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Abstract. This paper presents a novel approach to Automatic Image
Annotation (AIA) which combines both Hidden Markov Model (HMM)
and Support Vector Machine (SVM). Typical image annotation meth-
ods directly map low-level features to high-level concepts and overlook
the importance to mining the contextual information among the anno-
tated keywords. The proposed HMM-SVM based approach comprises
two different kinds of HMMs based on image color and texture features
as the first-stage mapping scheme and an SVM which is based on the
prediction results from the two HMMs as a so-called high-level classi-
fier for final keywording. Our proposed approach assigns 1-5 keywords
to each testing image. Using the Corel image dataset, Our experiments
have shown that the combination of a discriminative classification and a
generative model is beneficial in image annotation

1 Introduction

The modern developments of the Internet make it the most efficient platform
for obtaining and sharing various kinds of information from anywhere. For this
reason the research into search engines for retrieving and managing multimedia
data has become very important and attractive [1]. Existing search engines are
well-developed in the case of textual data. However, more research is still required
for image search and retrieval due to the so-called semantic-gap. At the early
stage of research, image retrieval was performed by relying on manually assigned
keywords. The manual labeling of images however is tedious and difficult for large
image collections. To address these drawbacks, content-based image retrieval
using low-level image features such as color, texture and shape is proposed [2].
These low-level features representing visual content of an image can be used to
measure the similarity between images. This allows images from datasets to be
automatically indexed and searched. To improve the process of retrieval, this
line of research based on low-level features was soon replaced by the use of the
approach of AIA which associates multiple keywords with objects in images.
Some researchers argued that if we can associate multiple keywords with the
identified object in the image, the retrieval of images could become much easier
and more straightforward [3, 4, 5, 6].
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For this reason, AIA has become a focus in the area of content-based image
retrieval to bridge the semantic gap [7]. In recent years, the classifier ensem-
bles approach has attracted much more attention. Some results report that it
is more reliable than most one-level classifier in performing automatic image
annotation [8]. Another trend of classification is the fusion with other tech-
niques to enhance the performance [9]. In practice, the intrinsic advantages of
generative model have been widely accepted and used in the area of automatic
image annotation. Recently, one representation of generative models, namely the
Hidden Markov Model has been utilized to resolve automatic image annotation
problems [10]. However, there are still opportunities to improve the quality of au-
tomatic image annotation for two reasons. First, images which are semantically
similar often contain different low-level features. Therefore the direct mapping
of the low-level features to high-level concepts may lead to errors. Second, most
existing approaches overlook the significance of keyword correlation in image re-
trieval. For instance, ‘boat’ and ‘water’ tend to co-occur much more often in one
image than ‘boat’ and ‘grass’. This suggests the correlation information among
keywords can be of great help to improve the performance of AIA.

In this paper, we present a two-stage mapping AIA technique based on both
Support Vector Machine and Hidden Markov Model. The first stage comprises
two HMMs constructed separately from color and texture features of images for
mapping the low-level features to mid-level features. Co-occurrence based key-
word correlation is also constructed to enhance the mapping precision. In the
second stage we employ support vector machine to map the so-called mid-level
features to high-level concepts. The proposed scheme fuses both a discrimina-
tive classification and a generative model to avoid the two problems discussed
above.

The outline of this paper is as follows: Recent image annotation methods based
on both SVM and HMM are briefly reviewed in Section 2. Our proposed SVM-
HMM based annotation approach is explained in Section 3. Section 4 presents
the experimental results and the performance analysis of the proposed method.
The paper is then concluded in Section 5.

2 Related Work

Automatic image annotation techniques first appeared about two decades ago.
Below is a review of some selected milestones in AIA using SVM and HMM.

Support Vector Machine was first introduced into this area during the last
decade. As a very strong data mining technique, one of the first SVM based im-
age classification system paper is [11]. However they only use global color features
to solve a small scale classification problem. With the aim to improve the clas-
sification accuracy based on a single classifier, a sophisticated classifier system
called “classifier ensembles” was introduced to further improve AIA precision.
Gao et al. [12] use a combination of multiple SVM classifiers. These classifiers
are obtained by combining the output of several effective weak classifiers using a
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Boosting technique. Subsequently, Qi and Han [13] also use a combination of two
sets of SVMs which relies on the regional image features found using Multiple
Instance Learning (MIL) and global image features respectively. Tsai et al. [8]
present an image indexing and classification system called CLAIRE. Their sys-
tem is based on a Two Stage Mapping Model (TSMM) [14]. In their system,
three SVMs are constructed as low-level feature classifiers focusing on classifying
color and texture features respectively. Another SVM called high-level classifier
is constructed based on the outputs of the first low-level classifiers. This system
avoids the direct mapping of the low-level features to high-level concepts, and
the results show a promising way to assign keywords to images.

As one representative work of generative models, HMM has also been adopted
by some researchers to perform AIA. In [15], a one-dimensional hidden Markov
model (HMM) was trained on vector-quantized color histograms of image blocks.
However, their system can only be used to solve a binary image classification
problem. Li and Wang [16] proposed a system called ALIP which is based on
a two-dimensional multi-resolution HMM fed by regional image features. Mod-
estino and Zhang [17] use a Markov random field model to capture the spatial
relationships between regions and apply a maximum posteriori rule to inter-
pret images. Ghoshal et al. [10] use an HMM for image and video annotation
based on two datasets individually, which are COREL and TRECVID. A novel
TSVM-HMM based annotation scheme is proposed in [18]. Compared with pre-
vious annotation methods, the proposed TSVM-HMM based annotation scheme
can achieve better annotation performance with less labeled training images as
demonstrated.

3 Proposed Approach

In order to overcome the problems discussed above, we propose a Two-Stage
Mapping Model to perform Automatic Image Annotation (AIA). An overview
of the proposed approach is shown in Fig.1. The first module is composed of
two Hidden Markov Models which are responsible for classifying low-level color
and texture features respectively. The second module is an SVM classifier which
serves as a high-level classifier as in the work of [8] to determine the final an-
notation results. Unlike that paper, our approach substitutes the SVM with an
HMM during the first stage aiming at mining keyword correlations. Meanwhile,
we directly use the category names to define the output of the HMMs. This is
to overcome the difficulty of only using twelve colors to describe a large number
of images. Moreover, all the image regions of our training set are used as op-
posed to using only the central region. Therefore the image regions used in our
approach may contain different objects. This change also adds difficulty to the
process of describing image regions with only twelve color names. Once these
two stages are completed, five keywords corresponding to the five sub-blocks can
automatically be assigned to a test image. Below is a description of each module
of our approach in Fig. 1.



118 Y. Lei et al.

Fig. 1. A block diagram of our proposed approach

Fig. 2. The tilting scheme

3.1 Image Sub-blocking and Feature Extraction

It is well known that automatic image segmentation is a hard task and no ap-
proach can achieve perfect results. Moreover, some results show that those mod-
els using a sub-blocking scheme perform better than those using object-based
segmentation [19]. We use a tilt scheme which was proposed in [8] to divide
images into five regions. The original image size in our dataset has 384 × 256
pixel resolution, and the region size is 192× 128 as shown in Fig.2. The regions
include four quadrants. The one in the center is used to increase the weight of
the object of interest.

We extract color features and texture features as image descriptors. We do
not consider other features such as shape for two reasons. First it is well known
that image shape feature extraction is difficult to achieve and computationally
expensive. In addition it should be noted that image regions whether contain-
ing homogeneous objects or not is not a focus in our approach. Therefore it is
meaningless even if image shape feature extraction is applied.

The color features include the mean and standard deviation of every region in
the RGB and Lab color spaces. It has been proved that Garbor filter performs



An HMM-SVM-Based Automatic Image Annotation Approach 119

well on extracting image texture features. Therefore we apply a set of Garbor fil-
ters with 12 orientations (i.e. 0◦, 30◦, 60◦,..., 270◦) on the luminance component
of image regions. We then extract the mean and standard deviation values of
the 12 filtered images and use them as texture features. This results in a feature
vector of length 36 for each region (i.e. 12 color features and 24 texture features).

3.2 Hidden Markov Model for Low-Level Annotation

Hidden Markov Model for AIA. According to HMM’s definition, it is easy
to provide a density function to model image features of image regions which
belong to the same keyword. By introducing keyword correlation, the context-
dependent HMM can improve its accuracy for image annotation.

For the sake of brevity, let Ti = {Ii1, Ii2..., Iin} be the feature set of image
regions obtained from our training set for the ith keyword, where n is the total
number of image regions. The keyword set K = {k1, k2..., ki} represents all the
keywords appearing in the whole training set. Given an image, it will be divided
into five regions as described above, where the regions are ordered according
to the quadrants as shown in Fig. 2. The upper-left one is considered as the
first while the center one as the last. Meanwhile, we use Ir = {Ir1, Ir2..., Ir5}
to denote its region feature set and Ic = {Ik1, Ik2..., Ik5} to denote its keyword
set. We propose to model the AIA task as a Hidden Markov process. Thus, by
combining Ir and Ic, the joint likelihood function can be formulated as

f(Ir1, Ir2..., Ir5, Ik1, Ik2..., Ik5|k0) =
∑

kt∈Ik

5∏

t=1

f(It|kt)p(kt|kt−1) (1)

According to Eq. (1), an HMM model is mainly affected by the emission density
function f . This function corresponds to the image region feature distribution
of one keyword. The transition probability function p on the other hand reflects
the keyword correlations. The problem then becomes how can we formulate the
emission density function and transition probability function.

Low-level Feature Distribution. As discussed in the last subsection, we
should establish a useful emission density function for each keyword [10]. Gaus-
sian Mixture Model (GMM) is one of the most statistically mature methods
for density estimation [18]. GMM is the weighted average of Gaussians, and
each Gaussian has its own mean and covariance matrix which has to be esti-
mated separately. In the proposed approach, we use GMM to model the low-
level image features via relevant image regions. Let Tc = {Ic1, Ic2..., Icn} and
Tt = {It1, It2..., Itn} denote the extracted color and texture features of image
regions assigned with keyword k. We then employ a Gaussian mixture model
with three components to construct the color and texture feature distribution
functions fc(Tc|c) and ft(Tt|c) as follow,
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fc,t(Tc,t|k) = α1g(Tc,t; μ1, Σ1) + α2g(Tc,t; μ2, Σ2) + α3g(Tc,t; μ3, Σ3) (2)

g(Tc,t; μi, Σi) =
1√

(2π)dc,t |Σi|
exp[−1

2
(Tc,t − μi)T Σ−1(Tc,t − μi) (3)

where α1, α2, α3 represent the weight of each Gaussian component respectively,
and α1 + α2 + α3 = 1 . μ and Σ denote the mean and covariance matrix re-
spectively. d denotes the dimension of an image region feature. Here dc = 12 for
color features and dt = 24 for texture features.

Keyword Correlation. The transition probability p(kt|kt−1) reflects the corre-
lation between the keywords kt and kt−1. Here we use ki and kj to replace kt and
kt−1 respectively. The keyword correlation p(ki|kj) is measured by counting the
frequency of paired words assigned to each image. We can estimate conditional
and joint probabilities of p if we take: p(ki|kj) = p(ki,kj)

p(kj) , and p(ki, kj) = N(ki,kj)
|D| ,

where N(ki, kj) indicates the number of times ki and kj appear together in one
image, and |D| is the total number of image regions in the training set. If we
repeat this process for each pair of words in the keyword set we can obtain an
i × i conditional probability matrix PM , which reflects the keyword correlation.

A problem with the PM matrix is that some of the keywords never appear
in the same image. Thus some p(ki, kj) may take a value of zero. We apply a
widely used smoothing technique known as “interpolation smoothing” to solve
this problem. It can be summarized by Eq. 4.

p(ki|kj) = β ∗ N(ki, kj)
N(kj)

+ (1 − β) ∗ N(kj)
|D| (4)

where β is an interpolation parameter and |D| is the number of words in the col-
lection. This formula is an interpolation between the empirical estimate N(ki,kj)

N(kj)

and the empirical distribution of the term kj . Therefore even if two keywords
never appear together, we will not have a zero value in PM . It should be noted
that both the color and texture HMMs share the same PM . It is easy to un-
derstand that although the feature sets are different, they should have the same
keyword correlation.

Predictions of HMM. The objective of AIA is to find the optimal hidden
keyword sequence for regions with learnt HMM. Once the density estimation of
fc,t(Tc,t|k) for color and texture features of all keywords and transition prob-
abilities have been estimated, given a test image, we perform the Balm-Welch
algorithm to compute the posterior probability of each prediction as the first-
stage annotation. The posterior probability dj(It) of being predicted with kj is
iteratively achieved using:

dj(It) = f(It|kj)
M∑

i=1

di(It−1)p(ki|kj) (5)
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In Eq. 5, the posterior probabilities of M keywords, i.e. dj(It), j = 1, ..., M , are
acquired through the association with a visible region It. The color and texture
predictions j

′
c,t of the hidden keyword for the region It can be gained based on

the following criterion:

j
′
= argmaxj(dj(It)) (6)

3.3 High-Level Concept Classifier

Training Set for High-level concept classifier. Unlike [8], our approach
directly extracts the predictions from the colour and texture Hidden Markov
Model. Let Ti = {Ii1, Ii2, ..., Iin} be all the feature set of one keyword. We then
apply the constructed color HMMs and textures HMMs to the set and collect
the color and texture predictions. After this process, we collect the prediction
set Ti = {(ci1, ti1), (ci2, ti2), ..., (cin, tin)}.

Let us take the concept ‘grass’ as an example. After applying the HMMs to
the training set, we collect all predictions belonging to the image regions which
are labelled ‘grass’. Let Tgrass = {Igrass1, Igrass2, ..., IgrassN} be all the image
regions under the keyword ‘grass’. We assume the color and texture predic-
tions for Igrass1 as (tree− color, grass− texture) and for Igrass2 as (grass-color,
sky-texture). If we repeat the application of the HMMs for all the image re-
gions belonging to the keyword ‘grass’, we can collect all the predictions for
that keyword. Then we use this kind of predictions as mid-level features for each
keyword. Let Mgrass denotes the output of the HMM for the keyword
‘grass’, and Mgrass = {(tree − color, grass − texture), (grass − color, sky −
texture), ...}.

In fact, every image region for all the keywords is mapped into a space that
we call the HMM prediction space. This space maps color feature predictions
on the X-axis and texture feature predictions on Y-axis. According to the total
number of keywords over all the training set, which is 120, both the X- and
Y-axis will take values ranging from 1 to 120. Fig. 3 shows an example of an
HMM prediction space.

Fig. 3. An example of HMM prediction space to illustrate the use of SVMs for learning
predictions based on different keywords
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High-level concept SVM. For classifier design, support vector machines
(SVMs) are chosen for the image classification task because of their general-
ization performance superiority. For the selection of the kernel function for the
nonlinear mapping, a degree-2 polynomial kernel is used. We use the predictions
of HMMs as input to the SVM, and when the number of keywords is i, therefore
this method constructs i SVM classifiers. Similar to the multi class classifica-
tion employed in this paper, the one-against-all method is used. Each input is
classified into one positive (+1) and C − 1 negative (−1) classes.

3.4 Summary of the Training Procedure

– Step 1. Given training set image regions for all keywords. These training sets
are composed of 12 color features and 24 texture features.

– Step 2. Use the extracted color and texture features to construct the color
and texture feature distribution functions fc and ft used as density estimates
for HMMs as shown in Equations 2 and 3.

– Step 3. Investigate the keyword correlation based on the labelled regions to
obtain the co-occurrence matrix PM as transition probability function as
described in Equation 4.

– Step 4. Return to the training sets in Step 1. Use the constructed HMMs
to collect the color and texture predictions of all the image regions. By this
time, the training set belonging to each keyword would have been mapped to
the prediction space. At the end of this step, the first mapping stage would
have been generated.

– Step 5. Use the prediction space of each keyword to obtain the high-level
concept SVMs. At the end of this step, the second mapping stage would
have been generated.

4 Experiments

4.1 Dataset

We tested the proposed AIA approach on the Corel dataset with 5600 images. A
selection of 3456 images in the dataset was initially divided into five regions, and
all regions were grouped into 120 keywords. Since a region may contain different
objects, if one object occupies more than half in the region, the object name will
be assigned to this region. We also discarded some regions which are difficult to
label. During the training process, every keyword contained around 54 to 810
regions, with a total of 13754 training regions. Next, another 635 images which
had no regions appeared in the training set. They were randomly chosen from the
dataset and used as testing images. The proposed approach comprises one color,
one texture HMMs and 120 SVMs. The color and texture names are the same
as the 120 keywords predicted using our HMMs. During the testing process, 5
keywords were automatically assigned by the proposed approach to the testing
images.
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Fig. 4. Some region samples of four keywords used for training

Table 1. Performance comparison with other methods in terms of average precision
and recall for all keywords

4.2 Comparison with Other Methods

The contribution of the proposed HMM-SVM based annotation scheme is to
integrate both the discriminative classification and the generative model so
as to take full advantage of their combined merits. To evaluate its effective-
ness, we compared our HMM-SVM based approach with other two related ap-
proaches, namely CLAIRE [8] and HMM-based image annotation [10]. For each
method, we assess the annotation performance using the average precision and
recall, over all testing images. The precision and recall values are defined in
Eq. (7):

precision(c) =
numc

numca
; recall(c) =

numc

numcm
(7)

where numc denotes the number of image correctly annotated with keyword
c, numca denotes the number of images automatically annotated with keyword c
and numcm denotes the number of images manually annotated with
keyword c.

Table 1 shows the average annotation precision and recall over the total 120
keywords. Clearly, we can see that the proposed HMM-SVM based annotation
method achieves a significant improvement on our experimental dataset. Com-
pared to the other two methods, it shows an improvement of about 26% and
0.13% in recall and 26% and 13% in precision. Moreover, the number of key-
words with positive recalls has increased by 43 and 26. Fig. 5 presents some
examples of the annotations produced by the proposed approach. The potential
reasons for this improvement can be associated to the following: (1) with the
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Fig. 5. Examples of image annotation

two-stage mapping scheme involved, it is believed that HMM-SVM can outper-
form those use only single-mapping approaches such as HMM method; (2) the
enhanced keyword correlation is also introduced into the proposed AIA approach
and hence keyword semantics is capable of being modelled well compared to other
methods that do not consider such correlation (e.g. CLAIRE). More details are
provided in the next section.

4.3 Effectiveness of the Proposed Approach

To construct a reliable generative model, i.e. HMM, our approach employs a
keyword correlation with an interpolation smoothing technique and further pro-
motes the performance of HMM. Three schemes are used to obtain the keyword
correlation, i.e. the co-occurrence based keyword correlation, the co-occurrence
based keyword correlation without interpolation smoothing, and without key-
word correlation which is set to be uniform. As shown in Fig. 6, the performance
of annotation is greatly improved when taking into consideration keyword cor-
relations, a concept not used in previous annotation approaches. By combining
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co-occurrence correlation measurements and the interpolation smoothing tech-
nique, it can provide more reliable keyword correlation to avoid zero values.

We further examine the relationship between the precision results and the
number of training samples. The ten keyword samples randomly selected from
the training set, as in Fig. 7, shows an approximately linear relationship between
the number of training samples and the annotation precision. We see that a larger
number of training samples is a major factor for a better annotation. Therefore,
performance should be heavily dependent on the low-level feature representations
which employ visual feature distribution functions.

5 Conclusion

In this paper, we proposed an approach for Automatic Image Annotation based
on the concept of two-stage mapping. Unlike existing two-stage mapping mod-
els, the proposed approach combines the advantages of two-stage mapping and
keyword correlation. This two-stage mapping scheme avoids the direct mapping
of low-level features to high-level concepts. The keyword correlation mechanism
is able to capture to a certain extent the meaning of words to improve the per-
formance of AIA. Our experimental results using the Corel image dataset show
that, in the case of annotating images with few words, the combination of the
discriminative classification and the generative model can improve annotation
performance. Thus, the combination of HMM and SVM provides a promising
way to perform and improve automatic annotation of images.
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