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ABSTRACT paper is to present a systematic comparison of linear, circular, and
Vection is defined as the compelling sensation of illusory self- curvilinear vection in a single experimental setting.
motion elicited by a moving sensory, usually visual, stimulus. This From a practical perspective, motion simulators would bene-
paper presents collected introspective data on the experience of lin- fit from understanding how to improve the experience of vection.
ear, circular, and curvilinear vection. We evaluate the differences Translation, in particular, is predominant in human navigation and
between twelve different trajectories and the influence of the floor therefore inducing linear vection is critical for numerous applica-
projection on the illusion of self-motion. All of the simulated self- tions. Especially, if within the same environment vection for a par-
motions examined are of a constant velocity, except for a brief sim- ticular trajectory proves more compelling, then applying the visual
ulated initial acceleration. First, we find that linear translations to information from the more compelling trajectory to a weaker one
the left and right are perceived as the least convincing, while linear may help enhance a weaker self-motion experience. From a psy-
down is perceived as the most convincing of the linear trajectories. chological perspective vection, and predominantly circular vection
Second, we find that the floor projection significantly improves the which is easier to induce, has been investigated as a means to un-
introspective measures of linear vection experienced in a photore- derstand how the brain processes both visual and vestibular infor-
alistic three-dimensional town. Finally, we find that while linear mation [4, 9].
forward vection is not perceived to be very convincing, curvilinear Due to the variability in experimental setups, stimuli, and meth-
forward vection is reported to be as convincing as circular vection. ods used in different vection experiments comparisons between the
Considering our experimental results, our suggestions for simula- studies are difficult. In fact, one of the main limitations of both
tors and VE applications where vection is desirable is to increase linear and circular vection setups is the variability in field of view
the number of curvilinear trajectories (as opposed to linear ones) and different graphical stimuli used. The goal of the present re-
and, if possible, add floor projection in order to improve the illu- search was to investigate and compare vection experienced during
sory sense of self-motion. distinctive motion trajectories in a highly controlled environment.

We recently modified our immersive large-screen VE to include a
Index Terms: K.6. 1 [Virtual Reality]: Self Motion Perception curved floor in the display and an additional projector that provides
Virtual Reality; K.7.m [Optic Flow]: visual stimulus on the floor (see Figure 1). This modification en-

ables us to more easily investigate linear, circular and curvilinear
1 INTRODUCTION trajectories all in one environment. Until now, curvilinear vection

(forward motion with a rotational component, like turning around
Vection refers to the compelling sensation of illusory self-motion a corner) has received very little attention [20] and remains an im-
elicited by a moving visual stimulus [5]. In daily life, vection can portant research topic to be investigated.
be experienced when waiting in a car at a stop light and observing
another car in close proximity accelerating. Another example of
naturally occurring vection is experienced while seated in a train
and watching another train moving on an adjacent track. The sta-
tionary observer in these cases experiences a very compelling sen-
sation of self-motion based solely on visual information.

According to the perceived motion, self rotation or self transla-
tion, researchers usually differentiate between two types of vection:
circular vection and linear vection respectively. While, for most
observers, circular vection is easily achieved in a laboratory set-
ting, forward and backward linear vection is much less convincing.
When moving through the world people experience different opti-
cal flow patterns according to their motion. Most studies on vection
have focused on circular vection around the yaw axis, and fewer
studies have addressed linear vection. There is only one study that
investigated curvilinear vection so far [20]. The goal of the current

*9e-mail: lctmutoimtholyoke.edu Figure 1: Large screen virtual environment used to investigate linear
te-mail:betty.mohler@tuebingen.mpg.de and circular vection

Authorized licensed use limited to: Carnegie Mellon Libraries. Downloaded on April 23, 2009 at 14:04 from IEEE Xplore.  Restrictions apply.



for a particular type of vection is presented. Using a large-screen also been used to investigate if perceived self-motion also results in
VE setup (220 degree horizontal and 165 degree vertical field of a shift in the egocentric location of previously seen targets [12].
view) we simulated twelve different trajectories in a random star The unique contribution of the current research involves a direct
field environment as well as two trajectories in a realistic model of comparison between vection trajectories using a unique VE setup
a virtual town. This paper also evaluated the influence of the floor than can allow the control of visual stimuli on a large field of view.
projection on perceived linear and circular vection using the realis- In addition, we specifically investigate curvilinear trajectories with
tic virtual town model (see Figure 1 for stimulus and setup). the hope that the combination of linear and circular optic flow will

result in a better experience of self-motion than linear alone. Fi-
2 BACKGROUND nally, we investigate the influence of the floor projection on both

Vection studies hlinear and circular vection using a photorealistic virtual model of aVection studies have been performed in a variety of conditions and ton
setups. The first experiments on vection in a laboratory setting were town.
performed by Mach in 1875 using an optokinetic drum consisting 3 EXPERIMENTS AND METHODS
of a rotating cylinder with black and white stripes[13]. In an op-
tokinetic drum participants either sit or stand at the center of the 3.1 Participants
surrounding rotating apparatus and they usually experience a very Twelve volunteers (six males and six females) between the ages of
compelling illusion of rotation. Since then the setups have diversi- 22 and 31 (mean 25.75) participated in this experiment. All had
fied and extended to include television screens, projectors, and fully normal or corrected-to-normal vision and fully completed the ex-
immersive virtual environments. The stimuli used to induce vection periment. Participants were paid at standard rates.
also ranges from the classical black and white stripes of the optoki-
netic drum to random dot fields, bar gratings and realistic computer 3.2 Stimuli and apparatus
graphics [1, 7, 15, 16, 23, 6, 18]. For this experiment participants were seated in a chair that was ad-

Several visual display factors have been found to affect the vec- justed so that each participants' seated eye-height was 1.7 meters.
tion experience. Initially it was believed that self-motion percep- The VE setup consisted of an immersive large-screen display and
tion was predominantly processed in the periphery of the retina a joystick (Saitek ST200). Four JVC D-ILA DLA-SX21S video
[3, 4, 10], but later studies demonstrated that both kinds of vec- projectors with a resolution of 1400 X 1050 pixels were used to
tion could also be induced in central vision [1, 9]. A study by display visual stimuli on the front, sides, and floor of the a custom
Palmisano [17] further showed that both high-spatial-frequency and made curved display (see Figure 1). A river sound played through
low-spatial-frequency mechanisms are involved in the visual per- noise canceling head phones for all of the experimental blocks. Par-
ception of self-motion-with their activities depending on the nature ticipants sat at a distance of 3.5 meters from the curved projection
and eccentricity of the motion stimulation. Display time, display screen which has a field of view of 220 degrees horizontal by 165
speed, field of view, and presence or lack of edges around the dis- degrees vertical), as illustrated in Figure 1. The visual stimuli con-
play have also been found to be contributing factors in the percep- sisted either of a randomly generated star field that did not contain
tion of vection [21, 14, 19]. An investigation on circular vection any absolute orientation or distance cues (see Figure 2) or a three-
[19] found that circular vection is stronger when you use a photo- dimensional virtual model of the town of Tiibingen (see Figure 3
realistic scene which contains pictorial depth cues compared to an and 1). Translation movements in virtual Tiubingen were presented
incoherent version of the same image that was scrambled so that it by motion down a 280 meter long straight street (see Figure 3)
was not possible to recognize it as a scene anymore. and for rotational motions the scene was consistent with rotation

The structure of the optical flow, in particular, may have an in- in place at a location near the center of the marketplace square (see
fluence on the perception of vection. For radially expanding optical Figure 1). The main experimental program was run using veLib, an
flow, the focus of expansion specifies the direction of locomotion. in-house VE software library, and Virtools 3.5.
In one of the first linear vection studies, however, Johansson in-
duced apparent vertical self-motion by presenting observers with
random dot patterns at different eccentricities [10]. For peripheral
stimulation vection was reported with fields of view of one degree
while frontal stimulation resulted in perceived pattern motion, not
self-motion. Giannopulu and Lepecq, for example, using lamellar
stimulation and random grating patterns in a peripheral stimulation,
compared upward/downward with forward/backward vection and
found faster onset times and higher ratings for upward/downward
vection [7].

Experiments by Wolpert have shown that lamellar flow structure
was more informative than radially expanding structure for the de-
tection of increasing speed of self motion. In one of the experiments
participants were presented with peripheral and central stimulation
either perpendicular to the direction of travel (lamellar flow) or par-
allel to the direction of travel (radial flow). Lamellar flow structure
in the side view was more informative than radial structure in the
front view for specifying descent [25]. Stoffregen noted that radial
flow was only effective in the control of postural stance when pre-
sented to the central retina, whereas lamellar flow was effective in Figure 2: Pano Lab with random star field used for the first block of
both central and peripheral vision [22]. the experiments.

The most commonly used measures for vection are introspective
measures, such as the moment when vection first occurs (vection 33PrcdeanExrintlDsg
onset time) or saturates, the perceived self-motion velocity, the in- 3. PrcdeanExri ntlDsg
tensity (perceived magnitude), and the convincingness of the illu- The within subject design included 12 different trajectories where
sion. For excellent overviews see [3, 4, 8, 24]. Pointing tasks have participants were asked to provide three different measures. For the
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