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IMAGE QUALITY ASSESSMENT OF ENDOSCOPIC PANORAMA IMAGES

Alexander Behrens, Michael Bommes, Sebastian Gross, and Til Aach

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

ABSTRACT

Endoscopic panorama images provide a wide field of view
and assist in documentation and navigation. Their perfor-
mance, registration errors, and blending artifacts have been
evaluated. However, the similarity between local panorama
regions and their input images based on a quality assessment
regarding the human visual system (HVS) has not been ad-
dressed. Particularly, panorama regions composed by free-
hand sequences with varying image quality can result in less
contrast and illumination. Thus, we develop a new fidelity
score for quantitative image quality assessment based on
structural similarity maps adopted to the HVS. The measure
indicates how much structural information of relevant struc-
tures is preserved in the panorama. For evaluation, panoramas
are generated from cystoscopic fluorescence videos, and three
blending algorithms are evaluated. Our results show that the
fidelity scores are consistent with visual assessments, and can
be used to assess blending methods for panorama images spe-
cific to the given video sequence.

Index Terms— Panorama, Quality assessment, SSIM

1. INTRODUCTION

Medical panoramic images composed from endoscopic video
sequences provide a larger field of view of the surgical field.
They assist the surgeon in navigation and documentation. For
different interventions, organs, and illuminations modes [1–4]
many mosaicking algorithms have been developed. Also their
performance with respect to speed and registration errors have
been widely evaluated. In the case of freehand movements of
the endoscope, specific tissue regions are often revisited and
observed multiply during the scan. Without any adaptive se-
lection or blending methods, an iterative image mosaicking
algorithm processes each video frame successively, regard-
less of its structural quality. Thus, single panorama regions
are interpolated by several overlapping images, which may
differ highly in contrast, sharpness, noise, and illumination,
leading to compositions of low visual quality. Instead of that,
image compositions which are only composed by single video
frames with low artifacts are desired.

To evaluate how well image structures of high quality are
preserved in the panorama from the original video sequence,
we introduce in this paper a new fidelity score. Based on the

structural similarity index (SSIM) [5], which is adapted to the
human visual system (HVS) and has been widely used for
quality assessment of image fusions [6], we assess the simi-
larity between local panorama regions and each video frame.
Using a weighting function, which characterizes the relative
quality level of each single frame, a global fidelity score is
calculated to rate the preservation of favored structures in the
panorama.

For evaluation we compare fidelity scores of different
clinical image compositions constructed by three different
blending methods with subjective visual assessments. Fur-
thermore we discuss, how the fidelity scores can be used to
select an optimal blending method for freehand image se-
quences from fluorescence bladder cystoscopy.

2. METHODS

2.1. Structural Similarity Index

The structural similarity measurement between two images is
defined by the SSIM index. Adapted to the characteristics of
the HVS, SSIM measures the degradation of structural infor-
mation, and turns out to be more consistent to mean opinion
scores (MOS) of human subjects than PSNR benchmarks [5].
The index is defined by

SSIM(x,y) = [l(x,y)]
α
[c(x,y)]

β
[s(x,y)]

γ
, (1)

which compares two local patterns x,y of pixel intensities by
a luminance l, contrast c and a structure s component. Using
the parameter α = β = γ = 1, as proposed in [5], the index
becomes

SSIM(x,y) =
(2µxµy + C1) (2σxy + C2)

(µ2
x + µ2

y + C1) (σ2
x + σ2

y + C2)
, (2)

where µx, µy are the means, σx, σy the standard deviations,
and σxy the correlation coefficient of the local patterns. The
two constants C1, C2 � 1 are used to avoid numerical insta-
bility. To acquire a single overall quality measure of the entire
image from the M ×N SSIM map, the mean index

MSSIM(X,Y) =
1

MN

MN∑
i=1

SSIM(xi,yi) (3)

between the two images X and Y is calculated.
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2.2. Image Composition

Image compositions are constructed by pixel– [2–4] or
feature–based registration [1, 7] of image pairs. After reg-
istration, all images are transformed into the same coordinate
system of the projection plane using a transformation model.
In a final step the mapped pixels of the different input im-
ages are differently weighted for blending. Direct stitching
without any blending [2–4], linear cross interpolation [1, 8],
and non–linear methods [7] can be used, resulting in different
blending artifacts and visual quality of the panorama image.

2.3. Quality Assessment

For quality assessment of the panorama P0, local regions are
cut out and sequentially compared to all images I of the
sequence, which have been transformed into the same local
area. Using the binary endoscopic mask Mj , which describes
the elliptical foreground region of image Ij (see Fig. 1), each
panoramic tile Pj is calculated by the pixel–wise multiplica-
tion

Pj(m,n) = M̃j(m,n) · P0(m,n). (4)

Here, M̃j = Hj,0·Mj represents the mask mapped by the 2–D
homography Hj,0 into the coordinate system of P0. After Ij
is transformed in the same way (Ĩj = Hj,0 · Ij), the overlap
region

Overlapj,i(m,n) = Pj(m,n) ∩ Ĩi(m,n) (5)

between Pj and each input image (i = 1 . . . J) is calculated.
Subsequently, the SSIM map (eq. 2) is computed for each
overlap region in which the ratio

r =
area(Overlapj,i)

area(Pj)
≥ 0.5 (6)

is fulfilled. The mean index (eq. 3) is then multiplied by r and
set into the square J × J matrix

Kj,i = r ·MSSIM(Pj , Ĩi). (7)

Again, K contains the mean similarity values MSSIM be-
tween all local panorama tiles Pj and all input images Ii, nor-
malized by the area ratio r of the overlap regions. An example
is given in Fig. 2.

In the next step, an index map for the panorama P0 is
computed. For each pixel position (m,n) the frame number
i with the highest value Kj,i is selected, and written into one
panorama index map according to

Pidx(m,n) = argmax
i

{Kj,i} , ∀ (j, i) (8)

with (m,n) ∈ Overlapj,i.

The values of Pidx indicates for each panorama pixel the
video frame with its highest structural similarity.

Since we have now determined which panorama region
is most similar to which input image, we want to measure
the preservation of structures in the panoramic image related
to input images of high quality. Consequently, we need to
weight the input frames of the video sequence according to
their image quality at first. Since many weighting functions
regarding e.g. contrast, sharpness, noise, are conceivable, we
define for each image a weight 0 ≤ w(i) ≤ 1 without loss
of generality. Once an image weighting function is given,
we are able to measure the fidelity between the constructed
panorama image P0 and the input video sequence (I, w) by
the fidelity score

F (P0, (I, w)) =
1

MN

M∑
m=1

N∑
n=1

w (Pidx(m,n)) . (9)

A score of F = 1 indicates that every local region of P0 is
most similar to images with weights w(i) = 1. Instead, a
value close to zero yields a panorama with the highest simi-
larity to the poorest weighted images.

2.4. Fluorescence Endoscopy

To verify the fidelity score, we use clinical image sequences
from a fluorescence bladder cystoscopy. Since the weights
in eq. 9 are still undefined, we develop a weighting function
adapted to the characteristics of the photodynamic diagnos-
tics (PDD). PDD is a common fluorescence technique to im-
prove the visual contrast between malignant and benign tis-
sue of the urinary bladder. Using a marker substance and a
bluish illumination tumor regions fluoresce reddish. The flu-
orescence intensity in the image decays rapidly with the cam-
era distance, and vanishes over time during the bladder scan.
Thus, tumor images from a close view in the beginning of the
intervention provide more contrast and more diagnostically
relevant information than images taken from larger distances
or at a later time, as shown in Fig. 1. Consequently, we define
a weighting function which indicates diagnostically relevant
video frames by the mean operation

w(i) =
1

MN

M∑
m=1

N∑
n=1

V (m,n) · Ii(m,n). (10)

Here, each weight w(i) is determined by the mean pixel in-
tensity of image Ii, weighted by mask V describing the vi-
gnetting characteristics of the endoscope. Furthermore, we
normalize the weights to their maximum value wmax.

3. RESULTS

For evaluation two clinical videos of a genuine cystoscopy
(see Fig. 1) and a bladder phantom are used. To compare
panoramic fluorescence images in different quality with our
fidelity score, we construct each time three panorama images
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(11) (13) (26) (31)

Fig. 1. Example frames from a PDD video sequence and their
weighting values. In frame 25 and 30 identical tumors are
visible from two different distances, leading to different in-
tensities and contrast. (For visualization a frame step size of
20 is used yielding in a video sequence of only 32 images.)

F (P0, (I, w))
Alpha–blending 0.6936 0.3124
Pyramid blending 0.7125 0.3120
Non–linear blending 0.8469 0.6982

Cystoscopy Phantom

Table 1. Fidelity scores of panorama images, shown in Fig. 2.

with the same image transformationsHj,0 but different blend-
ing methods. In the first one linear alpha–blending [8] is ap-
plied. The second blending method uses a linear interpolation
on a multiscale image representation to blend lower frequen-
cies over a larger region than higher ones [9]. Finally, the
third method extends the multiscale approach by a non–linear
interpolation based on pixel intensities [7].

The constructed panoramas, their similarity matrices, as
well as their weighted panoramic index maps of the first video
sequence are shown in Fig. 2. A visual assessment indicates
that fine vessel structure as well as bright fluorescence regions
are much more present in panorama images, which are inter-
polated by the non–linear intensity blending, compared to the
two linear methods (cf. also [7]).

The same results are expressed by the computed fidelity
scores F (P0, (I, w)), given in Table 1. Here, the scores of
the panorama images composed by the non–linear intensity
blending are much higher than values from the alpha– and
pyramid blending, which are consistent with the subjective
visual quality assessment. For a better comprehensibility of
the fidelity scores, we analyze the K matrices in Fig. 2. The
values of the matrices indicate that for the first 15 panoramic

tiles Pj=1...15 the highest mean SSIM values are detected by
frames with the same indices, leading to high values on the
diagonal of the matrices. From frame 16 to 32 the matrices
show high similarity values for almost any Overlapj,i region.
In the case of alpha– and pyramid blending maximum val-
ues are calculated for the frame numbers 31–32, which lack
in illumination and contrast (see Fig. 1). However, for non–
linear intensity blending maximum values are located further
on the diagonal and at frame 26, which contains high fluores-
cent pixel intensities as well as vessel structure in high con-
trast (Fig. 1).

The panoramic index maps in Fig. 2 show for each pixel
position in P0 the weight of the selected video frame with
the highest MSSIM value. Again, the weights are determined
from the frame number according to the PDD specific weight-
ing function (eq. 10) given in Fig. 1. The maps indicate that
local patterns in the center right and upper right region of the
panorama image are much more similar to video frames with
high weights for the non–linear blending than for the two lin-
ear approaches. The more high values are present in the index
map the higher will be the overall fidelity score (cf. Table 1).
Thus, the fidelity score can not only be used for quality as-
sessment but could also be applied to find an optimal inter-
polation method for preservation of relevant structures in the
image sequence.

Although the weighting function in eq. 10 considers only
the mean intensity, adequate results are observed. However,
spot lights or brightly saturated regions could directly mani-
pulate the characteristics of the function, and might lead into
a preservation of bright, but low–contrast images. In this case
a more complex weighting function should be defined.

4. CONCLUSIONS

In this paper we discussed a quality assessment method for
panoramic images, composed by a freehand video sequence
of varying image quality. We showed that the introduced fi-
delity score based on the structural similarity index, which
adapts the human visual system, can be used for a quantita-
tive quality measurement. It indicates how well structural in-
formation of relevant video frames are preserved in the final
composition. Using a weighting function adapted to endo-
scopic fluorescence images, we evaluate different panorama
images of cystoscopy video sequences constructed by linear,
multiscale, and non–linear blending algorithms. Consistent
to visual assessments our fidelity score measures quantita-
tively the preservation level of structures in high weighted
input frames. Thus, the measure is used to assess and select
the best interpolation method for fluorescence panorama im-
ages, resulting in high performance of the non–linear blend-
ing method. In future work, further assessments compared to
experts opinions and SSIM modifications, such as 4–G–SSIM
will be carried out.
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(a) Alpha–blending (b) Pyramid blending (c) Non–linear intensity blending (d) Phantom sequence

Fig. 2. Columns (a)–(c): Panorama images P0 composed by three different blending methods (top row) (for visualization only
the upper right region (frames 10 . . . 32) is shown), their similarity matricesK (center row), and their weighted panorama index
maps (bottom row). Column (d): Image compositions of a bladder phantom.
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