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ABSTRACT

This paper proposes a hybrid pattern matching/transform-based

compression engine for scanned compound documents. The novelty

of this approach is demonstrated by using a modified version of the

HEVC (High Efficiency Video Coding) Test Model as a compound

document compressor, here conveniently referred to as HEDC (High

Efficiency Document Coder). The proposed method uses segments

of a document to create a video sequence, which is then encoded

by HEDC. The idea is to explore interframe prediction as a pattern

matching algorithm for coding units pre-classified as text; and in-

traframe prediction for coding units pre-classified as image. Results

show that HEDC outperforms AVC-I, HEVC-I (H.264/AVC and

HEVC operating in pure intra mode), H.264/AVC and JPEG2000

by up to 3.3, 2.5, 1.7 and 5 dB, respectively. Furthermore, for

most documents the proposed method yields practically the same

rate-distortion performance as regular HEVC, but is approximately

5% to 20% faster due to a pre-classification algorithm that prevents

it of performing all possible inter/intra prediction tests for each

prediction unit.

Index Terms— Page processing, compound document com-

pression, High Efficiency Video Coding, pattern matching.

1. INTRODUCTION

Scanned documents are either compressed as a continuous-tone pic-

ture, or they are binarized before compression. The binary docu-

ment can then be compressed using any available two-level com-

pression algorithm (such as JBIG [1] and JBIG2 [2]), or it may

undergo character recognition [3]. Binarization may cause strong

degradation to object contours and textures, such that, whenever

possible, continuous-tone compression is preferred [4]. Examples

of continuous-tone image compression algorithm are JPEG [5] or

JPEG2000 [6, 7]. Some results point to the fact that the many coding

advances brought into H.264/AVC operating in pure intra mode also

made it a formidable compressor for still images [8, 9, 10]. Multi-

layer approaches such as the mixed raster content (MRC) imag-

ing model [11, 12, 13, 14, 15] are also challenged by soft edges in

scanned documents, often requiring pre- and post-processing [16].

Natural text along a document typically presents repetitive sym-

bols such that dictionary-based compression methods become very

efficient [17]. For continuous-tone imagery, the recurrence of sim-

ilar patterns is illustrated in Fig. 1. Nevertheless, the development

of an efficient dictionary-based encoder relying on continuous-tone

pattern matching is a challenging problem. We propose an encoder

that explores such a recurrence through the use of a page processing

procedure, a coding unit pre-classification algorithm, pattern match-

ing predictors and efficient transform encoding of the residual data.
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Fig. 1: Scanned documents usually present recurrent patterns.

2. THE PROPOSED METHOD

First, each scanned H × W pixels document is segmented into 16
(H/4 × W/4 pixels) sub-pages. These sub-pages are organized as

frames of a video sequence, which is further encoded through the

proposed encoder. Figure 2 illustrates the page processing proce-

dure.
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Fig. 2: Proposed page processing algorithm.

The encoder used here is based on pattern matching. Each frame

is partitioned into coding units, which are further partitioned into

prediction units. Each prediction unit in a frame is then matched

to a pattern existing in a previous frame. Once a match is found,

the matching pattern is used as a predictor and the prediction error

(residue) is transform coded. Prediction units may be of different

sizes and geometries. Figure 3 illustrates the effect of using the pat-

tern matching algorithm with two different prediction units. Fig-

ures 3 (a) and (b) show examples of a reference and a current text

area, respectively. Figures 3 (c) and (e) represent the predictions of

the current text using 16 × 16 and 4 × 4 pixels prediction units, re-

spectively. Figures 3 (d) and (f) are the corresponding residual data.

Notice that the 4×4-pixel prediction generates a lower-energy resid-

ual, when compared to the 16× 16, however, they require encoding



more reference vectors. This trade-off is addressed by an optimiza-

tion algorithm.
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Fig. 3: Illustration of pattern matching using interframe prediction:

(a) reference text; (b) current text; (c) and (e) predicted text (block

size: 16×16 and 4×4 pixels, respectively); and (d) and (f) prediction

residue (block size: 16× 16 and 4× 4 pixels, respectively).

Since we are dealing with compound documents - images com-

posed by a mixture of picture and text - we propose a coding unit

pre-classification algorithm in order to avoid time consuming ineffi-

cient pattern matching. It is not likely that a prediction unit in a pic-

torial region of a frame would find any good match in a text region

of a previously encoded frame. Pictorial regions would be better

encoded through intraframe prediction instead.

The first step of the text/picture pre-classification algorithm bi-

narizes the document using the Floyd-Steinberg dithering [18], de-

scribed in the FSDITHERING procedure. D(i, j) represent the im-

age being binarized.

FSDITHERING

1 for i = 0 to height
2 for j = 0 to width
3 pold = D(i, j)
4 if pold ≥ 127
5 pnew = 255
6 else pnew = 0
7 D(i, j) = pnew

8 ε = pold − pnew

9 D(i, j + 1) = 7

16
ε

10 D(i+ 1, j − 1) = 3

16
ε

11 D(i+ 1, j) = 5

16
ε

12 D(i+ 1, j + 1) = 1

16
ε

Then, for each 64×64-pixel block a cross-correlation coefficient

Cr is calculated [19], according to Equation 1.

Cr = 1−
2

642

63∑

i=0

63∑

j=0

[p(i, j) xor p(i+ 1, j)]. (1)

If Cr ≥ 0.86, the coding unit is classified as picture and is

intraframe encoded; otherwise, the coding unit is a candidate for

interframe prediction (pattern matching).

Figure 4 shows an example of compound document and the re-

sult of the described pre-classification algorithm. White pixels rep-

resent pictorial regions. To implement the proposed encoder, here

conveniently called High Efficiency Document Coder (HEDC), we
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Fig. 4: Result of pre-classification algorithm. White pixels repre-

sent pictorial regions and are intraframe encoded. Black regions are

candidate for interframe prediction (pattern matching).

included the above described new features (page processing and cod-

ing unit pre-classification) in the recently proposed HEVC (High

Efficiency Video Coding) [20] Test Model, which is meant to be-

come the next generation video coder. This new standard is still

under development by ISO/IEC and ITU-T. It was selected, because

it incorporates a patter matching algorithm with variable block sizes.

Each block is referred to as coding unit, which can be of sizes from

8× 8 to 64× 64 in a tree structure. Each coding unit can be further

partitioned symmetrically or asymmetrically into prediction units.

The predictions units can be coded using one of the 34 intra predic-

tion modes, or using interframe prediction. HEVC also presents a

quadtree structure transform coding with block size from 4 × 4 to

32×32. The best block partitions and coding modes are determined

in a rate-distortion sense.

3. RESULTS

In our tests, the documents shown in Fig. 5 are compressed using

JPEG2000 (JP2), AVC-I and HEVC-I (H.264/AVC and HEVC

operating in pure intraframe mode, respectively), conventional

H.264/AVC [21] (AVC), conventional HEVC, and the proposed

HEDC. For JPEG2000, AVC-I and HEVC-I compression, the frames

are separately encoded as still images. As for H.264/AVC, HEVC

and HEDC the first frame of the sequence is encoded as an I-frame

(only intraframe prediction modes are used) and all the remaining

frames are encoded as P-frames (past frames are used as reference

by the interframe prediction). The number of reference frames,

Rf , and the search range, Sr , where set to 4 and 64, respectively.

Figure 6 shows PSNR plots comparing the above mentioned en-

coders. The PSNR was calculated using the global mean square

error (MSE), instead of an average of the PSNR for each frame.

Unlike conventional video sequences, here the frames can have very

different characteristics, e. g., one frame can be completely pictorial

and the next frame completely composed of text regions, therefore

an overall PSNR is a better quality indicator than average PSNR.

All encoders that use interframe prediction outperform those

that do not; namely, AVC-I, HEVC-I and JPEG2000. This cor-

roborate previous studies that point interframe prediction as an ef-

ficient pattern matching algorithm for text compression in scanned

documents [21]. For some images, HEVC-I may present a sim-

ilar performance compared to regular H.264/AVC. This indicates

the effectiveness of the improvements brought into this under de-

velopment standard. However, regular HEVC outperforms all other

codecs for all tested documents. Compared to HEVC, the proposed

HEDC presents almost no PSNR difference for four of the tested

documents, as can be seen in Table 1. The most noticeble drops in



Table 1: Average performance comparison between HEVC and

HEDC. PSNR loss and complexity reduction of HEDC are 0.10 dB

and 12.94%, respectvely.

PSNR may be observed in documents “IEEE1" and “IEEE2", where

the average PSNR differences are 0.25 and 0.21, respectively. These

differences, however, do not affect subjective quality. Furthermore,

HEDC significantly reduces the encoding time compared to regular

HEVC. The average time reduction is 12.94%, while the upper and

lower bounds are 21.67% and 5.24%, respectively.

Figure 7 shows a subjective comparison between the proposed

method and JPEG2000. For both regions, pictorial and text, the

proposed encoder presents superior quality. It preserves more ad-

equately the edges for both text and pictorial data, with less ringing

effect around text regions.

4. CONCLUSION

In this paper we proposed a scanned compound document encoder

that uses: (a) a page processing procedure; (b) a text/picture pre-

classification algorithm; (c) pattern matching with variable block

sizes for text regions; (c) intra coding for pictorial regions; and (d)

efficient transform encoding of residual data. This encoder was im-

plemented using the HEVC Test Model as framework. Results show

that HEDC consistently outperforms AVC-I, HEVC-I, H.264/AVC

and JPEG2000. Furthermore, for most documents the proposed

method presents practically the same rate-distortion performance as

regular HEVC, but a significant complexity reduction is achieved

due to the proposed pre-classification algorithm.
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Fig. 5: Test set used in our experiments: (a) “carta” (size: 2304× 1792 pixels); (b) “IEEE1” (size: 3328× 2304 pixels); (c) “IEEE2” (size:

3328×2304 pixels); (d) “scientific” (size: 2304×1792 pixels); (e) “spectrum” (size: 2048×1792 pixels); and (f) “spore” (size: 1536×1024
pixels).
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Fig. 6: PSNR plots for the test set shown in Fig. 5: (a) “carta”; (b) “IEEE1”; (c) “IEEE2”; (d) “scientific”; (e) “spectrum”; and (f) “spore”.
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Fig. 7: Subjective comparison between the proposed HEDC and the state-of-the-art continuous-tone still image compressor JPEG2000.

These two encoders presented the best and the worst observed rate-distortion performance, respectively. The images represent zoomed parts

of “spore” document compressed at approximately 0.3 bits/pixels: (a) HEDC-encoded pictorial region; (b) JPEG2000-encoded pictorial

region; (c) HEDC-encoded text region; and (d) JPEG2000-encoded text region.


