Tethering and Reattachment in Collaborative Virtual Environments

Eric A. Wernert and Andrew J. Hanson
Computer Science Department
Indiana University
Bloomington, IN 47405 USA
{ewernert, hansgr@cs.indiana.edu

Abstract such interfaces are actually highly constrained, the con-
straints lack the structure required to avoid potential nav-
Our purpose is to explore a family of specific dynam- igational disaster. In particular, standard methods at best
ical methods that support the contrasting goals of pres- plow straight through solid objects and at worst use colli-
ence and independence in collaborative virtual environ- sion detection to virtually flatten the user’'s nose against the
ments. We pose for ourselves the basic tasks of “tether-wall at any inattentive moment.
ing” — keeping a collaborator close to a group or leader, Collaborative navigation is also hard. While we are
and of “reattachment” — returning to a collaborative vir- somewhat accustomed to walking in groups and taking
tual activity after a period of independent exploration. We sightseeing tours with other people under a guide’s direc-
first present a taxonomy of parameters covering a wide vari- tion, there are many inconveniences: tall colleagues block-
ety of basic, physically-motivated, “look-and-feel” actions ing the view, jockeying for position to get closer to an object
associated with tethering and reattachment; these rangeof interest, being jostled in spaces too narrow for the group.
from elasticity functions and distance ranges to variations  performing similar group functions in collaborative vir-
of ease-in/ease-out styles of interpolative movements. Extual environments has both advantages and disadvantages.
ploiting our previous research on constrained navigation, \While such artifacts as the sensory awareness of the pres-
we contrast reattachment methods based on free flight withsyres, sounds, smells of other participants may be dimin-
structured motion along a detailed constraint surface, and jshed in a virtual environment, we also have the ability to
with comparable motion on smoother overview constraint exploit the virtuality: we can make inconveniently-placed
surfaces. The system is implemented with full head tl’aCk-peop|e move to the side, vanish, or merge (See, e.g., [16])'
ing and pointer tracking using the Performer and pfCAVE we can prepare automatons to keep us out of harm’s way
libraries, and is realized via simulation in four differenten- and to select ideal vantage points relative to the leader in
vironments: fully immersive, head mount, desk, and work- each context.
station. Our main goal in this paper is to explore a matrix of col-
laborative navigation tasks in 3D Collaborative Virtual En-
vironments (CVE's). We carry out formative evaluations
1. Introduction with a variety of subjects who are trying to compare the ef-
fectiveness of selected modes of tethering and reattachment
Navigation is hard. In real life, disorientation is com- for collaborators following a virtual leader. Note that a ma-
mon in unfamiliar 2D environments and it is easy to lose jor part of the scenario is the provision fdetachingfrom
context and become lost even if we possess an accurate 2[the leader, exploring on one’s own, and then providing a
map. 3D environments such as those encountered by pilotgneans to reattach — that is to rejoin the tour group by being
of small aircraft in dark and foggy conditions can cause dis- pulled in on some type of tether. In the course of studying
orientation so severe that they are life-threatening; withoutthese methods, we develop a relatively complete taxonomy
accurate instrument-reading skills, even up and down mayof the parameters describing these behaviors, at least those
become confused and a navigator may fly straight into thethat correspond to some vaguely physical intuition.
sea while believing he is following a level course. In order to study as many factors as possible, our ex-
Finding one’s way and maintaining context in 3D vir- perimental system provides a complete variety of CVE's,
tual environments meet similar fates even with apparently including a simulated headtracked desktop workstation en-
familiar “walking” and “flying” mode interfaces; although vironment (“fishtank”) with a limited field of view, a simu-



lated head-mountdisplay, a large scale immersive desk-size Finally, our work benefits from usability engineering
single screen VR environment (“workbench”), and a large techniques that have only recently been applied to virtual
solid angle multiscreen immersive environment (“CAVE”). reality applications in a systematic way (see e.g. [3]). Gab-
bard and Hix have drawn together an extensive taxonomy
of VR usability characteristics [7] that has provided useful
guidance. Hix et al. illustrated in-depth, user-centered de-
. . sign for a specific application [11]. We have adopted their
Th's work IS atthe nexus qfanumber of resgarch threadsoverall approach of using expert heuristic evaluation fol-
relfa.tmg to .V'”“‘.i' reality, navigation, collaboration, and us- lowed by formative user evaluations; however, we needed
ability engineering. to adapt some aspects for our purposes, since we are inter-

Techmr?ues gor mdepg_nc(ijegt trBaveI or locomotion agoundcisted in techniques that are applicable to a variety of virtual
a scene have been studied by Bowman (see e.g. [2]) an nvironments and VR users.

have resulted in a taxonomy and methodology to aid in . S . . _—
the evaluation of travel techniques [3]. Darken [6, 5] has Restricted navigation manifolds with attached viewing

explored issues related to wayfinding and map usage, in_flelds and multiple tandem interpolations provide a par-

) o L : : tial solution to the problem of collaborative navigation dis-
cluding navigational cues within a virtual environment. A

number of groups have developed novel, general travel tecporientation. While both the leader and the followers find

. o o L . . their way around the scene using some variant of the avail-
nigues or application-specific navigation methods; these m_able navigation methods. the followers have two princioal
clude the “Worlds in Miniature” interface by Stoakley et 9 ' P P

al. [15], context-sensitive scale control by Ware and Fleet modes: tethered and released. Normally the current leader

[18], and whole-planet terrain navigation by Wartell et al. s the key to the tethering behavior of the group (see, e.g.,
4 . Wernert and Hanson [20]). When the members detach,

[19]. Galyean developed the concept of guided navigation however, they eventually wish to return; the studies alread
through a virtual environment, using the analogy of a boat » they y Lo . y
. : . . . ... undertaken by Bowman et al. indicate that the “teleport
ride on a river for a one-dimensional constraint path with . : ; L

: method of returning to the desired viewpoint is disorienting
several degrees of user control [8]. In previous work, the au-

thors extended this virtual guide path to manifolds of two or and undesirable. Thus, while we tried teleporting as a con-
. . . . . trol case, we went on to focus on more contextful methods
more dimensions, and refer to this collection of techniques.

as constrained navigatigs, 10]. We define constrained involving several Igvels, types, and scales of constrained re-
e 0 . . . turn paths and actions.

navigation as the exploitation of designer-provided auxil- , )

iary “sidewalks” together with viewing parameters (e.g., Among the issues addressed are the question of how to

fields of gaze direction hints) at each point of the naviga- effectively influence the collaborator’'s gaze direction and
tion manifold. focus of attention while moving versus stopping, how to

Our current work draws upon the increasingly active coordinate position and motion with a virtual leader serv-

field of telecollaboration and tele-immersion. Leigh, John- iNJ as the environment's expert “guide,” and how to pro-
son, et al. have developed a number of software tools toV|de the freedom for self-guided exploration while facilitat-

support telecollaboration and have applied those tools tol"d ‘Tunning back” to the tour group to take advantage of
a range of scientific, commercial, and educational endeav—the leader’s additional insights into relevant features of the
ors [12, 13]. Park and Kenyon [14] explored the effects of Virtual world.

network characteristics on collaboration; we borrow their ~ Confronting these issues properly is made difficult by the
idea of simulating certain aspects of collaboration in order fact that thegoalof independent exploration for the individ-
to gain better control over the factors influencing the topic ual collaborator conflicts with the goal of focusing observer
of interest (navigation, in this case.) Curry [4] describes attention for the current holder of the virtual chalk.

a number of theoretical and practical issues that influence

collaborative awareness in tele-immersion; his work has re- ;

sulted in awareness tools including 2D and 3D avatar radars.3' Taxonomy of Implemented Techniques
Benford et al. explore many applicable social, theoretical,
and technical issues for collaborative virtual environments,  Our main investigation concerns the procedural details
including the fact that tightly coupled collaborative viewing and effectiveness of collaborative tethering and reattach-
(often called WYSIWIS for "What You See Is What | See”) ment. The context is assumed to be that of a group of col-
may be detrimental to collaboration [1], and concepts suchlaborators, and we make the simplifying assumption that
as aggregate avatars for crowded virtual environments [16].there is a central focal point or leader for the group. With
Steed et al. examined the issues that influence leadershiphis assumption, we can then make precise and relatively
in collaborative virtual environments and found the level of exhaustive mathematical models. (See summary in Table
visual immersion to be a significant factor [17]. 1)

2. Background
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Figure 1. Positional parameters of tethering
scenario. Figure 2. Viewer orientation parameters of

tethering scenario.

Models of Tethering. The basic features of tethering are
the constraints on the relative position and viewing posture

) X modification methods has been recently described b
of the collaborator relative to the leader. Thus we consider catl y : y

the authors [20]. See Figure 2.

e Tether Position Parameters.The default, minimum,
and maximum allowed distances and the elasticity of
the (damped) spring-loaded return to the default, if
any. See Figure 1.

We make the obvious remark that free motion corre-
sponds to the absence of spring-loaded return values. Al-
lowing full 3D motion within a limited radius of the leader
may sometimes work well, and other times it may not. We
e Tether Direction Parameters. The default, mini- have therefore tested in addition the use of constrained mo-

mum, and maximum horizontal and vertical angles rel- tion (see [9, 20]) to see how users react. See Figure 3.

ative to the leader’s orientation and trailing direction,

as well as the corresponding elasticity of return to the Models of Reattachment. During a scene traversal, a re-
default. See Figure 1. alistic collaboration scenario will permit members of a tour

¢ Orientation: gaze. Wherever the viewer is positioned group to break away at various points to explore specific
in space relative to the leader, she has several natura]‘eatures of personal interest. Sooner or later, however, the
alternatives for the gaze direction setting: at the leader, guide will call in the stragglers, or the e.xplorers will realize
co-gazing with the leader, in the direction of current they have bec_ome lost and. heed t.o_rgjom the group. Reat-
or last motion, or possibly a weighting of these. Our tachment realizes the activity of rejoining the leader or cen-

interfaces typically also give control over twisting the tral focus alflger a penc;d gf n;]depengent explloglatmr]. There
gaze about the current “up” direction, so there is also are several basic methods that we have settled on:

the need for a minimum/maximum range and an elas- o |inear interpolation. The collaborator’s initial po-

ticity parameter governing return to the default gaze.
See Figure 2.

Orientation: up. Each application may have a par-
ticular algorithm for determining the heads-up direc-
tion of the viewer. In earth-based simulations, grav-
ity provides this direction; however, pathway normals,
object-of-interest directions, and special objects such
as mathematical or molecular models may provide
other suggestions. In the collaborative scenario, pass-
ing by the group leader may dictate the need to reorient
“up” to keep the leader in view; the general mathemat-
ical framework for a basic family of such orientation

sition and orientation are interpolated linearly (spher-
ically) in cartesian and quaternion coordinates from
their initial values to the values of a standpoint a de-
fault distance behind the leader.

e Bare Ease-in/ease-outCreate a standard animator’s

ease-in/ease-out velocity interpolation in both position
and quaternion orientation.

¢ Joining-up Ease-in/ease-outTraveling straight to the

position of a moving leader produced negative reac-
tions, so this fixes that by creating a “join in with the
flow of leader motion” version of ease-in/ease-out.



Unconstrained | Issue | System Parameter

Tethering
¢ Position relative to leader.
Constrained — Distance from leader.
— Direction from leader.
— Elasticity of attachment.
¢ Orientation relative to leader.
Figure 3. Positional tethering with and without
navigational constraints. — Look at leader?
— Look in same direction as
leader?
e Constraint manifold on/off. A boolean optionisto go — Look in travel direction of
straight as the crow flies, through buildings and walls leader?
if negded, or t'o foIIovy.a de5|gner—supplleq constraint — Look anywhere?
manifold that is sensitive to the surrounding context, o . .
avoids collisions, and keeps interesting things in view. — Elasticity of orientation.
It is also possible to select among several different — Constraint manifold off/on.
manifolds or to interpolate between them.
e Speed Control.We may choose between traveling at a Reattachment
constant speed, ramping the speed up and down (slow e Teleport.
in/slow-out), having all attachments occur in a constant Linear frame-to-frame inter
amount of time (regardless of distance), or permitting ¢ earirame-to-frame interp...
the user to control the speed. e Ease-in/ease-out frame interp.
) ¢ Join-up scenario.
4. Evaluations: Common Themes and Patterns
e Speed control.
We gathered data from eight subjects over a period of e Constraints off/on.
one to two hours each. The subjects had a range of exper

rience in virtual reality environments, and included three
VR novices, two with moderate experience, and three with Table 1. Summary.

extensive experience. A checklist of system parameter con-

figurations was prepared for each subject and results assem-

bled into a set of overall formative evaluations. These are The favorite tether positions often seemed to have a con-

broken out in turn below. stant proportional size relating the avatar's image and the
viewable screen. That is, the fishtank view implied a very
4.1. Tethering small, more distant avatar; headmount users didn’t care as

much because they could avoid looking at the lead avatar; in
Sharing virtual viewpoints is enabled by tethering the the CAVE, users chose a larger, nearer position for the lead
collaborators to the leader. Strictly passive participation is avatar. Virtually all subjects chose to position themselves
known to produce poor virtual experiences. We thus as- Pehind the leader, with varying tastes in altitude.
sume that the tethering process has some active component
so that, instead of being pulled around on a wagon, you e Position (tether length and angle).
travel on your own skates that you have some control over.

Our guestionnaire included questions asking the user to — Those with a stated preferred position wanted to
determine the most comfortable “following” scenario while be to one side and slightly above (looking over
tethered in each of the possible environments. Subjects the shoulder); all who had a preferred side chose
were asked to balance the comfort level experienced during the left. This could possibly be a driver's seat
the session against the need to freely explore the environ- preference, since the only non-driver didn’t have
ment while maintaining a sense of presence with the leader. a L/R preference.

4



— Most stated dislike for automatic position elastic- — Some who disliked the constraint manifold un-

ity; all would find it useful if it could be activated der tethering were asked to compare it to self-
with a button press. (Note: people seemed vested controlled motion on the constraint manifold and
in the particular position they had worked to ob- found it much more attractive.

tain.)

— All preferred a limited angle behind leader, 4-2- Reattaching

but the angle varied with display device
(desk, fishtank — typically around 45 degrees; In general, reattachment methods should avoid losing

HMD/CAVE — up to 90 degrees). context, coercing orientation changes according to a user-
friendly rule. One overall observation is that reattachment
should avoid crashing into or through solid objects while
chasing the leader’s avatar, which was almost universally
— HMD: Most found that relative position didn’'t discomfiting.
matter as much, because it was always fairly easy ~ Subjects were tasked to select the reattachment method
to find leader; people wanted to bring the leader that was most comfortable and helped them best understand
close to make it easy to shift the avatar in and out the relative positions and orientations of the objects in the
of the field of view. scene, including themselves and the leader. The experimen-
tal scenario consisted of waiting for a summoning audio sig-
nal from the distant and occluded guide; at the signal, the
user pressed a button and was transported through the scene
to rejoin the guide according to one of the chosen methods.
The following summarize the experimental observations
for the chosen reattachment scenarios:

— Fishtank — all who stated a preference wanted to
be further away from the lead avatar.

— CAVE — people wanted something different, but
varied greatly on what it was. In this environment
it is easy to find the leader, so it seemed that some
wanted to make her less obtrusive.

¢ Orientation/Gaze Control
. ) . e Teleporting. Not good, but not offensive; judged very
— Gaze elasticity was less offensive than position “computer-esque.” i.e., not surprising to computer ex-

elast|c_|ty. Th|§ may _be because it is easier t(.).fmd perts, but not considered a helpful technique.
a particular orientation than a particular position.

— Most still wanted a button to activate gaze elas-  ® Linear Frame Interpolation (without CNav). See

ticity. Figure 4(a).
— There were fairly mixed opinions on whether — Almost universally disliked — worse than tele-
forced gaze at leader was good. porting. However, one subject found it appeal-

ing to be backing through the buildings as though

— For HMD and CAVE: gaze control was much less watching out the back window of a car.

an issue, since users could look anywhere they
wanted and still find the leader quickly (if limited — Can't see where you're going; collisions with
to being behind). buildings not liked.

e Ease-in/Ease-out Frame Interpolation (without

e Constrained Navigation (CNav) . pola
CNav). See Figure 4(b) for the situation tested.

— Most did not like being on the detail manifold;
many said it was too much of a rollercoaster ride;

the lead avatar bouncing up and down was espe-
cially distracting for some.

— Much better, but no one liked the orientation an-
imation at the tail end; suggested the improved
slide-in-behind-the-avatar version illustrated in
Figure 4(c).

— The overview manifold was generally more
agreeable; all chose a position with leader in the
center of screen and the vertical angle with the
ground of 45 degrees or less (like the userwasa Multiple-Frame Interpolation/CNav. (Ease-in/ease-
flying kite). Some thought the overview surface out with constrained navigation.)
was a bit too far away.

— Collisions were very noticeable and disconcert-
ing, since the collisions were often “head-on.”

— One person liked the CNav better because they — Subjects liked having no collisions.

were very sensitive to collisions, and another ac- — Subijects generally disliked the rollercoaster ef-
tually enjoyed the rollercoaster aspect. fect.



(b)

(©)

Figure 4. Attachment algorithms. (a) Linear smoothed attachment procedure. (b)Ease-in/ease-out
attachment procedure, turning to look in travel direction, and aligning smoothly with guide at the
end. (c) Improved attachment procedure with user joining in behind the leader.

— Tail end disorientation (losing sight of leader) 5. Scene Examples
was disliked by all. Again see Figure 4(c) for

an improved scenario.

e Overview Manifold.

— Generally the best for comfort and orientation.

— Several subjects commented that the implemen-grid in the shape of a disk permits the viewer to maintain
tation tested went too high in altitude; it would a radial gaze direction keeping the interesting objects in a
probably have been better to average the two con-recognizable perspective; the hemispherical overview nav-
strained navigation methods. It took longer to igation grid facilitates viewing the Sun in a clearer context

travel up, which was annoying.

Figure 5(a) shows an astrophysical virtual environment
emphasizing the distribution of summed HI emission spec-
tra from galactic neutral hydrogen against a backdrop of se-
lected moving stars near to our Sun. A detailed navigation

among its local companions. Figure 5(b) illustrates in red

— This method gave a very strange feeling when @ path that would be taken by a simplistic algorithm reunit-

used for short hops, suggesting that a distance-ing two collaborators; the green, radially oriented path is a
based heuristic should be adopted. more instructive constraint that maintains a desirable orien-

e Speed.

— Half liked slow-in/slow-out best; half liked user

control best.

— User control was particularly preferred for both
CNav methods, apparently due to the addi-

tional control over elevation changes and rates of

change.

— More would have chosen user control if it had a
default speed that the user could accelerate, de-(qqyjs compared to paths employing the detailed constraint

celerate, or reverse. (That is, people would have

liked it if one could do nothing and still get there,
or could speed up or slow down if interested in

something.)

tation during the reattachment. Note that the latter happens
to reduce to a linear path if the parameter space is expressed
in polar coordinates.

Figures 6(a) shows a portion of the Indiana University
campus database with a detailed navigation map that allows
detailed inspection without colliding with any buildings; an
overview grid is installed above the whole scene for a bird’s
eye view. In Figure 6(b), we show a variety of reattachment
scenarios for a collaborator who has become separated from
the guide. The linear interpolation path for reattachment

grid (blue) and the overview constraint grid (green). (The
overview grid has been omitted for clarity.)

Figures 7(a), 7(b), and 7(c) show, respectively, a pre-
ferred CAVE tethering posture, the same situation but with

— “Experts” wanted to go much faster than other the user gaze fixed towards the leader, and the correspond-

subjects.

ing desk/workbench simulation scenario.



6. Conclusions

We have investigated a practical taxonomy for tether-

ing and reattachment scenarios in collaborative virtual en-
vironments, and tested the qualitative reactions of sub-

jects with varying experience in virtual reality. A num-

ber of specifically effective parameter selections were con-

sequently identified within the taxonomy. Further work
now needs to be undertaken to merge these observations
with previous work on multiple-avatar collaborative scenar-

ios [20] and perhaps other alternative approaches involving
multiple collaborators (e.g., [16]). We also have plans to ex- [

tend these results to the design of CAVE-to-CAVE collabo-

rative situations in the analysis of near-galactic astrophysi-
cal data (e.g., Figure 5), as well as to Web-based desktop-[l3]

to-desktop collaborations of a similar nature.
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(b)
Figure 5. Distribution of HI emission spectra from galactic neutral hydrogen: (a) Environment
with both the overview and detail grids superimposed. (b) Radially oriented constraint path for
reattachment (green) vs less useful direct path (red).

Figure 6. Campus map: (a) Environment with both detail and overview grids superimposed.
(b) Linear interpolation path for reattachment (red) compared to paths employing the detailed
(blue) and overview (green) constraint grids.

(b)
Figure 7. Campus map: (a) A preferred tethering arrangement in the CAVE. (b) Same position
with gaze fixed on the leader. (c) Same view as in (b) but with the desk/workbench simulation.



