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Abstract – In this paper we do a survey on different fusion
techniques of visual and thermal images for human face
recognition. Image fusion constructs a single image by
combining information from a set of source images together
using different techniques. It is quite simpler to extract and
locate facial features in visual images. Another advantage of
using visual image is that it works well under controlled
illumination condition. Infrared (IR) imaging is especially
useful to determine the location and shape of objects in
darkness and provides information about the degree of
heating of individual segment of complex surfaces. Now a
days, researchers have explored the use of fusion of thermal
infrared and visual face images for person identification to
combine the good aspects of visual and thermal images and
to overcome the negative aspects of individual thermal and
visual images. The aim of fusion is to produce a fused result
or image that offers the more detailed and reliable
information than the source images. In our paper we
discussed the different fusion techniques which is used to
combine visual and thermal images for human face
recognition.
Keywords - Image Fusion, Visual Image, Thermal Image,
Infrared Imaging, Face Recognition.

I. INTRODUCTION
In our daily life, face is the most important part for
conveying identity and emotions, as it is the prime centre
of interest. Right from birth, all our social interactions
depend on our face and its various emotions. Face
recognition means the ability to distinguish and identify
people by their facial features. It is one of the most
dynamic and extensively used techniques because of its
reliability in the process of recognizing and verifying a
person’s identity. There are various images of different
modalities (e.g. visual, thermal, sketch etc.) which are
used for performing the face recognition task. Optical or
visual image is an intellectual image that is similar to a
visual insight or can be referred to as a percept that arises
from the eyes or as an image in the visual system i.e. the
image which we can see with our normal eyes. Most of the
researchers have focused on visible spectrum imaging for
research in biometric field. This has improved the
development of better recognition algorithms in case of
working with visual images. It is quite simpler to extract
and locate facial features in visual images. Another
advantage of using visual image is that it works well under
controlled illumination condition. But, there are some

disadvantages of visual images and thermal images have
the capability to overcome some of these problems. The
disadvantage of using visual image is that it results in poor
performance with illumination variations (such as in
indoor and outdoor lighting conditions); again it is not
efficient to distinguish different facial expressions, it is
difficult to segment out faces from cluttered scene, visual
images are useless in very low lighting, and unable to
detect disguise [1].To solve these problems of visual
images, researchers have started investigating the use of
thermal infrared images for face recognition purposes.
However, many of these research efforts in thermal face
recognition use the thermal infrared band only as a way to
see in the dark or trim down the detrimental effect of light
variability [2] [3]. Infrared (IR) imaging is especially
useful to determine the location and shape of objects in
darkness and provides information about the degree of
heating of individual segment of complex surfaces. It also
helps to know about internal structure of bodies that are
opaque in visible light. Every heated body emits thermal
radiation whose intensity and spectrum depend on the
body’s properties and temperature. Infrared imaging is
mostly used in medicine and technical diagnosis,
navigation, geological exploration, meteorology, flaw
detection, research on thermal processes, and military
affairs. Image fusion constructs a single image by
combining information from a set of source images
together using different techniques. Pixel-level Image
fusion implies fusion at the lowest processing level which
refers to the integration of measured physical parameters.
The image after the pixel-level image fusion contains
much richer and more accurate information content, which
is advantageous to the analysis and processing of image
signal. It makes human observation easier and more
suitable for computers in detection processing. Advantage
of image fusion at pixel level includes minimum loss of
information, but it has the larger amount of information to
be processed, and so, slower processing speed, and a
higher demand for equipment.

II. PREVIOUS WORK ON FUSION METHOLOGY
In search of an enhanced and robust face recognition
system, researchers started to use fusion technique over
the visual and thermal images. G. Bebis et al. [4] focused
on the study of sensitivity of thermal IR imagery to facial
occlusions caused by eyeglasses. Speciﬁcally, their

All copyrights Reserved by NCRTCST-2013, Departments of CSE
CMR College of Engineering and Technology, Kandlakoya(V), Medchal Road, Hyderabad, India.
Published by IJECCE (www.ijecce.org)

10

International Journal of Electronics Communication and Computer Engineering
a Volume 4, Issue (6) NCRTCST -2013, ISSN 2249–071X

National Conference on Recent Trends in Computer Science and Technology (NCRTCST)-2013
experimental results illustrated that recognition
performance in the IR spectrum degrades seriously when
eyeglasses are present in the probe image but not in the
gallery image and vice versa.V. Jyothi et al. [5] discuss
that they have compared the regular image fusion
techniques with the genetic algorithm (GA) based
techniques and observe that from their experiment GA
based techniques are having much better results
compared to conventional techniques. T. Zaveri et al.[6]
applied discrete wavelet transform using high boost
filtering on large number of dataset of each category and
simulation results are found with superior visual quality
compared to other earlier reported pixel and region based
image fusion method. Here, T. Zaveri et al. investigated
on two different fusion rules are applied on broad range of
images. In their proposed method MMS fusion rule is
introduced to select desired regions from multimodality or
multisensor images and SF based rule is used for single
sensor based multifocus images. Proposed algorithm is
compared with standard reference based and nonreference
based image fusion parameters and from simulation results
and this proposed algorithm preserves more details in
fused image M. Hanif et al. [7] said data fusion of thermal
and visual images is a solution to overcome the drawbacks
present in individual thermal and visual images. They
presented an optimized and efficient wavelet domain data
fusion of thermal and visual face images to achieve better
face recognition system. The proposed fusion technique
has proven to be effective even for variable expression and
light condition.Z. Shu-Long [8] describes data fusion and
decision fusion of registered visual and thermal infrared
(IR) images for robust face recognition. In data fusion,
eyeglasses are detected from thermal images and replaced
with an eye template. They implemented three techniques:
Data fusion of visual and thermal images (Df), Decision
fusion with highest matching score (Fh), and Decision
fusion with average matching score (Fa). Their
comparative study show that fusion-based techniques
outperformed individual visual and thermal face
recognizers under illumination variations and facial
expressions. D. R. Kisku et al. [9] presented a face
recognition technique based on the extraction and
matching of SIFT features related to independent face
areas. Both a global and local (as recognition from parts)
matching strategy is proposed. The local strategy is based
on matching individual salient facial SIFT features as
connected to facial landmarks such as the eyes and the
mouth. As for the global matching strategy, all SIFT
features are combined together to form a single feature. S.
Singh et al. [10] proposed fusing IR with visible images,
exploiting the relatively lower sensitivity of visible
imagery to occlusions caused by eyeglasses. Two different
fusion schemes have been investigated in this study: (1)
image based fusion performed in the wavelet domain and,
(2) feature-based fusion performed in the eigenspace
domain. In both cases, they employed Genetic Algorithms
(GAs) to find an optimum strategy to perform the fusion.

R. Singh et al. [11] presented an integrated image fusion
and match score fusion of multispectral face images. The
fusion of visible and long wave infrared face images is
performed using 2  Granular SVM which uses multiple
SVMs to learn both the local and global properties of the
multispectral face images at different granularity levels
and resolution. The 2  GSVM performs accurate
classification which is subsequently used to dynamically
compute the weights of visible and infrared images for
generating a fused face image. 2D log polar Gabor
transform and local binary pattern feature extraction
algorithms are applied to the fused face image to extract
global and local facial features respectively.

III. ADVANCES IN FUSION AND NEW
TECHNIQUE
During the past two decades, several fusion techniques
have been proposed. Among the hundreds of variations of
image fusion techniques, the widely used methods include,
intensity-hue-saturation (IHS), high pass filtering, Highpass modulation, different arithmetic combination(e.g.
Brovey transform), multi-resolution analysis-based
methods (e.g. pyramid algorithm, wavelet transform),
Generic Multiresolution Fusion Scheme, Ehlers transform,
etc. The chapter will provide a general introduction of
these selected methods.

A. Intencity hue-saturation
The IHS technique is a standard procedure in image
fusion. Originally, it was based on the RGB true
colorspace [26]. RGB color space, a pixel is identified by
the intensity of red, green, and blue primary colors. It
offers the advantage that the separate channels outline
certain color properties, namely intensity (I), hue (H), and
saturation (S). Geometrically the IHS colour system can be
represented as a cylinder (Figure 3 (a)) or a sphere (Figure
3 (b)). In cylindrical coordinates, the colour space is
defined by two vectors and one angle. Intensity, which
represents the brightness of a colour defines the axis,
saturation, which represents the purity of a colour, defines
the radius while hue, the average wavelength of the colour,
defines the circumferential angle of the cylinder. In
spherical coordinates, the colour space is defined by one
vector and two angles. Intensity defines the vertical axis,
saturation the co-latitude and hue the circumferential angle
of the sphere. In the cylindrical system the definition of
saturation implies that a constant distance between any
RGB vector and intensity axis is maintained with varying
intensity, while in the spherical system, the absolute
distance with the intensity axis is proportional to intensity.
Because saturation is defined as an angle, the ratio
between this distance and intensity defines its magnitude
[12].
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Fig.1. Cordinate system for defining the IHS transform;
(a) cylindrical (b) spherical.

B. Brovey Trasform
The Brovey Transform is based on the chromaticity
transform [13]. Before know the chromaticity transform
we have to know the chromaticity space.
chromaticity space, is two dimensions of the normalized
RGB space. Chromaticity space, has no intensity
information. Normalized RGB space, a color is
represented by the proportion of red, green, and blue in the
color, rather than by the intensity of each.A color (R,G,B)
where R, G, B are intensity of Red, Green and Blue
respectively. This can be converted to color (r,g) where r,
g imply the proportion of red and green in the original
color is called chromaticity transform. The Brovey
transform is based on the mathematical combination of the
multispectral images and high resolution Panchromatic
image. Panchromatic images is an image collected in the
broad visual wavelength range but rendered in black and
white and multispectral images are images optically
acquired in more than one spectral or wavelength interval.
Each individual image is usually of the same physical area
and scale but of a different spectral band. Each Each
multispectral image is normalized based on the other
spectral bands and multiplied by the pan image to add the
spatial information to the output image. Its purpose is to
normalize the three multispectral bands used for RGB
display and to multiply the result by any other desired data
to add the intensity or brightness component to the image.

C. High-pass filtering
The principle of HPF is to add the high-frequency
information from the High Resolution Panachromatic
Images to the Low Resolution Multispectrum Images to get
the High Resolution Multispectrum Images. The high
spatial resolution image is filtered with a small high passfilter resulting in the high frequency part of the data which
is related to the spatial information. This is pixel wise
added to the low resolution bands. It can be of advantage to
use subtraction of pre-processed data (e.g., HPF filtered
imagery) from the original data in order to enhance lines
and edges. The principle of HPF is to add the highfrequency information from the High Resolution
Panachromatic Image to the Low Resolution Multispectrum Images to get the High Resolution Multispectrum
Images. The high-frequency information is computed by
filtering the High Resolution Panachromatic Images with a
high-pass filter or taking the original High Resolution

Panachromatic Images and subtracting the Low Resolution
Panachromatic Images, which is the low-pass filtered High
Resolution Panchromatic Images. This method preserves a
high percentage of the spectral characteristics, since the
spatial information is associated with the high-frequency
information of the High Resolution Mulispectrum Images,
which is from the High Resolution Panachromatic Images,
and the spectral information is associated with the lowfrequency information of the HRMIs, which is from the
Low Resolution Multispectrum Images[14][15].

D. Enhler Transform
The basic idea behind this method is to modify the input
Pan image to look more like the intensity component. In
the first step in order to manipulating, three low resolution
multispectral RGB bands are selected and transformed into
the IHS domain. Then, the intensity component and the
panchromatic image are transformed into the spectral
domain via a two-dimensional Fast Fourier Transform
(FFT). Low pass (LP) and high pass (HP) filter were
directly performed in the frequency domain on the
intensity component and the high resolution panchromatic
image respectively. The idea is to replace the high
frequency part of the intensity component with that from
the Pan image. To return both components back into the
spatial domain an inverse FFT transform was used. Then
the high pass filtered panchromatic band and low pass
filtered intensity are added and matched to the original
intensity histogram. Finally, an inverse synthesis is the
normalized average error of each band[13][16]

E. Imgae pyramid
Image pyramids have been initially described for
multiresolution image analysis and as a model for the
binocular fusion in human vision. A generic image
pyramid is a sequence of images where each image is
constructed by low pass filtering and sub sampling from
its predecessor. Due to sampling, the image size is halved
in both spatial directions at each level of the
decomposition process, thus leading to a multi resolution
signal representation. The difference between the input
image and the filtered image is necessary to allow an exact
reconstruction from the pyramidal representation. The
image pyramid approach thus leads to a signal
representation with two pyramids: The smoothing pyramid
containing the averaged pixel values, and the difference
pyramid containing the pixel differences, i.e. the edges. So
the difference pyramid can be viewed as a multiresolution
edge representation of the input image. The actual fusion
process can be described by a generic multiresolution
fusion scheme which is applicable both to image pyramids
and the wavelet approach. There are several modifications
of this generic pyramid construction method described
above. Some authors propose the computation of nonlinear
pyramids, such as the ratio and contrast pyramid, where
the multistage edge representation is computed by a pixelby-pixel division of neighbouring resolutions [17].
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F. Pixel based fusion technique

(d) Topographic mapping and map updating:

In the process of image fusion where pixel data of 70%
of visual image and 30% of thermal image of same class
or same image is brought together into a common
operating image or now commonly referred to as a
Common Relevant Operating Picture (CROP) [45]. This
implies an additional degree of filtering and intelligence
applied to the pixel streams to present pertinent
information to the user. So image pixel fusion has the
capacity to enable seamless working in a heterogeneous
work environment with more complex data. They assumed
that each face is represented by a pair of images, one in the
IR spectrum and one in the visible spectrum. Both images
were combined prior to fusion to ensure similar ranges of
values [18].

Image fusion used as tool for topographic mapping and
map updating has its importance in the provision of up-todate information. Areas that are not covered by one sensor
might be contained in another. In the field of topographic
mapping or map updating often combinations of VIR and
SAR are used [19].

G. Wavelet transform
A signal analysis method similar to image pyramids is
the discrete wavelet transform. The main difference is that
while image pyramids lead to an over complete set of
transform coefficients, the wavelet transform results in a
non redundant image representation. The discrete 2dimentional wavelet transform is computed by the
recursive application of low pass and high pass filters in
each direction of the input image (i.e. rows and columns)
followed by sub sampling. Wavelet transform is a tool that
provides a variety of channels representing the image
feature by different frequency sub-bands at multi-scale. It
is a famous technique in analyzing signals. When
decomposition is performed, the approximation and detail
component can be separated [18]

(e) Land use, agriculture and forestry:
The defection of single data source can be solved with
fusion between TM and SAR images. It provides a better
solution for land surface monitoring in the mining areas.
Multi-temporal SAR is a valuable data source in countries
with frequent cloud cover and successfully used in crop
monitoring. Optical and microwave image fusion is also
well known for the purpose of identifying and mapping
forest cover and other types. The combined optical and
microwave data provide a unique combination that allows
more accurate identification, as compared to the results
obtained with the individual sensors [19].

(f) Ice and snow monitoring:
The fusion of data in the field of ice monitoring
provides results with higher reliability and more detail.
Regarding the use of SAR from different orbits for snow
monitoring the amount of distorted areas due to layover,
shadow and foreshortening can be reduced significantly
[19].
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