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OPTIMAL COMPRESSION PLANE (OCP)—A NEW FRAMEWORK FOR H.264 VIDEO 
CODING  

 
Anmin Liu, Weisi Lin, M Paul, Chenwei Deng    

School of Computer Engineering, Nanyang Technological University, Singapore  
 

ABSTRACT 
 

This paper presents a unified framework for video 
coding, which is compatible with the existing H.264/AVC 
standard (with pre-processing). Since the video sequences 
are of 3D data matrices and the traditional XY image frame 
plane is not always the best for video coding in terms of 
rate-distortion (RD) performance, optimal compression 
plane (OCP) determination models are developed to 
improve the coding efficiency. We design coding plane 
level RD cost function (in analog to the one in H.264 
macroblock level) to measure the RD performance of each 
coding plane. We jointly consider the available 
computational resource and the RD performance in order to 
determine an adaptive OCP. The performance of the 
proposed coding framework is assessed with a number of  
video sequences. Extensive experimental results show that 
the new coding framework can achieve better RD 
performance at approximately the same computational 
complexity, for videos with different visual content. 
 

Keywords— Optimal Compression Plane (OCP), 
H.264/AVC, video coding/compression, rate-distortion 
optimization, computation constraint. 
 

1. INTRODUCTION 
 
Video coding standards have progressed significantly 
during the past decade, dominated by the work of ISO/IEC 
(i.e., MPEGs) and ITU-T (i.e., H.26x). RD (rate distortion) 
is the major factors that measure success of a video coding 
standard. H.264/AVC (H.264 for short) video coding is the 
newest standard [1] from the joint work of ISO/IEC and 
ITU-T, for which various techniques have been adopted to 
obtain a high coding efficiency. Compared to MPEG-4, 
H.263, and MPEG-2, H.264 can achieve 39%, 49%, and 
64% reductions in bit-rate respectively, with the same visual 
distortion [2]. However, it is still need to further enhance 
the compression performance in the H.264 standard-
compliant coding environment, since the huge video data 
constantly demands for better and better compression [3]. 

H.264 has one thing in common compared with all other 
video coding schemes, i.e., all the coding schemes encode a 
video one image frame by one image frame, where the 

image frame is formed in the spatial domain and with some 
physical meaning (e.g., a natural scene). It is reasonable 
since video is usually firstly (before coding) captured by a 
sensor (e.g., a camera) and finally (after decoding) 
displayed in the form of one image frame by one image 
frame. However, in the sense of data structure, video is 
nothing more than a three dimensional (direction) data 
matrix, distinguish between X, Y, and T is meaningless, 
where X, Y are the spatial directions and T is the temporal 
direction of a video. One such coding paradigm is 3D 
transform based video coding [4, 5]; this coding paradigm is 
not compatible with H.264 and therefore could not be 
adopted in the existing video coding systems. 

In this research, we propose a novel framework of video 
coding which is H.264 compatible and takes the advantage 
of both H.264 and 3D transform based coding scheme. 
Similarly with the 3D transform based video coding, we 
ignore the physical meaning of X, Y and T axes rather than 
explicitly distinguishing T axis as temporal axis as in H.264. 
The key part of the proposed framework is the adaptive 
optimal compression plane (OCP) determination module. 
Different to the H.264 (form frames in XY plane), we form 
frames in the adaptively determined OCP to better remove 
the redundancy and increase the compression performance. 
The OCP can be determined before or after the actual 
coding according to the available computational resource; 
and a standard video coding scheme (H.264) is used for the 
selected coding plane. In previous works [6], the authors 
have shown that OCP can be used with JPEG-LS for 
lossless video coding. In this paper, we will further extend 
the concept of OCP to H.264 video coding. The major 
characteristics of the research reported in this paper are: 1) 
consistent improvement of RD performance can be achieved 
by using OCP; 2) the proposed scheme is compatible with 
H.264 and therefore can be adopted in the existing video 
coding system; 3) OCP is determined automatically and 
adaptively to the available computational resource. 

The rest of this paper is organized as follows. Section 2 
describes the details of the proposed OCP based video 
coding scheme. We compare the RD performance when 
form frame in different planes and demonstrate that 
traditional scheme (form frames in XY plane) is not always 
the best performance. In Section 3, we discuss how to 
determine the OCP which is adaptive to the available  



 
Fig. 1. Block diagram of the proposed video coding framework. 

 
computational resource. The experimental results with some 
discussions are given in Section 4. We validate our OCP 
framework on video sequences with different visual content. 
Consistent improvement is achieved compared with 
standard H.264. Finally, conclusions are drawn in Section 5. 
 

2. OPTIMAL COMPRESSION PLANE (OCP) FOR 
EFFICIENT VIDEO CODING 

 
The proposed unified OCP framework for H.264 video 
coding is shown in Fig. 1, which consists of the following 
major steps: selection of appropriate Pre-Processing Unit 
(PPU), adaptive OCP decision and transformation, and 
coding with H.264. The PPU groups a number of natural 
image frames for preprocessing. In each PPU, we may form 
frames in XY, TX or TY plane. In H.264, frames are formed 
in traditional XY plane, temporal redundancy (i.e., 
redundancy along T direction) is explored and reduced by 
block based motion estimation (BME) and the remain 
spatial redundancy (i.e., redundancy along X and Y 
direction) are further reduced by intra-prediction. If we form 
frame in TX (TY) plane and then coding with H.264, T and 
X (Y) are the intra-frame directions and redundancy along 
these two directions are reduce by intra-prediction 
techniques; Y (X) is the inter-frame direction and 
redundancy along it is reduced by BME. Coding in the non-
conventional TX or TY plane may out performance coding 
in the XY plane. 

In Fig. 2 we show the RD curve for four video 
sequences. These sequences are publicly available and with 
different typical motion characteristics: “Akiyo” (a talking 
head), “Football” (fast motion), “Mobile” (horizontal, 
vertical and rotational object motion coupled with camera 
motion), and “Tempete” (zooming out). All of them are 
with luminance only and QCIF (Quarter Common 
Intermediate Format) resolution (176×144), and from the 1st 
to the 128th frames. The RD curve is obtained under the 
following setting: PPU size is 128; H.264 grayscale and 
high profile with JM 16.0 [7] is used; each sequence is 
coded with IPPP mode (GoP size being 16); the Simplified 
UMHexagonS with a search range of 16; high complexity 
RDO; CABAC coding are used; and one reference frame. 
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(c)                                                  (d) 

Fig. 2. Rate-Distortion performance for sequences with different 
frame formation. (a) Akiyo, (b) Football, (c) Mobile, (d) Tempete. 
 

From the figure, we can see that for video “Akiyo”, 
“Mobile”, and “Tempete”, the RD performance of coding in 
TX or TY plane outperformance that coding in traditional 
XY plane; the PSNR gain is up to 4dB, 1.8dB, and 3dB at 
0.6 bpp for the three video, respectively. Therefore, it is 
promising to coding in the non-XY plane for some video 
and we need to find the OCP among XY, TX, and TY to 
maximize the compression performance. 

The underlying reason for coding in TX or TY plane 
outperformance coding in XY plane are two fold: 1) BME is 
also very effective to reduce spatial redundancy, this point 
has been demonstrated in [8, 9]; 2) intra-prediction 
techniques are also very effective to reduce temporal for 
some video especially for low motion video, some evidence 
are given in Fig. 3. We show in Fig. 3 the percentage of 
intra modes (in H.264, the prediction modes include intra 
modes and inter modes, where the former one use intra-
prediction techniques and the latter one mainly based on 
BME) for video “Akiyo”. From the figure we can see that 
more than 50% (>0.2bpp) macroblock take intra mode 
coding, it represents that the temporal redundancy reduced 
mainly by intra-prediction techniques. 
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Fig. 3. Percentage of intra modes for H.264 coding in XY, TX and 
TY planes. 
 

From Fig. 2, we can see that XY, TX and TY are all 
possible to be OCP; therefore, OCP determination is the key 
part of the proposed scheme. The most accurate 
determination of coding plane should adopt a brute-force 
method, i.e., to form frames in all three possible coding 
planes, code the video and select the best coding plane. 
However, given a fixed quantization parameter (QP), coding 
in XY, TX, and TY would result in different bitrates and 
PSNR; it is very hard to compare the RD performance 
directly. Therefore, we design a RD cost function to 
measure the RD performance for different coding plane in 
analog to the one used in H.264 macroblock level for mode 
decision. In H.264, the macroblock level RD cost function 
is proposed by Wiegand et al. [10, 11] and is 
mathematically described as: 
                           ( ) ( ) ( )p p pJ Q d Q r Q         1) 

with 

                                      2
vc Q                                         (2a) 

 
where ( )J  , ( )d  , and ( )r   is the RD cost function, distortion 
function, and rate function, respectively;  is Lagrange 
multiplier; vQ  is the quantization value; c  is 0.85 in H.264. 

The small RD cost J  is, the higher RD performance. 
Considering the relationship of quantization value ( vQ ) 

with quantization parameter ( pQ ) in H.264, (2a) can be 

rewrite as its equivalent form (interest reader may refer to 
[11, 12] for more detailed information about quantization 
value and quantization parameter in H.264):  
 

                                 /
2 pQ b

c a                                     (2b) 
 
where 0.0531,  =3, =0c b a  in H.264. In our scheme, we take 
the same form of RD cost function but with different 
parameter in (2b) since our RD cost function is used in 
coding plane level rather than macroblock level. Again, the 
small RD cost J  is, the higher RD performance. 
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Fig. 4. Relative frequency vs quantization parameter ( pQ ) for 

various values of the Lagrange multiplier  . The relative 
frequencies are gathered while coding 12 different video sequences  

 
The model, as described in (2b) needs to be parameterized. 
There are three parameters a, b and c to be determined. An 
experiment similar with the one used to determine 
parameter in (2b) was performed to test the pQ  for some 

selected  . This experiment is described as follows. For a 
given   (denote as _ v ) and video, the corresponding 

value of pQ  (denote as _ v
pQ ) is searched among all 

possible value of pQ  (i.e., 1-51) which has the minimal RD 

cost: 

                              _ arg min ( )
p

v
p p

Q
Q J Q                               (3) 

Twelve video sequences are used, then we have are twelve 
_ v

pQ  for a _ v , Fig. 4 shows the relative frequency of 

chosen _ v
pQ  for several values of _ v . _ v  is varied 

over seven values: 0.13, 0.35, 1.7, 9, 110, 910, and 8300, 
producing seven normalized histograms for the chosen 

_ v
pQ  that are depicted in the plots in Fig. 4. As can be seen 

from the histograms in Fig. 4, the value of _ v
pQ  does not 

vary much given a fixed value of  , which represent that 
the relationship in (2b) is nearly independent of video 
content. 

Finally, the least mean squared error method is used to 
get the best fitted values of (a, b, c) as: 

                 
_

_ 2( , , ) arg min [ _ ( )]
v

p

v
p

Q
a b c v Q



                    (4) 

As the result, 0.0226,  =2.4187, =0.0738c b a . 
Therefore, the OCP with the designed RD cost function 

(1) and (2) (denote as hOCP ) is described as: 

                            arg min ( , )h
p

P
OCP J Q P                            (5) 

where P is the possible coding plane, P∈ {XY, TX, TY}; 

and ( )J   is not only a function of quantization parameter as 



in H.264 but also a function of coding plane P since both 
( )d  , and ( )r   relate to the actual coding plane. 

 
 

3. OCP PREDICTION 
 
In last section, we have shown the better performance of 
coding in OCP compared with coding in the traditional XY 
plane. We also have shown how to use brute force method 
(i.e., coding in the entire three possible coding planes) to 
select the OCP with the aid of designed RD cost function, 
the OCP is selected after actual video coding. However, the 
computational complexity of the brute force method is about 
three times of the standard coding schemes. In many 
application scenarios, the available computational resource 
is limited. Therefore, we propose an effective and efficient 
OCP prediction method prior to actually coding with H.264 
as described in this section. 

In our research, we find that for video sequences with a 
lot of motion such as “Football”, coding in traditional XY 
plane is the best; for video sequences with not too much 
motion, coding in TX or TY plane is usually the best. When 
video is with low motion, intra-frame prediction in TX (or 
TY) plane outperforms the BME in XY plane in removing 
the temporal redundancy since intra-frame prediction in TX 
(or TY) plane explores the temporal redundancy among a 
number of natural frames (within the PPU) rather than the 
temporal redundancy with only the previous frame (if one 
reference frame is used) or among several past frames (if 
multiple reference frames are used). Therefore, OCP can be 
prediction from content of the video, the lower the motion n 
video, the more like non-XY plane should be OCP. 

We use average inter-frame (XY) correlation 
coefficient to measure the amount of motion in a video. 
Following the notations in the previous section, P represents 
a coding plane with two directions, and we denote d as the 

rest direction (d∈ {X, Y, T}). The average inter-frame 

(formed in P) correlation coefficient (denote as dC ) is 

described mathematically as [13]: 
 

                         ( 1),

2,3,...

/

d
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            (6b) 

 
where dL  is the number of frames formed in P; ,k k lCC   is 

the inter-frame correlation coefficient between the thk  and 

the ( )thk l  frames; l =0, 1, 2…, dL k ; ( , )kp i j  represent 

the pixel  value located at ( , )i j  in the thk  frame; kp  and 

k lp  are the average values of the pixels in the thk  and the 

( )thk l  frames, respectively. 
To further reduce the computational complexity, we 

just use some sampled frames to calculate dC , therefore, 

l e s s  
Table 1. Average inter-frame correlation coefficients along T, Y 

and X axes, with and without sampling. 

sequence 
without sampling with sampling 

XC  YC  TC  XC  YC  TC  

Akiyo 0.960 0.949 0.999 0.961 0.944 0.999 
Football 0.825 0.666 0.543 0.837 0.641 0.536 
Mobile 0.888 0.757 0.975 0.889 0.766 0.975 

Tempete 0.757 0.633 0.938 0.751 0.606 0.937 
 
additions and multiplications are involved. dC  for sampled 

frames is calculated as: 
 

                     ( 1),
1 2

, ,...

/( )

S

d k k
N

k
S S S

C CC N S



                      (6c) 

 
where N is the size of PPU; S  is the sampling ratio which is 
defined as the number of sampled frames within a PPU over 
the PPU size. In our current, sampling ratio 1/8 is used. 

From Table 1 we can see that, TC  is in proportional to 

the amount of motion in video, i.e., among the four video 
sequences, “Akiyo” is the most static and has the largest TC ; 

“Football” with the most motion and has the smallest TC . 

We can also observer from Table 1 that dC  is largely the 

same with or without sampling. Therefore, we can use 
sampled frames to calculate dC , and use TC  to represents 

the amount of motion in video. 
Based on the above discussion, we propose low 

computational complexity (compared with brute force 

method) model to prediction OCP (denote as lOCP ) 
 

                         
1

1
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                         (7) 

 

To evaluation the accuracy of lOCP , we need to know 

the true OCP (denote as tOCP ) as a ground truth. In our 

research, tOCP  is obtained from observation of RD curves, 
e.g., there are three RD curves in Fig. 2 (a) representing the 
RD performance of coding in different plane. For a fixed 

bpp (0.4bpp), the plane is selected as tOCP  if its 
corresponding curve has highest PSNR. The results are 

shown in Table 2, for a comparison, we also show hOCP  in 
the fourth column of the Table. 18 video sequences are used; 
all of them are with QCIF resolution, and from the 1st to the 



128th frames. From the Table, we can see that the hOCP  can 

prediction tOCP  with 100% accuracy. The accuracy of 
lOCP  is not very high, however, we will shown in next 

section that lOCP  still can improve the RD performance for 
most sequences and on average. 
Table 2. Determined OCP at 0.4 bpp by using different methods. 

Index Sequence tOCP  hOCP  lOCP  
1 Akiyo TY TX 
2 Carphone XY 
3 Claire TY 
4 Coastguard XY 
5 Container TY TX 
6 Football XY 
7 Foreman XY 
8 Grandma TX 
9 Hall TY TX 
10 Highway TX 
11 Miss-America TY TX 
12 Mobile TY XY 
13 Mother-daughter XY TY 
14 News TY 
15 Salesman TX 
16 Silent TY XY 
17 Suzie XY 
18 Tempete TX XY 

 
4. DISCUSSION AND EXPERIMENTAL RESULTS 

 
In this section, we will provide some discussion about the 
OCP framework for H.264 video coding. We also use 
extensive experimental results to evaluate the overall 
effectiveness of the proposed scheme. The same video 
database with 18 sequences as listed in the second column 
of Table 2 is used. 
 
4.1. Computational complexity 
 
In this paper, we proposed two OCP determination method, 
one is the brute force method with the aid of RD cost 

function ( hOCP ); the other one is prediction OCP from 

average inter-frame correlation coefficient ( lOCP ). The 

computational complexity of hOCP  is about three times of 
the standard H.264, but it with high accuracy and therefore 
can be used in applications where only the RD performance 
is the concern. Compared with standard H.264, the second 
method need extra computation to calculate the inter frame 
correlation coefficient; however, the computation overhead 
is only about 0.22%. On average, the execution time for 

lOCP  and actually coding with H.264 is 0.15s and 67.68s, 
respectively, when simulated with Matlab 7.6.0 (R2008a). 
Therefore, the overall complexity of the coding framework 

lOCP +H.264 is approximately the same as standard H.264. 
 

4.2. Determination of the PPU size 
 
Now we discuss the impact of the PPU size. In our design, 
there is an initial coding delay since we can only start 
coding after the first PPU rather than the first frame, and 
this is somewhat like the method in [14] where the coding 
d e l a y  i s 

Table 3. PSNR gain of OCP. 

Index
0.2bpp 0.4bpp 0.8bpp 

hOCP lOCP hOCP  lOCP  hOCP lOCP
1 1.17 0.39 2.76 1.91 4.63 4.01 
2 0.00 0.00 0.00 0.00 0.00 0.00 
3 0.01 0.01 0.66 0.66 1.07 1.07 
4 0.00 0.00 0.00 0.00 0.00 0.00 
5 3.17 2.17 3.64 3.06 2.89 2.83 
6 0.00 0.00 0.00 0.00 0.00 0.00 
7 0.00 0.00 0.00 0.00 0.00 0.00 
8 0.80 0.80 1.37 1.37 1.34 1.27 
9 2.21 1.98 1.80 1.62 1.77 1.61 
10 0.69 0.69 0.60 0.60 0.69 0.69 
11 0.00 -1.55 0.09 -0.46 0.05 -0.18 
12 0.67 0.00 1.38 0.00 2.02 0.00 
13 0.00 -1.07 0.00 -0.40 0.38 0.38 
14 0.96 0.96 1.32 1.32 2.04 2.04 
15 1.98 1.98 2.41 2.41 2.86 2.86 
16 0.57 0.00 1.05 0.00 1.26 0.00 
17 0.00 0.00 0.00 0.00 0.00 0.00 
18 2.39 0.00 2.89 0.00 3.09 0.00 

mean 0.81 0.35 1.11 0.67 1.34 0.92 
 
the GoP (Group of Pictures) size minus one. Therefore, our 
OCP based coding method works well for video 
transmitting or storage but can not be used for interactive 
applications. Larger PPUs could be more efficient for 
exploring the temporal redundancy, while the drawbacks of 
larger frame memory and longer initial coding delay will 
surface. A larger PPU is also more likely to encounter scene 
change among the frames. One possible good solution is to 
conduct scene detection on the video sequence and set each 
scene as a PPU. In our current study, fixed PPU size of 128 
is used. 
 
4.3. RD performance 
 

In Table 3 we show the PSNR gain for lOCP  and hOCP  at 
0.2bpp, 0.4bpp, and 0.8bpp. We first plot the RD curve, e.g. 
as shown in Fig. 2 (a) where the data of rate and distortion 
is obtained by coding with H.264 by using the following 
value of quantization parameter: {1, 3, 5, … 17, 21, 25, … 
49}, the step size from 1 to 17 is 2 and that from 17 to 49 is 
4. Then we calculate the PSNR gain at fixed bpp as: 
                    P q P XYPSNR gain PSNR PSNR                      (8) 

where q  is lOCP  or hOCP . 

From the Table we can see that for sequences “Miss-
America (with index 11)” and “Mother-daughter (with 



index 13)”, coding in lOCP  will cause performance loss. 

However, on average, both lOCP  and hOCP  can improve 
the RD performance of standard H.264 and the 

improvement of hOCP  is more than that of lOCP . From the 
Table, we can also see that, the performance improvement 
increase with the increase of bite rate and with the decrease 
of motion in video. 
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Fig. 5. Averge RD curve for H.264, lOCP , and hOCP . 

 
In Fig. 5 we shown the average RD using 18 video 

sequences (?) curve for H.264, lOCP  and hOCP . From the 
figure we can see that the proposed OCP based framework 
for H.264 video coding is outperformance the standard 
H.264. 
 

5. CONCLUSION 
 

In H.264 video coding, form frames in XY plane is not 
always the optimal in terms of compression RD 
performance. Therefore, a novel optimal compression plane 
(OCP) based video coding framework is devised in this 
paper. Within the framework, we have then developed two 
OCP determination methods to adaptive to the available 
computational resource—brute force method with the aid of 
RD cost function, and prediction OCP by using average 
inter frame correlation coefficient prior to actually coding. 
Experiments have demonstrated that for a set of typical 
video sequences, the OCP based coding scheme achieves 
better RD performance when compared with the standard 
H.264 video coding scheme even if at approximately the 
same computational complexity. The proposed framework 
is compatible with existing H.264 video coding system. 
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