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ABSTRACT

Cross media retrieval systems have received increasing inter-
est in recent years. Due to the semantic gap between low-
level features and high-level semantic concepts of multimedia
data, many researchers have explored joint-model techniques
in cross media retrieval systems. Previous joint-model ap-
proaches usually focus on two traditional ways to design
cross media retrieval systems: (a) fusing features from dif-
ferent media data; (b) learning different models for different
media data and fusing their outputs. However, the process
of fusing features or outputs will lose both low- and high-
level abstraction information of media data. Hence, both
ways do not really reveal the semantic correlations among
the heterogeneous multimedia data. In this paper, we in-
troduce a novel method for the cross media retrieval task,
named Parallel Field Alignment Retrieval (PFAR), which in-
tegrates a manifold alignment framework from the perspec-
tive of vector fields. Instead of fusing original features or
outputs, we consider the cross media retrieval as a manifold
alignment problem using parallel fields. The proposed man-
ifold alignment algorithm can effectively preserve the met-
ric of data manifolds, model heterogeneous media data and
project their relationship into intermediate latent semantic
spaces during the process of manifold alignment. After the
alignment, the semantic correlations are also determined.
In this way, the cross media retrieval task can be resolved
by the determined semantic correlations. Comprehensive
experimental results have demonstrated the effectiveness of
our approach.

Categories and Subject Descriptors

H.3.1 [Information Storage and Retrieval]: Content
Analysis; H.3.3 Information Search and Retrieval]: Re-
trieval Models
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1. INTRODUCTION

In recent years, multimedia contents including text, im-
age, audio and video on the web have been growing rapidly.
With the role switch between social media (Twitter, Face-
book) and traditional media (newspapers, etc.), more and
more multimedia contents are published on the web by peo-
ple. However, the explosion of multimedia contents has not
been matched by an equivalent increase in the sophistication
of multimedia content retrieval technology [7, 24, 25]. Nowa-
days, the dominate search engines for multimedia retrieval,
such as Google and Bing, are still text-based. To effectively
leverage the massive explosion of multimedia content, a large
number of approaches have been proposed in the areas such
as information retrieval, multimedia retrieval and computer
vision [2, 3, 5, 11, 16]. One of the well known challenges
in the area of multimedia retrieval is the so called semantic
gap, i.e., low-level features are not sufficient to character-
ize high-level semantics of media data [34, 35]. Aiming at
this point, many previous works [27] have been proposed
to simultaneously utilize multiple types of information such
as the original multimedia contents, surrounding texts (or
labels), and links to improve the multimedia retrieval per-
formance. However, these works do not consider the seman-
tic correlation among different media types. Generally, they
can be viewed as uni-media retrieval, in which the query
example and the retrieved results are of the same media
type [7].

It is common knowledge that an important requirement
for further progress in these areas is the development of so-
phisticated joint models for multiple media types. In which
the most significant is the development of models that sup-
port inference with respect to content that is rich in multiple
media types [24]. Specifically, these models should utilize the
full structure of document which has a body of text accom-
panied with images or videos. For example, wikipedia page
or newspaper article usually contains several paragraphs of



text and a number of related images for illustration. The
performance of such models is referred as a cross media re-
trieval problem: the retrieval of all documents with the other
media types in response to a media type query data. The
task is crucial to many practical applications, such as finding
images on the web that best illustrate a given text, finding
the texts which are most related to a given image, or further,
searching using a combination of different types of multime-
dia data and labelling media data automatically [24]. Fig-
ure 1 illustrates the following example, given an image of
a horse, the cross media retrieval model should return all
the contents related to the horse concept, e.g., the sound of
horse, the introduction text.

the semantic concept of “horse”

Horse
From Wikipedia, the free encydopedia
For other uses, see Horse (dsambiguation). AUDIO - -y
The horse (Equus ferus caballus{2)(3] is one of two extant sut -~
past 45 to 55 million years from a small multi-toed creature intc |
Videsread y 3000 5. s i hesubspeces calusare o
to desaibe horses that have never been domesticated, such as L e
desaribe equine-related concepts, covering everything from ana — ‘S {4
Horses' anatomy enables them to make use of speed to escape | g
an unusual trait: horses are able to sleep both standing up and
following birth. Most domesticated horses begin training under
Figure 1: An example of cross media retrieval
model.

To address the cross media retrieval problem, advances
have been reported over the last decades [7, 26, 28]. These
methods focus on two traditional ways to design cross media
retrieval systems: (a) fusing features from different media
data into a single vector [23, 33]; (b) learning different mod-
els for different media data and fusing their outputs [14,
32]. And most of these approaches require multiple-type
queries, e.g., queries composed of both image and text fea-
tures. Hence, these methods are extensions of the classic
uni-media retrieval systems.

The key challenge of cross media retrieval is to explore
the semantic correlations among the heterogeneous media
data. However, both of previous ways do not really reveal
the semantic correlations. Semantic correlations can help us
to better understand, organize and make use of the media
data [34].

Recently, some developments bring new perspective to
solve the cross media retrieval problem. Multimedia Corre-
lation Space [34] and Correlation Semantic Space [24] intro-
duce the idea of constructing a joint model to project orig-
inal multimedia features to the semantic correlation space.
And in the same period, manifold alignment methods [10,
29, 31] are proposed and shown that they are appropri-
ate joint models for pair matching between heterogeneous
data sources. However, most of existing manifold align-
ment methods use graph based regularizer e.g., graph Lapla-
cian, which focus on ensuring the first order smoothness of
the mapping functions [21] in manifold alignment process.
The first order smoothness of the mapping functions is not

enough to reveal the underlying semantic correlations be-
tween heterogeneous types of multimedia data. In order to
discover the latent semantic correlations, we would like to
ensure the second order smoothness of the mapping func-
tions in manifold alignment which preserve the geodesic dis-
tance of the manifolds. In some recent work, parallel fields
[22] are found capable to keep the second order smoothness
of the mapping functions [18].

Inspired by these developments in the cross media re-
trieval area, we propose a novel approach for cross media
retrieval, called Parallel Field Alignment Retrieval (PFAR),
which integrates a manifold alignment framework from the
perspective of vector fields. Instead of fusing original fea-
tures or outputs, we consider the cross media retrieval as a
manifold alignment problem using parallel fields. The pro-
posed manifold alignment algorithm can effectively preserve
the metric of data manifolds, model heterogeneous media
data and project their relationship into intermediate latent
semantic spaces during the process of manifold alignment.
After the alignment, the semantic correlations are also de-
termined. In this way, the cross media retrieval task can
be resolved by the determined semantic correlations. The
empirical results from a real world data demonstrate the
benefits of our approach over state-of-the-art cross media
retrieval methods.

The rest of this paper is organized as follows. In Sec-
tion 2, we introduce some basic background information
about manifold alignment and parallel fields. In Section 3,
we describe the proposed cross media retrieval algorithm
(PFAR) in great detail. The experimental results of real
world cross media data are presented in Section 4. Finally,
Section 5 provides some concluding remarks.

2. BACKGROUND

As discussed in the previous section, our cross media re-
trieval approach involves manifold alignment and parallel
fields techniques. In this section, we introduce some back-
ground on mainfold alignment and parallel fields.
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Figure 2: An example of manifold alignment. Two
data manifold samples are shown in the left.The re-
sult of these two manifolds after alignment is shown
in the right.

2.1 Manifold alignment



In many areas of machine learning and data mining, one
is often confronted with very high dimensional data such
as high definition videos and large vector-space documents.
Learning problems involving these datasets are usually chal-
lenging. However, in many cases, there is a strong intuition
that the high dimensional data may have a lower dimen-
sional intrinsic representation. Manifold alignment is a class
of machine learning algorithms which takes advantage of this
assumption to produce projections between sets of data by
aligning their underlying manifold representations [9, 30].

One of the pioneering work in manifold alignment is the
paper of semi-supervised alignment [10]. Given certain la-
beled samples, semi-supervised alignment aims to find two
maps which map two datasets to the new common space
while satisfying the label constraint. Suppose U is the vertex
space, there are [ labeled vertices Vigber = {v1,v2,...,u},
Viaver C U, and Tiaper = {t1,1t2,...,t1} (t; € R), which is the
vector of labeled target values. Similar to regression models,
we would like to find a map defined on the vertices of the
graph f : U — R which matches known target values for
the labeled vertices. This can be solved by minimizing the
following objective function:

E(f) = Zwm) —ti|+ fTLf (1)

Here v; € Viabel, ti € Tiabel, and L is the graph Laplacian
matrix. The relative weighting of these terms is given by the
coefficient . The symmetric graph Laplacian matrix L =
L7 provides the information of the data manifold structure.
Given two datasets with corresponding labels, we can learn
manifolds for each datasets according to Equation 1, and
align these two manifold with the intrinsic coordinates of
labels. An illustration of manifold alignment is shown in
Figure 2.

2.2 Parallel field regularization

Given a manifold M, a vector field is a mapping from the
manifold to tangent spaces on the manifold [22]. We can
think of a vector field on the manifold M in the same way
as we think of the vector field in Euclidean space. For each
point on the manifold, we assign an arrow on it, with a given
magnitude and direction, chosen to be tangent to the man-
ifold M. A smooth vector field means that tangent vectors
vary smoothly on the manifold. An example of vector fields
is shown in Figure 3.

One kind of the most important vector fields are parallel
fields. The definition of parallel fields on the manifold is
given as follows.

Definition 1. (Parallel Fields [22]) A vector field X on the
manifold M is a parallel field if

VX =0,
where V is the covariant derivative on M.

The parallel field is closely related to the linear function on
the manifold. Let V be a parallel field on the manifold. If it
is also a gradient field for function f, V = Vf, then f must
be a linear function on the manifold.

Parallel fields essentially captures the second order smooth-
ness of functions on the manifold [18]. Some recent theo-
retical results [15] shows that penalizing the second order

Example of a vector field

Figure 3: A vector field on punched sphere.

smoothness of functions helps achieve faster rates of conver-
gence for semi-supervised regression problems. Moreover,
parallel fields can also captures the metric structure of the
manifold [17]. In other words, we can use parallel fields to
preserve the distance on the manifold.

Next we briefly introduce Parallel Field Regularization
(PFR). Let M be a d-dimensional manifold embedded in
Euclidean space R™. Given [ labeled data points (z:,i)!—1,
z; € M and y; € R, the goal of semi-supervised regression
on the manifold is to learn a function f : M — R. Specifi-
cally, PFR tries to learn the function f and it gradient field
V f simultaneously via regularization. Formally, PFR aims
to learn a function f and a vector field V' by optimizing the
following objective function:

BUV) = 53 Rl ) M (1Y) + XV, @)
where -
RSV = [ er-vie 3)
and
RaV) = [ 19V (4)

The first term in Equation 2 is the loss function, and the
second term enforces the vector field V to be close to the
gradient field Vf of f. VV in the third term measures the
change of the vector field V. If VV vanishes, V' must be a
parallel field.

3. CROSS MEDIA RETRIEVAL

In this section, we present a novel approach to solve cross
media retrieval problem.

3.1 The problem

Suppose we have a dataset X = {Xi,...,X|x|} which
contains documents of two different types of media data A
and B, e.g., A is a collection of texts and B consists of im-
ages. Specifically, all X;, ¢ € (1,|X]), in X can be quite di-
verse: from documents where a single text is complemented



by one or more images to documents containing multiple
images and texts. For simplicity, we consider the case where
each document in X' consists of two sample components, one
is from A and the other one is from B, i.e. X; = (A;, B;).
All data points of A and B are of vector forms in feature
spaces R and R, respectively. Under this circumstances,
each document establishes a one-to-one mapping between
component from the A and component from B media data
spaces.

We consider cross media retrieval problem based on the
doument dataset X'. The fundamental concept of cross me-
dia retrieval is rather straightforward. Given a query Q4 €
RA (or Qs € R®), the goal of cross media retrieval is to re-
turn the closest matches in the B (or A) space R? (or R™4).
Whenever the A and B media data spaces have a natural
correspondence, the original cross media retrieval problem
can reduce to a classical retrieval problem: finding an in-
vertible mapping function f between A and B:

f:RA = RE. (5)

Hence, if a query Q4 € R* is given, we would be able to
find the nearest neighbor of f(Q.) in R®. Similarly, given
a query Qp € RE, it would be easy for us to find the nearest
neighbor of f~1(Qs) in R4 [24].

However, since A and B are different types of media data,
they tend to adopt different feature representations. There-
fore, it is hard to reveal semantic correlations between R
and RZ, which means the semantic gap still exists. For ex-
ample, suppose A is a dataset consists of texts and B is a
dataset consists of images. And we adopt TF/IDF and His-
togram of Oriented Gradients (HOG) [4] to be the feature
representations for texts and images, respectively. Thus, it
is hard for us to directly explore the semantic correlations
between text and image data spaces.

In order to abridge the semantic gap between R and R,
it is possible to map these two representations into two inter-
mediate spaces which have a natural correspondence [24] and
semantic correlations [36]. Consider following mappings:

fa:RY = T4, (6)
and
f5:RF = 1" (7)

Here, f4 and fz map original R** and R” media data spaces
to a pair of intermediate spaces Z” and I, respectively.
Further, we would like to ensure that there is also an invert-
ible mapping between I and I5:

fr:I* — 15, (8)

Now, if a query Q4 € R™ is given, the cross media re-
trieval task becomes finding the nearest neighbor of fz Lo
frofa(Qa) in RE. Similarly, the goal becomes finding the
nearest neighbor of f;l o fI_1 o fB(@QgB) in RA if a query
Qs € R is given [24]. Under this circumstances, the orig-
inal problem of cross media retrieval is equivalent to learn
the intermediate spaces Z* and Z5.

In our approach, we use manifold alignment with parallel
fields to model disparate media A and B data and project
their relationship into intermediate spaces, and the semantic
correlations are determined during the process of manifold
alignment. In this way, the cross media retrieval task can be
resolved by the determined semantic correlation. We next

show our proposed method, the parallel field alignment re-
trieval (PFAR), in detail.

3.2 Parallel field alignment retrieval

In order to learn intermediate spaces Z%* and Z%, An opti-
mal correspondence between the representations in the orig-
inal spaces R and RP [24] is needed. One possible way
is to apply the subspace learning framework which utilize
some extremely well developed dimensionality reduction ap-
proaches, such as Principal Component Analysis (PCA) [13]
or Latent Semantic Indexing (LSI) [6].

Our approach here utilizes manifold alignment algorithms
[10, 30] to find mappings defined on the media data mani-
folds, and use these mappings to align the underlying media
manifold representations in intermediate semantic spaces.
In the sense of manifold alignment, the semantic correla-
tions are learned after the alignment of the underlying me-
dia manifold representations. In addition, we would like to
use parallel fields, which preserve the metric of the manifold
to measure the disparate media data manifolds. Most of ex-
isting manifold alignment algorithms focus on ensuring the
first order smoothness of the function. However, researchers
have shown that the second order smoothness of the function
is particularly important for preserving the metric. And the
second order smoothness of the function is equivalent to the
parallelism of the gradient field of the function [18]. Thus,
we propose to learn two mapping functions and two vector
fields simultaneously with two constraints in the process of
manifold alignment. By designing the two constraints, we
ensure each vector field to be close to the gradient field of
each corresponding mapping function, and the vector fields
should be as parallel as possible. In this way, the second
order smoothness of the function is also ensured. The whole
concept of our proposed parallel field alignment retrieval ap-
proach is shown in Figure 4.

We now consider aligning disparate media data manifolds,
given some additional information of datasets, from the par-
allel field perspective. In our approach, the desired coordi-
nates for labeled samples are provided. In detail, the coor-
dinates of labels indicate the intrinsic information of paired
data samples within the manifolds. With a small number
of labeled examples, it is crucial to exploit manifold struc-
tures of datasets in manifold alignment [10]. Specifically, we
first estimates the gradient field of the prediction function
by a vector field, and then require the vector field to be as
parallel as possible.

In the setting of parallel field alignment retrieval (PFAR),
we denote the notations A C R* and B C RP as the
datasets, and s = {s1,82,...,5} and t = {t1,t2,...,t:}
are the vectors referred to the target paired information of
the [ “labeled” data samples for A and B respectively. Let
f and g denote two mapping functions defined on the data
manifolds that match known target labeled pairs. Following
the above analysis, we try to integrate vector fields V4 and
Vg on the manifold with two constraints to our alignment
functions:

la

B(VA) = 1 > (F(a)=s) +paa Ba(f,Va) a2 Ra(Va)
(9)

i=1
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Figure 4: The PFAR concept illustration.

and

I
E(g,Vs) = i > (9(bi)—t:)*+pp1Ri(g, Ve )+up,2Ra(Va),
i=1
(10)
where a; € A and b; € B, Ry and Ry are regularizers defined
in Equation 3 and 4, Ry enforces vector fields V4 and Vg to
be close to gradient fields V f and Vg of mapping functions.
As shown in Section 2, if Rs vanishes, V4 and Vp must be
parallel fields.

In order to explore how underlying data manifolds can be
mapped into intermediate spaces and then aligned to each
other through a common set of paired media data informa-
tion in the process of PFAR, we should make sure that the
vector field is close to the gradient field of the function and
further the vector field should be as parallel as possible.

Next we show that how to discretize the continuous ob-
jective function. First of all, we give some notations:

o Let Ty, M denote the d dimensional tangent space of
a; on the manifold M.

o Let T; € R™*¢ denote the matrix whose columns con-
stitute an orthonormal basis for T,, M.

e Let V,, denote the value of the vector field V at data
point a;.

Following the above notations, define P; = T; TiT. It can
be shown that P; is the unique orthogonal projection from
R™ onto the tangent space Tq; M [8]. According to the
definition of vector fields, each vector V,, should be on the
tangent space To; M. Thus we can represent V,, by the
coordinates of tangent spaces, i.e., Vo, = T;v;. Let V4 =
¥, ..., 01T € R be a dn-dimension column vector which
concatenates all the v;’s, i € (1,...,n).

Then the regularizers R; and R» can be discretely reduced

to:
Ri(f,Va) = Zzww 2 a] Tivi — fj + fi)? (11)
T gt
and
Ro(Va) =YY wil| P Tyv; — Twi?, (12)

i gt

where w;j, weight parameters, which can be approximated
by heat kernel weights exp(—||a; —a;||*/8) or by 0 - 1 weights
for simplicity.

Now, let 4 denote an nxn diagonal matrix where [4;; = 1
if a; is labeled and I4;; = 0 otherwise. Then the dis-
crete form of our parallel field alignment objective function
E(f,Va) can be written as:

1
E(f,Va)=7-(F - $)"Ta(f —s)
+pan Y > wi((a " Tovi — fi + £:)?
i gt ’
+paz Yy Y wil|PiTyv; — Tyl
(13)

The optimal solution to this objective function is then
obtained via solving the following linear systems:

(ih t%anla  —panCh ) ( f) - (iS)
—pa,1Ca pa1Ga+pa2Ka) \Va 0 )’
(14)
where L denotes the Laplacian matrix of the graph with
weights w;j;, G a is a dn X dn block diagonal matrix, and C'a
is a dn X dn block matrix. Let us denote Ga;; and C4; as
the i-th d x d diagonal block of G and the i-th d x n block of
C respectively, and z;; € R" is a selection vector of all zero



elements except for the i-th element being —1 and the j-th
element being 1. Then G4 and Cy, are defined as

Gai =y wi T (a; — ai)(a; — a;) T, (15)
jevi
and
CAi = ZwijTiT(a]- - ai)Z;l;, (16)
g~

K 4 is a dn X dn sparse block matrix. If we use K 4,; to index
each d x d block in A, i,j € (1,...,n), we have

Ka, =y wij(QiQi; + 1) (17)

g~

and

) (18)
0, otherwise

Ka — {_QWiJ'Qija if ai ~ a;
where Q” = TlTTJ
Similarly, the optimal solution for data set B is as follows:

(iﬂB +2up1Le —up1Ch ) ( g ) _ (it)

—uB,1CB u1Ge +up2Ke/) \VB 0/

(19)

Given two datasets A and B with target paired values of
labeled data samples, the solutions to f and g of Equation
14 and Equation 19 can be used to estimate coordinates
of the other unlabeled data points in intermediate spaces,
which further can be utilized to align their intrinsic data
manifolds.

Given any query ¢ from A, we use the mapping function f
obtained in the training step to project the query ¢ into the
intermediate space. And the projected ¢ is then semantic
correlated aligned in the intermediate space. To find the
best match samples in B, we can use the metric defined
as: let F' = (fl,...,fT)T and G = (gl,...,gT)T be the r
dimensional representations of aligned manifolds of A and
B. If the coordinates in F' and G are aligned from known
coordinates, the distance between a; € A and b; € B is then
given by [10]:

d(ai, b)) =Y |Fir — G, (20)
k

then the best match b; € B to a € A is given by:

arg mjin d(a,bj). (21)
The alignment framework is similar to some of the exist-
ing alignment methods [9, 10, 30]. However, most of the
existing alignment approaches focus on preserving the pair-
wise similarity between data pairs. In this case, they may
not preserve the relative order of the similarity measure. For
example, suppose object A and object B are similar, object
A and object C are also similar, however B is more simi-
lar to A than C. In existing alignment methods, they can
find a space in which A, B, C are close, but they cannot
tell whether B is closer to A than C or not. By using vec-
tor fields, we require the mapping function varies linearly
along the geodesics on the manifolds and naturally the or-
der can be preserved. This property is extremely important
for multimedia retrieval problems.

4. EXPERIMENTS

In this section, we conduct some extensive experimental
evaluation to demonstrate the effectiveness of our proposed
Parallel Field Alignment Retrieval (PFAR) approach.

4.1 Dataset

The evaluation of a cross media retrieval system usually
needs a document corpus with paired contents from dis-
parate domains of multimedia source. In this experiment,
we use the recently proposed Wikipedia dataset composed of
text and image pairs' [24]. This real world dataset consists
of a continually updated collection of Wikipedia’s featured
articles spread over 29 categories, since 2009. The articles
are accompanied by one or more images from the Wikipedia
Commons, supplying a pairing of the desired kind. Since
some categories are very scarce, we will only consider the
top 10 most categories in the experiment.

Each article was split into sections based on its section
headings, and each image was assigned to the correspond-
ing section in which it was placed by the author(s) of the
Wikipedia page. Then this dataset was pruned to keep only
sections that contained a single image and at least 70 words.
The final corpus contains 2866 text-image pairs, each be-
longs to one of 10 semantic categories. And the corpus is
random split into a training set with 2173 documents, and
a test set with 693 documents [24]. The detail information
of this corpus is summarized in Table 1.

Table 1: Experiment Dataset Summary [24]

Category Training | Query | Total

Art & architecture 138 34 172
Biology 272 88 360
Geography & places 244 96 340
History 248 85 333
Literature & theatre 202 65 267
Media 178 58 236

Music 186 51 237
Royalty & nobility 144 41 185
Sport & recreation 214 71 285
Warfare 347 104 451
Summary 2173 693 2866

4.2 Data representation and evaluation

The data representation is similar to those of two previ-
ous works [20, 24]. In terms of image representations RrE
we represented the image using the histogram over the pop-
ular scale-invariant feature transformation (SIFT) [19] with
the codebook of 512 codewords. The text representation is
derived from a Latent Dirichlet Allocation (LDA) [1] model
with 10 topics (for training data, label information is derived
based on the topics). Thus, in RT, text documents are rep-
resented by their topic assignment probability distributions
among these 10 topics.

To test the proposed PFAR approach on real data, we
conduct the retrieval task with two parts: text retrieval us-
ing an image query, and image retrieval using a text query.
In the first part, each image in the test set is used as a query,
and the goal is to rank all the texts in the test set based on
their match to the query image. In the second, a text query

"http:/ /www.svcl.ucsd.edu/projects/crossmodal
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is used to rank the images. In both parts, the performance
is measured using precision-recall (PR) curves and the mean
average precision (MAP).

In the experiment, our approach learns the aligned in-
termediate spaces by incorporating the information of me-
dia data. We use £ = 8 nearest neighbors method to con-
struct the neighborhood for each media source in formula-
tion of Equation 9, and we apply the 10-fold cross validation
to select the parameters (e.g., pa,1 for Ri, pa for Ro).
To demonstrate the performance of PFAR, we compare a
number of state-of-the-art cross media retrieval approaches,
CCA [12], Semantic Correlation Matching (SCM) [24], Fast
version of Maximum Covariance Unfolding (Fast-MCU) [20]
and Manifold Alignment (MA) [10] with PFAR.

In these retrieval approaches, given a test sample (image
or text), it is first projected into the learned intermediate
space. For CCA and SCM, this involves a linear transforma-
tion to the low dimensional subspace, while for Fast-MCU,
the nearest neighbors of the test point among the training
samples in the original space are used to obtain a mapping of
the point as a weighted combination of these neighbors [20].

For PFAR, we use training datasets to learn the interme-
diate spaces during the parallel field alignment process and
two manifolds are aligned at the same time. The same map-
ping is then applied to the projection of the neighbors in the
learned intermediate space to compute the projection of the
test point. To perform retrieval, all the test samples from
both models, image and text, are projected on the aligned
manifolds, respectively. For a given test point from one kind
of media, we use the correlation distance shown in Equation
21 to compute its distance to all the other projected test
points of the other medium, and then these distances are
ranked. If a retrieved sample belongs to the same category
as the query, it is considered to be correct.

4.3 Test of the cross media retrieval

The result of the retrieval task is shown in Table 2, which
summarizes the MAP scores obtained for the 5 cross media
retrieval approaches. This table contains scores for both
image retrieval from a text query, and text retrieval from
an image query, and the average. The performance of the
random retrieval test is also shown to indicate the baseline
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chance level. From Table 2, it is clear that our proposed
approach PFAR outperforms CCA, SCM and Fast-MCU in
both image-to-text (image query) and text-to-image (text
query) cross media retrieval tasks. PFRA leads non-trivial
improvements over other approaches. In both parts, the
average MAP of our approach is more than 2.5 times that
of random method.

Table 2: Retrieval Performance (MAP Scores)

Experiments | Image Query | Text Query | Average
Random 0.118 0.118 0.118
CCA 0.246 0.196 0.221
SCM 0.274 0.225 0.250
Fast-MCU 0.287 0.224 0.256
MA 0.262 0.225 0.243
PFAR 0.298 0.273 0.286

To further analyze the performance of our proposed ap-
proach, we also presents the results of precision-recall (PR)
curves for both image and text queries in Figure 5. Ac-
cording to the results of Figure 5, it is clear that our pro-
posed approach PFAR, Fast-MCU, SCM, and CCA all gain
improvements over random retrieval at all levels of recall.
Compared the PR curves of PFAR with those of SCM and
Fast-MCU, it shows that PFAR gets higher precision at all
levels of recall for both text queries (on the left) and image
queries (on the right). It shows that the PFAR approach
is more effective to precisely find matches than the other
approaches.

Figure 6 illustrates two examples of text queries and the
top ranked images retrieved by PFAR to provide the visu-
alization of cross media retrieval. These two examples are
chosen from geography category and sport category, respec-
tively. In each case, the query text is shown at the top,
and the first image in the images row is the groundtruth im-
age. As indicated in Figure 6, top four retrieved images are
shown next to the groundtruth image. We can see that the
retrieved images are quite semantic correlated to the query
texts.

Figure 7 shows an example about topics distribution of
retrieved texts by CCA, SCM, Fast-MCU, MA and our pro-



Second growth forests have since covered most of the clear-cut land. The beginnings of today's protected areas were
established in the late nineteenth and early twentieth centuries: Pennsylvania's state legislature authorized the acqui-
sition of abandoned clear-cut land in 1897, creating the state forest system. The Game Commission began acquir-
ing property for State Game Lands in 1920, and established the Northcentral State Game Farm on Plunketts Creek in
1945 to raise wild turkey. It was converted to ringneck pheasant production in 1981, and, as of 2007, it is one of four
Pennsylvania state game farms producing about 200,000 pheasants each year for release on land open to public
hunting. The Northcentral State Game Farm is in the Plunketts Creek valley just south of Proctor, and a part of it is
on the right bank of Loyalsock Creek downstream of the confluence. The Loyalsock State Game Farm is 13 miles
(21 km) downstream on Loyalsock Creek, at the village of Loyalsockville. When a May 2007 fire destroyed a
brooder house there just days before 18,000 pheasant chicks were due to hatch, the eggs were transferred to the
nearby Northcentral State Game Farm without reduction in the production goal.

(a) Text query from geography category

On March 30, 1993, it was announced that Gil Stein, who at the time was the president of the National Hockey League,
would be inducted into the Hall of Fame. There were immediate allegations that he had engineered his election through ma-
nipulation of the hall's board of directors. Due to these allegations, NHL commissioner Gary Bettman hired two independent
lawyers, Arnold Burns and Yves Fortier, to lead an investigation. They concluded that Stein had "improperly manipulated the
process” and "created the false appearance and illusion" that his nomination was the idea of Bruce McNall. They concluded
that Stein pressured McNall to nominate him and had refused to withdraw his nomination when asked to do so by Bettman.
There was a dispute over McNall's role and Stein was "categorical in stating that the idea was Mr. McNall's." They recom-
mended that Stein's selection be overturned, but it was revealed Stein had decided to turn down the induction before their an-
nouncement.

In 1989, Alan Eagleson, a long time executive director of the National Hockey League Players Association, was inducted as a
builder. He resigned nine years later from the Hall after pleading guilty to mail fraud and embezzling hundreds of thousands
of dollars from the NHL Players Association pension funds."Honoured members: the Hockey Hall of Fame", p. 167 His tes-
ignation came six days before a vote was scheduled to determine if he should be expelled from the Hall. Originally, the Hall
of Fame was not going to become involved in the issue, but was forced to act when dozens of inductees, including Bobby
Orr, Ted Lindsay and Brad Park, campaigned for Eagleson's expulsion, even threatening to renounce their membership if he
was not removed. He became the first member of a sports hall of fame in North America to resign.

(b) Text query from sport category

Figure 6: Two examples of text queries and the top images retrieved by PFAR. The query texts of (a) and
(b) are chosen from geography category and sport category, respectively. In both (a) and (b), first image in
bottom row is the groundtruth image, and others are top ranked retrieved images.
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See also: List of Seattle parks, Bodies of water of Seattle, and Regrading in Seattle

Seattle is located between the saltwater Puget Sound (an arm of the Pacific Ocean) to the
east. The city's chief harbor, Elliott Bay, is part of Puget Sound, which makes the city an o¢
Puget Sound, are the Kitsap Peninsula and Olympic Mountains on the Olympic Peninsula;
Washington and the eastside suburbs, are Lake Sammarnish and the Cascade Range. Lak
Puget Sound through the Lake Washington Ship Canal (consisting of two man-made canat
Chittenden Locks at Salmon Bay, ending in Shilshole Bay on Puget Sound)

The sea, rivers, forests, lakes, and fields surrounding Seattle were once rich enough to suf
sedentary hunter-gatherer societies. The surrounding area lends itself well to sailing, skiing
year-round. 112!

The city itself is hilly, though not uniformly so.°” Like Rome, the city is said to lie on sever
include Capitol Hill, First Hill, West Seattle, Beacon Hil, Queen Anne, Magnolia, and the fo
Mount Baker, and Crown Hill neighborhoods are technically located on hills as well. Many ¢
center, with Capitol Hil, First Hill, and Beacon Hill collectively constituting something of a ri
Elliott Bay and Lake Washington.1*®! The break in the ridge between First Hill and Beacon t
of the many regrading projects that reshaped the topography of the city center.*® The top.
construction of a seawall and the rtificial Harbor Island (completed 1909) at the mouth of
Green River. The highest point within city limits is at High Point in West Seattle, roughly loc
include Crown Hill, View Ridge/Wedgwood/Bryant, Maple Leaf, Phinney Ridge, Mt. Baker

(¢) The groundtruth text: Seattle from
Wikipedia

Figure 7: A comparison example of cross media retrieval with given image query.

posed PFAR. Given a query image, we compared the top-
ics distribution of all retrieved texts with respect to above
methods. In Figure 7, the query image is taken from Seattle,
the groudtruth text gives some description about the geog-
raphy of Seattle. The result of PFAR can accurately give
the topics distributions over other methods.

Actually, all methods tend to retrieve texts that are re-
lated specifically to the query image. However, PFAR is able
to retrieve texts which are closer to the query image on the
categorical level. This also indicates that the abstraction
work with relative order infomation preserved by PFAR is
especially important for exploratory tasks.

According to the experiment result analysis, PFAR can
be viewed as one kind of semantic correlation spaces projec-
tion methods. In addition, the parallel field in the alignment
process, which preserves the geodesic distance of media man-
ifolds, also significantly contribute to the performance of the
text and image cross media retrieval.

5. CONCLUSIONS

In this paper, we have proposed a novel approach for cross
media retrieval, called Parallel Field Alignment Retrieval
(PFAR), which integrates a manifold alignment framework
from the perspective of vector fields. Our goal is to solve the
fundamental problem in cross media retrieval area. Given
a query Q4 € R* (or Qs € RP), the goal of cross media
retrieval is to return the closest matches in the B (or A)
media space R® (or RA).

Due to the semantic gap between low level features and
high level semantic concepts of multimedia data, it is not
easy for us to reveal the underlying semantic correlations
among the heterogeneous multimedia data. Previous stud-
ies have shown that manifold alignment method is an appro-
priate model for pair matching between heterogeneous data
sources. Hence, we consider the cross media retrieval as a
manifold alignment problem and use parallel fields, which
can effectively preserve the metric of media data manifolds,
to model heterogeneous multimedia data and project their
relationship into intermediate latent semantic spaces during
the process of manifold alignment. And the most important
factor is that the semantic correlations are also determined
in the manifold alignment process.

Finally, the experimental results from a real world data
illustrate the validity of our approach. In text and image

cross media retrieval tasks, our approach attains significant
in the retrieval performance over state-of-the-art cross media
retrieval methods.
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