Designing Touch: Touch-Effort for Tactile Input Based on Laban Effort-Shape Analysis
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ABSTRACT

In this paper, we describe the development of a parameterized touch-effort recognition system for use with systems that require qualitative information about user’s intentionality within a real-time environment.

The parameterized model provides high-level, qualitative and 'intentional' interpretations for the interface, which is used to derive a set of touch-efforts for the interaction model; the parameters are based on Laban's Effort-Shape Analysis system, which has been used to analyze and describe movement effort qualities in 3D space.  Laban’s system is adapted here to describe the qualitative aspects of caress as a function of tactility. A set of fourteen touch-efforts have been modeled and tested based upon a set of extracted tactile parameters.

A touch-sensitive tablet or wearable armband, capable of rapidly detecting multiple simultaneous contacts, is used to provide a source of tactile gestures (such as caressing, pressing, tapping, gliding, slapping, patting). The data from the input device is locally processed and then interpreted by pattern processing algorithms to extract parameters and for the evaluation of the touch-shape.
KEYWORDS

Pen and Tactile Input, Input and Interaction Technologies, Multidisciplinary Design / Interdisciplinary Design, User-Centered Design / Human-Centered Design, User Experience Design / Experience, gestural analysis, tactile input, gesture recognition, gesture toolkit, Laban Effort-Shape analysis, movement analysis, gesture-based interface, whole hand input, Max/MSP, Tactex MTC

Intentionally




blank
[image: image1.jpg]Light- Indirect - Sudden

Light-Divect- Sudden

FLICK DAB
HRB HLB
'\ 7
HRF : 43
FLOAT S &\ Line
Light - Indirect: Sustained SN //// Light-Djrect- Sustained
Z\ ~ \ V4
NN/
‘ I~
' 7
. \
P s \ o
/ '/ijABH' """"""" : H
. PUNC
#-*" StrongIndirect Su‘jde”\ Strong - Direct - Sudden

WRING ,
S’Lrontj- Indirect- Sustained

PRESS . ,
Strong-Dtrect-Sustamed




Figure 1.
INTRODUCTION
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Figure 2.
IMPLEMENTATION

The implementation of our parameterized gestural interface uses a Tactex MTC-Express (Multi-Touch Controller) pad (www.tactex.com) in conjunction with the “eyes” plug-in (www.squishedeyeball.com) for the MAX/MSP graphical environment for music, audio and multimedia (www.cycling74.com).

Data from the MTC pad is input as an 8 bit, 6 by 12 pressure image into the “eyes” environment within MAX/MSP, with some filtering performed using the internal DSP of the MTC. The image is then processed as a visual representation used by the “eyes” software, to extract ten (out of twelve) parameters that we have identified as representing physical values that can be extracted or calculated from the information that the MTC pad provides over time. These parameters are described in Table 1.
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Figure 3.
	Parameter:
	
	Description

	pressure
	soft-hard
	The intensity of the touch, how hard or soft.

	time
	short-long
	The length of time a gesture takes. 

	size
	small-medium-big
	The size of the part of the interaction object that touches the pad.

	number
	one-many
	The distinction between one finger or object and many fingers.

	speed
	none, slow-fast
	The speed of a touch-effort. This is the overall velocity of movement. This parameter is not used directly to distinguish efforts, but is used to determine space.

	direction
	none, left, right, up, down, and four diagonals
	The direction of movement. This parameter is not directly used to distinguish efforts, but is used to determine space and path.

	Secondary:
	
	 

	space (speed)
	stationary-traveling
	A function of speed. If speed is zero, then the gesture is stationary, otherwise it’s traveling.

	path (direction)
	straight-wandering
	If the speed is not zero, and there are no more than one direction registered, the gesture is straight.

	disposition (pressure)
	constant-varying
	If the pressure maintains a single value after an initial acceleration, the gesture is constant, otherwise it’s varying.

	disposition (size)
	constant-varying
	Not used.

	disposition (number)
	constant-varying
	Not used.

	pattern (gesture)
	continuous-repetitive
	If a gesture is unique in relation to the gesture immediately before and after, it is continuous. Any repeated action or gesture is classified as repetitive.


Table 1.

We have identified fourteen touch-efforts, based upon discussions between members of our team. This is an initial pass at a possible set of touch-efforts and further research must be done to determine if they are representative. We recognize that there is a wide degree of subjectivity in the evaluation of touch-effort both within and between cultures and do not present these as a comprehensive or verifiably representative list.

We chose twelve touch-efforts to extract, out of the set that we identified, based upon what we perceive as possible for the computer to distinguish, given the sensor data we have available and the parameters we are extracting. The fourteen efforts that have been identified are listed and described in Table 2.

	touch-effort
	Description

	tap
	A soft, short, small, touch, usually rendered with a single finger.

	pat
	A bigger version of “tap” and a soft version of “slap”. Usually rendered with an open hand or palm.

	hold
	A lingering, soft, big, touch. A “hold” has an encompassing feel.

	touch
	“Touch” is a small version of “hold”. It is an indication of comfort and is rendered with the fingers, hand, or palm.

	stroke
	A traveling touch, soft but directional, rendered with fingers, hand or palm.

	glide
	A traveling, meandering, touch. Soft and directionless and rendered with the fingers, hand, or palm.

	jab
	A hard, short, small, touch. A hard poke by a finger or blunted object. Also known as “poke”.

	knock
	A medium-sized, fist against, rapping hard. In our scheme, it is different than “jab” and “slap” in size only.

	slap
	An open handed, hard, short, touch. In our scheme, a large version of “jab” and “knock”.

	press
	This is a long, hard, touch.

	rub
	This is a moving, hard, touch.

	knead
	Kneading involves many fingers moving hard and in a slightly wandering fashion.

	other touch-
	efforts not attempted in this system:

	punch
	This is like a “knock”, but is different in intensity and slightly different in timing.

	flick
	This is like a “jab”, but is slightly different in shape over time. A “flick” travels slightly in relation to a “jab”, which is more stationary.


Table 2.

Since the goal is to extract the overall quality of the touch, and the MTC pad is small, it is assumed that all readings from the pad come from one hand (not necessarily true, but useful as a starting point). It is also assumed that, at any given moment, there is only one touch-effort intended by the user. For instance, the person is not tapping with one finger and jabbing with another. With these assumptions, it becomes possible to ignore differences between areas within the pressure image that are distinct and to measure values as a collective between these regions.

To simplify the decision process used to determine what quality of touch is used, we take a fuzzy approach and use some techniques borrowed from Laban. The rationale for this is that parameters generally aren’t represented linguistically by gradations of numbers, but are described in more dualistic terms such as “soft” or “hard”, “fast” or “slow” and “short” or “long”. There are exceptions to this rule, such as the parameter size, where it is useful to think of three or four levels (“small”, “medium”, and “big”) within the context of the MTC pad. Also, time can be divided more finely into “short” and “long” (“long” being not “short”). By categorizing each parameter into two or three qualitative values, the number of possible touch-efforts is reduced to a manageable quantity, more representative of the actual types of touches that we have identified.

After the extraction of a numeric value for each of the parameters below, they are quantized into one of four (or five) states: not active, between one extreme or the other and the two or three quantized values. Quantized values are subject to thresholds that currently must be determined empirically.

Pressure (soft-hard), 

Size (small-medium-big), 

Speed (fast-slow), 

Time (brief-long), and 

Direction (eight directions)

These four parameters are the easiest to extract because they can be determined by simple image processing techniques of segmentation and region extraction. Pressure and size are determined after segmentation by averaging or lumping all pixels above a noise threshold into one value.

Speed is a challenge because several blobs may move in a way that doesn’t represent the overall speed at which things are moving. Here we distinguish between direction and speed: direction is signed, and speed is always positive.  By adding up the speeds of all regions a usable picture emerges.

The pressure value was initially used to signify the beginning and ending of gestures in order to simplify the process of getting a prototype running. Later we incorporated Markov analysis to determine the beginnings and endings of gestures using all parameters as input.

Number (one-many)

Since the goal is to determine if one finger, a hand, or many fingers are touching, a simple and fast algorithm is used that may not be correct in all cases, but is useful and reliable enough to determine whether or not there is one or several things touching the pad. The algorithm segments the image into 32 slices at various intensities and counts the number of regions within each slice. The slice with the most blobs (distinct regions) represents the number of fingers or objects touching the pad. This works because people rarely touch one finger at one pressure and another finger at another pressure.

Two-finger gestures tend to be the most difficult to analyze because two fingers often look like one even to the human eye, at the low resolution of the MTC pad. Perhaps with a higher resolution device or more complex shape analysis, this problem could be more reliably resolved.

The algorithm can be improved by increasing the number of slices and thus the resolution, and by incorporating an analysis that does a merge step between regions extracted from each slice. This has not been implemented because it goes beyond the reliability required to measure touch-efforts.

Space (stationary-traveling)

The space parameter is a function of speed and location. The decision algorithm works as follows: If the speed is zero, then nothing is moving, and everything is stationary. If it’s not stationary, then it’s moving. Space is used to distinguish the touch-efforts of glide and stroke from the other touch-efforts.

Path (straight-wandering)

Path is determined as a function of direction. If there are no, or minimal, direction changes during a gesture, it evaluates to a straight path. If it’s not a straight path it must be a wandering path. Direction is quantized into eight angles as in Laban: left, right, up, down, and the four diagonals. This introduces arbitrary divisions and aliasing into the system, which is compensated for by performing a rotation of the model reference of the system to match the initial direction established by a gesture.

Disposition of Pressure (constant-varying)

Disposition is a parameter extracted from pressure, shape, or number. These parameters can be consistent or constant (as opposed to changing or varying). We have found that pressure is the most useful parameter for distinguishing touch-efforts. Specifically, it is used to distinguish between what we identify as press versus kneading.

Pattern (continuous-repetitive)

Pattern is used as a parameter that indicates the plural form of each of the touch shapes. At this point in time, a repetitive pattern is determined by comparing gestures with the previously occurring gesture. If they are the same, then a repetitive pattern is indicated.

Touch-Effort

Once all eight parameters are extracted, the parameters are fed into a logic table that matches the current state of the parameters to a touch-effort. This decision matrix is detailed in Table 3.

	 
	Parameter
	Secondary Parameter

	touch-effort
	pressure
	time
	size
	number
	speed
	direction
	space
	path [4]
	disposition
	disposition
	disposition

	
	intensity
	duration
	area
	
	
	
	(speed)
	(direction)
	(pressure)
	(size)
	(number)

	tap
	soft
	short
	small
	ø
	n/a
	n/a
	stationary
	n/a
	n/a
	n/a
	n/a

	pat
	soft
	short
	big
	one
	n/a
	n/a
	stationary
	n/a
	n/a
	n/a
	n/a

	touch
	soft
	long
	small
	one
	n/a
	n/a
	stationary
	n/a
	n/a
	n/a
	n/a

	stroke
	soft
	long
	ø
	ø
	n/a
	n/a
	traveling
	straight
	ø
	n/a
	n/a

	glide
	soft
	long
	ø
	ø
	n/a
	n/a
	traveling
	wandering
	ø
	n/a
	n/a

	hold
	soft
	long
	big
	one
	n/a
	n/a
	stationary
	n/a
	constant
	n/a
	n/a

	poke/jab/flick
	hard
	short
	small
	one
	n/a
	n/a
	stationary
	n/a
	n/a
	n/a
	n/a

	knock
	hard
	short
	medium
	one
	n/a
	n/a
	stationary
	n/a
	n/a
	n/a
	n/a

	slap/punch
	hard
	short
	big
	one
	n/a
	n/a
	stationary
	n/a
	n/a
	n/a
	n/a

	press
	hard
	long
	ø
	ø
	n/a
	n/a
	stationary
	n/a
	constant
	n/a
	n/a

	knead
	hard
	long
	ø
	many
	n/a
	n/a
	ø
	ø
	varying
	n/a
	n/a


Table 3.

There are two time frames during which decisions can be made. The first time frame is during the actual gesture, and the second is after the gesture has completed.

While a gesture is active, its touch-effort changes over time. For instance, a “tap” always precedes a “touch” when the fingers first contact the pad, and a “glide” is always preceded by a “stroke” etc. In fact, each parameter changes continually through the cycle of each gesture. For example, “hard” is always preceded by “soft” and varying pressure is part of the quality of constant pressure because of the physical interaction of pressing to a certain pressure takes time.

After the gesture is over, a decision is made about what touch-effort was intended, based upon a set of rules that are applied to each parameter. These rules determine what value the parameter should be assigned, given the data measured during the gesture. These rules are listed in Table 4.
	Parameter:
	Value
	Rule

	pressure
	soft-hard
	Touch-effort is hard if a “hard” reading occurs during the gesture.

	time
	short-long
	We consider only very short gestures as different from others that are not short.

	size
	small-medium-big
	Touch-effort is the size of the largest reading occurring during the gesture.

	number
	one-many
	Touch-effort is a many object gesture if a “many” reading occurs during the gesture.

	speed
	slow-fast
	No rules; not used directly.

	direction
	none, left, right, up, down, and four diagonals
	No rules; not used directly.

	Secondary:
	 
	 

	space (speed)
	stationary-traveling
	Touch-effort is traveling if at any point in the gesture it travels.

	path (traveling)
	straight-wandering
	Touch-effort is wandering if at any point it deviates from a straight-line motion.

	disposition (pressure)
	constant-varying
	Pressure is constant if there is only one rise and fall during the period of the gesture.

	disposition (size)
	constant-varying
	Size is constant if there is only one rise and fall during the period of the gesture. Not used.

	disposition (number)
	constant-varying
	Number is constant if there is only one rise and fall during the period of the gesture. Not used.

	pattern (gesture)
	continuous-repetitive
	Repeated touch shapes are repetitive.


Table 4.
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� “hold” is a soft press; varying the disposition implies the plural form of the touch-effort


“jab” is spatially different than “flick”; “punch” is different from “slap” in spatial shape: concentrated versus spread


straight/wandering modifies the space state of traveling; links to direct/indirect in Laban


continuous implies the singular touch-effort, repetitive implies plurals; continuous/repetitive modifies the pressure and the gesture and works with many versus one event; sustained effort is constant pressure in a continuous gesture








