


Figure 24: Tester 2: The Optical Event With a Variable Interval

Result:

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
240 360 291 1400 120

Table 24: Tester 2 With a Variable Interval

Tester 3

Gender Age Education
Male 65 PhD

Table 25: Tester 3’s Information

Scenario 1: optical event happens in a fixed interval The plot of the results
is shown in the Figure 25. As can be seen from the Figure 25, most of the time,
the perception and reaction time is between 200ms and 250ms. In addition, the
distribution is much more regular compared with other testers. However, because
of the indispensable prediction, the shortest reaction time is close to 150ms.
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Figure 25: Tester 3: The Optical Event With Fixed Interval

Result:

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
160 290 211 855 130

Table 26: Tester 3 With a Fixed Interval

Scenario 2: optical event happens in a variable interval The plot of the re-
sults with optical event happening in a variable interval is shown in the Figure 26.
As it can be seen from the Figure 26, the distribution is much more regular com-
pared with other testers, and the perception and reaction time is mostly between
250ms and 350ms.
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Figure 26: Tester 3: The Optical Event With Variable Interval

Result:

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
260 360 315 765 300

Table 27: Tester 3 With a Variable Interval

Tester 4

Gender Age Education
Male 26 Master

Table 28: Tester 4’s Information

Scenario 1: optical event happens in a fixed interval The plot of the results
with fixed interval is shown in the Figure 27. As can be seen from the Figure 27,
because of the prediction, the distribution is not regular and the shortest time can
almost be 100ms.
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Figure 27: Tester 4: The Optical Event With a Fixed Interval

Result:

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
120 310 224 2335 190

Table 29: Tester 4 With a Fixed Interval

Scenario 2: optical event happens in a variable interval The plot of the
results with optical event happens in a variable interval is shown in the Figure 28.
As it shown from the Figure 28, the distribution is much more regular, and the
time is mostly between 200ms and 300ms.
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Figure 28: Tester 4: The Optical Event With a Variable Interval

Result:

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
190 290 232 843 100

Table 30: Tester 4 With a Variable Interval

Tester 5

Gender Age Education
Female 26 Master

Table 31: Tester 5’s Information

Scenario 1: optical event happens in a fixed interval The plot of the results
with optical event happening in a fixed interval is shown in the Figure 29. As can
be seen from the Figure 29, the result is comparatively more regular than other
testers and the time is mostly between 150ms and 200ms. The phenomenon of
prediction seldom happens.
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Figure 29: Tester 5: The Optical Event With a Fixed Interval

Result:

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
130 240 183 809 110

Table 32: Tester 5 With a Fixed Interval

Scenario 2: optical event happens in a variable interval The plot of the
results with optical event happening in a variable interval is shown in the Figure
30. As it shown from the Figure 30, the perception and reaction time is mostly
between 200ms and 300ms.
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Figure 30: Tester 5: The Optical Event With a Variable Interval

Result:

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
170 320 238 1891 150

Table 33: Tester 5 With a Variable Interval

5.3.6 Data Analysis

5.3.6.1 Delay of Wireless Transmission

Because of the fact that in order to measure the reaction time, the wireless equip-
ment of Sennheiser ew 152 G3 has been used. It contains a transmitter and a
receiver, and the answer to the question of whether the wireless transmission in-
troduces delay is unknown. Hence, a measurement has been done to measure the
delay introduced by wireless transmission. The measurement has been done with
two microphones, one ordinary microphone with the wire and another one is the
Sennheiser ew 152 G3. Both output signals from the microphones are connected
to the oscilloscope, and the time difference between two microphones shown on
the oscilloscope is the delay introduced by the wireless transmission. As can be
seen from the Figure 31, the time difference between two microphones is quite
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small and it is always between 3ms and 8ms.

Figure 31: The Delay Caused by Wireless Transmission

Result:

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)

3 8 5 2 5

Table 34: The Delay of Wireless Transmission

5.3.6.2 Data Analysis

Because the number of testers is limited, the conclusion cannot be generalized.
Hence, the analysis is only valid with the proposed measurement results. One
thing can be suggested that the perception and reaction time seems to relate to
age of the testers. As can be seen from the data, the younger the person is, the
shorter the perception and reaction time is. However, from the results of the mea-
surements, it seems that the gender does not influence too much of the perception
and reaction time. In addition, the education seems to have no relationship with
the perception and reaction time. What is more, from the plots of the results, it
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indicates that the female intends to predict more than the male, even though they
have been told not to predict.

As can be seen from the measurement results, the smallest difference of per-
ception and reaction time for a tester between the optical event happening in a
fixed interval and the optical event happening in a variable interval is 90ms. In
other words, if the user of a telepresence system can provide a constant hint or
stimulus to the chat partners, it can drastically reduce the perception and reaction
time.

5.3.7 Results

All the results can be found in the Appendix C.

5.4 Descriptive Investigation

The detailed information about how to make a survey has been explained in the
chapter 2. The survey being conducted can be found in the Appendix D.

Analysis of the Survey It is worthy to mention that the following conclusions
are made based on the survey of five testers, and it cannot be generalized. From
the survey, it is easy to make a conclusion that the perception and reaction time
is directly involved with the tiredness of the people. In addition, concentration is
the most important influencer of the perception and reaction time. Next, practice
and life habit can also, to some extent, influence the perception and reaction time.
However, education is certainly has nothing to do with the perception and reaction
time.
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6 Space Perception

Space perception is one of the most important factors that distinguish a general
telepresence system and a DMP system. It can help to give a more “accurate”
sensation of nearness to the people who are interacting with other people through
a DMP system. However, the answer to the question about whether the space per-
ception can influence the perception and reaction time is unknown. The detailed
study of the influences of the space perception to the perception and reaction time
is illustrated in this chapter. This chapter starts by introducing the related knowl-
edge about the space perception. Then, the specification of the chosen method-
ologies which are used to find how space perception can influence perception and
reaction time is mentioned. In the end, the steps of the chosen methodologies are
carried out.

6.1 Space Perception

6.1.1 Concept of Space Perception

Space perception is to tell the depth difference between objects. Most of the time,
2D videos eliminate the space perception. However, because of the monocular
depth cues, it can help to create space perception in 2D videos. Monocular depth
cues help to create space perception by enabling observers to learn the physical
significance of different retinal images. This is achieved by interposition, linear
perspective, light and shade, relative size, texture gradient, and aerial perspective.
Detailed definitions and explanations of these concepts can be found in the [9]. In
contrast, binocular vision enables people to derive from the small differences in
the location of homologous points in the two images incident on the retina of the
eyes [9].

6.1.2 3D

A stereoscopic 3D can effectively provide space perception. The most commonly
used approach of 3D video collaboration spaces is stereoscopy. Stereoscopy cre-
ates the illusion of depth of an image by means of stereopsis for binocular vision.
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It presents two offset of a 2D image to the left and right eye of the viewer sepa-
rately, and then these two 2d images are combined in the brain to give the depth
perception.

6.1.3 3D Format

There are mainly three types of 3D formats, and they are side-by-side 3D, top-
and-bottom 3D and frame sequential 3D.

Side-by-side 3D: For side-by-side 3D, a frame that is intended to be seen by both
eyes at the same time is divided into two halves. Hence, the entire frame
scaled down horizontally to fit for the left eye and right eye respectively.

Top-and-bottom 3D: For top-and-down 3D, a frame that is intended to be seen
by both eyes at the same time is divided into two halves, and the entire frame
is vertically scaled down to fit for the left eye and right eye respectively.

Frame Sequential 3D: For frame sequential 3D, all the frames are sent one by
one. One frame is transmitted to an eye first. Then, another frame is trans-
ferred to the other eye next.

6.2 Methodology

In order to determine the relationship between the space perception and the per-
ception and reaction time, the methodologies of experimental investigation and
an interview, one type of descriptive investigation, are preferred and carried out.
Detailed definition and steps of experimental investigation can be found in the
chapter 2. Specifications of descriptive investigation and interview including both
advantages and disadvantages can also be found in the chapter 2.

6.3 Experimental Investigation

6.3.1 Research Hypothesis

It is obviously that 3D produces space perception, thus giving a more “accurate”
sensation of nearness to people who are interacting with each other through a
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DMP system. Because of this sensation, we assume that it can also shorten the
perception and reaction time.

6.3.2 Design of the Measurement

In order to study the relationship between the space perception and the perception
and reaction time, a 3D system has been achieved. There are two types of 3D
systems that can be achieved. One is a real-time 3D system, and another is an
off-line 3D system. To achieve a real-time 3D system, we use two Toshiba 1K-
HR1D cameras to shoot the same image with a slightly different angle, which is to
create two images for left eye and right eye separately. Then, we use an EZblend
video combiner to merge two images. After that, a F35 AS3D projector is used to
project the image on a screen. The person who is watching the image is required
to wear the SyncMaster Samsung shutter glasses. Detailed property of Toshiba
1K-HR1D can be found at [10], and the specification of EZblend video combiner
is available at [11]. The description of F35 AS3D can be found at [12], and the
features of SyncMaster Samsung shutter glasses can be found at [13].

However, since the purpose is to find out the relationship between the space
perception and the perception and reaction time, we do not focus on real-time, in-
teractive 3D, but rather on making comparisons between 2D and 3D displays, and
finding out how different frame rates of a video can influence human’s percep-
tion and reaction time to optical stimuli. It is then important to be able to repeat
the sequence of optical events shown to testers and to have full control over the
experiments. An off-line solution with a PC for playing out stored videos to a
display screen and software capable of editing the videos is preferred. The Figure
32 shows how the system is constructed.

53



Figure 32: System Structure

By having the adviser mimicking the hand movements of conducting a con-
cert, we use the FL3-U3 USB 3.0 digital camera to capture four groups of pictures.
Four groups of pictures are the hand moving at a constant speed with a wooden
frame around, the hand moving at a variable speed with a wooden frame around,
the hand moving at a constant speed without a wooden frame around, and the hand
moving at a variable speed without a wooden frame around. Instead of shooting
four videos, we shoot four groups of pictures, because we want the same sequence
of optical events. Then, for each group of pictures, we convert it to 2D video with
25fps, 2D video with 50fps, 2D video with 100fps, and 3D video with 25fps. Be-
cause the sequence of the optical events of the video are the same, the only thing
that influences the testers’ perception and reaction time is the frame rate of 2D
videos or the space perceptions introduced by 3D videos. To create 2D videos
from pictures with different frame rates, we use the software - Videomach. To
create 3D videos, we use the software – 3DCombine. For the situation of having
the wooden frame around, the tester is asked to pronounce ‘ah’ sound when they
see the adviser’s hand hitting the wooden frame. For the situation of not having
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the wooden frame around, the tester is asked to pronounce ‘ah’ sound whey they
see the adviser’s hand reaching to the most far point.

6.3.3 The Instruments

To test how space perception influences perception and reaction time of people,
same set of equipment used in the chapter 5 is adopted. All the videos are played
on the screen. For 3D tests, all the testers are required to wear the SyncMaster
Samsung shutter glasses.

6.3.4 Recruit Participants

In order to make a comparison, we make four groups of pictures, and each group
of pictures are converted to four videos. Hence, there are totally sixteen videos.
For each video, 20 times of measurements are required to get a comparatively
accurate result. Therefore, 320 times of measurements have to be done for each
tester. Because the time is really limited, we decide to invite one tester to do all
the pilot tests.

6.3.5 Actual Data Collection

Tester 1

Gender Age Education
Female 26 Master

Table 35: Tester’s Information

Scenario 1 2D Video with 25fps - Hand Moving at a Constant Speed with a
Frame This is the first scenario where the adviser’s hand moves at a constant
speed with a wooden frame around. The 2D video is with 25fps. As can be seen
from the Figure 33, the perception and reaction time varies between 100ms and
300ms, and most of the time, the time is between 150ms and 200ms.
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Figure 33: Scenario 1

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
110 280 181 2079 170

Table 36: Results of Scenario 1

Scenario 2 2D Video with 50fps - Hand Moving at a Constant Speed with a
Frame This is the second scenario where the adviser’s hand moves at a constant
speed with a wooden frame around. The 2D video is with 50fps. As can be seen
from the Figure 34, the perception and reaction time varies between 40ms and
140ms.
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Figure 34: Scenario 2

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
32 150 84 1023 118

Table 37: Results of Scenario 2

Scenario 3 2D Video with 100fps - Hand Moving at a Constant Speed with a
Frame This is the third scenario where the adviser’s hand moves at a constant
speed with a wooden frame around. The 2D video is with 100fps. As can be seen
from the Figure 35, the perception and reaction time varies between 30ms and
150ms.
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Figure 35: Scenario 3

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
28 148 75 842 120

Table 38: Results of Scenario 3

Scenario 4 3D Video with 25fps - Hand Moving at a Constant Speed with a
Frame This is the fourth scenario where the adviser’s hand moves at a constant
speed with a wooden frame around. The 3D video is with 25fps. As can be seen
from the Figure 36, the perception and reaction time varies between 50ms and
200ms.
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Figure 36: Scenario 4

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
52 200 129 2194 148

Table 39: Results of Scenario 4

Scenario 5 2D Video with 25fps - Hand Moving at a Variable Speed with a
Frame This is the fifth scenario where the adviser’s hand moves at a variable
speed with a wooden frame around. The 2D video is with 25fps. As can be seen
from the Figure 37, the perception and reaction time varies dramatically, and the
time is between 10ms and 180ms.
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Figure 37: Scenario 5

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
10 180 62 2214 170

Table 40: Results of Scenario 5

Scenario 6 2D Video with 50fps - Hand Moving at a Variable Speed with a
Frame This is the sixth scenario where the adviser’s hand moves at a variable
speed with a wooden frame around. The 2D video is with 50fps. As can be seen
from the Figure 38, the perception and reaction time varies very dramatically. The
longest time reaches to over 200ms. The shortest time can be around 5ms.
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Figure 38: Scenario 6

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)

9 220 97 3307 201

Table 41: Results of Scenario 6

Scenario 7 2D Video with 100fps - Hand Moving at a Variable Speed with a
Frame This is the seventh scenario where the adviser’s hand moves at a variable
speed with a wooden frame around. The 2D video is with 100fps. As can be seen
from the Figure 39, the perception and reaction time varies very dramatically. The
longest time reaches to over 250ms. The shortest time can be around 5ms.
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Figure 39: Scenario 7

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)

5 270 106 8723 265

Table 42: Results of Scenario 7

Scenario 8 3D Video with 25fps - Hand Moving at a Variable Speed with a
Frame This is the eighth scenario where the adviser’s hand moves at a variable
speed with a wooden frame around. The 3D video is with 25fps. As can be seen
from the Figure 40, the perception and reaction time varies very dramatically. The
longest time reaches to over 200ms. The shortest time can be around 5ms.
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Figure 40: Scenario 8

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)

5 200 76 3498 195

Table 43: Results of Scenario 8

Scenario 9 2D Video with 25fps - Hand Moving at a Constant Speed without a
Frame This is the ninth scenario where the adviser’s hand moves at a constant
speed without a wooden frame around. The 2D video is with 25fps. As can be
seen from the Figure 41, the perception and reaction time can have negative value.
This means, because of the prediction, people react before the hand reaching the
most far point.
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Figure 41: Scenario 9

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
-124 80 -17 3480 224

Table 44: Results of Scenario 9

Scenario 10 2D Video with 50fps - Hand Moving at a Constant Speed without
a Frame This is the tenth scenario where the adviser’s hand moves at a constant
speed without a wooden frame around. The 2D video is with 50fps. As can be
seen from the Figure 42, the perception and reaction time distributes not regular,
and it also has negative values.
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Figure 42: Scenario 10

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
-120 160 20 4652 280

Table 45: Results of Scenario 10

Scenario 11 2D Video with 100fps - Hand Moving at a Constant Speed with-
out a Frame This is the eleventh scenario where the adviser’s hand moves at
a constant speed without a wooden frame around. The 2D video is with 100fps.
As can be seen from the Figure 43, the perception and reaction time can also be
negative value. However, the number of times that the perception and reaction
time is negative is less than previous two situations.
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Figure 43: Scenario 11

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
-90 94 32 2824 184

Table 46: Results of Scenario 11

Scenario 12 3D Video with 25fps - Hand Moving at a Constant Speed with-
out a Frame This is the twelfth scenario where the adviser’s hand moves at a
constant speed without a wooden frame around. The 3D video is with 25fps. As
can be seen from the Figure 44, the distribution of perception and reaction time is
more regular than previous three scenarios, and it contains only one time that the
perception and reaction time is negative.
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Figure 44: Scenario 12

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
-80 100 43 1653 1840

Table 47: Results of Scenario 12

Scenario 13 2D Video with 25fps - Hand Moving at a Variable Speed without
a Frame This is the thirteenth scenario where the adviser’s hand moves at a
variable speed without a wooden frame around. The 2D video is with 25fps. As
can be seen from the Figure 45, the perception and reaction time can also be
negative value.
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Figure 45: Scenario 13

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
-50 140 66 3288 190

Table 48: Results of Scenario 13

Scenario 14 2D Video with 50fps - Hand Moving at a Variable Speed without
a Frame This is the fourteenth scenario where the adviser’s hand moves at a
variable speed without a wooden frame around. The 2D video is with 50fps.
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Figure 46: Scenario 14

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
-80 160 50 3165 240

Table 49: Results of Scenario 14

Scenario 15 2D Video with 100fps - Hand Moving at a Variable Speed with-
out a Frame This is the fifteenth scenario where the adviser’s hand moves at a
variable speed without a wooden frame around. The 2D video is with 100fps. As
can be seen from the Figure 47, the perception and reaction time varies a lot, and
it can seldom be 0.
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Figure 47: Scenario 15

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
-150 130 28 5096 280

Table 50: Results of Scenario 15

Scenario 16 3D Video with 25fps - Hand Moving at a Variable Speed without
a Frame This is the sixteenth scenario where the adviser’s hand moves at a
variable speed without a wooden frame around. The 3D video is with 25fps. As
can be seen from the Figure 48, the perception and reaction time changes a lot and
it can be negative.
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Figure 48: Scenario 16

Min Value Max Value Average Value Variance Range Observed
(ms) (ms) (ms) (ms) (ms)
-50 120 25 2284 170

Table 51: Results of Scenario 16

6.3.6 Data Analysis

Based on all the plots and measurement results presented above, there are several
conclusions can be drawn. First of all, based on the results of first four scenarios,
one conclusion can be drawn that the frame rate can directly influence the per-
ception and reaction time of the tester. The bigger the frame rate, the shorter the
perception and reaction time is.

In addition, based on the results of the scenarios with a wooden frame around
and the scenarios without a wooden frame around, we can conclude that with a
wooden frame, the tester knows when exactly she needs to respond to an optical
stimuli. When without a reference, like a wooden frame, the tester intends to
predict, thus reacting earlier than it is supposed to be. Hence, for some cases,
the perception and reaction time can be negative values, and in extreme case,

71



it can be zero. This reveals the real situations in real life. For instance, when
a conductor conducts a concert with a choir, it is indispensable to have some
asynchronization sound among people of a choir, because some people intend to
predict the conductor’s hand movements.

Next, when compare a 2D video with 25fps with a 3D video with 25fps, the
perception and reaction time of the 3D video is obviously shorter than that of the
2D video. However, in comparison, the perception and reaction time of the 3D
video with 25fps is always longer than the perception and reaction time of the 3D
video with 50fps.

Because of the fact that only one tester participating all the pilot tests, the
conclusions cannot be generalized. However, these conclusions can be a great
hypothesis for further work.

6.3.7 Results

All the results can be found in the Appendix E.

6.4 Interview

In order to find out how space perception influences the perception and reaction
time, it is also important to get the feeling from the tester. Hence, an interview
has been conducted. The questions and the results of the interview can be found
in the Appendix F.
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7 Conclusion

Several aspects related to the perceived quality of a telepresence system have been
discussed. A lab model of the DMP system has been presented. Taking advantage
of the model, a method of measuring the optical delay is proposed. Based on
the measurement results, the conclusion has been drawn that the optical delay
is directly related to the frame rate of the camera and the refreshing rate of the
display screen. The higher the frame rate of the camera, the shorter the optical
delay is. The higher the refreshing rate of the display screen, the shorter the
optical delay is.

In addition, by using the presented DMP system model, an approach of mea-
suring stimulus-reaction time is suggested. Based on a series of tests, we get the
indication that the perception and reaction time is directly related to age, tiredness,
and concentration of the testers. However, the perception and reaction seems to
have no connection with the education and gender.

Finally, two ways of achieving 3D systems have been proposed. In order to
find out the relationship between space perception and perception and reaction
time, several pilot tests have been done. Based on the measurement results, we
suggest that the frame rate of the video can directly influence the perception and
reaction time. The higher the frame rate, the shorter the perception and reaction
time is. Moreover, for 3D videos, it makes people feel more real, and the mea-
surements indicate that the perception and reaction time of 3D videos is shorter
than the 2D videos with the same frame rate and same content of the video.

Limitation and Future Work: Because the time is really limited, the stimulus-
reaction time measurements and the final 3D measurements have been done with
limited amount of testers. Hence, the results cannot be generalized. For future
work, in order to generalize it, a large amount of testers have to be invited. In
addition, the two time cursors of the oscilloscope are adjusted and modified by
human beings instead of machine, so it may introduce some errors. Hence, for
accuracy, it is better to automate the process of adjusting time cursors in the future.
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Appendix A

Results of Optical Delay
Measurements
The measurements have been done twenty times, so the total number of times is
20. The numbers in the vertical line represent the measurement result for each
time.

Results (ms)
Times 60Hz 120Hz 150Hz

1 70 60 80
2 80 70 60
3 70 70 60
4 70 70 80
5 70 70 60
6 70 60 70
7 80 60 70
8 60 80 60
9 80 60 70

10 80 60 80
11 100 80 60
12 80 70 60
13 70 70 60
14 90 60 50
15 90 70 60
16 70 70 70
17 60 70 70
18 70 60 70
19 70 70 70
20 80 70 50

Table 52: Optical Delay With the Screen Refreshing Rate of 60Hz
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Results (ms)
Times 60Hz 120Hz 150Hz

1 80 50 60
2 60 50 60
3 60 50 60
4 80 60 60
5 60 60 50
6 70 60 60
7 70 50 50
8 60 50 50
9 70 60 70

10 80 60 60
11 60 60 60
12 60 50 60
13 60 60 50
14 50 50 60
15 60 60 60
16 70 60 60
17 70 70 60
18 70 70 60
19 70 60 60
20 50 60 60

Table 53: Optical Delay With the Screen Refreshing Rate of 100Hz
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Results (ms)
Times 60Hz 120Hz 150Hz

1 70 50 60
2 60 70 50
3 70 50 50
4 70 50 50
5 60 50 50
6 60 60 50
7 60 40 60
8 50 50 50
9 60 50 50

10 70 50 60
11 70 60 60
12 50 50 60
13 50 60 50
14 70 50 60
15 60 50 50
16 50 60 50
17 60 60 50
18 50 50 50
19 80 60 50
20 60 60 60

Table 54: Optical Delay With the Screen Refreshing Rate of 120Hz
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publish the results of the performed tests during May, 2013 at the Department
ofTelematics of Norwegian University of Science and Technology (NTNU).
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Appendix C

Results of Stimulus-reaction Time
Measurements
This appendix contains all the results for stimulus-reaction time measurements.

No. of Tester 1 Tester 2 Tester 3 Tester 4 Tester 5
Times (ms) (ms) (ms) (ms) (ms)

1 150 230 180 230 180
2 150 300 190 260 200
3 140 220 290 250 180
4 150 200 190 170 170
5 170 200 180 210 220
6 180 220 190 220 160
7 80 220 220 240 190
8 170 230 200 230 180
9 190 170 250 220 150
10 140 150 220 270 140
11 150 200 210 120 220
12 170 190 250 240 150
13 220 240 220 170 190
14 220 210 200 230 130
15 160 180 160 160 200
16 150 250 220 310 160
17 140 70 180 150 180
18 240 180 230 240 220
19 140 200 200 270 190
20 240 190 210 300 240

Table 55: Testers With a Fixed Interval

83



No. of Tester 1 Tester 2 Tester 3 Tester 4 Tester 5
Times (ms) (ms) (ms) (ms) (ms)

1 310 290 260 240 270
2 310 270 340 210 260
3 280 330 290 220 210
4 260 280 300 200 310
5 270 280 290 260 210
6 290 270 280 250 320
7 240 330 340 280 220
8 210 260 300 200 210
9 280 290 330 240 170
10 260 260 310 220 230
11 230 270 300 280 180
12 230 250 280 210 230
13 280 360 360 210 300
14 280 270 350 290 260
15 280 360 350 230 210
16 310 250 320 220 220
17 230 310 350 260 170
18 290 270 300 200 280
19 310 360 330 220 270
20 310 240 330 190 210

Table 56: Testers With a Variable Interval
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No. of Times Result (ms)
1 4
2 6
3 4
4 6
5 8
6 4
7 6
8 6
9 8
10 6
11 6
12 3
13 4
14 4
15 6
16 3
17 4
18 4
19 3
20 6

Table 57: Delay Caused by Wireless Transmission
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Appendix D

Survey
1. Do you think the perception and reaction time is directly related to age? (Yes,

No, Uncertain)

Figure 49: The Question About Age

2. Do you think the perception and reaction time is directly related to life habit,
like sitting in front of laptop all the time? (Yes, No, Uncertain)
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Figure 50: The Question About Life Habit

3. Do you think the perception and reaction time is directly related to tiredness?
(Yes, No, Uncertain)

Figure 51: The Question About Tiredness
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4. Do you think the perception and reaction time is directly related to education?
(Yes, No, Uncertain)

Figure 52: The Question About Education

5. Do you think the perception and reaction time is directly related to concentra-
tion? (Yes, No, Uncertain)
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Figure 53: The Question About Concentration

6. Do you think the perception and reaction time is directly related to practice?
(Yes, No, Uncertain)

Figure 54: The Question About Practice
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7. Do you think the perception and reaction time is directly related to gender?
(Yes, No, Uncertain)

Figure 55: The Question About Gender

8. Do you think among all the factors that influence the perception and reaction
time, concentration is the most important factor? (Yes, No, Uncertain)
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Figure 56: The Question About the Most Important Influencer
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Appendix E

Results of 3D Measurements

All the measurement results about 3D measurements can be found in this ap-
pendix.

Results (ms)
No. of 2D with 25Hz 2D with 50Hz 2D with 100Hz 3D with 25HzTimes

1 160 40 120 148
2 220 90 80 156
3 160 60 108 156
4 200 80 100 52
5 150 150 32 152
6 240 70 80 160
7 140 120 64 70
8 220 40 56 64
9 110 90 76 200

10 110 150 148 180
11 180 64 64 135
12 140 64 60 168
13 220 32 36 170
14 230 92 52 60
15 180 80 84 120
16 280 112 96 60
17 120 80 80 160
18 220 64 60 152
19 180 112 72 64
20 160 96 28 156

Table 58: Constant Speed With a Frame
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Results (ms)
No. of 2D with 25Hz 2D with 50Hz 2D with 100Hz 3D with 25HzTimes

1 -56 16 -90 -20
2 -124 8 24 10
3 -124 -120 60 -80
4 -80 80 48 20
5 80 -100 -40 50
6 -64 44 88 50
7 -12 60 12 20
8 -100 1 8 60
9 -16 20 60 70

10 -32 140 94 50
11 -44 -60 80 90
12 36 8 68 70
13 60 -24 88 60
14 32 160 80 40
15 -20 -20 52 60
16 60 -16 8 90
17 8 32 60 100
18 16 44 -60 60
19 32 36 -50 60
20 6 100 56 10

Table 59: Constant Speed Without a Frame
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Results (ms)
No. of 2D with 25Hz 2D with 50Hz 2D with 100Hz 3D with 25HzTimes

1 48 10 220 90
2 124 110 10 160
3 55 100 270 100
4 23 60 130 200
5 28 60 20 80
6 154 180 170 10
7 35 35 5 20
8 10 120 260 50
9 53 90 25 190

10 36 96 28 50
11 20 170 130 10
12 60 80 60 10
13 60 120 120 5
14 30 90 260 40
15 30 180 50 140
16 140 80 10 10
17 40 120 230 60
18 70 10 25 40
19 40 9 45 170
20 180 220 60 80

Table 60: Variable Speed With a Frame
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Results (ms)
No. of 2D with 25Hz 2D with 50Hz 2D with 100Hz 3D with 25HzTimes

1 120 70 -60 60
2 130 40 -30 0
3 130 10 -110 50
4 80 140 -30 120
5 90 70 100 -30
6 -30 50 80 50
7 50 160 100 30
8 -40 20 60 40
9 100 -80 30 -15

10 100 140 30 100
11 110 20 0 -30
12 60 30 -150 40
13 70 120 70 100
14 -50 50 80 70
15 100 40 70 10
16 140 50 30 0
17 2 40 100 -10
18 90 40 30 -30
19 70 40 30 -50
20 2 40 130 10

Table 61: Variable Speed Without a Frame
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Appendix F

Interview
1. Can you tell a big difference between videos with different frame rates?

No, it looks very similar. Probably for the 2D video with 25fps, it blurs a
little. For the 2D video with 100fps, it does not blur.

2. What do you think of 3D?
Well, it feels much more real compared with other videos. It makes me
believe that I can almost touch the adviser’s hand.

3. What advantages do you think the 3D introduce?
It definitely introduces the space perception. It makes the system much
more real.

4. What disadvantages do you think the 3D introduces?
When I wear the shutter glasses, it makes me feel a little bit dizzy when I
wear it for a long time. In addition, I have my own glasses, so putting the
shutter glasses in front of my own glasses make me feel unconfortable.

5. Do you think 3D can influence the perception and reaction time?
For this, I do not know

6. What do you think about the negative value of perception and reaction time?
Well, in the case without a reference, I do not know when exactly I should
react, so I just react to the point that I thought is the most far point. I do not
want to predict, but it is unavoidable.
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