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Abstract This paper addresses issues in the design and implementation of real time high 
quality DV video encoder in software. Such sojiwure assumes importance in PC based 
capture-encode-edit-transcode-store applications, which are gaining immense popularity 
because of the cost advantages with software only systems, possible now due to rapid 
increase in native signal processing power of a PC. A method to distribute bits within the 
videosegment to yield the best possible quality at the $xed bit rate is suggested. A novel 
solution to the problem of macroblock quantization number selection with minimal 
quantization-variable length encoding cycles is also proposed, which is the major eficiency 
bottleneck in softwure DV encoding. Our sojiware encodes faster than real time PAL and 
NTSC video on a Pentium-4 2.0 GHz PC at high quality. 
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1. INTRODUCTION 

DV was announced in 1993 [ I ]  aimed at digital home-use recording of high-quality video 
signals. Subsequently the scheme has been standardized [2] and a number of DV based 
camcorders have been appearing in the market since 1995. The development of the DV 
standard is done to satisfy a number of constraints such as easy editing at the picture level, 
robustness to multiple compression-decompression cycles, easy forward and backward search 
and playback, high picture quality, etc. DV has been very successful in providing an easy and 
convenient medium in the above respects, though at the disadvantage in terms of compression 
when compared with MPEG. In a typical application, DV is used at the acquisition-editing 
stage and MPEG based formats are used at the storage-distribution stage. The acquisition of 
DV video is done via the DV camcorders and editing is done on dedicated hardware for 
professional use. 

Today home use consumer electronics designers are moving towards camcorders with PC 
based software solutions. DV encoded video from the camcorder is transferred to a PC for 
editing, transcoding and subsequent storage or distribution. This has been possible due to the 
native signal processing power of the PC, which is expected, to further increase manifold in 
the coming years. Current systems can easily handle special effects and transcoding [3] to 
MPEG in software. The proposed algorithm handles real time encoding of raw video into DV 
video stream on Pentium-4 2.0 GHz PC. Only a simple audio-video digitization card along 
with a camera would be required for this application bringing down the cost drastically while 
providing the flexibility of software encoding. Such a card could also be used to capture 
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content from other sources such as VCR, DVD players, etc. and the PC could be used 
subsequently for DV encoding, editing, special effects and storage. 

Quantization Parameter 
Selection 

1 

Fig. 2: Variation of the Quantization Scale 

1 

Implementing DV encoding in software imposes a number of challenges due to high input 
resolution. The DV video encoding standard operates at a fixed bit rate. The bit rate is 
constant at the video segment level onwards, which is a collection of five macroblocks taken 
from different portions of the image for content averaging. The first research issue is how to 
distribute bits within the fixed video segment budget. This will have a significant impact on 
the quality within a video segment. The second research issue is how to determine the 
quantization scale that will produce bits after variable length encoding less than the video 
segment budget but without any wastage. The brute force approach is to try all possible 
quantization scales, perform variable length encoding on them and take the best-fit 
quantization scale. But this approach is computationally very expensive in software and is 
commonly implemented using multiple processing units in hardware [4]. Solutions to these 
problems along with descriptions on the other portions of the codec are discussed in the rest 
of the paper. 

Section 2 discusses the DV video compression algorithm and identifies the software DV 
implementation bottlenecks. Section 3 discusses solutions to the research issues on sub- 
videosegment budget allocation and fast quantization number Selection. Section 4 gives 
details of the overall encoder implementation and performance. In section 5, results and 
conclusions are discussed. 

2. DV VIDEO COMPRESSION 

Figure 1 shows the block diagram of the DV video compression methodology. DV is an 
advanced intra frame DCT-based compression algorithm. The video input resolution is NTSC 
(4:l:l sampled, 720x480 at 30 frames per second) or PAL (4:2:0 sampled, 720x576 at 25 
frames per second). Five macroblocks are selected form a frame in pseudo random manner 
from different locations of the frame using a method specified by the standard. Each 
macroblock consists of four 8x8 luminance and two 8x8 chrominance blocks. The aim of the 
selection from different portions of the image is to average the spatial content. Such a 
selection forms a video segment. This process of video segment formation is called as 
shuffling. The next step is DCT encoding of the 8x8 blocks in all the macroblocks. DV 
standard supports 2 DCT encoding methods. Either 8x8 DCT can be applied to the interleaved 
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fields or each of the fields can he DCT transformed separately with a 4x8 transform. The 
selection method is not specified in the standard. After DCT the coefficients are scaled with a 
specified method. 

Table 1: PSNR with and without sub- Table 2: Average number of Quantization- 

28.768172 calendar 

Stefan 38.397783 35.612923 

VLE cycles required with estimate only, 
with estimate and finer adjustments and 

with the brute force method. 

The next step after the DCT is quantization. The quantization process is controlled using 
two parameters. The first parameter is class number, which controls the quantization scale at a 
very coarse level. The class number selection is usually done based on the maximum 
amplitude of the DCT transformed AC coefficients. The class number is specified at the block 
level and there are 4 possible classes. The second parameter is quantization number (QNO). 
QNO controls the quantization scales at a finer level once the coarse selection of scale is 
specified by the class number determination. There are a maximum nine possible quantization 
numbers that can he vaned for each class depending upon the availability of hits keeping in 
mind the overall budget constraint of the video segment. The QNO can only be vaned at the 
macroblock level. The quantization scale also varies with the zigzag position of the AC 
coefficients. The coefficients closer to the DC value are quantized with lesser scales and high 
frequency components are quantized coarsely. The 8x8 DCT block after zigzag scan is 
divided into 4 portions specified by area numbers. Figure 2 shows the quantization scale 
variation with class number, QNO and Area Numbers [ 2 ] .  

After the quantization the quantized data is variable length coded. A two-dimensional 
variable length encoding method is used with the amplitude and run of zeroes before the 
present coefficient being encoded by variable length codes. The variable length coded, 
quantized, and zigzag scanned DCT coefficients are then used to form compressed segments. 
The budget of the compressed segment is fixed at 2560 bits by the standard and there are no 
restrictions or specifications on how to distribute bits amongst the macroblocks and in the 
macroblock amongst the blocks. The role of the Quantization Parameter Selection block 
shown in Figure 1 is to select the class number and QNO such that after the variable length 
coding the compressed segment budget is not exceeded yet maximally utilized. The simplest 
way to maximally utilize the hits is to try all the quantization scales one by one starting from 
the finest quantizer for whole of the videosegment and stop where the hits fit into the fixed 
budget by reducing the quantization scale of the block taking maximum hits. Each such 
attempt to find the quantization scales would require quantization and Variable Length 
Encoding (VLE) of the block data requiring enormous amounts of computation. Though we 
may find the quantization scales to yield the hest fit into the budget but we may not achieve 
the best quality with this method. In trying to maximize the hits used we also need to make 
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Before 
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sure that we give the blocks with more spatial activity more number of bits. An integrated 
approach to distribute bits amongst sub-videosegment units and fast quantization number 
selection is presented in the next section. 

After 
Optimization 

Table 3: PSNR and percentage of bits used 
with and with only estimate and with 

Form video 
segment 
VLE 
Frame Reading 
Miscellaneous 

Table 4: Profile Information for Encoder 

6.1 8.6 

10.7 27.0 
3.6 8.7 
9.6 23.1 

Classification -&I 

3. BIT DISTRIBUTION AND FAST QUANTIZATION NUMBER SELECTION 

First of all we determine the spatial activity or measure of content in a DCT transformed 
block. The more the activity in the block the more bits should be allocated from the video 
segment budget. The macroblock spatial activity is found as sum of the block activities. By 
comparing activities and allocating appropriately from the overall video segment budget can 
determine the macroblock budgets. If the activity measures are appropriate, such a measure 
would also be highly correlated with the actual number of bits used by the block after 
quantization and variable length encoding as demonstrated in [5].  We devised such a simple 
measure of content in a block operating on the DCT transformed data. 

The spatial activity is saturated-scaled sum of absolute value of all the AC coefficients. 
Saturation is done to a maximum value of the AC coefficients since a very high amplitude 
value will not be much more perceivable than a high value. Scaling is done according to the 
area numbers with low frequency components being given more importance than high 
frequency content. 

Such content measure is calculated for all the blocks and macroblocks in the video 
segment and budgets are allocated accordingly. Table 1 shows the PSNR gains by making 
sub-videosegment budget allocations and then selecting appropriate quantization scales to 
maximize individual budgets as compared to maximally using the videosegment budget alone 
by starting at the lowest quantizer level for all blocks and increasing the scale for the block 
using the maximum bits until the budget is not exceeded. The latter is the most common 
approach followed in structured hardware implementations. 

The next step is to determine the quantization number so that the bits are maximally 
allocated. We find that our energy measure is strongly correlated with the number of bits as 
expected and as found for similar energy measures [5].  Figure 3 shows the variation of actual 
number of bits after variable length encoding for class 3 data with the content measure for 
different quantization numbers. The relation is almost linear in nature. Statistics are collected 
over large video data for variation of the bits after variable length encoding with different 
quantization numbers. Average statistics are collected for different energy levels for each of 

314 



EC-VIP-MC 2003.4th EUWSIP Conference focused on 
Video / Image Processing and Multimedia Communications, 2-5 July 2003, Zagreb, Croatia 

the class number separately. These tables can now be used to lookup the estimate of 
quantization numbers depending on the bit budget of the particular macroblocks. Bits used by 
macroblock after variable length encoding are estimated for each quantization number, by 
adding individual block estimated bits (from table lookup). The quantization number with 
closest estimate of bits is taken as initial estimate of quantization number for the macroblock. 
The macroblock block is next quantized with the estimated quantization number and if the bit 
budget overflows or undefflows further adjustments to the quantization number can be done. 
Usually a single further modification is sufficient to meet the budget requirements. Table 2 
shows the average number of quantizations required with this table lookup method of 
quantization number selection for different sequences. It also shows the number of 
quantizations using the brute force approach and after fine adjustments to the estimate for 
maximizing the budget usage. Here macroblocks having bit budget equal to zero are not 
considered for quantization. 

Table 3 shows the PSNR and percentage of budget utilized with and without finer 
adjustments to the quantization number estimates. Clearly the difference in PSNR is not much 
with and without finer adjustments proving that the estimation method predicts close to the 
actual value after fine adjustments. 
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Fig. 3: Variation of Bits with Spatial Activity Measure 

4. OVERALL VIDEO ENCODER 

A C language reference code for the video encoder is first developed followed by SIMD 
Pentium-4 specific assembly optimizations. Improvements are made to the finer adjustments 
of the quantization number selection portion of the algorithm by adaptively increasing and 
decreasing the present value depending on the amount of overflow and underflow. It was seen 
that in some places during fine adjustments to the quantization number in trying to maximize 
the bit budget the overall budget exceeded. Such cases were predicted and previous quantized 
data was maintained and reverted back to instead of requantizing. All the divisions in the 
algorithm were converted to fixed-point multiplications to reduce the number of cycles. 
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The most computation intensive portions of the video encoder are the quantization- 
variable length encoding, followed by the DCT. 2D-DCT is the ideal candidate for SIMD 
optimizations when implemented with the row-column DCT approach. Quantization, video 
segment formation and spatial activity calculation were also implemented in assembly. Table 
4 shows the profile information for C code and after SIMD optimizations. Table 5 shows the 
overall encoded frames per second values achieved for various test sequences on a Pentuim-4 
2.0 GHz machine with 2.56 MB RAM. 

5. RESULTS AND CONCLUSIONS 

In this paper, we described the design and implementation of DV software encoder. We have 
highlighted some of the challenges in encoding process and discussed how our encoder 
implementation addresses these issues. A brute force encoder with efficient convergence 
towards final quantization number is implemented for comparison. Allocation of sub- 
videosegment budgets improved the bit distribution over macroblocks in the video segment 
leading reasonable increase in PSNR. The reduction in number of quantizations and variable 
length encoding operations using the proposed rate control method is close to SO% when 
compared to the brute force approach. Optimized SIMD assembly code works real time on 
Pentium-4 2.0 GHz processor. 
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