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Spatiotemporal boundaries of linear vection
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Thresholds for the perception of linear vection were measured. These thresholds allowed us to de-
fine the spatiotemporal contrast surface sensitivity and the spatiotemporal domain of the perception
of rectilinear vection (a visually induced self-motion in a straight line). Moreover, a Weber’s law was
found, such that a mean relative differential threshold in angular velocity of about 41% is necessary to
perceive curvilinear vection. This visually induced self-motion corresponds to the sensation of moving
in a curved path. It is proposed that curvilinear vection is induced when the apparent velocity differ-
ence is detectable. The spatiotemporal domain of perception of rectilinear vection and its spatiotem-
poral contrast surface sensitivity are centered on low spatial frequencies. Concurrently, the values
which correspond to the relative differential thresholds of curvilinear vection are low spatial frequen-
cies. Accordingly, the peripheral ambient visual system seems to be involved in perceiving linear vec-
tion. It is argued further that the central ambient system might also be involved in the processing of lin-

ear vection.

In this experimental work, we are concerned with the
study of thresholds for the perception of linear vection. It
is one part of a more general work on linear vection, the
other part being the study of the properties of curvilinear
vection (Sauvan & Bonnet, 1988, 1989, 1993).

Vections are exocentric motions which consist of the
perception of an apparent self-motion in an unmoving en-
vironment. Vections can be triggered by a moving visual
stimulus, or by vestibular and visual stimuli (Dichgans &
Brandt, 1978). The perceived direction of the induced self-
motion is always opposite to the direction of the stimula-
tion (Berthoz & Droulez, 1982; Dichgans & Brandt,
1978). The visual and the vestibular systems work in a
complementary and overlapping way. Visual and vestibu-
lar inputs converge in the vestibular nuclei (Waespe &
Henn, 1977, 1978), the visual input via a route involving
the nucleus of the optic tract and the nucleus reticularis
tegmenti pontis (Howard, 1986), at the thalamic level
(Biittner & Henn, 1976; Biittner & Lang, 1979) and at the
cortical level (Biittner & Buettner, 1978; Biittner & Lang,
1979; Sauvan & Peterhans, 1995; Vanni-Mercier & Mag-
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nin, 1982). Finally, a dominance of the visual system in
processing visuovestibular information can be observed in
the case of circular vection (Biittner & Henn, 1981; Probst,
Straube, & Bles, 1985), or in the case of rectilinear vection
(Berthoz & Droulez, 1982; Berthoz, Pavard & Young,
1975). This result may be related not only to the existence
of neurons in the dorsal part of the medial superior tem-
poral visual area (MSTd) in the monkey which strongly re-
spond to optical flow stimuli (Lappe & Rauschecker,
1993; Tanaka & Saito, 1989; Wurtz & Duffy, 1992) but
also to the centrifugal organization of neuronal direction
preferences found in the extrastriate visual area PMLS in
the cat (Rauschecker, von Griinau, & Poulin, 1987).!

Most of the experimental research on vection is related
to circular vection—that is, an induced rotation about the
vertical axis. Few experimental studies refer not only to
sagittal linear vections (rectilinear or curvilinear vection)
but also to their spatiotemporal domain of perception.
Rectilinear vection is a visually induced self-motion in a
straight line, forward or backward (Berthoz et al., 1975).
Curvilinear vection corresponds to the sensation of taking
abend (Sauvan & Bonnet, 1989, 1993), and it contains ro-
tational and translational components (Andersen, 1986). It
is similar to actual observer movement in a curved path, as
when one is moving within a turning vehicle.

It is possible to induce vection by stimulating only a part
of the visual field, such as the central visual field, for ex-
ample. Indeed, a rectilinear vection is perceived when a ra-
dially expanding dot pattern subtending 7.5° of visual
angle is the inducing stimulus (Andersen & Braunstein,
1985). Moreover, circular vection can be induced by stim-
ulating only the central visual field, and not the peripheral
field (Post, 1988). These results do not support the pe-
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ripheral dominance hypothesis (Brandt, Dichgans, &
Koenig, 1973).

Optical flow has also been shown to affect postural sta-
bility (see, e.g., Lestienne, Soechting, & Berthoz, 1977).
Stoffregen (1985) did not find that peripheral stimulation
of the retina alone is the most efficient to induce body
sway, but he did show that the stimulated retinal region
(central vs. peripheral) and the optical flow structure (ra-
dial vs. lamellar?) is involved in postural stability. Indeed,
there is a complete lack of compensatory body sway
elicited by even the largest exposure of radial optical flow
to the retinal periphery (Stoffregen, 1985). Concurrently,
lamellar optical flow in the visual periphery is effective in
inducing compensatory body sways (Stoffregen, 1985).
Correspondingly, it was suggested that differentiations be-
tween areas of the optic array are also based on variations
in flow structure in children (Stoffregen, Schmuckler, &
Gibson, 1987). However, Stoffregen (1985) could not es-
timate the actual limit of the central retina’s ability to pick
up visual information in affecting postural stability. It has
been shown that postural adjustments occur with central
visual stimulation subtending 15° of visual angle—that is,
when this stimulation is restricted to a small area of the
central visual field (Andersen & Dyre, 1989). This sug-
gests that optical information from the central visual field
is used to determine spatial orientation and that peripheral
stimulation is not necessary to affect postural stability
(Andersen & Dyre, 1989). Postural adjustments were
sampled at a higher sampling rate in Andersen and Dyre’s
(1989) study than in Stoffregen’s (1985) work. Conse-
quently, their measurement system may have been more
sensitive to the low amplitude of sway produced by visual
stimulation of the central visual field.

In the present study, visual stimulation was used to in-
duce rectilinear vection. Vection can also be induced, for
example, by using both visual and vestibular stimulations
(Dichgans & Brandt, 1978). It has been shown that central
rectilinear3 (Andersen & Braunstein, 1985), or horizontal
linear4 (Telford, Spratley, & Frost, 1992) vection is influ-
enced by depth cues—that is, by complex visual informa-
tion. For example, apparent depth, introduced by using ki-
netic occlusion information, influences the strength of
horizontal linear vection (Telford et al., 1992). Concur-
rently, radial displays’ in which there are internal depth
cues, such as changing optical velocity and size, induce
linear vection (Telford & Frost, 1993). These internal
depth cues are sufficient for triggering linear vection
with radial displays (Telford & Frost, 1993). Moreover,
when no internal depth cues are available, as in lamellar
displays,® the depth segregation required to induce linear
self-motion can be given by monocular occlusion infor-
mation (Telford & Frost, 1993). These results reinforce the
proposal that the higher level ambient system, which may
process visual information such as depth cues (cf. Ander-
sen & Braunstein, 1985), is involved in the perception of
complex induced self-motion (Sauvan & Bonnet, 1993).
This we define as observer’s (or robot) motions along lin-
ear and/or curved paths, especially in a cluttered environ-
ment.
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We measured thresholds for perceiving linear vection in
order to determine the specific limitations involved in the
computation of (linear) self-motion. Very few studies have
examined thresholds for linear vection. It has been shown
that the low velocity threshold for inducing rectilinear
vection is close to that for detecting the movement of a pe-
ripheral image, and that the luminance threshold for per-
ceiving rectilinear vection is also close to that for detect-
ing peripheral image motion (Berthoz et al., 1975).

Thresholds for perceiving rectilinear vection and curvi-
linear vection are measured in Experiments 1 and 3, re-
spectively. Thresholds for perceiving rectilinear vection
and detecting the movement of drifting sine wave gratings
are compared in Experiment 2.

It was found that the thresholds for perceiving linear
vection define a spatiotemporal domain of perception for
linear vection centered on the low spatial and the middle
temporal frequencies, with the thresholds for detecting
sine wave gratings movement lying outside of that spa-
tiotemporal zone. Curvilinear vection was generated in
the present experimental work by means of peripheral
stimulation of low spatial frequency, but covering only a
small area. Perceived velocity and degree of curvature of
curvilinear vection vary differently (Sauvan & Bonnet,
1993). Moreover, we have shown that perceived direction
of curvilinear vection is not always reported unambigu-
ously (Sauvan & Bonnet, 1989). These results suggest that
the lower and the higher level ambient systems, according
to Andersen and Braunstein’s (1985) theory, should be in-
volved in the perception of linear vection.

GENERAL METHOD

Subjects :

Five young adults—3 emmetropic females (M.B., N.B., and C.T.),
1 emmetropic male (J.PR.), and 1 myopic male (X.S.), between the
ages of 22 and 28, took part in at least one experiment. X.S. was the
only subject who knew the purposes of the experiments.

Apparatus

Each subject sat with his/her head on a chinrest and was directed
to gaze at the fixation point (Figure 1).

Two Tektronix monitors 604 (P31) were displayed behind two cir-
cular apertures. Each aperture subtended a visual angle of 23°. The
monitors stimulated corresponding retinal points. The distance be-
tween the subject’s eyes and the screens of the monitors was 25 cm.
Leibowitz, Rodemer, and Dichgans (1979) have shown that vection
is independent of the refractive error. Consequently, the small dis-
tance between the monitors and the subject’s eyes should not have
had an effect on the perceived vection. These apertures were set up
in a half-sphere located in a dark cabin. The mean luminance of the
two monitors was 4.15 cd/m2. The centers of the screens of these
monitors were placed at an eccentricity of 60° on either side of the
subject’s sagittal plane. This experimental situation produced sepa-
rate stimulation of the two eyes (dichoptic vision). The stimuli were
vertical sine wave gratings moving in the nasotemporal direction and
generated on the screens of the monitors by a Picasso CRT image
generator under computer control (Z80 microcomputer system). The
contrast of the gratings is defined as (L., — L)/ (Liay + L), I
which L and L, are the maximum and minimum luminances of
the gratings, respectively. The subjects and image generator were lo-
cated in two different rooms to reduce the noise in the subjects’ room
as much as possible.
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Figure 1. Bird’s-eye view of the experimental setup. The size of the subject’s head has been

enlarged for the sake of clarity.

Procedure

Vection is not perceived at the onset of the visual stimulation.
There is a latency before the onset of this perception, and the stabi-
lization of the vection occurs only after a delay (Brandt et al., 1973;
Howard, 1986; Sauvan & Bonnet, 1993). Consequently, the method
of limits, not a forced choice paradigm (Bonnet, 1986), has been
used for measuring the thresholds of linear vection. But there are el-
ements of the forced choice method in our paradigm because the
subjects were asked in which direction they perceived linear vection.

There is a discrepancy between the subject’s perception of vection
and the knowledge of his/her motionlessness. This discrepancy is
strengthened by the absence of any other sensorial information con-
firming the visual stimulation. Bonnet and de Schonen (1982) have
shown that the proportion of trials in which a vection is perceived in-
creases with the number of trials. Furthermore, with familiarity, the
latency of the vection decreases down to a constant value. Conse-
quently, we made a choice of working with subjects who had re-
ceived practice (Bonnet, 1986). The number of subjects was there-
fore restricted.

The duration of each trial was 30 sec. The experimental condi-
tions were randomized for each subject.

The subjects first received training in the situation before the ex-
periment started. During the training, a series of stimuli was pre-
sented to each subject to verify whether he/she perceived rectilinear
vection in each trial. The subjects reported whether or not they per-
ceived self-motion and, when they did perceive it, they reported its
direction. Within each 30-sec trial, the direction of linear vection
was constant. On the whole, Sauvan and Bonnet (1989) found that
subjects perceived linear vection toward the slowest of the two mo-
tions—that is, the slowest apparent velocity.

At the end of each experimental session and during the training,
subjects were asked whether they had already experienced induced
self-motion when they were seated in an unmoving train and another
train was moving in their peripheral visual field. If they answered af-
firmatively, they were asked whether the induced self-motion expe-
rience in the experiment or during the training was weaker or
stronger than their previous real-life experience. The subjects were

also asked whether this induced self-motion experience was weaker
or stronger than their real-life experience of moving in a vehicle.

EXPERIMENT 1

The present experiment was designed to measure the
thresholds of rectilinear vection induced by drifting sine
wave gratings with respect to contrast (C), temporal fre-
quency (TF), spatial frequency (SF), and angular velocity
(V=TF/SF).

Method

Four observers took part in Experiment 1. The spatiotemporal
contrast sensitivity surface for rectilinear vection was measured with
3 subjects (M.B., J.-PR., and X.S.). Contrast sensitivity was defined
as the reciprocal of the contrast threshold. The spatial or temporal
frequency and angular velocity thresholds were also measured with
3 subjects (M.B., N.B,, and X.S.). Series of visual stimuli were used
in which contrast, spatial frequency, temporal frequency, or angular
velocity varied in such a way that the subject’s perception of recti-
linear vection decreased until it disappeared. The method used for
measuring the thresholds was therefore the method of limits with de-
scending series. This method was used because it had previously
been observed that the thresholds measured with ascending series
were at first larger than those measured with descending series and
that the former then decreased until they became close to the latter
(Sauvan, 1988). The contrast thresholds as a function of the spatial
and temporal frequencies were measured for several pairs of spatial
and temporal frequencies (Table 1).

The high spatial frequency thresholds were measured for the fol-
lowing temporal frequency values: 2.5, 3.5,4.9, 6.9, and 9.6 Hz. The
contrast was equal to 60%. For technical reasons, the low spatial fre-
quency thresholds were not measured. The low and high temporal
frequency thresholds were measured for the following spatial fre-
quency values: .23, .33, .48, .69, and .82 c/deg. The contrast was
equal to 60%. The high and low angular velocity thresholds were



Table 1
Pairs of Spatial and Temporal Frequencies (<) Used to
Measure the Contrast Thresholds

23c/deg  32c/deg A45c/deg .63 c/deg .88 c/deg
2.5Hz X X
3.5Hz X X
4.9 Hz X X X X X
6.9 Hz X X
9.6 Hz X X

measured by using a frequency matrix (TF/SF), and they were se-
lected from one diagonal of that matrix. There were 30 experimen-
tal conditions.

Results and Discussion

All the thresholds are the means of 3 subjects’ re-
sponses. The interindividual variability was estimated by
means of the coefficient of variation CV = (S,_,/M)*100,
S,_| being the sample standard deviation, and M the
mean. This coefficient did not vary systematically as a
function of the experimental conditions. Its mean value
was 26.2%.

The spatiotemporal contrast sensitivity surface for rec-
tilinear vection is shown in Figure 2. There is a zone of
maximal contrast sensitivity for rectilinear vection cen-
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tered on low spatial and middle temporal frequencies. The
best contrast sensitivity is located at about 0.40 c¢/deg and
6 Hz.

As for the high spatial frequency thresholds, there is an
optimum sensitivity for rectilinear vection of about
.80 c/deg at 4.9 Hz. The ratio between the lower and
higher thresholds was only 1.2. In the case of the high
temporal frequency thresholds, there is an optimum sen-
sitivity for rectilinear vection of about 14 Hz at .48 c/deg.
The optimum sensitivity for low temporal thresholds is
1.67 Hz at .48 c/deg. The low velocity threshold is 4°/sec
and the high velocity threshold is about 19°/sec. Accord-
ing to the equation ¥ = TF/SF defined above, the former
corresponds to a spatial frequency of .83 c/deg and a tem-
peral frequency of 3.3 Hz, and the latter to a spatial fre-
quency of .38 c/deg and a temporal frequency of 7.32 Hz.
The results are coherent. Figure 3, constructed by plotting
the values of the spatial frequency, temporal frequency,
and velocity thresholds in terms of combinations of spa-
tial and temporal frequencies, shows there is a spatiotem-
poral domain (or zone) of perception of rectilinear vec-
tion. The faster and slower velocities were 40.4%sec and
3.48%sec, respectively. Moreover, the zone of maximal
contrast sensitivity for rectilinear vection is inside the spa-
tiotemporal domain of perception of rectilinear vection
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Figure 2. Spatiotemporal contrast sensitivity surface for rectilinear vection. The contrast sensi-
tivity was plotted as a function of spatial frequency and temporal frequency. The distance-weighted
least squares smoothing method was used to draw the surface.
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Figure 3. Spatiotemporal zone of perception of linear vection.
Linear vection was not perceived outside this zone. Each pair of
spatial and temporal frequencies (filled squares) corresponds to
a threshold of perception of the rectilinear vection measured in
Experiment 1. The spatial frequency, temporal frequency, and
velocity thresholds were used to trace the figure. The thresholds
to detect the movement of the drifting sine wave gratings (filled
circles) measured in Experiment 2 are also shown.

(see Figures 2 and 3). Finally, the optimum of perception
of linear vection which corresponds to an angular veloc-
ity of 10.2%/sec—that is, a spatial frequency of 0.49 c/deg
and a temporal frequency of 5 Hz (Sauvan & Bonnet,
1989)—is also inside this spatiotemporal domain (Fig-
ure 3).

EXPERIMENT 2

Experiment 2 was designed to measure thresholds for
detecting the movement of drifting sine wave gratings and
to compare them with the thresholds for perceiving recti-
linear vection measured in Experiment 1.

Method

Three subjects (C.T., M.B., and X.S.) took part in Experiment 2.
As in Experiment 1, the stimuli were designed by varying the tem-
poral frequency or angular velocity until the subjects’ perception of
rectilinear vection disappeared. The method used for measuring the
thresholds was also-the method of limits with descending series.

There were four experimental conditions: low temporal frequency
(TF)), high temporal frequency (TFy), low angular velocity (¥), and
high angular velocity (V})). These conditions were as those in Ex-
periment 1. The contrast was 60% in all conditions. The experi-
mental conditions were randomized for each subject. Thresholds for
detecting the movement of drifting sine wave gratings were calcu-
lated by using V' = TF/SF (see Experiment 1).

Results and Discussion

The lowest threshold for detecting the movement of
drifting sine wave gratings was 1.76°/sec. The corre-
sponding coefficient of interindividual variation was
16.2%. The highest threshold for detecting the movement
of drifting sine wave gratings was 56°/sec. The corre-
sponding coefficient of interindividual variation was
21.8%. These four thresholds lie outside the spatiotempo-
ral domain of perception of linear vection (Figure 3). Bon-
net and Chaudagne (1979) found a similar result. This
suggests the spatiotemporal domain of detection of object
motion contains the spatiotemporal domain of perception
of induced linear self-motion.

EXPERIMENT 3

The aim of Experiment 3 was to measure thresholds of
curvilinear vection for contrast and angular velocity. The
variables manipulated to measure these thresholds were
contrast, spatial frequency, temporal frequency, and angu-
lar velocity. Thresholds of induced self-motion in a curved
path were defined as the smallest differences for inducing
this vection, because asymmetrical visual stimuli were
used.

Method

Two subjects took part in Experiment 3 (M.B. and X.S.). The par-
adigm described in the General Method section was also used in Ex-
periment 3, but with a series of asymmetrical visual stimuli. The
asymmetry D(X) of the stimuli was given by the difference between
the value X, of a given variable X on one of the two monitors and the
value X, of the same variable on the other monitor [D(X) = (X; ~
X;)]. These asymmetrical visual stimuli are powerful in inducing
curvilinear vection (Sauvan & Bonnet, 1989, 1993). The asymme-
try D(X) for one variable decreased from one trial to another, so that
subjects perceived a progressively weaker curvilinear vection until
the threshold was reached. There were six experimental conditions,

Table 2
Values Corresponding to the Relative Differential Thresholds of the
Curvilinear Vection
Condition

SF TF, TF, 14 Vi C
C (%) 60 60 60 60 60 60
SF (c/deg) 0.23 048 0.48 0.54 0.54 048
TF (Hz) 43 7.45 3.6 5.0 5.0 5.18
¥V (deg/sec) 18.70 15.52 7.5 9.26 9.26 10.79
C (%) 60 60 60 60 60 51.3
SF (c/deg) 0.38 0.48 0.48 0.71 0.45 0.48
TF (Hz) 4.3 4.35 6.27 3.8 6.77 5.18
V (deg/sec) 11.32 9.06 13.06 5.35 15.05 10.79
w 39.47 41.62 42.57 42.22 38.47

Note-—SF, spatial frequency; TF,, low temporal frequency; TF,, high temporal fre-
quency; ¥}, low angular velocity; ¥, high angular velocity; C, contrast. See text for fur-

ther details



each of which was presented to the subjects twice. In five conditions,
the thresholds were expressed as angular velocity thresholds (spatial
frequency, SF; low temporal frequency, TF,; high temporal fre-
quency, TF,; low angular velocity, ¥}; and high angular velocity, V},.
In the contrast (C) condition, the contrast threshold for curvilinear
vection was measured. The values which were constant from one
trial to another, as for each experimental condition, are shown in the
upper part of Table 2.

Results and Discussion

The values which correspond to the measured angular
velocity and contrast thresholds are shown in bold in the
lower part of Table 2, along with the corresponding val-
ues of the other variables. There is a Weber’s law such that
a mean relative differential threshold of the angular ve-
locities of the moving images equal to about 41% is nec-
essary for inducing curvilinear vection. This ratio is de-
fined as follows:

W=V, — V)IV,]%100,

where V| and ¥}, are the lowest and the highest velocities,
respectively. The ratios (W) are almost the same for the
five experimental conditions (Table 2).

From the contrast (C) condition, it appears that a con-
trast difference of about 9% is sufficient to induce curvi-
linear vection (Table 2). This result is understandable, be-
cause the apparent velocity of a moving stimulation is
decreasing when its contrast is diminishing (Thompson,
1982). This happens when the temporal frequency of the
stimulation is less than about 8 Hz. This was the case in the
present experiment. Consequently, an apparent velocity
difference that is high enough induces curvilinear vection.

GENERAL DISCUSSION

A stationary central visual stimulation seems to affect
the perception of a peripherally induced self-motion. In-
deed, we observed that the removal of the difference be-
tween the mean luminance of the drifting sine wave gratings
and that of the spatially homogeneous visual surroundings
induces an inhibition of the perception of linear vection
(Sauvan, 1988). This may be related to the increase of the
the perceived structure of the visual space when the dif-
ference of luminance was removed. Further investigation
1s needed to study this phenomenon more precisely.

It was shown that linear vection can be perceived by
using two low spatial frequency (<1.0 c/deg) stimulations
of only 23° of visual angle located at 60° of eccentricity.
Properties of the systems involved in the visual control of
self-motion can be inferred from the spatial frequency
range found in the present studies. In particular, the find-
ing that low spatial frequency stimuli induce linear vec-
tion may be related to the finding that the receptive field
width of the human motion detector units inferred from
spatial frequency masking varies with respect to spatial
frequency from 5.8° at .03 c/deg to .05° at 10 c¢/deg (An-
derson & Burr, 1989). This is similar to the receptive field
width obtained with a summation technique { Anderson &
Burr, 1987). The motion-detector receptive fields de-
crease in size (in degrees) with increasing spatial fre-
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quency and have a length:width ratio of 1, but the motion-
independent units have elongated receptive fields with a
length:width ratio of about 1.88 (Anderson, Burr, & Mor-
rone, 1991). Consequently, the receptive field size of the
motion detector units that are stimulated seems to be es-
sential for perceiving linear vection in the same way as are
the size of the stimulus, its eccentricity, and the optical
flow structure (Sauvan & Bonnet, 1993).

According to Andersen and Braunstein (1985), two sys-
tems control ambient vision: a lower level system that
would require peripheral vision, and a higher level system
that would work in the central visual field and would
process complex visual information such as depth cues.
The more primitive ambient system has also been de-
scribed as complementary to the focal system: The former
would be involved in spatial orientation and localization;
the latter, in object recognition (Wolpert, 1990). The pri-
mary characteristic of the more primitive system seems to
be its sensitivity to low spatial frequencies. In the present
experimental work, the spatiotemporal contrast sensitivity
surface and the spatiotemporal domain of perception of
peripheral rectilinear vection are centered on the low spa-
tial and the middle temporal frequencies. In the same way,
the values that correspond to the measured relative differ-
ential thresholds of peripheral curvilinear vection are low
spatial and middle temporal frequencies. Consequently,
the more primitive ambient system should be involved in
the perception of linear vection. But it has been shown that
the direction of peripherally induced curvilinear self-
motion is not always unambiguously perceived (Sauvan &
Bonnet, 1989), and the perceived velocity and degree of
curvature of peripheral curvilinear vection vary differ-
ently (Sauvan & Bonnet, 1993). Consequently, the more
primitive ambient system is not sufficient for computing
the curvilinear component of induced self-motion in a
curved path accurately. This means that the higher level
ambient system should also be involved in perceiving lin-
ear self-motion. Similarly, Frignon and Delorme (1992)
have suggested that perceived self-motion triggered at low
sinusoidal motion frequencies and at high sinusoidal mo-
tion amplitudes and frequencies could be under the con-
trol of the more primitive and the higher level ambient
systems, respectively.

In short, a better understanding of the visual control of
complex self-motions may be provided by the study of the
properties of complex induced self-motions if the latter are
investigated in different situations in which various central
and/or peripheral visual stimuli are manipulated.
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NOTES

1. Optical flow is defined as lawful transformations of the optic array
generated by an observer’s ego motion in a stable environment (Gibson,
1979).

2. Under everyday circumstances, optical flow associated with self-
motion in the sagittal plane has radial structure in the central visual field
and lamellar structure in the peripheral visual field (see Andersen, 1986).

3. This is the perception of moving backward or forward in the sagit-
tal plane triggered by a central visual stimulation.

4. This is the induced perception of moving leftward or rightward in
the frontoparallel plane.

5. These displays simulated self-motion in the sagittal plane.

6. These displays simulated self-motion relative to the frontoparallel
plane.
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