Visibility of temporal blur on a gaze-contingent display
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Abstract age sequence in real-time. This allows us to selectively change the

properties of a dynamic and natural visual input.

The spatio-temporal characteristics of the human visual systemvary|n a rst experiment, we locally and selectively suppress higher

widely across the visual eld. Many studies that have investigated temporal frequencies. The locus of the suppression is then varied
these characteristics were limited to the use of arti cial stimuli, sp as to investigate the visibility of such changes as a function of
such as ickering sinusoidal gratings, etc. Here, we present a gaze-eccentricity. Note that we do not intend to measure the maximum
contingent system that is capable of modulating the spatio-temporaltemporal frequency that can be detected at a given eccentricity; it

content of a high-resolution image sequence in real-time. In a rst is the absence of higher temporal frequencies that should go unno-
experiment, we measure - as a function of eccentricity - how much tjced.

the temporal resolution of a natural video can be reduced before

this manipulation becomes visible. Our work is motivated by applications involving the guidance of
eye movements [lta 2001]. In previous work {Bme et al. 2005]),

CR Categories:  1.4.9 [Computing Methodologies]: Image We were able to predict a small number of candidate locations in

Processing—Applications; J.4.1 [Computer Applications]: Social @ Video sequence that were likely saccade targets. To increase the

and Behavioral Sciences—Psychology probability of one of these candidate locations to become the actual

target for the next saccade, we plan to enhance the visual saliency

there and reduce it elsewhere. One possible means of reducing

saliency is “temporal blur”, i.e. a suppression of high temporal fre-

quencies as described in this paper. In a different experiment using

. the system presented here, we were indeed able to show that tempo-

1 Introduction ral transients in the periphery play an important role in the guidance
of saccadic eye movements ([Dorr et al. 2005]).
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The spatio-temporal characteristics of the human visual system vary
widely across the visual eld. Spatial resolution as a function of ec-
centricity has been well studied both anatomically and psychophys- 2 System with gaze-contingent temporal
ically ([Duchowski 2000]). The fact that spatial resolution drops .

sharply towards the periphery has been exploited for image cod- resolution

ing ([Itti 2004]) and low-bandwidth video communication ([Geisler
and Perry 1998]). [Perry and Geisler 2002] have presented a gaze

contingent display simulating arbitrary visual elds. 2.1 General setup

The peripheral temporal characteristics of the visual system are lessrpq processing of high-resolution videos in real-time is still a com-

well understood. There are at least two distinct temporal “chan- , ;tationally very challenging task. Therefore, our display system
nels”, with properties that vary with eccentricity ([Hess and Fred- ¢qqists of two high-end computer workstations. One computer is
ericksen 2002]). Research has mainly been focused on the usgonnected to a commercially available SensoMotoric Instruments
of well-controllable, arti cial stimuli, such as ickering sinusoidal Hi-Speed eye-tracker running at 240 Hz, while the other computer

gratings, etc. While this approach has yielded many important (pentiym 4, 3.2 GHz) performs the image processing, using hand-
insights, recent ndings have shown that visual performance in | ritten assembler code for its SSE2 vector unit.

free-viewing conditions differs signi cantly from that in paradigms
where a steady xation has to be held ([Gersch et al. 2004]).

In the following, we will present a gaze-contingent display capable 2.2  Varying temporal resolution
of modulating the spatio-temporal content of a high-resolution im-

e-mail: dorr@inb.uni-luebeck.de To generate the gaze-contingent map of varying temporal resolu-
te-mail: boehme@inb.uni-luebeck.de tion, we used techniques similar to those used for the real-time sim-
*e-mail: martinetz@inb.uni-luebeck.de ulation of arbitrary visual elds ([Perry and Geisler 2002]). There,

8e-mail: barth@inb.uni-luebeck.de avideo sequence is ltered using an arbitrary two-dimensional map

that speci es the desired spatial resolution at each pixel location rel-
ative to the direction of gaze. This is achieved by blending between
levels of a multi-resolution pyramid computed for each frame in the
video.

Our approach is similar but uses a temporal pyramid instead of the
spatial multi-resolution pyramid. The rst level of the pyramid is
the original input video, and each successive level is constructed by



applying atemporal low-pass lter to the previous level, then down- sion caused by temporal blur. In these trials, the position of the
sampling by a factor of two (i.e., dropping every other frame). We temporal scotoma was controlled by the mouse.

can now obtain a version of the video with a speci ¢ temporal reso-

lution at each pixe| by interpo|ating between the two pyram|d levels Detection thresholds were then determined with an interleaved
that bracket the desired resolution and upsampling to the frame ratestaircase procedure. Staircase procedures are commonly used to es

of the original video. The interpolation scheme is described in de- timate thresholds in psychophysical 2AFC (two alternatives, forced
tail in [Perry and Geisler 2002)]. choice) tasks. After each stimulus presentation, the subject had to

] ) ) . _ respond whether the stimulus was detected, i.e., whether the reduc-
Note that, strictly speaking, interpolating between two pyramid tjon in temporal resolution led to a visible degradation of image
levels with speci ¢ resolutions does not yield a result with inter- - quality or not. If the reduction went undetected, the temporal res-
mediate resolution. A more accurate technique for approximating ojution was decreased even further in the next presentation; simi-

the continuous Gaussian scale-space is describeddth@004]. |arly, after a detected reduction the resolution was increased again.
However, we believe that the simpler approach used here is suf - The step size for these changes was 0.75 Hz. After a prede ned
cient for our purposes. number of turns, that is, switches in response from “detected” to

“undetected” or vice versa, the staircase procedure ended. The av-
erage response at the turns then served as a reliable estimate for the
detection threshold.

The resolution map we use in our experiment is set to the resolu-
tion of the original videoR, across the whole of the visual eld
except for a ring-shaped region around the fovea at a certain-eccen
tricity, which is set to a certain reduced resolutign(because of
this locally limited loss in resolution, we call this region a “tempo-
ral scotoma”). To prevent a hard border between the two regions,
the anks of the “temporal scotoma” have the shape of a Gaussian
with standard deviatios . Thus, the resolution map, expressed as
a function of the eccentricity, is

We measured thresholds for a scotoma width of 2.3 degrees, a ank
width of 2s = 0:9 degrees, and ve different eccentricities, namely
1.2 degrees (a foveally presented circular disk), 10.3; 19.6;, 28.7
and 37.9 degrees. For each of these eccentricities and each of the
four image sequences, a separate staircase was held in memory.
Before each trial, one staircase was chosen randomly so that the

8 . W subject could not know beforehand where in the visual eld the
2R it f<=3 “temporal scotoma” would occur.
R(f)= _Ro if fej>%+2s

"R+ (R R)Gsiv(if  fej %) otherwise

wheref. is the eccentricity of the center of the ringjis the width 4 Results
of the ring, andSs iy is an inverted Gaussian with standard devia-

tions.
Figure 2 shows results for two different subjects. Clearly, the sen-

sitivity to high temporal frequencies drops towards the periphery.
The variance across different image sequences can be explained by
the different distribution of moving objects on the image plane; i.e.,

in the roundabout scene, most moving objects are in the center of
We measured the visibility of a reduction in temporal resolution the image, so that at higher eccentricities, there are almost no high
with varying eccentricity. Four image sequences of natural outdoor temporal frequencies to suuppress anyway.

scenes were taken with a JVC JY-HD10 camera (HDTV standard, . . . .
1280x720 pixels spatial and 30 Hz temporal resolution). In order !t iS therefore important to note that we do not claim the function

to be able to process the sequences in real-time, they were down N Figure 2 to be generally applicable. Itis more of a heuristic that
sampled to a spatial resolution of 960x540 pixels with the publicly 9i\V€S & rough approximation of the sensitivity to temporal blur in
available mencoder ([Mpl ]) software. Sequences were cut to a du- n_atural scenes. We plan to use the domalr_1 of “invisible freque_n-
ration of 20 seconds each; they depicted scenes from a sunny dayFieS above the thresholds in Figure 2 to guide eye movements in a
at the beach, a roundabout, and two shots of pedestrian areas (Segubconsmous way.

Fig. 1). The sequences contained a variety of objects of different
size moving at different velocities.

3 Visibility of temporal blur

Of course, more data need to be collected, especially with regard
to the width of the “scotoma” that was arbitrarily set to 2.3 degrees
Subjects were seated 55 cm from an liyama HM204DT 22" com- here. Also, because of the limited display size, we were limited to
puter screen, running at a spatial resolution of 1280x960 pixels and eccentricities of up to 38 degrees, while the human visual system
a refresh rate of 90 Hz. Because the aspect ratios of the screerhas a eld of view of about 180 degrees.

and the videos differed, black bars were added above and below

the video so that the video covered a eld of view of 40.0x22.5

degrees (45.9 degrees diagonal). Thus, the maximum horizontal .

spatial frequency was 12 cycles/degree. Eye movements were mea®  Conclusion

sured at 240 Hz and the average latency of the system was 60 ms.

This latency may seem quite high compared to the latencies of ) ) )
gaze-contingent displays that alter single images only, but note that\We have presented a gaze-contingent system capable of simulating
building a temporal multiresolution pyramid is by far costlier. Ul- ~an arbitrary space-variant temporal resolution map. We believe this
timately, every video frame that is displayed is a weighted sum System is a useful tool for psychophysical research that will allow
of more than 250 high-resolution frames surrounding it. Latency Us to perform experiments on the spatio-temporal characteristics of
could be reduced further by sacri cing spatial resolution, but we the human visual system with natural scenes.

judged this to be unnecessary as subjects did not report a noticeabl

lag in the current setup. ?n a rst experiment, we have shown that it is possible to invisibly

suppress a wide range of temporal frequencies in the visual periph-
Before data collection began, subjects performed a few demo trialsery. We plan to use this property to guide eye movements, in an
of the experiment to familiarize themselves with the visual impres- attempt at more ef cientimage communication ([Ita 2001]).
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Figure 1: Stills from the movies used in the experiment. From top
to bottom: “beach”; “roundabout”; “streetl”; “street2”.
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Figure 2: Detection threshold for temporal blur as a function of
eccentricity for two different subjects. Each line indicates results
for one image sequence.
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