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3. Analysis Windows 

3.1. Options Frame 

The “Options” frame allows you to select which specific results from the analysing process are 
visualised in the decoded picture. 

 
Options bar 

3.1.1. Picture Display – Luma and Chroma 

When the Picture-Luma check box is checked, the luminance component of the decoded picture is 
shown. The Picture-Chroma check box controls whether the chrominance component is shown. 
Turning on both options will show the decoded picture in full colour. 

3.1.2. Macroblock Coding Type 

Depending on the picture coding type, different macroblock coding types are available. When the 
Macroblock-Coding-Type radio button is checked, VISUALmpeg PRO displays these different coding 
types by using a different colour for each coding type. 

 
Display of macroblock coding types within a frame 

Depending	
  on	
  the	
  picture	
  
coding	
  type,	
  different	
  
macroblock	
  coding	
  types	
  are	
  
available,	
  this	
  is	
  a	
  choice	
  made	
  
by	
  the	
  encoding	
  application

MPEG-­‐1	
  Macroblock	
  Coding	
  Mode
‣ MB	
  of	
  I-­‐frame	
  use	
  INTRA	
  mode	
  only

‣ MB	
  of	
  B,	
  P	
  frames	
  are	
  coded	
  in	
  several	
  modes	
  
depending	
  on	
  macroblock	
  error	
  (based	
  on	
  the	
  Mean	
  
Squared	
  Error)

‣ Mode	
  decision
• If	
  MSE(MB)	
  <	
  threshold1	
  then	
  code	
  MV	
  only

• If	
  threshold1	
  <	
  MSE(MB)	
  <	
  threshold2	
  then	
  code	
  MV	
  +	
  DCT(DFD)

• If	
  MSE(MB)	
  >	
  threshold2	
  code	
  using	
  INTRA	
  mode
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INTRA	
  Mode	
  and	
  INTER	
  Mode
‣ INTRA	
  mode	
  the	
  texture	
  of	
  the	
  macroblock	
  is	
  coded	
  
via	
  a	
  DCT	
  transformation,	
  quantisation,	
  and	
  entropy	
  
coding

‣ No	
  motion	
  compensation	
  is	
  required	
  in	
  this	
  mode

INTRA	
  Mode	
  and	
  INTER	
  Mode
‣ INTER	
  mode	
  uses	
  motion	
  compensation
• A	
  motion	
  compensated	
  difference	
  block	
  (residual	
  block)	
  is	
  formed	
  

by	
  subtracting	
  the	
  pixel	
  values	
  of	
  the	
  predicted	
  block	
  from	
  that	
  of	
  
the	
  current	
  block	
  point	
  by	
  point

• Texture	
  coding	
  is	
  performed	
  on	
  the	
  difference	
  block

• The	
  coded	
  motion	
  vector	
  and	
  the	
  coded	
  texture	
  information	
  of	
  the	
  
difference	
  block	
  are	
  transmitted	
  to	
  the	
  decoder

INTER	
  Mode
‣ Because	
  most	
  of	
  the	
  blocks	
  in	
  the	
  current	
  frame	
  are	
  
similar	
  to	
  a	
  predicted	
  block	
  in	
  reference	
  frames,	
  the	
  
residuals	
  are	
  usually	
  very	
  small

• In	
  this	
  case	
  a	
  small	
  amount	
  of	
  bits	
  can	
  encode	
  the	
  residual	
  block	
  
(DFD)	
  using	
  the	
  DCT

• Most	
  of	
  the	
  time	
  coding	
  the	
  motion	
  vector	
  as	
  well	
  as	
  coding	
  the	
  
residue	
  costs	
  fewer	
  bits	
  than	
  coding	
  the	
  texture	
  of	
  the	
  block



INTER	
  Mode
‣ In	
  some	
  cases	
  (e.g.,	
  scene	
  change,	
  object	
  occlusion),	
  
coding	
  the	
  difference	
  block	
  and	
  the	
  motion	
  vector	
  
may	
  require	
  more	
  bits	
  than	
  directly	
  coding	
  the	
  
texture	
  of	
  the	
  current	
  block

‣ Consequently	
  there	
  must	
  be	
  a	
  way	
  to	
  decide	
  when	
  
to	
  choose	
  INTRA	
  mode	
  and	
  when	
  to	
  choose	
  INTER	
  
mode

Making	
  Coding	
  Mode	
  Decisions
‣ A	
  solution	
  of	
  choosing	
  INTRA/INTER	
  mode	
  for	
  a	
  
block	
  should	
  compare	
  

‣ When	
  the	
  distortion	
  is	
  the	
  same	
  
• If	
  the	
  first	
  term	
  is	
  smaller	
  then	
  INTRA	
  mode	
  is	
  preferred	
  

• Otherwise	
  INTER	
  mode	
  is	
  preferred

#bits(V LC(Q(DCT (Bi))))

#bits(V LC(Q(DCT (MC(Bi)))) + #bits(MVBi)

Example	
  Decision	
  Algorithm
‣ It	
  is	
  computational	
  intensive	
  to	
  calculate	
  the	
  bit	
  
counts	
  and	
  distortion

‣ To	
  simplify	
  the	
  computation	
  calculate
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In this paper, we would like to extend our proposed neighborhood relaxation method to be used with
coding mode decisions. To code a particular macroblock in a P- or B- video-object-plane (VOP), many
choices as specified by the emerging MPEG-4 standard [1] exist. For one, the encoder must choose between
INTRA and INTER coding. Then, if INTER coding is chosen, there are a variety of prediction modes to
choose from. In this paper, we offer a new approach on the coding mode decision between the INTRA mode
and the INTER mode. In this approach, we incorporate the concepts of true motion tracking and take
into account the number of bits used to code the motion.

The remainder of the paper is organized as follows. In Section 2, some preliminaries on the current
INTRA/INTER decision process and motion vector encoding is given. In Section 3, the proposed approach
is introduced. The results of our simulations which compare the conventional mode decision with our new
mode decision is discussed in Section 4. Finally, in Section 5, some conclusion remarks are given.

2 INTRA/INTER Decision
In the INTRA mode, the texture of the macroblock is coded via a DCT transformation, quantization, and

variable length coding (VLC). No motion compensation is required in this mode.
On the contrary, the INTERmode uses motion compensation. First, the block matchingmotion estimation

is used, for every block in the current frame (called current block), to find the best matched block within a
range in the previous frame (called predicted block). The displacement of the predicted block relative to the
current block is called a motion vector (MV). A motion compensated difference block (called residual block)
is formed by subtracting the pixel values of the predicted block from that of the current block point by point.
Texture coding is then performed on the difference block. The coded motion vector and the coded texture
information of the difference block are transmitted to the decoder. Using this information, the decoder can
then reconstruct an approximated current block by adding the quantized difference block to the predicted
block according to the motion vector.

Because most of the blocks in the current frame are similar to a predicted block in the existing frames,
the residue of the block subtracted by a similar predicted block is usually very small. In this case, a small
amount of bits can encode the residual block via a similar DCT transformation. Therefore, most of the time,
coding the motion vector as well as coding the residue costs fewer bits than coding the texture of the block.

Nevertheless, in some cases (e.g., scene change, object occlusion), coding the difference block and the
motion vector may require more bits than coding the original texture of the current block. Consequently,
there must be a way to decide when to choose INTRA mode and when to choose INTER mode.

A sound solution of choosing INTRA/INTER mode for a block should compare
bits VLC Q DCT with bits VLC Q DCT MC bits motion vector when the distor-
tion is the same. If the first term is smaller, then the INTRA mode is preferred; otherwise, the INTER mode
is preferred.

Original Criterion in Current MPEG-4 Verification Model
It is computational intensive to calculate the entire bit counts and distortion. For simplicity, in current

MPEG-4 Verification Model (VM), the following parameters are calculated to make the INTRA/INTER
decision:

SAD (1)

mean
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current block

blocks already transmitted

Figure 1: Motion vector prediction for differential coding of motion vectors used in MPEG-4.

VAR mean (2)

where is the size of the block. The INTRA mode is chosen if

VAR SAD (3)

where is the number of pixels of the macroblock. In order to favor the INTER mode when there
is no significant difference in the energy of predictive residuals and the energy of original texture, SAD is
reduced by .

Nevertheless, it is too simple to cover all the cases. For example, it doesn’t take in account the number of
bits for encoding motion vectors. Because it takes no bits on coding motion vector in the INTRA, it can take
more bits on texture coding.

Motion Vector Encoding
Because motion vectors in a neighborhood usually show good similarities, motion vectors are encoded

differentially for coding efficiency. Similar to 1-dimensional DPCM, a difference is calculated between the
current motion vector and the prediction of current motion vector. However, unlike 1-dimensional DPCM, the
prediction of current motion vector is not equal to the previous transmitted motion vector. Current MPEG-4
use a spatial neighborhood of three motion vectors already transmitted to predict the current motion vector as
shown below:

Median
Median

where , , and are the three motion vectors already transmitted as shown in Figure 1. There-
after, the vector differences and are

Then, the variable length coding is applied to the difference between the actual motion vector and the
predicted motion vector. Figure 2 shows the bit requirement for different vector difference. The smaller
the difference, the less the bits required. The zero differential motion vector saves a lot of bits in encoding.
That is, we can use more bits to code the residual component. In order to favor the zero difference vector
when there is no significant difference in the sum of absolute difference (SAD), is reduced by

. After that, the displacement vector resulting in the lowest SAD is chosen as the motion vector.
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N = 16

VAR	
  is	
  the	
  sum	
  of	
  the	
  absolute	
  
deviations	
  from	
  the	
  mean	
  –	
  a	
  
measure	
  of	
  the	
  spread	
  of	
  the	
  data



Example	
  Decision	
  Algorithm
‣ The	
  INTRA	
  mode	
  is	
  chosen	
  if

‣ SAD	
  is	
  reduced	
  to	
  favour	
  selection	
  of	
  INTER	
  mode	
  
when	
  there	
  is	
  no	
  significant	
  difference	
  in	
  the	
  energy	
  
of	
  predictive	
  residuals	
  and	
  the	
  energy	
  of	
  original	
  
texture

V AR < SAD � 2⇥N2

Limitations
‣ This	
  approach	
  is	
  too	
  simple	
  to	
  cover	
  all	
  cases	
  
• It	
  does	
  not	
  take	
  in	
  account	
  the	
  bits	
  required	
  for	
  coding	
  motion	
  

vectors

• In	
  INTRA	
  mode	
  these	
  “saved	
  bits”	
  can	
  be	
  used	
  for	
  texture	
  coding

Coding	
  Motion	
  Vectors
‣ Motion	
  vectors	
  in	
  a	
  neighbourhood	
  are	
  usually	
  
similar	
  

• So	
  they	
  can	
  be	
  coded	
  differentially

‣ A	
  difference	
  is	
  calculated	
  between	
  the	
  current	
  
motion	
  vector	
  and	
  the	
  prediction	
  of	
  current	
  motion	
  
vector

• For	
  example	
  use	
  a	
  spatial	
  neighbourhood	
  of	
  three	
  motion	
  vectors	
  
already	
  transmitted	
  to	
  predict	
  the	
  current	
  motion	
  vector	
  



Coding	
  Motion	
  Vectors
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Figure 1: Motion vector prediction for differential coding of motion vectors used in MPEG-4.

VAR mean (2)

where is the size of the block. The INTRA mode is chosen if

VAR SAD (3)

where is the number of pixels of the macroblock. In order to favor the INTER mode when there
is no significant difference in the energy of predictive residuals and the energy of original texture, SAD is
reduced by .

Nevertheless, it is too simple to cover all the cases. For example, it doesn’t take in account the number of
bits for encoding motion vectors. Because it takes no bits on coding motion vector in the INTRA, it can take
more bits on texture coding.

Motion Vector Encoding
Because motion vectors in a neighborhood usually show good similarities, motion vectors are encoded

differentially for coding efficiency. Similar to 1-dimensional DPCM, a difference is calculated between the
current motion vector and the prediction of current motion vector. However, unlike 1-dimensional DPCM, the
prediction of current motion vector is not equal to the previous transmitted motion vector. Current MPEG-4
use a spatial neighborhood of three motion vectors already transmitted to predict the current motion vector as
shown below:

Median
Median

where , , and are the three motion vectors already transmitted as shown in Figure 1. There-
after, the vector differences and are

Then, the variable length coding is applied to the difference between the actual motion vector and the
predicted motion vector. Figure 2 shows the bit requirement for different vector difference. The smaller
the difference, the less the bits required. The zero differential motion vector saves a lot of bits in encoding.
That is, we can use more bits to code the residual component. In order to favor the zero difference vector
when there is no significant difference in the sum of absolute difference (SAD), is reduced by

. After that, the displacement vector resulting in the lowest SAD is chosen as the motion vector.
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Figure 1: Motion vector prediction for differential coding of motion vectors used in MPEG-4.

VAR mean (2)

where is the size of the block. The INTRA mode is chosen if

VAR SAD (3)

where is the number of pixels of the macroblock. In order to favor the INTER mode when there
is no significant difference in the energy of predictive residuals and the energy of original texture, SAD is
reduced by .

Nevertheless, it is too simple to cover all the cases. For example, it doesn’t take in account the number of
bits for encoding motion vectors. Because it takes no bits on coding motion vector in the INTRA, it can take
more bits on texture coding.

Motion Vector Encoding
Because motion vectors in a neighborhood usually show good similarities, motion vectors are encoded

differentially for coding efficiency. Similar to 1-dimensional DPCM, a difference is calculated between the
current motion vector and the prediction of current motion vector. However, unlike 1-dimensional DPCM, the
prediction of current motion vector is not equal to the previous transmitted motion vector. Current MPEG-4
use a spatial neighborhood of three motion vectors already transmitted to predict the current motion vector as
shown below:

Median
Median

where , , and are the three motion vectors already transmitted as shown in Figure 1. There-
after, the vector differences and are

Then, the variable length coding is applied to the difference between the actual motion vector and the
predicted motion vector. Figure 2 shows the bit requirement for different vector difference. The smaller
the difference, the less the bits required. The zero differential motion vector saves a lot of bits in encoding.
That is, we can use more bits to code the residual component. In order to favor the zero difference vector
when there is no significant difference in the sum of absolute difference (SAD), is reduced by

. After that, the displacement vector resulting in the lowest SAD is chosen as the motion vector.
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Figure 1: Motion vector prediction for differential coding of motion vectors used in MPEG-4.

VAR mean (2)

where is the size of the block. The INTRA mode is chosen if

VAR SAD (3)

where is the number of pixels of the macroblock. In order to favor the INTER mode when there
is no significant difference in the energy of predictive residuals and the energy of original texture, SAD is
reduced by .

Nevertheless, it is too simple to cover all the cases. For example, it doesn’t take in account the number of
bits for encoding motion vectors. Because it takes no bits on coding motion vector in the INTRA, it can take
more bits on texture coding.

Motion Vector Encoding
Because motion vectors in a neighborhood usually show good similarities, motion vectors are encoded

differentially for coding efficiency. Similar to 1-dimensional DPCM, a difference is calculated between the
current motion vector and the prediction of current motion vector. However, unlike 1-dimensional DPCM, the
prediction of current motion vector is not equal to the previous transmitted motion vector. Current MPEG-4
use a spatial neighborhood of three motion vectors already transmitted to predict the current motion vector as
shown below:

Median
Median

where , , and are the three motion vectors already transmitted as shown in Figure 1. There-
after, the vector differences and are

Then, the variable length coding is applied to the difference between the actual motion vector and the
predicted motion vector. Figure 2 shows the bit requirement for different vector difference. The smaller
the difference, the less the bits required. The zero differential motion vector saves a lot of bits in encoding.
That is, we can use more bits to code the residual component. In order to favor the zero difference vector
when there is no significant difference in the sum of absolute difference (SAD), is reduced by

. After that, the displacement vector resulting in the lowest SAD is chosen as the motion vector.
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The	
  median	
  is	
  the	
  middle	
  of	
  the	
  sorted	
  values

Coding	
  Motion	
  Vectors
‣ Represent	
  the	
  difference	
  between	
  the	
  actual	
  motion	
  
vector	
  and	
  the	
  predicted	
  motion	
  vector	
  (VLC)

• The	
  smaller	
  the	
  difference	
  the	
  less	
  the	
  bits	
  required

‣ The	
  zero	
  differential	
  motion	
  vector	
  allows	
  more	
  bits	
  
to	
  code	
  the	
  residual	
  component
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Figure 2: Variable length coding in motion vector difference used in MPEG-4.

The decision of coding modes gets more complicated when the motion vectors are coded differentially
by using a spatial neighborhood of motion vectors already transmitted. The bits VLC Q DCT MC
bits motion vector not only depends on the texture of the block but also depends on the motion vectors which
are already transmitted. Moreover, the next optimal motion vector also depends on the current decision.

3 Proposed Approach
Mathematically speaking, the INTRA/INTER mode decision for a single block should consider

bits Texture bits Residue bits (4)

where stands for the INTRA quantization level, stands for the INTER quantization level,
bits Texture stands for the number of bits for texture coding, bits Residue stands for
the number of bits for residual coding, and bits stands for the number of bits used for differentially
coding the motion vectors.

At the start of each slice, prediction motion vectors are reset to zero. As each macroblock is encoded
in raster scan order, a macroblock motion vector is encoded differentially with respect to previous motion
vectors. In the event that the previous macroblock was coded as INTRA or skipped, the previous motion
vector is assumed to be zero. Therefore, an INTRA block is more preferable when the surrounding blocks are
static or moving slowly while an INTER block is more preferable when the surrounding blocks are moving
fast.

Assume the blocks in the neighborhood are coded in INTER mode.
We could add a look-ahead penalty term (non-causal) for INTRA mode as the following:

bits Texture bits bits Residue bits (5)

where bits counts the bits for the motion vector difference from to zero motion.
The bits Texture grows when the variance of the texture of grows and the drops. The

bits Residue and bits grow when SAD and grow, respectively. Because it is diffi-
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Coding	
  Motion	
  Vectors
‣ The	
  SAD	
  of	
  the	
  zero	
  difference	
  predicted	
  MV	
  is	
  reduced	
  

as	
  follows

‣ To	
  favour	
  the	
  zero	
  difference	
  vector	
  when	
  there	
  is	
  no	
  
significant	
  difference	
  in	
  the	
  SAD

‣ With	
  this	
  adjustment	
  in	
  place	
  the	
  displacement	
  vector	
  
resulting	
  in	
  the	
  lowest	
  SAD	
  is	
  chosen	
  as	
  the	
  motion	
  vector
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Problems
‣ The	
  choice	
  of	
  coding	
  modes	
  gets	
  more	
  complicated	
  
when	
  the	
  motion	
  vectors	
  are	
  coded	
  differentially	
  as	
  

‣ not	
  only	
  depends	
  on	
  the	
  texture	
  of	
  the	
  block	
  but	
  also	
  
depends	
  on	
  the	
  motion	
  vectors	
  which	
  are	
  already	
  
transmitted

‣ Also	
  the	
  next	
  optimal	
  motion	
  vector	
  also	
  depends	
  on	
  
the	
  current	
  decision

#bits(V LC(Q(DCT (Bi))))

#bits(V LC(Q(DCT (MC(Bi)))) + #bits(MVBi)


