
Abstract  
Understanding the Human Visual System’s (HVS) capability to differentiate between 
static patterns and patterns that are in motion, as well as its ability to group patterns that 
shift along a common vector in space over time, allows us to present visual information 
in a more effective way. In this essay we discuss three applications that make use of our 5 
knowledge about the HVS’s capabilities and limitations in order to achieve a desired 
effect. The first application is an example of relative motion of different objects to each 
other. We show that in some cases we are able to determine the true motion of objects, 
while in other cases we fail. The second example discusses one form of a digital display, 
a 3D projector in a movie theater, and briefly explains the technology required to 10 
overcome the capabilities of the HVS to detect inconsistencies in moving patterns. The 
last application is an example of motion clues in still images of moving objects.  
 
 
Example 1: Relative motion of objects  15 
 
The HVS is able to detect relative motion significantly more accurate than absolute 
motion [R1, R2]. We would like to show an example of our capabilities and limitations in 
detecting relative motion in patterns of a single scene. The figure below shows photos 
taken with a camera moving along with a person on a bicycle. A visualization toy is 20 
installed on one of the spokes of the wheel. The observer of the scene is able to 
distinguish the motion of the cyclist and bike relative to the building in the background. 
The toy [R3] consists of a single strip of light sources (LEDs) along one spoke of the 
wheel, and a sensor that detects the frequency of the rotation (i.e. how many rotations per 
time unit). For each angular position the spoke is in, the same strip pattern is displayed, 25 
ones per rotation, and the HVS is tricked into perceiving a moving pattern (rotating 
LEDs) as being static (static image formed on the wheel).  The makers of this display go 
one step further by offsetting the position and frequency of each linear LED pattern 
slightly. This creates the effect of motion of arbitrary speed and direction (for example 
inverse and slower than the true motion of the wheel and spoke). This case is shown in 30 
the photo sequence below.  
 

   
 



Example 2: Digital projection displays in 3D movie theaters 35 
 
Film projectors have been operating at frequencies between 16 frames per second (fps) 
and 24 fps for more than a century [R4]. Even today’s digital projectors continue to show 
moving images at 24fps, fast enough for the HVS to perceive smooth motion from a 
series of still images of moving objects. Recently stereoscopic movies have had a 40 
comeback into theaters. In order to create the perception of a 3-dimensional scene on a 
flat, 2D screen, the images for left and right eye differ. When using the same digital 
projectors to show stereoscopic content, each frame is temporally split, to display the left 
eye view for 50% of the time (0.5 * 1/24 s) and the right eye view for the remaining 50% 
of the time for each frame.  45 
Intuitively, this would cause the same perception of smooth motion compared to the 2D 
case, because each eye continues to see new images at 24fps. Relative changes in moving 
patterns between left and right eye, however, can be detected as inconsistent with motion 
in the real work and cause eye strain [R5, R2]. One method to overcome this is to 
alternate faster between left and right eye view. Although the still image for left and right 50 
eye continues to be updated at 24 fps, alternating between the two views twice (‘double 
flash technology’) or three times (‘triple flash’) per frame reduces the HVS’s ability to 
detect inconsistent motion. This technology is implemented by most 3D projector 
manufacturer’s today. The figure below shows the left and right eye source at 24fps, as 
well as the time-sliced alternating left and right eye views of the same image for dual and 55 
triple flash methods.  
 

 



Example 3: Perception of motion is still images 
 60 
When designing still visual displays, such as billboard advertisements, motion cues that 
allow us to distinguish patterns and objects with relative motion to each other in real life 
[R2], can be simulated in order to create a similar effect in a static image. The display 
below shows a moving pattern (wheels), which can be distinguished from a static pattern 
(car) in front of a moving background (hillside). Our brain interprets the unsharp motion-65 
blur as relative motion compared to sharp patterns and object in the image. Interestingly, 
most people would interpret the photo below as a car moving against a static landscape. 
The motion clues suggest that the car is the still object in the scene. Based on our 
memory we create a reference of typical static and moving objects relative to earth [R6] 
and apply that knowledge to what we see.  70 
 

 
 
 
Summary 75 
 
We briefly discussed three examples of existing applications that benefit from 
understanding motion perception. We show how display design adapts to limitations and 
capabilities of the HVS in order to achieve the desired visual effect in moving patterns 
and objects.  80 
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