
Lehrstuhl für Bildverarbeitung

Institute of Imaging & Computer Vision

Intensity Based Multi-Scale Blending for

Panoramic Images in Fluorescence

Endoscopy

Alexander Behrens and Martin Guski and Thomas Stehle and Sebastian

Gross and Til Aach

Institute of Imaging and Computer Vision
RWTH Aachen University, 52056 Aachen, Germany
tel: +49 241 80 27860, fax: +49 241 80 22200

web: www.lfb.rwth-aachen.de

in: Proceedings IEEE International Symposium on Biomedical Imaging (ISBI). See also BibTEX

entry below.

BibTEX:

@inproceedings{BEH10d,

author = {Alexander Behrens and Martin Guski and Thomas Stehle and Sebastian Gross and Til Aach},

title = {Intensity Based Multi-Scale Blending for Panoramic Images in Fluorescence Endoscopy},

booktitle = {Proceedings IEEE International Symposium on Biomedical Imaging (ISBI)},

publisher = {IEEE},

address = {Rotterdam},

month = {April 14-17},

year = {2010},

pages = {1305--1308}

}

© 2010 IEEE. Personal use of this material is permitted. However, permission to reprint/republish
this material for advertising or promotional purposes or for creating new collective works for resale or
redistribution to servers or lists, or to reuse any copyrighted component of this work in other works
must be obtained from the IEEE.



INTENSITY BASED MULTI-SCALE BLENDING FOR PANORAMIC IMAGES IN
FLUORESCENCE ENDOSCOPY

Alexander Behrens, Martin Guski, Thomas Stehle, Sebastian Gross, and Til Aach

Institute of Imaging & Computer Vision, RWTH Aachen University, D-52056 Aachen, Germany

ABSTRACT

Panoramic images providing a larger local overview of the
internal urinary bladder wall can be used for documentation
and surgery planning, as well as assist the re-identification of
multi-focal tumors during a cystoscopy. In contrast to white
light illumination, the photodynamic diagnosis (PDD) leads
to an enhanced tissue contrast, resulting in a reddish fluores-
cence of malignant tissue excited by a bluish small-band illu-
mination. Due to the low illumination power, the fluorescence
intensity and the contrast of vasculature are heavily depen-
dent on the distance between the endoscope and the bladder
wall. Thus, images with varying illumination and different re-
solved structures are combined during the iterative panorama
composition. In this case, common linear blending methods
applied by mosaicking algorithm for endoscopic images, gen-
erate strong visual interpolation artifacts in the output image.
Instead, the developed intensity based multi-scale blending
method, tailored to fluorescence endoscope images, provides
a better visual panoramic image quality. Based on a highest
intensity decision, a non-linear weighting function is applied
on several sub-bands of a Laplacian pyramid image represen-
tation. Thus, bright fluorescence information and small vessel
texture are preserved in the image composition at the same
time. Besides an image quality improvement, the blending
algorithm permits a more comfortable and unrestricted endo-
scope movement for the physician during the bladder scan.

Index Terms— Blending, image mosaicking, panorama,
fluorescence, bladder, endoscopy

1. INTRODUCTION

The diagnosis and therapy of urinary bladder cancer is usually
carried out during a cystoscopy, where a rigid endoscope is
introduced into the bladder through the urethra. Before treat-
ment the whole bladder is scanned using a video endoscopy
system to identify tumors. Under white light illumination
the contrast between small tumors and the surrounding tis-
sue is very low. Thus, the photodynamic diagnosis (PDD)
is applied, in which tumors enriched by a marker substance,
fluoresce reddish under a narrow-band bluish illumination
(380–450nm). This results in an enhanced tissue contrast as
shown in Fig. 1(a). Because of the low illumination power,

sufficiently bright and exposed PDD images are only ac-
quired, if the endoscope is guided closely (≤1cm) along the
bladder wall (Fig. 1(b),(c)). Thus, they show only a small
field of view (FOV) of the whole operation field, and impede
the navigation and orientation within the bladder.

(a) (b) (c)

Fig. 1. (a) Papillary tumors under white- (top) and PDD illu-
mination (bottom). (b),(c) PDD images taken with a small
(top) and large distance (bottom) between endoscope and
bladder wall.

Mosaicking algorithms [1–4], combining single endo-
scope images of a bladder video sequence into one panorama,
provide a larger FOV. Based on displacement information,
performed by extracted feature points or block matches, im-
age pairs are sequentially registered by an affine homography,
modeling scale, rotation, translation and skew parameters.
Successively, all frames of a video sequence are processed.
The output panoramas can supplement evidence protocols
and assist in surgery planning and re-identifying multifocal
tumors. In this case the overview image must hold a good
quality, preserving small vessel structures and bright fluores-
cence regions, which indicates malignant tissue. Since the
fluorescence decays within several minutes during the bladder
scan, the illustration of the unbiased fluorescence intensity in
the panorama is very important.

Assuming a perfect image registration, a loss of quality
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in the overlap region of two aligned images is expressed by
visual artifacts like edges or structureless texture, affected
by inappropriate blending methods. Although linear alpha-
blending algorithms [5] can provide satisfactory blending re-
sults under constant illumination [1,4,6], multiple crossfades
of images with different brightness and resolution induce a
loss of fluorescence intensity and vasculature texture. Since
multiple crossfades can not be avoided during a free hand
movement of the endoscope, an intensity based multi-scale
blending method tailored for PDD images is developed to pre-
serve diagnostic relevant information, like fluorescence inten-
sity and small vasculature.

After the limitation of linear blending methods are pointed
out, the new PDD blending algorithm and its multi-scale
weighting function are introduced in the next section. In sec-
tion 3 blending results are presented and discussed. Finally,
conclusions and future work are given in section 4.

2. BLENDING METHOD

Endoscopic images usually show a position-dependent loss
of light due to vignetting effects of the optical system and
inhomogeneous illumination, caused by the U-shaped fiber
optic cable. Pixel at the image border are thus less exposed
than pixel in the image center. Without any compensation, a
stitching of two registered images A,B leads to visual edge
artifacts at the rim of the overlap region A ∩ B, as shown in
Fig. 2.

A ∩ BA \ B B \ A

(a)

(b) (c)

Fig. 2. (a) Schematic drawing of the overlap region of two
endoscope images A,B. (b) Image composition without
any blending. (c) Image composition using a linear alpha-
blending method [1, 4, 6].

If both images are equally exposed, a linear alpha-

blending method

I(x, y) = (1− α) · A(x, y) + α · B(x, y), (1)

with a linear weighting function α = f(x, y), modeling the
distance between pixel position and image border [6], can
provide a smooth image crossfade within the overlap region
A ∩B(x, y). An example is given in Fig. 2(c).

During the bladder scan the distance between endoscope
tip including the optical fibers of the light source and the
bladder wall is varying, since the endoscope is guided man-
ually by the physician. Due to the narrow-band PDD illu-
mination larger object distances lead to lower pixel intensi-
ties as well as lower resolution images in the video sequence,
cf. Fig. 1(b),(c). Thus, a blending method tailored to PDD
images has to deal with combining bright and well textured
images from close-up views with low exposed images pro-
viding a larger field of view. Under these circumstances an
applied non-adaptive alpha-blending will compose an output
image with a pixel-wise average illumination value and an in-
terpolated image resolution. High pixel intensities and local
structures of high resolution will disappear.

To preserve bright tumor fluorescence and small vessel
structures, as well as equalize large illumination differences
at the border of the overlap region, an intensity based multi-
scale blending method is developed. Based on a multi-scale
image representation, lower frequencies are blended over a
large area, whereas high frequencies are only considered in
a small local region [7]. The decomposition of the images
into sub-bands is performed by a Laplacian pyramid. It is
constructed iteratively using a multi-layer Gaussian pyramid

G(p+1) = ↓2B G(p), with G(0) = G, (2)

in which the original image G is located on the lowest level.
The next levels result from a binomial low-pass filter opera-
tion B and a down-sampling ↓2. After all p layers are calcu-
lated, the Laplacian pyramid

L(p) = G(p) − B↑2G
(p+1), with L(P ) = G(P ), (3)

is computed by the difference of two Gaussian levels, includ-
ing an up-sampling ↑2 and an interpolation step.

To combine the pyramidsLA, LB of the two input images
A,B into one image composition, a new weighting function
of the overlap region A ∩ B is defined. Instead of using a
binary mask [7], or a linear weighting operation [6], a non-
linear function is applied, preserving high pixel intensities
and considering the loss of light due to vignetting effects and
inhomogeneous illumination at the same time. Thus, normal-
ized masks MA,MB, modeling the inhomogeneous image il-
lumination are created first. Based on off-line measurements
of the optical system (Fig. 3), the weighting function can be
approximated by a linear radial symmetric characteristic, il-
lustrated by the red line in Fig. 3(b).
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Fig. 3. (a) Position-dependent pixel illumination. (b) Profile
characteristic at the center line (black line). Linear symmetric
approximation (red line).

The model parameters are described by the center point
and the two vertices of the linear rising edge. Based on these
parameters two-dimensional masks MA,MB are constructed
to model the illumination distribution in the two imagesA,B.

The final blending mask is then defined as

MA∩B =

{
MA

1−MB
if

EA ≥ EB

EA < EB
, with (4)

EA =
1

NM

∑
A∩B

IA and EB =
1

NM

∑
A∩B

IB .

MA∩B is derived from the image with the highest mean in-
tensity EA, EB within the overlap region A ∩ B with a total
number of NM pixels. To construct the final image com-
position Ic the mask MA∩B is applied on all sub-bands of
the pyramid. Thus, a multi-scale representation of MA∩B is
generated according to eq. 2, and the pyramid levels p are
combined in the recursive manner

I(p−1)
c = MA∩B

(p−1) · L
(p−1)
A (5)

+
(
1−MA∩B

(p−1)
)
· L

(p−1)
B + B ↑2 I

(p)
c ,

with

I(P )
c = MA∩B

(P ) · L
(P )
A +

(
1−MA∩B

(P )
)
· L

(P )
B .

The lowest pyramid level p = 0 represents the final output
image I0c . Due to the linear characteristic of the illumination
masks MA,MB, a continuous crossing between the input im-
ages A,B is performed. In spite of the non-linear function in
eq. 4, the weighting of the mask and its complement on the
pyramid levels results in a symmetric calculation of the output
image Ic, which is independent from the image order. Since
PDD images describe a RGB signal, eq. 5 is applied on each
color channel.

3. RESULTS

For evaluation of the blending methods, two real free hand
PDD bladder cystoscopy video sequences of 614 and 71
frames with a resolution of 360× 288 are used, including

an intended close-up view of fluorescent tumors, followed
by a larger distance view, cf. Fig. 1(b). The PDD image
compositions based on the linear weighting function and
the non-linear multi-scale blending method are compared in
Fig. 4.

As illustrated in Fig. 4(a), the linear alpha-blending
[1, 4, 6] creates strong visual artifacts at the border of the sin-
gle overlap regions during the iterative mosaicking process.
Furthermore high pixel intensities, like bright fluorescent
tissue showed up in close-up view images, are successively
decreased by multiple interpolations. Instead, the intensity
based multi-scale blending, performed on p = 3 sub-bands,
preserves bright image regions such as strong tumor fluores-
cence, as shown Fig. 4(b). In this case the pixel intensities
are independent from the number of crossfading operations.
Furthermore visual edge artifacts are reduced based on the
low-pass illumination equalization.

In Fig. 4(c) and (d) image compositions are shown, which
are created from a PDD video sequence including a large
zooming effect, performed by a variation of the object dis-
tance. In this case the overlap region A ∩ B becomes equal
to the input image B, since it is entirely warped inside the
image A, which shows a larger FOV. Applying the linear
alpha-blending, small vessel texture vanishes during the in-
terpolation of image regions with different resolutions, even
if they would be perfectly aligned by the scale invariant image
mosaicking algorithm. Using the non-linear intensity based
multi-scale blending approach, the full vasculature informa-
tion with a high resolution is preserved. Even if no depth of
field measurement is considered in the multi-scale weighting
function, the model based on the highest mean intensity pro-
vides PDD panorama images containing full and unchanged
fluorescence and vessel texture.

4. CONCLUSIONS

Under constant or compensated illumination linear alpha-
blending methods can provide a smooth crossfade between
registered images without visual edge artifacts. In contrast,
large illumination variations and changes of texture reso-
lutions of PDD bladder images, resulting from a free hand
movement of the endoscope with varying distances between
endoscope tip and bladder wall, causes strong artifacts. Thus,
diagnostic relevant information like fluorescence intensities
and small vessel structures are lost successively due to mul-
tiple crossfade operations of the same image regions. At the
end, the visual quality of the output panorama image can
become very low, dependent on the consistent endoscope
movement.

Instead, the developed intensity based multi-scale blend-
ing algorithm provides a better quality of panoramic image
compositions, even in free hand PDD video sequences with
varying illuminations and zooming effects. A non-linear
weighting function considering the illumination loss at the
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Fig. 4. Image compositions using linear alpha-blending (a),(c), and the intensity based multi-scale blending (b),(d). Overview
images composed from 30/18 frames of a 614/71 PDD bladder video image sequence (upper/lower row).

endoscopic image border, is applied on different sub-bands.
Supporting input images with high intensities leads to output
composition images showing bright and unchanged fluores-
cence, and small vasculature at the same time. The improved
panorama image quality, preserving the diagnostic relevant
structures can thus supplement medical evidence protocol and
assist the re-identification of multi-focal tumors. Furthermore
the improved robustness against illumination and resolution
variations permits the physician to move the endoscope more
freely along the internal bladder wall.

Even if the intensity model derived from the specific flu-
orescence endoscopy setup performs well and visual results
are convincing, more quantitative results will be carried out
by clinical evaluations and expert opinions. Also the signifi-
cance of an additional cost function, describing the depth of
field in the images will be analyzed in future work.
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