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Abstract 
  Compression is the reduction of the irrelevant or redundant data, in order to save space or transmission time. Scanned document 

is compressed to reduce the requirement of the storage space. This paper proposes, an Advanced Document Coding (ADC), which 

was a H.264/AVC (Advance Video Coding) video coding standard for compressing the scanned document. During encoding 

phase, intra-frame and inter-frame prediction technique is used to reduce the redundancy of the image data. Intra-frame 

prediction technique is performed relative to information that is contained only within the current frame and not relative to any 

other frame. The Inter-frame prediction technique means only changes in the image from the previous subpages. This prediction 

generates residual data that can be transformed and encoded using Context Adaptive Binary Arithmetic Coding (CABAC). In the 

decoding process, Arithmetic decoding, inverse transform are used to assemble the final document page. The proposed work is 

analyzed by Peak Signal to Noise Ratio (PSNR), which is calculated by using global Mean Square Error (MSE). The result 

reveals that, ADC improves the encoding efficiency than the JPEG2000 in terms of PSNR value. 
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1. INTRODUCTION 

Compression is one of the active areas of image processing. 

Compression of scanned document can be very difficult.  

Many compression methods have been proposed in literature 

such as JBIG [1], JBIG2 [2], JPEG [3], and JPEG2000 [4]. 

JBIG is a lossless image compression, designed for 

compression of binary images and uses arithmetic coding 

known as QM-coder. This is particularly used for faxes. 

However, the problems result from the fact that the 

arithmetic coding method is patented by IBM. JBIG2 is 

suitable for both lossless and lossy bi-level compression. 

The encoder will segment the image and compressed using a 

context dependent arithmetic coding algorithm. JPEG uses a 

lossy compression; the encoder is based on the Discrete 

Cosine Transform (DCT), quantization and encoded using 

Huffman encoding method. It may not be as well suited for 

line drawings and fails to compress bi-level images. 

JPEG2000‗s spatial redundancy prediction can contribute 

more to the compression process and encoded using wavelet 

transform. A document typically consists of presents 

repetitive symbols. So that dictionary- based compression 

methods become very efficient. We propose an encoder that 

explores such a recurrence through the use of pattern 

matching prediction and the efficient transforms encoding of 

the residual data. 

 

In the proposed method three postulates are assumed. 

Firstly, we must be avoided complex multi-coder schemes 

such as mixed raster content (MRC). Secondly, the 

compression method is standard as possible. Because we are 

dealing with standard image encoders such as JPEG and 

JPEG2000are the most adequate. Thirdly, we required high 

quality reconstructed version of scanned documents. Third 

postulate is very important for the historical value of rare 

books need to be stored digitally. A standard single coder 

approach that operates on natural images and delivers high-

quality reconstructed compound documents. The proposed 

coder makes heavy use of the H.264/AVC. H.264/AVC is 

well explained in the literature [5]-[9]. H.264/AVC leads to 

outperformance than the existing standards. 

2.  H.264/AVC CODING STANDARD 

In this section we explained the H.264/AVC video coding 

scheme and we also discuss the various prediction 

techniques such as intra and inter frame prediction, 

transform coding and entropy coding as well as decoding 

process. Fig.1. Shows the overview of the proposed model. 

2.1 Page processing Algorithm 

 

For the compression, first the book will be scanned. The size 

of the each scanned page is H×W pixel. The proposed 

encoding method, the scanned page is subdivided into nine 

H/3 × W/3 pixels sub-pages or frames. Then, these frames 

are used to create a video sequence. The page segmentation 

is used for similar text patterns are more likely to be found 

on the same frames rather than on different frames.  
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Fig -1: Overview of the Advanced Document Coding 

 

 

2.2 Intra Frame Predictions 

Intra frame prediction technique is used for predict the 

neighboring pixel values. In INTRA 4x4, a macroblock of 

size 16x16 pixels are divided into 16 4x4 sub blocks. Intra 

prediction scheme is applied individually to these 4x4 sub 

blocks.  Nine different prediction modes supported in intra 

frame prediction and named as vertical, horizontal, DC, 

diagonal down left, diagonal down right, vertical right, 

horizontal down, vertical left and vertical right. It is shown 

in Fig.2. The predicted samples are determined from a 

weighted average of the previously predicted samples A to 

M. 

 

 
 

Fig-2: 4x4 intra-prediction modes 

 

 
 

Fig-3: 16x16 intra prediction modes 

 

In the 16x16 intra prediction four modes are used and 

named as vertical, horizontal, DC and plane.  The fig. 3. 

Shows the 4 prediction modes of intra 16x16. The vertical, 

horizontal and DC modes are similar to the prediction 

modes for intra 4x4.  In the fourth mode, Plane prediction 

use weighted combination of horizontal and vertical 

adjacent pixels. 

 

2.3 Inter frame prediction 

The inter frame prediction is used to exploit similarities 

between subpages or frames in order to reduce the amount 

of information to be encoded. Based on previously encoded 

blocks, first we built a prediction of the current frame and 

then create a prediction error by subtracting the prediction 

from the current frame. In the inter frame prediction, each 

current macroblock is predicted as one 16 × 16 partition, 

two 16 × 8, two 8 × 16 or four 8 × 8 macroblock partitions. 

In the case of  8×8 partition, the sub-macro blocks may be 

further partitioned in one 8×8 partition, two 8×4, two 4×8 or 

four 4×4 sub macroblock partitions. The fig.4.shows the 

inter frame prediction. 

 

 
 

Fig-4: Inter prediction (block size: 16 × 16, 16 × 8, 8 × 16 

8× 8, 4× 8, 8× 4 and 4 × 4 pixels respectively). 

 

2.4 Residual Coding 

The residual macro blocks are transformed by integer 

transform. The forward 4x4 integer transform [10] of a 

sample block can be expressed as, 

 Y= (CXC
T
) ⊕Ef                                                                (1) 
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Where, C is core value of the integer transform and Ef is the 

Scaling factor that are defined by, 
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The resulting integer transformed coefficients are quantized 

and entropy encoded using CABAC. 

 

2.5 CABAC 

CABAC provides much better compression than most other 

entropy encoding method. It is one of the primary 

advantages of the proposed encoding scheme. This process 

has following three steps: binarization, Context modeling 

and binary arithmetic coding. 

 Binarization: In this step, a non-binary valued 

symbol value is converted into a binary symbol 

value. This binary code is further encoded prior to 

transmission. 

 Context model selection: This stage a 

probability model for one or more bins of the 

binarized symbol. This model chooses a selection 

of available models depending on recently-coded 

data symbols and stores the probability of each 

bin being ―1‖ or ―0‖.  

 Arithmetic encoding: According to the selected 

probability model, each bin being encodes based 

on the Arithmetic encoder.  

 Probability update: The context model is 

updated based on the actual coded value. 

 Stages are repeated for each bin of the binarized 

symbol. 

 

2.6 Decoder Summary 

In the decoder process, inverse quantization and inverse 

integer transformation are done. By adding the predicted 

frames to the values of an inverse transform and produce the 

reconstructed frames and assemble into the final document 

book pages. 

 

3. RESULTS 

In our test, the different scanned pages are compressed using 

JPEG2000 and the proposed ADC. The reason why we 

select the JPEG2000 for comparison is that, it meets the 

three postulates mentioned in Section I. The test set is 

composed by 18 documents divided into the following 4 

classes. The entire test set is available in [11]. 

1) Class 0:  multi- page text only documents. 

2) Class 1:  single- page text only documents. 

3) Class 2:  multi- page compound documents. 

4) Class 3:  single –page compound documents. 

 

 
 

Fig-4 (a): Input scanned page 

 

 
 

Fig-4 (b):  splitted frames 

 

 
 

Fig-4(C):  Predicted Error 
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Fig-4 (d): Reconstructed Frame 

 

The Fig. 4 (a) shows the input scanned page of single page 

text only document classes and the Fig. 4 (b) shows pages 

are splitted into subpages. Here page is splitted into 9 

frames.  The Fig. 4(c) shows the residual frame which was 

calculated by subtracting the original frame and predicted 

frame. Then apply the integer transform, quantization and 

CABAC. After that decoding was done and then reconstruct 

the frames. The Fig.4 (d) shows the reconstructed frames. 

 

 
 

(a) Average Class Over 0 

 

 
 

(b) Average Class Over 1 

 

 
 

(c) Average Class over 2 

  

 
 

(d) Average Class Over 3 

 

Fig-5: Comparison of ADC against JPEG 2000 in terms of 

PSNR averaged for documents. (a) Class 0. (b) Class 1. (c) 

Class 2. (d) Class 3. 

 

Distortion metrics based on visual models such as Structural 

Similarity (SSIM) and Video Quality Metric (VQM) has 

been used for test the pictorial content. Readability is very 

important in the compression process. Hence, the 

performance is analyzed by PSNR which is calculated using 

MSE. The quality between original and compressed image is 

measured by PSNR. The MSE represents the cumulative 

squared error between the compressed and the original 

image, whereas PSNR represents a measure of the peak 

error. The lower value of MSE represents the lower the 

error. 

 

In JPEG2000 and ADC compression, the pages are 

separately encoded. Bitrates Vs. Average PSNR was plotted 

for evaluating the performance. Fig. 5 shows average PSNR 

improvement of ADC over JPEG2000 for each of the 

document class test sets. This explains that when bit rate 

increased the value of average PSNR also increased and the 
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ADC achieves high PSNR rate over JPEG2000 Standard. In 

all cases, ADC outperforms JPEG2000 by up to 2.7dB. 

 

4. CONCLUSIONS 

The proposed method ADC, which uses an H.264/AVC 

video coding standard for compress the scanned document. 

The reason why we chose the H.264/AVC tools to 

implement the proposed method is because intra and inter 

frame prediction scheme to reduce the storage space of the 

image data. In addition the integer transform and the 

CABAC contribute to improve the encoding efficiency. The 

proposed method obtained more significant gains than the 

existing system.  Our work can be summarized as split the 

document into many pages, form the frames, and feed the 

frames to H.264/AVC. In that encoding process, intra and 

inter frame prediction, integer transformation, quantization 

and CABAC are performed. Then, PSNR was calculated 

using MSE. Then, in the decoding phase, inverse 

quantization and inverse transformation are done and the 

frames are reconstructed.  

 

This project can be further enhanced for improving 

encoding efficiency and maximizing the PSNR rate by 

replacing the H.264/AVC by High Efficiency Video Codec 

standard (HEVC) which would yield even larger gains. The 

performance of the approach will also be improved further 

and the size of the compressed data will be reduced to a 

greater extend. 
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