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Abstract 
 
Design and operation of an encoder involves the optimization of many decisions to achieve the best possible trade-
off between rate and distortion under the given constraint on delay and complexity. In this paper, a new rate-
control algorithm is proposed by optimal bit allocation and macroblock mode selection. It is low-complexity, sin-
gle-pass algorithm applicable in areas that are sensitive to delay and having very limited resources. Improvement 
in PSNR is obtained for video sequences with varying contents and bit rate. The algorithm does not violate the 
buffer constraints. 
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1. Introduction 

Digital video communication can be found today in many applications such as video-on-
demand, video conferencing, broadcasting and Internet. The basic communication problem 
may be posed as conveying source data with the highest possible fidelity within the avail-
able bit rate. Conveying the source data using the lowest bit rate possible while maintaining 
a specified reproduction quality decides its rate distortion performance. 

 International video coding standards that have been developed in the last decade offer 
very high compression ratios, allowing transmission, storage and manipulation of visual in-
formation in various environments. For achieving high compression ratios, hybrid video 
coding is used. Traditional still image compression methods based on DCT and quantisation 
are adopted to reduce spatial redundancy. Temporal compression is done by methods such 
as motion-compensated prediction and frame skipping.  

 A hybrid video encoder typically processes as follows. Each picture is split into blocks. 
The first picture of video sequence is typically coded in intra mode. For all remaining pic-
tures of the sequence or group of pictures (GOP), inter picture coding is used. The encoding 
process for inter prediction consists of choosing motion data comprising the selected refer-
ence picture and motion vector (MV) to be applied. The motion and mode decision data, 
transmitted as side information, is used by encoder and decoder to generate identical inter-
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prediction signal using motion compensation (MC). The residual of intra- or inter-prediction, 
which is the difference between the original block and its prediction is transformed by a 
frequency transform. The transformed coefficients are then scaled, quantised, entropy coded 
and transmitted together with the prediction side information. The encoder duplicates the 
decoder processing so that both will generate identical predictions for subsequent data. The 
quantised transformed coefficients are then inverse-transformed to duplicate the decoded 
prediction residual. The residual is then added to the prediction and the result of that addi-
tion may then be stored for the prediction of subsequent encoded pictures [1].  

 The design and operation of an encoder involves the optimization of many decisions to 
achieve the best possible tradeoff between rate and distortion, given the constraint on delay 
and complexity. The task is complicated by the fact that the various coding options show 
varying efficiency at different bit rates or levels of fidelity and scene contents. In order to 
obtain an optimal encoder, focus is given to image preprocessing, motion estimation, coding 
mode decision and rate control. Design of rate control algorithm should ensure that the 
video buffers do not overflow or underflow. If this condition is not satisfied video information 
can be lost and thus the reconstructed video at the decoder is seriously damaged [2]. 

 Among the encoder modules, motion estimation (ME) module produces both motion vec-
tor and prediction residual for each macroblock. Most encoder implementations have usu-
ally been designed with a certain motion search strategy where a displacement vector that 
produces a minimal energy residual is selected to represent the MB motion. With such a 
strategy, the rate of the residual will be minimum but a large portion of the bit rate is con-
sumed by coding transform coefficients. Coding the motion information also requires cer-
tain number of bits that becomes relatively substantial as the overall bit rate decreases. 

 Another important block in the encoding process is the determination of the coding mode 
for a given input source. As video sequence contains widely varying contents, the encoding 
performance can be improved if different strategies are permitted to code different regions. 
Existing hybrid coders utilize several modes of operations that are selected on the MB-by-
MB basis [3, 4]. 

 The method presented in this paper is a one-pass method in which the selection of field 
or frame mode at macroblock level is done by considering the activity of the scene. The 
very first step, discussed in Section 2, is the analysis of MPEG2 encoder at macroblock 
level. An algorithm using new method for macroblock mode selection is developed in Sec-
tion 3. The quantisation parameter is modified depending on the macroblock type and the 
activity analysis. Test results using proposed algorithm are given in Section 4. Conclusions 
are presented in Section 5. 
 
2. Mode analysis of MPEG2 standard 

In MPEG2, the standard that uses TM5 for rate control, and motion estimation mode is  
decided by selecting the mode with the lowest residual energy. Given the motion estimate 
intra/inter decision is made next, based on the luminance prediction error. With a given pic-
ture-level mode, there are various macroblock modes that are associated with it. The rela-
tionship between the picture- and the macroblock-coding modes is as shown in Fig. 1. 
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 FIG. 1. Mode analysis of MPEG2. 
 

 MPEG2 video encoder may use either frame- or field-only coding. In frame-only coding, 
all the frames of a sequence are encoded as frame picture and in field-only coding, frame is 
encoded as two field pictures. All macroblocks within I picture are coded intra; however, 
macroblocks within a P picture are coded either as intra or non_intra. Macroblock within 
the B pictures can be independently selected either as intra, forward predicted, backward 
predicted or both forward or backward predicted (Interpolated). Macroblock header con-
tains an element called macroblock_type that can flip these modes on/off. Skipped macrob-
lock is the macroblock for which no data is encoded. In decoder, skipped macroblock is 
detected by information of Macroblock Address Increment (MBAI) that indicates the dif-
ference between macroblock address and the previous macroblock address increment. In 
skipped macroblock, the decoder has neither information on DCT coefficients nor on mo-
tion vector. Macroblock type regarded as skipped macroblock in P picture is macroblock 
type having a not coded or a NO MC. In B picture, macroblock is skipped when prediction 
type and motion vectors are the same compared to previous macroblock. There are no 
skipped macroblocks in I pictures [5]. 

 The study of MPEG2 encoder for different video sequences shows the following observa-
tions. Three sequences, Susie, Tennis and BBC3, with 356 × 288 pixels and frame rate of 
25 f/s were used for analysis. 

1. The macroblock coding type and the number of bits of encoded macroblock are inti-
mately related to each other.  

2. Many coded macroblocks in intercoded frame have zero motion vector or quantised co-
efficients. 

3. Quality of the reproduced picture can be improved if more number of bits is allocated to 
intracoded macroblock in P and B pictures. 

4. Statistics of encoder shows that some macroblocks with low sum of absolute differences 
are not skipped. 

5. Human visual system is more sensitive to distortion in smooth areas and can tolerate 
more distortion in highly textured areas. 

6. Distortion is more visible in brighter areas than in dark areas. 
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Fig. 2. Intracoded macroblocks in P and B frames. FIG. 3. Skipped macroblocks in P and B frames. 
 

7. If the number of actual coded bits is larger than the allocated target bits reproduced, pic-
ture quality degrades and there is possibility of buffer overflow/underflow. 

8. Buffer can be prevented from overflow or underflow if difference between target and 
actual number of bits is kept within a threshold. 

 For progressive sequences at picture level, frame-only mode is used, but at macroblock 
level, either field or frame mode is selected. The sequence or the part of sequence with high 
motion activities favor field-only coding, while sequences with low motion activities favor 
frame only coding at macroblock level. For selection of macroblock mode as field or frame, 
it is advantageous to take scene activity into account. 

 It is observed that the number of intracoded and skipped macroblocks in a video se-
quence are related to the amount of motion present in the picture. For scenes having com-
plex motion, the amount of intracoded and skipped macroblocks is more in P and B frames. 
The number of Intracoded macroblocks is zero for Susie sequence, which has least motion 
while for Tennis and BBC3 sequences it is more. All the sequences were encoded with the 
same buffer size and bit rate. Figures 2 and 3 show comparison of intracoded and skipped 
macroblocks for these sequences. 
 
3. Single-pass rate-control algorithm  

Several methods for applying R-D theory in MB mode selection are presented in the litera-
ture where the distortion-based approach of TM5 is modified by applying Rate Distortion 
theory. In general, the encoder performance is measured by bit rate R and distortion D in-
troduced in the encoding process. In an R-D optimization framework, the goal is to mini-
mize the distortion D, subject to rate constraint. This problem can be read as  

Min {D(R)}  subject to R < Rt 

where Rt is the allowed rate. The above constrained problem can be solved using Lagran-
gian optimization. Improved coding efficiency is obtained at the cost of increase in coding 
time and complexity. For applications with very limited resources and low delay require-
ments this will not be helpful.  
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 The coded type of macroblock and the number of bits of encoded macroblocks are 
closely related to each other. Therefore, they should be determined jointly in order to obtain 
better performance. In TM5, quantisation parameter is calculated by eqn (1). 

  _j j jmquant Q N act= ×  (1) 

where Qj is the modulation parameter, which indicates the contribution from the buffer full-
ness and N_actj is the normalized activity indicating the contribution from the activity 
analysis on the j th macroblock. The contribution to rate control from buffer fullness is rela-
tively straightforward in MPEG2 where three virtual buffers are allocated to accommodate 
the encoding process for I, P, B frames, respectively. To encode an x-type frame, virtual 
buffer fullness is determined at macroblock level and is then used to determine the modula-
tion parameter Qj for the j th macroblock. This operation can be described by eqn (2). 

  ( 31 _ ) /(2 _ ),j jQ d picture rate bit rate= × × ×  (2) 

where dj is the virtual buffer fullness for the j th macroblock inside the x-type frame. It is de-
termined according to target bit rate allocated to the frame to be encoded, the number of 
bits generated by encoding the previous (j  – 1) macroblocks inside the frame and the initial 
buffer fullness before the encoding of this frame starts [6, 7]. 

 The information of the coded type of macroblock is not used in the calculation of the 
quantisatioin parameter. To improve the quality of reproduced picture more number of bits 
can be allocated to the intracoded macroblocks within the P and B pictures. Quantisation 
parameter for the intracoded macroblocks within the P and B type of picture can be reduced 
by a factor. The factor is calculated depending upon the difference between the target and 
the actual number of bits for that macroblock. All the macroblocks in I frame are intra-
coded. Some of them can be quantised with a higher quantisation parameter. 

 The algorithm is as follows: 

 Step1: Target bit allocation at picture level and calculation of reference quantisation pa-
rameter according to TM5.  

 Step2: Macroblock mode selection. For progressive video sequences, select macroblock 
mode as field mode if the activity of that macroblock > avg_act, where avg_act is the aver-
age activity of the previous frame. 

 Step3: For allocation of quantisation parameter to every macroblock, check the picture 
type. If it is I picture go to step 5. 

 Step 4: For P and B frames, check whether it is macroblock intra, if not go to step 4. 

 If it is Intra coded macroblock modify mquant using eqn (3). 

  .mquant mquant factor= −  (3) 

Factor is obtained from lookup table. It is decided depending upon the difference between 
the target and the actual number of bits so as to take care of buffer overflow and underflow. 

 Step 5: Find the difference between the activity of the current and the previous macrob-
locks. If it is less than a threshold, increase mquant for that macroblock by 1. 
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FIG. 4(a). Comparison of SNR for Tennis. FIG. 4(b). Comparison of SNR for Susie. 
 

   

FIG. 4(c). Comparison of SNR for BBC3. FIG. 5. R-D plot for BBC3. 
 

4. Test results 

To verify the effectiveness of the proposed algorithm, it is incorporated into the software 
MPEG-2 encoder. While the algorithm is designed at macroblock level, its performance as-
sessment is carried out at frame level. This is mainly because the R-D performance of any 
video compression system is always evaluated at frame level, i.e. peak singal-to-ratio 
(PSNR) calculation is done at frame level rather than at macroblock level. The algorithm is 
compared for performance with the results of TM5 rate control scheme. The simulation was 
done for four sequences BBC3, Susie, and Tennis. In all experiments, the number of en-
coded frames was 100. Each video sequence was coded with a fixed GOP structure of 12 
with distance between P frames equaling 3. Buffer size was set equal to 40*16 kbits. Simu-
lation was done for bit rates of 1, 1.5, 2, 3 and 5 Mb/s. Figure 4 shows the PSNR perform-
ance comparison for TM5 and the proposed mode selection rate control algorithm for 
Tennis, Susie and BBC3 sequences at 1.5 Mb/s. Figure 5 gives R-D plot for BBC3 se-
quence. The results indicate that significant PSNR gains can be obtained with the proposed 
algorithm. The algorithm was tested under various buffer capacities to ensure that it would 
not violate buffer constraints. The buffers do not overflow or underflow for variation in size 
from 20*16 to 80*16 kbits. 
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5. Conclusion 

For selection of macroblock mode as field or frame it is advantageous to take scene activity 
into account. Many macroblocks within P and B pictures are intracoded. To improve picture 
quality more bits can be allocated to these macroblocks. All the macroblocks within I pic-
ture are intracoded. To control the output bit rate, some of the intracoded macroblock are 
coarsely quantised. The proposed algorithm offers improvement in PSNR for various video 
sequences. The algorithm does not violate buffer constraints under small, medium and large 
buffer capacities. 
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