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Abstract. Integration of images from different sensing modalities can
produce information that cannot be obtained by viewing the sensor out-
puts separately and consecutively. This paper introduces a hierarchical
i mage merging scheme based on a multiresolution contrast decomposi-
tion (the ratio of a low-pass pyramid). The composite images produced by
this scheme preserve those details from the input images that are most
relevant to visual perception. The method is tested by merging parallel
registered thermal and visual images. The results show that the fused
images present a more detailed representation of the depicted scene.
Detection, recognition, and search tasks may therefore benefit from this
new image representation.
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1. INTRODUCTION

Integration of visual (CCD) and thermal (FLIR) images can
produce information that cannot be obtained by viewing the
sensor outputs separately and consecutively. In defense applica-
tions, for example, details of targets that are hard to detect in a
visual image (that have low visual contrast) can sometimes
easily be seen in a thermal image. Incomplete representation of
targets in thermal images may result from large temperature
gradients within these objects. Also, the exact location of targets
in FLIR images may be hard to assess when the background has
low thermal contrast. The increased information content of inte-
grated FLIR and CCD images is expected to improve observer

performance for a range of different tasks, e.g., the control of
remotely piloted vehicles, driving in hostile environments, and
surveillance.

The essential problem in merging images for visual display is
"pattern conservation": important details of the component
images must be preserved in the resulting composite image,
while the merging process must not introduce spurious pattern
elements that could interfere with subsequent analysis. Simple
methods to combine image details (e.g., cutting and pasting,
sometimes followed by edge blurring) often create edge artifacts
between regions taken from different imges. Burt and Adelson'
introduced a hierarchical image merging scheme based on the
Laplacian pyramid. 2,3 The Laplacian decomposition scheme is
based on local luminance differences. However, the human
visual system is sensitive only to local luminance contrasts.
Thus, Burt and Adelson's scheme is not necessarily a good
choice when the final result is to be judged by human observers.

In this paper we introduce a so-called contrast or ratio of low
pass (ROLP) pyramid that fits models of the human visual
system .4,5 In the ROLP image fusion scheme, judgments on the
relative importance of pattern segments are based on their local
luminance contrast. First the input images are decomposed into
sets of light and dark blobs on different levels of resolution.
Thereafter, the absolute contrast of blobs at corresponding loca-
tions and at corresponding levels of resolution are compared.
The actual image fusion is done by selecting the blobs with
maximum absolute luminance contrast. The fused image is re-
constructed from the set of blobs or pattern primitives thus
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obtained. As a result, perceptually important details with a
relatively high local luminance contrast are preserved in the
composite image.7

2. METHOD

2.1. Contrast pyramid

meaning

790

	

/OPTICAL ENGINEERING /July 1989 / Vol. 28 No. 7

The construction of the ROLP pyramid is similar to the con-
struction of the popular Laplacian pyramid. 2 First a Gaussian or
low-pass pyramid is constructed. This is a sequence of images in
which each image is a low-pass-filtered and subsampled copy of
its predecessor. Let array Go contain the original image. This
array becomes the bottom or zero level of the pyramid structure.

Convolving an image with a Gaussian-like weighting function
is equivalent to applying a low-pass filter to the image. Gaussian
pyramid construction generates a set of low-pass-filtered copies
of the input image, each with a bandlimit one octave lower than
that of its predecessor. Because of the reduction in spatial fre-
quency content, each image in the sequence can be represented
by an array that is half as large as that of its predecessor. The
process that generates each image in the sequence from its
predecessor is called a REDUCE operation since both the sam-

The weighting function w(m,n) is separable: w(m,n) =
w'(m)w'(n), where w'(0) = a, w'(1) = w'(-1) = 0.5, and
w'(2) = w'(-2) = a/2. A typical value of a is 0.4.

Because we are primarily interested in merging images for
visual display, we demand that visually important details of the
component images be preserved in the resulting composite
image. It is a well-known fact that the human visual system is
sensitive to local luminance contrast. If an image fusion scheme
is to preserve visually important details, it must exploit this fact.

We now present an image decomposition scheme that is based
on local luminance contrast. This scheme computes the ratio of
the low-pass images at successive levels of the Gaussian pyra-
mid. Since these levels differ in sample density, it is necessary
to interpolate new values between the given values of the lower
frequency image before it can divide the higher frequency
image. Interpolation can be achieved simply by defining the
EXPAND operation as the inverse of the REDUCE operation.
Let Ge,k be the image obtained by applying EXPAND to G e k
times. Then,

where   only   integer   coordinates    contribute  to  the  sum.  A  se-
quence of ratio images R i is defined by

Thus, every level Ri is a ratio of two successive levels in the
Gaussian pyramid. Luminance contrast is defined as C = (L -
Lb )/Lb = (L/Lb) - I, where L denotes the luminance at a certain
location in the image plane, Lb represents the luminance of the
local background, and I(i,j) = 1 for all i,j. When C i is defined as
Ci = Gi/EXPAND[Gi +1 ] - I we have Ri = C i + I. For
these reasons we refer to the sequence R i as the ROLP or
contrast pyramid.

The ROLP pyramid is a complete representation of the orig-
inal image. Go can be recovered exactly by reversing the steps
used in the construction of the pyramid:

This property of the ROLP pyramid is essential for the image
merging scheme described below.

2.2. Merging scheme

The image merging scheme can be cast into a three-step pro-
cedure. First, a ROLP pyramid is constructed for each of the
source images. We assume that the different source images are
in register and have the same dimensions. The latter restriction
is not very serious since it can be shown that the method can also
be applied to images with different definition regions as long as
there is a common overlap.1 Second, a ROLP pyramid is con-
structed for the composite image by selecting values from cor-
responding nodes in the component pyramids. The actual selec-
tion rule depends on the application and may be based on indi-
vidual node values or on masks or confidence estimates. For
example, in the case of the fusion of two input images A and B
into a single output image C and maximum absolute contrast as a
selection criterion, we have, for all i, j, and l

where RA and RB represent the ROLP pyramids for the two
source images and RC represents the fused output image.
Finally, the composite image is recovered from its ROLP pyra-
mid representation through the EXPAND and multiply recon-
struction procedure.

3. EXPERIMENT
In this section we describe an experiment we performed to test
the ROLP image fusion scheme. First, we simultaneously re-
corded spatially registered CCD and FLIR images on video tape.
The images were thereafter digitized and brought into register.
Finally, we digitally merged corresponding images using the
ROLP scheme.

3.1. Image acquisition

Figure 1 is a schematic drawing of the experimental setup used
to record the CCD and FLIR images. The CCD and FLIR
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Fig. 1. Schematic representation of the experimental setup used to record the CCD and FLIR images.

Fig. 2. The CCD (upper left) and FLIR (upper right) images of a tank.
The result of the image merging scheme is shown on the lower left.

Fig. 3. A five-level ROLP pyramid for the visual image from Fig. 2(a)
(left column) and the thermal image from Fig. 2(b) (right column).

cameras are directed along the same optical axis. This is done by
using a slanting germanium mirror. Germanium transmits ther-
mal radiation while reflecting visible light. Spatial image regis-
tration was obtained by creating a common Cartesian coordinate
grid for both image modalities. This was done by placing nine
light bulbs in the scene. The bulbs were attached to three ver-
tical, equidistant poles. They were clearly visible in both image
modalities and small enough to provide well-defined reference
points. For spatial calibration of the recordings, the CCD and
FLIR images were displayed on the R and G channels of an
RGB monitor. Spatial registration was obtained by superimpos-
ing the R and G grid points (i.e., the corresponding images of
the light bulbs) by adjusting the magnification, tilt, and direction
of the CCD camera.

Prior to each recording session some shots of the reference
grid were taken. After digitization of the recordings, these shots
were used to correct for small image distortions. This was done
by affine warping transforms. The bulbs were removed prior to
recording objects in the scene. The signals from both cameras
were recorded on U-matic video tape.

3.2. Image merging
Figure 2 shows the CCD and FLIR images of a tank together
with the final result of the merging process. In the CCD image it
is hard to distinguish the front part of the gun barrel, the back
part of the vehicle (containing the engine room), and the man
hood located on top of the tank, all of which have very low
contrast in the visual image. In the thermal image, however,
these parts are clearly visible. The background, which is clearly
visible in the CCD image, is nearly indistinguishable in the
FLIR image. Notice that all of the aforementioned details from
both image modalities are clearly represented in the fused
image.

Figure 3 shows the ROLP pyramids of the CCD (left column)
and FLIR (right column) images from Fig. 2. Notice that the
front part of the gun barrel, the back part of the vehicle, and the
man hood on top of the tank are accentuated in the ROLP
pyramid of the FLIR image and are only very weakly repre-
sented in the ROLP pyramid of the CCD image. However, the
background, which is accentuated in the ROLP representation of
the CCD image, is very noisy in the FLIR image.
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4. DISCUSSION

In this paper we have introduced an image fusion method in-
tended for human observation. The method preserves details of
high local luminance contrast. The contrast decomposition
scheme used is related to luminance processing in the early
stages of the human visual system. The method is quite general
and can be used to transfer any useful information from one
image to the other. This can be done independently for each
location in the scene and on every level of resolution. Thus,
information present in the image obtained from sensor A can be
used to filter information at corresponding locations in the image
from sensor B. The choice of the filter operation depends on the
application (and can be anything from contrast enhancement to
smoothing and thresholding). This method can be used to merge
images from a variety of sensing modalities prior to display.
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Fig. 4. The composite ROLP pyramid (left column) and the recon-
structed composite Gaussian pyramid (right column) constructed
from the pyramids in Fig. 3. The lower image in the right column
represents the final result.

Fig. 5. The CCD (upper left) and FUR (upper right) images of a truck.
The result of the image merging scheme is shown on the lower left.

In the examples presented in this paper we used the maximum
absolute contrast node selection rule. Figure 4 shows the com-
posite ROLP pyramid (left column) and the reconstructed com-
posite Gaussian pyramid (right column). The bottom level of the
composite Gaussian pyramid represents the final result. This
fused image contains those details from both input images that
have maximum local contrast.

Another example of the image fusion scheme is shown in Fig.
5. In this example the CCD and FLIR images of a truck were
fused by the ratio of contrast pyramid. The result shows that the
sharp outlines of the FLIR image of the truck enhance the
contrast of the truck in the fused image. The outlines of the
driver's cabin, the gas tank, and the wheels are not clearly
visible in the CCD image but are well represented in the FLIR
image. In the fused image all of these features are combined.
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