions for user

Session | (4.5 min)

Second instruction

Session 2 (4.5 min)

Interview or questionnaire

Gathering of user metadata

Signing of nondisclosure agreement and payment of incentive

Th: user fills out |he first part of the user qu:nlcm.mue After that the supervisor

SRR il Sl s ka sk ke

L I I I
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2.2.2 Description of the Scenarios

There are three basic technical scenarios in SMARTROM, We will give a very briel
description of the setups as they occur to the user. Further technical details are found
in Sect. 3.

Pullic and Mohile

The user is standing in front of a table (Fig. 3). On the table a graphic tableau { Wacom
A2} is mounied, The graphic tableau is not tilied as usual but is Mat and covered with
a purely white foil so that it is not recognizable as a graphic tableau. In some sessions
the user has a pen available, in some not. Approx. 1.5 m above the table a cube about
40-cm long is attached to a double column behind the table. From there the graphical
output is displayed onto the white surface of the table. Between the colummns in front
of the user a camera is aimed at the general direction of the head; a second camera is
situated about 2-m away to the lefi-hand side. The sound output of the system appears
to come from under or behind the table: other sounds like artificial background noise
may be played in on a speaker set behind the user. In some sessions the user is
required to wear a headset, in some a collar microphone, in some no microphone at

all The rnriranmant ie noureal Affce sAanimmant with cama cannd Aamminoe 2lements
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The simulated system will only react to input in the state “active and listening™;

all inpuls at other imes — even parily — are ignored. A more detailed description
to the simulated GUI can be found in Beringer et al. {2000).

2.2.5 Speech Qutput

The voice output is spoken by one of the wizards and then electronically distorted to
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2.3 Session Plan

For each recording there exists a so-called session plan that defines the varying pa-
rameters (called “dimensions™) of the individual session. The distribution of dimen-
sions across the individual sessions is controlled by the global session plan, which in
turn reflects the requirements of the project partners.

The dimensions of each session concern the technical setup as well as the task
the user has to solve. There are nine basic dimensions that may vary from session to

SESSjon:

Scenario (Public, Home, Maobile): This dimension defines a large number of tech-
nical settings and changes to the recording setup. Therefore the change of this
dimension is something that can be done only a few times during the recording
period. See Sect. 3 for more details about this.

Primary domain (cinema, tourism, navigation, TV program, VCR, fax, task plan-
ner): The primary domain reflects the task explicitly given to the user, e.g., "With
the aid of Smartakus, find a good cinema in Heidelberg for tonight.” The primary
domain also includes a role model for the user and a situation in which the user

i5 at the moment of the recording. Both have to be explained thoroughly te the

user before the experiment stars.
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Background acoustic: For each technical scenario one of three different types of
corresponding background noise is played back during the recording. The sound
level is kept constant throughout the recording. Two conditions have a rather high

noise level (5/M ratio approx. 20 dB, but not verified); one condition is of rather
a low level such as in a quiet phone booth, a quiet home or a standing vehicle

(S/N ratio approx. 35 dB).

Background visual: The visual background for the lateral camera was constant

(either gray for Public and Mobile, or a bookease for Home). The background of

the frontal camera, however, was changed between three different patterns:

— the “real” background consisting of white acoustical damper elements mounted
on the ceiling (“*Mone™)

colored cubical patterns with sharp edges ("Kubismus™)
colored flowing patterns without any sharp edges (“Bunt™)

The exact distribution of these dimensions across the recordings are described in
Steininger and Kartal (2000) or in the metadata of the corpus, respectively (se¢
Sect. 4.4).

3 Technical Setup

3.1 Overview

The SMARTKOM system should be able to recognize natural speech as well as ges-
tures on a flat interaction area, Additionally, facial expressions are analyzed with
regard to visible emotions or so-called user states. The output of the system is pre-
sented with a GUI, which is projected on the interaction area, and with synthesized
speech (see Fig. 3 for a schematic view of the recording setup).

In WOZ experiments subjects are recorded in sessions of 4.5-min length while
they are interacting with a simulated version of the system. During these sessions all
capture devices of the system (and some more) are used for collecting data;
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very few artifacts that could be otherwise problems for image processing algorithms.
However, the advantage in quality comes together with large amounts of data (see
Sect. 3.9 for details on storage requirements), For capturing the audio data we use a
ten-track audio card. The recorded audio files are stored in Windows WAVE format,
using a resolution of 16 bit and a sampling frequency of 48 kHz.

Capturing of the graphical system output is done via a screen eapturing teol, It
allows recording to a video file in AVI format at low frame rates; in our setup cap-
luring at 4 fps is sufficient because the interaction speed is low. The remaining data
tracks, the coordinate files of the SiViT gesture recognizer and of the graphical rablet
are recorded with specially designed tools. The file format is a text file containing a
list of coordinates together with the time stamps. In addition to the actual recording,
this stage also comprises the generation of new entry for the session in the database.
Information about the speaker as well as his or her behavior during the recording or
details about the setup are stored here. In the following stages gradually more and
more information is added, e.g., about the current state of the session in the process-

ing pipeline. The database is presented in more detail in Sect. 3.9,

3.4 Preprocessing
Thig stace ramarizes all ctens that are necesgary to deliver a set of svnchromzed data
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rors so that a manual inspection of the results was necessary anyway. Therefore we
decided to skip these techniques and do the synchronization manually. ¥

The process is done in two steps. First, the audio files, which are recorded sep-
arately on the audio capture computer, are aligned to the two video camera tracks.
This is done by visually aligning the waveforms of the audio tracks to the waveforms
of the audio tracks recorded by the cameras.

Second, the remaining video tracks are aligned by matching characteristic changes
in the video tracks, e.g., a change of graphical system output or a stroke of a hand
gesture. The circumstance that the test subject starts each session with a finger tap

on the Web persona helps with this task. At this point we have aligned all data tracks
at the beginning of the recording.
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In a last step the start and end point of the recording is defined and all tracks
are cut o equal length. At the same time, some file format conversions are done,
e.g., downsampling the audio data files to 16kHz, The coordinate files are updated:
the temporal shift and trimming that were performed on the visual coordinate tracks

must also be considered in the raw data files.

3.4.3 Verification of the Synchronization Process

A big challenge in the SMARTKOM data collection was the ability to record different
data sources and to combine them to one temporally consistent data entity. Because
we had a limited budget, we had to use standard components for the recording studio.

While audio hardware with synchronizing features is available, video systems that
allow capturing of multiple streams can enly be found in the high-end (and also high-

price) market, The problem of how the other data sources like the gesture coordinate

data in our project can be integrated in such a setup still remains.

Another approach would have been to Synchronize the time base of the recording
computers via network using, e.g., the network time protocol (NTP). ® This would
have required the design of new capturing tools in order to profit from the distributed
master clock. Besides the fact that this would have caused a great delay for the start

nf the Ted s o T s data ~allactinn thic annrnach failed heeangs nf miscine 4 Ple fior
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LAUrINg 1Ne OTNOZEAPNIC Tanscriplion a marker ni¢ 15 1S gencriea um ue-
scribes the start and end point of each tum of the HMC (segmentation). This tming
information may be used as structural element. For example, it is used 1o display
the transeription tumwise in the video stream in a subtitle style. The final transcrip-

tion file is checked manually and validated automatically against the transcription
conventions.

3.6 User State and Gesture Labeling

These work steps require customized video files that are rendered from the source
data files on the file server. Figure 6 shows a frame of a video track used for gesture
labeling. It comains four different views on the video data in one picture (front cam-
era, side camera, graphical system output, infrared camera merged with the system
output) and an audio track. In addition, the audio transcription of the current tum is
inserted on the top. The file format is AVI with Cinepak encoding as this the only
video format which can be used together with the labeling tool fnreract. ' For the
emotion labeling a simplified version (only the front camera together with the audio
TRL and an audio track) is produced. Both customized video tracks are created by a
Java application using the Quicktime API for Java (Maremaa and Stewart, 1999).
The label files generated in these stages are stored in ASCII text files. They are
later integrated in the framework Quicktime file and in the BAS Partitur Format files

{Schiel et al., 2002) in the same manner as the audio TRL file. For more information
on user state and gesture labeling see Steininger et al. (2006)
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can be used as an automatic reporting generator not only for progress stanstics but
also for XML-rendered metadata, which are later mncluded into the final distribution
of the corpus.

In the final stage of SMARTKOM the file server offered approx. 2200 GB disc
space and the processing time needed from the recording to burning the DVD was

about 6 weeks. Unfortunately, these bottlenecks restrict the number of recorded test
subjects to an average of 4 per week.

4 SmartKom Corpus

The final corpus was distributed continuously during the course of the project to the
praject partners. The Ministry of Education and Sciences (BMBF) as the principal
funding source of the SMARTK.OM project assigned the task of further maintenance
and distribution of the corpus 1o the BAS. As in the former Verbmobil project, all data
produced during the project phase should be freely available to interested scientists
and engineers one year after the project internal release date. There are no restrictions
with regard to the usage of the corpus except the redistribution to third parties. The

corpus will also be available through the European Language Resources Association
(ELRA),
The SMARTK.OM Corpus consists of four parts:

s BAS SMARTEOM-Public (SK-F)
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tains all recorded modalities together with the annotations and metadata, The size of
asingle recording should be less than 4.5 GB to allow distribution on standard DVD-
R. Sessions are stored on numbered DV Ds (since the original corpus was distributed
on DVD-R). Therefore each directory named “DVD-##. V" is the root directory to
a “DVD" even if more than one DVD is stored on a medium. '? IF the corpus was
distributed on a larger medium than DVD-R, there usually exist structures above the
DV D directories that summarize contents in a more practical way. Please refer to the

README on the top level of the medium for that.
Each session is named by a seven-character string:

THNN_SD where: lst char
T = type of recording b : Biometric data
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D = primary task k : cinema
touristic
planning

: TV guide

1 restaurant

: navigation

: VCR programing
: music jukebox
: phone

s fax

it

HWoma <8 m

In addition to the seven-character session name above, there exist the following name
extensions to denote more specific parts of the session:

8th char : recording

channel: a : clip-on microphone, channel 1
Sennheiser KA 100 P XLR
placement: collar

b : elip-on microphone, channel 2
Sennheiger KA 100 P XLRE
placement: collar

h : headset microphona
Sennheiser NHB2

1-4 : microphone array 4 channels

Fammbad === v "Aan AA
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Wizard-of-Oz Recordings 561

1l ;: left lateral capture
o : system display capture

Please refer to Tiirk (2000) for a detailed description of the technical setup.
oth char ¢ *_*

10th - 12th char : turn numbering, starting wicth ‘001*

Page 1122 of 1206



562 Floran Schiel and Ul Tiirk
Audic system output *
ABudic background front
Audio background back
Tableau coordinates
S8iViT coordinates

wid3 pkw.wav
wi03 pkp.wav
w03 _phkg.wav
w003 _pkt.qt

w003 _pks.gt
REecording session protocol * w003 _pk.rpr
Speaker protocol file * ARMB . zpT
Transliteration * wid3 pk.trl
Bas Partitur Files (BPF) * w003 pk.par
User State Holistic 3 w003 _pk.ush
User State Mimic $ wi03_pk.usm
User State Proscdy § w03 pk.trp
Gesture Labeling * w003_pk.ges
Turn Segmentation * wi03_pk.mar

The obligatory files are marked with a “*", At least one of the audio channels a, b, h
or d (marked with a “#"") must be recorded. If the front video recording is present, the
annotation files ush, usm and trp (marked with “$™) must be present. 1f one of these
files is missing, this is regarded as an error and listed in the "Known Errors’ section
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Wizard-of-Oz Recordings 563

4.3 Signal Formats

Mast of the file formats used in this corpus are widely used standards. The top Quick-
Time (QT) file has the extension “.qt" and summarizes all recorded data into one
synchronized data stream. Individual streams are stored in standard format files (e.g.,
* . wav, *.mov, *.avi), which can be also accessed independently from the top QT file.
The current QT player allows only one video track to be activated. You may switch
from different views during playback. The same is true for the nine audio tracks. As
an additional feature, the QT file contains specially compiled versions of the translit-
eration to display the spoken text in a subtitle frame. A chapter track allows users
to jump to selected turns of the recorded dialogue. Each distributed medium of the
corpus contains the publicly available QT library and player for Mac OS and MS

platforms.

4.4 Metadata

For each recording session and each SMARTKOM user there exist metadata descrip-
tion files.
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swizard navigation mame="tlrich_Reubold® />
<ses55ion_sequence no position="1" />
« (SESS10K- ERREAMETERE

<DATAR-TRACKS>
=VIDEDs

c<Data fieldname=*(m) mimic* device«"Panasonic NV DX 100 EG"
present="yas" (=

4.4.2 Speaker Profile

Speaker profiles are stored in the file "AAA spr”, where “AAA” denotes the three-
character speaker [D. The speaker 1D 1o a given session can be either obtained from
the corresponding recording protocel, from the standardized turn marker or from the
header of the corresponding BAS Partitur Format file. The speaker profile is stored

in XML and is mostly self-explanatory. A DTD for the format can be found in the
online documentation,

For example:

«?xml version="1.0" encoding="UTF-8" standalone="yes"?>
<1DOCTYPE SPR SYSTEM "epr.dd"s
«5PH>

<HER=
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«Culture german naticnality="yez"
cultural environment="DEU™ />

=Experience speech singing training="pno"
Computer experience="yes®
speech_dialogue_experiences"no" /=

= SPEAKER>
«RECORDING-EPECIFICS

<glagces exists="yes" />
zemoker exists="yes" /=

S SESEI: R . S AR [Tt R
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8. special commenis
9. prosodies

The audible events are recorded orthographically only. There 15 no phonological

transliteration, no phonetical transeription and no temporal correlation with the sig-
nal.'®

The format is based on the well-known Verbmaobil 11 transliteration format (TR2)
extended by markers for prosodic event, for barge-in, for off-talk as well as some
methodological adaptations. Therefore this type of transliteration is denoted by
“TRS" (transliteration SMARTKOM) in the BAS Partitur Format to distinguish it
from other formats,

A detailed description of the conventions can be found at our website. '& The
transliteration is stored in a file with extension *.trl with one tum per line.

4.5.2 2D Gestures

Input: audio channel, facial video, Jateral video, system output overlapped with in-
frared video of interaction area

This file type contains information on gestures that occurred in the session. All
gestures that occur within the borders of the SiViT camera field are labeled. Addi-

tionally, emotional gestures that oceur elsewhere are labeled. The following label
information is assigned to each found gesture:

& theoin af tha

i i i

lao
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Wizard-of-Oz Recordings 567

4.5.3 Turn Segmentiation
Input: audio channel

Since all recording contain the data of a complete dialogue of approx. 4.5-min
length, it is useful to segment this data stream into shorter units called turns. The turm
15 defined in the transliteration conventions to SMARTKOM (see our website '7). This
information is stored in so-called “marker fles™ {* mar),

Marker files contain the information when a turn of the dialogue starts and ends in
the signal files as used in the transliteration, Each line contains three entries separated

by white spaces:

Start of turn End of turn Turn marker

Start and end are given in samples (16 kHz) from the beginning of the file ().
The tum marker reads as follows: XXX _A B, where “XXX" is the speaker ID; “A"
is the turn number and “B™ is the channel number (channel | is human; channel 2 is

machine), For example:

47232 187264 SMA 1 2
205312 249472 ULT 2 1
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Wizard-of~Oz Recordings 560

& surprise |_ﬂhumm::hung;"".-tnvunderung]
= undentiliable episodes [ Restklasse]

The lubels are assigned with respect to the impression of the labeler. Not only the
facial expression but also the voice quality or other contextual information is con-
sidered. Only the use of words with emotional content, but without an emotionaj
expression s ned considered as an indicator of a respective emotion/user state.

The intensity of a user state is labeled in the forth column for the classes 2-6 by:

pen over face/mouth [Stift im Gesicht/Mund]

pen over face/nose [Stift im GesichuNase]

pen over face/eyes [Stift im Gesicht/Augen]

face partly not in the range of recording [Teilweise nicht im Bild]

other object in face [Objekt im Gesicht]
For more detailed information please refer to Steininger et al. (2002a), Steininger
et al. (2002b) or Steininger et al. (2000).

4.5.6 Mimic Labeling of User State

Tomnt: fFacial videns 1190 annatatinn withoot [abels
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studenis at the Ludwig-Maximilians- Universitit Miinchen stemming lrom a variety
of scientific fields such as electrical engineering, psychology, phonetics, computer
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Daniel Sonntag, Ute Kartal, Hannes Magele, and approx. 40 students for their valu-
able contributions to the SMARTROM Corpus.
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Annmation of Multimodal Data 573

Ekman and Friesen {1978}, But since we are far from answering these guestions

conclusively, we had o work the other way round.

Our “other way round”™ technique amounted to the following: We decided to de-
fine the user states with regard to the subjective impression that a human commu-
nication partner would have, if he would be in place of the SMARTEKOM system. A
human i a conversation with another human is able 1o judge which emotion or user
state his communication partner shows, OF course, he does not know which emotion
1% “trulv” nresent in his commuonication nartner. But this s not necessary for him o
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“neutral.” “Neutral™ and “anything else™ were separated into two different categories
because many sequences were found where the users definitely did not show a neu-
tral expression, but no meaningiul label could be given, “Anything else” was re-
named an “unidentifiable episode” Two new categories were included 1o describe
user states that occurred quite often in the data and are important in the context of
human-computer interaction: “helplessness” and “pondering/reflecting.” In a second
step with the new (final) set of categories all sessions from the pretest were labeled
again, and after that all other sessions. Since the goal was to find detectable fea-
tures, for each category some morphological characteristics were Listed. Please note
that these descriptions were assembled relatively late in the process of labeling the
data. We started in each category only with the “simple” instruction to the labeler:
“Mark a sequence as ‘joy/gratification” if vou have the impression that the subject is
in a positive mood, enjoys himself, is visibly content, amused or something similar.”
Only after a considerable amount of data was labeled were the formal criternions were
extracted and written down, The goal was to enhance the consistency of the labeling
system but at the same time to be true to the goal to label the subjective impressions,
nol existing formal categories.

With the holistic labeling system we were relatively sure to be able to label all rel-
evanl user-state episodes. However, the developers eriticized that the coding system
was not very well suited for generating training material for user-state recognition
of facial expressions. Because of the holistic approach, the labels included not only
information from the facial expression, but also information from the voice and from
the context. This was seen as problematic since a facial expression recognizer obtains
information only from the facial expressions and a prosody recognizer obtains infor-
mation only from the voice. Therefore, we included two additional labeling steps:
labeling of the facial expression without the audio information and prosodic labeling
without the video channel,

For the facial expression labeling a different labeler group watched the videos
without audio. The labelers started with a presegmented file (from the holistic label-
ing). This presegmentation was derived from the holistic labeling where the names
of the categories (apart form “neutral™) were deleted, while the borders were re-
tained. We decided to start with the holistic step because humans perceive emotions
in a holistic way. Not only do we include visual, auditory and semantic information,
we even add assumptions about the probable emotional state of our communication

S ) S——— ]

e Arere b e b msessaklaca (Thalas TOGAY Tas thio
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i a video, ol course, some cues from a real-life situation are missing) and a more
unnatural, deprived situation, such as watching only the face without audio (Wall-
bott, 1988 Munn, 1940; Sherman, 1927). Since we did not use a formal system, but
one that had the goal to label subjective categories, the labelers could not be trained
1o look only for the cues for the category (concentrate only on certain movements,
lor example). Their task was a holistic one: to label a “positive mood™ or a “nega-
live mood.” Therefore we assumed that their emation detection and labeling ability
would decrease in a situatinn with as little infarmation sz noacsihle Rv nuttine the
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dension, etc., are exceedingly hard to detect reliably automatically.

Angerffrritation

The labeler marked this label if he had the impression that the user was in a negative
moed, was visibly not content, was irntated, annoyed, exasperated, angry, disap-
pointed or something similar. Most cases of this category were weak: Full-blown
anger almost never showed up. In many cases users showed their anger rather “po-
litely” (sometimes even smiling!).

Helplessness
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ot-0z recordings. The second labeling was done especially for the calculation ot the
interlabeler agreement. It took place in 2003, The procedure was exactly the same as
in the first labeling with the exception that no end correction was done. This was be-
cause only one person was responsible for the end correction during normal labeling
to keep the consistency high, and this person could not take part in the interlabeler
agreement study without influencing the results. All labelers were experienced, with

the exception of some of the labelers in the second labeling, who had only medium
labeling experience.

Within each category the labels of 20 files (labeling A) were compared to the
corresponding labels of their 20 equivalent files (labeling B). Since the labeling was
not a discrete process but the segmentation of a continuous data stream, labels from
the two files were matched with regard of their time range. The possible hits and
mistakes were:

Label A matched label B, zame label: corect

Label A matched label B, different label: substimtion

There was no match for [abel A in the B-file: deletion {missing label)
There was no match for label B in the A-file: insertion (additional label)

The third case could happen if, for example, labeler B marked one long label and
labeler A marked the first part of the long label, but inserted a short label afterwards.
If the two longer parts matched (with regard to time), they were compared. For the

short label a “deletion™ was marked, since labeler A perceived a new user state,
whereas labeler B did not:
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that the other labeler overlooked or did not deem strong enough to warrant an exra

label.?

The percentage of correctness was based on the number of correct labels divided
by the total number of labels, multiplied by one hundred. The percentage of accuracy
was based on the total number of labels minus substitutions, minus deletions, minus
insertions divided by the total number of labels and multiplied by hundred.

The reliability turned up to be not very good: 55% matches were correct and
the accuracy was 1.95%. This was caused bv twice as many insertions/deletions and
substitutions as concordant labels. The large number of insertions/deletions came
from the fact that the second label group set 763 labels in 20 dialogues, whereas
the other group set only 494 labels to categorize the user states within the same di-
alogues. When matching segmentally more than one fourth of the segments were
Judged differently in the two labelings. The categories “joy/gratification™ and “pon-
dering/reflecting™ had the largest number of concordant user state labels. A com-

parison of only the labels that were rated “strong”® showed an accuracy of 36.6%,
with 31% correct matches. This much higher rate was caused by a similar number
of assigned labels during labeling A and labeling B (37 vs. 46) and by a higher
number of label matches related to substitutions, insertions and deletions. Again,
“Joy/gratification™ and “pondering/reflecting” showed the highest concordance. For
detailed informatian ahant the inter-rater analvzizs. nlease refer to Jacobi and Schisl
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anger/uritation 59%
helplessness 40%
pondering/reflecting  59%
SUPrise 33%

unidentifiable episodes 55%

For detailed information about the inter-rater analysis please refer to Jacobr and
Schiel (2003),

2.9 Problems and Suggestions for the Future

With regard to one of our goals — labeling training matenial for recognizers —
the inter-rater results described above are disappointing. Only two of the categories
were matched correctly relatively often, but even the category that was detected best
(“joy/gratification™) was labeled as something different more than half of the time
by the other group. The missing end correction step certainly increased the number
of errors, but it cannot explain the whole range of differing judgments. Apart from
the missing end correction we assume, the following main reasons for the large dif-
ference between the two labeler groups: First, the emotions in the data mostly were
subtle emotions, Obviously, it is very difficult to detect and judge such fine changes
in facial expressions and voice. This assumption is strengthened by the finding that
the emotions that were rated “strong™ showed a higher inter-rater agreement.
Second, the labelers in the holistic group had to make two decisions:
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i lot between the subjects (with the notable exception of surprise, which subjectively
seemed relatively homogeneous). Probably only emotions that are shown in a rela-
tive similar way by diflTerent persons evoke a comparable categorization by different
observers. Emotions with a wide range of possible realizations (displays), like polite
anger, seem to be judged very differently by different observers.

The inter-rater results for the group without auditory information are very inter-
esting 1f compared to those ol the holistic group. Obviously, the task was much easier
{assuming that the skill ofthe two labeler groups was roughly the same, which scems
probable because they had equal training). Is the judgment of emotions perhaps eas-
1er without (perhaps confusing) contexi? This would contradict the subjective im-
pression of most labelers that the task was more difficult than with context and also
some studies about this subject {Wallboit, 1988; Munn, 1940; Sherman, 1927). We
think that the main reason for the better reliability results was that the labelers had to
miake only one decision: the content decision (is there an emotion, and if yes, which
one). The holistic group, as mentioned above, had to make two: one about the bound-
aries (beginning/end) and one about the content. Actually, many errors in the holistic
group were caused by setting differing boundaries (“insertions™ and “deletions,” see
above). In the holistic group 79% of all errors were substitutions/deletions {which
actually included two mistakes: differing content and differing segment borders).
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them we have to accept that they subjectively are categorized very differently
and have to look for the reason for this. Another point against evoking stronger
emotion 15 that the validity possibly suffers. Provoked emotions are not the same
as strong emotions that show up “by themselves.”

To increase the reliability of segmenting a continuous user-state siream, one
could artificially cut the whole stream in small segments of the same length.
The task of the labelers then would be to assign a label to each segment. The
segments would have to be as small as the shortest possible user state that one
wants to include {which can be very short: surprise in our case was the shoriest

and could comprise as few as five frames). The exact duration should probably
be found out empirically.

A more radical solution te the arahlem af relishle lnhels wonld e to take a
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above at least a lintle when we decided not to include “emotion recognition” in
SMARTKOM but instead use “user-state recognition.” A user siate was defined
as an emotional or cognitive state, “that is of interest in the communication pro-
cess.” We perhaps did not take the second pant of our definition not seriously
enough and we concentrated mainly on “standard”™ emotions, not trying to find
out if there were categories that were betler suited for our special condition, OF
course, it would be great 1T it was possible to construct universal emotion detec-

tors. But emotional states stronglv depend on the context — nerhans nat wirh
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PﬁUSE WDRD Irregular pauses between words,
PAUSE_SYLL: Irregular pauses between syllables of a word.

LENGTH SYLL: Lengthening of a syllable; could occur at any syllable of a
word.

EMPHASIS: Emphatic accentuation/strong emphasis on a word or syllable.

STRONG_EMPH: Very strong emphatic accentuation/very strong emphasis on a
word or syllable,

CLEAR.ART: Clearly articulated speech. Clear articulation could be seen as a
weak version of hyperarticulated speech. The speaker used (tried to use) less
colloquial speech and less dialect, and the speech emulated that of a news reader.

HYPER.ART: Hyperarticulated speech; very strong increase of the clear articu-
lation.

LAUGHTER: Speech overlapped by laughter or sighing.

2.11 Inter-Rater Agreement Prosodic Annotation

The procedure for the analysis of the inter-rater agreement for the prosodic anno-
tation was exactly the same as for the holistic labeling (see above). The agreement
between the labelers in this group was very low, with 35% correct and an accuracy
of —1.14%. The main reason for the negative accuracy was the huge overall amount
of insertions/deletions. For detailed information about the inter-rater analysis please
refer to Jacobi and Schiel (2003). Here again it seems to be a big problem for the
labelers to decide if a label should be placed or not. This is backed up by the obser-
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3 Development of the Gesture Coding System

To define our categories, we started with a heuristic analysis of a number of record-
ings of human-machine dialogues. The data we used consisted of 70 sessions of
about 4. 5-mn length each. The subjects had the task to “plan a trip to the cinema
this evening.” The scenario was Public (for more information on the WOZ record-
ings please refer to Schiel and Tirk (2006)). The recorded sessions were analyzed
by the following procedure: Two observers separatelv listed everv episode that thewv
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SER Silke Steininger. Florian Schicl, and Susen Rabold

1. supporting gesture (U-gesture)®
3. residual gesture (R-pesture)

Interactional Gesnire

When a subject used a hand/arm movement to request something from the compuler
this gesture was called “interactional.” A second type of interactional gesture was
the confirmation of a question from the system. Only for interactional gesturcs was
the stroke marked. We found that most gestures of this type had a specific acceler-
ation/deceleration curve (whereas other gestures were more erratic with respect to
velocity changes), often had an overall higher velocity and were mostly produced
vertically to the body and the display (whereas other gestures were mostly produced
parallel to the display/body). These last observations were not used as labeling crite-
ria.

Supporting Gesture

The “supporting gesture™ occurred in the phase when a request was prepared. It S1g-
nified the gestural support of a “solo action™ of the user (like reading or searching),
which means an action that was a request or reaction to a request from the system. To

distinguish it from an “interactive gesture.” at least one of the following prerequisites
had to be confirmed as true:

1. The gesture was accompanied by verbal comments from the user that made the
preparational character of the underlying cognitive process obvious (for exam-
ple, “hmm. .. where is. .. here?. . well...™).

2. The gesture was accompanied by a facial expression that made the preparational

character of the underlying cognitive process obvious (like lip movements of
silent reading, searching eye movements, frowning).

If a gesture that seemed to be an “interactional gesture™ was interrupted (because of
a change on the display or speech output from the system) it was marked as “sup-

mAarinm nechira ?? sises il sanibnemed ma maaoset e osedas ta e abla da difFarentiats
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Larbed

Below are listed all labels and modifiers,

I-labels:

o [-circle (+), I-circle (—)
= l-point {long +), I-point (long —)
# l-nomnt (=shor +3 lonoini fehaer =1
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This modifier signified the “culmination poimt™ of the gestre, which means the
“most energelic” or “most important” part of a gesture that is often aligned with
the intonationally most prominent syllable of the accompanying speech segment

(McNeill, 1992; Kendon, 1980). For pointing gestures it was the period the finger
remained on the indicated object.

Beginning, End
The beginning of a gesture was determined with the help of the following critena:
(1) hand entered cubus, {2) end of previous gesture or (3) hand moved after pausing

within the cubus for a certain time. The end of a gesture was determined with the
help of similar criteria: {1) hand lefi cubus. (2) beginning of following gesture, (3)

Page 1151 of 1206



Annotation of Multimodal Data qor

L Leafred

U-continual iread): A continuous movement of the hand above or on the display.
Al least during a part of the movement the subject obviously read, which means

the text was read aloud or the lips moved.
U-poant {read): Like Ul-continual (read). but with a selective movement of the

hand {nol a continuous one).
| Ieenmitmmnal femimt i A contminmns movement nof the hand ahowve nr nn the dienlass
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an important critenon for distinguishing U- and R-gesres was the gaze: Li-gestures
were defined as being in the focus of attention, seen in the gaze that followed the
gesture (for the most part) or a link between gesture and specch. The last could be
asserted with relative ease, but sometimes it was difficult to judge where the g aze of
a subject was directed to. Therefore, with more suitable camera angles the reliability
of the coding system could perhaps be improved.

The insertions/deletions are unfortunate because the instructions for marking a
label or not marking a label are very clear and easily observable {entering the display
for the most part). That in spite of this relevant sequences are missed (or irrelevant
coded) shows that even a well-defined label system suffers problems with regard o

consistency. The insertion/deletion rate could probably reduced with more tramning
and with a more thorough correction.

3.5 Considerations for Future Attempts of Labeling Gestures

The gesture coding system described above was especially designed for labeling
gesture in a human-machine dialogue. It categorizes gestures according to their ob-
servable funetion for the user in the communication process with the machine. We
think that such coding systems (functional and tailored to the context) are much
needed in addition 10 general taxonomies (McNeill, 1992; Ekman, 1999; Friesen
et al., 1979) and structural, formal or micro-coding systems (like “FACS" from Ek-
man and Friesen (1978)). Additionally, we assume the following two major Pﬂil'“-ﬁr
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a very imporiant point that has (o be solved 15 the coding o1 s0-Called OTI-lalk (-
permann et al., 2001 ). For the development of machines that do not need a command
word to switch on and off, the discrimination of commands to the computer and talk
that is not aimed at the computer such a coding, 1s essential. Our system allows for
such coding but it seems prudent to try to enhance the validity and reliability of off-
talk labelings: subjective impression for these judgments plays a greater role than
for most other categories of transliteration conventions for spontaneous speech. The
system we described for gestural coding is reliable and able to pinpoint the important
aspects of gesture events in a dialogue. It can easily be expanded for other contexts
and requirements. However, we will need studies that target the dynamical properties
of gestures if we want to come to 2 more complete understanding of the meaning and

appearance of the gestural components of communication. In the case of the user-
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Summary. There are several characteristics not optimally suited for the user state classifi-
cation with Wizard-of-0z {(WOZ) data like the nonuniform distnbution of emotions in the
ullerinces and the distribution of emotional ulterances in speech, facial expression, and ges-
ture. In pariicular, the fact that most of the data collected in the WOZ experiments are with-
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iies: with the help of these resulis it is possible to find out at run time why the
user state 15 not recogmzed,

Testing of new side conditions like new light conditions or new microphones,
Training of system conformation behaviour for presentation lasks.

For the tuning task it is helpful to show the contribution and result of each modal-
ity. Like the sonagram shows the different frequencies in the speech signal, the multi-
modal emogram shows the results of user state expressed in speech, facial expression
and gesture,

The user states are presented with the help of colored bars as shown in Fig. 3.
For each modality there is one bar. We have four colors for the presentation:
red; angry/anger
green: joviul/joy
yvellow: hesitant'undecided
blue: neutral

For the recognition of user states in gesture there is the restriction that only three user
states are defined: angry, hesitant, and joyful together with neutral as the third class.
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Summary, We presemt three rypes of data collectons and their experimental paradigms. The
resulimg data were employed to conduet a number of annofation expenmenis, create eval-
uation gedd stavdards and train statistical models. The data, experiments and their analyses
highlight the imponance of data-driven empincal laboratory and field work for rezearch on

imuitive multimedal human—computer interfaces.
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Talbde 2. Muluple domam assignments (o a single SRH ({in %)

Dataset | [ Dataset 2 {
Number of demams| Annotator || Annotator 2 Annotator ] Annotator 2
[ .06 BTl a0.77 {88.7
2 .94 11.27 9.11 {1119 |
3 3.01 1.28 0.16 0 {
4 ] 0.35 0 {0 |

ol predefined dialogue scripts (Fig. 1). Twenty-nine subjects were prompted to say
certain inputs in 8 dialogues, resulting in 1479 turns (Fig. 2).

Because of the controlled experimental setting and since prompls appeared on a
per-turn basis, each user turn in the dialogue corresponded to a single intention, e.g.,
route request or sights information request. All user turns were recorded in separate
audio files. The audio files obtained from the hidden operator tests were then sent lo
tweo differently configured versions of the SMARTKOM system. The data describing
our corpora is given in Table 1.* The first and the second system’s runs are referred

to as Daraser | and Dataset 2, respectively.

The corpora obrained from these experiments were further transformed into a
deuie temem] RARA AW

velaimby e b raad Geabe w ITTTCER A an

b o man e b B lmae o
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Route planning 37.05 36 [44.2 46.31
Sights 12.49 1273 |21.94 21.08
Home appliances control | 14.12 11.22 7.59 B.1
Off-talk 0.72 L. 11 0.1

only, as automatically assigning domains to SEHs should only be done if the utter-
ance is a coherent one. The annotations resulted in two corpora of coherent speech
recognition hypotheses labeled for at least one domain category, The percentage of
SRHs with one or more domain attributions can be found in Table 2. It shows that
the vast majority of hypotheses (ca. 90%) could be unambiguously classified in a
single category. The class distribution is given in Table 3. The majority class is lhf_
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5 216 1.3
b 0.43 0.3
ki 0.87 0
L 1.73 0.B7

two kinds of interannotator agreement. In the first case, we caleulated the percent-
age of concepts for which the annotators agreed on all domain categories Prec mark
resulting in ca. 47.62%. In the second case, the agreement on individual domain
decisions Prec ., (1848 overall) was computed, ca. 86.85%.

A comparison between domain annotations of SRHs and ontological concepts
(Table 6) suggests that annotating utterances with domains is an easier task for hu-
mans than annotating ontological concepts with the same information. A reason for
this state of affairs might be that the high-level meaning of the utterance is defined

through the context, whereas the meaning of an ontological concept is much less
clear in the absence of context,

2.3 Usage of the Annotated Data

In Sect. 2 we discussed the reasons for creating large corpora with annotated data.
Such data is necessary to perform empirical research in the automatic language pro-
cessing. At first, a research hypothesis is formulated. Then, it is translated into an

annotation scheme and validated empirically by measuring the reliability of human

e e
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Table 6. Interannotaior reliability for domain annotations (in %)

Precrt r Precgam J
Concepis| 5K Hs|Concepts|[SRHs
[Aprecment [47.62 925 (8685  [98.92

and Gurevych, 2004). The algorithm for determining the domains of conceptual rep-
resentations and their underlying speech recognition hypotheses employs a knowl-
edge source called the domain mode!, Two kinds of domain models were produced
on the basis of the annotated data. The first domain model was derived by means of

statistical analysis of speech recognition hypotheses in dataset | annotated for their
domains. The second domain model was established through the direct annotation of

concepts with respect to domains in the corresponding annotation experiments. Fi-
nally, the quality of both domain models and the domain recognition algorithm was

evaluated intrinsically on the basis of annotated dataset 2.

3 Collection and Usage of the Wizard and Operator Test Data
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a German setup, with subjects and assistants at the European Media Laboratory in
Heidelberg, Germany. Both experiments were otherwise identical, with 22 sessions
recorded in each. At the beginning of the WOT, the test manager told the subjects
that they were testing a novel telephone-based dialogue system that supplies touris-
tic information on the city of Heidelberg. In order to avoid the usual paraphrases of
tasks worded 100 specifically, the manager gave the subjects an overall list of 20 very
general touristic activities, such as visit musenm or Museum besuchen, from which
each subject had to pick six tasks that had to be solved in the experiment. The man-

ager then removed the original list, dialed the system’s number on the phone and
The subject was al-

exited from the room after handing over the tefephone receiver.
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[ Fauses human—operator 21 1
Pauses human-—computer 94 79
Overlaps o2 50
Owverlaps human-operator BE Ty
Owverlaps human—computer 4 7
Dialogue-structuning signals 202 117
Signals human-operalor 202 235 |
Signals human—compuier ) 112
Feecdback particles 43 153
Fecdback human-operator 43 135
Feedback human-compuier i I8

The human interlocutor ceases in the production of feedback signals, but still at-

tempis to use his or her turn signals for marking turn boundaries, which, however,
remain ignored by the system.

The increases in the number of pauses is caused by waiting and uncertainty ei-
fects, which are also manifested by missing overlaps at turmn boundaries.

4 Collection and Usage of the Field Operative Test Data

In an initial data collection we asked American native English speakers to imag-
ine that they were tourists in Heidelberz, Germany. equipped with a small personal
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Table 9, Reguest types and occurrences

 Type Example [Occurrences|

(A} How mterrogatives Heow do | ger to the Fischergasse | 3R |

{B) Where interrogatives Wihere Is the Fischergasse | 37 {

(€) What/which imerrogatives| What is the best way to the castle] 18 |

(D} Imperatives Give me directions o the casile | 12 [

({E} Declaratives { wart to go io the casile | 12 |
dndflaee haza ] o 1

|| < N o Yl S G - S st
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We described three experimental paradigms for the collection of data employed n
the dialogue svstem design. We showed that issues in dialogue processing can be for-
mulated as empirical problems, and translated to annotation schemata and annotated
corpora. The corpora can be emploved as training data for statistical models and as
a basis for symbolic models, such as domain models. A further advantage of our
approach is a straightforward possibility for thorough evaluations of the developed

algorithms. This is especially important for improving the quality and reliability of
intuitive dialogue systems,
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2 Methods of Evaluation

The SMARTKOM evaluations can roughly be classified into the broader calegories
“gubjective” and “objective™ as well as into “accompanying” and “benchmark” eval-
ualions.

2.1 Accompanying Versus Benchmark Evaluation

In the SMARTKOM project we applied two logistically different types of evaluation
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questionnaires or interviews before/alter the user has tested the system, while the
latter are sampled from the system itself during the test runs with the user. The reason
for this efien-found combination is simply that we do not know which combination
of measurable parameters of a HCI system provides an adequate performance score
for the system. Or, with other words, the overall performance or quality of a complex
HCT system cannot be measured like, for instance, the word accuracy of a speech

recognition system
For example, it i1s quite casy to measure the delay between the end of a user input
and the beginning of the corresponding system output. However, it is not clear a prioni
that a shorter measured period improves the overall success of the dialogue between
user and machine. And if it does, is it an important or less important parameter?
Some people argue that the total is the sum of all components, i.e., if we can ob-
jectively measure the performance of each module of a HCI system, then the overall
performance should be the sum of all single performances. Since Verbmaobil (Burger
et al., 2000) we know that this is not even true for a system with 100% optimal

harmonized interfaces between the different modules, because one single defective
module can crush the entire processing chain of a temporal linear structured infor-

mation processing system.
Therefore both, the subjective evaluations of subjects and the measurable param-
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ipants of the Wizard-of-Oz recordings (Schiel and Tiirk, 2006): ®

2 cross questions about how the user feels about emotion detection
7 subject questions (codes)

5 PARADISE questions (codes. sec below)

& general ergonomic questions (ranking)

10 ergonomic questions (free questions )

6 + 6 specific evaluations of SMARTKOM technigues (ranking)

11 questions about potential user groups (ranking)

7 questions aboul the usability of certain SMARTKOM domains (ranking)

Categorized answers can be easily summarized {mean and median). Free questions
require a rather tedious manual processing, ofien combined with the finding of new
categories. The interpretation of results is tricky. especially when the number of sub-
Jects 15 low,

As for the technique, we used HTML-based questionnaires that entered the an-
swers directly into a simple database. We also tested face-to-face interview tech-
niques but did not pursue these due to the costs.

After the analysis of the pretest an improved version was compiled as follows
(Questionnaire 2, e.g., Kartal et al. (2002b)):

= 2 cross questions about how the user feels about emotion detection (ranking)
13 subject questions (codes)

= || general ergonomic questions (ranking)
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Describe your expectations of the SMARTKOM system.

Was the operating of SMARTKOM unambiguous?

Did you use a lunctionality that the supervisor did not mention in her instruction?
How did SMarTKOM help you to operate the system?

Did you make mistakes? Which ones?

How did SmarTKOM help you to avoid such mistakes?
Did SMARTKOM come up with correct answers although you made a mistake?

How did SMARTKOM fulfil your requests/wishes?
Was the output (voice and display) always clearly understandable?

Could you finish your task in an appropriate period of time?
Pleasge refer to Beringer et al. (2003a) for a detailed listing.

& & & 8 ® 8 0 @ @
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jective guidelines based on the recorded input and output information streams only.
Because of this “black box™ approach” we often call this type of evaluation “end-to-
end.”

In PARADISE (Walker et al., 1997), for instance, this third pillar is the normal-
ized task success x computed from the attribute value matrix (AVM). In PROMISE
{see below) x was not computable, because SMARTKOM tasks are much more fuzzy

than the strictly aimed task of accessing a certain information from a database sys-
tem.

2.3 PARADISE and PROMISE

As said before, the optimal evaluation strategy combines subjective and objective
results as well as the task success of a series of experiments in a way that an overall
guality score can be computed from the measured data, which is comparable across
different domains and desirably even across different technical scenarios. In Walker
et al. (1997), Walker and her colleagues proposed the PARADISE method to cal-
culate comparable performance scores for voice dialogue agents. This method was
applied successfully to several different monomodal dialogue systems (Walker et al.,
1998). When trying to apply the PARADISE method to SMARTKOM we ran into
several problems. The most prominent are:

* SMARTKOM uses multiple asynchronous modalities in combination, and there-

fore it is not always possible to assign labels of correctness to single recognition
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@ simple regression analysis (t-test).® By applying PROMISE we could — at least
avoid the systematical problems of PARADISE when applied to

ona formal level —
SMARTEOM,

2.4 Task Success Versus Request Success

The task success of PROMISE is, of course, a rather ambivalent concept, because it
is based on a whole recording session {which rypicaiiy iasts 10 min). Therefore it was
not surprising that the labeling in the end-to-end evaluation rurned out to be a difficult
task: in many cases it was almost impossible to assign the labels “success™ (+1) or
“failure™ (— 1) to a session. After the accompanying evaluations were completed we
ook another step and defined a more fine-grained value called “request success™
that is assigned in the end-to-end evaluation to pairs or groups of turns between the
subject and the sysiem according to the following rules:

|. Each dialogue is automatically segmented into blocks.
Each block starts with a regular user request. A regular user request must address
the system in a clear and cooperative way. Irregular requests may include incom-
plete turns, hesitations, off-talk, ungrammatical sentences, inconsistent multi-
mndal inmnte At nnderctandahle nteranses: these are discarded from the anal-
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measures. Therefore we decided 1o use the blockwise averaging.

This procedure resulis in an average request success value between 0.0 and 1.0 for
each session; 0.0 denotes a complete lailure, while 1.0 would — theoretically —
suggest that all cooperative requests of the subject were satisfied perfectly.

3 SmartKom Evaluations

We are now ready 1o list the results of the individual SMARTKOM evaluations, In this
contribution we will only present the most prominent results, !

3.1 Accompanying Evaluations — Home, Mobile

The two accompanying evaluations took place from | April 2002 to 31 June 2002

(scenario Home) and from | Aug to 31 Aug 2002 (scenario Mobile). Both a full
ergonomic and a technical evaluation were carried out.

3.1.1 Technical Setup Home

For the Home scenario the studio was converted into a living room-like environment

with sofa, low chair, TV and VCR. The graphical output was displayed on a portable
Web pad Fujitsu Siemens, Stylistic 3500 X Pen Tablet {Windows NT, 256 MB) that
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3.1.2 Ergonomic Accompanying Evaluation Home

Prototype |Subjects | Male/Female Na.iw.-ﬁixperts]{;luesr_] Remarks |
2 27 | 14m/13f | 1in/10c¢ | 2 |2 L2 speakers|

Greneral Resulis

The overall picture was rather negative. Subjects criticized long waiting periods be-
tween request and answer, nonexistent user guidance and that they felt left alone by
the system. The topic of biometric identification seemed to be of high importance
to almost all subjects, but with very mixed messages. Nearly all technical aspects of
the SMARTKOM prototype have been evaluated negatively. The only exception was
the “persona,” although some users doubted that actions like blowing bubble gum or
counting fingers were really necessary.

It turned out that naive users were not able to use the system on their own; even
experts rarely completed the given task. Very often the long processing periods be-
tween request and answer led to delayed answers that were misinterpreted by the

subjects.
A detailed discussion of all results can be found in Kartal et al. {2002b).
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vated very often, but the impact 1o the dialogue was nol effective. The only positive
measurements were the output gesture of the persona {75% correct) and the syntax
of the speech output (100%), For a detailed listing of all measurements please refer
to Bennger et al. (2002d).

The PROMISE value could not be calculated reliably because the correlations
between subjective judgments and measurements were in most cases nol significant.

3.1.4 Technical Setup Mobile

The Mobile scenario was evaluated in the same studio. An evaluation in the ficld was
not possible because of technical reasons. The subject was asked to stand or walk
within a certain area where two video cameras could capture the user actions. The
subject was holding the PDA (Compaqg IPAQ, embedded Linux, graphical outpul
displayed via VNC) in her left hand and the pen in her right. Input microphone was
a headset Sennheiser Evolution Wireless E100 connected directly to the Windows

2000 machine of the prototype cluster (1 x Windows 2000 1800 MHz and 2 x Linux
S00/1800 MHz, 1536-MB RAM total).

3.1.5 Ergonomic Accompanying Evaluation Mobile

Prototype|Subjects|Male/Female Maive/Experts [Quest.

I Remarks
3.1 16 Tm/9f lln/ Se 2

L2 speakers
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Magr Prosfisens Problems

“Mo commumication at all™ (&)
“Svystem did not understand me™ (6)
“System did not react to anything™ (7)
“System too slow™ (1)

Most Prominent Suggestions
“Better use single commands instead of sentences” (5)
“Better user guidance: signal when to speak, display should indicate what can be

done next™ (5)
“System should react faster so that vou get a feeling of a real dialogue” (3)

"“Input should be improved™ (1)

“Better gesture input™ (1)

3.1.6 Technical Accompanying Evaluation Mohile
[Prototype[Subjects | Parameters [Naive/Experts [Remarks |
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3.2 Benchmark Evaluations — Home, Public, Mobile

The three benchmark evaluations took place 10-20 March 2003 (Home), 1 1-13 June
2003 (Public) and 4-11 July 2003 (Mobile). A full ergonomic evaluation as described
in Sect. 2.2.1 was carried out for each scenario. However, since we recruited only

“experts” for the benchmark, evaluations, we changed the instruction phase to the
following:

¢ The supervisor instructed the subject verbally, gave the task description and re-
minded the subject to wait for a system response before uitenng the next request.
Subjects were asked to start the session after a green light signal given from the
operator and to conclude the session when the green light turned off.

a Qukiasks
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3.2.2 Ergonomic Benchmark Evaluation Home

[Prototype Subjects |Male/Female [Naive/Experts Quest.| Remarks |
| 42 20 [ 10m/10f | On/20e | 3 [3L2speakers|

Creneral Resalis

The overall results were much more promising than in the previous accompany-
ing evaluation. Improvements were judged mainly in speech understanding, gesture
recognition, dialogue handling and shorter processing times. Still a problem seemed
to be the missing “user guidanece” and some very leng processing periods where the

subjects were unsure about the state of the system.

Mosr Prominent Answers to Free Questions

Subjects criticized in unison that SMARTKOM did not help to leam the opera-
tion. About half of the subjects were satisfied with the system; others claimed that
SMARTKOM did not understand (4), was too slow (2), did not recognize English
mavie titles (1), had no “back” button (2), had no emotion detection (1). Most of the
subjects showed a high level of self-awareness with regard to their own mistakes,

e TRl i b B . ¥ a i BN e & A2 B e
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Mest Prominent Rankings

The following aspecis of SMARTKOM were ranked positively: display output, has a
clearly arranged display, correct answers in most of the cases, speech input, SMART-
KoM 15 easy to undersiand, task simple to solve, SMARTKOM Is easy o operate.
MNegative rankings occurred in: emotion detection, gesture recognition, one input suf-
ficient o reach goal, help function, fast reaction to gesture input, competence.

3.2.6 Technical Benchmark Evaluation Public

[Prototype|Subjects [Parameters [Naive/Experts [Remarks |
| 42 11 30 | On/lle | - |

The speech recognition module scored in the middle range (57.8% accuracy),
better than in Home (47.1%), but not as good as in Mobile (63.9%). User state recog-
nition is very low (8.4%) compared to Home (16.2%). This is surprising because one
might think that the more rigid hardware setup of the Public scenario (fixed posi-
tion of user, fixed background texture) would help the user state recognition. Gesture
recognition scored 48.6%, which is significantly better than in Home. In four cases
the user interrupted his own gesture or speech input caused by a system output (other

N —— ———
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tion. Improvements were judged mainly in speech understanding and faster reaction
1o gesture input. On the other hand, the display output was judged much lower than
in the other two scenarios. A problem still seemed to be the missing “user guidance”
and some very long processing periods where the subjects were unsure about the

state of the system. In a total comparison of all answers the scenario Mobile showed
the lowest user satisfaction.

Most Prominent Answers to Free Questions

Eight subjects criticized that SMARTKOM did not help to leamn the operation. About
half of the subjects were satisfied with the system; others claimed that the display
was confusing (1), SMARTKOM was too slow (2), did not recognize gestures (1),
had an unsatisfactory feedback (2), had no emotion detection (1). Six of the sub-
jects showed a high level of self-awareness with regard to their own mistakes. Five

subjects claimed that they solved the task with the help of SMARTKOM in the same
armount of time as with traditional techniques.

Mosr Prominent Rankings
The following aspects of SMARTKOM were ranked positively: pen input, speech un-

derstanding, speech input, speech output, gesture recognition (pen). Negative rank-

ings occurred in: emotion detection, good support, speed, fast reactions, clear dia-
logue, help function and competence.
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3210 Pearson Correlation Subjective — Ohjective

To achieve significant correlations we ran the analysis across all three sceparios. As
for the Pearson correlation between the subjective judgments (ranking only) and the
measured parameters, we found only three value pairs with an error probability of
less than 0.01. On this basis we did not deem the PROMISE approach applicable to
this data.

A total of 17 value pairs were found with an error probability of less than 0.05.
For a complete listing and discussion of these correlations please refer to Jacobi et al.
{2004). Although some of these pairs (4) did not seem to make any sense, there are
some interesting observations:

A larger average processing time in the speech recognition module is not neces-
sarily an indicator for a bad performance. Users who operate SMARTKOM suc-
cessfully use larger and more complex requests than others. Consequently the
speech recognition module needs more time to process them. This does not hurt

the subjective positive judgment of the user.
Some correlation pairs indicate that frequent interrupts of user actions by the

system'® lower overall performance.
Unspecified error messages lower overall performance. Also, some correlations
indicate that error messages should not be given as speech output alone.

An unstructured display with too much information causes the users to produce
aff-talk, which in tum may lower the overall performance.

Complex requests combined of speech and gestures are valued higher than simple

requests, granted that they can be answered successfully.
Frequent off-talk indicates problems in the interaction and dialogue handling.

A funny acting or strangely designed persona triggers off-talk, which might lower
overall performance.

3.2.11 Pearson Correlation Subjective — Request Success
Az for the Pearson correlation between the subjective judgments (ranking only) and
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Fig. 1. R* explained variance in dependency of measured parameters that were fed into the
limear predictor

1. Mumber of error messages * -0.29
2. Average reaction time of SMARTKOM * +0.38
3. Number of audio rumns in dialogue

4. Number of user turns in dialogue
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1.3 Outdoor Evaluation—Muohile

331 Introduction

Between December 2003 and March 2004, SMarRTKOM-Mobile (version 5.1) was
tested in an outdoor setting in Heidelberg. '™ The purpose of this outdoor evaluation
was generally similar to that of the benchmark evaluations described in Sect. 3.2, but
the specific questions addressed were somewhat different:

I. Can people use SMARTKOM-Mobile effectively in an outdoor setting after a few

minutes of instruction?
Potential problems that could be caused by the outdoor setting include speech

recognition problems due to ambient noise and distraction of the users by events

and noise in the environment. In accordance with the results of the accompany-
img evaluations described in Sect. 3.1, it was assumed that previously inexpe-

rienced users would require a few minutes of instruction on the tasks that they

were aboul to perform.
How do users rate SMARTEOM-Mobile overall, relative to other methods that

they might use to accomplish the same rasks?
Ultimately, users' acceptance of a system like SMARTEKOM-Mabile will depend
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the task “Controlling the display of a map” they tended to mention digital alterna-
tives such as Web-based mapping systems. For cach of five rating scales, the subject
was then asked to compare the methods of SMARTKOM Mobile (“speech and point-
ing gestures” ) 1o the preferred aliermnative, on a 5-point scale ranging from -2 (e.g.,
“much less convenient™) to +2 {e.g., “much more convenient™). The five scales re-
ferred to the criteria of convenience, speed, '® intuitiveness , efficiency and overall
preference. Averaging over all eriteria and subjects, the average ratings for the three
tasks were +0.5, +1.1 and < 1.0 for the three tasks, respectively. That is, subjects
showed a consistent preference for the methods offered by SMARTKoOM-Maobile rel-
ative 1o the best altemmative that they knew. This positive result does not imply that
the SMARTKOM-Mobile prototype used for the study, with its long response times
and far-from-perfect request success rates, would be preferred to the currently avail-
able methods; but it does show that the subjects were on the whole convinced of
the suitability of SMARTK OM-Mobile's methods for tasks such as the ones that they
performed.

Afier performing all three tasks, the subjects were asked about possible positive
aspects of the character Smartakus. Of the eight subjects, four agreed with the state-
ment that he was “entertaining” and four indicated that he enhanced the understand-
ing of internal system states (such as being busy). But only two subjects found him

LmsFarrrabtioem " and asse accaad sidth ilha sfatesmant that hoe cnmmnetad tha armoaroce ~F
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Fig. 2. MNumber of ermor messages per tum (feff) and average request success (righr) over
long-term evalualion scssions,

question (domains) and five free questions per domain. For instance, in a session that

comprised the topic TV+VCR, Cinema and Navigation this resulted in 743+ 15=52
questions. A full listing of all answers as well as the transcripts can be found in Schiel

(2004).
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and how the vser should react to them

Anaphora were not reselved correctly (“Switch to that channel!™)
Mo explicit help function.

Some system outputs came in two separated blocks with a silence interval in
between; this can lead to cross-talk with the next user request,

SMARTKOM seems to have a very limited dialogue memory. After asking for the
TV program of Friday, the request; “What about the evening?” was answered by
showing the program of tonight.

Level of microphone was critical; only the slightest change in position may cause
the speech recognition to break down.

Reservation for cinema tickets did not work because the pointing finger always
trigeered more than six seats on the display.

Sometimes SMARTK.OM misunderstood an input (“ProSieben™) even if the sub-
ject pointed to a logo of ProSieben at the same time.

Using the phone was micky because
— the input of numbers by pointing was too slow
- input of a number by voice did not work
after scanning a fax the user couldn’t input the addressee

Mavigating in Heidelberg worked only if both the starting point and the end point
of the desired route were entered in one sentence.

Most Prominent Suggestions for Improvement
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4 Conclusion

During the late design phase of SMARTKOM two accompanying ergonomic and tech-
nical evaluations were carried out, parly with naive subjects, Although the results

provided valuable input to improve the prototypes, the results were statistically in-

valid and the PROMISE approach could not be applied.
Then the prefinal prototype 4.2 was evaluated in all three technical scenarios

using an improved subjective and objective evaluation scheme. These benchmark
evaluations showed a progress in almost every aspect of the prototype functionali-
ties. The changes in the ergonomic and technical evaluation techniques led to more
substantial results, which were easier to interpret than in the previous accompany-
ing evaluations. In most sessions real dialogues took place between the user and the
system, which allowed us to make constructive suggestions for further improvement.
The subjective judgments showed that the basic combined multimodal interaction
between human and machine was working successfully. However, it is still a long
way 10 an absolutely smoothly running interaction. The users made many récurmng
suggestions about how to better the dialogue Mow. The overall impression was that
the technical quality of the single modules for multimedal input and output was

su fﬁa::r:nt. Ihe preblem now lies more in the dialogue handling, error treatment and

LI IR | IR SR 1, PR R S B R PR R
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