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[0001] LOW LATENCY VIDEO COMPRESSION
[0002] CROSS REFERENCE TO RELATED APPLICATIONS
[0003] This application claims the benefit of U.S. non-provisional

application No. 13/272,670 filed October 13, 2011, the contents of which are

hereby incorporated by reference herein.

[0004] BACKGROUND

[0005] Digital video systems, including wireless systems, are becoming
increasingly common. In such systems each picture or frame of a moving image is
encoded 1n a transmitter, transmitted to a receiver, decoded in the receiver, and
displayed on a display device. In some such systems a user may perform some
action at the transmitter and expect to see an essentially instant response on a
display visible to that user or to another user at a different location. An example
of this is a user moving a cursor on a hand-held device and expecting to see
essentially instantaneous corresponding movement of a cursor on a display
located in the same room with the user. Any observable delay, or latency,
between the user’s action and the response on the display is undesirable. Another
example 1s a video conferencing system, where two users in different locations
are exchanging images. Observable latency may occur when buffers cannot keep
up with a large incoming bit rate or a bit rate that fluctuates over a large range
from frame to frame. To reduce latency, bit rates must be carefully controlled and
not allowed to fluctuate outside a restricted range.

[0006] The terms compression and quantization refer to reducing a number

of bits needed to encode a frame without noticeable degradation of image quality.

[0007] SUMMARY OF EMBODIMENTS

[0008] A method and system are described for low-latency video. In the
method a frame, selected from a group of frames, 1s divided into P-regions and an
I-region based on an assigned refresh pattern in a refresh loop. An I-region bit
budget and a P-region bit budget are determined. Quantization parameters are

determined using the I-region bit budget and the P-region bit budget.
-1-
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Macroblocks of the selected frame are encoded based on the quantization
parameters. An I-complexity and P-complexity are updated and a new frame bit
budget is determined. The dividing, determining of the I-region bit budget,
determining of the P-region bit budget, determining of quantization parameters,
and encoding are repeated for each remaining frame in the group of frames.

[0009] A wvideo compression system configured to reduce latency and
prevent buffer overflow includes an encoder configured to encode a received
frame, a refresh system configured to provide a predetermined refresh pattern to
the encoder, and a rate control system, configured to control an encoding rate of

the encoder.

[0010] BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Figure 1 shows an example of a low-latency video refresh loop and a

refresh pattern.

[0012] Figure 2 shows an embodiment of a method of reducing video
latency.
[0013] Figure 3 shows an embodiment of a video encoding system with

reduced latency.
[0014] Figure 4 shows an example of an embodiment of a video encoding

system with reduced latency as part of a larger system.

[0015] DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS
[0016] To reduce latency, pixels of a given frame 1n a video transmission

may be divided into regions of different designated types. Each region may be
further divided into blocks of pixels called macroblocks. Regions of each type may
be encoded in different ways, having different amounts of compression, or
quantization. For example a region designated as an I-region (“intra” region) may
be encoded as if it were a single still image. Encoding of an I-region uses only the
bits contained in that region itself. All macroblocks in an I-region are encoded as
I-macroblocks. By contrast, a region designated as a P-region (“progressive”

region) may be encoded by making use of a region in a previous frame. A
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macroblock in a P-region may be encoded as either an I-macroblock or a P-
macroblock. As an example, a current P-region may be compared with a
previously processed region, either I or P, and only those pixels in the current
region that have changed are encoded. The current region and the previously
processed region may or may not have corresponding locations in a current frame
and a previous frame, respectively. An example 1s provided by a video scene in
which an object 1s moving in front of a stationary background. In a P-region, only
those pixels representing the moving object may require encoding. It follows that
an I-region will likely require more bits for encoding than does a P-region. It may
be desirable, therefore, to reduce the number of I-regions as much as possible. On
the other hand, at least one I-region may be necessary to maintain image quality
and stop errors propagating from one frame to another. In particular, use of at
least one I-region may be a necessity following a scene change, since the first
frame of a new scene may have no pixels in common with the last frame of the
previous scene. Scene changes are addressed further below.

[0017] An example of part of a method for reducing latency 1s shown in
Figure 1. Twelve (12) consecutive frames are shown, labeled by an index j,
running from O to 11. The twelve frames together make up a refresh loop. Each
of the twelve frames is divided into 12 regions. The number of regions is equal to
the number of frames in the refresh loop. The number 12, however, 1s arbitrary
and not limiting. In each frame of the refresh loop, one of these regions is
designated as an I-region and the remaining ones as P-regions, as described
above. The region designated as the I-region (and therefore the position of the I-
region within a frame) differs from frame to frame in the refresh loop. In a single
refresh loop, each and every region 1s designated as the I-region, in a specific
order. Such an order 1s referred to as a refresh pattern. The refresh loop repeats
every N frames, where N 1s 12 in Figure 1. In the non-limiting example shown in
Figure 1, 1n a first frame in the refresh loop, Frame 0, Region 0 is designated to
be an I-region and regions 1-11, that is, all remaining regions, are “dirty” P-
regions. A dirty P-region 1s a P-region that has not yet been encoded as an I-
region in any previous frame in a refresh loop. Such a P-region, therefore, has not

yet been “cleaned” or “refreshed” in the current refresh loop and may be suffering
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propagated errors caused by transmission problems. Continuing with this
example of a refresh pattern, in the next frame, Frame 1, Region 1 is designated
as an I-region. Region 0, having been “refreshed” by having been encoded as an I-
region in frame 0, 1s now a refreshed, or “clean”, P-region. Regions 2-11, having
not yet been encoded as an I-region in the refresh loop are still dirty P-regions.
The refresh pattern continues as shown, such that finally, in Frame 11, region 11
1s designated as an I-region. Once a region 1s refreshed it remains refreshed for
the rest of the refresh loop. Therefore, once the refresh loop ends, all regions 0-11
are refreshed P-regions. The frame following frame 11 will be encoded as in
Frame 0 and the refresh loop repeats. In a current frame of a refresh loop, a
macroblock in a refreshed P-region may only refer to a macroblock in a refreshed
P-region of a previous frame, while a macroblock in a dirty P-region of the
current frame may refer to any macroblock of any previous frame.

[0018] The refresh pattern may be described as the pattern of movement of
the I-region from frame to frame during the refresh loop. The particular
movement of the I-region shown in Figure 1 1s an example and 1s not to be
considered limiting. The I-region may move in any pattern as a refresh pattern,
such as a zig-zag, along a diagonal, or along a more complex path.

[0019] Figure 2 shows an embodiment of a method 200 for reducing video
latency and preventing buffer overflow in video encoding. The method may be
implemented in combination with a refresh loop such as that shown in Figure 1.
In this description, a given refresh loop 1s designated by index 1 and a particular
frame within a refresh loop 1s designated by index j. The number of frames in a
refresh loop 1s denoted as N.

[0020] Referring to Figure 2, initial values are set for an I-complexity CiJ,
a P-complexity Cpii, and a frame bit budget B/ 210. The initial values are to be
applied to a first frame in a first group of frames, this first group of frames being
the frames of a first refresh loop, and therefore 1=0 and j=0 for setting the initial
values. The complexities are each a measure of a tradeoff between bit rate used
in transmitting an encoded frame and image distortion or loss of image quality in

that frame. The frame bit budget is determined in part by a system bandwidth or
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a bit rate capacity. Complexities and frame bit budgets are described in greater
detail below.
[0021] In an embodiment, an 1nitial value of bit rate budget, B:% ° may be
R . . . .
set as B’ = BPP =—2 , where BPP is a number of bits per picture, or bits per
!

frame, R, denotes a nominal bit rate and R, denotes a frame rate. As an

example, 1nitial values for the I-complexity and P-complexity for all N frames in
the 1nitial refresh loop may be set as:

CY = —7g§b and Cy’ :%; j=0...N-1 Equation (1)

Once the initial values are set, the method operates in a cycle, running over
consecutive frames. A refresh loop having a pre-defined refresh pattern is applied
to a first group of N frames. The refresh pattern assigns a type —either I or P —to
each region of each frame, in the manner of Figure 1. Each selected frame 1s thus
divided into P-regions and one I-region. A quantization of each macroblock in
each region 1s carried out using quantization parameters that may depend on,
among other factors, the fullness of a CPB buffer included in the rate control
system, such as one described below with reference to Figure 3. Values of
quantization parameters may also depend on averages of quantization
parameters used 1n previous frames, as described below. The CPB buffer stores
at least a part of each frame before the frame is transmitted. If the buffer gets
full and overflows, data loss and/or observable latency may result. In an
embodiment, therefore, the amount of quantization may depend on how close the
buffer i1s to being full. Each macroblock, in both I- and P-regions, may have a
different quantization parameter.

[0022] Referring once again to Figure 2, an I-region bit budget and a P-
region bit budget are determined 215, as described below. Quantization
parameters for the macroblocks of the P-regions and an I-region of the selected
frame j in refresh loop 1 are determined based on the I-region bit budget and the
P-region bit budget 220. Macroblocks of the selected frame are encoded based on
the quantization parameters 225. After various quantities are updated 230, as

described below, the cycle 1s repeated for each remaining frame in the first group
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of frames, as indicated by the “NO” path from 235 of Figure 2. Once all N frames
in the first group are encoded, the application of the refresh loop to a new group
of N frames following the first group is begun, as indicated by the “YES” path
from 235 of Figure 2.

[0023] In an embodiment shown in Figure 2, determination of quantization
parameters proceeds at 215 and 220. An I-region bit budget Ti"J is determined
using current values of the I-complexity Cit; of the P-complexity Cpli and of the
frame bit budget B/l1. I-region bit budget T may be determined using Equation
2:

B/

1+——%&
K C/

T}/ = Equation (2)

In Equation 2, K 1s a balancing constant, defined in order to constrain the
relative values of the I-region quantization parameters and the P-region
quantization parameters as a further guard against excessive latency and buffer
overflow. For example, the quantization parameters may be constrained
according to Equation 3:

1 K :
= \ Equation (3)

i,J i,J
7 P

where Q4 and QplJ are averages of quantization parameters over macroblocks of
I-regions and P-regions, respectively, and K may be between 1.0 and 2.0,
inclusive.
[0024] Corresponding to I-region bit budget Ti-i, a P-region bit budget Tp'i
may be determined 215. In an embodiment, Tpi may determined by subtracting
I-region bit budget from frame bit budget, as in Equation 4:

T/ =B T} Equation (4)
Once bit budgets Ti i and Tpl I have been determined, they may be used to
determine current quantization parameters 220. These current quantization
parameters may then be used to encode the current frame 225, as described
above.
[0025] Once the current frame is encoded, the complexities Cr-i and Cpi

may be updated for use in determining bit budgets for a corresponding frame j in
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the next refresh loop 230. According to the index definitions above, these
complexities are denoted as Ci*l:i and Cpi*li. These updated complexities may be

determined as follows. Let 0} and Q.’, be determined averages of quantization
parameters over all macroblocks in the I- and P-regions, respectively, of the
current frame j. These averages may be weighted averages. Let B} and B, be

bit quantities generated by encoding of the I- and P-regions, respectively.

NN )

Determine the quantities C; and Cr using Equations 5 and 6, respectively.

ALLj

Cr =087 Equation (5)

nivf

Cr =QBY, Equation (6)

Finally, determine updated I- and P-complexities using Equations 7 and 8,

respectively.
n l,] P
1,7
cit/ :% Equation (7)
n l,] P
1,7
cit :%. Equation (8)
[0026] Once the current frame 1s encoded, a new frame bit budget is

determined 240, 245 in a manner depending on whether or not the current frame
1s the last frame 1n the current refresh loop 235. If the current frame j 1s the last
frame in current refresh loop 1 235, then a new frame bit budget for a first frame
in a new refresh loop may be determined 245 using Equation 9:

B = BPP+max(LIMIT _VALUE,B:"" — B} —B.%™"). Equation (9)
If the current frame j 1s not the last frame in current refresh loop 1 235, then a
new frame bit budget for the next frame in the current refresh loop may be
determined 240 using Equation 10:

B = BPP + max(LIMIT _VALUE,B" — B —B",). Equation (10)
In equations 9 and 10, the quantity LIMIT VALUE is introduced to restrict the
bit-budget for each single frame to avoid overflow of a coded picture buffer in a

rate control system such as the embodiment described below in connection with
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Figure 3. In either situation determined at 235, method 200 returns to 215, and
continues in order to encode a following frame.

[0027] Method 200 may be adapted to handle bit rate requirements of a
scene change, as described above. The selected frame may be classified as either
a low texture frame or a high texture frame based on a number of bits generated
in encoding the selected frame. An initial value of one or more quantization
parameters for the selected frame 1s set to an average of quantization parameters
of previous frames, in which quantization parameters of previous low texture
frames are excluded from this average.

[0028] As an example criterion for classifying a frame, a frame may be
classified as low texture if a number of bits generated when the frame 1s encoded,
b(t), satisfies Equation 11:

b(t) < 0.2 bT(t) Equation (11)
where bT(t) 1s a target bit number. A frame not satisfying Equation 11 is
classified as high texture.

[0029] Figure 3 shows a an embodiment of a system 300 configured to
reduce video latency and buffer overflow by implementing a method such as that
described above and in Figure 2. System 300 includes an encoder 320 configured
to encode a received frame at input 330 and output an encoded frame to a decoder
and, ultimately, to a display at output 335. System 300 also includes a refresh
system 315, configured to provide a predetermined refresh pattern to encoder
320; and a rate control system 310, configured to control an encoding rate of the
encoder using a method such as that described above. As will be appreciated, the
display of encoded frames from output 335 may occur immediately or may occur
after storage and transport of the encoded stream. As will be appreciated, frames
may be transmitted from output 335 wirelessly or not wirelessly. Rate control
system 310 includes a quantization parameter generator 340, configured to
generate quantization parameters. Rate control system 310 also includes
complexity generator 345, configured to generate complexities and supply them
to quantization parameter generator 340. Inputs to complexity generator 345
may include bit rates used to transmit encoded frames. These bit rates may be

provided in feedback from output of encoder 320. Inputs to complexity generator
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345 also may include previous quantization parameters provided by quantization
parameter generator 340. Rate control system 310 also includes a virtual buffer
350, an averager 355 for determining average target bits, and a coded picture
buffer (CPB) 360. CPB 360 1s connected to quantization parameter generator 340.
Information on fullness of CPB 360 1s conveyed to quantization parameter
generator 340 and used there for the determining a magnitude of a generated
quantization parameter.

[0030] System 300 may also include a scene change handling system 325.
Scene change handling system 325 includes classification circuitry, configured to
classify the selected frame as either low texture or high texture based on a
number of bits generated in the encoding of the selected frame; and averaging
circuitry configured to determine an average of quantization parameters of
previous frames, such that quantization parameters of previous low texture
frames are excluded from the determining of the average.

[0031] As will be appreciated by a person of ordinary skill in the art,
certain embodiments disclosed herein may result in reduced latency video. One
example of such embodiments is a video display system as shown in Fig. 4. A
console 420, which may be a laptop computer, has a display that displays a video
background (not shown) and a cursor 450 superimposed on the video background.
A user moves cursor 420 manually by means of a touchpad 425 or a similarly
functioning device, such as a mouse. It is desired that movement of another
cursor 455 on a separate display device 445 should mimic movement of cursor
450 with no observable delay, as seen by the user. In this embodiment, console
420 contains an encoder 310, intra-refresh system 335, and rate control system
345, corresponding to identically numbered parts in Fig. 3 and described above.
In accordance with the above description, encoder 310 encodes frames including
video information representing cursor 450. The encoded frames are conveyed to
output electronics 410 and then to an antenna 430, from which they are
transmitted to receiver 435. The frames are decoded by decoder 440, which may
be internal or external to receiver 435, and displayed on display device 445, the
display including cursor 455. Through the use of the low-latency video

compression system in console 420, including rate control system 435, movement
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of cursor 455 mimics movement of cursor 450 and reacts to action of the user
with no delay noticeable to the user. Encoder 310, intra-refresh system 335, rate
control system 335, and output electronics 410 may be implemented, separately
or in any combination, through hardware, software, or a combination of hardware
and software. Such hardware may include an integrated circuit, such as a
graphics accelerator chip or a graphics processing chip. In Fig. 4, communication
between console 420 and receiver 435 1s depicted as wireless and communication
between receiver 435 and display device 445 1s depicted as wired. Neither of
these example communications means should be construed as limiting; either one
can be either wireless or wired. The system shown in Fig. 4 and described above
may be included in, as examples, a video game system for the home or a video
conferencing system.

[0032] Another example embodiment of low-latency video compression may
be implemented as a video conferencing system, which may be one-way or two-
way. Users in two or more locations transmit and receive video images. Audio
may be transmitted and received as well. Reduced latency (avoiding delays) may
be essential for, for example, creating a more realistic experience for users
participating in a video conference.

[0033] Embodiments of the present embodiments may be represented as
mstructions and data stored in a non-transitory computer-readable storage
medium. For example, aspects of the present embodiments may be implemented
using Verilog, which is a hardware description language (HDL). When processed,
Verilog data instructions may generate other intermediary data (e.g., netlists,
GDS data, or the like) that may be used to perform a manufacturing process
1implemented in a semiconductor fabrication facility. The manufacturing process
may be adapted to manufacture semiconductor devices (e.g., processors) that
embody various aspects of the present embodiments.

[0034] Suitable processors include, by way of example, a general purpose
processor, a special purpose processor, a conventional processor, a digital signal
processor (DSP), a plurality of microprocessors, a graphics processing unit (GPU),

a DSP core, a controller, a microcontroller, application specific integrated circuits
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(ASICs), field programmable gate arrays (FPGAs), any other type of integrated
circuit (IC), and/or a state machine, or combinations thereof.

[0035] Other embodiments, uses, and advantages of the disclosure will be
apparent to those skilled in the art from consideration of the specification and
practice of the disclosure disclosed herein. The specification and drawings should
be considered exemplary only, and the scope of the disclosure is accordingly

intended to be limited only by the following claims and equivalents thereof.

* * *
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CLAIMS

What is claimed 1s:

1. A method for reducing latency and preventing buffer overflow in
video encoding, the method comprising:

dividing a selected frame from a first group of frames into P-regions and an
I-region based on an assigned refresh pattern in a refresh loop;

determining an I-region bit budget and a P-region bit budget

determining quantization parameters using the I-region bit budget and the
P-region bit budget;

encoding the selected frame by encoding macroblocks of the selected frame
based on the quantization parameters;

updating an I-complexity and a P-complexity;

determining a new frame bit budget; and

repeating the dividing, the determining of the I-region bit budget and the
P-region bit budget, the determining of quantization parameters, and the

encoding for each remaining frame in the first group of frames.

2. The method of claim 1, further comprising applying the refresh loop
to a second group of frames following the first group of frames, and applying the
selecting, the dividing, the determining of the I-region bit budget and the P-
region bit budget, the determining of the quantization parameters, the encoding,
the updating, the determining of a new frame bit budget, and the repeating to the

second group of frames.

3. The method of claim 1, further wherein:

the determining of an I-region bit budget comprises using current values of
the I-complexity, of the P-complexity, and of the frame bit budget; and

the determining of a P-region bit budget comprises using the I-region bit

budget and the current value of the frame bit budget.
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4. The method of claim 3, wherein determining the P-region bit budget
comprises subtracting the I-region bit budget from the current value of the frame

bit budget to yield the P-region bit budget.

5. The method of claim 1, wherein determining quantization

parameters further comprises using fullness of a coded picture buffer.

6. The method of claim 1, wherein

updating the I-complexity and the P-complexity comprises using an
average of quantization parameters and bit quantities in the encoded selected
frame; and

the updated I-complexity and the updated P-complexity are applied to a

later selected frame.

7. The method of claim 1, wherein determining a new value for the
frame bit budget comprises using the current value of the frame bit budget and

bit quantities generated by the encoding.

8. The method of claim 1 further adapted to handle a scene change, the
method further comprising:

classifying the selected frame as either low texture or high texture based
on a number of bits generated in the encoding of the selected frame; and

setting an initial value of a quantization parameter for the selected frame
to an average of quantization parameters of previous frames, wherein
quantization parameters of previous low texture frames are excluded from the

average.
9. The method of claim 1, further comprising transmitting the encoded

selected frame to a display device configured to display the encoded selected

frame.
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10. The method of claim 9 implemented in a video display system,
wherein the method further comprises transmitting the encoded selected frame

to a video display device incorporated in the video display system.

11.  The method of claim 10, wherein the video display system comprises

at least one of: a video game system or a video conferencing system.

12. A wvideo compression system configured to reduce latency and
prevent buffer overflow; the system comprising:
an encoder configured to encode a received frame;
a refresh system, configured to provide a predetermined refresh pattern to
the encoder; and
a rate control system, configured to control an encoding rate of the encoder
by:
dividing a selected frame from a first group of frames into P-regions
and an I-region based on the predetermined refresh pattern in a refresh
loop;
determining an I-region bit budget and a P-region bit budget;
determining quantization parameters using the I-region bit budget
and the P-region bit budget;
encoding the selected frame by encoding macroblocks of the selected
frame based on the quantization parameters;
updating an I-complexity and a P-complexity;
determining a new frame bit budget; and
repeating the dividing, the determining of the I-region bit budget
and the P-region bit budget, the determining of quantization parameters,

and the encoding for each remaining frame in the first group of frames.

13. The system of claim 12, further comprising a display device

configured to receive and display frames encoded by the encoder.
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14. The system of claim 13, comprising at least one of: a video game

system or a video conferencing system.

15. The system of claim 12, wherein the rate control system is further
configured to control the encoding rate of the encoder by applying the refresh loop
to a second group of frames following the first group of frames, and applying the
dividing, the determining of the I-region bit budget and the P-region bit budget,
the determining of the quantization parameters, the encoding, the updating, the
determining of a new frame bit budget, and the repeating to the second group of

frames.

16. The system of claim 12, wherein the rate control system is further
configured to control the encoding rate of the encoder by:

determining the I-region bit budget using current values of the I-
complexity, of the P-complexity, and of the frame bit budget; and

determining the P-region bit budget using the I-region bit budget and the

current value of the frame bit budget.

17.  The system of claim 16, wherein the rate control system is further
configured to determine the P-region bit budget by subtracting the I-region bit
budget from the current value of the frame bit budget to yield the P-region bit
budget.

18.  The system of claim 12 wherein the rate control system includes a
coded picture buffer, the rate control system using information on the fullness of

the coded picture buffer in determining the quantization parameters.

19. The system of claim 12, wherein the rate control system is further
configured to control the encoding rate of the encoder by:
updating the I-complexity and the P-complexity using an average of

quantization parameters and bit quantities in the encoded selected frame; and
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applying the updated I-complexity and updated P-complexity to a later

selected frame.

20. The system of claim 12, wherein the rate control system 1s further
configured to control the encoding rate of the encoder by determining a new value
for the frame bit budget using the current value of the frame bit budget and bit

quantities generated by the encoding.

21.  The system of claim 12, further comprising a scene change handling
system comprising:

classification circuitry, configured to classify the selected frame as either
low texture or high texture based on a number of bits generated in the encoding
of the selected frame; and

averaging circuitry configured to determine an average of quantization
parameters of previous frames, wherein quantization parameters of previous low

texture frames are excluded from the determining of the average.

22. A non-transitory computer-readable storage medium comprising
instructions and data that are acted upon by a program executable on a computer
system, the program operating on the instructions and data to perform a portion
of a process to fabricate an integrated circuit including circuitry described by the
data, the circuitry described by the data comprising:

an encoder configured to encode a received frame;

a refresh system, configured to provide a predetermined refresh pattern to
the encoder; and

a rate control system, configured to control an encoding rate of the encoder
by:

dividing a selected frame from a first group of frames into P-regions
and an I-region based on the predetermined refresh pattern in a refresh
loop;

determining an I-region bit budget and a P-region bit budget;

-16-
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determining quantization parameters using the I-region bit budget
and the P-region bit budget;

encoding the selected frame by encoding macroblocks of the selected
frame based on the quantization parameters;

updating an I-complexity and a P-complexity;

determining a new frame bit budget; and

repeating the dividing, the determining of the I-region bit budget
and the P-region bit budget, the determining of quantization parameters,

and the encoding for each remaining frame in the first group of frames.

23. The computer readable medium of claim 22, wherein the circuitry
described by the data further comprises a scene change handling system
comprising:

classification circuitry, configured to classify the selected frame as either
low texture or high texture based on a number of bits generated in the encoding
of the selected frame; and

averaging circuitry configured to determine an average of quantization
parameters of previous frames, wherein quantization parameters of previous low

texture frames are excluded from the determining of the average.

24.  The computer readable medium of claim 22, wherein the circuitry
described by the data further comprises:
the rate control system, further configured to control an encoding rate of
the encoder by:
determining the I-region bit budget using current values of the I-
complexity, of the P-complexity, and of the frame bit budget; and
determining the P-region bit budget using the I-region bit budget

and the current value of the frame bit budget.

25. The computer readable medium of claim 22, wherein the circuitry

described by the data further comprises:

-17-
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the rate control system further configured to control an encoding rate of
the encoder by:
updating the I-complexity and the P-complexity; and
applying the updated I-complexity and updated P-complexity to a

later selected frame.

18-



WO 2013/055596

Frame O

Frame 1

1/4

Frame 2

PCT/US2012/058999

Frame 3

0]

2

3

112131 0]112]3

0

3

0]1]2]3

6

7

4L

16

7

4151617

15i6l7| [45

819

o]

1910

i

o
KOt

8[s il

19 0k

Frame 8

Frame 9

Frame 10

Frame 11

112]|3 01

2

3

0

1

2

3

0(1]2(3

5|6(7 4|5

6

7

4

5

6

7

4(5|6|7

oiiojt] [8]9]

10

8

9

i

11

8|9 |10[11

Refreshed P-region

I P-region

FIG. 1

= Dirty P-region



WO 2013/055596 PCT/US2012/058999

2/4
200 4 set i=0 (i=refresh loop index, i =0, 1, 2, ...) )
set j=0 (j=frame index within the refresh loop, j = 0 ... N-1; N=no. of
frames in refresh loop)
210
Set initial values for first frame in first refresh loop:
I Complexity, C %
P Complexity, C,%°
Frame bit budget, B,%0
N l r /25
——-( Determine I bit budget T;"J and P bit budget Tp"J using B J, C/J and C,"J ﬁ
l 220
C Determine quantization parameters using bit budgets T;J and T,\J
225

@ncode macroblocks of frame j of refresh loop i using the quantization parameters

Update C;"J and Cp"J to C; "Y' and Cp"*!J respectively, for frame j in
next refresh loop, using an average of quantization parameters and
bit quantities in encoded current frame j

2—230

235

Is current frame j the last
Yes

frame in refresh loop i ?
(Does j=N-1?)

4 =i+ N O ELE0 )
Determine new frame bit Determine new frame bit
| | budgetB, M usng | 240 budget B, *1Ousing |
current bit budget and bit 245 current bit budget and bit
quantities in current encoded quantities in current
frame j encoded frame
N ) N b




PCT/US2012/058999

WO 2013/055596

3/4

Wa1sAs |0.3u0D ey

[apow 2.1n3xa3 Mo|/ybiH

pasn s)g

™ ddd

~09¢

ssau||n4

Aixajdwo)

- |°POI

Siq
19b.e] abelany

e ssc—~/

o
—
™

0s€

—= Joyng [eNUIA

Prev QP ——

!

¢ Ol

—GbE

buijpuey
abueyd auaosg

— EYTEIESE T -

AJisse) ainxa |
=1 40O abeiany

> [9pol dD

1apodap

ovE—~" P

lapooug

//\ImNm

o f weans

133

00€

|eWON
|
onl\l }

ulaned
ysaljoy

Wa1sAs ysadjal enug /\J

ANA /J

0ce

STE



PCT/US2012/058999

WO 2013/055596

4/4

St

14

Old

qSb

1) 47

5

1ap02a(

19 2

5

WANSAS
|013u0) ey

wajsAs |
Usaujl-enu1

'

J9AI909Y

A

Jaooug
[eULION

'

e][V[e]hie=Tm|
Indyno

v

BUUSIUY O]

ndug



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/058999

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4N7/26
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO4N

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

6 October 2010 (2010-10-06)

figures 1, 21-24

paragraph [0012] - paragraph [0014]
paragraph [0172] - paragraph [0213]

_/__

Y EP 2 237 562 Al (PANASONIC CORP [JP]) 1-25

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

16 November 2012

Date of mailing of the international search report

26/11/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Fassnacht, Carola

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/058999

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y CHENG-TIE CHEN ET AL: "HYBRID EXTENDED 1-25
MPEG VIDEO CODING ALGORITHM FOR GENERAL
VIDEO APPLICATIONS",

SIGNAL PROCESSING. IMAGE COMMUNICATION,
ELSEVIER SCIENCE PUBLISHERS, AMSTERDAM,
NL,

vol. 5, no. 1/ 02,

1 February 1993 (1993-02-01), pages 21-37,
XP000345611,

ISSN: 0923-5965, DOI:
10.1016/0923-5965(93)90025-0

section "2.4.2. Predictive coding"
section "2.4.5. MQUANT assignment"
section "2.4.7. Rate control"

figure 7

A KEESMAN G ET AL: "BIT-RATE CONTROL FOR 1-25
MPEG ENCODERS",

SIGNAL PROCESSING. IMAGE COMMUNICATION,
ELSEVIER SCIENCE PUBLISHERS, AMSTERDAM,
NL,

vol. 6, no. 6,

1 February 1995 (1995-02-01), pages
545-560, XPO0O0491860,

ISSN: 0923-5965, DOI:
10.1016/0923-5965(94)00038-K

the whole document

A LEE J ET AL: "ADAPTIVE FRAME TYPE 1,8,12,
SELECTION FOR LOW BIT-RATE VIDEO CODING", 21-23
SPIE VISUAL COMMUNICATIONS AND IMAGE
PROCESSING, XX, XX,
vol. 2308, no. PART 02,

25 September 1994 (1994-09-25), pages
1411-1422, XP002035257,
section "4 Bit Rate Control"

A VISCITO E ET AL: "A VIDEO COMPRESSION 1,8,12,
ALGORITHM WITH ADAPTIVE BIT ALLOCATION AND 21-23
QUANTIZATION",

VISUAL COMMUNICATION AND IMAGE PROCESSING
'91: VISUAL COMMUNICATION. BOSTON, NOV. 11
- 13, 1991; [PROCEEDINGS OF SPIE],
BELLINGHAM, SPIE, US,
vol. 1605 PART 01/02,
11 November 1991 (1991-11-11), pages
58-72, XP000479218,
the whole document

- / -

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/058999

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

WIEGAND T ET AL: "“EFFICIENT MODE
SELECTION FOR BLOCK-BASED MOTION
COMPENSATED VIDEO CODING",

PROCEEDINGS OF THE INTERNATIONAL
CONFERENCE ON IMAGE PROCESSING. (ICIP).
WASHINGTON, OCT. 23 - 26, 1995;
[PROCEEDINGS OF THE INTERNATIONAL
CONFERENCE ON IMAGE PROCESSING. (ICIP)],
LOS ALAMITOS, IEEE COMP. SOC. PRESS, US,
vol. 2, 23 October 1995 (1995-10-23),
pages 559-562, XP000624030,

DOI: 10.1109/1CIP.1995.537540

ISBN: 978-0-7803-3122-8

the whole document

1-25

Form PCT/ISA/210 (col

ntinuation of second sheet) (April 2005)

page 3 of 3




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2012/058999
Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 2237562 Al 06-10-2010 CN 101897190 A 24-11-2010
EP 2237562 Al 06-10-2010
JP 4834772 B2 14-12-2011
JP 2012023765 A 02-02-2012
US 2010303153 Al 02-12-2010
WO 2009069316 Al 04-06-2009

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report

