® MMERSENCE

-MultiModal-Immersive-Presence-

Information Society
Technologies

Report on interaction: Direct contact

Authors:

Date:

Due Date:

Del. /Task Identifier:
Work Package:

Partner(s):

Work Package Leader:

Deliverable Leader:

Confidentiality Level:

Abstract:

Massimiliano Di Luca, Marc Ernst, Christos
Giachritsis, Jordi Barrio, Manuel Ferre,
Alan Wing, Javier Ortego, Martyn Bracewell

December 16, 2008
M34

D2.1.2

WP2

MPS, UBIRM

MPS

MPS

PU

In task 2.1 we investigated direct multimodal contact in real, virtual, and mixed environments
to address how direct contact is perceptually achieved. In subtask T2.1.1 we address the
problems connected with multimodal perception (sensory fusion, calibration, and
synchronization). In subtask T2.1.2 we investigated how weight perception is obtained during
object manipulation. In subtask T2.1.3 a forthcoming fMRI study will determine the functional
neuroanatomy in the determination of the center of mass. The knowledge acquired trough
these investigations will be employed to create more realistic and effective interactions.
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1. Executive summary

The purpose of WP2 is to develop the neuroscientific understanding of multimodal
interaction in immersive presence environments. In T2.1 our aim has been to investigate
direct multimodal contact with an object or a partner in real, virtual, and mixed
environments in order to understand of how this contact is achieved. We studied the
perceived synchronization and spatial calibration of multimodal information, how humans
manipulate objects, what is the neural processing while interacting with objects, what are
the signals that are exchanged while in contact with another person. All subtasks
provided us with basic insights of the perceptual systems and interaction performance
while we achieve contact. We slightly deviated from the original plan in the Annex for
different reasons: due to some of the findings we obtained, to account for new requests
from the hardware and software development, and to initiate new collaborations as
requested from the last review. We are starting to exploit these findings in order to use
them in the demonstrators and transfer them into evaluation procedures. To this end in

the different subtask we achieved the following goals:

In subtask T2.1.1 we studied the synchronization and calibration of multimodal
information. We started a collaboration to investigate how multimodal information affects
perceived object properties. We analyzed how the cognitive interpretation can affect the
perception of multimodal environment. We are also developing two different ways to
expand the limits of calibration so that users will become less sensitive to lag in
multimodal displays. One system relies on the summative effect of multiple adaptations,
while the other relies on augmented sensorial immersion. We also studied interaction
between partners to understand how haptic information can be detected and reproduced

in order to build a model of haptic interaction.

In subtask T2.1.2 we compared the perception of weight with real weights and
virtual objects. Haptic interaction is naturally bimanual and with large range of motion, so

we are investigating the specifications to provide reliable haptic signals.

In subtask 2.1.3 we performed an fMRI study to investigate the neural correlates of
Center of Mass (CoM) detection. Since object manipulation is done using the CoM, we
try to address how interaction with simulated environments can be modified in order to

evoke the same patterns of neural activity as real world interaction.

The results collected in D2.1.2 could be exploited in different ways. They can be

used to improve the current Virtual Reality (VR) and telepresence systems, so that
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technological and intrinsic limitations in the stimulation will have the least perceptual
effects. They can also be used to evaluate existing haptic interfaces to establish
differences with real object contact for weight sensitivity and time asynchrony. Moreover,
these results suggest using thresholds in system design to be able to allocate system
resources efficiently where high weight resolution is not necessary. In the future we
intend to expand these results by finalizing the research conducted and by expanding
the collaboration between workpackages in order to create detailed models of human

interaction with multimodal environments and to create more effective demonstrators.
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2. Introduction

The overall goal of WP2 is to acquire the neuroscientific knowledge necessary to
develop haptic-enhanced multimodal interaction. The results collected constitute design
guidelines for sensing and display hardware (WP3) and the modeling and rendering
aspects developed (WP4). These research questions were also suggested by limitation

and concerns rising during the development of demonstrators (WP5).

In task T2.1 we investigated multimodal interaction in real, virtual and mixed
environments. The common goal of the studies was to characterize the most important
aspects of this interaction so that they can be accurately simulated in virtual worlds. One
aspect for successful interaction is that the sensory signals are adequately sensed
(calibrated and synchronized), integrated, and correctly interpreted (T2.1.1).
Furthermore, we are describing how humans manipulate objects (T2.1.2) in order to be
able to reproduce accurately this interaction. Finally, we are studying the neural
processes during direct object contact in order to use this knowledge as standard for
comparing real world interaction with virtual object contact (T2.1.3). All three subtasks
will provide us with basic insides into the human perceptual systems and will give results
that might be used to find shortcuts for the hardware developments or may be used as a

standard for the evaluation of P20 scenarios.
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3.[T2.1.1] Multimodal processing of information (MPS)

In this task we investigated direct multimodal contact to understand how the
interaction with multimodal objects and events is perceptually achieved. Information
about events in the world is created in synchrony and at the same location. In
Augmented-Reality (AR) scenarios, however, multimodal signals are necessarily affected
by different temporal delay and spatial separation, greatly diminishing a user’s feeling of
presence. In the deliverable at M12 we reported early findings that sensitivity for

temporal asynchronies might be different for different modality pairs (Figure 1).
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(1) (Right): Asynchrony between signals required for the perception of synchrony.

(Left bars): Point of Subjective Simultaneity, (asynchrony of signals perceived synchronous).
(Right bars): Just Noticeable Difference (sensitivity to asynchronies from the PSS).
(Bottom): PSS for different modality pairs does not add up to O, indicating no coherent time
representation.

Interaction, however, does not happen at the signal level. It involves an additional
step, the perceptual interpretation of signals. For this reason, the MPS and ETH started
a collaboration to understand how delay between proprioceptive, haptic and visual
information in the AR setup developed in T4.5 influences perceived properties of objects,
namely perceived compliance. First, we measured the delay of the AR workbench. Then
we started an experiment that confirms that delay in the haptic rendering of forces makes
the surfaces to appear softer. On the other hand, delay in the visual rendering of hand
position induces the surfaces to appear harder. We are trying to determine the details of
these effects and to identify the underlying mechanisms. In a similar way, at MPS we
investigated more systematically how different perceptual interpretation can compete in

the combination of signals to determine the perception of size. Information from the
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haptic or from the visual modalities can be used to improve judgments in size according
to the scheme of the Bayesian inference (see attached draft paper Battaglia et al. 2008

for details).

At MPS we also tried to change the interpretation a user gives to the information to
make discrepancies unnoticeable and therefore improve multimodal environments by
generating a coherent perceptual interpretation and a higher sense of presence.
Inducing the knowledge of a common source can lead to integration of visual and haptic
signals, even when they are presented spatially separated (see attached paper Helbig
and Ernst, 2007 for details).

In a second set of experiments, we investigated participants integrate optimally the
vertical size of a bar defined by discrepant visual and haptic information when the
information was interpreted to be coming from the same bar. As can be seen in Figure 2
(left), in one condition the visual and haptic signal were provided also at different spatial
locations. In Figure 2 (right), the presence of an occlusion allows the visual bar to
complete “amodally” behind it, therefore allowing the integration of the multimodal
signals. In the left condition subjects are not optimally integrating the spatially discrepant
signals and are basing size judgments using only haptic information, while in the right
condition they integrate the signals consistently with the Maximum Likelihood Estimation
(MLE).

Visual signal - Visual signal
- Haptic signal - b

(2) Spatial discrepancy experiment. Participants see the stimuli from above and grasp the central part
of the bar to judge its size in the vertical dimension.
(Left): Condition with spatial discrepancy that should not lead to integration.
(Right): Condition with occluder that allows for integration (bar is grasped behind the occluder).

We also conducted an experiment using the same setup above to investigate
whether signals can be differently interpreted in the time domain while interacting with a

virtual object, therefore reducing the detection of asynchronies. The set up is displayed
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in Figure 3. We asked subjects to detect asynchronies of vibrations delivered at their
fingertips when they are touching one or two virtual objects. Results indicate that
participants significantly change their expectations for synchrony in the two conditions,
but whereas some have an increase in sensitivity, others tolerate more asynchrony.

More investigation is required to understand this factor.
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(3) Temporal sensitivity experiment. Vibrotactile stimuli are delivered at the fingertips while holding the
virtual object(s). (Left): Interaction with one object. (Right): Interaction with two objects.

3.1. Adaptation to asynchronous information

When combining real and virtual cues, imperfect synchronization will greatly
diminish a user’s feeling of presence. Since perfect synchronization is not achievable, we
planned to act on the human perceptual system in order to accustom it to these
limitations. We developed a model for recalibration performance (see attached paper
Burge, Ernst, Banks (2008) for details) and we investigated adaptation to multimodal
information with two goals in mind: finding the appropriate conditions to utilize this
technique in IMMERSENCE, and understanding the mechanism underlying such

adaptation in order to expand it.

VR Asynchrony Adaptation phase Perceptual effect
Modality A . I I£ R
Modality B Q—ﬂ ‘ qﬂ R

time time time

(4) Synchrony adaptation rationale. After repeated exposure to asynchronous signals, smaller
asynchronies due to hardware limitations are perceptually unnoticeable.

By slowly increasing signal asynchrony, we exposed participants to an even higher
asynchrony for a certain period (Figure 4) and successfully induced adaptation. We then
measured the Point of Subjective Simultaneity (PSS) in three modality pairs
(Audiovisual, Audiotactile, and Visuotactile). Adapting to audiovisual asynchrony
produced not only an effect on audiovisual timing, but also on visual tactile timing. We
further investigated this critical factor by running a pilot experiment that recorded reaction
time to the detection of signals after adaptation to the same repeated asynchronous

signals.



10
IMMERSENCE

D2.1.2 Report on interaction: direct contact

Surprisingly, when we ran the same experiment using headphones, we found a very
different pattern of results. The adaptation produced an effect on audiovisual timing, but
also on audio tactile timing (instead of visual tactile as in the previous experiment). We
reason that without headphones the subject might be using audio tactile recalibration
information (for example from typing the answers on the keyboard or by tapping fingers
on the table) to recalibrate this modality pair. If further investigation will confirm this
finding, it will prove that adaptation can be added up from different modality pairs.

MPS also investigate whether the adaptation to audiovisual recalibration is stored
indefinitely while no other stimulation is provided. We found that if after adaptation the
subjects sat in the dark for 3 to 5 minutes, the adaptation was perfectly maintained. On
the other hand, a minimum amount of information is sufficient to create a new adaptation

state (as low as 22 signals).

In a second series of studies, MPS investigated the native tolerance of the
perceptual system and its intrinsic strategies to cope with asynchronous information by
exploring a new type of temporal adaptation that has to do only with tactile information at
two distant body locations. We addressed the resulting tolerance to the different runtime
that causes asynchrony in the arrival of information to the brain. The perceptual system
is expected to have to compensate for this delay to preserve the sensation of a
synchronous intramodal event. In one study, we presented asynchronous signals at
distant body locations in order to lower the sensitivity to this asynchrony. Results of such
manipulation indicate that adaptation in this modality does not have lasting perceptual
consequences. This is most likely because the tactile modality does not have to deal with
asynchronies during everyday activities, therefore no dedicated mechanism for temporal

recalibration is in place.

3.2. Related publications (see appendices)

Battaglia, Di Luca, (Confidential only for reviewers) Within- and cross-  Apnex 1
Ernst, Schrater, modal sensations facilitate perceptual
Machulla, Kersten disambiguation. Preprint to be submitted to current
biology.
Helbig and Ernst (2007) Knowledge about a common source can Annex 2

promote visual-haptic integration. Perception
36(10), 1523-1533

Burge, Ernst, Banks (2008) The statistical determinants of adaptation Annex 3
rate in human reaching. Journal of Vision 8(4:20),
1-19
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4. [T2.1.2] Manipulation and recognition of (virtual)
objects during direct contact (UBIRM, UPM)

Design of haptic interfaces for precise bimanual manipulation should take into
account how weight simulation is implemented when manipulation switches between one
and two hands. The importance of this difference is apparent in tasks where the user
requires applying vertical forces to penetrate a surface with a tool or splice a fragile
object using one and/or two hands. Accurate perception of simulated weight should allow
the user to execute the task with high precision. Some of the problems that must be
addressed in order to enhance the realism of the simulation include synchronised
application of downward forces simulating bimanual weight distribution and synchronised
application of horizontal forces simulating bimanual object size. Here, we evaluated how
these aspects are implemented by testing unimanual and bimanual weight perception
when lifting virtual boxes of different weights with using with precision grip in a coupled
Master Finger 2 setup which was developed in WP3. Initial results with virtual weights
are similar to results from studies which used real weights (Giachritsis & Wing, 2008)
even though the users appear to be less sensitive to virtual weights. Implications for

haptic interface design are discussed (see Annex for more detail).

4.1. Related publications (see appendices)

C. Giachritsis, J. Barrio, (Confidential only for reviewers) Evaluation of Annex 4
M. Ferre, A. Wing, J. Weight Perception During Unimanual and Bimanual
Ortego Manipulation of Virtual Objects. Preprint submitted

to Third Joint Eurohaptics Conference and
Symposium on Haptic Interfaces for Virtual
Environment and Teleoperator Systems. Received
October 16, 2008.

C.D. Giachritsis and (2008) Unimanual and bimanual weight Annex 5
A.M. Wing discrimination in a desktop setup. In Manuel Ferre,

editor,Pr oceedi ngs of (Madrd,o h ¢

June 10-13, 2008), LNCS series, pages 378-382.

Berlin Heidelberg, Springer-Verlag 2008.
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5.[T2.1.3] Neural processes for interaction during direct
contact (UBIRM)

An important question in Haptics is how the brain represents different qualities of
objects to be manipulated. Understanding this is of importance for the design and
evaluation of haptically-enhanced multimodal demonstrators. Earlier work within this WP
(deliverable D2.1.1) has demonstrated that subjects make use of information about the
centre of mass of objects to be manipulated when choosing where to grasp them. This is
of particular relevance to the direct interaction (P20) theme of IMMERSENCE, but also
of importance in the P2P and POP scenarios. How CoM is determined by haptics is
poorly understood and has received little experimental attention. We are therefore setting
up an fMRI experiment to determine the functional neuroanatomy of CoM determination.

The protocol has been developed and data acquisition will commence Q4 2008.

5.1. Protocol

Neurologically normal right handed volunteers will be asked to lift simple bar-like
objects while undergoing fMR imaging. They will have no vision of the hand or the bar.
The bars will be covered with one of three surfaces of different texture: silk (very
smooth), paper (smooth) and sandpaper (rough). Each bar will otherwise be identical.
The bar will be placed within the grasp aperture of the subject’s hand: he will then grasp
the bar with a precision (thumb opposed to index and ring finger) grip and lift it vertically
5 cm. On some occasions the bar will be positioned such that the subject will grasp it at
the CoM; on other occasions the grasp point will not coincide with the CoM. During some
trials, the subject will be required to indicate the texture of the object (on these trials, the
position of the CoM is irrelevant). On other trials, the subject will be required to indicate
whether the grasp point includes the CoM (on these trials, the texture is irrelevant). In all
trials, the lifting movements will be identical. A standard subtraction analysis will be used
to determine those brain regions uniquely active for the texture, and for the CoM,

judgments.

5.2. Predictions

Because the motor acts are equivalent in the two judgements we expect no
differential activity in lower motor areas (such as the primary motor cortex). Similarly, we

expect no differential activity in the lower somatosensory cortices because the surface
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properties are the same in both judgements. We anticipate differential activity in the
secondary somatosensory cortex and insula during the texture judgements (as these
areas are proposed to be part of a cortical processing pathway for tactile object
recognition — the ‘what’ pathway). Conversely we anticipate posterior parietal activity in
the CoM judgement (as this area is proposed to play a role in representing object
properties crucial for action — the ‘how’ pathway).

Using the fMRI paradigms developed here, we should be able to examine the
patterns of neural activity evoked by manipulation of the demonstrators developed
elsewhere in the project. In particular, we can ask the question, does interaction with
simulated environments (display hardware from WP3 informed by the modeling and
rendering developed in WP4) evoke the same patterns of neural activity as real world

interaction?

(5) Areas in the posterior parietal cortex predicted to show increased activity in the CoM determination (SPG,
superior parietal gyrus; alPS, anterior intraparietal sulcus)

5.3. Conclusions

The weight discrimination study using virtual weights with the dual MF2 set up has
shown that users experience weight during unimanual and bimanual manipulation in a
similar manner with real weights. This shows that downward forces generated by the
dual MF2 produce an effective presence of weight during unimanual and bimanual
manipulation. Nonetheless, users’ sensitivity to virtual weight reduces by nearly five
times compared to sensitivity to real weights. Future work should also investigate how
weight changes are perceived during object manipulation with one and two hands. For
example, how sensitive are users in changes of the weight of an object during lifting or
displacement. This information is very useful in virtual environment scenarios, such as
pouring a wine from a bottle to a glass, where subtle changes of weight should be

simulated effectively.
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6. Conclusions

The results of Task 2.1 develop our knowledge of the mechanism involved in the
computation of multimodal information. These results provide the general know-how
about how to achieve immersive presence and thus can be exploited by improving the

development of demonstrators.

The results of T2.1.1 contribute to the development of better virtual environments by
assessing the limits in spatio-temporal calibration and using perceptual interpretation to
reduce their influence. Multimodal environment developed in this project should induce
the appropriate perceptual interpretation of the stimulus provide by all mean possible,
including participant instructions, training, appropriate cognitive load, and correct design

of information in order to promote the integration of multisensory signals.

The results of T2.1.2 indicate how precise should the rendering of forces be in order
to allow for the accurate execute of high precision task. This knowledge allows to

address the limits in realism of the simulation.

The results of T2.1.3 will help us understand the neural representation of important
properties of objects, which are vital for realistic interaction with objects in real and

simulated environments.
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