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ABSTRACT OF THE DISCLOSURE

A method and device for improving rate controlling in video coding of
sequences including a series of Inter frames separated by Intra frames, when a
decoding delay is considered, comprise for each Inter frame of the series:
computing a target frame size, computing a maximum buffer level related to a
position of each Inter frame relative to a previous Intra frame and an upcoming
Intra frame, and optimizing a transmission buffer level in response to the

computed target frame size and the computed maximum buffer level.



TITLE OF THE INVENTION

AN IMPROVED VIDEO RATE CONTROL FOR VIDEO
CODING STANDARDS

FIELD OF THE INVENTION

[001] The present invention generally relates to video coding. More
specifically, the present invention is concerned with video rate controlling in
video coding, for example but not exclusively for video coding standards such
as the H.263 and MPEG-4 (Moving Picture Experts Group-4) standards.

BACKGROUND OF THE INVENTION

[002] The past few years have witnessed a great popularity of digital and
online videos and their applications. With the emergence of fast communication
technologies and multimedia applications, digital video codecs are used In
many areas and systems, such as in DVDs (Digital Video Disc) employing the
MPEG-2 (Moving Picture Experts Group-2) format, in VCDs 2 (Video Compact
Disc) employing the MPEG-1 (Moving Picture Experts Group-1) format, In

emerging satellite and terrestrial broadcast systems, and on the Internet.

[003] More specifically, this popularity of video applications allowed for
Interesting developments in video codecs, which compress and decompress
video data. In video data compression, a balance is kept between the video
quality and the compression rate, i.e. the necessary transmitted quantity of
data, in other words, the bitrate needed to represent a video.

[004] In addition, the complexity of encoding and decoding algorithms,

robustness to data losses and errors, the state of the art of compression
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algorithm design, end-to-end delay in a video conference application for

example, etc., are also considered.

[005] A plurality of video coding standards exist, each of them is specially
designed for a particular type of application. For example, the H.263 standard,
published by the /TU (International Telecommunications Union) is a video
coding and compression standard for low bitrates, such as in the range of 40-
128 kbps (kilobits per second). More specifically, this standard supports video

coding in video-conferencing and video-telephony applications.

[006] The H.263 standard specifies the format and content of the encoded
stream of data, therefore, it sets the requirements for the encoder and decoder
to meet, without specifically providing a design or structure of an encoder and

decoder themselves. Similar principles apply to other video standards such as
MPEG-4.

[007] In video compression, each picture is represented by typically two kinds
of pictures, commonly referred to as frames, i.e. the Intra frames and Inter
frames. Furthermore, the Inter frames are separated into two categories, i.e.

the P-frames (Predictive frames) and B-frames (Bi-predictive or Bi-directional

frames). The Intra frames represent a whole picture, therefore they are
bandwidth consuming since the content of the whole picture must be encoded.
In order to compress and therefore save bandwidth, only differences between

whole pictures (or Intra frames) are encoded and then transmitted. Those

differences are represented by the P-frames and the B-frames. For example,
the background between two consecutive pictures usually do not change,
therefore, the background does not need to be encoded again. The B-frames
are bi-directional and thus perform a bi-directional prediction, i.e. a prediction

with the previous and next pictures.
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[008] Furthermore, when compressing videos, a picture is divided Into
macroblocks for processing purposes. Indeed, processing is applied

macroblock by macroblock. Each macroblock generally represents a block of
16 by 16 pixels.

[009] A video encoder generally includes a motion estimation module, a

motion compensation module, a DCT (Discrete Cosine Transforms) module,

and a quantizing module.

[0010] The motion estimation module allows for predicting which areas of a

‘previous frame have been moved into the current frame so that those areas do

not need to be re-encoded.

[0011] The motion compensation module allows for compensating for the

movement of the areas from the previous frame into the current frame.

[0012] DCT are generally used for transforming a block of pixels into “spatial
frequency coefficients”. They operate on a two-dimensional block of pixels,
such as a macroblock. Since DCT are efficient at compacting the energy (or

information) of pictures, generally a few DCT coefficients are sufficient for

recreating the original picture.

[0013]Also, a quantizing module is provided for quantizing the DCT
coefficients. For example, the quantizing module sets the near zero DCT

coefficients to zero and quantizes the remaining non-zero DCT coefficients.

[0014]1One of the limitations in video coding comes from the capacity of a
channel. Indeed, communication channels are limited by the number of bits that

they can transmit per second. In many channels, the bitrate is constant, such
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as in ISDN (Integrated Services Digital Networks), POTS (Plain Old Telephone

Service), wireless channels, etc.

[0015]However, depending on the efficiency of the algorithms used to
compress the videos and the motion complexity of those videos, the bit budget
and the bitrate needed for encoding and transmitting the encoded videos may
vary or increase. Therefore a rate control is used to adjust the bitrate required

for encoding videos of various complexity to the bitrate of the channel used to

transmit those encoded videos.

[0016] The current rate control algorithm used in the H.263 standard is called
the TMNS8 (Test Model Near-Term version 8). Generally stated, this rate control

algorithm ensures that only an average bitrate is met.

[0017] The paper entitled “Rate Control in DCT Video Coding for Low-Delay
Communications”, by Jordi Ribas-Corbera, 1999, hereinafter referred to as
Reference 1, discloses an algorithm used by the rate control TMNG8 to ensure
that the target average bitrate, related to a target frame size, is met by each
frame. More specifically, the TMN8 rate control algorithm computes some

image statistics to determine some proper QP (Quantization Parameter) values

for each macroblock and update them within each Inter frame so as to meet the
target frame size. Unfortunately, this control is very approximate and often the
resulting frame size can be significantly over or under the target frame size. For
Intra frames, a fixed QP is used for the whole video sequence regardless of the

characteristics of the video sequence. Having no control over the size of Intra

frames is generally a factor leading to exceeding the desired bitrate.

[0018] Furthermore, the rate control TMNG8 cannot control both an average
target bitrate and a maximum bitrate. Indeed, the TMN8 rate control algorithm

used Iin the H.263 video coding standard only uses an average bitrate
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parameter. However, in many video applications, a maximum bitrate should

also be considered in addition to the average bitrate.

[0019] TMN8 cannot guarantee to not exceed a given target bitrate, since the
encoder has no control over the Intra frame sizes and no sufficient control over

the Inter frame sizes. When the given target bitrate is exceeded, the encoder

will skip a certain number of frames so as to compensate for the overflow.

However, by so doing, the quality of the communication and the videos is

altered.

[0020] Therefore, there iIs a need for overcoming the above discussed
problems, related to the limitations of the current rate control in video coding
standards, such as the H.263 standard. Accordingly, a method and system for

improving the rate control in video coding standard are sought.

OBJECTS OF THE INVENTION

[0021] An object of the present invention is therefore to provide rate control in
video coding, for example in video coding standards such as the H.263 and
MPEG-4 standards, so as to enhance the quality of the videos by ensuring that

an average bitrate and a maximum bit rate are both respected.

SUMMARY OF THE INVENTION

[0022] According to one aspect of the invention, there is provided a method for
rate controlling In video coding of sequences of pictures, including a series of

Inter frames separated by Intra frames, the method comprising:

(a) for an Inter frame In the series, determining a maximum buffer level of

a transmission buffer as a function of a position of the Inter frame relative to a
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previous Intra frame and an upcoming Intra frame in the sequence of pictures;

(b) determining a target frame size measured in bits for the Inter frame

leading to a transmission buffer level not exceeding the maximum buffer level;

(c) encoding the Inter frame into an encoded frame according to the target

frame size, the encoded frame having an encoded frame size;

(d) determining the transmission buffer level in response to the encoded

frame; and

(e) dropping the encoded frame if it would cause the maximum buffer level

to be exceeded.

[0023] In the method described above, the step (e) further including restoring

the transmission buffer level to a previous value, provided the encoded frame

was dropped.

[0024] In the method described above, the step (a) comprises determining the
maximum buffer level, which ensures that a transmission buffer can

accommodate the upcoming Intra frame.

[0025] In the method described above, the step (a) comprises determining the
maximum buffer level close to a maximum buffer size when an Inter frame to

be encoded is near the previous Intra frame, and close to zero when the Inter

frame is near the upcoming Intra frame.

[0026] In the method described above, the step (¢) comprises:
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determining a difference between the maximum buffer level and the

transmission buffer level; and

determining a margin of error between the target frame size and the
maximum buffer size for encoding the Inter frames and the Intra frames based

on the determined difference while keeping said margin of error.

[0027] In the method described above, the step (a) comprises determining the
maximum buffer level as follows:

BufferLevel,, ,, (t) =R 4y ift=01.. L

R FI—F—=L R | —F
s ) R U2 E) ey T

BufferLevel . (1)=
ufferLevel (1) F(T—L—1) F(T—F)

wherein BufferLeveluax(t) is the maximum buffer level, T is a period between

two Intra frames, F is a frame rate, Ruax IS @ maximum bitrate, L i1s a number of

frames over which the transmission buffer level is optimized, and “t” is time.

In the method described above, the determining the target frame size
CoOmprises:

(a-1) determining a number of bits unused in encoding an Intra frame; and

(a-2) distributing the number of unused bits over the target frame size for N

Inter frames following the Intra frame,

wherein N is a number of Inter frames over which a number of unused bits are
distributed.

[0028] In the method described above:
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the step (a-1) comprises determining a difference between the encoded

Intra frame size and a corresponding Intra frame target size; or

the step (a-2) comprises optimizing the transmission buffer level over a

number L of Inter frames, where O <N <L: or

the step (a-2) comprises distributing the number of unused bits substantially

equally.

[0029] In the method described above, the step (b) comprises determining the

target frame size as follows:

B,(1) =B (f) ift=123 .., L

3
TRMAX-FBI-F%'B}]’(,C) £r=1 | +1 T4

Bp(0) = F(T-L-)

where B,(t) is the target frame size of an Inter frame attime t, T is a period

between two Intra frames, B,’,(t) Is an Inter frame target size at time t, which is

selected so that not to lead to overflowing the transmission buffer, B, is an Intra
frame size, F is a frame rate, k is an index in a summation function, L is a
number of frames over which the transmission buffer level is optimized, and

Ruax 1S a maximum bitrate.

[0030]In the method described above, the step (b) comprises determining the

target frame size as follows:

B,(1) :RM"’X +(RMAX ), fO<t<N
F N
B,(t) =B, zR’?" fN<t<L
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Ry, |[T—F—L o
B, ()=— o ift=L, L+1, ..., T-1

where B,(t) is the target frame size of the Inter frame at time t, B, is an Intra

frame size, T is a period between two Intra frames, B, is an Inter frame target

size equal to Rmax/F, F is a frame rate, L is a humber of frames over which the

transmission buffer level is optimized, and Ruax is a maximum bitrate.

[0031] The method described further comprises:

(1) dropping the Inter frames when a size of the Inter frame after encoding

exceeds the maximum buffer level:; or

(it) storing respective encoder state variables before encoding the Intra
frames or the Intra frames: or

(iii) restoring the respective encoder state variables after an encoded Inter

frame or an encoded Intra frame has been dropped prior to encoding a next

Inter frame or a next Intra frame; or

(iv) verifying that a size of the Inter frame or a size of the Intra frame after

encoding Is smaller than a given maximum limit, wherein the maximum limit is a
maximum bitrate.

[0032] According to another aspect of the invention, there is provided a device
for rate controlling in video coding of sequences pictures, including a series of

Inter frames separated by Intra frames, the device comprising:

(a) means for determining, for an Inter frame of the series, a maximum

buffer level of a transmission buffer as a function of a position of the Inter frame
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relative to a previous Intra frame and an upcoming Intra frame in the sequence

of pictures;

(b) means for determining a target frame size measured in bits for the Inter
frame leading to a transmission buffer level not exceeding the maximum buffer

level:

(c) means for encoding the Inter frame into an encoded frame according to

the target frame size, the encoded frame having an encoded frame size;

(d) means for determining the transmission buffer level in response to the

encoded frame; and

(e) means for dropping the encoded frame if it would cause the maximum

buffer level to be exceed.

[0033] In the device described above, the means (e) comprises means for
restoring the transmission buffer level to a previous value, provided the

encoded frame was dropped.

[0034] In the device described above, the means (a) i1s configured:

to determine the maximum buffer level, which ensures that the transmission

buffer can accommodate the upcoming Intra frame; or

to determine the maximum buffer level close to a maximum buffer size when
an Inter frame to be encoded is near the previous Intra frame, and close to zero

when the Inter frame is near the upcoming Intra frame; or

to determine the maximum buffer level as tollows:
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BufferLevel,, (’) =R 4y ift=0,1,...L

R FI—F—L Ry | 1—-F
BufferLevel,,,, (1)= M‘f((T_L_l) i ?"(‘;_m) ift=L+1,..T-1

wherein BufferLeveluax(t) is the maximum buffer level, T is a period between
two Intra frames, F is a frame rate, Ruax is @ maximum bitrate, L is a number of

frames over which the transmission buffer level is optimized, and “t" is time.

[0035] In the device described above, the means (c) Is configured:

to determine a difference between the maximum buffer level and the

transmission buffer level: and

to determine a margin of error between the target frame size and the

maximum buffer size for encoding the Inter frames and the Intra frames based

on the determined difference while keeping said margin of error.

[0036] In the device described above, the means (a) comprises:

(a-1) means for determining a number of bits unused in encoding an Intra

frame:; and

(a-2) means for distributing the number of unused bits over the target frame

size for N Inter frames following the Intra frame,

wherein N is a number of Inter frames over which a number of unused bits are
distributed.

[0037]In the device described above:
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the means (a-1) is configured to determine a difference between the

encoded Intra frame size and a corresponding Intra frame target size; or

the means (a-2) is configured to optimize the transmission buffer level over

a number L of Inter frames, where 0 <N <L: or

the means (a-2) is configured to distribute the number of unused bits

substantially equally.

[0038] In the device described above:

the means (b) is configured to determine the target frame size as follows:

B,(1) =B.(1) ft=123 ... L

L
aane = £5; 7 sz B (k) ft=L L+1, ... T-1
= - ) sty N

Bp1) = F(T-L-1)

where B,(t) is the target frame size of an Inter frame at time t, T is a period

between two Intra frames, B, (¢) is an Inter frame target size at time t, which is

selected so that not to lead to overflowing the transmission buffer, B, Is an Intra
frame size, F is a frame rate, ki1s an index in a summation function, L I1s a
number of frames over which the transmission buffer level is optimized, and

Ruax IS @ maximum bitrate: or

the means (a) is configured to determine the target frame size as follows:

B]’ (1) :RMAX N (RMAX B B;) fTO<t<N
F N
R .
BP(I):BI!’: A;/‘JX fN<it<L
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g (1)=Rua T=F— L) ft=L L+1, ... T-1
P FIT—L—1)

where Bj(t) is the target frame size of the Inter frame at time t, B, is an Intra

frame size, T is a period between two Intra frames, B} IS an Inter frame target

size equal to Rmax/F, F is a frame rate, L i1s a number of frames over which the

transmission buffer level is optimized, and Ruax IS @ maximum bitrate.

[0039] The device described above has been further configured:

(i) to drop the Inter frames when a size of the Inter frame after encoding

exceeds the maximum buffer level: or

(i1) to store respective encoder state variables before encoding the Intra

frames or the Intra frames: or

(1) to restore the respective encoder state variables after an encoded Inter
frame or an encoded Intra frame has been dropped prior to encoding a next

Inter frame or a next Intra frame; or

(iv) to verify that a size of the Inter frame or a size of the Intra frame after
encoding is smaller than a given maximum limit, wherein the maximum limit is a

maximum bitrate.

[0040] According to yet another aspect of the invention, there is provided an
encoder for video coding of sequences of pictures, including a series of Inter

frames separated by Intra frames, the encoder comprising:

a processor; and
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the device for rate controlling in the video coding as described above.

[0041] The foregoing and other objects, advantages and features of the present
invention will become more apparent upon reading of the following non-
restrictive description of illustrative embodiments thereof, given by way of

example only with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] In the appended drawings:

[0043] Figure 1 is a schematic diagram of a video communication system;

[0044] Figure 2 is a schematic block diagram of an encoder for video coding in

the communication system of Figure 1;

[0045] Figure 3 is a schematic block diagram of a device for rate controlling in
video coding in accordance with a non-restrictive illustrative embodiment of the

present invention;

[0046]Figure 4 i1s a flow chart illustrating a method according to a non-
restrictive illustrative embodiment of the present invention for rate control in the

H.263 video coding standard,;

[0047]Figure 5 is a flow chart illustrating an example of method for calculating

an Inter frame target size,

[0048])Figure 6 is a flow chart illustrating another example of method for

calculating an Inter frame target size;
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[0049]Figure 7 is a flow chart illustrating an example of method for updating

the calculated Inter frame target size;

[0050]Figure 8 is a flow chart illustrating another example of method for

updating the calculated Inter frame target size; and

[0051]Figure 9 a flow chart illustrating a method according to another non-
restrictive illustrative embodiment of the present invention for rate control in the

H.263 video coding standard.

DETAILED DESCRIPTION

[0052] Generally stated, a device for improving the rate control according to the
non-restrictive illustrative embodiment of the present Invention allows for
addressing the following requirements, which are not met with by the TMN8

rate control:

1. Being able to specify and meet with a target frame size for an Intra
frame:
- by so doing, the quality of the Intra frame and fluctuations in the bitrate
caused by the presence of the Intra frame can be controlled; and

- the QP (Quantization Parameters) are not fixed but computed based on

the Intra frame characteristics and may change for each block of pixels

of the Intra frame in order to meet the specified Intra frame target size.

2. Being able to specify and meet with a maximum bitrate in addition to an

average bitrate:

- furthermore, a \)alidation on the encoded frame size is performed, after

the frame has been encoded; if the encoded frame size is too large to be
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acceptable, compared to the maximum bitrate, then the frame needs to
be either re-encoded with a smaller target size or dropped;

- in the contrast, the TMNS8 rate control attempts to meet with only an
average bitrate, by dropping frames for example; it cannot meet with a

maximum bitrate.

3. Having a circular buffer to manage the maximum bitrate and another
buffer for the average bitrate;

- in the contrast, the TMN8 uses only one transmission buffer.

4. Estimating and calculating an Inter frame target size, which depends on
the timing and encoding of an Intra frame: if an Intra frame has been
recently encoded or if an Intra frame will soon be encoded;

- also, the estimates of the Inter frame target size takes into consideration
various parameters, such as the size of the Intra frame, the period
between two Intra frames, the number of bits under or over the average
bitrate, etc.

- in the contrast, the TMN8 uses a target size which i1s based on the
transmission buffer occupancy and rate only; it never predicts upcoming
Intra frames and typically skip many frames after the encoding of an

Intra frame, therefore causing a degradation in the video quality.

5. Dropping frames in a proactive and preventive way:
- the device according to one non-restrictive illustrative embodiment of the

present invention ensures that the maximum bitrate is never exceeded,
and drops frames if required, before transmitting them, the decision to
drop frames is based on a difference between what was estimated and
what was achieved, i.e. what was actually encoded;

- in the contrast, the TMN8 skips frames after having created and

transmitted a frame that was too large and leading to exceeding the
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target size; by so doing, harm has been already done to the quality of
the videos: furthermore, the decision to drop frames is based on the

level of fullness of the transmission buffer.

. The system

[0053]First, a video communication system will be described so as to define a
communication system in which video coding takes place. However, the

communication system is not part of the present invention.

[0054] Turning to Figure 1, a communication system 10 will be described.

[0055] The communication system 10 comprises a video source 12, such as a
video camera or web camera, for capturing videos. Those videos are then
provided to a video encoder 14. The video encoder 14 is connected to a
network 16. The network 16 can also include a communication link for
transmitting the encoded videos to a decoder 18. Finally, the decoder 18 Is
connected to a video player 20. The video player 20 can be a computer, a

television set, or any device which can display videos.

[0056] During a communication session between, for example, first and second
parties, the videos captured by the video source 12 of the first party are
received by the encoder 14, which then can perform video compressing and
coding. Once the encoder 14 has finished encoding the video data, the
encoded video is transmitted to the second party through the network 16 or
simply a communication link. At the second party’s end, the decoder 18
receives the encoded video and starts decoding it. Once the encoded video is
decoded, the decoder 18 sends the decoded video data to the video player 20,

which then can start playing the video received from the first party.
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[0057] The encoder 14 is detailed in Figure 2. The encoder 14 includes one or
a plurality of processes 30: to 30n, which allows for performing different
operations in video coding as will be described hereinafter. The encoder 14
further includes a motion estimation module 32, a motion compensation module
34 a DCT module 36, a quantizing module 38, and a buffer 40.

[0058] 1t should be noted that this encoder 14 can be implemented in different
platforms, such as, for example, the spot xde® from Vantrix Corporation. The

video source can be a video file or a video camera.

[0059] As mentioned hereinabove, the motion estimation module 32 allows for
predicting an area of the previous frame that might have been moved into the

current frame.

[0060] Then, the motion compensation module 34 aims at compensating for the

movement detected by the motion estimation module 32.

[0061] The DCT module 36 performs the DCT transformation on blocks of

pixels into spatial frequency coefficients.

[0062] Those spatial frequency coefficients are then supplied to the quantizing

module 38 for quantizing them.

[0063] Encoded frames can be stored in a buffer 40 of the encoder 14.

Therefore, the buffer 40 allows for receiving encoded frames, which are then

transmitted through the communication link (network 16).

[0064]) Finally, the encoder 14 also includes a rate controlling device 42

according to the present application, for controlling the bitrate in video coding.
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This rate controlling device ensures that the maximum capacity of the
communication link is not exceeded and provides enhanced visual quality,
especially for tele-surveillance applications and other applications exhibiting

continuous video sequences.

ll. The device

[0065] The rate controlling device 42 implements an improved rate control Iin
the encoder 14. More specifically, the device 42 implements a method 100 for
controlling the bitrate in the H.263 and MPEG 4 video coding standard so as to
meet with an average and maximum bitrate constraint. The method 100 will be

described hereinbelow.

[0066] The device 42, as illustrated in Figure 3, includes a predictor 50 for
specifying a target size for Intra frames and predicting the required QP used In
the quantizing module 38, for meeting the specified Intra frame target size.
Since the size of the Intra frames can affect both quality and bursts in the
bitrate, when controlling the bitrate, a target size is determined to set properly a

bit budget for encoding the Intra frames.

[0067] The device 42 also includes a first calculator 52 of Inter frame sizes. The
first calculator 52 allows for computing a target size of the Inter frames in
different situations, for meeting with a maximum bitrate constraint, as will be

described hereinbelow.

[0068] Furthermore, the device 42 includes a second calculator 54 for
recalculating the Inter frame target sizes provided by the first calculator 52, so

as to meet both the maximum bitrate and an average bitrate constraint.
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[0069] Also, the device 42 includes a validator 56 for ensuring that the size of
the encoded frame does not exceed the calculated Inter frame target size and

the maximum size allowed by the maximum bitrate.

[0070] Finally, in order to meet with the constraint of the maximum and average
bitrates, the process 30, in Figure 2 has a circular buffer (not shown) for
containing the size of the frames transmitted within the last one (1) second. For
instance, at 10 frames/second, such a buffer would keep the size of the last 10

encoded frames.

[0071] Generally étated, the method 100 according to a non-restrictive
illustrative embodiment of the present invention, for meeting with the maximum
and average bitrates constraint uses two control processes, such as 30, and
30s. For example, the process 30, may be used, along with the first and second
calculators 52 and 54, for computing the target frame sizes required to avoid
exceeding the maximum bitrate. And the process 303, along with the validator
56, is used to check, after encoding a frame, if the encoded frame can be
transmitted, i.e. the maximum bitrate iS not reached. In case the maximum
bitrate has been exceeded, the encoded frame is dropped or the encoder 14
attempts to encode again the same frame but with different encoding

parameters.

lll. The method

[0072]In the following, the method 100 according to the non-restrictive
illustrative embodiment of the present invention for controlling the bitrate In
video coding standards, such as the H.263 standard, will be described in

connection with with Figure 4.
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[0073] However, it should be noted that this rate control can be also used In
other video coding standards, such as H.261, MPEG-4, H.264, etc.

[0074] As mentioned hereinabove, since the size of the Intra frames can affect
both the quality and bursts in the bitrates, it is important to set a first bit budget

for encoding the Intra frames, when controlling the bitrates.

[0075]In operation 101, a maximum bitrate Ruax and an average bitrate R.,, are

specified.

[0076] Then, in operation 102, a target size B, (in bits) of the Intra frame is

specified.

[00771In operation 103 of method 100, prediction of QP is performed, which
allows for better meeting with the Intra frame target size specified in operation
102 when encoding an Intra frame. Operations 102 and 103 can be performed

in the predictor 50 of Figure 3, for example.

[0078] Then, in operation 104, a target size for an Inter frame is calculated in
order to meet the specified maximum bitrate Ruax, based on the target size of
the Intra frame specified in operation 102. This operation 104 can be performed
by the first calculator 52 in Figure 3, for example.

[0079]In operation 106, the calculated Inter frame target size Is recomputed so
as to meet both the specified maximum bitrate and average bitrate. This
operation can be performed by the second calculator 54 in Figure 3, for

example.

CA 2672339 2017-11-14



22

[0080] Finally, in operation 108, encoded frame sizes are validated against the

computed frame sizes allowed by the maximum and average bitrates.

[0081]Now, more specifically, each operation of the method 100 of Figure 4 will

be described with greater details.
Operation 101: specification of a maximum bitrate and an average bitrate

[0082]In order to obtain an improved quality of videos in video coding, a
maximum bitrate, denoted as Ruax, whose value should not be exceeded Is set.
The maximum bitrate is defined as the maximum number of bits that can be
transmitted through a channel within any period of one (1) second. With this
definition, the maximum size is equivalent to the maximum bitrate. It should be
noted that other definitions of the maximum rate can also apply. It is within the
scope and knowledge of those of ordinary skill in the art to specify and define a
maximum bitrate according to each application. It is also known in the art how

to specify an average bitrate over a period of frames.

Operation 102: specification of an Intra frame target size

[0083] 1t is within the knowledge and reach of those of ordinary skill in the art to
know how to specify an Intra frame target size based on a particular application
of video coding, and on the specified maximum and average bitrates. For
instance, the Intra frame target size could be set as a percentage of the

maximum bitrate Ruax or the average bitrate Ra.

Operation 103: prediction of QP in order to meet the specified Intra frame

target size
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[0084] To do so, based on the estimation algorithm disclosed in "Adapfive intra-
frame quantization for very low bit rate video coding” by Pan et al. 2004,
hereinafter referred to as Reference 2, an estimation algorithm for predicting a

QP (Quantization Parameter), used In the quantizing module 38, has been

developed.

[0085] This algorithm is used by the predictor 50 in Figure 3 for estimating the
QP required in the quantizing module 38, in order to meet with the given Intra
frame target size, based on the statistics of the Intra frame. However, unlike the
teaching of Reference 2, where a constant QP is considered for the whole
duration of the Intra frame, In the estimation algorithm that has been
developed, the QP value may be updated for each GOB (Group of Blocks) of
the Intra frame so as to meet more accurately with the specified target frame
size. Also, while Reference 2 considers gray scale images, the developed

estimation algorithm supports color images.

[0086] According to Reference 2, the relationship between the QP and other

frame statistics can be described by:

16.34 +0.29In
OP =75 MAY 521020 (1)
]
1 N-1M-1
with MAV ., —WZZABS(F(%V)), F(uv) containing the 8 x 8 DCT
=0 v=)

coefficients of all blocks of pixels of the picture of size NxM and B, is the

specified Intra frame target size (in bits).
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[0087] The term MAVpcr represents the mean absolute value of the DCT
coefficients, and indicates a picture complexity measure. The term ABS() is the

absolute value function.

[0088]1t should be noted that equation (1) only considers the statistics of the
luminance of a picture and ignores its chrominance. Therefore, a new equation
IS needed In order to take also into account the chrominance, which is generally

subsampled by a factor of four (4) compared to the luminance, and is given by:

N-1M-]

0.9
— Z:O Zd} ABS(F, (u,v)) +

01 (N /2-1M/2-1 (2)

| 220 S:B (ABS(F..,(u,v)) + ABS(F... (u,v)))

MAYV . =

where F(u,v) contains the 8 x 8 DCT coefficients of the blocks for the
luminance and Fci(u,v) and Fca(u,v) contain the 8 x 8 DCT coefficients of the

blocks for the chrominance.

[0089]As mentioned hereinabove, in order to meet more accurately with the

specified Intra frame target size B;, the QP is adjusted for each GOB of the

Intra frame. Furthermore, equation (2) is modified so as to take into account the
bits needed for encoding the remaining blocks of the Intra frame. The modified

equation for predicting the QP Is then as follows:

19 1.0+0.291n( B
OP,oa =—5o7 MAV o770 (3)
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(B remain ) total

N B' — - . . .
with b, (N +N, )’ where Bremain IS the number of bits that remain from

renxiin

the specified Intra frame target size for encoding the frame, Nuww IS the total
number of macroblocks in a frame, Neman iS the number of the remaining
macroblocks to encode in the frame, and Nuas is @ bias for making the QP
estimation more conservative as the end of the frame to encode is

approaching; typically Nps = 4.

[0090] After the QP have been computed so as to meet with the specified Intra

frame target size B;, method 100 moves on to operation 104.

Operation 104: calculation of an Inter frame size in order to meet the

maximum bitrate constraint

[0091]As a non-restrictive example, the Intra frame target size specified in
operation 101 is considered constant; however the Inter frame target size

depends on the situation. Two cases need to be considered:

) Case 1: when an Intra frame has been encoded within the last

second or will be encoded within the upcoming second; and

1) Case 2. only Inter frames have been encoded within the last second
or will be encoded In the upcoming second, without any influences

from the Intra frames.

[0092] Therefore, operation 104 needs to consider the two (2) above-mentioned
cases, namely case 1 and case 2, for computing the Inter frame target size.

Method 200 is used in case 1 and method 250 is used in case 2 by operation
104.
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Method 200 for calculating the Inter frame target size in the case where an

Intra frame is encoded within the last second or is going to be encoded in

the upcoming second (case 1)

[0093] Referring to Figure 5, method 200 for calculating the Inter frame target

size, in case 1, will be described.

[0094]First, in operation 202, an ideal Inter frame target size B, is computed,
based on Ruax. To do so, as a non-limitative example, all the Inter frames are

assumed to have the same size, then, the maximum bitrate is given by:
Ruax = B+ (F—=1) B (4)

with B, being the Intra frame target size and B being the ideal Inter frame
target size in case 1, i.e. with an Intra frame encoded within the last second or
to be encoded in the upcoming second and F being the number of frames per

second to encode, i.e. the frame rate.

[0095] Then, from equation (4) the ideal Inter frame target size B: is given by:

32 — RMAX- B] ‘ (5)
(£'- 1)

By definition, as shown in equation (5), F is greater than 1 frame/s.

[0096] At first, the Inter frame target size for case 1, denoted as Bpg, is given by

the ideal Inter frame target size B, calculated in operation 202

B, =B,

CA 2672339 2017-11-14



27

[0097]1However, the above Inter frame target size Bp Is adjusted to take into
account the influences of the past encoded frames, especially the Intra frames.
Indeed, in general, the encoded frames do not have a size which is exactly
equal to the target size. Accordingly, the future Inter frame sizes are adjusted
so that the differences between the actual size of the encoded ffames and the
target sizes are accounted for so as to ensure that there will be enough bits
allocated in the encoding of a future Intra frame, without exceeding the

maximum bitrate Ruax.

[0098] Therefore, in operation 204, an adjusted Inter frame target size based on
the past encoded frames is computed, through the first calculator 52 of Figure

3, for example. To do this, two (2) cases are considered:

[0099]i) If an Intra frame has been encoded within the last second, the size of

the next Inter frame By will be adjusted and limited by using the following

equation:
B,, =max(0, min(B,, ,tmp)) (6)
-1
| R, .- ZSizeHistory[kl
with tmp(t) = k=t-(T- N) (/)

F-({-N)

where SizeHistory[k] is the size of the encoded frame k, f is the index of the
current frame to encode, T is the period (in number of frames) between two
Intra frames, N is the number of frames remaining before the next Intra frame.
tmp(t) represents the bit budget buffer at frame {. Also, in equation (6), the zero

(0) inside the maximum function allows for avoiding an underflow of the buffer.
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[00100] It should be noted that equations (6) and (7) allow for dividing
substantially equally any additional bits from the bit budget for encoding frames
between the remaining Inter frames to be encoded within the second following
the Intra frame. Also, it should be noted that the frame at time {-(7-N) is the one

which was Intra-coded.

[00101] i) If an Intra frame is to be encoded in the upcoming second

then the target size of the next Inter frame will be limited as follows:

B,, =max(0, min(B,,,tmp)) (8)

R, -B - ¥ SizeHisioryk]
k- (F- N)+1 9)

N

with

tmp(t) =

where SizeHistory[k] is the size of the encoded frame k, ¢ is the index of the

current frame to be encoded, and N is the number of frames remaining before

the next Intra frame.

[00102] It should be noted that in equation (9), F-(N-1) terms have
been added. Therefore, the size of the (N-7) remaining frames is calculated In
the period with one frame being an Intra frame. Accordingly, the equation

representing the bit budget buffer imp(f) contains a division by N.

[00103] Finally, in operation 206, the adjusted Inter frame target size

IS recalculated so as to ensure that It does not exceed the maximum size
allowed by the maximum bitrate Ruax, while keeping a small margin of error and

considering the bits that have been used to encode the past frames.
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[00104] Accordingly, the Inter frame target size is limited by using the

following equation:

B,, =max(0,min(B,,,tmp2) (10)

/-
Wlth t’npz(t) =RMAX " Rmargm - Bi- Z SiZQHI.SfOFy\k] (1 1)

k== I+l

where Rnamin 1S the margin of error for ensuring that the Inter frame target size

does not exceed the maximum size allowed by the maximum bitrate Ruax.

[00105] In case there is no Intra frame encoded within the last second
or to be encoded in the upcoming second, which corresponds to case 2,

operation 104 uses method 250 for calculating an Inter frame target size.

Method 250 for calculating the Inter frame target size in the case where no
intra frame is encoded within the last second or to be encoded in the

coming second (case 2)

[00106] Turning now to Figure 6, method 250 for calculating an Inter

frame target size, in case 2, will be described.

[00107] First, in operation 252, an ideal target size B; of the Inter
frames iIs calculated, based on the maximum bitrate. In this case, since it is
assumed that the Intra frames are absent, the maximum bitrate Ruax during any

second Is given by:

R, =F.B, (12)
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where B; is the ideal Inter frame target size without any Intra frame encoded

within the last second or to be encoded in the upcoming second.

[00108] Therefore, the ideal Inter frame target size B; is given by:
R
B, = ‘1":;"“" ‘ (13)
[00109] At first, the Inter frame target size, denoted as Bp, in case 2,

takes the value of the calculated ideal Inter frame size B;, i.e. Br = B;.

[00110] In this case, there is no need of adjusting the target size Bp
based on the past encoded Intra frames, since it is assumed that the Inter

frames are not influenced by the Intra frames.

[00111] Then, In operation 254, the Inter frame target size B, is
recalculated so as to ensure that it does not exceed the maximum size allowed
by the maximum bitrate Ruax, while keeping a small margin of error and taking

iInto consideration the bits used for encoding the past frames.

[00112] To do this, the following expression is used:

B, = max(0,min(8, ,tmp2)) (14)

1=
with tmp2(t) =R, - Ry argin ZSiZ@Hisfofy[k}, where Rmamin IS the margin of

k=t-F
error between the target size and maximum size allowed by the maximum

bitrate; for example, Rpyamin = 1000 bits.
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[00113] Once the Inter frame target size has been calculated, either
In case 1 or case 2, for meeting with the maximum bitrate constraint, method
100 in Figure 4 moves on to operation 106, for updating and adjusting the
calculated Inter frame size so as to meet both the maximum bitrate and the
average bitrate specified in operation 101. This operation 106 can be

performed in the second calculator 54 of Figure 3, for example.

Operation 106: re-calculation of the calculated Inter frame size in order to

meet both an average and maximum bitrate constraint

[00114] Operation 106 uses methods which allow for meeting with
both average and maximum bitrate constraint. These methods have two
components: i) the computation of Inter frame target sizes in order to meet with
the average and maximum bitrate constraint, and i) the management of
additional bits that have not been used in the encoding of the past frames and

which could be used in the encoding of the future frames.

[00115] Again, the two cases, case 1 and case 2 as described in
operation 104, will be considered. Therefore, operation 106 uses method 300 in

case 1 and method 350 in case 2.

Method 300 for re-calculating the Inter frame size in the case where an
intra frame is encoded within the last second or is going to be encoded in

the upcoming second (case 1)

[00116] Referring now to Figure 7, method 300 for re-calculating the

Inter frame target size calculated in operation 104, in case 1, will be described.
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[00117] First, in operation 302, an ideal Inter frame target size B is

calculated, based on the specified average bitrate.

[00118] Ildeally, Inter frames have the same size, so that, over a

period T between two Intra frames, the average bitrate Ra. IS given by:

_F(B, +(T- )B)

R, - (15)
[00119] Thus, the ideal Inter frame target size B can be expressed as
follows:
R T/F)-B
p = Rap 1)~ B, (16)
-1
[00120] In order to ensure that the Inter frame size does not exceed

the average bitrate R, and the maximum bitrate Ruax, the Inter frame target

size Bp, is recalculated as follows:

MAX Bl ]_ (17)
F-1

R

B, =min(B, B,) =min| B,

[00121] Operation 302 can be computed only once, either when the
encoder 14 is first initialized or each time that the bitrate parameters change,

the parameters include the specified maximum bitrate, for example.

[00122] Then, in operation 304, the calculated target frame size Bp Is

adjusted so as to take into account the past encoded frames, more particularly

the Intra frames. To do so, equations similar to equation (6) or (8) are
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calculated for obtaining the updated Inter frame target size Bp, based on the

past encoded frames:

B,, =max(0,min(B,, ,tmp))

with imp as defined in equation (7) or (9) depending on the case: i) if an Intra
frame has been encoded within the last second, then equation (7) is used and
i) If an Intra frame is to be encoded in the upcoming second, then equation (9)

1S used.

[00123] Next, in operation 306, differences between the adjusted
target frame size and the actual frame size are calculated since, as mentioned
hereinabove, encoded frames do not generally have exactly the same size as

the target size.

[00124] To do so, a variable Bexs IS used to monitor these differences
through the use of the process 30 of Figure 2, for example. This variable is
initialized to zero at the beginning of the communication session. The variable
Bextm accumulates the number of bits which are over or under the target size,
from frame to frame. If Bou iS greater than zero, then the actual bitrate is under
the specified average bitrate; if Bexrs IS Negative, then the actual bitrate is over
the specified average bitrate. The update of Beus IS performed for each

encoded frame as follows:

B exira :B extra + B ! arg et B B encoded (1 8)
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where Bure IS the target size, which corresponds to Bg for an Inter frame and

B, for an Intra frame, and Bencoceq 18 the size of the encoded frame.

[00125] If Bextra IS pos'itive, meaning that the actual bitrate is under the
specified average bitrate, then, the unused bits are distributed over the next
frames to be used in their encoding; therefore, the target size is increased for
the next frames. In the case where Beur IS Negative, the target size is reduced,

for the next frames. The algorithm used is as follows:

If Bextra > O (this corresponds to the case where the actual bitrate is under the

average bitrate), then

B!arger :Bfarger +aBex1m If chxrm Sﬁergc:
or

Bfafger :B!arge! + ﬁB:arge! If OB s~ ﬂB’arg”
Otherwise

B =B

{arg el larg et exira

with a representing the fraction of additional bits that are used in the current
frame and B representing the largest fraction of the target size that can be
added. For example, in the simulations, a=0.6 and =0.75 are used. However,
these values could be modified to further improve the performance of the

encoder 14. It is within the scope and knowledge of a person of ordinary skill in
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the art to adjust the values of a and B in order to obtain various performances.
Furthermore, the above described method for updating the target size Biager Can
be also modified or changed without deviating from the main concept of this

rate control method.

[00126] It should be noted that, from an implementation perspective,
it is possible to drop encoded frames which lead to a negative Bga. In such a
case, the actual average bitrate of the encoded frames would be over the
specified average bitrate. Also, it is possible to decide to drop encoded frames,
which are below a certain threshold. For example, an implementation can use a
threshold value of -500 bits.

[00127] Finally, operation 308 makes sure that the maximum size

allowed by the maximum bitrate Ruax IS not exceeded by the adjusted Inter

frame target size for the current frame to be encoded. To do so, an equation

similar to equation (10) is used to obtain a valid Inter frame target size:

B,, =max(0,min(B,,,tmp2)

with tmp2 as defined in equation (11).

[00128] It iIs also possible to modify method 300 so as to account for

Bexia right before operation 306. This is an implementation choice which would
lead to some other compromises in behavior and performance without

deviating from the main ideas of this rate control method.
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[00129] In case there is no Intra frame that has been encoded within
the last second or that is going to be encoded in the upcoming second,
operation 106 uses method 350 for updating the calculated Inter frame target

size in order to meet with both the average and maximum bitrates.

Method 350 for re-calculating the Inter frame size in the case where no
Intra frame is encoded within the last second or is going to be encoded in

the upcoming second (case 2)

[00130] As mentioned hereinabove, only ideally the Inter frames are
of the same size. In reality, the maximum bitrate constraint may have reduced
significantly the target size of the Inter frames located close to the Intra frames.
In order to compensate for these differences in size, the size of the Inter frames

that are not influenced by the Intra frames will be re-evaluated.

[00131] Referring now to Figure 8, method 350 for re-calculating the

Inter frame target size will be described, in case 2.

[00132] First, in operation 352, an ideal Inter frame target size B, is
calculated, based on the average bitrate.

[00133] In the ideal situation, the size of the Inter frames is assumed
to be of the same length. Therefore, in that case, over the whole period T

between two Intra frames, the average bitrate Ray Is given by:

B, +(2F-2)B,, +(1- 2F-1))B,
avg k T

(19)
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[00134] From equation (19), it can be deduced that the ideal size B.

of the Inter frames is given by:

(R _T/F)- B -(©2F-2)B,
B — avg ! H_ (20)
: T-0Q2F-1)

[00135] Operation 352 can be computed only once, either when the

encoder 14 is initialized or each time the bitrate parameters change.

[00136] In order to ensure that the Inter frame target size Br does not
exceed the ideal Inter frame target size based on the average bitrate and the
Inter frame size calculated in operation 252 of method 250 for not exceeding

the maximum bitrate, the target size Br of the Inter frame is limited as follows:

R.... )

B, =min(B_,B,) =min| B,, f‘;fj’f‘ (21)
\ )

[00137] Then, in operation 354, a difference between the Inter frame

size Bp computed in operation 352 and the actual encoded frame size is

calculated. This operation is performed for each frame.

[00138] The number of bits, resulting from the difference computed in
operation 354, are tracked and stored In the variable Bexa. This variable allows
for determining if the actual encoded frame is over or under the specified
average bitrate and for compensating for the differences based on the situation.
This Is done as described In operation 306 of method 300 of Figure 7 with the

target size calculated according to equation (21).
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[00139] Finally, in operation 356, B is limited so as to not exceed the

maximum bitrate, while keeping a margin of error and considering the bits used

for encoding the past frames. Br is given by the following equation:

B, =max(0,min(B,,,tmp?2)) (22)

1-1
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