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Learning Goals
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ÁWpfgtuvcpf"ҿ

The concept of bandwidth between human and system

The basic pointing, text entry, eye tracking, gesture and speech recognition techniques

The basic display and output techniques

What parameters can be tracked and rendered in HCI

The Midas touch problem and implications for user interfaces

ÁKnow 

How users can make input 

How users can receive output

About different technologies that can be used to classify input



Discussion 

What is the ultimate  user interface?
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The Perfect  System
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Atari Mindlink (1984, never released)
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http://www.atarimuseum.com/videogames/consoles/2600/mindlink.html 
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Computing Systems
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ÁA computer system for interactive use comprises various elements 

Input

speech & text entry : traditional keyboard, phone text entry, speech and handwriting

pointing : the mouse, touchpad, stylus, etc.

sensors/scanners : real world registration, AR/VR/3D interaction devices, biosignals

memory: recognition, contextual data, meta-data, distributed knowledge

Output

interactive : screens, displays, speakers (haptic, smell, sound, vision)

non-interactive : physical printers (2D, 3D)

memory: files & folders, databases, networks

Ą Memory can be both
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Input and Output (I/O)
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In- and Output
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Application  Domain

input output



In- and Output
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Application  Domain

input output

Pointing (Gestures) 
Textentry (Keyboard)

Drawing (Pen)
Direct Control
Speech, Audio
Video, Sensors

Context, Meta Data

Visual
Audio
Tactile
Smell
Taste

Temperature



In- and Output
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Application  Domain

input output

Pointing (Gestures) 
Textentry (Keyboard)

Drawing (Pen)
Direct Control
Speech, Audio
Video, Sensors

Context, Meta Data

Visual
Audio
Tactile
Smell
Taste

Temperature
bandwidth



In- and Output
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Application  Domain

input output

Pointing (Gestures) 
Textentry (Keyboard)

Drawing (Pen)
Direct Control
Speech, Audio
Video, Sensors

Context, Meta Data

Visual
Audio
Tactile
Smell
Taste

Temperature
bandwidth?



Bandwidth Simplified
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ÁHow difficult is it to click the highlighted field? 

ÁHow fast can you do it?

1 out of 128 (7 bit) 1 out of 16 (4 bit) 

1 out of 4 (2 bit) 1 out of 2 (1 bit) 



Reflections about Bandwidth
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ÁCommunication bandwidth is information in bits/second

ÁHuman input bandwidth?

Seeing < 6Mbit/s (conscious visual perception may be as low as 100bits/s)

Listening / hearing / touch / smell / taste

ÁHuman output bandwidth?

Speech: ~ 39 bits/second

Writing: ~ 200 characters/minute ~ 3 characters/second < 24 bits/s

Rqkpvkpi."vjkpmkpi.ҿ

ÁBandwidth is hart to tell!

4K TV has 8,000,000 pixels x 3-bit x 100 Hz ~ 20 Gbit/s

Low bandwidth for information intake (e.g., reading about 5 words/second)

Dwv"yg"ugg1jgct"kh"vjkpiu"ctg"ytqpi"*g0i0."owuke."oqxkg."ҿ+

ÁYour brain is a limiting factor!

Coupé, C., Oh, Y. M., Dediu, D., & Pellegrino, F. (2019). 
Different languages, similar encoding efficiency: 
Comparable information rates across the human 
communicative niche. Science Advances, 5(9), eaaw2594.



The Perfect  System
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What input device has the highest bandwidth?

Discussion
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Target Selection & Referential Pointing

Pointing Devices
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Image from: https://pxhere.com/de/photo/478405 
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Target Selection
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ÁCentral to most modern computing systems is the ability to point and select a 

target and to manipulate the target (by performing a function)

Particular in computer -aided design (CAD) where positioning and drawing are the major 

activities

ÁPointing devices allow the user to point , position and select items either directly or 

by manipulating a referential pointer on the screen

Some pointing devices can also be used for hand drawing although the skill of drawing 

with a mouse is very different from using a pencil

The mouse is still most common for desktop computers but is facing challenges as 

laptop and hand-held computing increase their market share

Dix, A., Finlay, J., Abowd, G. D., & Beale, R. (2003). Human-computer interaction. Pearson Education.



The Mouse
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ÁHand-held referential pointing device that detects two -
dimensional motion relative to the underlying surface

ÁMechanical

The German company Telefunken published on their early ball 
Rollkugelsteuerung (RKS) mouse on 2 October 1968

ÁOptical 

LED mice rely on one or more light-emitting diodes (LEDs) and 
an imaging array of photodiodes to detect movement relative to 
the underlying surface

A laser mouse is an optical mouse that uses coherent (laser) 
light for motion translation

Dix, A., Finlay, J., Abowd, G. D., & Beale, R. (2003). Human-computer interaction. Pearson Education.

Image from Douglas Engelbart and the Bootstrap Institute

Image from: Computermuseum, Fakultät Informatik, 
Universität Stuttgart

Image from 
https://en.wikipedia.org/wiki/Optical_mouse#/media/File:O
ptical_mouse_shining.jpg



Touchpads
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ÁTouchpads are pointing devices that use the electrical 

capacitance or resistance to determine the position of 

an object (e.g., a finger) on the surface of a pad

Extensively used in portable computers

Can now be obtained separately  

ÁOperated by stroking a finger over their surface, rather 

like using a simulated trackball

May require several strokes to move the cursor 

Require acceleration (see Transfer Functions) as the size of 

the touchpad does not match the size of the screen

Some support taps (clicks) and/or multi -finger touch

Image: Apple PowerBook 5300cs

Synaptics-Touchpad © Raimond Spekking / CC 
BY-SA 4.0 (via Wikimedia Commons)



Trackballs and Wheels
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ÁThe trackball is an upside -down mouse

A weighted ball faces upwards and is rotated inside a 

static housing, the motion being detected in the same way 

as with a mouse and a trackball facing downwards

ÁThumb and Scroll Wheels have dials to control the 

cursor position

Single thumbwheels are more often included on a 

standard mouse in order to offer an alternative means to 

scroll documents (scrolling requires you to grab a small 

scroll bar with a cursor and drag it down)

Logitech MX Ergo Trackball Wireless Mouse



Joysticks and Trackpoints
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ÁJoystick  is actually a cross lever for controlling devices 

and vehicles and used for computers to simulate them

The orientation is detected either via four electrical 

currents, optical signal transmitters (digital), or 

potentiometers (analogue stick)

Typically used to control locomotion when the simulated 

representation and referential device coincident in 3D space

ÁTrackpoints  (sometimes  called ҷnipplesҵ+"measure the 

force exerted on it using strain gauges, which are 

thereby elastically deformed

Images from NilsSchneider - TrackPoint auf einer IBM Tastatur 
https://de.wikipedia.org/wiki/Trackpoint#/media/Datei:Trackpoint.jpg

CC BY-SA 2.0 de, https://pxhere.com/de/photo/663324 , and https://pxhere.com/de/photo/1445601  

https://pxhere.com/de/photo/663324
https://pxhere.com/de/photo/1445601


Touchscreens
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ÁActually, the assembly of both an input (the touch panel) 

and output (the display) device

A resistive touchscreen  panel has one conductive layer along 

its sides, and another along top and bottom. When an object, 

such as a fingertip or stylus tip presses the upper layer down

they become connected and a voltage is applied

A capacitive touchscreen consists of an insulator (glass), 

coated with a transparent conductor. As the human body is also 

an electrical conductor, touching the surface of the screen 

results in a distortion of the screen's electrostatic field, 

measurable as a change in capacita

Allow multi -touch technology

A virtual keyboard before iOS 7 on an iPad
matt buchanan - originally posted to Flickr as 
Apple iPad Event CC BY 2.0 



Multi -Touch Devices
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ÁA multi -touch device has a surface (a touchpad or 

touchscreen) to recognize the presence of more than one 

point of contact with the surface at the same time

Firstly developed in 1972 by Bent Stumpe at CERN [1] and used 

to develop a new type of human machine interface (HMI) for the 

control room of the Super Proton Synchrotron particle 

accelerator [2] 

ÁPlural-point awareness are often be used to implement 

gestures, such as pinch to zoom 

[1] Stumpe, Bent (16 March 1977), A new principle for x-y touch system (PDF), CERN, retrieved 2010-05-25

[2] Brian Merchant (22 June 2017). The One Device: The Secret History of the iPhone. Transworld. ISBN 978-1-4735-4254-9.

Multi -touch. Willtron. CC SA 1.0(2022, September 
8). In Wikipedia. https://en.wikipedia.org/wiki/Multi -touch



Stylus and Digital Pen
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ÁA stylus is an input tool for touchscreen devices

A passive stylus acts just like any other object when touching a 

device resistive screen (such as a finger)

An active stylus includes electronic components that 

communicate with a deviceôs touchscreen controller

The components increase the precision of the device and help to 

prevent the problem accidentally contacting the screen with fingers 

or hands 

ÁA digital pen captures the handwriting or brush strokes of a 

user and converts analog information created using "pen 

and paper" into digital data

Image from 
https://pxhere.com/de/photo/722543  

https://pxhere.com/de/photo/722543


Digital pen. (2022, September 1) Dominary - Own work

neo smartpen captures what is written on paper CC BY-SA 4.0. In Wikipedia. https://en.wikipedia.org/wiki/Digital_pen  
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https://en.wikipedia.org/wiki/Digital_pen


Digitizing  Tablet
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ÁThe first electronic handwriting 

device was the Telautograph, 

patented by Elisha Gray in 1888 [1].

ÁA digitizer tablets are referential pointing devices (also 

called graphic tablets, pen tablets, drawing tablets, or 

digital art boards) enables a user to hand-draw images, 

animations and graphics on a surface and with a special 

pen-like stylus

No screen but often support pressure

Work similar to touchscreens (actively and passively) 

[1] Gray, Elisha (1888-07-31), Telautograph, United States Patent 386,815

Image from 
https://pxhere.com/de/photo/1083778  

https://pxhere.com/de/photo/1083778


Cursors Key
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ÁCursor keys are mainly used not for  pointing  but 

positioning

Fast for moving within discrete text/cells using up/down 

left/right in one direction

ÁThe WASD key combination brings the cursor keys to the 

left side of the desktop and allow 2D position changes 

with the left hand, while the right hand can still be used for 

right-hand target selection (target aiming).

John Carmack integrated WASD as an alternate layout in 

Quake II after a player called Dennis Fong had big success 

with WASD in tournaments 1997.

Image from 
https://pxhere.com/de/photo/1256374  

Image from 
https://pxhere.com/de/photo/414231  

https://pxhere.com/de/photo/1256374
https://pxhere.com/de/photo/414231


More Pointing Devices
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https://www.microsoft.com/buxtoncollection/  

https://www.microsoft.com/buxtoncollection/


More Pointing  Devices
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Which Manipulation Operator? 
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ÁExample: mapping a rotary controller to linear movement

Foto by: casers jean (CC BY 2.0)
https://www.flickr.com/photos/casers/125482678

Foto by: Etcha (CC BY-SA)
https://commons.wikimedia.org/wiki/File:Taj_
Mahal_drawing_on_an_Etch-A-Sketch.jpg



So many devices. Can we classify them? 
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ÁCriteria to assess input devices

continuous vs discrete ? 

agent of control (hand, foot, voice, eyes ...)? 

ÁDimensions in the Taxonomy

what is being sensed (position, motion or pressure), and 

the number of dimensions being sensed (1, 2 or 3)  

motor skills to operate (similar motor skills are in sub -columns)

touch vs. mechanical intermediary (directly touched vs devices that require a mechanical 

intermediary between the hand and the sensing mechanism (sub-rows)) 



A Taxonomy of Pointing Devices
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ÁDegrees of Freedom (DOF) / Dimensions

2 DOF, 6 DOF

1D / 2D / 3D

ÁDirect vs. Indirect Control (integration with the visual representation)

Touch screen is direct

Mouse, trackpad, trackball are indirect

ÁDiscrete vs. Continuous Sensing (resolution of the sensing)

Touch screen is discrete

Mouse, trackpad, trackball are continuous

ÁAbsolute vs. Relative Transfer (movement/position used as input)

Touch screen is absolute

Mouse is relative



Degrees of Freedom (DOF)
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Á1 DOF

Slider or Knob to control the volue

Á2 DOF 

Mouse - you can move it in X and Y 

Touchpad ҭyou move on it in X and Y

Á3 DOF

Mobile phone to rotate an object on the screen

Hypothetical device: a mouse that also registers rotation

Á6 DOF

Input devices that can control translation (x, y, z) as well as 
rotation (pitch, yaw, roll) in 3D space

Katzakis, N., & Hori, M. (2010, March). Mobile 

devices as multi-DOF controllers. In 2010 

IEEE Symposium on 3D User Interfaces 

(3DUI) (pp. 139-140). IEEE.



Controller Resistance
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ÁIsometric (infinite resistance )

Device/handle is not moved 

Pressure devices / force devices 

Infinite resistance

Device that senses force but does not perceptibly move 

Force is mapped to rate control of the cursor (typical) or to 

absolute position 

ÁIsotonic (free moving)

Device/handle is moved

Displacement devices, free moving devices or unloaded devices 

Zero or constant resistance  (resistance stays the same)

Displacement of device is mapped to displacement of the cursor



Controller Resistance
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ÁElastic

Device/handle is moved

FgxkegҲu"tgukuvkxg"hqteg"kpetgcugu"ykvj"fkurncegogpv"*cnuq"ecnngf"urtkpi-loaded)

Device can sense displacement or force

Force/displacement is mapped to rate control of the cursor (typical) or to absolute 

position 

ÁViscous

Resistance increases with velocity of movement

ÁInertial

Resistance increases with acceleration



A Taxonomy of Pointing Devices
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Buxton, W. (1983). Lexical and Pragmatic Considerations of Input Structures. Computer Graphics, 17 (1), 31-37. http://www.billbu xton.com/lexical.html

http://www.billbuxton.com/input04.Taxonomies.pdf 



A Taxonomy of Pointing Devices
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Buxton, W. (1983). Lexical and Pragmatic Considerations of Input Structures. Computer Graphics, 17 (1), 31-37. http://www.billbu xton.com/lexical.html

http://www.billbuxton.com/input04.Taxonomies.pdf 



Physical Properties of Input Devices
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Card, S. K., Mackinlay, J. D. and Robertson, G. G. (1991). A Morphological Analysis of the Design Space of Input Devices. ACMTransactions on Information Systems 9(2 April): 99 -122 
https://dl.acm.org/doi/pdf/10.1145/123078.128726 

Linear Rotary

Position

Absolute P (Position) R (Rotation)

Relative dP dR

Force

Absolute F (Force) T (Torque)

Relative dF dT



Design Space of Input Devices
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Card, S. K., Mackinlay, J. D. and Robertson, G. G. (1991). A Morphological Analysis of the Design Space of Input Devices. ACMTransactions on Information Systems 9(2 April): 99 -122 
https://dl.acm.org/doi/pdf/10.1145/123078.128726 



Design Space of Input Devices
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Card, S. K., Mackinlay, J. D. and Robertson, G. G. (1991). A Morphological Analysis of the Design Space of Input Devices. ACMTransactions on Information Systems 9(2 April): 99 -122 
https://dl.acm.org/doi/pdf/10.1145/123078.128726 



Design Space of Input Devices
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Card, S. K., Mackinlay, J. D. and Robertson, G. G. (1991). A Morphological Analysis of the Design Space of Input Devices. ACMTransactions on Information Systems 9(2 April): 99 -122 
https://dl.acm.org/doi/pdf/10.1145/123078.128726 

3



Design Space of Input Devices: Mini Exercise
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Card, S. K., Mackinlay, J. D. and Robertson, G. G. (1991). A Morphological Analysis of the Design Space of Input Devices. ACMTransactions on Information Systems 9(2 April): 99 -122 
https://dl.acm.org/doi/pdf/10.1145/123078.128726 

1 ?



Design Space of Input Devices: Mini Exercise
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Card, S. K., Mackinlay, J. D. and Robertson, G. G. (1991). A Morphological Analysis of the Design Space of Input Devices. ACMTransactions on Information Systems 9(2 April): 99 -122 
https://dl.acm.org/doi/pdf/10.1145/123078.128726 

1



Input Devices as a Six-Tuple
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ÁM is the manipulation  operator

ÁIn is the input domain

ÁS is the current state of the device

ÁR is a resolution function  mapping from the input to the output  domain

ÁOut is the output  domain set

M: Rz (rotation)
In: [0,360]
S: r=45
R: f(r)
Out: [0,360] steps 15°
W: NIL
---
Application: 

select function

M: dPx,y

In: ([0,20];[0,20])
S: p=(0;0)
R: f(p)
Out: ([0,1920];[0,1080]) 
W: NIL
---
Application: 

cursor position on screen

M: Px,y

In: ([0,300];[0,200])
S: p=(0;0)
R: g(p)
Out: ([0,1920];[0,1080]) 
W: NIL
---
Application: 

cursor position on screen

M: Fx,y

In: ([0,100];[0,100])
S: p=(0;0)
R: h(p)
Out: ([0,1920];[0,1080]) 
W: NIL
---
Application: 

cursor position on screen



Transfer Functions 
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ÁA referential pointing device is moved across a surface in X and Y 

The device reports the movement as changes to x and y (mostly dx and dy)

The resolution of the updates relate to the resolution of the sensor in the mouse (DPI)

ÁHow often the changes are reported relates to the polling rate

e.g., 100Hz means you get an update every 10 ms, 500Hz gives an update every 2 ms

ÁWe assume your cursor is at a certain position on the screen (Sx, Sy)

Your transfer function updates the screen position of the cursor based on the received 

values:

(Sx,Sy) = f(Sx, Sy, dx, dy)



Transfer Functions
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ÁPosition control to map translation

device displacement 

absolute force

ÁRate control to cursor velocity

force 

displacement

ÁAcceleration control of the cursor

force 

displacement

Zhai, Shumin. Human performance in six degree of freedom input control. PhD Thesis. University of Toronto, 1996. p18 https://www.talisman.o rg/~erlkonig/misc/shumin -zhai%5Ehuman-
perf-w-6dof-control.pdf



Transfer Functions
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ÁThe physical movement of the 

pointing device is translated into the 

movement of a UI cursor

There are different functions, default 

values, and parameters for different 

operating systems (mainly contribute 

to the look-and-feel of the OS)

There are also ideas for user-defined 

and adaptive transfer  functions

GéryCasiez and Nicolas Roussel. No more bricolage!: methods and tools to characterize, replicate and compare pointing transfer functions . In Proceedings of the 24th annual ACM 
symposium on User interface software and technology, pages 603ҭ614. ACM, 2011.
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Gestures
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Keyboards, Handwriting & Speech

Text Entry
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Keyboards
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ÁAre used to enter textual signs for human-readable language 

depend on the language

ÁA keypress on a board closes a current connection , causing a character code to be 

sent to the computer

Training required, but people can achieve high input rates

ÁOne aspect of keyboards that is important to users is the ұhggnҲ"qh"vjg"mg{u

Some keyboards require a very hard press, whilst others are lighter

The distance that the keys travel also affects the tactile nature of the keyboard

Oquv"pqvgdqqm"eqorwvgtu"ctg"ұjcnh-vtcxgnҲ"mg{dqctfu



Alphanumeric  Keyboard
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ÁEmerged from mechanical  typewriters

Hitting a key caused a mechanical letter arm to shoot 
towards the carriage

If two arms flew towards the paper quickly, they often 
jammed ĄQWERTY reduced to probability of jamming

ÁElectric typewriters and now the computer keyboard 
are not subject to the original mechanical 
constraints, but the QWERTY keyboard remains the 
dominant layout

Social reasons: the vast base of trained typists would 
be reluctant to relearn their craft

Dix, A., Finlay, J., Abowd, G. D., & Beale, R. (2003). Human-computer interaction. Pearson Education.



Dayi Method and Chinese Character Input 

Prof. Dr. Valentin Schwind 56Text Entry

ÁA chinese character is built by 
combining up to four of 46 characters

ÁDayi is a system for entering Chinese 
characters on a standard QWERTY 
keyboard using the set of 46 character 
components

needs the correct sequence of keys to 

enter

Chinese writing stroke order: "top first, 
then bottom", "left first, then right".

e.g., Ą (FBR.)

A Chinese keyboard with Dayi hints by Cangjie6 CC BY-SA 4.0 https://en.wikipedia.org/wiki/Dayi_method

https://www.digmandarin.com/how -to-type-in-chinese.html

https://en.wikipedia.org/wiki/Dayi_method


The DVORAK Keyboard
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ÁThe DVORAK keyboard (1930) uses a similar layout of keys to the QWERTY 

system, but assigns the letters to different keys

ÁThe keyboard is designed to help people reach faster typing speeds (later studies 

are inconclusive, today studies show no advantage)

Biased towards right-handed people

The layout of the keys also attempts to ensure

that the majority of keystrokes alternate between 

hands, thereby increasing the potential speed

Supposed to reduce repetitive strain injury (RSI)

Image from Nayu Kim - https://www.flickr.com/photos/41506934@N03/4039885305/in/photolist -79Zt9V

IBM Model M keyboard in Dvorak CC BY 2.0



Chord Keyboards
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ÁEmerged by stenographers (two handed)

Incredible typing speeds with trained users

ÁTakes some days for training

ÁLetters (and even words) can be produced by pressing one 

or more keys at once

ÁExtremely compact , fast, and suitable for one-handed 

operations

ÁSocial resistance

Dix, A., Finlay, J., Abowd, G. D., & Beale, R. (2003). Human-computer interaction. Pearson Education.



Braille Keyboards

Prof. Dr. Valentin Schwind 59Text Entry

Braille Keyboard Cover (with keyboard) Brand: 
A2i, Image from 
https://www.amazon.co.uk/Braille -Keyboard-
Cover-with-keyboard/dp/B008OI60P4 

ATM keypad with braille. Redspotted from 
London, UK - ATM keypad 2/4 CC BY 2.0 
https://commons.wikimedia.org/wiki/File:ATM
_keypad_with_braille.jpg#/media/File:ATM_key
pad_with_braille.jpg

Chord Braille computer keyboard, DASA Museum, Germany. Marcin Wichary -
https://www.flickr.com/photos/mwichary/2251355897/sizes/l/in/photostream
/ CC BY 2.0

https://www.amazon.co.uk/Braille-Keyboard-Cover-with-keyboard/dp/B008OI60P4
https://www.amazon.co.uk/Braille-Keyboard-Cover-with-keyboard/dp/B008OI60P4
https://commons.wikimedia.org/wiki/File:ATM_keypad_with_braille.jpg#/media/File:ATM_keypad_with_braille.jpg
https://commons.wikimedia.org/wiki/File:ATM_keypad_with_braille.jpg#/media/File:ATM_keypad_with_braille.jpg
https://commons.wikimedia.org/wiki/File:ATM_keypad_with_braille.jpg#/media/File:ATM_keypad_with_braille.jpg
https://www.flickr.com/photos/mwichary/2251355897/sizes/l/in/photostream/
https://www.flickr.com/photos/mwichary/2251355897/sizes/l/in/photostream/


Phone Pad and T9
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ÁWith mobile phones used for SMS 
messaging (see and WAP, the phone 
keypad has become an important form of 
text input

ÁA phone only has digits 0ҭ9, not a full 
alphanumeric keyboard.

For text input the numeric keys are usually 
pressed several times

The T9 algorithm uses a dictionary to 
disambiguate words by simply typing the 
relevant letters once

Ąұ5;48975Ҳ"dgeqogu"ұgzcorngҲ

Dix, A., Finlay, J., Abowd, G. D., & Beale, R. (2003). Human-computer interaction. Pearson Education.



Handwriting Recognition
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ÁWe consider handwriting (and speech) as very natural forms of 

communication and text input

Recognition problem: the variation between the handwriting of 

individuals is large and letters are written differently according to 

the preceding and successive ones

No systems in use today that are good at cursive script recognition

cursive script recognition
When letters are individually written (small separation) the success 

of handwriting recognition becomes better but the user must adapt

Dix, A., Finlay, J., Abowd, G. D., & Beale, R. (2003). Human-computer interaction. Pearson Education.



Speech Recognition
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ÁComputational linguistics develop methodologies and technologies that enable the 

recognition and translation of spoken language into text by computer with voice-

based interfaces and mostly require or support also speech synthesis

automatic speech recognition (ASR) 

speech to text (STT)

ÁMost ASR systems today are based on neural networks  and require extensive 

training for different language models

Attention -based models such as, ҷNkuvgp."Attend."cpf"Urgnnҵ"*NCU+."do not have 

conditional -independence assumptions and can learn all the components of a speech 

recognizer including the pronunciation, acoustic and language model directly (end-to-end)

Chorowski, Jan; Jaitly, Navdeep (8 December 2016). "Towards better decoding and language model integration in sequence to sequence models". arXiv:1612.02695 [cs.NE].



Natural Language Processing (NLP)
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ÁNLP combines computational linguistics Үrule-based modeling of human 

languageҮwith statistical, machine learning, and deep learning models.

ÁThere are four key objectives in NLP:

Speech Recognition: Converting spoken language into text (text-entry) 

Language Understanding: Involves parsing and understanding human language in a way 

that a computer can process. 

Sentiment analysis, language detection, and contextual understanding

Language Generation: Generating human-like text based on input data

Text abstraction, text summarization, language translation, and content generation

Text-to-Speech: Speech synthesis and converting written text into spoken words

Virtual assistants and read-aloud features
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Image from: https://pxhere.com/de/photo/1058439  

https://pxhere.com/de/photo/1058439


Gestures
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ÁGestures are essential part of non-verbal communication  between humans and 
supports people in transporting  commands , metaphors , emotions , and rhythm .

ÁPhysical movements d{"c"wugt"ҿ

must be detected  using a device

must be interpreted  using a classifier

ÁDifferent classes of gestures [1,2]:

Online/Continuous manipulations like moving, scaling, rotating (e.g., pointing on a 
screen)

Offline /Discrete events processed after the interaction has completed (e.g., pinching to 
open a menu)

[1] Dietrich Kammer, Mandy Keck, Georg Freitag, Markus Wacker, Taxonomy and Overview of Multi-touch Frameworks: Architecture, Scope, and Features Archived 2011-01-25 at the 
Wayback Machine

[2] "touchless user interface Definition from  PC Magazine Encyclopedia". pcmag.com. Retrieved 2017-07-28.



Gestures of Body Parts
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ÁHand Gestures: Common in touch-based interfaces (like smartphones and tablets) 
and in virtual or augmented reality environments

Touchless : without physical touching a device (often called mid-air gestures )

Touch-based: with touching or holding a device

Examples include pinching, swiping, and tapping

ÁArm Gestures: Often used in immersive environments, like VR, where broad 
movements are tracked for interactive experiences

ÁFacial Gestures / Mimics : Facial expressions or head movements used for 
interaction, especially in accessibility contexts where traditional input methods 
might not be feasible

ÁBody Gestures: Full-body movements, often used in gaming or simulation 
environments



Hand Gestures
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ÁSpecific movements or positions of the hands and fingers that 
are used to communicate commands or inputs to a computer 
system

Static Gestures involve a specific hand shape or position, with little 
to no movement.

E.g., holding fingers in a certain configuration 

Dynamic Gestures involve movement of the hands or fingers

E.g., swiping, pinching, or waving

ÁTechnologies for detecting hand gestures

Mid-Air: e.g., camera-based systems, IMUs with accelerometers or 
gyroscopes 

Touch-based: e.g., resistive and capacitive touchscreens

Images from: Nuzzi, C., Pasinetti, S., Pagani, R., Coffetti , G., & Sansoni, G. (2021). HANDS: an RGB-D dataset of static  hand-gestures for human-robot interaction . Data in Brief, 35, 106791. 
doi: 10.1016/j.dib.2021.106791, https://techpp.com/2022/05/04/mac -trackpad-gestures-guide/ , 

https://techpp.com/2022/05/04/mac-trackpad-gestures-guide/


Example: 2D Hand Recognition
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https://techvidvan.com/tutorials/hand -gesture-recognition -tensorflow -opencv/  

https://techvidvan.com/tutorials/hand-gesture-recognition-tensorflow-opencv/


Arm Gestures
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ÁMovements or poses of the arm and hand that are used 

to communicate with or control a computer system, 

particularly in spatially oriented or physically engaging 

applications

ÁAllow natural forms of interaction , where the user's 

physical actions are integrated into the experience

ÁCharacteristics of arm gestures

Spatial orientation : required for almost all actions

Expressiveness: suitable for actions requiring larger motion

Intensity : indicating physical effort

Wu, Y., Wu, Z., & Fu, C. (2018). Continuous Arm Gesture 
Recognition Based on Natural Features and Logistic  
Regression. IEEE Sens. J. Retrieved from 
https://www.semanticscholar.org/paper/Continuous -Arm-
Gesture-Recognition-Based-on-Natural-Wu-
Wu/3968dd5cf0ea78a66897423b87de68984a06c4d4



Mid-Air Pointing
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Eye-Finger Raycast (EFRC)

Index Finger Raycast (IFRC)

Forearm Raycast (FARC)
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Deictic Pointing
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Deictic Pointing  in VR

Prof. Dr. Valentin Schwind 73Gesture and Activity Recognition

Sven Mayer, Jens Reinhardt, Robin Schweigert, Brighten Jelke, Valentin Schwind, Katrin Wolf, and Niels Henze. 2020. Improving Humans' Ability to Interpret Deictic Gestures in Virtual 
Reality. Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems. Association  for Computing Machinery, New York, NY, USA, 1ҭ14. 
DOI:https://doi.org/10.1145/3313831.3376340 



https://de.m.wikipedia.org/wiki/Microsoft_PixelSense  Microsoft PixelSense-Vkuej"Gtiqpqokfgukip"һ"EE"D[-SA 3.0
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https://de.m.wikipedia.org/wiki/Microsoft_PixelSense


Gesture Recognition Algorithms
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ÁMost techniques rely on pointers represented through coordinates

3D-based

Volumetric  (3D model approximation )

Skeleton (joint angle parameters and segment lengths)

Image/Video/ Appearance-based

2D pattern matching  based on deformable templates  and feature detection 

(e.g., touchscreens)

Electromyography  (EMG)

Classification of data received from the muscles

ÁFeatures from those algorithms serve as input for classification.

Hidden Markov models or artificial neural networks are often used 

for this purpose.

Images from : https://thenewstack.io/kinect -for-
app-development 
Eadicicco, L. (2016). This Futuristic  Armband Lets 
You Control Your Computer Like Magic. Time. 
Retrieved from https://time.com/4173507/myo -
armband-review

https://thenewstack.io/kinect-for-app-development/
https://thenewstack.io/kinect-for-app-development/


Example: EMG-based Gesture Detection using MyoBand

Prof. Dr. Valentin Schwind 76Gesture and Activity Recognition

ÁThe MyoBand also has an IMU (next slide)

https://gfycat.com/gifs/search/myo+armband  

https://gfycat.com/gifs/search/myo+armband


Inertial Measurement Units (IMU)
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ÁAn electronic device (today just a microchip) that can  

measure and report

c"dqf{Ҳu"urgekhke"ceegngtcvkpi"hqteg"wukpi"cp"accelerometer

orientation of the body using a gyroscope

surrounding magnetic fields using magnetometers (compass) 

locate the body on earth with a GPS sensor

ÁOften suffer from drifts and ever-increasing differences 

between where the system thinks it is located and the 

actual one

Apollo Inertial Measurement Unit by 
ArnoldReinhold - CC BY-SA 4.0 
https://en.wikipedia.org/wiki/Inertial_measure
ment_unit#/media/File:Apollo_IMU_at_Draper_
Hack_the_Moon_exhibit.agr.jpg

9-DoF IMU SiP breakout board, Sold for $16 by 
SparkFun in 2019. CC BY 2.0 
https://en.wikipedia.org/wiki/Inertial_measure
ment_unit#/media/File:SparkFun_9DoF-IMU-
Breakout_LSM9DS1_13284-03.jpg

https://en.wikipedia.org/wiki/Inertial_measurement_unit#/media/File:Apollo_IMU_at_Draper_Hack_the_Moon_exhibit.agr.jpg
https://en.wikipedia.org/wiki/Inertial_measurement_unit#/media/File:Apollo_IMU_at_Draper_Hack_the_Moon_exhibit.agr.jpg
https://en.wikipedia.org/wiki/Inertial_measurement_unit#/media/File:Apollo_IMU_at_Draper_Hack_the_Moon_exhibit.agr.jpg
https://en.wikipedia.org/wiki/Inertial_measurement_unit#/media/File:SparkFun_9DoF-IMU-Breakout_LSM9DS1_13284-03.jpg
https://en.wikipedia.org/wiki/Inertial_measurement_unit#/media/File:SparkFun_9DoF-IMU-Breakout_LSM9DS1_13284-03.jpg
https://en.wikipedia.org/wiki/Inertial_measurement_unit#/media/File:SparkFun_9DoF-IMU-Breakout_LSM9DS1_13284-03.jpg


Gesture Recognition using IMUs
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K. Suri and R. Gupta, "Classification of Hand Gestures from Wearable IMUs using Deep Neural Network," 2018 Second International Conference on Inventive Communication and 
Computational Technologies (ICICCT), 2018, pp. 45-50, doi: 10.1109/ICICCT.2018.8473301.

Public Domain. Image from 
https://de.wikipedia.org/wiki/Eingabeger%C3%A4t#/media/Datei:
Wiimote-in-Hands.jpg 

https://de.wikipedia.org/wiki/Eingabeger%C3%A4t#/media/Datei:Wiimote-in-Hands.jpg
https://de.wikipedia.org/wiki/Eingabeger%C3%A4t#/media/Datei:Wiimote-in-Hands.jpg


Example: 3D Body/Skeleton Gesture Recognition
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https://docs.openvino.ai/latest/omz_demos_human_pose_estimation_demo_python.html

Liu, C.; Szirányi, T. Real-Time Human Detection and Gesture Recognition for On-Board UAV Rescue. Sensors 2021, 21, 2180. https://doi.org/10.3390/s21062180

https://docs.openvino.ai/  

https://docs.openvino.ai/latest/omz_demos_human_pose_estimation_demo_python.html
https://doi.org/10.3390/s21062180
https://docs.openvino.ai/


Face Gestures
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ÁFacial gestures, often referred to as facial 

expressions or facial mimics , are a form of non-

verbal communication where facial movements and 

expressions are used to interact with computer 

systems

ÁLeverages the natural and nuanced capability of the 

human face to convey a wide range of emotions and 

intentions

ÁFace recognition raises significant privacy concerns 

as a face can be identified; users must be informed 

and consent obtained.

Imamura, M., Tashiro, A., Kumano, S., & Otsuka, K. (2023). Analyzing 
Synergetic Functional Spectrum from  Head Movements and Facial 
Expressions in Conversations. ICMI '23: Proceedings of the 25th 
International Conference on Multimodal Interaction. Association  for 
Computing Machinery. doi: 10.1145/3577190.3614153



Example: Controlling AR with Hand and Face Gestures
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Weng, Y., Yu, C., Shi, Y., Zhao, Y., Yan, Y., & Shi, Y. (2021). FaceSight: Enabling Hand-to-Face Gesture Interaction on AR Glasses with a Downward-Facing Camera Vision. CHI '21: Proceedings 
of the 2021 CHI Conference on Human Factors in Computing Systems. Association for Computing Machinery. doi: 10.1145/3411764.3445484


