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Abstract. The problem of content-based image retrieval is becoming
essential in many real-world applications, mostly due to the growth in
size of modern image databases. In particular, this work addresses the
retrieval of trademark emblems, which is key for detecting trademark
infringement. A common approach that proved suitable for this task,
is to encode emblems using shape descriptors and Zernike complex mo-
ments. This work focuses on their study, proposing a two-fold contribu-
tion. First, we present some modifications to Zernike complex moments
and then we explore the use of different comparison metrics. Both have
shown to report improvements in retrieved results and in execution time.

1 Introduction

With the growth in size of modern image databases, the problem of content-based
image retrieval is becoming crucial in many real-world applications. For some
applications, determining duplicates, or look-alike images, is an essential task.
The detection of trademark infringement is one of them, with deep commercial
and monetary implications. Already registered trademark logos, or emblems,
have to be protected against hundreds of new ones that are created every day.
Fig. 1 depicts some examples of similar emblems.

The trademark infringement problem can be very simply stated: given a
database of registered emblems, does a new emblem look similar to any of them?
Unfortunately this problem cannot be solved in a fully automatic way by any
state-of-the-art method. In practice, the new emblem is used as a query which
retrieves the most similar emblems from the database. Then a human expert
performs the final recognition test by only observing these remaining emblems.

Direct image comparison methods such as correlation fail to account for the
perceptual similarity between two emblems. A successful approach is to regard
emblems as shapes. Each shape in the database is then encoded by using some
descriptor and these descriptors are ultimately used for comparison. Specifically,
a query consists on sorting the emblems from the most similar to the least similar
to the query emblem and then returning the first ones among them.

In general, when requirements impose real-time queries, only global methods
are considered at the expense of possibly missing similar emblem subparts. For
example, Shape Context [1] is commonly used for this task.
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Fig. 1. Examples of look-alike emblems. In the first example, NBC agreed to pay a
compensation fee to Nebraska ETV Network for using a similar emblem.

An alternative and popular approach is derived from the use of image mo-
ments [2]. Zernike Moments (ZMs) are an interesting choice as they provide
rotation and translation invariance, minimal redundancy and limited robustness
to noise [3,4]. Although it used to be computationally prohibitive to compute
higher order ZMs, nowadays it has become not only possible but also fast and
numerically precise [5]. Our paper builds upon these approaches, improving the
accuracy and the performance of ZMs-based image retrieval.

First, we propose a modification to ZMs base on an appropriate weighting
and on PCA. The second contribution of this paper is to show that by a simle
two-stage method for comparing ZMs, high efficiency and accuracy are achieved.
The first stage, relies on a fast pruning technique, that allow to quickly retrieve
a small set of likely candidates. The second stage performs more accurate and
time demanding comparisons but, by applying it to the small ouput of the first
stage, high speed is achieved.

This paper is organized as follows. Zernike Moments are reviewed in Section 1.1.
In Sections 2 and 3 we propose a modification to Zernike Moments and a fast
composite distance, respectively. Section 4 presents results that demonstrate the
pertinence of our approach and provides final remarks.

1.1 Previous Work on Zernike Moments

Starting from a complete set of complex polynomials defined by Zernike, Khotan-
zad and Hong [3] introduce complex Zernike Moments.

Definition 1. A Zernike polynom Vnm : R
2 → C is defined as

Vnm(x, y) = Vnm(ρ, θ) = Rnm(ρ) exp(imθ) (1)

where 0 ≤ n, |m| ≤ n, n− |m| is even, ρ = |x+ iy|, θ = arg(x+ iy) and

Rnm(ρ) =

n−|m|
2∑

s=0

(−1)s (n− s)!

s!(n+|m|
2 − s)! (n−|m|

2 − s)!
ρn−2s.

The input for computing ZMs consists of a binary image, represented by a func-
tion I : R

2 → {0, 1}. Of course not every emblem is binary and it must conse-
quently be binarized. Binarization methods are outside the scope of this work
and will not be covered: it is sufficient to state that any such method is suitable.
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Definition 2. Given a binary image I, a Zernike Moment Anm is defined as

Anm =
n+ 1
π

∫∫

x2+y2≤1

I(x, y)V ∗
nm(x, y) dx dy (2)

where V ∗
nm(x, y) is the complex conjugate value of Vnm(x, y).

From the above definition it can be trivially deduced that ZMs are translation
invariant. Additionally, the image can be reconstructed from its ZMs [5]. Li et
al. [4] show how to modify ZMs to obtain fully rotation invariance.

Definition 3. A rotation invariant Zernike Moment A′
nm is defined as

A′
nm = Anm exp(−imθn01), (3)

where V ∗
nm(x, y) is the complex conjugate value of Vnm(x, y) and θn01=arg(An01).

The value of n0 is global, in the sense that it must be remain the same for all
emblems in the database. Otherwise, comparisons will not be consistent.

2 Zernike Moments as Image Descriptors

In this section we present methods for using Zernike complex moments as image
descriptors. Following Def. 2, given n,m ∈ N0 we say Anm is valid if m ≤ n and
n− |m| is even.

Definition 4. Given N,M ∈ N0 such that ANM is valid, we define #dmz as

#dmz(N,M) = # {Anm is valid | 0 ≤ n ≤ N, 0 ≤ m ≤M}

=
N(N+1)

2 − �N
2 �

2
+N + 1 − N −M

2
. (4)

We also denote #dmz(N) = #dmz(N,N).

Definition 5. Given an image I and N ∈ N0, we define a Zernike Moment
Descriptor (ZMD) as a vector ZI,N ∈ C

#dmz(N) where

(∀n,m ≤ N,Anm is valid) ZI,N (#dmz(n,m)) = Anm

2.1 First Modification: Higher Order Weighting

Using higher order ZMs allows to obtain a more precise description of the im-
age. In fact, the reconstruction of an image from approximately 50 ZMs is very
precise [5]. However, higher order ZMs are more sensitive to noise and prone to
numerical errors [3].

The key idea behind this modification is that higher order ZMs are useful for
encoding fine details, but, at the same time, more importance must be assigned
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Fig. 2. Values taken by Zernike polynoms of order V7m, m = 1, 3, 5, 7, on the unit
circle

to lower order ZMs, which encode coarser details. In other words ZMs must be
weighted, assigning more weight to lower order ZMs than to higher order ZMs.

Following Def. 4, valid ZMs describe a lower diagonal sparse matrix. By ob-
serving the values taken by Zernike polynoms (Def. 1) inside the unit circle in
Fig. 2, we note that (1) the number of phase cycles depends only and is equal
to m and (2) the number of weighted rings is equal to n−m

2 + 1. In fact, given
a fixed n, a larger value for m will result in a more sensitive ZMs. The direct
implication is that when weighting ZMs we must not only take into account n
but also m.

Definition 6. We define a weighted Zernike Moment Descriptor (wZMD) as a
vector Zw

I,N ∈ C
#dmz(N) such that

(∀n,m ≤ N,Anm is valid) Zw
I,N (k) = Anm · exp(−k ·m · | sin(θn01)|), (5)

where k = #dmz(n,m).

2.2 Second Modification: PCA ZMs

PCA is a classical technique that transforms a number of possibly correlated
variables into a smaller number of uncorrelated variables. PCA has been also
extended to work with complex numbers [6]. A vector v ∼ N(μ,Σ), is trans-
formed into a vector ṽ ∼ N(0, I) where I is the identity matrix, by using

ṽ = (Φ Λ− 1
2 )T v (6)

where Φ and Λ are the eigenvectors and eigenvalues matrices of Σ, respectively.
The eigenvalues in Φ are sorted in decreasing order and the columns of Λ are
arranged accordingly.

This process relies in an accurate estimation of Σ from the samples in our
database. In our work, we compute Σ with the method proposed by Turk and
Pentland [7]. Given a set of samples γ0, γ2, · · · , γn, Σ is calculated as

Σ =
1
n

n∑

i=0

φi φi
T where ψ =

1
n

n∑

i=0

γi φi = γi − ψ

In our setting, the samples are simply the wZMD in the database.



Content-Based Emblem Retrieval Using Zernike Moments 83

Definition 7. We define the PCA Zernike Moments Descriptors (PCA ZMD)
as a vector ZP

I,N ∈ C
#dmz(N) where

ZwP
I,N = (Φ Λ− 1

2 )T Zw
I,N . (7)

We also note ZwP (n)
I,N the vector composed of the first n dimensions of ZwP

I,N .

3 Metrics for Comparing Zernike Moments

Classically, two ZMD were compared by reconstructing both images and directly
comparing them, i.e. using correlation or L2 distance. Li et al. [4] proposed the
use of a distance that takes into account phase and modulus.

Definition 8. Let us define the Dρ : C
N × C

N → R and Dφ : C
N × C

N → R

Dρ(X,Y ) =

(
N∑

i=1

(|Xi| − |Yi|)2
) 1

2

Dφ(X,Y ) =

(
N∑

i=1

(argXi − argYi)
2

) 1
2

The distance Dα : C
N × C

N → R is defined as Dα = αDρ + (α− 1)Dφ

Our tests with different values for α indicate, as suggested in Li et al. [4], that the
best results are obtained with α = 0.5. Although other distance functions have
been proposed to compare ZMs [3,8], during experimentation we found better
results using Dα and consequently we use it as our reference metric.

For the sake of computational efficiency, we define a combination of two simple
metrics. This allow us to perform real-time and accurate queries. The first metric
performs a fast pruning of the database, retrieving a small set of good look-alike
candidate images

d‖·‖(u, v) = |(‖u‖2 − ‖v‖2)|. (8)

As the norm of all ZMD in the database can be precomputed, the k nearest
ZMD can be retrieved in O(max(log(N), k)). These neighboring ZMD can then
be more carefully examined with

de(u, v) = ‖u− v‖2 (9)

In synthesis, our algorithm will first prune the database using a threshold on
d‖·‖ and then apply de on the smaller retrieved subset.

4 Results and Final Remarks

It is extremely hard to obtain real-world emblem datasets which are internally
divided into similar classes. Therefore experimentation was performed on the
following datasets:
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Fig. 3. Performance as the number of candidates K varies using wZMD of different
dimensions. Left, on the MPEG-7 CE Shape 1 dataset. Right, on the ALOI dataset.

MPEG-7 CE Shape 1: 70 conceptual classes of 20 silhouettes [9].
ALOI: 20 classes of 74 images [10]. Each class is a set of silhouettes of some

object taken from different views.
MNIST: 10 classes of 1000 binarized handwritten digits [11].

The performance is measured using the so-called “bullseye test”. Given a dataset
Sc

n, where c is the number of classes in S and n the number of images per class,
each image in Sc

n is used as a query and one counts the number of correct images
(i.e. belonging to the same class than the query) in the top 2nmatches. A perfect
score is achieved when n2c positive cases are found across all the dataset.

The main parameter of our method is the number of candidates K retrieved
using d‖·‖ (Eq. 8). Defining the number of suitable look-alike image candidates
will determine the retrieval performance. Fig. 3 depicts the change in score as
K varies. The optimal value for K is tied to the characteristics of each dataset.
However, in general, small datasets will require a larger K (around 50% of the
dataset size), while K can be safely reduced to 10% on larger datasets.

Table 1 shows the performance of the methods dsicussed in this work. Follow-
ing Li et al. [4], we use Dα=0.5.

On the first part, when comparing performance using Dα=0.5 versus d‖·‖+de,
two phenomena can be observed. First, in all cases our approach outperforms
the one by Li et al. [4]. Second, increasing the number dimensions in ZMD does
not necessarily imply better results (e.g. on the MNIST dataset).

Table 1. Bulls-eye test scores. For each method best results are highlighted.

Dataset Metric ZI,10 ZI,15 ZI,25 ZI,30 Z
wP (20)
I,30 Z

wP (15)
I,30 Z

wP (10)
I,30 Z

wP (5)
I,30

MPEG-7
Dα=0.5 36.09 39.02 38.02 36.82 – – – –
d‖·‖ + de 56.96 60.43 61.21 61.71 61.19 61.35 60.12 56.89

ALOI
Dα=0.5 63.24 65.94 65.45 64.81 – – – –
d‖·‖ + de 68.16 69.98 70.67 70.34 64.91 66.32 70.46 66.35

MNIST
Dα=0.5 38.32 36.66 36.08 36.81 – – – –
d‖·‖ + de 57.2 55.26 55.6 53.56 48.54 50.87 55.06 56.36
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The second part of the table focuses on the result of using PCA. The per-
formance of using PCA and Dα=0.5 was very poor and results are not shown.
Although dependent on the dataset, usually fixing n = 15 is sufficient. In our
experiments with ZwP (n)

I,30 , best results were obtained when n was chosen such
that the cumulated standard desviation of the first n dimensions of ZwP

I,N was
around 90%. Note also that the best results obtained using PCA are almost as
good as the best results obtained without it. However, comparing PCA ZMs is
considerably faster because distance calculations involve fewer terms.

Fig. 4. Example images from the EMBLEMS dataset

(a) using Dα=0.5and ZI,30

(b) using d‖·‖ + deand Z
wP (15)
I,30

Fig. 5. EMBLEMS dataset results. In green (light grey) the query image, in red (dark
grey) the farthest ranked “equal to the query” image.
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Additionally, we tested the proposed method on a dataset of 8 thousand bi-
nary images of real trademark (Fig. 4) . This dataset includes several slightly
distorded images for each emblem. Two query examples over the EMBLEMS dataset
are shown in Fig. 5. Li et al.’s approach [4] retrieves the farthest “equal to the
query” emblem on the 36th and 72th position in each test. All “equal to the query
emblems” are ranked first by the proposed method. Note that some of the sub-
sequent retrieved emblems are similar to the query.

To conclude, this paper introduces (1) a composite modification to Zernike
Moments Descriptors and (2) a two-stage time efficient method for comparing
ZMs. Experiments on diverse datasets show that the proposed approach signif-
icantly and consistently improves the accuracy of the content-based image re-
trieval based on ZMs. Being based on simpler distance calculations, considerable
speed is gained. Such combination allows the proposed approach to outperform
state-of-the-art content-based image retrieval methods based on ZMs.
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