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Abstract: In this contribution, we propose a new frameworlevaluate pedes-
trian simulations by using Extended Range TelepraseTelepresence is used as
a virtual reality walking simulator, which providése user with a realistic impres-
sion of being present and walking in a virtual eariment that is much larger than
the real physical environment, in which the useualty walks. The validation of
the simulation is performed by comparing motioradaftthe telepresent user with
simulated data at some points of the simulatiore Uibe of haptic feedback from
the simulation makes the framework suitable fontrey in emergency situations.

Introduction

Telepresence allows visiting remote or virtual peavith a high degree of realism
and offers new tools for human motion understandigplications of Telepre-
sence include teleoperation, military trainingyvirg and flying simulators, etc.

The feeling of presence is achieved by visual, sttouand haptic sensory infor-
mation recorded from the remote environment andegmed to the user on an
immersive display. The more the user's senseqaodved, the better the immer-
sion in the target environment is. In order to make of the sense of motion,
which is especially important for human navigatemd way-finding, the user's

motion is tracked and transferred to the avatahéntarget environment. This is
known as Extended Range Telepresence, and enhblessér to make use of pro-
prioception, the sense of motion, to navigate trata intuitively by natural walk-

ing, instead of using devices like joysticks, kegtus, pedals, or steering wheels.
To allow exploration of an arbitrarily large targatvironment while moving in a



limited user environment, we developed Motion Coesgion [1]. By preserving
the walked distances and the turning angles, Mdflompression transforms the
path in the target environment into a feasible patthe user environment, and
guides the user on his path. FigsHows the user interface in the Extended Range
Telepresence system.

Through the egocentric view, this framework prosgidefirst person evaluation of

the simulation. The user is not passively lookihghe simulation, but he feels

present in the simulation and can interact witteofbedestrians. Extended Range
Telepresence also allows the evaluation of pedestmodels based on gathered
real user data. These experiments in the virtuar@mment are not only cheap to

set up, but are also quick to evaluate, as alltjpostata of the user is available

anyway.

An application of our framework with particular fo on gaining spatial knowl-
edge is the training of evacuations, where peomdrained to find the way out of
buildings, ships, or planes, so that planners cohitk how intuitively occupants
find their way out before beginning with the readd construction.

|

Fig. 1: User interface in the Extended Range Telepsence system.

This work aims at employing Extended Range Telepres first as a tool for eva-

luating and calibrating pedestrian simulations aedond to train people in emer-
gency evacuations using the validated simulatibmsrder to increase the degree
of immersion and to present additional informattorthe user, the use of haptic
information is also explored. Finally, a route afescenario is examined and the
potentials of the system in various fields of apgdion are discussed.



Extended Range Telepresence with Motion Compression

In order to allow for exploration of an arbitrarilgrge target environment while
moving in a limited user environment, Motion Congsien provides a nonlinear
transformation between the desired path in theetaggvironment, the target path,
and the user path in the user environment. Theritigo consists of three func-
tional modules (see Fig. 2).

First, thepath prediction gives a prediction of the desired target path dhasethe
user's head motion and on knowledge of the tanggtament. If no knowledge
of the target environment is available, the pa#dmtion is based completely on
the user's view direction. Second, thegh transformation transforms the target
path into the user path in such a way, that itifits the user environment. In order
to guarantee a high degree of immersion, the usérlpas the same length and the
same turning angles as the target path. The twes mhffer, however, in path cur-
vature. The nonlinear transformation found by th¢hpgransformation module is
optimal regarding the difference of path curvatliig. 3 shows an example of the
corresponding paths in both environments. Findh, user guidance steers the
user on the user path, while he has the impregsi@cttually walking along the
target path. It benefits from the fact that a hurnaer walking in a goal oriented
way constantly checks for his orientation toward tioal and compensates for
deviations. By introducing small deviations in theatar's posture, the user can be
guided on the user path. More details can be fauft, 2].

user position

Motion Compression
: }
path path user

e e trans- > .
prediction formation guidance

transformed
position

Fig. 2: Motion Compression.
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Fig. 3: Path in both environments.



Evaluation of the Pedestrian Simulation

A common problem in pedestrian simulations is #eklof available data for the

calibration of pedestrian models [10]. Not all kéndf real experiments can be
replaced by virtual experiments — for example higinsity situations with many

contacts would be difficult — but Extended Rangéefpresence should provide a
suitable framework for gathering data, for examie, route choice issues and
obviously in scenarios that involve some risk fbe ttest participants. Further-

more, Extended Range Telepresence representseansyit evaluation tool, since

all data is logged, while trajectory extractionreél experiments takes quite some
effort [11-13].

First, it is necessary to specify reproducible sttups in the proposed frame-
work. To do this, it is required to compare datnfrreal experiments with data
from experiments in the virtual reality, in orderitlentify the situations in which
the behavior of the user in the Extended Rangepfedence system differs most
from real situations. We expect that the user’'saber will be more realistic if
the quality of the virtual scenario increases. #his reason, we intend to investi-
gate, how haptic information and a realistic repm¢stion of the pedestrians’
morphology affect the user's behavior and his mofp@arameters (e.g., position,
velocity, distance to next pedestrian, etc.). Wilsallow us the definition of rea-
sonable criteria to assess test results.

The evaluation of the simulation consists in augiingrthe simulation with a real
user. The user’s state (position, orientation, agldcity) is used to initialize the
simulation, and at every time step the state oftéhepresent user and the simu-
lated state are compared. An optimization is theriopmed in order to find the
parameters that minimize the deviation betweenaheind simulated state. Global
parameters of the simulation that affect the ralteice and the acceptance of the
simulated traffic flow will also be evaluated.

Finally, owing to the fact that unexpected and @siags escape situations exclude
real-life experiments [7,14], it is desired to fisditable parameters on escape
panics, which permit to use the pedestrian sinaadiso in evacuation scenarios.

Evaluation Framework

A connection of Extended Range Telepresence and/I88IM [3] pedestrian
simulation was implemented [4] so that the scermvshto the user is populated
with pedestrians from a VISSIM simulation.



The framework was extended in order to introducptibainformation into the
simulation, since it is indispensable for incregdine degree of immersion and to
present additional information to the user, e.g.,displaying the contact force
against other pedestrians or by signalizing a fatbh or too dangerous path,
which must be avoided. A haptic interface especidiksigned for Extended
Range Telepresence provides haptic information filoentarget environment [5].
The data flow in the framework is shown in Fig. 4.

The user's posture is tracked and fed into theesysEvery time an update of the
user's position is available, the Motion Compreassdgorithm is executed, and
the transformed avatar's posture is calculatedsandto the simulation. The simu-
lation constantly captures live images from thetaws view, which are sent to the
user and presented on a head-mounted displayasththuser has the impression
of walking, without any restriction, in the simutat.

The simulation also calculates the resulting factng on the user, which results
from the contact with obstacles and other pedestriand sends this to the Motion
Compression server, which transforms the force ftbentarget to the user envi-
ronment. The resulting force vector has the samgnihade and relative direction
to the user path in both environments. The transéor force vector is sent to the
haptic interface that displays the force on the’sdeand.
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Fig. 4: Data flow in the proposed framework.

Use of Haptic Information

The use of haptic information is indispensableifiareasing the sense of presence
so that the user behaves realistically when imngeirsehe simulation. When the
simulation is augmented by a real user, the siradlpedestrians react to him and
try to avoid him. However, without physical forceéisplayed on the haptic inter-



face, it would be difficult for the user to go abdato the crowd without walking
through simulated pedestrians.

The physical force acting on the user is due toctirgact with other pedestrians
and with borders of buildings, walls, obstacles, &his force can be obtained by
computing the repulsive effects with other pedassiand obstacles when a colli-
sion takes place in the direction of motion. Thelgstrians touch each other if
their distance is smaller than the sum of theiiirdd this case, the interaction
force is the sum of two forces [7]: a hormal foomunteracting body’s compres-
sion and a sliding friction force impeding relatitgngential motion. The interac-
tion force with the walls is treated analogously.

Since the Social Force Model [6-9], which models biehavior of a pedestrian in
a crowd, does not draw a clear distinction betwpbysical and psychological
forces, we apply on the real user, in a first apphg the resultant force calculated
by the Social Force Model. As the user sees thailabed pedestrians and the
walls in the display (and as the forces in the rhade mediated by the senses and
the psyche), by including all forces in the resuitborce displayed by the haptic
interface, the psychological forces are in a wayhdied. However, since the phys-
ical forces are much higher than the psycholodimales during contact, the resul-
tant social force can be regarded as an approxamafi the interaction force, just
when a collision takes place. Otherwise the apgbeck is zero.

Evaluation Scenario

The implemented system has been extensively téstachumber of virtual sce-

narios (Fig. 5). The setup uses a high-definitioadimounted display of

1280x1024 pixels per eye and a field of view of.6l}ie user's posture, i.e., posi-
tion and orientation, is estimated by an acousticking system that provides 50
estimates per second [15].

Fig. 5: Impression of tested scenarios.



A simple route choice scenario has been selectatustrate the proposed ap-
proach (Fig. 6). Such a scenario is suitable tibcke VISSIM's simulation mod-
ule that allocates the pedestrians to the gategotous calibration of the simula-
tion would require the comparison of virtual witkat experiments, as explained in
the previous section but we assume here that ih auscenario the user in the
Telepresence system behaves realistically.

Fig. 6: Schematic view of route choice scenario u$¢o evaluate VISSIM.

In this scenario, pedestrians start walking onréliesurface, walk across one gate,
and disappear on the green surface. In each 158l pedestrians were simulated.
The task completion time, the covered distance th@d¢hosen gate were recorded
and compared with those of the test participants. F shows the trajectories of

pedestrians and participants.

The framework allows performing reproducible tab@t can easily be evaluated.
The simulation first calculates a realistic disfitibn of pedestrians over the gates.
Most of pedestrians take the closest gate, as tegheand the others take farther
gates in decreasing number. By monitoring togettheibehavior of real and simu-
lated pedestrians, it is possible to compare thistributions.

It is notable, that most pedestrians in the sinmathoose the first gate, whereas
three of five test participants take the second dmehe last path segment, the
trajectories of pedestrians and participants difi@nsiderably. This is due to the
fact that pedestrians in the simulation do not theeentire available surface, but
this is not relevant for the experiment. The obagon that a real user considers
not only the distance but also the availabilitytled infrastructure and the waiting
time in order to choose a farther gate is als@iie@ment with real observations.



Simulated Pedestrian’s Positions
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Fig. 7: Trajectories of simulated pedestrians andest participants.

The calibration process must be iterative. Tedigpants behave at the beginning
differently from the simulated pedestrians. Onoe $imulation has been so ad-
justed that the distribution of simulated pedestri@atches the distribution of test
participants, another calibration run must be penéx. This procedure, which is
known asdynamic assignment, must be repeated until it converges. In trafe a
signment, there is one iteration method, in whighd¢onvergence is demonstrated.
It consists in regarding at the iteratibiir 1 the pasN iterations with a weighting
factor /N. However, this method converges very slowly anddsea lot of ex-
periments. Therefore, a simplified method is usekich just considers the last
iteration (iteratiorN) with a weighting factokV and the iteration before (iteration
N-1) with a weighing factof-W.

Conclusions and Future Work

Extended Range Telepresence offers an appropoe@ltéor the evaluation and the
calibration of pedestrian simulations, by having oeal person walking through a
crowd of simulated agents. The main benefit of pheposed framework is that
experiments with a real person walking in a virteavironment are cheap and
easy to evaluate, since the position of the testqmeis available at any time dur-
ing the experiment. Haptic information is used ndiance the realism of the simu-
lation and therefore, the validity of the givendamce.



Currently, it seems very difficult to give a highiymersive and realistic impres-
sion for high-density situations, when contactsother pedestrians occur fre-
quently and from all sides. But the system migluvprvery useful for virtual ex-

periments on topics where currently only few dataavailable: route choice [16-
19], behavior as participants of road traffic (ilS&IM, vehicles can easily be
included to virtual experiments) [20], and behaviocertain dangerous situations
[21, 22], which anyway are not directly and fullgatistically accessible by ex-
periment. Further work must be done in definingeamluation metric to prove

that the experiments in the Telepresence systemasaralid as real experiments
for the purpose of improving pedestrian simulatiamspecific situations, espe-
cially in evacuation scenarios.
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