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ABSTRACT⎯We propose a novel input pointing device 
called the multimodal mouse (MM) which uses two modalities: 
face recognition and speech recognition. From an analysis of 
Microsoft Office workloads, we find that 80% of Microsoft 
Office Specialist test tasks are compound tasks using both the 
keyboard and the mouse together. When we use the optical 
mouse (OM), operation is quick, but it requires a hand 
exchange delay between the keyboard and the mouse. This 
takes up a significant amount of the total execution time. The 
MM operates more slowly than the OM, but it does not 
consume any hand exchange time. As a result, the MM shows 
better performance than the OM in many cases. 

Keywords⎯ Multimodal mouse, workload-based evaluation. 

I. Introduction 
Recently, various types of camera mice using the 

inexpensive COTS web camera have been introduced [1], [2]. 
The camera mice operate as follows: (1) recognize a facial 
feature (such as a nose) in the input image, (2) find the location 
of the nose, and (3) map the location to a pixel on the monitor.  

The problem with the camera mouse (CM) is that there is a 
size mismatch between the imaging sensor of the web camera 
(about 0.25″) and the monitor (15″ to 24″). If the CM uses one-
to-one matching between the pixel of the imaging sensor and 
that of the monitor, the stability of the monitor is decent. 
However, the area the user can conveniently reach is limited, 
which means that the user must extend his/her body to 
compensate. On the other hand, if the system has one-to-many 
matching, the area the user can reach becomes larger, but the 

                                                               
Manuscript received Apr. 18, 2008; revised May 19, 2008; accepted June 17, 2008. 
This paper was supported by the Korea Aerospace University Research Grant.  
Jongwhoa Na (phone: + 82 2 300 0410, email: jwna@kau.ac.kr), Wonsuk Choi (email: 

choiws@kau.ac.kr), and Dongwoo Lee (email: dongwoo81@kau.ac.kr) are with the 
Department of Electrical Engineering, Korea Aerospace University, Goyang, Rep. of Korea. 

mouse pointer becomes less controllable. Moreover, the human 
body cannot be completely immobile due to breathing. Thus, 
unwanted movement in the imaging sensor occurs so that the 
cursor of the CM may exhibit some vibration. An optimized 
matching algorithm is still an open research issue. A detailed 
discussion about the CM can be found in [1] and [2].  

Multimodal systems process two or more combined user 
input modes in a coordinated manner to improve usability, 
accessibility, and execution time. Multimodal systems utilizing 
speech and pen input, speech and lip movement, and gaze 
tracking and manual input have been proposed [3], [4] for 
various applications, such as the human-centric word processor, 
portable voice assistant, VR aircraft maintenance training, and 
voice activated control (VAC). Until recently, multimodal 
systems have suffered from slow signal processing for speech or 
image inputs. However, due to endless development in IT 
technologies, some commercial multimodal products have been 
launched. For example, using an advanced automated speech 
recognition engine, the VAC of Lockheed Martin’s F-35 Joint 
Strike Fighter provides the pilot with immediate access to flight 
management system functions, even as the pilot maintains 
hands-on control of the aircraft [4]. Multimodal systems have 
been an active research area due to their potential. (see [5]).  

We propose the multimodal mouse (MM) which uses two 
modalities: face recognition (FR) and speech recognition (SR). 
The proposed MM is unique in two aspects. First, it is designed 
as a novel input device for the PC. It uses FR, SR, and a keyboard 
concurrently so that the user’s hands do not have to leave the 
keyboard. From an analysis of Microsoft Office Specialist (MOS) 
test problems, we found that approximately 70% to 80% of the 
problems require both keyboard and mouse, so they require hand 
exchanges. The MM can eliminate the time consuming hand 
exchange between keyboard and mouse. Using Microsoft Office  
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Fig. 1. Overview of the multimodal mouse. 
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workloads, we have shown that the MM may outperform the 
optical mouse (OM). Second, the MM is designed and 
implemented to perform optimally even with an inexpensive 
COTS web camera.  

The operation of the proposed MM is illustrated in Fig. 1. 
The MM is a CM augmented with SR for the functions of the 
mouse. The MM tracking process is the same as that of the CM, 
which uses face recognition. What distinguishes the MM from 
the CM is its triggering of zone selection by speech recognition. 
In the current implementation of the MM, the monitor area is 
partitioned into nine zones. Explained simply, the user can 
select any zone by speaking its number at the recording stage 
of the MM. After the recording stage, the MM sends the 
recorded speech data to the SR engine for interpretation. When 
the program receives a correctly-recognized zone number, it 
changes the coordinates of the mouse pointer from the current 
zone to the center of the newly-recognized zone. The user can 
then move to the target location from the center of the new 
zone by moving the mouse pointer along a reduced path.  

For example, consider the user trying to move the mouse 
pointer from a point in the fifth zone to a destination point in 
the third zone. With a CM, the user must move to DC by 
extending the upper body. However, with the MM, one can 
move to the destination by moving DV using speech command 
(SR) and moving the reduced DM using FR concurrently.  

In the Microsoft Windows environment, many desktop buttons 
and menu boxes are near the edges of the monitor, while the usual 
location of the mouse pointer is at the center of the monitor. As a 
result, MM users can control the mouse pointer over the whole 
area of the monitor with less movement than a CM user. 

II. Design of the Multimodal Mouse 

The MM consists of two stages as shown in Fig. 2. In the 

 

Fig. 2. Flowchart of the proposed multimodal mouse. 
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first stage, tracking is performed using FR and SR concurrently. 
The FR-based tracking module finds the user’s face using a 
Harr algorithm. Using a knowledge-based method, the tracking 
module finds the user’s nose. Then, it relates the location of the 
nose to the location of the mouse pointer using an optical flow 
algorithm. For a detailed explanation of the FR-based tracking 
algorithm and its implementation, see [1] and [2]. In addition to 
FR, SR is used to track the mouse pointer. The SR-based 
mouse tracking module records voice commands from the user 
and performs SR. A recognized voice command is used to 
select the corresponding zone. We used Korea Telecom’s KT-
Huvois discrete SR engine.  

In the second stage, after the tracking stage, the MM 
performs various mouse functions using the following three 
methods: FR, SR, and keyboard input. In the current 
implementation, the user performs the click function with a 
wink of the left eye and the double click function with a wink 
of the right eye. Also, the user can perform the same function 
by speaking “click” and “double click.”  

The SR used is a discrete processing engine. The discrete SR 
engine wastes the synchronization time between the user and 
the MM. For synchronization, the MM used three methods: a 
keyboard-based interrupt, a periodic beeping sound, and the  
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Fig. 3. Experimental results of the Fitts’ test. 
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periodic display of an icon. First, the user presses the control 
key, which is hooked to the speech recording interrupt service 
routine. Then the SR processes the user’s commands. Second, 
the user can respond at the sound of the beep to start recording  
the speech command. Third, for convenience, the MM displays 
a small red square in the upper-left corner of the monitor to 
indicate the recording stage.  

III. Multimodal Mouse Implementation and Experiments 

The MM was implemented using Visual Studio .NET 2003 
on a 1.8 GHz Pentium 4 desktop PC equipped with an 
inexpensive COTS web camera of 300k pixels and an 
inexpensive microphone. In the current implementation of the 
MM, when the user wants to move the mouse pointer to the 
corner of the monitor, the user can control the mouse pointer 
easily by changing the zone in the MM. In Fig. 1, the nine 
zones are identified with the green lines on the screen. The 
MM displays a red square icon and sounds a beep to inform the 
user that the system is in the recording stage.  

First, we performed Fitts’ test to find the performance of the 
three input devices. In the Fitts’ test, we set the movement 
distances D to 32, 64, and 128 pixels and the target widths W to 
8, 16, 32, and 64 pixels. Three college students tested the three 
input devices 30 times over two days. The experimental results 
shown in Fig. 3 indicate that the OM showed the best moving 
time, followed by the MM and CM. The MM shows better 
performance than the CM due to improved controllability.  

Next, we performed a workload-based evaluation to find the 
effects of the three input devices over the entire computer 
system. The experimental setup consisted of a test window and 
the workloads. The workloads were two representative test 
questions from the 2006 MOS Certification problems (see 
Table 1). The detailed workload-based evaluations of the OM, 
CM, and MM are presented in [6].  

The experimental results for the OM, CM, and MM are 
summarized in Table 2. The PPT test requires four movements 

Table 1. Two representative problems in MOS test. 

 Powerpoint (PPT) test Outlook test 

Step 1 Move “Title” box & click Move to a mail & double click 

Step 2 Type “My Show” Move to Forward button & click

Step 3 Move to “Subtitle” box & click Move to “text” box & click 

Step 4 Type “My name” Type “test” 

Step 5 Move to STOP button & click Move to STOP button & click 

Table 2. Workload-based evaluation results (in seconds). 

Test type Optical mouse Camera mouse Multimodal mouse 

PPT 9.6 9.1 9.0 

Outlook 6.8 7.3 7.8 

 

between a keyboard and a mouse; thus, the MM outperforms 
the OM by 6.7%. In the Outlook test, which requires three 
consecutive mouse movements, the OM is faster than the MM 
by 13.6%. Although the execution times of the no-hands mice 
are slower than the OM, when we consider the execution time 
of useful workloads, the difference in performance is negligible.  

IV. Conclusion  

In order to improve the performance and the usability of the 
no-hands mouse, a novel multimodal mouse (MM) is proposed. 
The proposed MM uses an inexpensive COTS web camera 
and microphone for tracking and clicking. In the MM, the 
monitor is divided into n×n zones such that face recognition is 
performed in a reduced monitor area while speech recognition 
is performed to change zones. The experimental results showed 
that the MM can be a viable alternative to the OM and CM.  

References 

[1] M. Betke et al., “The Camera Mouse: Visual Tracking of Body 
Features to Provide Computer Access for People with Severe 
Disabilities,” IEEE Trans. Neural Sys. and Rehab. Eng., vol. 10, no. 
1, Mar. 2002, pp. 1-10.  

[2] J.W. Na et al., “A Novel Camera Based Computer Input Device,” 
ICMOCA, 2006, pp. 61-64.  

[3] S.L. Oviatt and P. Cohen, “Multimodal Systems that Process What 
Comes Naturally,” Comm. of the ACM, vol. 43, no. 3, pp. 45-53. 

[4] Voice Activated Cockpits, http://www.airport-int.com  
[5] R. Sharma et al., “Toward Multimodal Human-Computer Interface,” 

Proc. IEEE, vol. 86, no. 5, May 1998, pp. 853-869. 
[6] J.W. Na et al., “Applicability of No-Hands Computer Input Devices 

for the Certificates for Microsoft Office SW,” ICCHP, 2008, pp. 
1169-1176. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


