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Abstract. Recently, there is need for the automatic logo detection and document image retrieval because of increasing require-
ments of intelligent document images. In this work, we have developed an automatic logo based document image retrieval system
in which we first proposed an automatic logo detection and extraction from the document images using discrete wavelet transform
(DWT). Then, we have proposed an approach to retrieve document images based on the logo using combined rotated complex
wavelet filters (RCWF) and dual tree complex wavelet transform (DT-CWT). Since these combined features give information in
twelve different directions. Our approach is segmentation free. Finally, we evaluate the effectiveness of our approach using large
database collections of real-world complex documents.
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1. Introduction

Graphics detection and recognition are fundamen-
tal research problems in document image analysis and
retrieval. As one of the most pervasive graphical el-
ements in business and government documents, lo-
gos may enable immediate identification of organiza-
tional entities and serve extensively as a declaration
of a document’s source and ownership. Complex doc-
uments present a great challenge to the field of doc-
ument recognition and retrieval. The combined pres-
ence of noise, handwriting, signature, logos, machine-
print with different fonts, and rule lines impose a lot
of restrictions to algorithms that work relatively well
on simple documents. The primary task of processing
these complex documents is that of isolating different
contents present in the document. Once the contents
such as handwriting, machine-print, signature and lo-
gos are separated out, they can now be called as in-
dexed documents which are ready to be used by a
context-based image retrieval system. The problem of
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logo detection and recognition is of great interest to
the document image analysis and retrieval communi-
ties because it enables immediate identification of the
source of document based on the originating organi-
zation [1]. In the context of document image retrieval,
logo provides an important form of indexing that en-
ables effective exploration of data. The document im-
age retrieval based on logo is the process of retrieving
the closest matching document to the questioned doc-
uments from a database of known documents. Figure 1
shows examples of three different documents with dif-
ferent logos. The retrieval task would be to retrieve
all the other documents with the same logo document.
This would involve detecting logo from the documents
and then performing a match on these documents.

The main contribution of this paper is that, firstly,
we have proposed a novel logo detection and extrac-
tion from the document image using discrete wavelet
transform. Secondly, document image retrieval based
on logo using combined rotated complex wavelet fil-
ter and dual tree complex wavelet transform, in which
document matching was performed using the Canberra
distance. The experimental results of proposed method
were satisfactory and give better results.

The rest of the paper is organized as follows. Sec-
tion 2 discusses the literature survey. Section 3 dis-
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(a) Document 1 (c) Document 3(b) Document 2

Fig. 1. Three different documents with logo from Tobacco-800 dataset.

cusses the feature extraction methods. In Section 4, the
proposed system is discussed. In Section 5, the experi-
mental results are presented and finally, Section 6 con-
cludes the work.

2. Related work

The literature has focused almost on logo detection.
In 1997, Seiden et al. [1], considered the binary clas-
sification problem of whether an image segment con-
tained a logo. In their approach, the document page
is first segmented using the top-down X-Y cut algo-
rithm. A total of sixteen features of the connected com-
ponents in each segment are extracted and used by a
rule based classification scheme. Most of the research
is focused only on logo recognition [2,3], where it is
assumed that the segmentation of the logos has been
done by a different module. In 2003, Pham [4] pre-
sented a simple logo detection method based on the
assumption that the spatial density of the foreground
pixels in a logo region is greater than that in non logo
regions. A document image is first binaries into fore-
ground and background pixels by global thresholding.
Then, the spatial density within each fixed size win-
dow is computed and the region with the highest den-
sity is hypothesized as a logo region. In 2007, Zhu
and Doermann [5], presented a multi-scale approach
to logo detection and extraction in document images.
A trained Fisher classifier performs initial classifica-
tion at a coarse image scale. Each logo candidate re-
gion is further classified at successively finer scales by

a cascade of simple classifiers. In 2009, Zhu and Do-
ermann [6], developed an automatic logo based docu-
ment retrieval system, that handles logo detection and
segmentation by boosting a cascade of classifier across
multiple image scales and logo matching using trans-
lation, scale and rotation invariant shape descriptors
and matching algorithms. In 2012, Tivoli [7] proposed
a framework for classify non-textual document image
retrieval approaches and they evaluated the based on
important measures such as appearance features, struc-
tural etc. In 2013 Keyvanpour and Tivoli [8] proposed
a framework for classify document image retrieval ap-
proaches and they evaluated approaches based on im-
portant measures such as application type, appearance
features, structural, language independent and cost.

3. Feature extraction methods

The major task of feature extraction is to reduce im-
age data to much smaller in size which represents the
important characteristics of the image. We propose the
use of DT-CWT and DT-RCWF jointly, which captures
the information in twelve different directions.

3.1. Discrete wavelet transform

The multi resolution wavelet transform decomposes
a signal into low pass and high pass information. The
low pass information represents a smoothed version
and the main body of the original data. The high pass
information represents data of sharper variations and
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Fig. 2. Impulse response of 0◦, 90◦ and ± 45◦ of DWT.

details. Discrete Wavelet Transform decomposes the
image into four sub-images when one level of decom-
posing is used. One of these sub-images is a smoothed
version of the original image corresponding to the low
pass information and the other three ones are high
pass information that represents the horizontal, ver-
tical and diagonal edges of the image respectively.
When two images are similar, their difference exists in
high-frequency information. A DWT with N decom-
position levels has 3N+ 1 frequency bands with 3N
high-frequency bands. The impulse response associ-
ated with 2-D discrete wavelet transform (see Fig. 2).

3.2. Dual tree complex wavelet transforms

The Drawbacks of the DWT are overcome by the
complex wavelet transform (CWT), by introducing
limited redundancy into the transform. But still it suf-
fers from problem like no perfect reconstruction is
possible using CWT decomposition beyond level 1,
when input to each level becomes complex. To over-
come this, Kingsbury [9] proposed a new transform,
which provides perfect reconstruction along with pro-
viding the other advantages of complex wavelet, which
is DT-CWT. The DT-CWT uses a dual tree of real part
of wavelet transform instead of using complex coeffi-
cients. This introduces a limited amount of redundancy
and provides perfect reconstruction along with provid-
ing the other advantages of complex wavelets. The DT-
CWT is implemented using separable transforms and
by combining sub-band signals appropriately. Even
though it is non-separable, it inherits the computational
efficiency of separable transforms. Specifically, the 1-
D DT-CWT is implemented using two filter banks in
parallel, operating on the same data. For d-dimensional
input, a L scale DT-CWT outputs an array of real scal-
ing coefficients corresponding to the low pass sub-
bands in each dimension. The total redundancy of the
transform is 2d and independent of L. The mechanism
of the DT-CWT is not covered here. See [9,10], for
a comprehensive explanation of the transform and de-
tails of filter design for the trees. A complex valued
ψ (t) can be obtained as

Fig. 3. Impulse response of six wavelet filters +15◦, +45◦ , +75◦,
−15◦, −45◦ and −75◦ of complex wavelet.

ψ (x) = ψh (x) + jψg (x) (1)

whereψh (x) and ψg (x) are both real-valued wavelets.
The impulse responses of six wavelets associated with
2-D dual tree complex wavelet transform (see Fig. 3).

3.3. Dual tree rotated complex wavelet filters

Directional 2D RCWF are obtained by rotating the
directional 2D DT-CWT filters by 45◦, so that decom-
position is performed along new direction, which are
apart from decomposition 45◦ directions of CWT. The
size of a filter is (2N − 1)× (2N − 1), where N is the
length of 1-D filter. The decomposition of input image
with 2-D RCWF followed by 2-D down sampling oper-
ation is performed up to the desired level. The compu-
tational complexity associated with RCWF decompo-
sition is the same as that of standard 2-D CWT, if both
are implemented in the 2-D frequency domain. The set
of RCWFs retains the orthogonality property. The six
subbands of 2D DT-RCWF gives information strongly
oriented at (30◦, 0◦, −30◦, 60◦, 90◦, 120◦). The mech-
anism of the DT-RCWF is not covered here. See [11],
for a comprehensive explanation of the transform and
details of filter design for the trees. Thus, the 2D DT-
CWT and RCWF provide us with more directional se-
lectivity in the direction

{
(+15◦,+45◦,+75◦,−15◦,−45◦,−75◦) ,
(0◦,+30◦,+60◦,+90◦, 120◦,−30◦)

}

than the DWT whose directional sensitivity is in only
three directions {0◦, ± 45◦, 90◦}. The six wavelets
associated with rotated complex wavelet filters (see
Fig. 4).
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Fig. 4. Impulse response of −30◦, 0◦, +30◦ , +60◦, 90◦ and 120◦
of rotated complex wavelet filters.
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Fig. 5. System architecture for proposed system.

4. Proposed system

The objective of the proposed work is to detect and
extract the logo from the document image and then re-
trieve the document image based on logo. The basic
architecture of the system is as shown in Fig. 5. The
performance of the proposed system can be tested by
retrieving the desired number of the document images
from the document image database. The average logo
detection rate and document image retrieval rate is the
main performance measures in the proposed system.

4.1. Logo detection and segmentation

Logos often appear as mixed text and graphics re-
gions. In this section, we present a logo detection and
extraction approach. The detection is formulated on the
principle that spatial density of the foreground pixels

within a given windowed image that contains a logo is
greater than those of non-logo regions. We used dis-
crete wavelet transform (DWT) to find the spatial den-
sity of the windowed image. Computing its spatial den-
sity as follows:

Let I be a document image of size P ×Q and w ∈ I
a window of size mxn, which is chosen to be an ap-
proximation of a logo area. For each of the window w,
we applied discrete wavelet transform to calculate the
DWT coefficients. The number of windowsw is calcu-
lated using L = round(Q/n). The document image I
is segmented into L windows w of size mxn. for each
window w, we have computed the DWT coefficients,
then calculated energy and standard deviation of these
coefficients.

Let AK and BK are the energy and standard devia-
tion vectors of the windowwk . LetCk be the combined
vector of these two vectors.

Ck = [AK , BK ] . (2)

Let δ (wk) be density function of window wk.

δ (wk) =
∑
k

Ck (3)

Finally, windowW ∗ is detected as the region that con-
tains a logo.

w∗
i = argmax

k
δ (wk) (4)

We also detected the second max value of δ (w). Let
us denote it as w∗

j . Finally, we merge these two win-
dows based on i and j value. If i < j, we have con-
catenated w∗

i with w∗
j , otherwise w∗

j with w∗
i window.

The merged window we call it W ∗ as the region that
contains logo. Figure 6 shows different categories of
detected logos from the Tobacco-800 document image
database [12]

4.2. Document image retrieval

In Section 4.1, we have detected and extracted the
logo from document image by segmenting and ex-
tracting features using DWT. For document image re-
trieval based on logo we have used combined rotated
complex wavelet filters and dual tree complex wavelet
transform, which gives information in twelve differ-
ent orientations. In the conduction the experiments,
first, we detected and extracted the logo from each
document image from the document database. Then,
the extracted logo W ∗ is decomposed using DT-CWT
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Fig. 6. Different categories of detected logos from the Tobacco-800 document image database.

and DT-RCWF up to third level. To construct the fea-
ture vectors of each logo of each document image in
database, we decomposed each extracted logo from
document image using DT-CWT and DT-RCWF up to
third level. The energy and standard deviation were
computed separately on each subband and the feature
vector was formed using these two parameter values.
The retrieval performance with combination of these
two feature parameters always outperformed that using
these features individually. The energy (Ek) and (δk)
standard deviation of kth sub-band is computed as fol-
lows

Ek=
1

M ×N

M∑
i=1

N∑
j=1

|Wk (i, j)| (5)

σk=

⎡
⎣ 1

M ×N

N∑
i=1

M∑
j=1

(Wk (i, j)−μk)

2
⎤
⎦

1
2

(6)

Where Wk(i, j) is the kth wavelet-decomposed sub-
band, M × N is the size of wavelet decomposed
subband, and μk is the mean of the kth subband.
The resulting feature vector using energy and stan-
dard deviation are f̄E = [E1 E2 . . . En] and f̄σ =
[σ1 σ2 . . . σn] respectively. So combined feature vec-
tor of extracted logo is

f̄σμ = [σ1 σ2 . . . σn E1 E2 . . . En] (7)

4.3. Document image matching

There are several ways to work out the distance
between two points in multidimensional space. Here
query is the document image, which is further pro-
cessed to compute the feature vector as given in Sec-

tion 4.1. The process involves two steps: first detec-
tion and extraction of the logo from query document
image, then, computation of the features of extracted
logo from query document image. The most commonly
used is the Canberra distance measure. It can be con-
sidered the shortest distance between two points. If
x and y are the feature vectors of the database and
query image respectively, and have dimension d, then
the Canberra distance is given by Eq. (8).

Canb(x, y) =
d∑

i=1

|xi − yi|
|xi|+ |yi| (8)

The average retrieval rate for the query document
image is measured by counting the number of docu-
ment images from the same category which are found
in the top ‘N ’ matches.

5. Experimental results

5.1. Image database

To evaluate system performance in automatic logo
based document image retrieval, we used a large doc-
ument collection, Tobacco-800 dataset. Tobacco-800
is a public subset of the IIT CDIP Test collection
based on 42 million pages of documents obtained from
UCSF [13] and released by Tobacco companies under
the Master settlement Agreement. Tobacco-800 is a re-
alistic dataset for document analysis and retrieval, as
these documents were collected and scanned using a
wide variety of equipment over time. We have tested
in our system a total of 72 documents with logo from
Tobacco-800 for detection and retrieval performance,
in which there are eight different logo document im-
ages, among which the number of logos per class doc-
uments varies from 2 to 19.
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Table 1
Detection rates of eight test models

Test category
number

Detection rate
using mountain

function (%)

Detection rate
using proposed
approach (%)

1 75 75
2 78.9 89
3 50 75
4 08 69
5 50 100
6 64.7 100
7 75 100
8 100 100

Average detection rate (%) 62.7 88.5

(a) (b)

Fig. 7. Logo detection example (a) Original document image (b) Af-
ter detection and extraction of logo.
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Fig. 8. Logo detection rate. (Colours are visible in the online version
of the article; http://dx.doi.org/10.3233/KES-150305)

5.2. Retrieval performance

For each experiment, one image was selected at ran-
dom as the query document image from each logo type
document and thus retrieved images were obtained. In
the following we compare two competing methods us-
ing a realistic and public data set. Calculating spatial
density using mountain function (MT) described in [4].

Table 2
Average retrieval performance

Number of top matches Precision (%) Recall (%)
Top 1 100 22.22
Top 2 99.44 41.77
Top 3 77.77 44.88
Top 4 69.44 51.33
Top 5 64.44 56.11

Query

Fig. 9. List of the five most similar retrieved document images from
the database.

It is based on the number of foreground and back-
ground pixels, which is time consuming task, and pro-
posed method algorithm described in this paper outper-
forms in the detection rate, and it is faster. The average
logo detection rate is 88.5%. The results of these tests
are summarized in Table 1 [13].

Figure 7 shows Logo detection example. Logo de-
tection rate of the proposed system is shown in Fig. 8.
For performance evaluation of the automatic logo
based document image retrieval system, it is significant
to define a suitable metric. Two metrics are employed
in our experiments as follows.

Recall =
Number of relevant documents retrieved

Number of relevant documents
(9)

Precision =
Number of relevant documents retrieved

Number of documents retrieved
(10)
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In the document image retrieval system (DIRS), we
have given a document image as query image. Based
on query, DIRS retrieves document images which are
having similar logo as present in the query document
image. Results correspond to precision and recall rate
for a Top 1, Top 2, Top 3, Top 4 and Top 5 as shown
in Table 2. We observed from Table 2 that, we found
64.44% of precision for the top 5 document image re-
trieval.

In Fig. 9, Document image retrieval example results
are presented in a list of images having a query docu-
ment image.

6. Conclusion

In this paper, we have presented an approach to au-
tomatically logo detect and extract from the document
images using discrete wavelet transform (DWT). Sec-
ondly, we have proposed approach, which retrieves
document images based on the logo using combined
rotated complex wavelet filters(RCWF) and dual tree
complex wavelet transform(DT-CWT). Since these
combined features give information in twelve differ-
ent directions. We quantitatively evaluated the effec-
tiveness of our approach in challenging retrieval tests
using public, real-world document image collection in-
volving as large number of classes but relatively small
number of logos instances per class. Document match-
ing was performed using Canberra distance. Retrieval
results with proposed method are very promising with
precisions and recalls.
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