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Multi-touch Surfaces

• Technologies

• Workplaces

• Tangibles on Interactive Surfaces
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Why Multi-touch Surfaces?
• Single-touch is already very intuitive

• Touch at locus of attention (direct touch) 

• No additional device is necessary 

• Richer and more natural interactions
• Multiple fingers of one hand 

• Two-handed interaction 

• Further step towards Ubiquitous Computing

• Enables multi-user interaction 

• Tabletops already convenient working environment 

• Awareness
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Problems with Touch Input
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[Holz and Baudisch CHI ’11]

• Fast but in inaccurate• Fat finger problem

[Forlines et al. CHI ’07]
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Technologies

• Resistive

• Vision-based

• Frustrated Total Internal Reflection (FTIR) 

• Diffuse Illumination (DI) 

• Pixel Sense  

• Capacitive
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Resistive Touch Screens

• Flexible hard-coated outer membrane

• Conductive coating

• Insulating spacer dots

• Conductive coating

• Glass substrate
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Resistive Touch Screens
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Vision-based Touch Screens
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Tabletop

Projector IR Camera
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Frustrated Total Internal Reflection (FTIR)
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Projector IR Camera
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Diffuse Illumination (DI)
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Projector IR Camera

Tabletop
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Example of DI:  Microsoft Surface 1
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Diffused Surface Illumination
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Tabletop
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Reduced Form Factor

ThinSight
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FiberBoard

Microsoft Surface (Pixel Sense)
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Capacitive touch
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LCD Display

Transmitter

Gap

Receiver

Glass Surface
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In-class Exercise: Predicting Future

Will multi-touch interaction 
replace the desktop metaphor?
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Multi-touch Workspaces
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The DigitalDesk (Wellner,  CHI ’91)
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Abstract 
Multi-touch tabletops have been the focus of 

significant recent study but, to date, few devices have 
moved from prototype to installed use. In this paper, 
we present observation and analysis of a subject who 
has used a direct-touch tabletop as his primary 
computing environment for the past 13 months, driving 
all manner of applications in a standard MS Windows 
environment. We present the results of three research 
instruments: a structured interview with the user, an 
analysis of touch and click locations when operating in 
desktop and tabletop modes over several days, and 
linguistic analysis of email composition over several 
months. From the product of these instruments we then 
report on several open avenues for research, including 
physical parameters, hardware limitations, touch vs. 
click in the WIMP, and text entry techniques. 

1. Introduction 

Horizontal, direct-touch tabletops, which overlay 
large display and input surfaces, have recently been the 
focus of much study. Although a great number of 
experiments have been conducted which examine 
various aspects of tabletops, the majority of these 
experiments are conducted in a lab or similar setting, 
and require participants to perform some task over the 
course of several minutes or hours 
([4][6][7][9][10][12][14]). Although scientifically 
valid for answering specific research questions, these 
efforts have limited abilities to predict patterns and 
desires for long term users of direct-touch tabletops. 

In the present work, we describe the results of the 
study of an executive who has been using a direct-
touch tabletop in place of an office computer for the 
last 13 months. Because of the length, setting, and 
tasks performed by this user, a great deal of “in the 
wild” experience is reflected in his responses. In 
addition, we perform a pair of analyses in order to 
learn more about his use of the table: first, we report 
the locations and frequencies of touch events, and 
compare it to logs of his use of a traditional pointing 
device, in order to extend and validate previous results 
suggesting that touch table use differs from mouse use 
in this measure. Second, we report the results of a 
computational linguistic analysis of email messages 

sent over the 13 month period, comparing those 
composed on the tabletop and those typed on a regular 
keyboard. 

A touch table as a primary office system is outside 
its typically described use. It is our hope, however, that 
the insights gleaned by studying this user, who has 
chosen to use the table in this way for his work, will be 
helpful to the community. It is our aim, in conducting 
this research, to inform the design of general problems, 
rather than those encountered only in this type of use. 

1.1 Participant 

The participant, AB, is a marketing executive at a 
local research lab. The tasks performed on the table are 
every day office tasks, and are limited to common 
applications – very little custom software is included in 
his setup (Figure 1). AB’s use of the tabletop is 
motivated primarily by his work: his role is the 
marketing and sale of the touch table. The system 
driving the table is AB’s laptop, which he also uses on 
the road and at home, not connected to a touch table. 
This pairing of input devices has allowed us to perform 
some simple comparative statistics on table and 
desktop use. 

 

Figure 1. Our participant working at the touch 
table in his office. The table is his primary 
computer for everyday office tasks.

Second Annual IEEE International Workshop on Horizontal Interactive Human-Computer System
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Multi-touch Workspaces
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Weiss et al.: BendDesk 2
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Vertical vs. Horizontal Surfaces
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• Vertical • Horizontal
� Good for reading task �Annotation task
� Good for overviews �Placing everyday object on it
� Gorilla arm effect � Neck pain 
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Combining Horizontal and Vertical Surfaces
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ViCat (Chen, Tabletop ‘06) 

Tilted Tabletop 
 (Müller-Tomfelde,  ’08) 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Curved Surfaces
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Sun Starfire (Tognazzini, CHI ’94)

Curve (Wimmer, NordiCHI ’10)

BendDesk (Weiss , ITS ’10)
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BendDesk System Overview
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vertical

curve

horizontal
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Interaction on Curved Surface
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Interaction on Curved Surface

• Curve influences dragging performance

• Body mechanics matter

• Continuous gestures work, but haptic 
barrier

• Different cognitive mappings between  
2D vs. 3D space

• Vision-based touch screen!

33
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In-class Exercise: Predicting Future

Try to type on your smartphone 
without looking at the screen.
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Limited Haptic Feedback
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Tangibles on Interactive Surfaces
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Tangible User Interfaces

• Urp Underkoffler, Ishii CHI’ 99

• Urban planing simulator
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Tangible User Interfaces
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reacTable Jordà et al. TEI’ 0
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Tangible User Interfaces
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reacTable Jordà et al. TEI’ 0
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SLAP Widgets
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Keyboard

SliderKeypads

Knob

[Weiss et al. CHI ’09]
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SLAP Keyboard
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SLAP Knob
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jog wheel mode menu/value mode
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SLAP Knob
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value jog wheel menu hue
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Multi-Focus Policy
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Pairing
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Pairing
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Multi-Touch Table

Projector IR Camera

FTIR

48

Diffused
Illumination

Tabletop

raw background
subtracted

01
23 4

5 67
8

9

connected 
components

oriented spots



CTHCI - Simon Voelker

Widget Detection

Tabletop view
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IR camera view
(640x480, 120fps)

• Type
   “Knob”

• Id
   “2” α
• Status
   “150°,
    not pushed”

• Coordinate system
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Widget Detection
Keyboard Slider

Knob
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Keypad
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The eLabBench
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[Tabard et al. ITS ’11]
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Tabard

[Tabard et al. ITS ’11]

The eLabBench
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Tangibles on Capacitive Touch Screens

53

Capstones [Chan et al. CHI 2012]
CapWidgets [Kratz et al. CHI 2011]
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Tracking problem
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Summary

• Technologies

• Multi-touch Workspaces

• Tangibles 

• On optical systems 

• On Capacitive systems
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