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Task 3: HumafRobot Multimodal Interfaces Development [month 4dmonth 12]

Participant Role Personmonths
SL Leader 14
Obijectives:

Development of avisual/touch interface (touch screen)

Development of a natural language interface (speech recognition)

Task 4: Integration and Final Experimentation [month Sonth 18]

Participant Role Personmonths
SSSA Leader 20

SL Partner 7

Obijectives:

Integration and assembling of parts from the previous three tasks.
Revisiting of results from previous tasks, also according to milestone.

Development of additional functionalities.
Experimentation.
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1. Introduction

To fulfil the mentioned task within the project ASTROMOBILE we have to work on the following
different subtasks with many requirements of different scientifiequirements and not only
technical issues like:

Signal processing

Speech modelling
Development of dialogues
Development of scenarios and
Programming

= =4 -4 —a A

2. Signal processing

2.1. Microphone solutions

Three ways to a solution:

Using a wireless microphone system (direct communication)

The customer wears a wirelegscrophone system and just has to call the robot, no matter in which
room he stays. This seems to be the easiest solution but there are many inconvenient problems in
the practical use. The user has to carry the equipment with him (microphone, wireless unit
batteries, etc.)

Using a simon client for mobile devices

The customer uses a mobile device like a mobile phone with installed simon client connected to the
local network. Currently there is no plan to develop a simon client in this project but maybwa si
client will be available for android mobile phones within the next six months as a result of another
project. Maybe it could be good to use the mobile phone for a defined call zone and change the
quality of communication between user and robot in themment that the robot stays in front of the

user using a high quality gooseneck microphone.

Requirements:

9 simon client for mobile devices
1 Adaption of simon to handle different microphones and activate them on demand

1 Adaption of simon to handle different agstic models for different zones of signal
processing (e.g. comfort zone, call zone, communication zone)
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Using installed microphone network in the environment

An installed microphone network is used to recognize commands to call the robot. It can be hidden
in every room. This network is just used to call the robot. In front of him a simple gooseneck
microphone is used to command all predefined tasks.

Requirements:
9 Installation of a microphonsystem in the environment
1 Adaption of simon to handle differentiosrophones and activate them on demand

1 Adaption of simon to handle different acoustic models for different zones of signal
processing (e.g. comfort zone, call zone, communication zone)

1 Integration of a garbage model and voice activity detection

1 A solutionof sound segmentation would be good but the implementation would exceed
the project time. Maybe there are some synergies with the results of other echord
projects.

2.2. Zones of signal processing:

Call zone
Calling the robot, calling for help, security sigrfedsn everywhere in the environment

Communication zone
Be able to make a phone call (distance of 1 to 3 meters from a gooseneck microphone)

Comfort zone
High quality of communication between user and robot, command and control, dialog control, etc.

(directy in front of a microphone)

2.3.  Microphone tests

Description:

In the following tests we were using preselected microphones from the Institute of signal processing
and speech communication of thi@&raz University of Technoldg§fhetest of preselection you can

find under attachmen8.1)
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in a natural environment. We used simon 0.3 stable release and a precompiled general model
(bp__rr_huh_hug _hus_ada adc_add_shh_shg shs 2010 09 09) without samples of the test
speaker. We used a seted list of words for recognition. This list contained 20 selected words out

of 99 simon recognized perfectly.

Construction of the testset:

Using the Sennheiser PC 36 USB Headset the test person spoke 5 times the 99 words and
documented the recognitionate. The selected 20 words always had a recognition rate of 100%.

Environment
We have tested the microphones @ncontrolled environment under possible enser conditions.
The environment was a normal flat with standard furniture like mediacenter,tohdm, couch, etc.

- ———

Test objects
1 THE T.BONE TB312S gooseneck microphone

the t.bone TB312S dynamic gooseneck microphoae/off switch, 3 pin XLR connector, ideal for
talkback or installations, gooseneck length 27cm

1 Sony ECMMS907

Battery Life : Approx. hours with Sony AA Battery
Cord Length : 5' (2.5m)
Directivity : UniDirectional (stereo); Directive angle 90 or 120° (switchable)
Dynamic Range : More than 80dB
Effective Output Level . -56 dBm +4dB (0dB=1mW/Pa, 1kHz)
Frequency Response : 100 - 15,000k
Maximum sound pressure level input : more than 110dB SPL
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Output Impedance ; 1 kohms +20%, unbalanced
Power Requirements : DC 1.5v from Manganese Battery (x1)
Type : MidSide Stereo; Electret Condenser Microphone

1 Sony ECMCZ10

Cord Length (Approx.) : 1.0m Diameter: 1.5mm
Dimensions (Approx.) : 32 x 60 x 110mm (PhHagee System), 8 x 19 mm (MIC)
Weight (Approx.) ; MIC: 10g (with Body, Cord)
Directivity : Zoom (Sensitive); Mono (kthrectional)
Material : Of Plug: Mini 3.5, Gold plated, -shaped
Plug : Mamaural mini plug
Operating Temperature : 32 degrees -F104 degrees F (0 degrees C40 degrees C)
Frequency Response : 100 - 10,000Hz
Noise Level : Ander 39.0dB S.P.L.
Sensitivity (db) : =33 + -4dB (Open circuit output  voltage level)

Sound System : 3% wadistortion at 1,000Hz
1 SAMSON CM12C hanging microphone

SAMSON CM12C black, condenser hanging microphone, cardioid, steel Hanging positioning bracket,
incl. 10 meter XLBable, incl. windscreen-92 Volt phantom, especially for choir

I Sennheiser PC 36 USRadset

Cable length 3 m / 9.8 ft
Connector USB connector with integrated sound card 2 x 3.5 mm for PC/Laptop
Frequency range 40 C 18,000 Hz
Impedance OH K
Characteristic SPL 109 dB
Frequency range 80 C 15,000 Hz
Pickup pattern Noisecanceling

Impedarce 9H 1 K

Sensitivity as per 121 TRS9 -38 dBV/Pa

f Samson UB1

Plugand-play operation on Mac oS and Windows
16-Bit, 441 48kHz sample rates
Miniature, lowprofile design
Omnidirectional pickup pattern
10-foot USB cable included
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Ideal for recording meetigs, conferences or creating podcasts
Sleek black finish

1 Acoustic Magic

Range: 30+ feet for meeting recording (depends on acoustic characteristics of the room.)
Analog Output(6ft male/male audio cable included), Mic level, 3.5mm ministereo jack, Sama sign

on tip & ring, 500 ohm output impedance
Frequency Response: 100Hz to 11,250 Hz
Physical Dimensions: Length: 18", Height: 2.5", Weight: 2.5lbs

Power Equipment: (wafpowered converter included) 6V DC, 400 ma, Center Pin Positive

T Samson Q1lU

Plug in and start recording. No extra gear needed!
Everything you need for recording audio on a computer
16-Bit resolution, 44.348kHz sampling
High SPL neodymium element
Supercardioid pickup pattern
Smooth, flat frequency response

Includes desktop mic stand, mic ¢lipSB cable and carry pouch
i THE T.BONE wireless microphone system with LC97 TWS microphone

THE T.BONE TWS 16PT 854MHZ
the t.bone TWS 16PT 854MHz, 16 channel UHF wirgystsm- 9,5" diversity receiver, bodypack
(line/mic switchable) with $ole mini XLRonnector (AKG compatible), 16 switchable frequencies
(854.375MHz861.875MHz), up to 4 parallel systems, switchable squelch, XLR and jack output,
external power supply (DC 12V/500mA), DC out for recharging transmitter. Accessories included:
19" rack mountgfor rack mounting two TW16 units), 1m jack output cable, DC recharging cable &
1m guitar cable. Transmitter takes two 1.5 V AA batteries. This wireless system is only licensed for
use in Germanyplease enquire about countries/frequencies.

THE T.BONE Qr TWS
the t.bone LC97 TWS lavalier cardioid microphedd&G compatible mini XLR connector. Includes
windscreen.

Objectives:

The main objectives of these tests were to develop a feeling which microphone would be the
favorite one to use in different zoned communication. Therefore we made tests from different
distances (30 cm, 100 cm, 300 cm, 400 cm, 500cm and < 10cm) and different angles (0°, 45° and 90°)
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Method:

The test person spoke the preselected 20 words five times and documented the recogatton

The average of this recognition rate was the final result of the microphone in the specified distance
and angle.

Results:

Total Average

Ocm 30cm [100cm |200cm |300cm |400cm |500cm

THE T.BONE TB3]

. 81,53%| 88,63% 75,54%
gooseneck microphone (
THE T.BONE TB3]
gooseneck  microphon| 88,53%| 87,70%| 85,25%
45°
THE T.BONE TB3]
gooseneck  microphon| 91,61%| 86,58%| 85,51%
90°
Sony ECMVS907
Sony ECMCZ10 95,40% | 90,75%| 86,49%

SAMSON CM12C hang 80.00%! 79.60%

microphone

ﬁzr;r;f;ziser PC 36 U 100,00%4

Samson UB1 93,75%| 87,85%
Acoustic Magic

Samson Q1U 0° 99,75%93,14%
Samson Q1U 45° 97,10%| 89,05%
Samson Q1U 90° 98,62%| 83,17%

10
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THE T.BONE wireld
microphone system

2.3.1.1. Sony ECMMS907
This microphone had serious problem with speech recognition an
2.3.1.2. Acoustic Magic

The Acoustic Magic Array Microphones arefanerican product. This means different voltage and
we had no possibility to test it.

2.3.1.3. The TBONE wireless microphone system with Tha8ODNE
LC97 TWS Microphone

In this case we used different tests. Due to the fact, that this is a wireless microphone settivhe
YAONRLIK2YS Aa LAYYSR 2y GKS aAaKANI 6S RARYQl RAR
ranges focused on different numbers of walls between sender and receiver.

Total Average

No wall | 1 wall 2 walls |3 Walls

THE T.BONE wirel

. 100,00% 100,00% 100,00% 100,00%
microphone system

Excluded Microphones:
Sony ECMIS907
Acoustic Magic

Usable Microphones for speech recognition:
Detailled results you can find under attachmeé2

Zones of signal processing

Comfort zone Communication Zone Call Zone

THE T.BONE TB31]
gooseneck microphone 0° X X X

11
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Sony ECMCZ10 X X

SAMSON CM12C hang

microphone X X

Sennheiser PC 36 USB Head X

Samson UB1 X X

Samson Q1U X X

THE T.BONE wirele

microphone system X X X

Selected microphones for the ASTROMOBILE project
2.3.1.4. 1°solution: Wireless Microphone

THE T.BONE wireless microphone systeapossible solution to fulfill the convened task within the
ASTROMOBILE project, but in the reality the task group of elder people would not us a wireless
headset to control a robot. So it's necessary to think about practical solutions, which cotlid be
following considerations

2.3.1.5. 2" solution: Smart phones

A Mobile Device withMeeGo orAndroid 2.2 and usable client and THE T.BONE TB312S gooseneck
microphonein combination could be a usefull solution. So it could be possible to call the robot with
the smart phone, and when he stays in front of the User to follow to work with the installed hight
guality gooseneck microphone.

2.3.1.6. 3 solution: Microphone installaton

THE T.BONE TB312S gooseneck microphone
SAMSON CM12C hanging micropleone

Different SAMSON CM12C hangimgicrophones with comparable quality to the gooseneck
microphone installed in the environment and one gooseneck microphone on the robotic platform
could be a very usefull solutiotbecause the User needs nothing only the voice to call the robot, and
when he stays in front of him he caontrol therobot with the high quality gooseneck microphone.

12
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3. Speech modelling

3.1. Preparation of the technicainfrastructure

In the first step we prepared the technical infrastructure to be able to construct the German, Italian
and English speech models for this project. We installed a speech data server to collect speech data
from Italy and implemented &ligh PowerCompilationPC to create speech models. The scientific
software like SSC (Simon speech collector) and SAM (Simon acoustic modeler) is ready to use. The
German speech model is ready to use

3.2. Investigation of speech models

German
3.2.1.1. Available Germarspeech models

1 German Voxforge Speech model

9 Different speech models from simon listens, adapted to the target group from speakers
in different age ranges and for different microphone types (e.g. gooseneck microphone,
hanging microphone, headset). In thetlascordings for our speech model database we
AyOf dzZRSR | fa2 ySOSaalNE ¢g2NR F2N GKS | adNRY

3.2.1.2. Available German dictionaries

1 HADiBomp from the University of Bonn (ca. 140.000 Words)

1 Extended HadBomp from the University of Bonn texded from simon listens to match
Austrian german (ca. 140.000 Words)

1 German Voxforge Lexicon

1 Ralf Herzog German Dictionary

13
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ltalian
3.2.1.3. Available Italian speech models
Until now we have ndétalianspeech model available
3.2.1.4. Available Italian dictionaries
I Ralfs lalian Dictionary (ca. 92.000 words)
English
3.2.1.5. Available English speech models
1 English VoxForge speech model
3.2.1.6. Available English dictionaries
1 CMU English Lexicon (ca. 130.000 words)
9 ISIP Lexicon (ca. 27.500 words)
1 VoxForge Dictionary (ca. 131.000 words)
1
3.3. Speechmodeldesign
The creation of a speech model consists of three parts:
1 Parameter definition
1 Speech recordings

1 Model compilation

Parameter definition
In this part we will have to define different parameters which will affect the speech model. This

includes following definitions:

1 Wordlist: We have to define which words should be recorded for the speech model to cover
our scenarios

14
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i Hardware: Which hardware is necessary for recordings, this includes Computers,
Microphones, Soundcards, etc.

1 Software: With whih software should the recording process be done? There are many
possibilities like standard recording software like Audacity or special speech recording
solutions like SSC from the simon speech recognition suite. In our case we will probably use
SSC, beeese it covers all of our needed functionalities.

1 People to record: We have to clearly define with whom we record your audio samples.
There are many aspects we should consider to cover your target group like appropriate age
range, balanced ratio of male arfdmale speakers, enough speakers to obtain enough
different data etc.

1 Setting: We clearly have to define which settings should be used. They are for example
where the recordings should happen, under which circumstances etc. Therefor we have to
keep in mir, that the recordings should be as near as possible to our scenarios.

Speech recordings

The second part is the speech recording. In this case we have to consider the conditions defined in
part one. We should also keep in mind that the recordings shouldseear as possible to the
scenario the speech model is made for.

Model compilation

The third part is the compilation of the speech data to a speech model. Therefor we will use SAM
from our software suite simon. In this case we will have to make diffaesttin every language we

will record to achieve the best recognition results.

3.4. Recording Italian speech data

In this case we installed a work process to approve the proposed word list and adapt it to the special
requirements of the ASTROMOBILE project tre cultural area of Pisa. So we changed the word
list from 111 words to 145 words.

With the great dedication of our partners it was possible to
record speech data from 46 persofisl persons elder than 65
years)in these three days. With this Italiaspeech data we can
construct an lItalian speech model for the special needs of this
project.

The distribution of the characteristics of the speech data are the
following:

15
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Gender Age
20 -
60 12 j
40 12 1
10 7 m Male
20 m Datenreihenl 81 'l u Femnale
&1 ® Oreerall
O 1 T T 1 L | -I l -|
IO g7 T 5 E=tE §
<&@ & P P P P L P
) & & &
< 9 & PP FF P

The detailed Italian wordligtou can find undeattachement 83

4. Development of dialogues

We invested a great part of the manpower in the development of a prototype of a scheduler based
dialog control system with graphical, written and voice output. For testing we developed German
dialogues andeminder functions for the scenarios drinking, eating, social services, medication,
reminder of events and a Skype dialogue. The control of the dialogues and reminder functions is
based on a schedulem the practical use it's necessary that the caregagpoints the reminder
function in the scheduler, and when the time comes the robot goes to the User to ejecute the
reminder function.

16
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4.1. Dialoguescreenshots

Dialogue: To get up

Dialogue: Breakfast

\l/ no 17
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Dialogiee WS YA Y RSNF dzy Qi A2y oaRNAY] Ay Id

18
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Dialoque:wWS YA Y RS NF dzyodOlU A 2y o5 NHz3 a

19



Simon listendPIC: 987058033 Grant Agree number: 231143 Project: ASTROMOBILE

20



Simon listensPIC: 987058033 Grant Agree number: 231143 Project: ASTROMOBILE

Dialoue:wWS YA Y RSNF dzy OUA2Y al OUADAGASAG

DialogzSY WS YA Y RSWBdzf O @2y «

21
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Dialogue: Reminderfumtiona 2 32 G2 &t SSLJ

23
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4.2. Dialogue specifications

Dialogue specifications in German

4.2.1.1. Erinnerungsfunktionermit Bestatigungsanforderungen

Legende:
Turn:Dialogzyklus

DP:Dialogpartner

User:Spracheingabe

Sys Systeminformation (Namen, Uhrzeit, Fornfal o -Fdkn§ élseformal =
a 5 dzorm, $Beispiel$ = anpassbare Variable)

Syng Sprachsynthese

42.1.1.1. AufstehenDialog ¢ Weckfunktion ¢ Korperhygiene und
Ankleidenmorgens

Turn | DP | Text

1 Sys Zufallsvariable Version 1:

Guten Morgen, hier istastro$

Es istbtime$.

Ich mochte{{formal}}Sig{elseformallglich{{endformal}}fragen,{{formal}haben Sie
sici{{elseformal}hast du dick{endformal}}schon gewaschen bzw. geduscht?
Bitte {{formal}}sagen Sigelseformal}$ad{endformal}}JAoder NEIN

Zufallsvariable \fsion 2:

Guten Morgen, hier istastro$

Es istbtime$.

Ich mochte{{formal}Sig{elseformal}picH{endformal}}fragen{{formal}haben Sie
sici{{elseformal}hast Du dicf{endformal}}schon gewaschen oder geduscht und fu
den Tag schon angezogen?

Bitte {{formal}}sagen Sigelseformal}$ad{endformal}}JAoder NEIN

Zufallsvariable Version 3:

Guten Morgen, hier istastro$.

Es isthtime$.

Ich frage{{formal}}Sig{elseformalldlich{{endformal}} {{formal}haben Sie
sicH{elseformal}lhast du dick{endforma}} schon angezogen?
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