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Compressing: A World of 

Codecs 

We have used the term 'codec' quite a lot in earlier chapters without defining what it 
means. A codec is just a compression and decompression engine. It does not refer only to 
digital video, but also to audio and other forms of data. However, in this book, we are 
only concerned with video and audio codecs. 

Previously, we classified codecs as lossless and lossy. This classification is only evident 
for audio and video codecs. Data compression does not tolerate data losses, so all data 
codecs are lossless. Imagine compressing a very important archive of documents only to 
find they are corrupted when you decompress them! You probably do not want that to 
happen with your video or audio. Lossy video codecs exploit redundancies in the video 
frames and insensitivities of the human visual system to reduce the amount of data 
required to represent the original video.  

Audio codecs take advantage of properties of the human auditory system, striving to 
squeeze the bits of the audio stream. Of course, this process is irreversible. By definition, 
the compressed data cannot be re-constructed to be identical to the source. The aim is to 
make this process as accurate as possible and thereby produce the best approximation! In 
technical terms, lossy codecs (given the constraints of bit-rate and distortion) attempt to 
minimize the error between the original and decompressed streams. 

Microsoft Windows has several video and audio codecs installed by default, but most of 
them are somewhat deprecated and out of date. On the other hand, there are numerous 
other commercial and free codecs and most are accessible from the Internet. Obviously, 
people with limited budgets would prefer the free to the commercial ones, and most 
companies are starting to realize that the end user cannot spend a vast amount of money 
to encode a video every now and then.  

The decoders for the codecs are normally offered free so that anyone can watch a video 
encoded with a given codec, even if it is commercial.
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In this section we present some of the codecs compatible with VirtualDub. There are 
several others, but their description is out of the scope of this book. We will compare 
them at the conceptual rather than the implementation level because: 

1. The relative merits of visual and audio quality are entirely subjective. 
2. The quality of a particular implementation often changes from version 

 to version.  

Often, evaluation versions of codecs are offered and if you are keen in keeping up-to-
date, you can check the online reviews and community discussions. Always perform your 
own tests because what might work for someone else might not work for you and vice 
versa. The following tables provide information on a few popular codecs: 

Video codecs  

Name Type Location 
http://neuron2.net/www.math.berkeley.edu/ 
benrg/huffyuv.htmlHuffYUV Free / Lossless 

Commercial / 
Lossy DivX http://www.divx.com/

XviD Free / Lossy http://www.xvid.org/

Commercial / 
Lossy 3ivX http://www.3vix.com/

Morgan 
MJPEG 

Commercial / 
Lossy 

http://www.morgan-multimedia.com/

Pegasus 
Imaging 
MJPEG 

Commercial / 
Lossy 

http://www.pegasusimaging.com/

Commercial / 
Lossy On2 VP6 http://www.on2.com/

 
Audio codecs  

Name Type Location 

LAME 
MP3 Free / Lossy http://mitiok.free.fr/

Official website is FhG IIS 
MP3 Commercial / Lossy http://www.iis.fraunhofer.de/, but it is not 

distributed any more 

Speex Free / Lossy http://www.openacm.org/  
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Vendors such as Microsoft and Real Networks provide their own codecs, but they are not 
compatible with VirtualDub and therefore not described in this book. 

You should not expect lossless codecs to achieve very high compression ratios; certainly 
not as high as lossy codecs. On the video side, HuffYUV has established a large user-
base over the years since it is very stable; it is based on the Huffman tables utilized in 
many data compression formats as well.  

You must have noticed that there are two Motion JPEG (MJPEG) codecs in the above 
table. Although lossy, this family of codecs provides good quality at low compression 
ratios as each frame is coded independently and errors do not accumulate. The 
compression algorithm is based on the popular JPEG image compression standard.  

The third family of codecs in the above table is based on the MPEG-4 video-coding 
standard—DivX, XviD, and 3ivX. The similarity of names is due to their parent—
OpenDivX; all three inherit from the latter in one way or another. This family offers very 
good lossy compression with good quality at high compression ratios.  

Last but not the least, there is On2's VP6—a proprietary technology that is not based on 
any known standard methods. This does not mean that VP6 is necessarily inferior to other 
codecs that use standard methods; interoperability, however, is unavailable. 

There are fewer choices on the audio side. As with video codecs, the interfaces offered by 
Windows and supported by VirtualDub have become very limited and tedious to use. 
Most vendors have moved on to the new DirectShow platform, which has more 
capabilities. The two codecs available at the time of authoring are LAME and Speex.  

LAME is an MP3 encoder, compatible with almost every device having 
playback capabilities.  

• 

Speex is a proprietary format that is largely used for speech encodings; it 
provides good compression ratios for speech at a good quality, but does not 
perform well for music.  

• 

There is a commercial MP3 codec made by Fraunhofer (FhG), but you will only be able 
to find it at locations other than the official website. Last but not the least, there is an Ogg 
Vorbis codec compatible with VirtualDub, but it has not been updated for quite some 
time and is therefore not recommended. 

Most vendors tend to provide playback software for a few platforms (Windows, Linux, 
Macintosh, etc.). These change from time to time so do check each vendor's website to 
see if your target platform is supported. Open standards disassociate a technology from 
any one particular vendor and give more freedom to the end user; we will go into more 
detail on compatibility and open standards in the following section. 
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Interoperability and Open Standards 
Interoperability is a very controversial subject, with many keen fanatics on both sides of 
the issue. It can be defined as the ability to exchange and use information. How does this 
apply to the world of computers? Consider DVDs as an example: once you buy a film on 
DVD, you can play it back on your computer, portable/set-top DVD player, and 
nowadays in your car! All those devices, even though they are different, can read and 
understand the DVD format. This is because DVD is based on MPEG-2—a standard 
developed over many years of research by video experts from many companies and 
organizations. 

MPEG-2 aimed for high quality and high bit-rate applications and therefore has limited 
scalability. Mediums having lower capacity (e.g. networks or digital discs) are unable to 
use MPEG-2 effectively. The next video standard—MPEG-4, was developed with 
scalability in mind and so many more devices are able to decode MPEG-4-compliant 
streams. This includes all of the devices mentioned earlier, as well as cell phones, PDAs, 
and any other device with reasonable processing abilities! MPEG is a body that defines 
open standards; any company or individual can access the standards for a fee. More and 
more companies thus get involved and the end user enjoys a larger variety of products. 
An MPEG-4-compliant video stream should be decodable by any compliant decoder of 
the same or higher processing capabilities—be it software or hardware. The controversy 
lies in the fact that patent fees support the development costs of the standard for 
commercial applications.  

These characteristics guarantee a much greater chance of being able to transfer your 
videos from one device to the other, but they do not guarantee a higher quality than their 
rivals do. It is yet another case of using the right tool for the right job; if you are 
concerned about who is going to be able to play back your video then you should pick the 
codec that uses the standard with the appropriate interoperability attributes. On the other 
hand, if you are most concerned about the perceived quality and you can safely assume 
all the viewers will possess the corresponding decoder then you should use the codec you 
visually like the most, even if it is based on a proprietary technology. 

However, even if you use any of the MPEG-4 codecs listed above to encode your video, 
you cannot play it back on any MPEG-4 compliant device. Although your video will be 
encoded in a supported format, your audio might not be (MP3 should be OK). Even if it 
is, the file format will be different from that of MPEG-4. In other words, the device will 
need to be able to parse the AVI file format, but there are ways and free applications to 
convert an AVI file to native MPEG-4 file (e.g. MP4 UI from 
http://mp4ui.sourceforge.net/). It is best to follow the latter method as MPEG-4 
AVI players might restrict the accepted codecs to one particular vendor. 
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Older Codecs 
Windows ships with several codecs that VirtualDub may use. Launch VirtualDub to see 
what options are available to you. Select Video | Compression (the associated keyboard 
shortcut has changed in version 1.6.0 from Ctrl C+  to Ctrl+P): 

 

The list is populated with all the codecs available to VirtualDub. When you select one, 
VirtualDub will also display any known restrictions such as accepted color spaces on the 
right. In all honesty, the only codecs that you might ever use from that list are Microsoft's 
H.261 and H.263 codecs. H.261 was designed for video-conferencing applications at bit 
rates that are multiples of 64 kilobits per second. H.263 advanced on H.261 resulting in 
higher coding efficiency. Unfortunately, both of them are locked and you cannot use 
them to compress video! Do not sigh; they are not exactly state-of-the-art anyway! 

The same applies to audio codecs; the one that ships with Windows does not permit high-
quality encodings. In particular, the MP3 codec bundle allows encodings of up to 56kbps 
at 24 kHz. At those bit-rates, the MP3 standard cannot perform well enough for archiving 
video; it might be suitable for low-quality Internet video. To check the list of codecs, 
select   Audio | Full Processing Mode and then  Audio | Compression. The resulting dialog 
will look like the following screenshot: 
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You can see the two extra codecs (LAME and Speex) that I have installed; we will learn 
how to install them in the next section. 

Adding Codecs 
Before you go ahead and buy any of the listed commercial codecs, you should try their 
evaluation versions and compare them with the free ones. Most vendors allow 30 days of 
encoding time or a limited number of encodings, so you should be able to encode a few 
of your videos. If you are not satisfied with the output or you feel that the free codecs 
serve you better, go with your instinct—there is nothing to guarantee that commercial 
software will be better than free software! A lot of the time, free software gives highly 
priced software a hard run for money: VirtualDub is a perfect example—it's the king of 
video-processing applications in its range. 

Codecs will often come with an installer, in which case installation is trivial. Double-
click on the executable and follow the instructions. Others will come in a ZIP file, which 
you need to extract; they will also contain a file with the .inf extension. Right-click on 
the file and select —everything else will be taken care of for you. Install

The tables in the previous section are only a starting point showing the most popular 
codecs available. When you get involved with the multimedia community, you will find 
out about less popular and possibly experimental codecs you might want to try. It will 
take a few trials and errors for you to find the codec most suitable to your needs and most 
pleasant to your eyes. 
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Compressing Video 
This section will guide you through the steps of compressing video using the basic 
settings. You will also be introduced to some of the concepts used in modern codecs 
(such as DivX) so that you are better equipped to configure those to your needs. We will 
also touch on the issues of interoperability we mentioned earlier, but this time on a lower 
and more specific level. 

The public interface that the operating system exposes to applications like VirtualDub is 
Video for Windows. This offers a simplistic way of defining the codec options before 
you encode a video. That is, it allows you to specify: 

• A quality factor (0 to 100) 
• The data rate in kilobytes/sec 
• The maximum interval that the stream will not contain a key-frame 

There are two important points to note here:  

1. The data rate is specified in kilobytes instead of kilobits; kilobits are a 
measure commonly used in the world of lossy compression.  

2. The key-frame interval is very important as it will define how precisely you 
will be able to seek in the file.  

If you don't understand why, let me remind you that key-frames are the points in the 
video stream that the codec can decompress independently without decompressing any 
other frames. However, this interface is supported by very few codecs (even some of the 
default codecs do not support this), simply because the configuration is complex. That 
does not mean it is hard to configure modern codecs; we will go through some points 
common in current technologies. Remember that even if you find a codec not described 
here, the defaults tend to work fine for the average user. 

Let's look at this interface so that you know how to use it. Launch VirtualDub, open your 
favorite video and select Video | Compression (Ctrl+P). At the bottom left of the dialog 
you will see the controls shown in the following screenshot: 

 

Usually the data rate will be preferred over the quality setting as it might be necessary to 
impair the video to adhere to the target data rate. Of course, these depend on the 
particular codec and its internal workings—if you are unsure, consult the help pages of 
the codec's manufacturer. 
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The data rate is in kilobytes (kilobits are used throughout the book) so you will need to 
divide the number of kilobits you want to spend each second by8—since each byte 
consists of 8 bits. We will get to the bit-rate calculation shortly. 
It is also a common and good practice to limit the number of non-key frames to ten 
seconds worth of video, since it provides a good compromise between compressions  
and seekability.  

Once you have set the three variables to your liking, select a codec and you are ready to 
start the compression. Just press OK. 

Saving the Video 
To save the video, simply select Video | Save as AVI or press F7. The familiar  Save As 
dialog will pop up and ask you to specify a filename. Once you type in the name and 
specify the path click Save; VirtualDub will now process and compress the file you 
opened using the filter chain and compression settings you've defined. The following 
Progress window will pop up: 

 

The dialog contains some very useful information about the process in progress. The 
  Projected file size is an estimation of the final file size, but do not sweat if it's under or 

above your expectations. This is a very rough estimation and it depends on how many 
bytes the codec spent in recent frames. Most modern codecs utilize intelligent rate control 
algorithms that will try to keep the average data rate to the number you have specified. 
They are able to distribute more bits to complex frames and fewer bits to simple ones. 
The same applies to the estimated total time; the encoding time of each frame will vary 
and so it is hard to estimate the total time accurately. 

Note that it is useful to change the thread priority to a lower level if you are working on 
your computer and simultaneously encoding with VirtualDub—selecting Normal will 
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often cause the computer to stall. If you close this window without clicking on Abort, 
VirtualDub will continue its task. Furthermore, you will notice that the menus of 
VirtualDub are changed while processing. If you wish to make the window reappear 
select Options | Show Status Window. To abort the operation, select File | Abort .  dub

Job Control 
Job control  is a particularly useful feature when you wish to run multiple tasks in series. 
If intensive computing is part of your job, it is often annoying to encode as you work; it 
slows down the process awfully and sometimes stalls the computer, interrupting your 
work and causing frustration. Using job control you can queue several tasks at any point 
in time and then command VirtualDub to run them later.  

To add a task to the job queue: 

• Open your desired video. 
• Add the filters, if any. 
• Select processing mode. 
• Select codec and configuration options. 

 • Click Save As and check the Don't run this job now; add it   to job control so I 
can run it  in batch mode box. 

. • Click Save

Nothing will happen now; the job is already queued and waiting for you to run it. You 
can access Job Control via F4 File | Job Control or by pressing : 
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The dialog has the necessary controls (  Move up, Move down) to order the processing and 
Postpone, , Delete Start, or Abort for the execution. A postponed job will not be executed; 
so once you start running the jobs, you cannot pause the current job and resume it later. 

Another handy feature that VirtualDub's job control provides is to shutdown the 
computer when all the jobs are finished—you can see this in the Options menu. You can 
also save/load job lists from the  menu. File

Calculating the Video and Audio Bitrate 
This will involve a few lines of trivial mathematical calculations and it merely depends 
on the purpose of the encoded video. For example, you will use different bitrates for the 
video on your website and a CD version. We will see how to calculate the bitrate in both 
circumstances. We are mainly concerned with the video, as it will take up most of the 
space of the file, but we will also take audio into account. 

It is obvious that the audio and video bitrate added together equal the total bitrate: 

totalvideoaudio bbb + =  

The total bitrate will depend on whether the medium is the Internet or a CD. The balance 
between audio and video bitrate depends on the content of the movie; you would spend 
more bits for the audio clip of a music video than for the audio clip of a conference video 
recording. This is justified because speech contains lower frequencies than music and is 
therefore easier to compress efficiently. The following table provides a list of bitrates 
normally used for encoding different kinds of content on different mediums. Audio 
bitrates are based on the LAME MP3 encoder and for Internet transmissions, video 
dimensions are downsized. 

Audio/Video Content Type Medium Bitrate 

Audio Speech Disc 64-128kbps 

Audio Speech Internet 32-64kbps 

Audio Music Disc 192-320kbps 

Audio Music Internet 96-192kbps 

Audio Dialogue & Music (Movie) Disc 128-320kbps 

Audio Dialogue & Music (Movie) Internet 64-160kbps 

Video Low motion 
(Conference/News) 

Internet 200-400kbps 

Video Mix of low & high motion Internet 600-1200kbps 
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These values are only an indication to get you started. As you gain experience, you will 
learn to take into account the target audience, target medium, and their capabilities (lower 
bitrates for slower Internet connections, and vice versa). 

You might have noticed that we limit the audio bitrate more than the video range; the 
reason is that video occupies most of the allocated bits and we usually adjust the video 
bitrate with respect to the audio bitrate and total number of bits available. To understand 
this more clearly, we'll work through an example. 

For medium-to-high video resolutions you will be able to fit anywhere from 60 to 120 
minutes worth of video and audio on a single 80min (700MB) CD-R disc. Let's assume 
that the duration of a movie is 90 minutes: 

• Calculate the number of seconds: 90 540060× = seconds 
• Calculate the total number of bytes available:  

byteskbytes 73400320010247168001024700 =× × =  

• First choose the desired audio bitrate e.g. 128 kbps 
• Calculate the number of bytes needed for the audio:  

byteskbytesKBps 884736001024864005400
8

128
=×=×

bytes64552960088473600734003200

 

• Calculate the number of bytes available for the video: 
=−  

• Calculate the number of bytes available for each second of video: 

bytes119542
5400

645529600
=   

• Calculate the video bitrate: 9348
1024

119542
=× kbps 

First we calculate the total number of bytes available, i.e. 700MB. (Most of the time  
we should subtract about 5-10MB from the real size of the disc to allow for the AVI 
overheads and overshoots of the encoders.) Then we choose the audio bitrate, mainly  
for two reasons:  

• Audio is relatively easier to encode and we therefore know what bitrate will 
sound good to our ears. 

• Audio encoders are usually more accurate than video encoders are.  

Having chosen the bitrate we can calculate the space required for the audio of our movie. 
Consequently, we calculate the available number of bytes for the video and the video 
bitrate. The multiplications and divisions by 8 convert from bytes to bits and vice versa.
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If you feel that these calculations are too much work for each of your videos, you may 
find a bitrate calculator useful—you will find several on the Internet. 

Variable, Average, and Constant Bitrate Modes 
Most modern and sophisticated codecs (video and audio) have several encoding modes: 

Average bitrate•   (ABR): The encoder will try to match the bitrate specified, 
but it is free to distribute the available bits unevenly to each frame. In other 
words, it is given the freedom to spend more bits for complex frames or 
scenes and fewer for simpler ones. 
Variable bitrate•   (VBR): The encoder will encode the video at a given 
quality and not try to limit the bitrate. The quality is usually given as a 
percentage or as a quantizer for MPEG and similar video codecs. 
Constant bitrate•   (CBR): The encoder is bound to spend a specific number 
of bits for each frame. In some cases, this works as the upper limit; the 
encoder is free to spend as many bits as necessary, but no more than the 
specified bitrate. This mode has application in networks and is not offered by 
many video encoders. 

In case you are not familiar with the concept, a quantizer is a number that maps a range 
of values. Intuitively, it controls the accuracy of the codec; lower quantizers will produce 
higher quality video. Often, the VBR mode is offered via quantizers; the encoding 
process will not vary for each frame. However, it is important to note that fixed quantizer 
implies constant bitrate! Although the quantizer controls how much data will be 
discarded for each frame, the actual output will vary depending on the frame content. 

Multi-Pass Encoding 
Multi-pass encoding is an essential feature, which is relatively simple in principle. Two-
pass encoding is very common although not all encoders will incorporate this.  

Multi-pass encoding  is a technique that aims to optimally distribute the available bits to 
each frame. Initially when the encoder is fed with the frames it possesses no information 
about the input. While it would be obvious to us that the high-motion scenes or ones with 
high-detailed texture would require more bits, the encoder has no such knowledge before 
it actually reads all the frames. 

Therefore, it is beneficial to scan the video to be encoded in full and collect information 
about each frame. Once the first pass is completed, we can use the collected data to 
encode the frames optimally. Some modern codecs such as DivX 5.2 allow multiple 
(more than two) passes to be executed. While there is some improvement with the 
additional passes, the encoder seems to converge after three or four passes so do not 
spend time for more passes. 
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Encoding with DivX 
This section assumes you have installed DivX version 5.2.1 or later on your computer. 
Although the Pro version of the codec is described, users of the free version should be 
able to take out the additional information. 

DivX was one of the first mature MPEG-4 codecs. To this day it has quite a large user 
base varying from beginners to video compression enthusiasts and movie studios. DivX 
was also the first "brand" to appear on standalone players. DivXNetworks (the creator of 
DivX) has set up a certification program to guarantee that a given device will be able to 
play a DivX-encoded video and vice versa. The program is based on four profiles: 

1. Handheld profile 
2. Portable profile 
3. Home theater 
4. High Definition 

These four profiles control the maximum values allowed for the following parameters: 

• Frame size 
• Bitrate 
• Frame rate 

A device certified with the home theater profile will be able to playback any videos 
encoded with that profile or lower. Not adhering to any of the DivX profiles will mean 
that the video might not be playable on those devices. However if you are only interested 
on playback on a PC platform, the only limiting factor is the processing power of the 
CPU. Let's now see how we can configure DivX to our preferred settings. 

Once you have opened a video in VirtualDub, select Video | Compression and select the 
DivX codec from the list. Then press Configure. On the resulting dialog, press Select 
DivX Certified Profile and do one of the following: 

• Select the profile of the device you are targeting.  
• Uncheck the DivX Certified box to use custom settings. None of the profiles 

allow the use of multiple B-frames, quarter pixel, or global motion 
compensation (GMC).  

Press Next. The following updated dialog will appear: 
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If you have used a custom profile, the video resolution and frame rate controls will be 
disabled and you will be given the choice of multiple B-frames, Quarter Pixel, and GMC. 
In any other case, you will need to enter the dimensions and frame rate of the video for 
the corresponding controls. DivX will be able to determine whether the resulting 
encoding will adhere to the profile you have selected and advise you accordingly. 

Two questions that are probably arising in your mind right now are: 

1. What are these extra tools and why are they excluded from the profiles?  
2. Is it not worth conforming to the profiles to use them?  

They will provide some increase in quality under certain circumstances, but if you want 
to be able to play your videos on a particular device, it is not worth sacrificing the 
compatibility for a small increase in quality. Quarter pixel will calculate and store more 
accurate motion characteristics and increase the video quality at the cost of some extra 
bits. GMC is useful when there is global motion e.g. camera pan. They are excluded 
because they add to the computational complexity and memory capacity requirements 
and consequently add to the cost of the devices. 

Click on the Video tab to configure some of the more advanced features of DivX: 

• Enabling the Psychovisual Enhancements will result in increased perceived 
quality, but this is totally subjective. 

• Do not enable Pre-processing; this is a smoothing filter like the one 
VirtualDub provides. If your source is noisy and you wish to smooth it a little 
to ease the task of the encoder use the VirtualDub filter instead. 
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• If your source is interlaced and you have not de-interlaced it, select  
Preserve interlacing to encode it as it is. If you wish to de-interlace,  
use VirtualDub's filters. 

• Change the max key-frame interval to about 10 seconds worth of video;  
250 frames for PAL and  for NTSC. 300

• MPEG-2 Quantization will result in sharper, and in some cases, more  
blocky video. The default setting (H.263) is less blocky but also less sharp. 

Go back to the General tab: 

• The Encode Performance setting will control how much time the codec 
spends to find the most efficient compressed representation of the video.  
The default setting is standard, but if you have a fast CPU and want to  
stress the codec, select Slow. 
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• Enter the calculated bitrate in the corresponding box—this is the video 
bitrate. If you have chosen to have a custom profile, you will be given the 
choice of quality-based encoding where you select the quantizer used. 

• In encoding mode, I recommend that you use at least two passes. Select 
Multipass 1st pass. If not, select 1-pass. 

• Normally you will not need to alter this setting, but you can force the codec 
to spend more bits on high or low motion scenes by using the bitrate 
modulation slider: 

 

Click OK; you are now ready to encode. If you are only doing a single pass, just save the 
AVI as before. If you're doing more than one pass, the first pass will produce a dummy 
file full of black frames. It is easiest to use the job control for multiple passes: 

• Select Multipass 1st pass in DivX settings; select to save the file, but add the 
job to the job control queue.
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Go back to the DivX settings and select Multipass Nth pass. Select to save 
the file again and queue the job. 

• Repeat the previous step for as many passes as you intend to do—there 
should be a minimum of two. 

Once you have finished queuing the jobs, you can execute it and leave VirtualDub to it. I 
suggest that you try the above sequence of steps with a small (a few seconds) file so that 
even if you make a mistake you will not have to waste a lot of processing time. 

Encoding with XviD 
XviD's configuration (since it is another MPEG-4 codec) is along the same lines as DivX. 
Its open source nature has given XviD the reputation of the codec for advanced users and 
tweaking fans. The user interface has changed almost on every release of the codec; 
sometimes to accommodate new features and sometimes just to give a fresh and easier 
feel. This section will be based on XviD 1.0 (the golden release), but even if you have a 
different version the options will be similar.  

Launch VirtualDub, load a video file, and open the compression dialog (Video | 
Compression). Then select the XviD codec and press Configure. The following dialog 
will appear: 

 

At the top you can see a profile/level selector; these profiles do not correspond nor are 
they similar in any way to the DivX profiles we saw earlier! They are in fact MPEG-4 
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profiles and allow different combinations of MPEG-4 tools, bitrates, and resolutions to be 
used. Without going into too much detail, the default AS @ L5 setting should suffice for 
most of your encodings. If you want to find out more about the different profiles and 
levels, look at the MPEG-4 standard, drafts of which are available online. 

The second control allows you to select single or multiple pass; XviD allows up to two 
passes currently. If you select single pass, you can select the encoding quality via a 
quantizer or bitrate constraint. In the latter case, it will only be an estimate, as the codec 
does not have prior knowledge of the content as in two-pass encoding. If you select two-
pass encoding, you will be able to set the target bitrate or filesize; this would save you 
some calculations. In contrast to DivX, XviD does not allow a bitrate to be specified 
during the first pass, as it is purely a statistics collection process. Much like DivX, XviD 
has its own calculator—notice the calc button. 

Press the button labeled More next to the drop-down menu with the profiles. You will be 
able to select quantization type, interlaced encoding, quarter pixel, global motion 
compensation, and B-frames exactly as for DivX. XviD offers one additional option—

 Adaptive Quantization. If this is selected, the codec will attempt to select the quantization 
matrix most suitable for each part of the video: 

 

The tab labeled Level will provide information for each level that you select: namely, 
suggested resolution, maximum number of macroblocks, maximum processing & bit rate, 
and maximum buffer size. All this is possibly more information than you could ask for. 
The Aspect  tab allows you to define a custom pixel or picture aspect ratio.Ratio
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Press OK to go back and click on Advanced Options: 

 

This dialog incorporates the interface for some of the more advanced features that are 
specific to XviD. Motion search precision and VHQ mode are two settings related to 
motion compensation: the higher the setting, the slower the encoding process and the 
better the results. Unless you have a fast computer and you are selective about your video 
quality, I would recommend sticking with the defaults. If you select chroma motion, the 
compensation will be done in the chroma domain to give better results. 

The  Maximum I-frame interval is the exact same setting as with DivX. Cartoon mode, as 
the name suggests, should enhance animation encodings. The Quantization tab allows 
you to select the minimum and maximum quantizer used for each type of frame. 

MPEG-4 in AVI Interoperability 
We have analyzed the whole interoperability issue and discussed where MPEG-4 stands. 
Even though MPEG-4 streams should be decodable by any decoder of the kind, this is not 
quite the case for MPEG-4 video wrapped in AVI files. This section will briefly explain 
why and how to overcome the problem. 

Every video stream present in an AVI file contains a four-character identifier (FOURCC) 
that identifies the codec used to compress the stream.  

On playback, this identifier is matched against the available codecs and a decoder capable 
of decoding the format is selected.
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For example: 

• XviD uses the XVID FOURCC. 
• DivX uses the DIVX and DX50 FOURCC. 
• HuffYUV uses the HFYU FOURCC. 

Unfortunately, the FOURCC identifier is codec-specific and not format specific. In other 
words, there is no FOURCC to indicate MPEG-4 video. However, it makes sense for 
each codec provider to use its own identifier. As logical as this might seem on first sight, 
it takes away the interoperability advantages of MPEG-4. For instance, although it can 
DivX will not accept to decode XviD video because of the different FOURCC. 

There are three ways to overcome this limitation: 

1. Manually force one FOURCC for all codecs. Ideally, this would be an 
MPEG-4 FOURCC, but since the decoders would not accept this, it will  
have to be one of the MPEG-4 codec FOURCCs. This is a very bad way  
of dealing with the issue as it will once again leave the video file non-
interoperable. 

2. Convert the AVI file to an MP4 file. This is probably the best choice; many 
players support this. The only disadvantage is that currently no applications 
are able to edit MP4 files. 

3. Install a decoder that will volunteer to play all FOURCCs associated with 
MPEG-4 video (see below). 

3ivX provides a free decoding suite that allows you to play both MP4 and AVI files—it 
can be configured to accept DivX and XviD video. Ffdshow and FFvfw are also two very 
good free decoders with similar capabilities. Check out http://ffdshow.sourceforge 
.net/tikiwiki/tiki-view_articles.php. Finally, a very good application to convert 
AVI files to MP4 is MP4GUI, available from http://mp4ui.sourceforge.net/. 

Compressing the Audio 
To configure VirtualDub to compress the audio is a very similar process to that for the 
video. In fact, it's slightly easier as audio codecs have fewer options than video codecs. 
Most of the terminology is common between the two: 

• The data rate is specified in terms of kilobits or kilobytes. 
• Rate is controlled in one of the following (encoding modes): 

o Constant bitrate 
o Average bitrate 
o Variable bitrate 
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Audio is however, a one-dimensional data and therefore quite different in nature from 
video. Therefore: 

• Instead of spatial dimensions we have a number of channels. Mono sound is 
recorded with one channel, stereo sound with two, and multi-channel audio 
with a variable number of channels (e.g. 5.1 Surround has six channels). 

• Instead of frame rate we have sample rate—the number of samples recorded 
every second. Current state-of-the-art codecs are tuned to handle frequencies 
of up to 48,000 Hz, which is the sample rate used in DVDs. Audio CDs are 
sampled at a rate of 44.1 kHz. It comes naturally that audio that is sampled at 
a higher frequency will sound better. In the same way, higher resolution 
video retains more detail and higher frame-rate video is smoother in terms of 
motion. However, when you increase the sample rate you increase the 
amount of data to be coded and this makes it harder to compress the audio 
efficiently. Therefore, a healthy compromise is required. 

We have already seen the VirtualDub audio codec selection and configuration dialog. 
Let's take a second look and notice where all of the above is placed. Launch VirtualDub, 
open your favorite sample file, and then select  Audio |  Full processing mode. The default 
setting is to directly copy the audio stream across whatever processing is performed. This 
is obviously because of VirtualDub's focus on video. Once you have changed the 
processing mode the Compression menu item will become available; select  Audio | 
Compression. Select one of the codecs we installed earlier—LAME or Speex: 

 

Let's take a closer look at the above screenshot. The entries on the right-hand side list 
describe every different format available on the encoder.
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For example, the line   48000 Hz, 154kbps ,     means: ABR Stereo 19KB/s

• The audio will be encoded at a sample rate of 48 kHz. If that is lower than 
your input audio, it will be down-sampled internally by the encoder. 

• The data rate will average at 154kbps approximately. For CBR, the 
advertised bitrate indicates exactly how many bits will be spent to encode 
each second of audio. 

VBR modes are not popular for audio codecs as it is hard to position VBR audio 
chunks in AVI files. 

• The audio will be encoded in Stereo—i.e. two channels. If this is less than 
your input audio, it will be reduced internally. Bear in mind that AVI (and 
therefore VirtualDub) does not support multi-channel audio.  

• The data rate corresponds to approximately 19 kilobytes/sec or 19250 
bytes/sec. 

Multiplexing Audio and Video 
Multiplexing is the joining or mixing of audio and video. If you have captured or 
imported a video then you would not need to multiplex audio and video—it has already 
been done at the recording stage. For most recordings the original audio will suffice, but 
let's look at how you can save, process, and re-multiplex the audio so that you can 
improvise. This process, as much as everything else, is very easy to perform in VirtualDub. 

To save the existing audio from an AVI file (assuming you have launched VirtualDub 
and opened the video in question) perform the following easy steps: 

• Select  Audio | Direct  Stream Copy. 
 • Select File |  Save WAV. 

• Choose a path and filename for the file to be saved. 
• If you want VirtualDub to process the audio before saving it, select Audio | 

 Full Processing Mode and then configure the audio processing as desired. 

Once you have edited the audio you can reload it in VirtualDub in the following way: 

 • Select Audio | WAV . Audio
• Select the .wav file you have exported from the audio processing application. 
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Last but not least, adjust the audio/video interleaving as required: 

• Select Audio | Interleaving or press Ctrl I+ . 
• Check the Enable audio/video interleaving box. 
• Enter the audio skew correction value. If the audio is playing later than the 

video you should be using positive values and vice versa. 

That's it! When you save the AVI file, audio will be processed and saved as required  
by VirtualDub. 

Summary 
This chapter rounded up VirtualDub's capabilities—you should now be able to run a full 
encoding job: from capturing to processing, multiplexing, and encoding. You are now 
fully aware of the possibilities, but feel free to refer back to the steps of each process. In 
this chapter we learned about the following: 

• Old and modern codecs 
• Interoperability—what it is and how it relates to you 
• Where to get and how to install new codecs 
• How to compress the audio and video 
• How to use job control to automate jobs in VirtualDub 
• How to manually calculate the total audio and video bitrate 
• How to configure modern codecs 
• How to use settings of modern MPEG-4 codecs like DivX and XviD 
• How to multiplex audio and video 

That's it! Good luck with your VirtualDub projects! 
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