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METHOD AND APPARATUS FOR TRANSMITTING A VIDEO

Field of the Invention

The present disclosure relates generally to communication systems, and more

particularly, to video transmissions based on eye tracking techniques.

Background of the Invention

The study of human visual system has a long history. One of the most important
findings is the structure of the retina. The retina covers the back surface of the eye ball
connecting the ciliary body, which hosts the huge number of photo-receptors, rod and cone
cells. Cone cells are smaller than rod cells but more important for color vision. Most of the
cone cells are located in the macula area which is near the blind spot for blood vessels and
nerves into the brain. There are around 90 million rod cells, compared to 4.5 million cone
cells. Rods are responsible for the night vision or scotopic vision and rod cells cannot
differentiate colors. In bright light, the color-sensitive cones are predominant, so we see a
colorful world. In bright daylight environment, rods may saturate and then only cones
work. In the indoor environment, both rods and cones contribute to the vision. Next, it
takes some time for the cells to adapt to the environments, for rods it takes about 30
minutes fully adapted to the dim light, slower than cones. Hence, when talking about video,
only cone cells are relevant.

The density of the photo-receptors in the retina varies greatly. For rods, the peak
appears in 20 degree around the center and decreases to the edge. In contrast, most of the
cones are located in the center, a very small area called fovea, around 1.5mm wide and this
is the core of the human vision, but it is rods free. The distribution of rods and cones are
shown in Figure 1. The human color vision is limited in this several degree area. Hence,
the human only have good eyesight in the gaze point. Few people notice this because the
eye ball moves and our brain can piece the small patches of good vision together.

One may consider if a system only transmits where the eye gazes at by eye tracking
technique, huge gains may be achievable. However, the eye moves at a very high speed,
about 400 degree per second. This requires the system performing with extremely low
latency. For example, when the eye moves from one corner of a display to the other across

20 degree, it only takes 50ms. Hence, the eye tracking information reporting and video
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transmission switching should be finished within 50ms. This poses a big challenge to the
network, which may only be supported by 5G. 5G is the network expected to be available
by 2020 and featured by high capacity and extremely low transmission delay. New
techniques might be used to support these including large scale antenna array, new frame
structure, new scheduling mechanism and etc. Moreover, fundamental changes to the
network architecture are also required to support end to end eye tracking based video

transmission.

Object and Summary of the Invention

There are some studies to link the human visual perception and video transmission.
In “Robert-Inacio, F. ; Scaramuzzino, R. ; Stainer, Q. ; Kussener-Combier, E., Biologically
inspired image sampling for electronic eye, Biomedical Circuits and Systems Conference
(BioCAS), 2010, pages: 246-249”, an image sampling scheme is proposed for electronic
eye. The sampling is made based on a hexagon pavement where the area of each hexagon
increases with the distance to the focus. The human gazing behavior is studied in “Laura
Muir Tain, lain Richardson, Steven Leaper, Gaze Tracking and Its Application to Video
Coding for Sign Language, Picture Coding Symposium 2003, pages 32-325” to discover
which part of a picture is likely to be gazed by human. Mohsen M. proposed a real-time
eye tracking based video coding system in “Mohsen M. Farid, Fatih Kurugollu, Fionn D.
Murtaghk, Adaptive wavelet eye-gaze-based video compression, Proc. SPIE 4877,
Opto-Ireland 2002: Optical Metrology, Imaging, and Machine Vision, 255 (March 17,
2003)”. In this system, the video frame is sub-blocked and encoded according to the eye
tracker feedback. This scheme is realized between computers in laboratory, where the
latency might not be the constraint. At the moment, the model of human visual perception
is only studied in “Robert-Inacio, F. ; Scaramuzzino, R. ; Stainer, Q. ; Kussener-Combier,
E., Biologically inspired image sampling for electronic eye, Biomedical Circuits and
Systems Conference (BioCAS), 2010, pages: 246-249” but without the consideration of
eye movement behavior. The next aspect is latency, which is the main challenge of video
transmission in a mobile network and is not studied yet.

One potential solution for a mobile network like 5G could be the eye tracker feeds
back the eye gaze information to the video server and the server encodes the video

accordingly based on the gaze information. However, this suffers too long delay. The
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general network architecture is depicted in Figure 2, where the video server distributes the
video to the base stations. Based on such architecture, the total delay is evaluated in Table
L

The end to end delay is summarized in Table I, showing totally 106ms. The response
delay from saccadic movement to fixation is around 30ms, and a maximum delay should
less than 50ms. Technique advance may shorten these delay components. For example, by
using 100Hz eye tracker, the measurement delay could be shortened to 10ms. However,
transmission delay is still not acceptable. There is need to optimize the main delay
component, the transmission from the base station to the video server.

Table I Delay analysis

Delay contributor Delay (ms)
Eye tracker measurement delay 20ms for
50Hz
Eye tracking info report delay to BS 8ms for two
HARQ RTT
Eye tracking info report to video server 20ms
Video encoding 10ms
Encoded video to BS 20ms
Primary BS to secondary BS 10ms
Video transmission from BS to MS 8ms for two
HARQ RTT
BS to BS signaling 10ms
Total 106ms

Based on above concerns, the purpose of this invention is to provide an eye tracking
based video transmission system which could reduce system delay and save resources.

In one aspect of the invention, there is provided a method, for use in a communication
device, of transmitting a video, the method comprising the steps of: receiving encoded
video frames from a video server; decoding the received video frames; buffering the
decoded video frames; receiving eye tracking information from a user device; determining
a first predicted arca of eye fixation based on the eye tracking information; re-encoding
buffered video frames with a first quality in the first predicted area and re-encoding
buffered video frames with a fourth quality outside the predicted area, wherein the first
quality is better than the fourth quality; sending the re-encoded video frames to the user
device.

In an example, the method may further comprise the steps of: determining a second
predicted area of eye fixation based on the buffered video frames and the eye tracking
information; re-encoding buffered video frames with a second quality in the second

predicted area, wherein the first quality is better than the second quality and the second
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quality is better than the fourth quality.

In an example, the method may further comprise the steps of: determining a predicted
arca of eye saccadic route based on the buffered video frames and the eye tracking
information; re-encoding buffered video frames with a third quality in the predicted area of
eye saccadic route, wherein the first quality is better than the third quality and the third
quality is better than the fourth quality.

In another aspect of the invention, there is provided a method, for use in a
communication device, of transmitting a video, the method comprising the steps of:

- receiving encoded video frames from a video server;

- decoding the received video frames;

- Dbuffering the decoded video frames;

- receiving eye tracking information from a user device;

- determining an eye status based on the eye tracking information;

- if the eye status is in a fixation status, then re-encoding the buffered video frames

using a resolution ' :

1= 3

max{al(max(g(x),s))2 +c12(mczx(g(x),s))+cz3 ’j}]

,x=arg(g(x) < x+5)

1—e™? ,x =arg(g(x) > x+s)

al(g(x)—fc)2 +a,(g(x)-%)+a,

. telt 4o . . . .
wherein L4 ), X is the position of a point on a screen of the user device,

g(x) is a distance from the point to a center of a gaze point, his a system delay,

1= /333
A tast ;

48 ThSTAs s s a diameter of the gaze point, X is derived from an equation of
- 1
Y e rait

GX TdXT 43 and arg is a function to calculate a suitable x according to an input
formula;

- if the eye status is in a saccadic status, then re-encoding the buffered video frames

using a resolution ' :

1= 1333

y = max h3)

amax(f(x),s)” +a,max(f(x),s)+a,
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Ax
t=—

wherein v Ax is an eye tracker resolution, Y
, y

is a velocity of eye

movement, ¥ is the position of a point on a screen of the user device, VACIRNTI

minimum distance from the point to an estimated moving trajectory of eye,

—1,/33.3
3, = Al ° _ , 8(Y) s a distance from the point to a center
a,(max (g (x) ,x)) +a,max(g(x),X)+a,

of a predicted fixation area i, ki<l is a parameter to control the resolution of the predicted
arca i;

- sending the re-encoded video frames to the user device.

Brief Description of the Drawings

The invention is explained in further detail, and by way of example, with reference to
the accompanying drawings wherein:

Figure 1 shows a schematic view of rod and cone cell distribution;

Figure 2 shows a schematic view of network architecture;

Figure 3 shows a schematic view of equally readable chart;

Figure 4 shows a schematic view of visual acuity;

Figure 5 shows a schematic view of an eye tracking based video transmission system
according to one embodiment of the invention;

Figure 6 shows a flow chart of a method of transmitting a video according to one
embodiment of the invention;

Figure 7 shows a schematic view of video information adapted to the eye.

Throughout the above drawings, like reference numerals will be understood to refer to

like, similar or corresponding features or functions.

Detailed Description

First, the human visual system modeling is described below.

The human visual acuity is related to the density of cone cells, and this is also the
baseline in most studies. However, there are some other factors to affect the visual acuity,
e.g. the ganglion cells. Multiple photoreceptor cells connect to one ganglion cell, and

usually there are more photoreceptor cells in the connection for retina peripheral area.
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Hence, the most accurate model of the human acuity is still by experiment. In “Anstis SM.
A chart demonstrating variations in acuity with retinal position (Letter). Vision Res.
1974;14:589-592” (“Anstis” for short), it gives the acuity threshold model and an
interesting equally readable chart. As shown in Figure. 3, when the eye is fixated in the
center, all the letters should be equally readable even though the letters in the outer ring are
much bigger than those in the center. This reveals on the other hand the visual acuity in the
center retina is much better than the peripheral area.
The recognition threshold model is given in “Anstis”, as:

y=0.046x-0.031 (1)

where the unit is degree and x represents the eccentricity to the fovea center. It is
indicated in “Anstis” that the small negative intercept might be probably caused by
experimental error, so we use general coefficients to replace the numbers. Next, the arca
recognition threshold should vary to the square of the eccentricity. The visual acuity is
defined as the inverse of the threshold:

- 1
- ax’+ax+a, @)

When we watch a video, a picture or anything, the eye repeats the two major types of
movement it performs, saccadic and fixating. When the eye starts to gaze at a new element
in a picture, it needs some time to prepare and also to accumulate sufficient light to
stimulate the neural. This has special meaning to video because video frame changes and
the eye needs time to recognize it and if there is no change in the picture, there is no
information. Hence, the eye recognizes the picture needs two conditions, time and size.

In the study of congenital nystagmus, the exponential relationship between visual
acuity and the time is found in “Mario Cesarelli, Paolo Bifulco, Luciano Loffredo,
Marcello Bracale, Relationship between visual acuity and eye position variability during
foveations in congenital nystagmus, Documenta Ophthalmologica,July 2000, Volume 101,
Issue 1, pp 59-72” (“Mario Cesarelli” for short). Hence, take this into account, the visual

acuity model is:

1= 133

fr—
ax” +ax+a, 3)

where t is the foveation time and 33.3 is the coefficient defined in “Mario Cesarelli”

and 1n unit of millisecond.
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Let 4=0.046, %2~ % =0 , Retina eccentricity from 2 to 15 degree for a duration
from 0 to 100ms, the visual acuity is illustrated in Figure 4 based on equation (3). It can be
seen that the visual acuity increases with time distinctly for the first tens of milliseconds.
However, the main factor to affect the acuity is retina eccentricity. The visual acuity drops
quickly to the floor beyond 8 degree.

The eye movement behavior can be modeled by a piecewise function corresponding
to fixating and saccadic movement. The visual acuity is very low during saccadic
movement as the eye turns at a speed as high as 400 degree per second. Hence, only the
fixate movement needs to be considered. It is straightforward to model the movement by a
Markov transition model, which could be as simple as two states. The saccadic movement
is quite stereotype which can be modeled by three steps, initial preparation, fast open loop
movement and final adjustment, where the second steps depends on the distance between
the eye and the target, so the duration of saccadic movement duration is:

D(r)=6+S(r)+6, 4

where r is the screen size of the display, &; is preparation latency, &, is the final
adjustment delay, S(r)is the second stage delay. Usually the total delay varies between
20ms to 200ms. The sense to model the saccadic movement is the visual acuity is low in
this stage and this is useful to optimize the video transmission.

The fixation duration can be modeled by lognormal or exponential distribution as
proposed in “Arthur Lugtigheid, Distributions of fixation durations and visual acquisition
rates, Lugtigheid, A.J.P., 2007”. The duration is usually on the hundreds of millions level
though depending on the content of the video. This means the eye might not “watch” for
about 1/3 time, corresponding to 30% transmission resource saving in principle.

Then, respective embodiments of the present invention are described below.

Referring to Figure 5, the eye tracking based video transmission system comprises a
video server 101, three communication devices 102a, 102b and 102c, and a user device
103. The communication device may be a base station or an eNode B, for example. The
user device may be a cell phone or a tablet, for example.

In the following, a method of transmitting a video based on eye tracking techniques
according to one embodiment of the invention will be described using a primary cell (Pcell)
as an example of the communication device 102a, secondary cells (Scells) as an example
of the communication devices 102b and 102¢. Referring to Figure 6, in step S201, the Pcell

102a receives encoded video frames from the video server 101. Then, in step S202, the
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Pcell 102a decodes the received video frames. For example, the video frames may be
encoded by a low decoding complexity encoder in the video server 101 such that it would
be casier for the Pcell 102a to do transcoding. Next, in step S203, the Pcell 102a buffers
the decoded video frames.

Also, in step S204, the Pcell 102a receives eye tracking information from the user
device 103. The eye tracking information may comprise eye gaze position and/or eye
movement direction, for example. As the eye movement is quite stereotype, following
saccadic and fixating pace, the fixation area can be predicted when the saccadic movement
just starts. Saccadic movement has an interesting characteristic, ballistic. The fixation arca
of interest is usually predicable, ¢.g., moving items, human, outstanding color objects, etc.
Thus, based on the buffered video frames and the eye tracking information, in step S205,
the Pcell 102a determines at least one predicted area of eye fixation. For example, the Pcell
102a may determine two predicted area of eye fixation, i.e., the first predicted area of eye
fixation and the second predicted area of eye fixation.

For the two predicted areas of eye fixation, in step S206, the Pcell 102a re-encodes
buffered video frames with a first quality in the first predicted area, re-encodes buffered
video frames with a second quality in the second predicted area and re-encodes buffered
video frames with a fourth quality outside the first and second predicted areas. The first
quality and the second quality are better than the fourth quality. The first quality may be
the same as the second quality, or be better than the second quality if the first predicted
area is closer to the eye. The quality may comprise resolution, for example.

Moreover, the Pcell 102a may further determine a predicted area of eye saccadic route
based on the buffered video frames and the eye tracking information. For the predicted area
of eye saccadic route, the Pcell 102a re-encodes buffered video frames with a third quality
in the predicted area of eye saccadic route. The first quality and second quality are better
than the third quality and the third quality is better than the fourth quality.

Then, in step S207, the Pcell 102a sends the re-encoded video frames to the user
device 103.

For the multi-cell transmission, ¢.g., COMP, the Pcell 102a would send video content
to Scells 102b and 102c. In one example, the Pcell 102a may send the decoded video
frames to the Scells 102b and 102c respectively. In another example, the Pcell 102a may
directly send encoded video frames to the Scells 102b and 102¢ after receiving them from

the video server 101. The Pcell 102a and the Scells 102b, 102¢ use a video control protocol
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to ensure the video frames are re-encoded in the same way that can be combined at the user
device 103. The video control protocol may define the video encoder and decoder types
and its version. The video control protocol may also define the encoder parameters, ¢.g.
quantization configuration and parameters in equation (3). The video control protocol may
also include the timing information for the video frames to be re-encoded. Moreover, for
cach transmission, the Pcell 102a would send the eye tracking information to the Scells
102b and 102c. Then each cell could do the same video re-encoding based on the
information.

Additionally, as for the complexity, the video content is distributed to the related cells
and decoded and buffered for some time to absorb the delay variation, so the eye tracking
based video encoder only needs to perform encoding process, not transcoding (decoding
and then encoding). As the decoded video content will be buffered for some time, for
example 1 second, this is very useful to smooth the decoding and encoding computation
demand.

Moreover, a shorten subframe structure is used where the granularity is one slot, i.c.
0.5ms. This reduces the latency of one transmission plus one retransmission from 16ms to
8ms. Suppose the video re-encoding could be decreased to Sms and inter base station
signaling to 2ms, the total delay of the system will be 25ms. Further possible latency
reduction includes shortening the HARQ retransmission cycle, reducing the re-encoding
delay and eye tracker processing delay.

In another embodiment, after receiving the eye tracking information from the user
device 103, the Pcell 102a determines eye status based on the eye tracking information.

If the eye status is in a fixation status, then the Pcell 102a re-encodes the buffered

video frames using resolution 7 :

rnax{ - ,j;} ,x=arg(g(x)<x+s)
al(max(g(x),s))2 +c12(mczx(g(x),s))+cz3
y= (4)
1—e%? ,x =arg(g(x)>x+5)
al(g(x)—)ﬁ)2 +a,(g(x)-%)+a

tet,,

: + : . : :
wherein *) , X 1sthe position of a point on the screen of the user device
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103, g(x) is the distance from this point to the center of the gaze point, b s system delay,

1= /333
e a .
G ThSTA s s a diameter of the gaze point, X is derived from the equation of
- 1
y= ﬁ
GX T HXT A3 and arg is a function to calculate the suitable x according to an input
formula.

If the eye status is in a saccadic status, then the Pcell 102a re-encodes the buffered

video frames using resolution 7 :

1= t/33 ~
y = max( > ky) (5
amax(f(x),s)" +a,max(f(x),s)+a,
-
wherein v, Ax jgan eye tracker resolution, V is a velocity of eye movement,

X is the position of a point on the screen of the user device 103, S is a minimum

distance from this point to an estimated moving trajectory of eye.
y 1= W33

, g(x) is the distance from this point to the

= a,(max (g (x),fc))2 +a,max(g(x), %) +a,

center of the predicted fixation area i. In addition, k<1 is the parameter to control the
resolution of each predicted area i. In an example, for the first predicted fixation area, k;
can be set to 1. The first predicted area is the one nearest to the previous gaze point. When
the eye passes the first predicted fixation area, the second one may be upgraded to the first
one and so on. The passed predicted fixation area is then deleted. There may be zero, one
or multiple predicted fixation area.

Then, the Pcell 102a sends the re-encoded video frames to the user device 103.

The end to end delay depends on multiple factors. Hence, the adaptive delay
compensation could be proposed. The high resolution area size is set based on equation (3).
A threshold can be set if the system delay exceeds it, the system will switch to none eye
tracking mode. Next, a similar slow start transmission can be used to absorb the delay
variation. It is assumed the improper video encoding configuration in delay variation may
affect the user experience, a target can be set e¢.g. the configuration should work in 99%
cases, and then based on the end to end delay statistics, the base station can have the
optimal configuration.

Below, simulation of the gains based on the proposed model is described.

Based on the proposed model, i.e. equation (3), the gains of different terminals are
tested. First, a maximum end to end delay of 25ms is assumed. The distance between the

phone and the eye is assumed to be 60cm based on the measurement of the author and his
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phone. The eye movement is modeled as saccadic->fixation->saccadic... Each time a
random position on the screen is selected and the eye makes saccadic movement from the
current position to the next position. At the new position, the fixation is modeled by an
ex-Guassian process based on the paper of “Adrian Staub, Ashley Benatar, Individual
differences in fixation duration distributions in reading, Psychonomic Bulletin & Review,
December 2013, Volume 20, Issue 6, pp 1304-1311".

The end-to end delay is considered in the modeling to ensure when the eyes starts the
saccadic movement, the viewer will not notice a change of the video quality. This enlarges
the high resolution circle. The effect is shown in Figure 7. The 25ms end to end delay
corresponds to about 12 degree, which exhibits a two-step shaped resolution distribution
figure.

The simulation results are summarized in the below table, where one can see the
proposed model can save 55.5% to 80.6% resources for different terminals. Bigger screen

gives higher performance gain.

Device name Screen size Saved resources
Iphone 6 plus 5.5 55.5%
Ipad mini 7 63.8%
Amazon Kindle fire 9.7 72.6%
HDx
Microsoft Surface 3 12’ 80.6%

In one or more exemplary designs, the functions of the present application may be
implemented using hardware, software, firmware, or any combinations thereof. In the case
of implementation with software, the functions may be stored on a computer readable
medium as one or more instructions or codes, or transmitted as one or more instructions or
codes on the computer readable medium. The computer readable medium comprises a
computer storage medium and a communication medium. The communication medium
includes any medium that facilitates transmission of the computer program from one place
to another. The storage medium may be any available medium accessible to a general or
specific computer. The computer-readable medium may include, for example, but not
limited to, RAM, ROM, EEPROM, CD-ROM or other optical disc storage devices,
magnetic disk storage devices, or other magnetic storage devices, or any other medium that
carries or stores desired program code means in a manner of instructions or data structures

accessible by a general or specific computer or a general or specific processor.
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Furthermore, any connection may also be considered as a computer-readable medium. For
example, if software is transmitted from a website, server or other remote source using a
co-axial cable, an optical cable, a twisted pair wire, a digital subscriber line (DSL), or radio
technologies such as infrared, radio or microwave, then the co-axial cable, optical cable,
twisted pair wire, digital subscriber line (DSL), or radio technologies such as infrared,
radio or microwave are also covered by the definition of medium.

The various illustrative logical blocks, modules, and circuits described in connection
with the disclosure herein may be implemented or performed with a general-purpose
processor, a digital signal processor (DSP), an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA) or other programmable logic device,
discrete gate or transistor logic, discrete hardware components, or any combination thereof
designed to perform the functions described herein. A general-purpose processor may be a
microprocessor, but in the alternative, the processor may be any normal processor,
controller, microcontroller, or state machine. A processor may also be implemented as a
combination of computing devices, ¢.g., a combination of a DSP and a microprocessor, a
plurality of microprocessors, one or more microprocessors in conjunction with a DSP core,
or any other such configuration.

Those of skill would further appreciate that the various illustrative logical blocks,
modules, circuits, and algorithm steps described in connection with the disclosure herein
may be implemented as electronic hardware, computer software, or combinations of both.
To clearly illustrate this interchangeability of hardware and software, various illustrative
components, blocks, modules, circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is implemented as hardware or
software depends upon the particular application and design constraints imposed on the
overall system. Skilled artisans may implement the described functionality in varying ways
for each particular application, but such implementation decisions should not be interpreted
as causing a departure from the scope of the present disclosure.

The above depiction of the present disclosure is to enable any of those skilled in the
art to implement or use the present invention. For those skilled in the art, various
modifications of the present disclosure are obvious, and the general principle defined
herein may also be applied to other transformations without departing from the spirit and

protection scope of the present invention. Thus, the present invention is not limited to the
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examples and designs as described herein, but should be consistent with the broadest scope

of the principle and novel characteristics of the present disclosure.
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What is claimed is:

1. A method, for use in a communication device, of transmitting a video, the method
comprising the steps of:

- receiving encoded video frames from a video server;

- decoding the received video frames;

- Dbuffering the decoded video frames;

- receiving eye tracking information from a user device;

- determining a first predicted areca of eye fixation based on the eye tracking
information;

- re-encoding buffered video frames with a first quality in the first predicted areca
and re-encoding buffered video frames with a fourth quality outside the predicted area,
wherein the first quality is better than the fourth quality;

- sending the re-encoded video frames to the user device.

2. The method of claim 1, further comprising the steps of:

- determining a second predicted area of eye fixation based on the buffered video
frames and the eye tracking information;

- re-encoding buffered video frames with a second quality in the second predicted
area, wherein the first quality is better than the second quality and the second quality is

better than the fourth quality.

3. The method of claim 1, further comprising the steps of:

- determining a predicted arca of eye saccadic route based on the buffered video
frames and the eye tracking information;

- re-encoding buffered video frames with a third quality in the predicted area of eye
saccadic route, wherein the first quality is better than the third quality and the third quality
is better than the fourth quality.

4. The method of claim 1, further comprising the steps of:
- sending the encoded video frames to one or more other communication devices; or
sending the decoded video frames to the one or more other communication devices;

- sending the eye tracking information to the one or more other communication
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devices.

5. The method of claim 1, wherein the eye tracking information comprises eye gaze

position and/or eye movement direction.

6. The method of claim 1, wherein the communication device is a base station or an

eNode B.

7. A method, for use in a communication device, of transmitting a video, the method
comprising the steps of:

- receiving encoded video frames from a video server;

- decoding the received video frames;

- Dbuffering the decoded video frames;

- receiving eye tracking information from a user device;

- determining an eye status based on the eye tracking information;

- if the eye status is in a fixation status, then re-encoding the buffered video frames
using a resolution ':

1= t/333

a,(max(g(x),s))* +a,(max(g (x),s)) +a, ¥ [,x=arg(g(x) <x+5)

max

y =
1-¢™? ,x =arg(g(x) > Xx+s)
)2 .
a, (g(x) —x) +a,(g(x)-%)+a
wherein *€ [t +e) , X 1isthe position of a point on a screen of the user device,

g(¥) s a distance from the point to a center of a gaze point, isa system delay,

1= /333
S .
Gy TdSTA3 s g a diameter of the gaze point, * is derived from an equation of
- 1
Y e rait
GX T HXT A3 and arg is a function to calculate a suitable x according to an input
formula;

- if the eye status is in a saccadic status, then re-encoding the buffered video frames

using a resolution 7 :
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1= 333
y = max( p k.3,
amax(f(x),s)" +a,max(f(x),s)+a,
Ax
t=—
wherein v, AX is an eye tracker resolution, ¥ is a velocity of eye

movement, ¥ is the position of a point on a screen of the user device, VACIRNTI
minimum distance from the point to an estimated moving trajectory of eye,
1= /333

¥ = ~= - , 8(*) is a distance from the point to a
al(max(g(x),x)) +a,max(g(x),%)+a,

center of a predicted fixation area 7, k;<1 is a parameter to control the resolution of the

predicted area i;

- sending the re-encoded video frames to the user device.

8. The method of claim 7, wherein the eye tracking information comprises eye gaze

position and/or eye movement direction.

9. An apparatus, for use in a communication device, for transmitting a video, the
apparatus comprising:

a receiver configured to receive encoded video frames from a video server and eye
tracking information from a user device;

a decoder configured to decode the received video frames;

a buffer configured to buffer the decoded video frames;

a determining unit configured to determine a first predicted area of eye fixation based
on the eye tracking information;

an encoder configured to re-encode buffered video frames with a first quality in the
first predicted area and to re-encode buffered video frames with a fourth quality outside the
predicted area, wherein the first quality is better than the fourth quality;

a transmitter configured to send the re-encoded video frames to the user device.

10. The apparatus of claim 9, wherein the determining unit is further configured to
determine a second predicted area of eye fixation based on the buffered video frames and
the eye tracking information; and the encoder is further configured to re-encode buffered

video frames with a second quality in the second predicted area, wherein the first quality is
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better than the second quality and the second quality is better than the fourth quality.

11. The apparatus of claim 9, wherein the determining unit is further configured to
determine a predicted area of eye saccadic route based on the buffered video frames and
the eye tracking information; and the encoder is further configured to re-encode buffered
video frames with a third quality in the predicted area of eye saccadic route, wherein the
first quality is better than the third quality and the third quality is better than the fourth

quality.

12.  The apparatus of claim 9, wherein the transmitter is further configured to send the
encoded video frames to one or more other communication devices, or send the decoded
video frames to the one or more other communication devices; and to send the eye tracking

information to the one or more other communication devices.

13.  The apparatus of claim 9, wherein the eye tracking information comprises eye gaze

position and/or eye movement direction.

14. The apparatus of claim 9, wherein the communication device is a base station or an

eNode B.

15. An apparatus, for use in a communication device, for transmitting a video, the
apparatus comprising:

a receiver configured to receive encoded video frames from a video server and eye
tracking information from a user device;

a decoder configured to decode the received video frames;

a buffer configured to buffer the decoded video frames;

a determining unit configured to determine an eye status based on the eye tracking
information;

an encoder configured to re-encode the buffered video frames using a resolution ¥, if

the eye status is in a fixation status:
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1= /3
max V|, x =arg(g(x) < X+s)
al(max(g(x),s))2 +c12(mczx(g()c),s))+cz3

1-e? ,x =arg(g(x) > x+s)

al(g(x)—fc)z+c12(g(x)—fc)+cz3

tet,,

: +o0 : . : :
wherein ) , X 1is the position of a point on a screen of the user device,

g(x) is a distance from the point to a center of a gaze point, s a system delay,

1= /333
Y as tas + ;
45 TdSTA3 s g a diameter of the gaze point, X is derived from an equation of
- 1
Y e rait
GX TdXT 43 and arg is a function to calculate a suitable x according to an input
formula;

and to re-encode the buffered video frames using a resolution ¥, if the eye status is

in a saccadic status:

1= 333
y = max( p k.3,
amax(f(x),s)" +a,max(f(x),s)+a,
Ax
t=—
wherein v, Ax s an eye tracker resolution, ¥ is a velocity of eye

movement, ¥ is the position of a point on a screen of the user device, S s a

minimum distance from the point to an estimated moving trajectory of eye,

= g t/333
Y 8() s a distance from the point to a center

Y max (g (x), %)) + a;max(g (), )+ a,

of a predicted fixation area i, k<1 is a parameter to control the resolution of the predicted
arca i;

a transmitter configured to send the re-encoded video frames to the user device.
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