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Abstract: Handheld mobile computing has increasingly become a mainstream computing paradigm, in which
human-computer interaction is an essential issue. Multi-Modal user interface and multi-modal interaction can
effectively improve the interaction efficiency in mobile computing. This paper presents a multi-modal interaction
model and discusses the application of multi-modal interaction in handheld devices. Then the tour guide system is
described. An experimental evaluation shows that the multi-modal interaction, based on pen and speech, can greatly
improve its interaction.
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Table 1 Representative cases of multi-modal interaction in the TGH
1 TGH
Types Tasks Manipulation modes
. 1. Pointing button with pen
Zooming the map 2. Speaking “Zoom in (or out) the map”
A 1.  Pointing button with pen
Rotating the map left 2. Speaking “Rotate 45 degree to left”
3. Sketching a arc on the map with pen
1. Inputting the name of A by handwriting or typing
Looking for the location of A 2. Selecting the name of A in list with pen
3. Speaking the name of A
B d 1. Selecting “ATM” form a list
Looking for all the ATMs on map 2. Speaking “ATM”
Looking for all the ATMs in specific region 1. [S)sr(]eakmg ATM” and sketching a closed region on the map with
. . 1. Selecting the name of A from a list and pointing a button
tI;Jogklng for the way from current location 2. Speaking “The way to A”
3. Speaking “The way here” and pointing the location of A with pen
1.  Selecting the name of A and B in list and pointing a button
Cc 2. Speaking “The way from A to B”
Looking for the way from A to B 3. Sv?fr?lglenng The way from A here” and pointing the location of B
4. Speaking “The way between these two”
5.  Sketching fromAto B
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Table 2 Experimental tasks in performance study
2

Number

Tasks

Zoom in, zoom out and move the map

Display all the dinning halls on the map

Look for the location of Stone Fish and display it on the map

Look for the location of BoYa Tower and display it on the map

Look for the nearest ATM to the user

Look for the nearest classroom building to the Library

Look for the optimized route from West Gate to Library

Look for the optimized route from South Gate to BoYa Tower

Look for the optimized route from current location to the Main Building
Look for the optimized route from current location to the post office

6.39s,

B C ( ), ,
, ( 10Mbps) (
, ), 5.82s.
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Table 3 Execution time of complex tasks with different interaction modes

3
Speech (s) Pen (unskilled) (s) Pen (skilled) (s)
User 1 5.51 7.57 6.65
User 2 5.20 10.44 10.02
User 3 6.74 12.17 8.04
User 4 6.19 9.56 8.90
User 5 5.29 7.91 7.13
User 6 6.03 7.50 6.57
User 7 5.58 6.39 6.45
User 8 7.10 10.30 9.76
User 9 6.04 9.33 8.26
User 10 5.47 9.12 7.35
User 11 5.41 11.42 8.70
User 12 5.31 6.69 6.61
Average 5.82 8.37
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Fig.3 Comparison of complex tasks’ execution time
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Table 4 Execution time of single modality and multi-modal interaction
4
Pen modality Speech modality Multi-Modality
Average completion time of simple tasks (s) 0.3 5.50 0.3
Average completion time of complex tasks (s) 8.37 5.82 5.82
Average completion time (s) 4.36 5.66 3.06

© rhiEBRER

http:/ www. jos. org. cn




35

3.3.2
: : 88% , ;
12% , . , 60%
: 4 ) :
100% —— Pen
80%
Multi-Modal
60% Pen
40%
20% Iti-Modal
0%
Simple tasks Complex tasks
Fig.4 User’s trend on interaction mode
4
4
, TGH
, TGH
References:

[1] Dong SH, Wang J, Dai GZ. Human-Computer Interaction and Multimodal User Interface. Beijing: Science Press, 1999 (in
Chinese).

[2] Oviatt, S, Cohen P, Wu LZ, Vergo J, Duncan L, Suhm B, Bers J, Holzman T, Winograd T, Landay J, Larson J, Ferro D. Designing
the user interface for multi-modal speech and gesture applications: State-of-the-Art systems and research directions for 2000 and
beyond. In: Carroll J, ed. Human-Computer Interaction in the New Millennium. Boston: Addison-Wesley, 2000. 263-332.

[3] Sawhney N, Schmandt C. Nomadic radio: Speech and audio interaction for contextual messaging in nomadic environments. ACM
Trans. on Computer-Human Interaction, 2000,7(3):353-383.

[4] Li MZ, Dai GZ, Dong SH. Software model and interaction algorithm of multimodal interface. Chinese Journal of Computers,
1998,21(2):111-118 (in Chinese with English abstract).

[5] LiY, Guan ZW, Dai GZ, Ren XS, Han Y. A context-aware infrastructure for supporting applications with pen-based interaction.
Journal of Computer Science and Technology, 2003,18(3):343-353 (in Chinese with English abstract).

[6] Lin YM, Dong SH. The realization of algorithm and software platform of multimodal fusion. Chinese Journal of Computers,

2000,23(1):90-94 (in Chinese with English abstract).

ERCRTFIFFIIT  https// www. jos. org. en




36 Journal of Software 2005,16(1)

[71 Pu JT, Dong SH. A task-oriented and hierarchical multimodal integration model and its corresponding algorithm. Journal of
Computer Research and Development, 2001,38(8):966—971 (in Chinese with English abstract).

[8] Dong SH, Xiao B, Wang GP. Multi-Modal user interface for Internet. Chinese Journal of Computers, 2000,23(12):1270-1275 (in
Chinese with English abstract).

[9] LiJ, Tian F, Wang WX, Dai GZ. A multi-modal interaction system for children. Journal of Software, 2002,13(9):1846-1851 (in
Chinese with English abstract). http://www.jos.org.cn/1000-9825/13/1846.pdf

[10] YangJ, Yang WY, Denecke M, Waibel A. SMART SIGHT: A tourist assistant system. In: Proc. of the 3rd Int’l Symp. on Wearable
Computers (ISWC’99). San Francisco, 1999. 73-78.

[11] Almeida L, Amdal I, Beires N, Boualem M, Boves L, den Os E, Filoche P, Gomes R, Knudsen JE, Kvale K, Rugelbak J, Tallec C,
Warakagoda N. The MUST guide to Paris. In: ISCA Tutorial and Research Workshop, Multi-Modal Dialogue in Mobile
Environments. Kloster Irsee, 2002. http://www.isca-speech.org/archive/ids_02/ids2_004.html

[12] W3C Multimodal Interaction Activity. 2002. http://www.w3.0rg/2002/mmi

[13] W3C Multimodal Interaction Framework. 2002. http://www.w3.0rg/TR/mmi-framework

[14] Garlan D, Siewiorek D, Smailagic A, Steenkiste P. Project Aura: Towards distraction-free pervasive computing. IEEE Pervasive
Computing, 2002,1(2):22—-31.

[15] Oviatt SL. Multi-Modal interface research: A science without borders. In: Proc. of the 6th Int’l Conf. on Spoken Language

Processing. Beijing: Science Press, 2000. 1-6.

[1 & . . ,1999.

[4] , , . . ,1998,21(2):111-118.

[6] . . . ,2000,23(1):90-94.

7 . . . ,2001,38(8):966-971.

[8] . . Internet : ,2000,23(12):1270-1275.

[91 , , , . . ,2002,13(9):1846-1851. http://www.jos.org.cn/1000-9825/

13/1846.pdf

© rhiEBRER

AT hupy/ www. jos. org. cn




