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interoperability and backed by best-in-class customer support. Sencore products meet the rapidly changing needs of 

modern media by ensuring the efficient delivery of high-quality video from the source to the home. More information about 

Sencore is available at the company’s website, www.sencore.com. 

 

All trademarks and registered trademarks mentioned herein are the property of their respective owners.  



Advanced Encoding Features of the Sencore TXS Transcoder – © 2011 Sencore, Inc. – White Paper 

Page 3 (11)    Revision 1.0

 

Table of Contents 

1 Introduction ......................................................................................................................................................... 4 

2 User-Configurable Encoding Options ................................................................................................................. 4 

2.1 Group of Pictures (GOP) Size and Structure ........................................................................................ 4 
2.2 Scene and Fade Detection ................................................................................................................... 4 
2.3 Deblocking and Skin-Tone Filters ........................................................................................................ 5 
2.4 Capped VBR and CBR Video Encoding Modes .................................................................................... 6 

3 Automatic Video Encoding Techniques .............................................................................................................. 8 

3.1 Overview ................................................................................................................................................ 8 
3.2 Advanced Prediction Algorithms .......................................................................................................... 8 
3.3 Adaptive Quantization .......................................................................................................................... 8 
3.4 Alternate Entropy Coding Modes ......................................................................................................... 9 
3.5 Adaptive Frame/Field Encoding ........................................................................................................... 9 
3.6 Advanced H.264 Encoding Tools ....................................................................................................... 10 

4 Conclusion ......................................................................................................................................................... 10 

 

  



Advanced Encoding Features of the Sencore TXS Transcoder – © 2011 Sencore, Inc. – White Paper 

Page 4 (11)    Revision 1.0

 

1 Introduction 

The Sencore TXS transcoder features latest-generation video encoding technology, which provides 

unparalleled video quality with best-in-class compression rates.  In order to achieve this efficiency, the 

product leverages multiple, complex encoding tools and algorithms.  To obtain the best possible video 

output from TXS products, it is helpful to understand how some of these advanced features function, and 

in what situations they might be used. 

Some of these encoding tools and options are configurable, and are exposed to the user through the TXS 

user interface.  Other encoding tools run in the background during the transcoding process and increase 

compression and quality without any user intervention. 

This white paper provides an overview of these encoding techniques.  It explains what each of them might 

be used for and what effect they will have on the output video.  For more information about the topics 

contained in this white paper, contact Sencore directly at (605) 978-4600 and speak to one of our 

experienced compression engineers. 

2 User-Configurable Encoding Options 

2.1 Group of Pictures (GOP) Size and Structure 

The TXS transcoder allows the user to configure the picture sequence used in the encode process.  With 

proper GOP structure selection, the user can concentrate quality in high-value areas of the output video.  

The user can choose to configure the GOP to be a static structure, or to maximize the use of prediction by 

choosing a dynamic GOP configuration and allowing the structure to vary.  The GOP size and whether the 

GOP is open or closed is also user-configurable. 

Dynamic GOP structure can increase video quality and lower bitrates by allowing the encoder to make the 

best decisions about where to place an I-frame.  Better placement of I-frames results in better prediction 

results, and therefore, higher compression.  However, if interoperability with older decoders is a concern, 

or adaptive streaming techniques are to be used, static GOPs can be chosen to give a rigid picture 

structure.  The Open/Closed GOP setting choice can be made based on similar considerations.  Open 

GOPs provide better compression by allowing prediction across GOP boundaries, while closed GOPs may 

be needed for interoperability or adaptive streaming applications. 

GOP size is another important parameter; the user can configure the GOP size on the TXS to be as small as 

3 pictures or as large as 300 pictures.  Larger GOP sizes result in better compression, especially in the 

H.264 standard, which allows for more flexible frame referencing.  However, the longer the GOP size, the 

farther apart random access points will be in the video stream.  Because of this, most users should choose 

a GOP size that will give random access points every second (or less).  For example, for a sequence with a 

frame rate of 29.97 frames per second, a GOP size of 30 frames will give a random access point about 

every second. 

2.2 Scene and Fade Detection 

In addition to configurable GOP sizes and structures, the TXS also offers scene and fade detection to 

optimize the placement of I-frames.  The scene change detection algorithm analyzes the video content for 

frames where content appears differ greatly from the previous frame. Frames with a large difference are 

flagged as scene changes.  The transcoder will then adjust the GOP to place an I-frame on the new scenes.  

This feature allows the P and B frames to be predicted from an I-frame in the new scene. The result is a 

much cleaner transition into the new scene.   

The fade detection feature analyzes video content to determine whether a frame appears to be a weighted 

or “faded” version of the previous frame.  These situations are flagged as fades.  The transcoder adjusts 
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the GOP structure to better encode the fade.  Adaptive GOPs, including scene detection, fade detection, 

and dynamic structures, have been shown to reduce bitrates by as much as 10-15%1. 

Fig. 2-1 shows the difference between a completely static GOP and a GOP that is allowed to vary with 

scene and fade detection turned on.  The top sequence is configured for static GOP.  Note that a scene 

change occurs without the placement of an I-frame, creating more difficulty in predicting the following 

frames.  The bottom sequence is a dynamic GOP with scene detection, and an I-frame is placed to 

correspond with the scene change, allowing for easier prediction and greater compression. 

 
Sequence of Pictures with a Static GOP 

 
Sequence of Pictures with Scene Detection Enabled 

Fig. 2-1: Example Picture Sequences Demonstrating Scene Detection 

2.3 Deblocking and Skin-Tone Filters 

The TXS also offers advanced filtering features which improve perceived video quality.  Configurable pre-

deblocking and skin tone detection filters can be adjusted to generate optimal output video based on 

video content and user preference.   

The pre-deblocking filter is a spatial filter that is applied during preprocessing.  It attempts to remove 

blocking artifacts from previously encoded content.  It can make a visible reduction in blockiness and allow 

the encoder to produce content which is perceptually better than the original encoded content.  The pre-

deblocking filter has a configurable strength value (0=off to 3=max) to allow users to adjust the smoothing 

level to match their content.  Fig. 2-2 shows an example of a low-bitrate, blocky original picture of a 

model’s face (left) and how the deblocking filter can smooth out the blocky artifacts (right).  Directly below 

is a closer view of the same picture, which demonstrates the effect even more dramatically. 

                                                           

1
 Alfonso, D.; Biffi, B.; Pezzoni, L.; “Adaptive GOP Size Control in H.264/AVC encoding based on scene change 

detection,” Signal Processing Symposium NORSIG 2006, pp 86-89, June 2006. 
Farouk, H.; “MPEG Bit Rate Improvement Using Adaptive GOP,” International Journal of Circuits, Systems, and 
Signal Processing, Issue 1, Vol. 1, 2007. 
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 Before Deblocking After Deblocking 

   
 Before Deblocking (Detail) After Deblocking (Detail) 

Fig. 2-2: Example Application of Deblocking Filter 

In addition to the deblocking filter, the TXS implements a skin tone detection filter.  The skin tone detection 

filter is an algorithm that analyzes video content looking for areas that appear to be skin tones.  These 

macroblocks are flagged and the encode loop adjusts picture quantization to increase quality in these 

areas of the video.  Viewers tend to focus on faces and people, so the skin tone detection filter attempts to 

focus bits on the areas that will create the highest perceived video quality. 

The skin tone detection filter also has a configurable strength value (0=off to 8=max) that determines the 

level of adjustment of quantization.  The higher the strength value, the more skin tones will be favored 

over background.  In content which typically focuses on people, especially peoples’ faces (“talking head” 

content is a good example) the compression engineer may choose to adjust this to a higher value, in order 

to place a higher emphasis on the quality of people in the scene. 

2.4 Capped VBR and CBR Video Encoding Modes 

The Sencore TXS transcoder offers users a choice between two bitrate modes: continuous bitrate (CBR) or 

capped variable bitrate (VBR).  In CBR mode, the video bitrate is held constant at all times.  In capped VBR 

mode, the user can set a maximum bitrate, and the bitrate is allowed to vary up to the maximum.  The 

target quantization parameter (also user-configurable) controls how the bitrate varies based on content.  

Higher target values provide higher levels of picture quantization, and therefore less detail.  Thus, with 

higher target values, the average bitrate over time will be lower.  Fig. 2-3 illustrates the relationship 

between average bitrate and quantization parameter. 
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Fig. 2-3: Relationship between Bitrate and Quantization Parameter 

In capped VBR mode, bitrates can be lowered by choosing a higher QP at the potential cost of picture 

detail.  Valid QP ranges are 2-31 in the MPEG-2 codec and 2-63 in the H.264 codec.  Typical values for 

these settings would be 10 for MPEG-2 and 25 for H.264, although, as described above, the ideal value 

will vary based on the user’s needs.  A single step size increase in QP roughly correlates to 12-12.5% 

reduction in output bitrate. 

As a sequence of pictures is encoded, maintaining a constant QP will vary the video bitrate.  Figure 2-4 

shows an example of how the video bitrate might vary with time while holding a constant QP value.   

 
Video Sequence Bitrate with Target QP Set to 30 

 
Video Sequence Bitrate with Target QP Set to 25 

Fig. 2-4: Target QP Impact on Video Bitrate 

 

In the example above, the TS bitrate is set to 25Mbps (green line), the VBR max bitrate is set to 20Mbps 

(yellow line), and the actual video bitrate (red line) is measured over a 30 second sample clip.  In the top 

graph, the target QP is set to 30, and the video bitrate has a top value of about 17Mbps.  The transcoder is 

able to maintain a constant QP of 30 for the duration of the clip, and the bitrate remains below the 

maximum of 20Mbps. 

In the bottom graph, the target QP has been lowered to 25, and the video bitrate rails out at the maximum 

value of 20Mbps three times during the sequence.  At those points, the target QP cannot be achieved.  The 

transcoder must quantize the picture more heavily (around 28-29) to hit the bitrate target.  At all other 

points the actual QP value is equal to the target QP.   
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3 Automatic Video Encoding Techniques 

3.1 Overview 

The following video quality features run in the background during transcoding and do not require user 

configuration. 

Some of these features apply to the decoding or scaling step.  While decoding, the TXS appropriately 

handles telecine (3:2 pulldown) content and the application of an inverse-telecine operation if needed.  

The transcoder also offers a high-quality scaling operation, including 4:2:2 to 4:2:0 chroma sub-sampling, 

color space conversion, and aspect ratio conversion using AFD codes or user settings for cropping or 

letterboxing.  

The TXS also implements several complex encoding tools to improve video quality.  The output profile and 

level are chosen automatically based on output format and output bitrate.  Within the selected profile and 

level, the TXS utilizes many tools to improve quality and lower bitrates.  Some of these tools are highlighted 

below. 

3.2 Advanced Prediction Algorithms 

The TXS offers advanced algorithms for both spatial (within a picture) and temporal (picture to picture) 

prediction, which increases compression and lowers bitrates.   

Spatial prediction, or “intra” prediction, is supported to the fullest extent of the standards, including 

support of all Intra Modes for H.264 encoding – 16x16 (4 modes), 8x8 (9 modes), and 4x4 (9 modes).  

These modes are applied intelligently based on what direction is being predicted (horizontal, vertical, or a 

diagonal) and whether luma or chroma samples are being predicted. 

Temporal prediction relies on motion estimation to determine how pixels move between pictures.  The TXS 

employs an advanced, hierarchical motion estimation algorithm to accurately compute motion vectors and 

reduce bitrates.  This algorithm features multiple stages, a wide search range, and motion vector accuracy 

of ½ pixel for MPEG-2 and ¼ pixel for H.264.  Figure 3-1 shows how increasing motion vector accuracy 

allows more precise placement of a moving object.  The algorithm also allows for varying block sizes in 

H.264 content, which allows the encoder to choose the block size that best represents the moving pixels. 

 

From left to right: Original Object, Prediction Based on Motion Vectors with 

Pixel Accuracy, 1/2 Pixel Accuracy, and 1/4 Pixel Accuracy 

Fig. 3-1: Illustration of Temporal Prediction at Various Pixel Accuracies 

Weighted prediction is also performed on the video content to further assist with motion compensation.  

This analysis determines whether pictures appear to be “weighted” versions of previous or future pictures.  

Weighted prediction on the TXS provides a significant improvement in video quality in fade-to-black, fade-

in, and cross-fade transitions. 

3.3 Adaptive Quantization 

As previously discussed, the quantization parameter (QP) has a high impact on video quality.  The TXS 

applies several adaptive adjustments to the QP value to maximize video quality within the system 

constraints.  The QP is adaptively adjusted on a per-macroblock level based on video content.  The QP is 

also adjusted based on picture type (I, P, or B) to allow for better quality I-frames.  Finally, the QP value for 

luma is adjusted relative to chroma encoding, as human eyes are most sensitive to changes in luminance. 
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3.4 Alternate Entropy Coding Modes 

When the output codec is MPEG-2, entropy coding is performed by scanning quantized coefficients and 

replacing them with variable-length codes.  The familiar zigzag scanning process can be used, but the TXS 

also employs the alternate scan method, which significantly improves video quality for high-motion 

interlaced content.  Fig. 3-2 shows how both scan methods work. 

 

Fig. 3-2: ZigZag (left) and Alternate (right) Scan Types 

The Joint Video Team of ISO/IEC has shown the alternate scan method to reduce bitrates by up to 5% with 

comparable quality.2 

The H.264 standard allows for the choice of entropy coding methods – CABAC or CAVLC. CAVLC is the 

baseline entropy coding method for H.264, and is less complex. CABAC is more complex, but provides 5-

15% more compression than CAVLC, especially for high-motion content3. The TXS supports both entropy 

coding methods, allowing users to take advantage of the lower bitrates achievable with CABAC. 

3.5 Adaptive Frame/Field Encoding 

Quality and compression rates of interlaced content can often be improved by treating parts of the picture 

as progressive and parts as interlaced, a technique enabled by the H.264 standard.  The encoder 

examines blocks within a frame to look for similarities between interlaced fields.  In content without much 

motion, the fields will tend to be very similar, resulting in better quality if a frame or macroblock is encoded 

as a progressive frame instead of two fields. 

The TXS supports both MBAFF (Macroblock-Adaptive Frame/Field) and PAFF (Picture-Adaptive 

Frame/Field) coding modes.  This allows decisions to be made on the macroblock and picture levels about 

coding interlaced content as two fields or as a frame.  Fig. 3-3 shows how a frame might be coded using 

MBAFF. 

 

Solid Macroblocks are Progressively Coded 

Striped Macroblocks are Coded as Interlaced Fields 

Fig. 3-3: Picture Coded with Macroblock Adaptive Frame/Field Encoding 

Efficiency gains are realized by coding high-motion pictures with field coding and low-motion pictures with 

frame coding.  Using PAFF can reduce bitrates by 10%, using MBAFF can reduce bitrates even further, by 

14-16%, and both together can achieve 14-20% bitrate reduction. 

                                                           

2
 Sato, K; Suzuki, T.; Yoichi, Y; “New Interlace Coding Tools,” JVT-B068, 2002. 

3
 CASM 2004 
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3.6 Advanced H.264 Encoding Tools 

The TXS supports the use of B-frames as references when the output video is encoded as H.264.  This 

tool, allowed by the H.264 standard, provides maximum flexibility in the picture sequence and increased 

efficiency in encoding B-frames. 

Additionally, the TXS supports some advanced transformation techniques which are emerging features of 

the H.264 standard.  These advanced transform methods use exact-match integer 4x4 or 8x8 spatial 

block transforms.  A 4x4 spatial block has the advantage of being more exact; allowing the encoder to 

better adapt the prediction error coding to the boundaries of moving objects.  This reduces a common 

encoding artifact known as “ringing.” An 8x8 spatial block allows highly correlated regions to be 

compressed more efficiently.  The TXS implements adaptive selection of either a 4x4 or 8x8 spatial block 

size to maximize video quality. 

4 Conclusion 

The Sencore TXS transcoder goes beyond simple encoding tools and offers advanced algorithms and 

compression methods to get the best quality and highest bitrate reduction available in the market today.  

This allows companies to reach business objectives and lower costs without compromising on their 

customers’ quality of experience. 
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