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ABSTRACT

The JBIG2 standard is widely used for binary document im-
age compression primarily because it achieves much higher
compression ratios than conventional facsimile encoding
standards. In this paper, we propose a dynamic hierarchi-
cal dictionary design method (DH) for multi-page binary
document image compression with JBIG2. Our DH method
outperforms other methods for multi-page compression by
utilizing the information redundancy among pages with the
following technologies. First, we build a hierarchical dic-
tionary to keep more information per page for future usage.
Second, we dynamically update the dictionary in memory to
keep as much information as possible subject to the memory
constraint. Third, we incorporate our conditional entropy
estimation algorithm to utilize the saved information more ef-
fectively. Our experimental results show that the compression
ratio improvement by our DH method is about 15% compared
to the best existing multi-page encoding method.

Index Terms— Binary document image compression,
multi-page, JBIG2, dynamic hierarchical dictionary design,
conditional entropy estimation

1. INTRODUCTION

Binary document image compression is widely used for docu-
ment scanning, storage, and transmission. Very often, people
compress multi-page binary document images. Since these
images usually come from consecutive pages of the same
document source, there is typically information redundancy
among pages. In this paper, we focus on how to utilize this
information redundancy to improve the compression ratio for
multi-page binary document image compression.

The JBIG2 compression standard, developed by the Joint
Bi-level Image Experts Group [1], is considered to be the best
existing standard for binary image compression because it
can achieve much higher compression ratios than the previ-
ous methods, such as T.4, T.6, and T.82 [2, 3, 4, 5, 6]. The
high compression ratio of JBIG2 compression comes from its
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dictionary-symbol encoding procedure. A typical JBIG2 en-
coder works by first separating the document into connected
components, or symbols. Next it creates a dictionary by en-
coding a subset of symbols from the image, and finally it en-
codes all the remaining symbols using the dictionary entries
as a reference [7, 8, 9, 10, 11].

There are two straightforward methods to compress multi-
page document images with the JBIG2 encoder. The first
method creates an independent and static dictionary (IS) for
each of the pages. Since the IS method does not utilize the in-
formation redundancy among pages, it generally results in the
highest bit rate. Alternatively, the global-dictionary approach
builds a single dictionary for the entire document, so it can
generally achieve the lowest bit rate. However, the global-
dictionary approach is not practical, since it requires an enor-
mous memory to buffer the entire multi-page document be-
fore any compression can occur.

In fact, practical JBIG2 encoders usually load only one
page (sometimes even part of one page) to compress, and
do not load the next page until the compression is finished
[12]. Therefore, the information redundancy among pages is
utilized by sharing dictionaries among pages, which is sup-
ported by the standard [1]. The first and widely cited prac-
tical algorithm, called LDM, was proposed by Ye and Cos-
man in [13, 14]. The LDM algorithm forms a dictionary for
each of the pages by starting with the dictionary from the
previous page, adding new dictionary entries needed for the
current page, and expunging the dictionary entries (from the
previous page) not used for the current page. The LDM al-
gorithm improves the compression ratio compared to the IS
method, and is memory efficient. Figuera, Yi, and Bouman
also proposed a multi-page encoding algorithm referred to as
“dynamic symbol caching (DSC)” in [15, 16]. The DSC algo-
rithm is claimed to have higher compression ratio compared
to LDM, because DSC only discards dictionary entries when
there is no space available in the memory. The discarded dic-
tionary entries are the least recently used ones.

In our paper, we introduce a dynamic hierarchical (DH)
dictionary design method for efficient compression of multi-
page documents. The encoding efficiency improvement of the
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document symbols requires better utilization of the informa-
tion redundancy, which can be accomplished by constructing
and sharing large dictionaries among pages. However, the
large dictionaries also require a large number of bits to be en-
coded, and a great deal of memory to retain. Our DH method
addresses these competing demands by employing both a hi-
erarchical structure that efficiently encodes large dictionaries,
and a dynamic strategy that retains the more information sub-
ject to the memory constraint. In addition, we use the condi-
tional entropy estimation technique of [17, 18] to measure the
information redundancy between two dictionary entries. This
results in further improvements to the encoding efficiency of
the dictionary design and symbol encoding processes. Our
experimental results show that the DH method improves the
compression ratio by approximately 15% relative to the best
existing method.

The rest of the paper is organized as follows. We present
the dynamic hierarchical dictionary design method in details
in Sec. 2. The experimental results are shown in Sec. 3 and
the conclusion is in Sec. 4.

2. DYNAMIC HIERARCHICAL DESIGN

In this section, we introduce the dynamic update approach for
encoding of hierarchical dictionaries. Sec. 2.1 explains how
the first page is encoded. Sec. 2.2 and Sec. 2.3 then explain
the dynamic updating strategy for successive pages.

2.1. Encoding of First Page

(a) Single dictionary (b) Hierarchical dictionary

Fig. 1. Single dictionary and hierarchical dictionary struc-
ture for the first page. The hierarchical dictionary structure
efficiently encodes a large refinement dictionary, which more
efficiently encodes the document symbols.

The Figs. 1 (b) illustrates how the hierarchical dictionary
structure is used to encode the first page of the document.
First, we encode a smaller dictionary, called the direct dictio-
nary, denoted as D1. This direct dictionary is encoded using
the direct coding mode of the JBIG2 standard [1]. Next, we
use the refinement coding mode of the JBIG standard [1] to
encode a much larger refinement dictionary, denoted by Dr

1.
The refinement dictionary is compressed very efficiently be-
cause refinement coding uses a reference symbol from the di-
rect dictionary to encode each new symbol in the refinement

dictionary. Finally, we encode all the symbols in the first doc-
ument page by using the refinement dictionary as a reference.

In order to construct the hierarchical dictionary of Figs. 1b),
we use a bottom-up procedure. First, we extract all the dis-
tinct symbols on the first page. Then, for each of the distinct
symbol, we construct one refinement dictionary entry. Next,
we group the similar refinement dictionary entries into clus-
ters, and create one representative for each of the clusters.
These representatives are the dictionary entries which form
the direct dictionary. In order to perform the clustering,
we use the conditional entropy estimation-based dictionary
indexing and design algorithm (CEE-DI) of [17].

2.2. Encoding of Successive Pages

The Fig. 2 illustrates the dynamic hierarchical dictionary con-
struction of successive pages of the document. For successive
pages, we introduce the stored dictionary, denoted as Ds

k, for
the kth page (k 6= 1). When there is no memory constraint,
the stored dictionary Ds

k is the union of all dictionaries from
the previous pages (of which indices < k). The case with
memory constraint will be discussed in the next subsection.

Once again, the refinement dictionary Dr
k is formed by

every unique symbols in the kth page. For each of the given
refinement dictionary entries, we try to find a good match in
the stored dictionary, Ds

k, to encode it efficiently. Typically,
most of the entries in the refinement dictionary will have a
good match in the stored dictionary. Thus, in this case, the
refinement dictionary is encoded very efficiently.

However, there will typically be some refinement dic-
tionary entries, that do not have a good match in the stored
dictionary. In order to encode these unmatched refinement
dictionary entrees, we form a new direct dictionary Dk. We
build this direct dictionary using the conditional entropy
estimation-based dictionary indexing algorithm (CEE-I) [17].

Fig. 2. Hierarchical dictionary structure for the kth page. The
stored dictionaryDs

k is the pruned union of all the dictionaries
from previous pages. Some entries in the refinement dictio-
nary are encoded using the stored dictionary, while the rest
are encoded using the direct dictionary.

The criteria to determine whether we can find a good
match for the given refinement dictionary entry in the stored
dictionary is based on the conditional entropy estimation
(CEE) in [17]. Let dr

k,j denote the jth entry in Dr
k, and d

s
k,i

denote the ith entry in Ds
k. The best match for dr

k,j in Ds
k is
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found by
d
s

k,̂i(j)
= argmin

ds
k,i

∈Ds
k

Ĥ(dr
k,j |d

s
k,i) , (1)

where Ĥ(dr
k,j |d

s
k,i) is the estimation of the conditional en-

tropy of dr
k,j given d

s
k,i. If the conditional entropy of dr

k,j

given d
s

k,̂i(j)
is smaller than the predefined threshold TR,

Ĥ(dr
k,j |d

s

k,̂i(j)
) ≤ TR , (2)

we encode d
r
k,j using the stored dictionary entry d

s

k,̂i(j)
as a

reference. Otherwise, we do not encode dr
k,j using the stored

dictionary.

2.3. Dynamic updating strategy

In order to make our algorithm practical, we must ensure that
the size of the dictionaries retained in the memory will not
grow beyond our available memory size.

The method we used is to discard some of the stored dic-
tionary entries whenever the memory size for all the dictio-
naries for the kth page is larger than 1M bytes. We choose
the threshold value to be 1M because the standard requires a
decoder to have at least a 1M byte of storage for the dictionary
[12].

The memory size for the dictionaries for the kth page
is the summation of the memory size for Dk, Dr

k, and Ds
k,

which can be calculated using the formula in [12]. The entry
to be discarded is the stored dictionary entry d

s
k,m̂ satisfying

both of the following two conditions.

1. The entry d
s
k,m̂ is not referred by any entry in Dr

k.

2. The entry d
s
k,m̂ is least distinct, defined as

m̂ = argmin
m

dXOR(d
s
k,m,d·

k,n) , (3)

where d·

k,n is any dictionary entry different from d
s
k,m,

that belongs to Dk, Dr
k, or Ds

k. The function dXOR cal-
culates the Hamming distance between two dictionary
entries.

Similar dictionary entries typically have more mutual in-
formation. Therefore, by the above strategy, we maintain as
much total information as possible in the memory under the
memory size constraint.

3. EXPERIMENTAL RESULTS

In this section, we compare the DH method with the best ex-
isting method DSC of [15, 16]. The DSC method in our ex-
periments is based on the widely used weighted Hamming
distance (WXOR) [19, 20] for the dissimilarity measurement
between symbols and dictionary entries. For the DH method,
we investigated two versions. The first one is as described in

the Sec. 2, called DH-CEE, since it uses the conditional en-
tropy estimation (CEE) as the dissimilarity measure. For the
second one, we substitute the CEE dissimilarity measure with
the WXOR dissimilarity measure, in order to see the benefit
due only to the dynamic hierarchical dictionary design. We
call this method DH-WXOR.

The test images consists of three sets of document im-
ages, EEPaper, Vita, and I9intro. Each set was scanned from
consecutive pages of the same document at 300 dpi. The set
EEPaper contains 9 images with 3275 × 2525 pixels; Vita
contains 10 images with 3300× 2550, while I9intro contains
6 images with 3300×2550. These test images contain mainly
text, but some of them also contain line art, tables, and graph-
ical elements, but no halftones. The JBIG2 lossless text mode
was used for all experiments.

We limited the memory usage for dictionaries to be less
than 1MB, as described in 2.3. Unless otherwise stated, we
adjusted the parameters of all the methods so that each of the
methods achieved its optimal compression ratio.

3.1. Compression ratio improvement

In this subsection, the compression ratio is investigated by
compressing the three documents. The following plot in Fig.
3 shows a comparison of the DH-CEE method to the alterna-
tive methods in encoding EEPaper. In the plot, everything is
relative to the independent and static dictionary constructed
with the WXOR dissimilarity measure (IS-WXOR). Notice
that, our method DH-CEE has the highest compression ra-
tio for all the pages. For the entire document EEPaper, the
DH-CEE improved the compression ratio by 14% compared
to DSC, while for Vita by 15% and for I9intro by 17% .
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Fig. 3. Compression ratio improvements by different dictio-
nary design methods (relative to IS-WXOR) for EEPaper.

The main reason for the compression ratio improvement
by DH-CEE over DSC is that DH-CEE produced a much
larger dictionary for each of the pages, shown in Figs. 4 (a),
and the larger dictionaries can more efficiently encode the
documents. Meanwhile, using DH-CEE, only a small over-
head is needed to encode the large dictionary. The efficient
encoding of large dictionaries is demonstrated with an exam-
ple in the next subsection.
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(a) DH-CEE vs. DSC
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Fig. 4. The number of the dictionary entries obtained by us-
ing different dictionary design methods. The large dictionar-
ies produced by the DH methods encode the documents effi-
ciently. For DH-CEE and DH-WXOR, the dynamic updating
controls the size of their dictionaries after the 7th page due to
the memory constraint.

3.2. Efficient encoding of large dictionaries

In this subsection, we show that the DH method encodes a
large dictionary with a relatively little overhead. Different
methods were used to create large dictionaries for the first
page in EEPaper.

The refinement dictionary produced by the DH method is
naturally large in size, because DH method creates one re-
finement dictionary entry for each of the distinct symbols in
the page. For comparison, in the experiment in this subsec-
tion, we adjusted the parameters of DSC to enforce its sin-
gle dictionary to be as large as the refinement dictionary with
DH-CEE. Please notice that in the experiment in the last sub-
section, the dictionary size of DSC was optimized to achieve
its highest compression ratio, and as shown in Fig. 4, was
much smaller than that obtained by using the DH method.

As shown in Fig. 5, the bitstream filesize obtained by us-
ing DH-CEE are significantly smaller than that obtained with
DSC. This is due to the hierarchical structure of DH-CEE:
DH-CEE builds up the direct dictionary using CEE-ID to en-
code the refinement dictionary efficiently.
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Fig. 5. Comparison of bit rate using three methods for dic-
tionary compression. Different from the last subsection, the
dictionary with DSC was enforced to be identical with the
dictionary with DH-CEE. Note that DH-CEE results in the
lowest bit rate in encoding the dictionary.

3.3. Conditional entropy estimation

The compression ratio improvement by DH-CEE also comes
from the conditional entropy estimation (CEE). For compari-
son, we investigate the DH-WXOR method, which substitutes
CEE with WXOR.

First, we repeated the single page experiment in Sec. 3.2
with the DH-WXOR method. The refinement dictionaries ob-
tained by using DH-WXOR and DH-CEE are identical since
they used the same method to create their refinement dictio-
naries. As shown in Fig. 5, the bit rate obtained by using DH-
WXOR is smaller than that with DSC due to the hierarchical
dictionary design. One the other hand, the bit rate with DH-
WXOR is larger than that of DH-CEE. This is because CEE
used in DH-CEE provides better measurement for the infor-
mation redundancy between dictionary entries than WXOR
in DH-WXOR [17]. And thus DH-CEE creates a better direct
dictionary to encode the refinement dictionary.

Then, we repeated the multi-page experiment in Sec. 3.1
with the DH-WXOR method. As shown in Figs. 3, DH-
WXOR improved the compression ratio by 11% compared
to DSC. This improvement purely comes from the large dic-
tionaries produced by the dynamic hierarchical design of DH-
WXOR, shown as Figs. 4 (b). On the other hand, The com-
pression ratio with DH-WXOR is about 4% less than that with
DH-CEE. This is because, based on CEE, DH-CEE creates
better direct dictionaries and selects better stored dictionary
entries to encode the refinement dictionarythan DH-WXOR.

Please note that all the above experiments were conducted
subject to the 1MB memory constraint. As shown in Figs. 4
(a) and (b), The dynamic updating has kept discarding stored
dictionary entries since the 7th page was encoded. If we re-
lease the memory constraint, no dictionary entries are dis-
carded and extra memory is consumed. However, according
to our experimental results, the extra memory usage only im-
proved the compression ratio by less than 1%. This is because
the dynamic updating minimizes the information loss caused
by discarded dictionary entries by selecting the least distinct
stored dictionary entries.

4. CONCLUSION

In this paper, we proposed the dynamic hierarchical (DH) dic-
tionary design method for the multi-page binary document
image compression. A typical dictionary design method for
multi-page image improves the encoding efficiency by main-
taining and utilizing the information from previous pages to
encode the successive pages. The DH method outperforms
the previously existing methods using the following technolo-
gies. First, hierarchical design allows us to maintain more
information per page. Second, the dynamic updating helps
us to maintain as much information as possible subject to the
memory constraint. Third, the conditional entropy estimation
helps us to utilize the maintained information more efficiently.
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