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ABSTRACT 
 
DCT-based CODECs such as MPEG-4 Visual and H.263 
“skip” many macroblocks during encoding of typical 
video sequences (i.e. no coded data is transmitted for 
these macroblocks). This paper describes an algorithm 
that predicts macroblocks that are likely to be skipped by 
the encoder. The algorithm estimates the increase in 
distortion due to not coding (skipping) each macroblock. 
Macroblocks that can be skipped with little or no increase 
in distortion are not coded, resulting in substantial 
computational savings without significantly affecting rate-
distortion performance. 

 
1. INTRODUCTION 

 
Software-only video CODECs based on standards such as 
H263 [1] and MPEG-4 Visual [2] are used in a wide range 
of applications and offer advantages such as flexibility 
and ease of upgrading and distribution. For many 
applications such as mobile videotelephony and PC-based 
conferencing, processing resources are at a premium and 
coding performance may be constrained by computational 
complexity. It is therefore important to develop methods 
to enable flexible management of computational 
complexity and coding performance. 

Previous work on reducing computational complexity 
of video CODECs has included many proposals for “fast” 
motion estimation algorithms [3,4,5,6] and reduced-
complexity DCT implementations [7,8,9]. In [10] we 
describe a variable-complexity algorithm that enables 
flexible and accurate management of DCT complexity in a 
software video encoder and a similar approach to motion 
estimation complexity is presented in [11]. Other 
approaches have been proposed for variable-complexity 
DCT computation [12,13] and motion estimation [14,15]. 
These papers show that variable-complexity algorithms 
can reduce computational complexity in a video CODEC, 
usually at the expense of increased distortion.  

A video encoder that conforms to MPEG-4 Visual or 
H.263 processes data in units of a macroblock (16x16 
luma samples and corresponding chroma samples). 
Macroblocks (MBs) are inter-coded (using motion-
compensated prediction from one or more previously 
encoded video frames) or intra-coded (without any 
prediction from other frames). After encoding, many 
inter-coded MBs have zero motion vectors (MV) and/or 
quantized coefficients (QCoeff). A MB with zero MV and 
all zero quantized coefficients is skipped (i.e. no coded 
data is transmitted for this MB). A significant number of 
inter-coded MBs tend to be skipped, especially for 
low/medium activity video sequences and/or higher 
quantizer step sizes. 

In [16] we present an algorithm that attempts to predict 
the occurrence of skipped macroblocks prior to encoding. 
Correct prediction of a skipped macroblock can save 
significant computational resources since all of the 
subsequent processing of the macroblock (motion 
estimation, transform and quantization, entropy encoding) 
can be avoided. In this paper we describe an improved 
algorithm for skipped macroblock prediction. For each 
macroblock, this algorithm estimates the increase in 
distortion at the decoder if the macroblock were skipped 
(compared to the distortion if the macroblock were 
coded). Macroblocks with zero or small estimated 
increase in distortion are not processed and are marked as 
“skipped”. The proposed algorithm provides a simple, 
controllable and robust method of managing 
computational resources, reducing computation whilst 
minimising distortion due to occasional incorrect skipping 
of macroblocks. 
 

2. MACROBLOCK DISTORTION AND SKIP 
PREDICTION 

 
At the decoder, the residual data is added to motion-
compensated reference frame samples to produce a 
decoded MB. The distortion of the decoded MB relative 
to the original, uncompressed MB data can be 
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approximated by a number of energy measures such as 
Mean Squared Error (MSE), Mean Absolute Error (MAE) 
or Sum of Absolute Errors (SAE). SAE is typically 
calculated during motion estimation and so is readily 
available in a video encoder. SAE for the luma samples of 
a decoded MB is given by: 

 

∑ −=
ji

ijijMB baSAE
,

  (1) 

 
In this equation, aij is an original luma sample value, 

bij is the corresponding decoded luma sample value and i,j 
range from 0 to 15. SAE increases (approximately) with 
decoded image distortion. We use SAEdiff , the difference 
in SAE between a skipped MB and a coded MB, as an 
estimate of the increase in distortion due to skipping a 
MB: 

 
SAEdiff = SAEskip - SAEnoskip  (2) 
 
SAEskip is the sum of absolute errors between the un-

coded MB and the luma data in the same position in the 
reference frame and is an approximate measure of the 
distortion if the MB is skipped (since the decoder copies 
the luma data from the reference frame when the MB is 
skipped). SAEnoskip is the SAE of the decoded MB 
(compared with the original, uncoded MB) and is an 
approximate measure of distortion if the MB is not 
skipped. A low value of SAEdiff implies that there is little 
advantage in coding and transmitting the MB; this could 
be because there has been no significant change from the 
reference (previously coded) picture and/or because the 
coded and decoded MB is significantly distorted. A high  
value of SAEdiff implies that there is a significant benefit 

in coding the MB (compared with skipping the MB). 
SAEskip is identical to SAE00, typically calculated as 

the first step of a motion estimation algorithm in the 
encoder (i.e. the SAE with zero displacement). SAE00 
(and hence SAEskip) is readily available at an early stage 
of processing of each MB. SAEnoskip is the SAE of the 
decoded MB (compared with the original, uncoded MB) 
and is not normally calculated during coding or decoding. 
Furthermore, SAEnoskip cannot be calculated if the MB is 
actually skipped. A model for SAEnoskip is therefore 
required in order to estimate SAEdiff (2). We propose the 
following model: 

 
SAEnoskip(i,n) ≈ SAEnoskip(i,n-k)    (3) 
 
Where i is the current MB number, n is the current 

frame and SAEnoskip(i,n-k) is the SAE of the most recent 
available decoded MB in position i. If the MB in position 
i in the previous frame was coded (not skipped), then k is 
1; if the MB in position i in frame (n-1) was skipped, then 
a stored SAEnoskip value from an earlier frame is used. 

Figure 1 plots SAEnoskip(i,n) vs. SAEnoskip(i,n-1)  for 
frame 100 of the sequence “Carphone” (coded using 
H.263 TMN10). This Figure demonstrates a clear 
correlation between the two quantities and so 
SAEnoskip(i,n-k) is therefore a good predictor1 for 
SAEnoskip. This model requires the encoder to compute 
SAEnoskip (a single calculation of equation (1) for each 
coded MB). The encoder calculates and stores SAEnoskip 
for each coded MB, so that older values of SAEnoskip for 
position i are replaced when a new MB is coded. 

Based on Equation (2) and using the model described 
above, we propose the following algorithm for selectively 
skipping (not processing) MBs. In this algorithm, SAEdiff 
is approximated by (SAE00-SAEnoskip{estimate}). 

 
MB Skip Model: 
 
SAEnoskip{estimate} = SAEnoskip(i,n-k) 
if (SAE00 – SAEnoskip{estimate}) < T 
 skip current MB 
else 
 code current MB 
 
T is a threshold that controls the proportion of skipped 

MBs. A higher value of T results in an increased number 
of skipped MBs (but also in an increased distortion due to 
incorrectly skipped MBs). 

                                                 
1 Other predictors for SAEnoskip (spatial and spatio-
temporal median predictors) were evaluated but this 
predictor was found to be the most effective of those 
tested. 
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3. EXPERIMENTAL RESULTS 

 
The standard video sequences “Carphone”, “Mother and 
Daughter” and “Foreman” were encoded with the H.263 
TMN10 encoder and with a modified version of this 
encoder that incorporates the MB Skip Model described 
above.  

Figure 2 demonstrates the trade-off between 
computational saving (due not processing MBs) and 
increased distortion (due to skipping MBs that would 
normally be coded). The “Carphone” sequence was coded 
with the MB Skip Algorithm algorithm with a fixed 
quantizer step size Q (8 or 16) and with increasing values 
of threshold T. The Figure plots the computational 
complexity (measured in terms of number of processed 
macroblocks) against the PSNR drop (i.e. the drop in 
PSNR compared with the same sequence coded using the 
TMN10 encoder). As the threshold increases (moving to 
the left and upwards on the graph), the percentage of MBs 
skipped by the algorithm increases, causing the 
computation to drop. At the same time, the number of 
“false alarms” (skipped MBs that should have been 
coded) increases and so the PSNR drop increases 
(compared with the TMN10 encoder). Figure 2 compares 
the performance of the new “MB Skip Model” algorithm 
with our previous algorithm described in [16]. The graph 
demonstrates that the new model out-performs our 
previous published algorithm (i.e. it achieves a lower 
computational complexity for the same PSNR drop). 

The performance of the MB Skip Model is plotted in 
Figure 3 for each frame of “Carphone” with the control 
parameter T chosen in order to skip 45% of macroblocks 
(i.e. only 55% of macroblocks are processed). The Figure 
shows the PSNR of each decoded frame, compared with 
the unmodified TMN10 encoder. The decoded PSNR 
drops by up to approximately 0.6dB compared with 
TMN10. 

Figure 4 shows the effect of the MB Skip Model on 
rate-distortion performance, with the threshold chosen so 
that only 55% of macroblocks are processed. The Model 
introduces a small rate-distortion penalty at higher bitrates 
and at low bitrates the rate-distortion performance is 
actually slightly better than the TMN10 encoder. This is 
because an increase in skipped MBs results in a smaller 
number of coded bits and, with careful selection of 
skipped MBs (i.e. choosing to skip MBs that do not 
significantly improve decoded picture quality), the 
reduction in bitrate tends to “balance out” the increased 
distortion. 

Similar performance results were obtained with the 
standard test sequences “Foreman” and “Mother and 
Daughter”. In each case, a different choice of T was 
required to obtain a similar proportion of skipped MBs. 
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Computational complexity  
 
The purpose of our proposed algorithm is to reduce the 

computational complexity during encoding and so it is 
important to identify any additional computational costs 
due to the classification algorithm. The MB Skip Model 
requires the calculation of SAEnoskip for each coded (not 
skipped) MB. This is not calculated in the TMN10 
encoder and so is an extra computational cost. The 
increase in computation required to calculate SAEnoskip 
was determined by comparing the total coding time of a 
200–frame sequence using (i) the TMN10 encoder and (ii) 
the TMN10 encoder with code added to calculate 
SAEnoskip. Calculating this quantity increased coding time 
by 0.4 – 0.6%, a negligible computational cost compared 
with the saving due to not processing a significant number 
of MBs. 
 

4. CONCLUSIONS 
 
This paper describes a method of computational 
complexity reduction in which a video encoder selectively 
codes MBs based on an estimate of the increased 
distortion due to MB skipping. The aim of this method is 
to save computation through not processing MBs that (a) 
are likely to be skipped and/or (b) do not significantly 
improve the decoded image quality. The encoder 
estimates the increase in distortion (SAEdiff) due to 
skipping (rather than coding) each MB and uses this 
estimate to determine whether the MB should be 
processed. The MB Skip Model described here can 
produce a significant reduction in MB processing with 
only a modest rate distortion penalty compared with 
TMN10 (and even a small improvement at low bitrates). 
The model requires additional computation of a parameter 
SAEnoskip but this computational cost is negligible 
compared with the reduction in MB processing. 

The algorithm presented here provides an effective and 
controllable method of reducing computation in a video 
encoder. Further work is required investigate other 
prediction methods for the parameter SAEnoskip , optimal 
methods of choosing the threshold T and real-time 
implementation of the algorithm. The work described in 
this paper is the subject of UK patent application 
0229354.6. 
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