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Abstract: This paper describes an enhancement of an 

MPEG reference implementation to apply model 

based coding for more efficient video coding. While 

the maximum efficiency of standard coding schemes 

converges against the minimal entropy of a video 

signal, even lower data rates can be achieved by 

coding model based with the assumption of previous 

knowledge at the receiving end. With the help of 

computer graphical developments this approach 

promises a dramatic decrease in data rates for video 

content. 
 

Keywords: Model Based Coding, Very high efficient 

video coding, MPEG enhancement 
 

1 INTRODUCTION 

Model Based Coding describes an idea to make use of 

rendered model information for video coding. As the 

compression capabilities of current video coding 

standards are converging against the minimal entropy of 

videos, model based coding offers the means to go even 

beyond that. The underlying idea is based on human 

communication and relies on a prior knowledge of scene 

content. If two persons communicate, the model 

identification of “a blue car” will already trigger a basic 

understanding of a certain object, and the description of 

special characteristics like “aluminium rims” or “a rear 

spoiler” requires little extra information. Model Based 

Coding in a similar fashion can exceed the coding 

capabilities of current video standards if we assume that 

some general knowledge is already available at the 

decoding side of the codec. 

ITU-T H.264, also known as MPEG-4 part 10 has been an 

established video coding standard for the past decade. 

This standard was published with a reference 

implementation (part 5 of the MPEG-4 standard), which 

not only contains a rich set of features but is also very 

well documented. Very recently the next highly efficient 

video codec, H.265, contained in the MPEG-H standard, 

was released. This video codec is able to increase the 

coding efficiency of H.264 by another 50%. As this 

standard is just released the amount of features available 

in the reference implementation and its documentation are 

still not as complete as in the older reference 

implementation. In [1] Sullivan et al. have given an 

overview of this new standard. Part of the analysis in [1] 

is the structure of intra- and inter-picture coding, which is 

most relevant for our proposed implementation (see 

Section 3). According to Sullivan et al. “the video coding 

layer of HEVC employs the same hybrid approach (inter-

/intrapicture prediction and 2-D transform coding) used in 

all video compression standards since H.261” [1]. 

Therefore the H.264 reference implementation provides a 

valid test bed for Model Based Coding even with more 

efficient video coding standards already available. 

In this paper we propose an enhancement of the MPEG 

reference implementation to enable model based 

prediction. The resulting enhanced codec can employ 

rendered model information as well as previously 

encoded frames for the prediction of coming video 

information. As the encoder decides between all options 

for the minimal data cost the implementation presents a 

hybrid model based video coder, which has, as the worst 

case scenario, the same data rate as current standard video 

codecs increased only by the rendering parameters 

necessary for model rendering. This increased efficiency 

comes at the cost of required storage capabilities for 

model data at both en- and decoding end as well as 

increased computational complexity for model rendering 

and additional prediction. 

Using 3D models as additional information for video 

coding is not new. The idea of model aided coding has 

been exploited for coding of head-and-shoulder video 

sequences and significantly increased the coding 

efficiency [2]. Even for arbitrary models contained in a 

video sequence 3D models were employed for more 

efficient video coding. In [3] a 3D model is used to 

predict a video sequence with known motion from a 

starting frame. In [4] a coding scheme is proposed which 

allows prediction from frames that are synthesized from 

previous frames and 3D model information as an 

additional prediction source in a traditional hybrid 

waveform coder. 

While current model based coders employ 3D model 

information for enhanced motion prediction of models in 

a video sequence, the focus of our work is usage of 

models for prediction of initial frames. As computer 

generated images become more and more photorealistic, 

such synthetic images can be used for I-Frame prediction. 

Further use of the 3D models for better motion 

compensation was already shown to increase the encoding 

performance in [2], [3] and [4]. 

In the next section we describe the architecture of the 

H.264 video codec that we enhanced to enable model 

based coding. Focus is on prediction structure and 

reference order, as these components of the 

implementation need to be modified to enable the 

proposed enhancement. In the consecutive section the 

necessary enhancements are described in detail. 

Experimental results in Section 4 underline the strength of 



 

model based coding compared to standard encoding 

schemes. Finally, a conclusion is drawn and future work 

is outlined. 

2 ARCHITECTURE OF THE ENCODER 

The basic coding structure for H.264/AVC is shown in 

Figure 1. First the input video signal is split into 

macroblocks. The video coding layer employs temporal 

and spatial prediction, in conjunction with transform 

coding. The residual of the prediction (either intra- or 

inter-) which is the difference between the original and 

the predicted block is transformed into frequency domain. 

The resulting transform coefficients are scaled and 

quantized. In the next step these quantized transform 

coefficients are entropy coded and transmitted together 

with additional information for either intra-frame or inter-

frame prediction. The encoder already contains a full 

decoder to enable prediction for the next blocks or the 

coming pictures. Therefore, in the decoder the quantized 

transform coefficients are inverse scaled and inverse 

transformed, parallel to the process at the decoder side, 

resulting in the decoded prediction residual. The decoded 

prediction residual is added to the prediction. The result 

of that addition is fed into a deblocking filter. The 

deblocking filter removes blocking artifacts resulting 

from the blockwise processing of the transform and 

prediction. It improves the video quality and provides the 

decoded video as its output [5]. Frames or fields are 

encoded to form coded pictures. A coded picture is 

composed of one or more slices. These slices are further 

decoded to produce decoded pictures which are stored in 

a Decoded Picture Buffer (DPB) from which these 

pictures may be used for inter prediction of further coded 

pictures and/or output for display. To enable model based 

input it is important to distinguish between the different 

picture orders.  
Decoding order: The decoding order describes the order 

in which coded pictures are decoded from the bitstream 

by the video decoder. It is indicated by the parameter 

frame_num.  
Display order: The order in which pictures are output for 

display is given by the display order. This order of 

pictures is determined by the parameters 

TopFieldOrderCount and BottomFieldOrderCount, 

collectively described as Picture Order Count, POC. 

 
Reference order: The order in which pictures are 

arranged for inter prediction of other pictures. The 

reference order of pictures is determined by one or two 

lists, each of which is an ordered list of all the available 

decoded pictures. A P slice uses a single list, list0 (L0) 

and a B slice uses two lists, list0 (L0) and list1 (L1). 

An Instantaneous Decoder Refresh (IDR) frame is a 

special kind of I frame used in H.264/AVC encoding. A 

coded video sequence begins with an IDR (made up of I- 

or SI-slices) and ends when a new IDR slice is received. 

On receiving an IDR coded picture, the decoder marks all 

pictures in the reference buffer as “unused for reference” 

i.e., it clears the contents of the reference picture buffer. 

All subsequently transmitted slices can be decoded 

without reference to any frame decoded prior to the IDR 

picture [6]. 

3 ARCHITECTURE ENHANCEMENTS 

The main idea of the proposed enhancement is to modify 

the reference implementation in such a way, that rendered 

model information can be used in addition to already 

encoded video frames, as depicted in Figure 3. 

The origin of the models for rendering is explicitly not 

part of this paper. In [7] we have shown that simplified 

model transmission is possible at negligible extra cost in 

the video stream. A vision is a centralized model store 

where numerous detailed models are made available for 

model based encoding. In [8] we present a novel scene 

representation for image and video data that allows object 

representations as part of video content. Additionally, 

novel capturing procedures and processing algorithms are 

presented, which results in segmentation and object 

detection that can be used for model based coding as 

presented here. 

In order to inform the decoder about the required model 

renderings, parameters need to be transmitted. These 

parameters contain information on which models need to 

be rendered with corresponding transformations as well as 

extrinsic and intrinsic camera parameters. With the help 

of these parameters the decoder can render the required 
 

 
Figure 3: Simplified concept of Model Based Prediction 

 

 
Figure 1: Basic coding structure for H.264 [5] 

 
Figure 2: Decoded Picture Buffer and picture orders [6] 



 

model views. In order to use these rendered models for 

inter prediction of further coded pictures, the generated 

views need to be inserted in the Decoded Picture Buffer. 

We therefore allocate additional space in the decodable 

picture buffer according to the number of model 

renderings and the size of each model frame. The easiest 

way to make use of the models is to present the model 

frames to the encoder as already encoded video frames. 

This can be done by adjusting the picture order 

parameters introduced in Section 2 for the model frames. 

After successfully including the model frames in the 

decodable picture buffer and adjusting the picture order 

parameters the video can be encoded following the usual 

encoding order, with the single change of adjusting the 

frame order according to the before added number of 

model frames. 

In the encoded H.264 stream model information shall not 

be included. This can be most easily done by explicitly 

excluding model frames from being added to the output 

stream. The resulting stream is of course no valid MPEG 

stream any more, as the MPEG decoder expects a fully 

self-contained video stream. Therefore, adjustments in the 

decoder need to be made as well. 

On the decoding side the enhancements are parallel to the 

changed made on the encoding side. First of all, the model 

parameters are retrieved and the requested model views 

are rendered. Afterwards the decoded picture buffer is 

initialized according to the video parameters and extended 

by the space requirements of the model views. In the 

consecutive steps the model renderings are fed into the 

buffer, and the decoding process of the video information 

is then executed. Having the same model knowledge as 

the model based encoder the decoder can fully reconstruct 

the video stream. 

4 EXPERIMENTS 

Our current implementation includes the enhancement of 

the MPEG reference software without the renderer. For 

our experimental setup we have therefore created 

modified frames as pseudo-models, as they would be 

created by an embedded renderer. As the actual renderer 

is not part of the implementation, the rendering 

parameters are not exact. 

The video to be encoded is given by the 6 frames shown 

in Figure 4; a Mazda 3 MPS sports car at a beach. The 

video resolution is adjusted to the sample video input of 

the H.264 reference implementation of 176 x 144 pixels. 

We simulate a scene change by including a black frame 

before these six frames. For prediction we employ a 3DS 

Max model [9] of the same car type (see Figure 5). To 

employ this model for prediction of the video content the 

model was transformed to fit the content of the first video 

frame and a single light source was adjusted to match the 

direction of light in the video. 

The car model has a size of roughly 2.12MB plus an 

additional 9.4MB for its textures. This amount of data 

already clearly exceeds the data requirements of the short 

video file. However, as we assume the model being 

available at the receiver transmission of transformation 

parameters for the model is comparably cheap. 

Table 1 presents the data requirements for the encoded 

video sequence, consisting of the six frames shown in 

Figure 4. After the Non-Video Bits (NVB) the IDR frame 

requires almost twice as many bits as the following P 

frames. The main benefit of model based coding can be 

expected for the IDR frames, if they can be predicted by 

model information. Table 2 gives the required data rates if 

the model as described is used as an additional predictor 

with our enhanced implementation. Table 3 repeats this 

experiment with the assumption, that not only the model 

but also background information is available in front of 

which the car can be rendered. While for this example this 

is unlikely, the general case that background information 

is available by models shall not be neglected. 

The rendering of the car model fills roughly 6930 pixels 

of the 25344 frame pixels, which is roughly ¼ of the 

frame size. 

For a better understanding of the coding choices the 

H.264 reference implementation takes we visualize the 

encoded difference when the first frame is predicted from 

a model. Figure 6 shows a visualization of the difference 

when predicted from the rendered car model only (a) and 

when predicted from a model in front of the original 

background (b). 

The computed quality of the video frames was kept 

constant for all video sequences at a PSNR of ~40dB. The 

distribution of the noise in the individual frames was 

found to be comparable in all encoding runs. Therefore 

the data requirements for the frames are directly 

comparable. 

 

    
 

   
Figure 4: Frames of the encoded video sequence 

 
Figure 5: Rendering of a Mazda 3 MPS model 



 

 

5 EVALUATION AND CONCLUSION 

When comparing the Tables 1, 2 and 3 the effect of model 

based prediction becomes clearly visible, and exactly 

relates to the expected data reduction. The accumulated 

data rates (see Table 4) clearly reflect the amount of 

image information that can be retrieved using the model 

source. 

Encoded with the MPEG reference implementation the 

IDR frame requires 3.3MB. If we predict the car from a 

car model with our enhanced encoder, the required data 

for the IDR frame is reduced to 2.6MB. As given in 

Section 4 the car makes up roughly ¼ of the frame 

information, and as can be seen in Figure 6 (a) not the 

model information still needs to be corrected to a certain 

degree, especially where the windows are located and 

where light reflectance changes the appearance. Therefore 

a reduction by 0.7MB which is a bit less than ¼ of the 

frame information is in line with expectations. 

Furthermore, if we assume the background of the scene to 

be known, a reduction of the required data to 0.6MB can 

be achieved. As visualized in Figure 6 (b) now only ¼ of 

the video frame needs to be partially corrected. 

At the same time it can be noticed that the model 

knowledge has no meaningful effect on the successive 

video frames. Therefore the proportional compression 

gain decreases as the GOP-length increases, means as 

more pictures are predicted from previously decoded 

video frames without IDR frames or scene changes in 

between. A graphical representation of these results is 

given in Figure 7. The reason for this observation is 

simple: The realism of rendered images suffices to help 

predicting I frames, but motion compensation from a 

previous frame is cheaper than also predicting a P frame 

from a model. 

The results show that a hybrid extension for Model Based 

Coding of MPEG can lead to very promising results. 

Essential for the compression are the amount of scene 

content that can be predicted from models as well as the 

quality of the models. Fully implemented the model based 

coding scheme has the ability to compress beyond the 

minimal entropy content of a video. 

 

 

 

   
           (a) from model only              (b) from model and background 

Figure 6: Visualized difference of predicted IDR frame 

 

 
Figure 7: Video size in Bytes 

Table 4: Accumulated Data Requirements 

Prediction Bytes/Video 

MPEG 12646 

Model Based (from 

car model) 
11973 

Model Based (from 

car and background) 
9781 

  

 

Table 3: Model-Based - Encoded Frames of Car Sequence 
with car model and background 

Frame Bit/Pic 

00 (NVB) 176 

00 (IDR) 4712 

01 (P) 12984 

02 (P) 14696 

03 (P) 15520 

04 (P) 15024 

05 (P) 15136 

 

Table 2: Model-Based - Encoded Frames of Car Sequence 
with simple car model 

Frame Bit/Pic 

00 (NVB) 176 

00 (IDR) 20536 

01 (P) 14384 

02 (P) 14920 

03 (P) 15424 

04 (P) 14896 

05 (P) 15448 

 

Table 1: MPEG-Encoded Frames of Car Sequence 

Frame Bit/Pic 

00 (NVB) 176 

00 (IDR) 26456 

01 (P) 14064 

02 (P) 14768 

03 (P) 15616 

04 (P) 14584 

05 (P) 15484 

 



 

6 FUTURE WORK 

Right now the encoder employs model data which is 

rendered externally. A next step in the model based codec 

development is to integrate the renderer into the encoder. 

Apart from being tidier to have all tools included in a 

single application this is also a necessary step to ensure a 

working codec. Different renderers tend to interpret 

model data differently, but correct decoding depends on 

the same understanding of model data. 

Combining the model based prediction presented here 

with the model aided prediction suggested in [3] and [4] 

can further increase the coding efficiency. As the 3D 

model is made available for the I frame already, it is a 

small step to reuse it for model aided motion 

compensation without additional costs. 

Prediction from models employing the same error 

measures as for prediction from previous frames is 

suboptimal. This is due to a large gap between perceived 

error and calculated error. Rendered models tend to have 

a high perceived quality (good resolution, realistic 

appearance) but a low SNR compared to the original 

image, as object edges, material colour gradients or other 

details irrelevant to a human observer can differ slightly. 

Currently perceived quality can only be comprehensively 

measured by subjective studies [10]. However, including 

such a measurement into the encoder is essential to 

achieve better compression rates in model based coding. 

Image and scene analysis are important for placing 

models in a scene. Apart from few research scenes were 

model data is already available this process requires 

manual input. Currently, a European research project aims 

at enhancing the video acquisition process, with one goal 

to detect objects in scenes [11]. Further development of 

such methods will be important for successful application 

of model based coding. Along with model detection the 

availability of models needs to be enhanced, such that en- 

and decoders can refer to the same model knowledge 

without the need to actually exchange this data. 
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