
Abstract

This paper describes recent advances in the R&D 

work achieved at Fraunhofer HHI (Germany) that 

are believed to provide key technologies for the 

development of future human-machine interfaces. 

The paper focus on the area of vision based inter-

action technologies that will be one essential 

component in future three-dimensional display 

systems.

1. Objectives and Background

Currently man-machine interaction relies on passive 

switching devices like keyboard, mouse or buttons for 

information exchange. As continuing technological 

advances make even larger computational power 

available in the future, advanced procedures for man-

machine interaction will be required to provide 

efficient and user-friendly human-machine interaction 

in a wide range of applications. For that reason future 

user interaction technologies will be provided via 

dynamic scene synthesis and speech recognition 

supported by image representations employing three-

dimensional display systems. 

There is a need for human computer interaction 

forms that are experienced as natural, convenient and 

efficient. The traditional desktop paradigm (use of 

keyboard, mouse and display) is no longer 

appropriate
1

. Instead, natural actions similar to 

human-to-human communication, such as speech and 

gesture, seem to be more convenient.  

Deictic gestures are potentially useful for all kinds 

of selections in human-computer interaction, as 

Lenman et al. pointed out
1

. This was already illus-

trated in 1980, by the early work of Bolt
2

. Compared 

to speech commands, hand gestures are advantageous 

in noisy environments, in situations where speech 

commands would be disturbing, as well as for 

communicating quantitative information and spatial 

relationships. One of the most important advantages is 

that the user is able to control equipment in his 

environment as he is, thus without any specialized 

external equipment such as a remote control or data 

gloves.

Besides manually driven interaction methods the 

analysis of eye movements can be advantageous for 

human-machine interaction. In display applications a 

presentation of motion parallax is one relevant factor 

for lifelike visual perception. Natural viewing 

conditions implicate a look-around capability. When 

viewers are varying their viewing position by moving 

the head laterally, objects will be perceived from 

different perspectives. The reproduction of motion 

parallax adds a further cue for lifelike depth 

perception.

2. Non-Intrusive Hand Tracking Technology 

Fraunhofer HHI developed a robust, light weight 

and easy to use hand interaction device (Fig. 1.).  

Fig. 1.  The technical hand tracker design
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A hardware connected to a computer via USB 

interface synchronizes PAL cameras and an active 

infrared illumination source. To cover a large inter-

action space, the hand tracker hardware controls up to 

nine different cameras. If more than two cameras are 

connected, an active stereo camera pair is dynamically 

selected by the tracking algorithm.  

Several computer vision based hand tracking 

algorithm have been developed and tested
3,4

. Our 

developed tracking technology is based on the 

processing of PAL video streams. The first step of the 

approach is a foreground/background segmentation. 

Due to nearly constant video background a simple 

algorithm has been designed performing a fast 

segmentation of the hand. The result is improved by 

morphological filters. A second filter operation creates 

a map of fingertip candidates. This map is segmented. 

After plausibility checks (e.g. size and geometry) the 

segmentation results from the left and right field are 

used for a selection of pairs of fingertip candidates. 

These data are transformed to an undistorted image 

coordinate system and the 3D positions are calculated. 

In a last step the relevant fingertip is selected. The 

finger being the closest to the physical plane of the 

screen is selected for being the current fingertip for 

pointing procedures. The tracking works in a field rate 

of 50 Hz. Fig. 2. shows the graphical user interface of 

the tracking software. 

Fig. 2.  GUI of the hand tracking software.

3. Non-Intrusive Eye Tracking Technology 

A real-time high-precision single-person video head 

tracker for display applications has been developed 

which outperforms most of the competing head 

tracking approaches. The eye location data are used 

for providing motion parallax and for controlling the 

optical system in a 3D display.  

The fully automated tracker employs an 

appearance-based method for initial head detection 

and a modified adaptive block-matching technique for 

head and eye location measurements in the tracking 

phase. A head tracking system that is intended to be 

used in a high-quality, autostereoscopic single user 3D 

display is required to fulfill some very important 

premises. In detail, it must provide: (a) high accuracy 

in terms of located head position; (b) robustness with 

respect to different users, fast head movements as well 

as changes in scene background and illumination; (c) 

Automatic initialization procedure in order to search 

for face candidates automatically without any user 

interaction.

Tracking results for three different users (with and 

without glasses) with different scene backgrounds and 

illumination conditions are shown in Fig. 3. As can be 

seen from the graphic, the tracking algorithm also 

works reliable for users that wear glasses. Depending 

on the cameras used in the setup, the head tracker 

locates the user’s eye positions at a rate of up to 120 

Hz. The measurements in metric (X, Y, Z) space have 

a resolution of 3 x 3 x 10 mm³ and are provided with 

respect to a local camera coordinate system. 

Fig. 3.  Users of the HHI video head tracker 

Beside initialization the initial reference eye 

patterns are scaled and rotated to correspond to 

different camera distances (see Fig. 4) and head 

orientations using an affine transformation. The 

resulting eye patterns are used by the head tracker to 

find the viewer’s eyes in the current live video images 

(multiple pattern approach). For high accuracy a sub-

pixel template matching is done.  

Fig. 4.  Tracked live- and reference eye patterns. 

4. The Interactive Free2C 3D Display 

Technology 

Most of the existing autostereoscopic displays 

impose fixed viewing positions. Others provide a 
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limited performance providing a multitude of fixed 

positions. In between these viewing zones an 

acceptable 3D impression cannot be generated. The 

Fraunhofer Free2C 3D display provides free 

positioning of a single viewer within an opening angle 

of approximately 50 degrees. A second common 

artefact of today’s available displays is the presence of 

crosstalk between left and right view. The display’s 

optics is designed such that extremely low crosstalk 

(<2%) are achieved providing the essential require-

ments for comfortable viewing of extended 

stereoscopic depth volumes
5

. The color reproduction 

(16.77 M colors), UXGA resolution (1200 x 1600 

pixels) and high brightness (> 200 cd/m²) emphasizes 

an excellent image quality. Stereoscopic images are 

presented in a size of 21.3 inches (in diagonal) 

The basic design of the interactive 3D display 

system is shown in Fig. 5. The modular design 

supports different solutions for certain scenarios on 

the basis of individual existing components or their 

combination. The 3D display system can be divided 

into four main functional parts: (a) the hand tracking 

and (b) head tracking system that has been described 

in section 2 and 3; (c) the kinematic system providing 

optimal stereo vision; (d) the visualization unit that 

prepares the content for the representation on the 3D 

display panel. 

Fig. 5. The complete interactive 3D display system 

The rendering hardware is based on a state-of-the-

art personal computer. The rendering software adjusts 

the presented scene with respect to user interaction 

and motion parallax and interlaces the left and right 

image for the stereoscopic presentation. 

The stereoscopic views are simultaneously 

reproduced in a column-interleaved format on a 

conventional LCD panel. The display is equipped with 

a lenticular lens raster, which steers the individual 

perspective images into the left and right eye 

respectively. To provide the user with a satisfying 3D 

reproduction within a sufficiently large viewing area 

the position of the lenticular is constantly re-adjusted 

according to the viewer's actual head position, which 

is measured by the video head tracking system. 

A novel dual-axes kinematic device adjusts a lens 

plate in real-time without any noticeable delay when 

the observer changes his/her viewing position. 

According to the viewer’s displacements the lens plate 

is tracked in dual axis in a precision of about 10 

microns that enables the viewer to perform lateral, 

frontal and upright movements while watching 

excellent stereoscopic video images. The implemented 

high-speed video head tracker operates at 120 Hz 

measurement rate. The main benefit results from a 

noiseless running, high velocity and accuracy and the 

use of manageable driving electronics.  

5. Gesture Interaction in Display Applications 

The Fraunhofer HHI’s Free2C 3D display systems
5

are provided with a vision-based recognition 

technique to facilitate deictic gestures. Typically the 

visual information of one finger provides sufficient 

service for interacting with most of the 2D or 3D 

target applications. Thus it is possible to freely 

navigate or control the mouse position, manipulate 

objects (e.g. rotate 3D objects) and to make system 

inputs by ‘pressing’ virtual 3D buttons. To press a 

button the user has to act like in the real world by 

moving the finger towards the object. An audio and 

visual feedback indicates the pressing event. 

Fig. 6.  Free2C 3D Kiosk and 3D Media Center 

Promising stereoscopic applications are immersive 

kiosk presentations applied in high-tech showrooms, 

convention halls, airports and shopping malls. With 

the Free2C Kiosk (see Fig. 6.) displayed 3D objects 
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can be rotated by simple gestures; virtual buttons can 

be pressed by pointing at them.  

The 3D Media Center (see Fig. 6.) has been expan-

ded with a stereoscopic colour camera providing live 

images of the user making it suitable for interactive 

communication applications in a high speed Internet 

environment. The 3D Media Center supports a 

selection of typical information, communication and 

entertainment applications like 3D online shopping, 

3D telephony and 3DTV
6

.

The iPoint Explorer (see Fig. 7.) is a monoscopic 

interactive information system e.g. for public places. 

It enables users to virtually explore popular travel 

areas by just pointing on a large screen. The iPE 

provides multimedia content like geographical data, 

3D models, videos and pictures of interesting sights 

and tours. Furthermore users are able to arrange the 

presented information to a personal digital travel 

guide. It is also intended to enable a wireless transfer 

of this personal digital travel guide to the user´s 

mobile device like PDA or mobile phone. 

Fig. 7.  The iPoint Explorer (iPE) 

6. Conclusion 

Recent developments in computer and information 

technology have stimulated a growing demand for 

novel interaction procedures. In future techniques 

conventional man-machine interaction based on 

passive switching devices like keyboard and mouse 

will be replaced by novel technologies. This paper 

describes methods for information exchange and latest 

developments at Fraunhofer HHI in the field of user-

friendly interaction technology. This comprises 

developments of 3D display technology that will be 

essential for advanced information output as well as 

novel vision based interaction technology for data 

input. In a new concept autostereoscopic displays 

have been combined with user interaction technology. 

The user is able to control the represented 

stereoscopic content within the display environment 

without need for specialized external equipment.  

Vision based interaction technologies like gesture 

and eye detection will gain in importance in future 

computer and display technology. The next generation 

gesture detection technology should include hand 

posture and gestures identification for more complex 

human computer interaction. Furthermore dynamic 

scene synthesis like gesture detection will be 

incorporated into advanced force feedback and speech 

recognition systems. However, there are still 

enormous challenges waiting for future R&D work. 

7. Acknowledgements 

This work has been supported by the European 

Commission within FP6 under Grant 511568 with the 

acronym 3DTV. 

8. References 

1. S. Lenman, L. Bretzner, B. Thuresson, “Computer 

Vision Based Hand Gesture Interfaces for Human-

Computer Interaction”, in Teknisk rapport TRITA-

NA-D0209, CID-rapport, 2002 

2. R.A. Bolt, “Put-that-there: Voice and Gesture in 

the graphics interface”, in Computer Graphics,

14(3), pp. 262-270, 1980. 

3. V.I. Pavlovic, R. Sharma, T.S. Huang. "Visual 

interpretation of hand gestures for human-

computer interaction: A review," in IEEE

Transaction on Pattern Analysis and Machine 

Intelligence, vol.19, no.7, July 1997. 

4. C. Colombo, A. Del Bimbo, A.Valli, “Visual 

capture and understanding of hand pointing actions 

in a 3-D environment” in IEEE Transactions on 

Systems, Man and Cybernetics, Part B, vol. 33, 

no.4, pp677-686, August 2003 

5. K. Hopf, P. Chojecki, F. Neumann, D. Przewozny, 

“Novel Autostereoscopic Single-User Displays 

with User Interaction”, in Proceedings of SPIE 

Three-Dimensional TV, Video, and Display V,

Boston, MA, USA, October 2006 

6. C. Fehn, K. Hopf, B. Quante, "Key Technologies 

for an Advanced 3D-TV System", in Proceedings 

of SPIE Three-Dimensional TV, Video and Display 

III, pp.66-80, Philadelphia, PA, USA, October 

2004.

46-1 / K. Hopf

IMID '07 DIGEST1230 .


	Main
	Return



