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Document Image Compression

e High quality raster documents
— Require 600dpi scanning using 24 bits per pixel.
— Result in 45-90 Megabytes per page

e Natural image compression algorithms perform very poorly on doc-
uments.

— At moderate bit rates (20:1 compression) text and graphics are
badly degraded.

— Ringing artifacts look very bad with text.
— Text is high resolution/low bit depth
— Pictures are low resolution /high bit depth

e Document compression must function well at very low bit rates
(80:1 compression).



Segmentation Based Document Compression
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e Mixed Raster Content (MRC)

— Document is typically separated into three layers: foreground,
background, and binary mask.

— Each layer is coded independently using conventional image
coder: JPEG, wavelet, CCITT Group 4, or JBIG(2).

— MRC part of JPEG2000 and ITU T'.44 standards.

e Block-based segmentation

— Segment non-overlapping blocks of pixels into different classes.

— Compress each block differently according to its characteristics.
— More efficient than MRC.



How to Compute Segmentation?

Computing Segmentation using RDOS

e R;(x;|x;_1) = 0 - Number of bits required to encode block i using
class x;.

e D(x;) = 0 - Distortion produced by encoding block ¢ using class
;.

e “Optimum” segmentation is given by

L—1
rt = arg min . RZ(CUZ|CEZ_1> + >\Dz<xz> (1)
veNL i=1

e Can be solved using dynamic programming.

e Requires detailed formulation of rate and distortion for each class.
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What is the Problem?

(a)compressed by Djvu at
at 400dpi 40de1, 473:1 compression
ratlio

(b)original image scanned

e Binary mask makes hard selection between foreground and back-
ground pixels.

e This causes “jaggies” and other artifacts in document.



Resolution Enhanced Rendering (RER)
Approach

e RER Encoder

— Encode gray level mask using adaptive dithering.

— Adaptive dithering is controlled by four parameters.
e RER Decoder

— Decode gray level mask using tree-based nonlinear predictor.

— Nonlinear predictor is controlled by parameters of decision tree.
e Joint Encoder/Decoder Optimization

— Design decoder to recognize patterns of encoder.
— Design encoder to produce recognizable patterns.

— Jointly optimize encoder/decoder to minimize distortion.



Resolution Enhanced Rendering Method
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[llustration of MRC encoder and decoder with RER.




Optimization for Encoder & Decoder with
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The parameters of RER encoder and decoder are jointly optimized to
maximize the quality of the decoded document.



Computing “Gray” Level Mask

1. Project pixel onto line connecting foreground and background color.

R
2. Clip the result to the range [0, 1].

vs = min {1, max {0, A\;} }
3. Compute the error of a binary mask at each pixel.

Ag = min{~s, 1 — s}



The Gray Level Mask Encoder

e Binary mask is dithered using error diffusion.

e Error diffusion weights are varied according to:

w,, = (;szSju(Asj —T)
2o a;As; +0.001
Ag; - binary mask error at pixel s;
e Adaptive error diffusion:

— Weights change at each pixel.
— Diffuses error along boundaries of binary mask.

— (7, ap, a1, 9, rg) - parameter parameterize algorithm



The RER Decoder

e For each pixel in image:

1. Extract a 5 X 5 window of the binary mask.

2. Use tree structured predictor to estimate gray level mask, As.
(Atkins, Bouman, and Allebach ‘99)

3. Use gray level mask value to reconstruct pixel

X, = M\F, + (1 — \,)B,



The RER Decoder (Cont’d)
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Structure of RER decoder using nonlinear predictor.



Approach to Training and Testing

e [xperimental data

— Encoder training data - 5 documents scanned at 400dpi
— Decoder training data - 16 documents scanned at 400dpi

— Testing data - combination of scanned and synthetic images.

e The training process alternated between optimization of the en-
coder and decoder parameters.

e The distortion metric is mean squared error.

e Pixels with significant binary mask approximation errors were se-
lected.
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Scanned Test Image
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Synthetic Test Image
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Example 1

Standard RDOS
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Resolution Enhanced RDOS
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Experimental Results
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Conclusion

e Binary masks can cause significant artifacts in coded raster docu-
ments.

e The RER method:

— Can improve document quality by efficiently encoding mask
transitions.

— Is backward compatible with standard MRC coders.

— Is most effective after joint optimization of both encoder/decoder.



