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VIRTUALIZATION SERVICE APPARATUS
AND METHOD OF PROVIDING
VIRTUALIZATION SERVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0147715, filed on 29 Nov. 2013,
entitled “Virtualization Service Apparatus and Method of
Providing Virtualization Service”, which is hereby incorpo-
rated by reference in its entirety into this application.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention relates to a virtualization ser-
vice technology, and more particularly, to a virtualization
service technology adaptive to network and content charac-
teristics.

[0004] 2. Description of the Related Art

[0005] Recently, in accordance with an increase in an inter-
est in a cloud based virtualization service, services such as
View of VMware, XenDesktop of Citrix, and the like, have
been commercialized as a virtualization desktop solution. In
addition, services such as OnLive of Rearden, Gaikai of Gai-
Kai Inc., and the like, have been spotlighted as a cloud game
solution for providing a game requiring a high graphic pro-
cessing capability to low specification mobile terminals.
[0006] Since the cloud based virtualization service trans-
fers a request of a user through a network and a server per-
forms an operation depending on the request and transfers an
operation result to a user terminal, it is sensitive to a packet
loss and a delay. The packet loss deteriorates image quality of
a frame transferred from the server, and the delay has an
influence on responsibility and continuity of the virtualiza-
tion service.

[0007] Therefore, various methods have been suggested in
order to improve quality of the cloud based virtualization
service. However, existing methods have focused on a dis-
tance between a server and a terminal, an available band-
width, caching, graphic processing, and the like, and do not
reflect characteristics of a delay limitation required by con-
tents depending on a change in the contents and quality (high
resolution, high frame rate) required by the user depending on
a kind of contents.

SUMMARY OF THE INVENTION

[0008] An object of the present invention is to provide a
virtualization service apparatus and a method of providing a
virtualization service that are capable of determining a con-
tent bit rate and an encoding configuration adaptively to net-
work and content characteristics.

[0009] According to an exemplary embodiment of the
present invention, there is provided a virtualization service
apparatus including: a network monitoring unit receiving a
virtualization service request for a content and network delay
time information from a terminal; a content monitoring unit
setting a delay limitation depending on a type of the content;
atransmission rate controlling unit setting a transmission rate
depending on an available bandwidth of a network; a content
bit rate controlling unit setting a content bit rate depending on
the transmission rate, the delay limitation, and the network
delay time; an encoding configuration controlling unit setting
aresolution and a frame rate depending on the content bit rate
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and the type of the content; a content quality controlling unit
encoding the content depending on the resolution and the
frame rate; and a transmitting unit transmitting the encoded
content to the terminal.

[0010] The encoding configuration controlling unit may set
the resolution and the frame rate with reference to a profile
including resolutions and frame rates preset depending on
each content bit rate and each type of the contents.

[0011] The content bit rate controlling unit may set the
content bit rate depending on the transmission rate, and the
content bit rate controlling unit may decrease the content bit
rate in the case in which the network delay time exceeds the
delay limitation and increase the content bit rate in the case in
which the network delay time is the delay limitation or less.
[0012] The network monitoring unit may receive receiving
buffer state information from the terminal and calculate the
available bandwidth, and the transmission rate controlling
unit may set the transmission rate depending on the available
bandwidth and the receiving buffer status information.
[0013] According to another exemplary embodiment of the
present invention, there is provided a method of providing a
virtualization service by a virtualization service apparatus,
including: receiving a virtualization service request for a
content and network delay time information from a terminal;
setting a delay limitation depending on a type of the content;
setting a transmission rate depending on an available band-
width of a network; setting a content bit rate depending on the
transmission rate, the delay limitation, and the network delay
time; setting a resolution and a frame rate depending on the
content bit rate and the type of the content; encoding the
content depending on the resolution and the frame rate; and
transmitting the encoded content to the terminal.

[0014] The setting of the resolution and the frame rate
depending on the content bit rate and the type of the content
may include setting the resolution and the frame rate with
reference to a profile including resolutions and frame rates
preset depending on each content bit rate and each type of the
contents.

[0015] The setting of the content bit rate depending on the
transmission rate, the delay limitation, and the network delay
time may include: setting the content bit rate depending on the
transmission rate; decreasing the content bit rate in the case in
which the network delay time exceeds the delay limitation;
and increasing the content bit rate in the case in which the
network delay time is the delay limitation or less.

[0016] The method of providing a virtualization service
may further include: receiving receiving buffer state informa-
tion from the terminal; calculating the available bandwidth;
and wherein setting a transmission rate depending on an
available bandwidth of a network includes setting the trans-
mission rate depending on the available bandwidth and the
receiving buffer state information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG.1 is a diagram showing a virtualization service
apparatus according to an exemplary embodiment of the
present invention;

[0018] FIG. 2isaflow chart showinga process of providing
avirtualization service by the virtualization service apparatus
according to an exemplary embodiment of the present inven-
tion; and

[0019] FIG. 3 is a flow chart showing a process of receiving
a virtualization service by a terminal according to an exem-
plary embodiment of the present invention.
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[0020] FIG. 4 illustrates how the virtualization service
apparatus in accordance with an embodiment of the present
invention is embodied in the form of a computer system.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0021] The present invention may be variously modified
and have several exemplary embodiments. Therefore, spe-
cific exemplary embodiments of the present invention will be
illustrated in the accompanying drawings and be described in
detail in the present specification. However, it is to be under-
stood that the present invention is not limited to a specific
exemplary embodiment, but includes all modifications,
equivalents, and substitutions without departing from the
scope and spirit of the present invention.

[0022] Further, in the present specification, it is to be under-
stood that when one component is referred to as “transmit-
ting” a signal to another component, one component may be
directly connected to another component to transmit a signal
to another component or may transmit a signal to another
component through any other components unless explicitly
described to the contrary.

[0023] FIG.1 is a diagram showing a virtualization service
apparatus according to an exemplary embodiment of the
present invention.

[0024] Referring to FIG. 1, the virtualization service appa-
ratus 100 according to an exemplary embodiment of the
present invention is configured to include a network monitor-
ing unit 110, a content monitoring unit 120, a transmission
rate controlling unit 130, a content bit rate controlling unit
140, an encoding configuration controlling unit 150, a content
quality controlling unit 160, and a transmitting unit 170.

[0025] The network monitoring unit 110 receives receiving
buffer state information indicating a virtualization service
request requesting a virtualization service for a specific con-
tent from a terminal 50, a network delay time between the
virtualization service apparatus 100 and the terminal 50, and
a degree (a variable capacity, a stored data capacity, and the
like) in which data are stored in a receiving buffer in the
terminal 50 from the terminal 50. In addition, the network
monitoring unit 110 may calculate an available bandwidth of
the network by a well-known method such as a transmission
control protocol (TCP)-friendly rate control (TFRC), Iperf,
IGI/PTR, or the like, adjust the available bandwidth of the
network depending on the receiving buffer state information,
and transmit the adjusted available bandwidth to the trans-
mission rate controlling unit 130. For example, in the case in
which the available capacity depending on the receiving
buffer state information is a predefined level or less, the
network monitoring unit 110 may subtract a predefined
numerical value from the calculated network available band-
width. In addition, the network monitoring unit 110 transmits
the virtualization service request to the content monitoring
unit 120.

[0026] The content monitoring unit 120 searches a content
corresponding to the virtualization service request and deter-
mines a type corresponding to the content. Here, the content
monitoring unit 120 may determine types of the respective
contents by confirming metadata included in the respective
contents or content type information stored in a database in
which the contents are stored. In addition, the content moni-
toring unit 120 transmits a delay limitation corresponding to
the type of the corresponding content to the content bit rate
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controlling unit 140. Here, the content monitoring unit 120
may pre-store delay limitations corresponding to the types of
the respective contents.

[0027] The transmission rate controlling unit 130 calcu-
lates a transmission rate depending on the available band-
width of the network and the receiving buffer state informa-
tion. In addition, the transmission rate controlling unit 130
transmits the transmission rate to the content bit rate control-
ling unit 140 and the transmitting unit 170.

[0028] The content bit rate controlling unit 140 calculates a
content bit rate depending on the transmission rate, an end-
to-end delay, and a delay limitation required by the content in
order to ensure the delay limitation required by the content.
The content bit rate controlling unit 140 transmits the content
bit rate to the content quality controlling unit 160 and the
encoding configuration controlling unit 150.

[0029] The encoding configuration controlling unit 150
pre-stores profiles including configuration information indi-
cating frame rates and resolutions maximally satisfying qual-
ity of experience of a user for each content bit rate and each
type of the contents, determines encoding configurations
(resolution and frame rate) corresponding to the content bit
rate and the type of the content with reference to the profile,
and transmits the determined encoding configurations to the
content quality controlling unit 160. Here, the profile may be
information created so as to include the configuration infor-
mation indicating the frame rates and the resolutions maxi-
mally satisfying the quality of experience of the user for each
content bit rate and each type of the contents through a mean
of score (MOS) experiment.

[0030] The content quality controlling unit 160 encodes the
content so as to have content quality depending on the content
bit rate and the encoding configuration using a well-known
technology such as real-time transcoding, scalable video cod-
ing, real-time stream switching, and the like. The content
quality controlling unit 160 transmits the encoded content to
the transmitting unit 170.

[0031] The transmitting unit 170 transmits the encoded
content to the terminal 50 depending on the transmission rate.
Here, the transmitting unit 170 may include a transmitting
buffer, and may receive the encoded content from the content
quality controlling unit 160 and temporality store the encoded
content. In addition, the transmitting unit 170 may stream the
content stored in the transmitting buffer to the terminal 50.

[0032] Here, the terminal 50 may include a content decoder
52 decoding the content received from the virtualization ser-
vice apparatus 100 depending on the content bit rate and a
player 54 playing the decoded content. In addition, the termi-
nal 50 may include a feedback unit creating the network delay
time information and the receiving buffer state information
and transmitting the network delay time information and the
receiving buffer state information to the virtualization service
apparatus 100.

[0033] Next, a process of providing a virtualization service
by the virtualization service apparatus according to an exem-
plary embodiment of the present invention will be described
in detail with reference to FIG. 2.

[0034] FIG. 2isaflow chart showing a process of providing
avirtualization service by the virtualization service apparatus
100 according to an exemplary embodiment of the present
invention. Although each step to be described below is per-
formed by each function unit configuring the virtualization
service apparatus 100, a subject performing each step will be
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commonly called the virtualization service apparatus 100 in
order to simply and clearly describe the present invention.
[0035] Referring to FIG. 2, in step 201, the virtualization
service apparatus 100 receives a virtualization service request
for a specific content from the terminal 50.

[0036] Instep 205, the virtualization service apparatus 100
receives receiving buffer state information and network delay
time information from the terminal 50.

[0037] Instep 210, the virtualization service apparatus 100
measures an available bandwidth of a network between the
virtualization service apparatus 100 and the terminal 50.
[0038] Instep 215, the virtualization service apparatus 100
sets a transmission rate depending on the available bandwidth
of the network and the receiving buffer state information.

[0039] Instep 220, the virtualization service apparatus 100
confirms a type of a content. For example, the virtualization
service apparatus 100 confirms that the content is any one of
the predefined types such as a document, a game, a moving
picture, a picture, and the like.

[0040] Instep 225, the virtualization service apparatus 100
sets a delay limitation of the content depending on the type of
the content. For example, the virtualization service apparatus
100 sets the delay limitation of the corresponding content
depending on delay limitations predefined so as to correspond
to the types of the respective contents.

[0041] Instep 230, the virtualization service apparatus 100
judges whether an end-to-end delay time exceeds an end-to-
end delay limitation.

[0042] In the case in which it is judged in step 230 that the
end-to-end delay time exceeds the end-to-end delay limita-
tion, the virtualization service apparatus 100 decreases a con-
tent bit rate by a numerical value that is in proportion to a
difference between the delay time and the delay limitation, in
step 235. In this case, the virtualization service apparatus 100
may set an initial content bit rate depending on the transmis-
sion rate.

[0043] In the case in which it is judged in step 230 that the
end-to-end delay time is the end-to-end delay limitation or
less, the virtualization service apparatus 100 increases the
content bit rate by the numerical value that is in proportion to
the difference between the delay time and the delay limita-
tion, in step 240.

[0044] Instep 255, the virtualization service apparatus 100
sets a resolution and a frame rate at which the content is to be
provided depending on the content bit rate. In this case, the
virtualization service apparatus 100 may pre-store profiles in
which resolutions and frame rates pre-defined for each con-
tent bit rate are defined and may set the resolution and the
frame rate depending on the content bit rate according to the
corresponding profile.

[0045] Instep 260, the virtualization service apparatus 100
encodes the content depending on the resolution and the
frame rate set in step 255.

[0046] Instep 265, the virtualization service apparatus 100
transmits the encoded content to the terminal 50.

[0047] Instep 270, the virtualization service apparatus 100
confirms whether the virtualization service will end. For
example, the virtualization service apparatus 100 may con-
firm that the virtualization service has ended in the case in
which it receives a signal requesting the end of the virtualiza-
tion service from the terminal 50 or encoding and transmis-
sion of the corresponding content are completed.
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[0048] In the case in which it is confirmed in step 270 that
the virtualization service has not ended, the virtualization
service apparatus 100 again performs processes from step
205.

[0049] FIG. 3 is a flow chart showing a process of receiving
a virtualization service by a terminal according to an exem-
plary embodiment of the present invention.

[0050] Referring to FIG. 3, in step 310, the terminal 50
transmits a virtualization service request for a specific content
to the virtualization service apparatus 100.

[0051] In step 320, the terminal 50 measures a network
delay time to create network delay time information and
transmit the network delay time information to the virtualiza-
tion service apparatus 100. And, the terminal 50 confirms data
stored in the receiving buffer to create receiving buffer state
information and transmit the receiving buffer state informa-
tion to the virtualization service apparatus 100.

[0052] In step 330, the terminal 50 receives and decodes a
content.

[0053] In step 340, the terminal 50 plays the decoded con-
tent.

[0054] In step 350, the terminal 50 confirms whether the

virtualization service has ended. In this case, the terminal 50
may confirm that the virtualization service has ended by
confirming whether or not streaming of the content depend-
ing on the virtualization service has ended or in the case in
which it receives an input requesting the end of the virtual-
ization service from the user.

[0055] In the case in which it is confirmed in step 350 that
the virtualization service has not ended, the terminal 50 again
performs processes from step 320.

[0056] Therefore, the virtualization service apparatus 100
according to an exemplary embodiment of the present inven-
tion may encode the content so as to have a frame rate and a
resolution matched to characteristics of the content and may
transmit the encoded content to the terminal 50. For example,
in the case in which the content is a game or a moving picture,
a high frame rate is required. Therefore, the virtualization
service apparatus 100 may set a content bit rate as high as
possible within a limit in a current network situation in con-
sideration of a type of the content, and provide a content
having a frame rate and a resolution corresponding to the high
content bit rate to the terminal 50. Further, in the case in which
the content is a still image such as a text or a photograph, the
virtualization service apparatus 100 may set a lower content
rate in consideration of a type of the content, and provide a
content having a frame rate and a resolution corresponding to
the low content bit rate to the terminal 50.

[0057] That is, since a cloud based virtualization service
provides various kinds of contents (video, game, document,
and the like), functions of transmitting a content that is being
currently used by a user in a state in which characteristics of
the content as well as characteristics of a network are reflected
are required. Among them, a function of adaptively control-
ling a transmission rate and a bit rate of a content ensure the
delay limitation is required. In addition, a function of adap-
tively determining an optimal frame rate and resolution when
a content used by the user is changed and when a bit rate of the
content is changed in consideration of an influence of the
frame rate and the resolution on quality of experience of the
user according to a kind of content is required. The virtual-
ization service apparatus according to an exemplary embodi-
ment of the present invention may provide the above-men-
tioned functions.
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[0058] As set forth above, according to exemplary embodi-
ments of the present invention, a virtualization service in
which quality characteristics required for each content are
reflected may be provided.

[0059] FIG. 4 illustrates how the virtualization service
apparatus in accordance with an embodiment of the present
invention is embodied in the form of a computer system.
[0060] The above-described the virtualization service
apparatus may be implemented in a computer system, e.g., as
a computer readable medium. As shown in in FIG. 4, a com-
puter system 900 may include one or more of a processor 910,
amemory 920, a user interface input unit 940, a user interface
output unit 950, and a storage 930, each of which communi-
cates through a bus 960. The computer system 900 may also
include a network interface 970 that is coupled to a network.
The processor 910 may be a central processing unit (CPU) or
a semiconductor device that executes processing instructions
stored in the memory 920 and/or the storage 930. The
memory 920 and the storage 930 may include various forms
of volatile or non-volatile storage media. For example, the
memory may include a read-only memory (ROM) 924 and a
random access memory (RAM) 925.

[0061] Hereinabove, the present invention has been
described with reference to exemplary embodiments thereof.
Many exemplary embodiments other than the above-men-
tioned exemplary embodiments fall within the scope of the
present invention. It will be understood by those skilled in the
art to which the present invention pertains that the present
invention may be implemented in a modified form without
departing from essential characteristics of the present inven-
tion. Therefore, the exemplary embodiments disclosed herein
should be considered in an illustrative aspect rather than a
restrictive aspect. The scope of the present invention should
be defined by the following claims rather than the above-
mentioned description, and all technical spirits equivalent to
the following claims should be interpreted as being included
in the present invention.

What is claimed is:

1. A virtualization service apparatus comprising:

a network monitoring unit receiving a virtualization ser-
vice request for a content and network delay time infor-
mation from a terminal;

acontent monitoring unit setting a delay limitation depend-
ing on a type of the content;

a transmission rate controlling unit setting a transmission
rate depending on an available bandwidth of a network;

a content bit rate controlling unit setting a content bit rate
depending on the transmission rate, the delay limitation,
and the network delay time;

an encoding configuration controlling unit setting a reso-
Iution and a frame rate depending on the content bit rate
and the type of the content;

a content quality controlling unit encoding the content
depending on the resolution and the frame rate; and

a transmitting unit transmitting the encoded content to the
terminal.

2. The virtualization service apparatus of claim 1, wherein

the encoding configuration controlling unit sets the resolution
and the frame rate with reference to a profile including reso-
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Iutions and frame rates preset depending on each content bit
rate and each type of the contents.

3. The virtualization service apparatus of claim 1, wherein
the content bit rate controlling unit sets the content bit rate
depending on the transmission rate, and

the content bit rate controlling unit decreases the content

bit rate in the case in which the network delay time
exceeds the delay limitation and increases the content bit
rate in the case in which the network delay time is the
delay limitation or less.

4. The virtualization service apparatus of claim 3, wherein
the network monitoring unit receives receiving buffer state
information from the terminal and calculates the available
bandwidth, and

the transmission rate controlling unit may adjust the trans-

mission rate depending on the available bandwidth and
the receiving buffer status information.

5. A method of providing a virtualization service by a
virtualization service apparatus, comprising:

receiving a virtualization service request for a content and

network delay time information from a terminal;
setting a delay limitation depending on a type of the con-
tent;

setting a transmission rate depending on an available band-

width of a network;

setting a content bit rate depending on the transmission

rate, the delay limitation, and the network delay time;
setting a resolution and a frame rate depending on the
content bit rate and the type of the content;

encoding the content depending on the resolution and the

frame rate; and

transmitting the encoded content to the terminal.

6. The method of providing a virtualization service of
claim 5, wherein the setting of the resolution and the frame
rate depending on the content bit rate and the type of the
content includes setting the resolution and the frame rate with
reference to a profile including resolutions and frame rates
preset depending on each content bit rate and each type of the
contents.

7. The method of providing a virtualization service of
claim 5, wherein the setting of the content bit rate depending
on the transmission rate, the delay limitation, and the network
delay time includes:

setting the content bit rate depending on the transmission

rate;

decreasing the content bit rate in the case in which the

network delay time exceeds the delay limitation; and
increasing the content bit rate in the case in which the
network delay time is the delay limitation or less.

8. The method of providing a virtualization service of
claim 7, further comprising:

receiving receiving buffer state information from the ter-

minal;

calculating the available bandwidth; and

wherein setting a transmission rate depending on an avail-

able bandwidth of a network includes setting the trans-
mission rate depending on the available bandwidth and
the receiving buffer state information.
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