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Abstract

In this thesis a novel, low memory P-Skip mode decision algorithm for en-

coding video sequences is proposed. The existing algorithms for P-Skip

estimation require reading the previous frames from the memory. The pro-

posed algorithm saves significant memory by eliminating the need for stor-

ing the reference frame by maintaining an optimal 'Similarity Metric (SM)'

for each macroblock. P-Skip decision is taken on the basis of the correla-

tion between the similarity metrics of co-located macroblocks in consecu-

tive frames. A Weighted Matrix (WM) based SM is chosen in this thesis.

Also, the significance of the objective Video Quality Assessment (VQA)

metrics, like Peak-Signal-to-Noise Ratio (PSNR) and Structural Similarity

Index (SSIM) in finding the artifacts at the macroblock level, is gauged in

this thesis. Experimental results show that a significant memory reduction

of 97.46% is achieved with a 0.193 dB increase in the PSNR (quality) at

the cost of 0.3368% increase in bitrate. Application areas include Wireless

Gigabit (WiGig) use cases, low cost video calls and sharing of synthetic

content over the Internet.
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Chapter 1

Introduction and Organization

1.1 Introduction

Video compression techniques are an inevitable part of transmitting videos over any

network. Various compression standards are available nowadays which exploit redun-

dancies and produce a compressed bitstream. H.264/Advanced Video Coding (AVC)(1)

is currently one of the most widely used compression formats and offers a number of

advantages over the preceding standards. Features like small block-size transform,

flexible 16×16 pixel area (macroblock) ordering, better skipped and direct motion in-

ference improve the efficiency of this standard. It is presently deployed in areas like

broadcast over cable and satellite, conversational services over Ethernet, Local Area

Network (LAN), wireless and mobile networks.

H.264 supports three frame types: Intra coded frame (I-frame), Predicted frame

(P-frame) and Bi-directional predicted frame (B-frame) and two types of predictions:

intra prediction and inter prediction(1). Intra prediction uses neighbouring blocks of the

same frame whereas inter prediction makes use of one or more frames of the compressed

video which help in defining the future frames (reference frames). I-frames are coded

using intra prediction only, P-frames may be coded by intra prediction or by forward

prediction using previous I or P reference frames. In a P-frame, there is a provision for

skipping non-moving parts of a frame and the prediction mode is known as P-Skip.

In this thesis a novel idea for P-Skip mode decision, i.e. P-Skip estimation in video

encoder without the use of any reference frame, is proposed. The existing algorithms

for P-Skip estimation make use of methods, such as Mean Square Error (MSE) cal-

culation, which consume significant memory by saving the previous frames (reference

frames) in the memory. In the proposed algorithm, a metric known as the SM is stored

1



1. INTRODUCTION AND ORGANIZATION

for each macroblock and the P-Skip decision is taken based on the correlation between

the SMs of co-located macroblocks in consecutive frames. This metric is calculated

using the pixel values of the macroblocks, and is responsible for distinguishing between

macroblocks. For comparing any two macroblocks, the difference between their respec-

tive SMs is considered. If this difference lies within a set threshold, the macroblocks

are considered to have similar content and can be skipped. This approach finds its

major applications in WiGig scenarios and in case of battery operated systems. WiGig

specification(2), which allows devices to communicate wirelessly at multi gigabit speeds,

has included H.264 as primary compression algorithm to transmit display buffers from

screen to screen. It specifies the use of a profile of the Joint Model (JM) reference soft-

ware for the H.264 encoder and decoder provided by the Joint Video Team (JVT), which

permits only intra prediction for encoding and decoding (intra-only profile) along with

the support for P-Skip. The proposed algorithm is, thus, implemented on H.264 video

codec. Few other applications of the work are remote operated surveillance cameras,

low cost video calls and sharing of synthetic content over the Internet.

1.2 Organization

This thesis is organized in 7 chapters. Chapter II provides an introduction into H.264

video encoder and P-Skip and chapter III presents the existing literature related to

the thesis. Chapter IV defines the problem and an appropriate solution is presented in

chapter V. Results are discussed in chapter VI and chapter VII concludes the thesis.

2



Chapter 2

Generic Encoder and P-Skip

2.1 Generic Encoder

Videos are subjected to compression before transmission over any network. A com-

      and
Quantization

  Transform
Entropy

Quantization

Inverse

or
 Inter prediction

 Intra prediction

Encode

  Reconstruction       and
  Transform

Decode

 Video
Source

Decoded
  Video

 Output

Video Decoder

Video Encoder

  Bitstream
Compressed

Figure 2.1: Block diagram of video coding system

pressed bitstream (sequence of bits) is generated after the input video passes through

the stages of prediction, transformation, quantization and entropy encoding (refer to

figure 2.1). At the decoder end, the compressed bitstream is subjected to inverse quan-

tization, inverse transform and reconstruction.

As seen from the figure 2.2, the current frame of the input video is fed to the predic-

tion stage and each macroblock of the frame is encoded either by using intra prediction
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2. GENERIC ENCODER AND P-SKIP
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Figure 2.2: Block diagram of H.264 video encoder

or inter prediction. In the prediction stage (comprising of inter prediction and intra

prediction blocks), a prediction macroblock is calculated using the reconstructed pixels.

In the intra prediction, each macroblock is predicted using the reconstructed pixels of

the neighbouring macroblocks. In inter prediction, each macroblock is predicted using

the reconstructed macroblocks of one or more reference frames. The unit deciding the

best mode receives the prediction pixels and the current macroblock. The distortion is

then calculated using the Sum of Absolute Differences (SAD) metric by accumulating

the absolute differences of the corresponding pixels of the two blocks in comparison.

The best mode is chosen from the available modes (intra prediction and inter pre-

diction modes) by the H.264 encoder by calculating the Rate Distortion (RD) cost.

The mode having the minimum cost is determined by the equation 2.1(3, 4).

Jmode(θ) = D(θ) + λmode ×R(θ) (2.1)

where D(θ) represents the distortion between the original and the reconstructed

unit, R(θ) represents the number of bits needed to encode the headers, the resid-

ual transform coefficients and the Motion Vector (MV)s and λmode represents the La-

grangian multiplier (weight factor)(5).

The transform unit applies the Direct Cosine Transform (DCT) and the Hadamard

transform on the residual and converts it into the frequency domain. This transformed

residual is made free from insignificant information by quantization. The quantized

information is sent to the compression stage which includes run length coding, entropy

coding and variable length coding and thereby, a compressed bitstream is generated.

The quantized information is also sent to the reconstruction unit after performing

4



2.2 H.264 Prediction Modes

inverse quantization and inverse transform. The reconstruction unit generates the re-

constructed pixels by adding the residual and the prediction pixels of the best mode

for each macroblock. These reconstructed pixels are then used to encode further mac-

roblocks.

2.2 H.264 Prediction Modes

In H.264, each macroblock in a frame can be encoded in one of the available prediction

modes and the major prediction types are intra prediction and inter prediction (refer to

figure 2.3). The intra prediction exploits the spatial redundancy of pixels and utilizes

the current frame for prediction whereas the inter prediction makes use of the tem-

poral redundancy between pixels of different frames and requires to save the reference

frames also. Estimation is the process of finding the best match of pixel blocks. It

is known as intra estimation and motion estimation for intra frame and inter frame

coding respectively.

(9 prediction modes)

Intra16   16

(4 prediction modes) (16   16, 16   8, 8   16, 8   8,
      4   8, 8   4, 4   4 )

Skip mode 7 partition sizes Intra4   4

Inter prediction modesIntra prediction modes

H.264 prediction modes

Figure 2.3: H.264 prediction modes

Intra prediction consists of mainly 2 types of modes: intra prediction mode having

a partition size of 16×16 (Intra16×16) and intra prediction mode having a partition

size of 4×4 (Intra4×4). The Intra16×16 mode utilizes 4 prediction modes and is well

suited for plain areas whereas the Intra4×4 mode utilizes 9 prediction modes and works

well for the areas with high texture(3).

Inter prediction chooses from 7 partition sizes and uses block matching algorithms

to match blocks in the current frame to those of the reference frame. The difference

5



2. GENERIC ENCODER AND P-SKIP

in their positions is characterized by a vector known as the Motion Vector (MV). A

Predicted Motion Vector (PMV) is calculated using the previously calculated MVs.

The Motion Vector Difference (MVD) is calculated by subtracting the PMV from the

current MV. The residual is calculated by subtracting the chosen best match from

the current block to compensate for the motion. This process of finding the residual

is known as motion compensation. The MVD and the residual are encoded and the

encoded bitstream is finally transmitted. Inter prediction has a separate mode that

enables skipping of macroblocks and is known as skip mode(3).

In summary, an encoder can choose from 7 inter partition block sizes, 13 intra

prediction modes and a skip mode(4, 6).

2.3 P-Skip Estimation

In P-frames, a special inter prediction mode, known as the P-Skip mode, is made avail-

able for cases in which a macroblock is similar to its co-located macroblock in the refer-

ence frame. Hence, the residual and the MVD are not required to be encoded resulting

in high compression ratios. For a macroblock in a P-frame to be skipped, the software

for the H.264 encoder and decoder provided by the JVT (JM reference software)(7, 8)

specifies four conditions:

1. The best motion compensation block size is 16×16

2. Previous frame is the reference frame

3. PMV is the best MV

4. The transform coefficients of the 16×16 block size are all quantized to zero(9)

Early encoding of skip mode can save further computations resulting in high encod-

ing speed(10). It is to note that for a macroblock in the current frame to be encoded

as P-Skip, it need not be completely the same but must be similar to the co-located

macroblock in the reference frame. This is because the skip decision is taken using

quantized coefficients.

6



Chapter 3

Related Work

The literature review is classified into 3 major sections discussing efficient P-Skip algo-

rithms, reference frame compression techniques and the use of similarity measures in

video processing respectively.

3.1 Literature Review on P-Skip

Schemes for an efficient P-Skip algorithm are explored in this section. These include

early skip detection or other metrics like DCT coefficients for deciding skip. Without

the RD optimization(11), skip decision is taken after expensive intra prediction and

inter prediction computations(7). Early skip decision can be taken by checking the

skip mode first and then proceeding to the expensive intra computations, if conditions

for P-Skip are not satisfied(12, 13). There is also an option of early skip detection

based on multi-step skip decision having thresholding on RD cost(14) which uses the

principle that for slow moving sequences, 70% - 80% macroblocks are encoded using

skip mode.

(15) decides the mode of the macroblock under consideration (candidate mode)

using the mode of the co-located macroblock (co-located mode). An efficient estimation

is carried out by using the fact that the chances of the current macroblock to be encoded

using P-Skip mode, are greater than 80%, if the mode of the co-located macroblock is

P-Skip. If the co-located mode is P-Skip, the candidate mode is chosen as P-Skip. If

the co-located mode is inter prediction mode having apartition size of 16×16 (P16×16),

candidate modes are P-Skip and P16×16. If the co-located mode is inter prediction

mode having a partition size of 16×8 (P16×8), candidate modes are P-Skip, P16×16

and P16×8 and so on. One mode is chosen from the available candidate modes based

7



3. RELATED WORK

on the equation 2.1.

(9) improves the efficiency of the skip decision by utilizing P-Skip conditions along

with the mode information of neighbouring macroblocks. For declaring a macroblock

as P-Skip, two conditions must be fulfilled. Firstly, the modes of the top and the left

macroblocks of the current macroblock in the current frame and the modes of the right

and the left macroblocks of the co-located macroblock in the reference frame must be

P-Skip. Secondly, the SAD of the current macroblock with respect to the co-located

macroblock should be less than the average SAD for the skipped macroblock with

respect to the co-located macroblock.

In (16), the skip decision is refined by using the cost calculated by the metric SAD on

the sub-macroblock level. This metric is of lower complexity than SAD of the complete

macroblock. The macroblock is skipped if this cost is less than the mean encoding cost

of the previous frame.

(17) relaxes the P-Skip conditions for the boundary parts of the frame (15% of the

top, bottom, left and right areas) based on the observer's sensitivity. This utilizes the

fact that while watching any video, the prime focus of any viewer is on the central part

of the frame. Therefore, the conditions for the boundary parts of the frame are made

less stringent to allow more P-Skips at the boundary.

(18) decides skip based on values of DCT coefficients by using thresholding in the

transform domain. A coefficient cost is assigned based on the level and the run length of

DCT coefficients where the level refers to the absolute value of the quantized coefficient

and the run length refers to the number of consecutive zero levels before reaching a non-

zero level. The cumulative luma and chroma coefficient costs are calculated by summing

the individual luma and chroma coefficient costs respectively and if the cumulative

coefficient costs are less than a set threshold, skip is declared.

All the above techniques need to retrieve and save the reference frame for deciding

P-Skip and consume high memory space in the process. The proposed algorithm saves

information of the co-located macroblock in the form of an SM and does not require to

save the full reference frame.

3.2 Literature Review on Reference Frame Compression

The present literature on the reference frame compression discusses memory bandwidth

reduction by compressing the reference frame, storing it, decompressing it and using

the decompressed reference frame to enable motion estimation. The techniques for

reference frame compression can be lossless(19, 20, 21, 22) or lossy(23, 24, 25). The

8



3.3 Literature Review on Similarity Measure

maximum available compression in the literature using the lossless and lossy techniques

is 60%(20). The proposed algorithm provides a compression of 97.46% and does not

require to save the reference frame. The information from the reference frame is saved as

an SM which consumes significantly less memory than saving the compressed reference

frame and then decompressing it for motion estimation.

3.3 Literature Review on Similarity Measure

(26) elaborates the use of the similarity measures in temporal video segmentation. For

temporal segmentation of an uncompressed video, the techniques are broadly classified

as pixel based, block based and histogram based. Pixel based techniques, such as the

one in (27), require pixel to pixel comparison (intensity or colour values) in successive

frames. A normalized sum of the pixel differences is calculated and compared to a

threshold. However, such techniques are sensitive to camera movements.

Block based techniques, as introduced in (28, 29, 30), divide a frame into a number

of blocks and each block is compared to the co-located block in the reference frame. The

block based technique of (31) computes a likelihood ratio for blocks and compares it to

a set threshold for deciding whether there is a sharp or a gradual transition. However,

full reference frame is utilized in these techniques.

Histogram based comparison techniques(32, 33, 34) compare histograms of consec-

utive frames and decide on scene changes based on the difference in the histograms.

These techniques are not robust as two frames with totally different content may have

similar histograms.

It is deduced from the existing literature that the similarity measure based algo-

rithms are used extensively in image and video processing. However, the reference

frame elimination based on the similarity measure is an unexplored area so far and is

proposed in this thesis.

9
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Chapter 4

Problem Definition

Compression is achieved by using intra or inter prediction. As already stated, the inter

prediction including P-Skip requires to save the reference frames in the memory. To

read and store a frame of resolution 4K×2K with a pixel bit depth of 8, approximately

8 Mbytes memory space is required. This is significant if many frames need to be stored

in the external memory.

 

 VLC

Reference
  Frame

Encoder

 IE
  +

  +
   PXP

Output
skip estimation

  

  Current
   Frame

Figure 4.1: Existing implementation

For cases in which memory consumption is of high concern, inter prediction can be

omitted and the intra-only profile of the Joint Model (JM) reference encoder can be

used. This profile supports only intra prediction modes and therefore, does not require

the reference frame for prediction. However, it results in low compression. Thus, a

method which provides higher compression in the intra-only encoder without compro-

mising on the memory requirements is addressed in this thesis. A high compression

algorithm can be achieved by fusing the advantage of intra prediction (low memory

requirement) and inter prediction (high compression) into a P-Skip determination al-

gorithm which does not require to save the reference frame.

The earlier implementations for P-Skip, as shown in the figure 4.1, read the current

and the reference frame from the memory. The information is fed into the module for

11



4. PROBLEM DEFINITION

Intra Estimation (IE), skip estimation and Pixel Pipeline (PXP). PXP includes mode

decision, transformation and quantization. The motion estimation is performed even if

only P-Skip is needed (like in WiGig use cases). Finally, the decision is taken between

P-Skip and the intra prediction modes by the mode decision module of the PXP.

12



Chapter 5

Proposed Implementation

In the design for the proposed algorithm, only the I-frames and P-frames are considered

for encoding a sequence. The B-frames require the past and the future reference frames

and are not considered for this algorithm. All modes for inter prediction except P-Skip

are disabled and the 13 intra prediction modes and the P-Skip mode are utilized in a

P-frame. The intra estimation is carried out as in the JM reference software. However,

for skipping the macroblocks in a P-frame, a different approach is followed in the thesis.

The proposed algorithm, as shown in figure 5.1, eliminates the need for reading the

reference frame by maintaining an SM in the form of a matrix for each frame. Each

value in the matrix corresponds to one macroblock. The difference of the SM values of

the co-located macroblocks in the consecutive frames is compared to a threshold value

and the skip decision is taken. The standard intra prediction process is followed for the

macroblocks which are not skipped.
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Figure 5.1: Proposed implementation
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5. PROPOSED IMPLEMENTATION

5.1 Algorithm

The adopted procedure is depicted by the algorithm flowchart in figure 5.2. For each

sequential frame N with N ≥ 1, an SM is saved for each macroblock. From the second

frame onwards, the SM of the current macroblock in the current frame N is compared

with the SM of the co-located macroblock of the previous frame N−1. If the difference

of the SM values of the two macroblocks is less than the set threshold T , the mode

of the macroblock is set to P-Skip. If the SM difference is greater than the threshold,

the mode of the macroblock is set to either Intra16×16 or Intra4×4. This decision

is taken according to the standard procedure followed by the JM reference encoder

for determining the mode of a macroblock. The same procedure is followed for all

macroblocks of the frame and for all frames of the video sequence.

Note that in the earlier implementations of P-Skip, there may be cases at low

bitrates when the number of non-zero coefficients after quantization are truncated to

zero and the MV points to a perceptibly different area. Anomalies, known as artifacts,

can be seen in such cases. Since the proposed method is based on the concept of SM,

an uncorrelated area will never be declared as skip and such artifacts do not emerge at

low bitrates.

5.2 Similarity Metric

The SM is used to quantify the resemblance between two co-located macroblocks. It is

dependent on the sub-block size, the pixel values of that sub-block and the Quantization

Parameter (depicting the level of quantization) (QP) at which the encoder is presently

working. A myriad number of metrics such as average, weighted average, mean absolute

difference, mode, median, likelihood ratio can be utilized as an SM. However, the SM

must be chosen carefully as some metrics may cause artifacts due to faulty decisions.

Table 5.1 lists examples of some experimented SMs which produce high bitrate

gains with artifacts. The results (Bjontegaard Delta (BD)-Bitrate and BD-PSNR(35))

mentioned in table 5.1 are obtained by comparing the P-Skip disabled JM reference

encoder configuration and the P-Skip enabled (proposed algorithm) configuration with

motion estimation disabled in both the cases. The table shows that the proposed

algorithm gives a considerable bitrate gain (25% - 49.25%) over the P-Skip disabled

JM reference encoder configuration. However, these SMs produce artifacts. Thus, an

SM must be devised which provides artifact-free compression.
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Figure 5.2: Algorithm flowchart
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Table 5.1: Examples of SMs which produce artifacts

Methods BD-Rate (%) Artifacts
Luma average -49.25 Yes

Luma average with 8×8 partitions -43.3 Yes
WM with linear finite shift register -34 Yes

Different partition sizes (16x4 and 4x16) -25 Yes
Simple luma Mean Absolute Deviation -30 Yes

5.3 Sample Similarity Metric

The following section presents a sample SM which detects P-Skips correctly. The

procedure adopted to obtain the SM in case of a frame sequence in the YUV 4:2:0

format(36) is as follows:

For the luma pixel data (16×16 pixel areas), each macroblock is partitioned into 4

blocks, each of 8×8 dimensions. A total of six partitions are considered: four for the

luma component and one each for the chroma components blue-difference (Cb) and

red-difference (Cr) chroma component (8×8 pixel areas). This is shown in the figure

5.3. Weighted average is calculated on the luma and chroma pixel data using luma

WM and chroma WM respectively as shown in the equations 5.1, 5.2 and 5.3.

16x16

 8x8

Luma    Chroma

  Cr  Cb

 8x8

Figure 5.3: Chosen sub-block sizes for the sample SM

In the proposed implementation,

SMLuma = (

j=8∑
j=1

i=8∑
i=1

α lumaij × pix lumaij)/div fac (5.1)
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5.4 Weighted Matrix

SMCb = (

j=8∑
j=1

i=8∑
i=1

α chromaij × pix cbij)/div fac (5.2)

SMCr = (

j=8∑
j=1

i=8∑
i=1

α chromaij × pix crij)/div fac (5.3)

where the sub-block size is of 8×8 pixels, α luma is the luma WM weighting factor,

α chroma is the chroma WM weighting factor, pix luma, pix cb and pix cr are the

original pixel values for luma, Cb and Cr respectively. The division factor is represented

by div fac and it is equal to 128 for both the luma and chroma. SMLuma is calculated

for all the four partitions of the luma macroblock data.

5.4 Weighted Matrix

Averages are one of the most powerful yet simplest tools in statistics. However, simple

average fails in the cases where the net variation becomes zero. Consider a scenario

in the figure 5.4, in which an object moves within an 8×8 sub-block having the same

background with respect to the co-located frame. The black blocks depict the current

position of the object under consideration and the shaded block depicts its previous

position. In this case, the average value for the two blocks is the same. This problem is

solved by attaching weights to the pixel positions. The weighted averages for these two

blocks come out to be different and the algorithm does not misjudge these two blocks

as similar. This concept of WM is used to capture the relative positions of the pixels

within a macroblock.
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��
����
��
��

��
��
��

Moving object in an 8x8 sub−block
Frame N Frame N+1

Figure 5.4: Example showing object moving in an 8×8 sub-block when background is
the same

In this application, a WM must satisfy the following three conditions:
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5. PROPOSED IMPLEMENTATION

(a) Object exiting mac-
roblock in frame N-1

(b) Frame N with artifact
due to wrong skip detection

Figure 5.5: Example depicting effect of lower weights at corners

1. Each pixel must use a significantly different weight irrespective of its direction of

movement

2. There must be higher weights at the corners

3. Neighbouring weights must be different

The condition 1 ensures that movement in any direction is captured effectively by

the WM and condition 3 increases the probability of detecting the motion correctly.

The condition 2 utilizes the fact that any motion between the consecutive frames is

subtle and the pixel change at the corners is more significant than at the centre. This

is due to the fact that the centre pixels remain within the macroblock boundaries even

after motion whereas the corner pixels become a part of the neighbouring macroblocks.

Thus, the corner pixels have more significance than the centre pixels. This is proved

using figure 5.5(a) which depicts a similar instance in which the object (part of an

eyebrow of the person moving to the left side) is exiting the macroblock. In the next

frame (refer to figure 5.5(b)), an artifact is observed due to wrong P-Skip decision.

Higher weights at the corners amplify the contribution of the corner pixels and such

artifacts are eliminated.

The luma WM is a 16×16 matrix corresponding to each macroblock. An example

of the luma WM, which satisfies these conditions is shown in figure 5.6. A pattern

is followed while constructing the 8×8 sub-blocks of the WM with consecutive odd

numbers being placed firstly after a horizontal offset (offset x) of 4 and then a vertical

offset (offset y) of 4. The placement is folded, i.e. after the completion of any round of

placement (complete traversal of the matrix), the next value is placed at the next free

location from the beginning by following the same pattern. This pattern is followed to
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5.4 Weighted Matrix

allow high differences in weights of neighbouring positions (condition 3). This 8×8 sub-

block is mirrored in all the remaining directions, i.e. it is flipped vertically, horizontally

and diagonally to form a 16×16 luma WM. This mirroring ensures higher weights at

the corners and lower weights at the centre of the 16×16 luma WM (condition 2).

127 119 111 103 125 117 109 101

95 87 79 71 93 85 77 69

63 55 47 39 61 53 45 37

123 115 107 99 121 113 105 97

91 83 75 67 89 81 73 65

59 51 43 35 57 49 41 33

101 109 117 125 103 111 119 127

69 77 85 93 71 79 87 95

37 45 53 61 39 47 55 63

97 105 113 121 99 107 115 123

65 73 81 89 67 75 83 91

33 41 49 57 35 43 51 59

127 119 111 103 125 117 109 101

95 87 79 71 93 85 77 69

63 55 47 39 61 53 45 37

123 115 107 99 121 113 105 97

91 83 75 67 89 81 73 65

59 51 43 35 57 49 41 33 33 41 49 57 35 43 51 59

65 73 81 89 67 75 83 91

97 105 113 121 99 107 115 123

37 45 53 61 39 47 55 63

69 77 85 93 71 79 87 95

101 109 117 125 103 111 119 127

31 23 15 07 29 21 13 05

27 19 11 03 25 17 09 01

27 19 11 03 25 17 09 01

31 23 15 07 29 21 13 05

01 09 17 25 03 11 19 27

01 09 17 25 03 11 19 27

05 13 21 29 07 15 23 31

05 13 21 29 07 15 23 31

Figure 5.6: Sample luma WM

The chroma WM is an 8×8 matrix corresponding to each chroma component. An

8×8 sub-block of the luma WM cannot be used as the chroma WM because of low

weights at the corners. The chroma WM, as shown in the figure 5.7, is constructed

by swapping two rows and then two columns (shaded rows and columns in the figure)

of the bottom-right 8×8 sub-block of the luma WM. The re-ordering ensures that the

corner pixels of the chroma WM have higher values than the centre pixels (condition

2).

Note that other WMs or an altogether different kind of SM can also be used. The

presented methodology is just one example of the procedure followed in this thesis.
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Sample chroma WM

 01    09    17    25    03    11    19    27

 33    41    49    57    35    43    51    59

 65    73    81    89    67    75    83    91

 97   105   113  121   99   107  115  123

 05    13    21    29    07    15    23    31

 37    45    53    61    39    47    55    63

 69    77    85    93    71    79    87    95

101  109  117   125  103  111  119  127

121  105  113    97    99   107  115  123

 57    41    49    33    35    43    51    59

 89    73    81    65    67    75    83    91

 25    09    17    01    03   11     19    27

 29    13    21    05    07    15    23    31

 61    45    53    37    39    47    55    63

 93    77    85    69    71    79    87    95

125  109  117   101  103  111  119  127

Figure 5.7: Sample chroma WM

5.5 Variations of sample Similarity Metric

Table 5.2 shows results for a few variations of the working SM. The results men-

tioned in table 5.2 are obtained by comparing the P-Skip disabled JM reference en-

coder configuration and the P-Skip enabled (proposed algorithm) configuration with

motion estimation disabled in both the cases. WM coeff refers to the range of co-

efficients used in the WM. The 1-64 WM (1 ≤ WM coeff ≤ 64) and the 1-255

WM (1 ≤ WM coeff ≤ 255) are constructed in a similar manner as the 1-127 WM

(1 ≤ WM coeff ≤ 127) is constructed. No part refers to the number of partitions of

a macroblock and this decides the sub-block size.

The memory consumption by a partition in bits can be calculated by using the

equation 5.4 where the number of bits per pixel is represented by bpp. The maximum

value of the pixel is calculated by using the formula 2bpp − 1 and is equal to 255 for an

8 bit pixel.

Memory per partition = log2

(∑
(WM coeff) × (2bpp − 1)

div fac

)
bits (5.4)

A variation of the sample SM, having 1 ≤ WM coeff ≤ 64, with the luma mac-

roblock divided into 4 partitions of 8×8 pixels each and with 4 partitions for Cb and

Cr each, provides a bitrate gain of 11.9% with 0.74 dB increase in PSNR. Such a
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configuration has a total of 12 partitions (4 for luma, 4 for Cb and 4 for Cr) and uses

12 bits per partition (refer to equation 5.4). However, a variation of the sample SM

using 13 bits per partition, having 1 ≤ WM coeff ≤ 64, with the luma macroblock

divided into 4 partitions of 8×8 pixels each and with one partition for Cb and Cr each

provides a bitrate gain of 6.9% with 0.43 dB increase in PSNR.

Table 5.2: Other variations of the chosen SM which do not produce artifacts

WM coeff Luma
Chroma

(Cb or Cr)
Results

Memory per
macroblock (bits)

No
part

Div
fac

No
part

Div
fac

BD-Rate
(%)

BD-PSNR
(dB)

Memory
per

partition

Number
of

partitions

Total
memory

1-64 4 256 4 64 -11.9 0.74 12 12 144

1-127 4 256 4 64 -14.57 0.91 12 12 144

1-64 4 128 1 128 -6.9 0.43 13 6 78

1-127 4 256 1 256 -12.48 0.78 13 6 78

1-255 4 128 1 128 -13.57 0.84 14 6 84

5.6 Threshold Calculation

Video sequences are analysed subjectively and the threshold is fixed to a value where

no artifacts or abnormalities are observed. The thresholding process followed in this

thesis, is not stringent and can be adjusted for the required quality and bitrate gain.

This makes the proposed algorithm applicable to areas like object recognition, where

minor artifacts do not alter the overall functionality of the system and where a higher

bitrate gain is desirable.

5.7 Video Quality Assessment

Assessing the quality of a video, after being passed through a video processing or

transmission system, is very crucial. The VQA techniques can either be objective or

subjective. The objective VQA refers to the assessment of the quality of a video using

mathematical models whereas the subjective VQA refers to the analysis of the video

based on the user's perception(37).

The objective quality metrics like MSE, PSNR and SSIM(38, 39) provide an abstract

insight into the quality of a video. PSNR is the logarithmic ratio of the maximum signal

power to the noise power and is measured in decibels (dB) (refer to equation 5.5).

PSNR(r, t) = 10 log10

(
2552

MSE(r, t)

)
dB (5.5)
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5. PROPOSED IMPLEMENTATION

where r and t refer to the reference and the test image of M×N dimensions respectively.

MSE is mathematically defined by equation 5.6.

MSE(r, t) =
1

M ×N

M∑
i=1

N∑
j=1

(rij − tij)
2 (5.6)

SSIM is a ratio index, ranging from [0,1], which describes the extent of the struc-

tural similarity between two images. The SSIM value of one depicts the maximum

similarity(39) (refer to equation 5.7).

SSIM(r, t) =

(
2µrµt + C1

µ2r + µ2t + C1

)(
2σrσt + C2

σ2r + σ2t + C2

)(
σrt + C3

σrσt + C3

)
(5.7)

where µr and µt refer to the mean luminance of the reference frame and the test frame

respectively, σr and σt refer to the standard deviation of the reference and the test

frame respectively and σrt refers to the covariance between the reference frame and the

test frame. C1, C2 and C3 are constants.

The frame level PSNR and SSIM values are used to quantify the quality of a frame

in a video. Artifacts, if present, are observed at the macroblock level. The usefulness

of these metrics in providing information about the presence or absence of artifacts at

the macroblock level is also gauged in this section.

Table 5.3: PSNR and SSIM at macroblock level

Figure
Arti-
facts

Macroblock
PSNR (dB)

SSIM per 8×8 block

Block 1 Block 2 Block 3 Block 4

5.8 (a) Yes 31.006 0.9716 0.9990 0.9776 0.9362

5.8 (b) Yes 43 0.9995 0.9995 0.9999 0.9972

5.8 (c) Yes 33.55 0.9477 0.75001 0.8847 0.6475

5.8 (d) No 48 0.9822 0.3857 0.9848 0.9320

Table 5.3 shows values of these objective quality metrics for selected macroblocks.

According to the JM reference software, the PSNR is calculated at the macroblock level

and the SSIM is calculated per 8×8 sub-blocks of a macroblock.

It is generally accepted that the frames with a PSNR value of less than 35 dB and an

SSIM value of less than 0.9 are considered to be of inferior quality(40). The macroblock

presented in the figure 5.8 (a) has an artifact. For this macroblock, the PSNR value is

less than 35 dB and the SSIM value is greater than 0.9. The PSNR considers it to be

of inferior quality while the SSIM considers it to be of superior quality. Thus for this
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5.7 Video Quality Assessment

(a) With artifact (b) With artifact

(c) With artifact (d) Without artifact

Figure 5.8: Screenshots of a frame of the video sequence vidyo1 1280×720 60 showing
macroblocks under consideration (red block)
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case, the judgment of SSIM is erroneous.

It can be seen that the PSNR correctly judges the presence/absence of artifacts in

the figures 5.8 (a), 5.8 (c) and 5.8 (d) and the SSIM in figure 5.8 (c). However, the

judgment of PSNR for the figure 5.8 (b) and the judgment of SSIM for the figures

5.8 (a), 5.8 (b) and 5.8 (d) is erroneous. This proves that these metrics are not fully

efficient in locating artifacts at the macroblock level. Thus for this thesis, the subjective

methods are found to be more trustworthy for threshold calculation and for VQA.
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Chapter 6

Results

Experiments were carried out on the High Efficiency Video Coding (HEVC)(41) se-

quence set provided by the standard body, containing 23 sequences of varied nature

provided in the YUV 4:2:0, 8 bit format. The results for the widely used bitrate range

of upto 20 Mbps are presented in this section. Figure 6.1 shows the snapshot of a frame

of the video sequence vidyo1 1280×720 60 encoded using the proposed algorithm. The

yellowish-green boxes refer to the macroblocks encoded using the Intra4×4 prediction

mode, the green boxes refer to the macroblocks encoded using the Intra16×16 mode

and the remaining macroblocks are encoded using the P-Skip mode. It is seen that the

static part (background) is correctly encoded using the P-Skip mode and the moving

objects such as the people are encoded using the intra prediction modes.

6.1 BD-Bitrate vs BD-PSNR results

Table 6.1 shows BD-Bitrate vs BD-PSNR results for the HEVC sequences. The results

are calculated using the Bjontegaard model for calculating the average differences be-

tween two RD plots(35). The model finds the average difference by fitting both curves

using a minimum of four data points each, by calculating expressions for the integrals of

the curves and then by dividing the difference between the integrals by the integration

interval. The performance of the reference algorithm and the proposed algorithm is

thereby compared.

Overall, intra prediction along with the P-Skip mode in the JM reference encoder

provides a bitrate gain of 13.2442% and a PSNR gain of 0.9507 dB as compared to the

intra-only profile of the JM reference encoder whereas the proposed algorithm provides

a bitrate gain of 12.9074% and a PSNR gain of 1.1437 dB (refer to table 6.1) as
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Figure 6.1: The snapshot of a frame of video sequence vidyo1 1280×720 60 encoded using
the proposed algorithm

Table 6.1: Comparison of the JM reference encoder and the proposed algorithm

JM reference (intra-only)
vs JM reference (intra + P-Skip)

JM reference (intra-only)
vs proposed algorithm

BD-Rate (%) BD-PSNR (dB) BD-Rate (%) BD-PSNR (dB)

Luma -10.1159 0.7945 -9.9071 0.6022

Cb -15.2199 1.1842 -15.0811 2.3475

Cr -16.7773 1.3274 -16.2492 2.4109

Overall -13.2442 0.9507 -12.9074 1.1437

compared to the intra-only profile of the JM reference encoder with significantly less

memory. Thus, the proposed algorithm improves the PSNR by 0.193 dB (1.1437 dB -

0.9507 dB) at the cost of 0.3368% increase in the bitrate. Note that the overall result

is not the average of luma, Cb and Cr results. These are calculated separately by the

Bjontegaard model and cannot be simply averaged. The luma, Cb and Cr results are

calculated by taking only luma, Cb and Cr pixels respectively into consideration. The

overall results are calculated by taking all luma, Cb and Cr pixels into consideration.
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6.2 Memory Requirements

6.2 Memory Requirements

Table 6.2 shows a comparison of the memory required in the existing implementa-

tion and the proposed implementation of P-Skip for a video sequence of a resolution

1920×1088 pixels. The existing algorithm uses 3072 bits for saving the macroblock

data (8 bits per pixel × (256 luma pixels + 64 Cb pixels + 64 Cr pixels per mac-

roblock)). The proposed algorithm using the sample WM, utilizes only 13 bits per

partition (refer to equation 5.4) with a total of 6 partitions: 4 for luma and 1 for

Cb and Cr each. In totality, 78 bits are required to save the macroblock data in the

memory. Thus, the proposed algorithm reduces the memory consumption by 97.46%(
(3133.44−79.56) Kbytes

3133.44 Kbytes × 100%
)

. The memory required per frame for the proposed al-

gorithm is 79.56 Kbytes (memory in bytes per macroblock × number of macroblocks)

as compared to 3133.44 Kbytes for the existing implementation. Also, for a frame rate

of 120 bytes/sec, the memory bandwidth gets reduced from 375.96 Mbytes/sec to 9.54

Mbytes/sec.

Table 6.2: Memory requirements

Existing implementation Proposed implementation
Memory/MB 3072 bits 78 bits

Memory/Frame 3133.44 Kbytes 79.56 Kbytes
Memory Bandwidth 375.96 Mbytes/sec 9.54 Mbytes/sec

The results for the individual sequences are listed in table 6.3. For the artificial

sequences of the HEVC sequence set like the SlideShow and the SlideEditing (videos

containing slideshows) and for some other sequences like the Jamesboat, the proposed

algorithm provides a higher bitrate gain with significantly less memory consumption

than the existing JM encoder with P-Skip. For the sequence SlideShow, a bitrate gain

of 59.6108% is achieved by the proposed algorithm as compared to a bitrate gain of

36.3132% by the existing implementation with reduced memory consumption. Thus,

for the applications such as surveillance cameras, transmission of synthetic content

over the Internet and WiGig applications, the proposed algorithm can be deployed

efficiently.

For the sequences of the set like Four people, KristenAndSara and Kimono the

proposed algorithm provides lesser bitrate gain than the existing JM reference encoder

with P-Skip but uses significantly less memory in the process.

The figures 6.2 and 6.3 show the Rate Distortion (RD) curves for various QP con-

figurations for two of the sequences of the table 6.3 namely SlideShow and ChinaSpeed

respectively. The graphs depict that for the same bitrate, the proposed algorithm
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Table 6.3: BD-Bitrate vs BD-PSNR for all sequences

Sequence name

JM reference
(intra-only)

vs
JM reference

(intra + P-Skip)

JM reference
(intra-only)

vs
proposed
algorithm

BD-Rate
(%)

BD-PSNR
(dB)

BD-Rate
(%)

BD-PSNR
(dB)

BQ terrace -26.0531 1.4589 -24.631 1.4163
Basketball drill 1.5688 -0.1122 2.4421 -0.1451

Basketball Drive -37.0581 1.7337 -35.5049 1.7102
Blowing Bubbles 5.6397 -0.3602 5.7759 -0.3601

Cactus -2.9180 0.0497 6.9033 -0.2782
ChinaSpeed -15.8074 1.2505 -22.1794 2.0703
Four people -24.4918 0.9130 -14.4581 1.0130

Keiba 10.6284 -0.5392 10.5356 -0.5388
Kimono -43.7008 2.5163 -41.5841 2.4786

KristenAndSara -24.5057 0.8627 -13.5325 -8.6561
NFL 1080i60 TS cut2 1.7435 -0.1084 0.8666 -0.0541

Peopleonstreet 6.1158 -0.3704 9.9972 -0.6141
RaceHorses 8.3077 -0.4694 8.2827 -0.4682
SlideEditing -65.4204 8.8502 -90.7932 8.4365
SlideShow -36.3132 3.5172 -59.6108 8.5346

Tennis -50.974 2.8515 -50.2496 2.8463
TropicalFish 6.7275 -0.4910 6.7777 -0.4936
Jamesboat 7.0916 -0.3841 3.0703 -0.1821
Terminator 11.1832 -0.6258 12.9591 -0.7444

Tr flying 9.3239 -0.5434 10.1081 0.5958
Traffic -0.1562 -0.0381 6.7432 0.3771
Vidyo1 -22.664 1.0126 -13.8281 0.8684
Vidyo4 -22.9737 0.9452 -15.3855 0.9428

provides a better quality output.

In summary over all the sequences, the proposed algorithm provides 97.46% savings

in memory consumption at a better quality (0.193 dB increase in PSNR) at the cost of

0.3368% increase in bitrate.

28



6.2 Memory Requirements

 30

 35

 40

 45

 50

 0  2000  4000  6000  8000  10000

P
S

N
R

 (
d

B
)

Bitrate (Kbps)

Rate Curve Comparison

JM reference (intra-only)
Proposed algorithm

Figure 6.2: RD curves for the sequence SlideShow
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Figure 6.3: RD curves for the sequence ChinaSpeed
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Chapter 7

Conclusion

The thesis proposes a novel, low memory P-Skip determination algorithm for video

encoders. P-Skip estimation is performed by saving an SM per macroblock. The

P-Skip mode decision is taken based on the correlation between the SMs of the co-

located macroblocks in the consecutive frames. The standard intra prediction process

is followed for the non-skipped macroblocks. A sample WM based SM is presented

in the thesis. An altogether different kind of SM can also be chosen. The proposed

algorithm (using the sample SM) provides a significant memory reduction of 97.46% at

a better quality (0.193 dB increase in PSNR) at the cost of 0.3368% increase in bitrate

over the tested sequences. These advantages make this work competent to be used in

applications with low memory requirements like surveillance cameras, low cost video

calls and WiGig applications. Also, the significance of the objective VQA metrics in

locating the artifacts at the macroblock level is gauged in this thesis. It is concluded

that the objective VQA metrics like the PSNR and the SSIM fail to effectively locate

the macroblocks with artifacts. Thus for the thesis, the subjective VQA metrics are

preferred over the objective VQA metrics for the assessment of the quality of a video

sequence.
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