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Recent years have shown enthusiastic research interests in diagnostic hysteroscopy (DH), where various
regions of the female reproductive system are visualized for diagnosing uterine disorders. Currently,
the hysteroscopy videos produced during various sessions of patients are stored in medical libraries,
which are usually browsed by medical specialists Gynecologists to visualize previous videos of a patient
or to study similar cases. However, the abundant redundancy of frames in DH videos make this searching
relatively more difficult for gynecologists, wasting their time browsing such large libraries. In this context,
video summarization can be used to reduce this redundancy by extracting key frames, thus making the
process of browsing and indexing DH videos more efficient. In this letter, we propose an efficient domain-
specific visual attention-driven framework for summarizing DH videos. For key frames extraction, multi-
scale contrast, texture, curvature, and motion based saliency features are computed for each frame using
integral image, which are then fused by a linear weighted fusion scheme to acquire a final saliency map.
Experimental results in comparison with other related state-of-the-art schemes confirm the effectiveness
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and efficiency of the proposed framework.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Hysteroscopy is a popular surgical method for assessing and
visualizing various regions of the female reproductive system such
as the uterine cavity, cervical channel, and tubal ostea [1]. Dur-
ing this procedure, the medical specialist gynecologist uses the
hysteroscope for diagnosis and treatment of uterine disorders. A
hysteroscope is a small lighted fiber-optic technology based tele-
scopic instrument, which can transmit the captured sequence of
images to a screen, allowing a gynecologist to focus on guiding
the instrument to the regions of interest [2]. Hysteroscopy can be
of two types: diagnostic and operative hysteroscopy. In diagnostic
hysteroscopy (DH), the uterus is examined to assess the signs of the
abnormality/normalcy while operative hysteroscopy is concerned
with treatment of the disorder, when it is diagnosed [1]. Our work
is focused on DH.

In practice, several DH sessions are conducted on a daily basis,
each having an average time of 3 min. During this examination,
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a continuous video sequence is produced, which is usually fully
recorded by hospitals and clinics for later evaluation and support-
ing studies of medical research [3]. However, only a limited number
of frames from the recorded videos are important for actual diag-
nosis. In addition, the whole video sequence is linearly browsed
for the desired contents whenever the specialists want to review
a recorded case or previous videos of a patient. Since there are
multiple videos consisting of thousands frames related to a single
patient, therefore, browsing for the desired contents can be difficult
and significantly more time-consuming than on spot hysteroscopy
examination.

To surmount these problems, video summarization [4,5] can
be used to prioritize hysteroscopy videos (HV) for extracting key
frames, which are diagnostically important for gynecologists. Con-
sequently, they can be used for the indexing of HVs. The current
literature of video summarization covers a limited number of arti-
cles for summarization of HVs. Literature review dictates that the
most recent work on HV summarization has been presented in
our previous work [6], utilizing multi-scale contrast, texture, and
motion based saliencies for summarization. Our previous work has
three limitations: 1) To compute visual features, an RGB color model
has been used, where the perception of color is not accurately
represented, thus affecting the interests of gynecologists in gener-
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Fig. 1. Framework of the proposed system.

ated summaries, 2) The saliencies are computed on entire frames,
which are computationally expensive, making summary genera-
tion relatively more time consuming, which in turn degrades its
performance, 3) The hystroscope collects images at various scales
and orientations, which cannot be captured by features used in
previous scheme. According to [6], multi-scale contrast can iden-
tify salient objects of various sizes; texture based saliency helps in
identification of more injurious regions; and motion based saliency
provides indication about frames, having less chances of key frames
selection. Thus, our previous approach fails for frames taken from
different orientations, requiring orientation invariant features.

To overcome the aforementioned problems, we propose a video
summarization framework inspired from visual attention model
for HVs. The main contributions of this study are summarized as
follows:

1. We propose an efficient video summarization framework, com-
bining the strengths of visual attention model with domain
knowledge for key frames selection from HVs.

2. To extract more relevant key frames and generate summaries
of gynecologists’ interests, our framework uses color opponent
color space (COC), which is more in accordance with the human
vision system and helps in efficient selection of salient objects
in a frame.

3. To reduce the computational complexity, our framework uses
integral image/summed-area tables for features computation
and generation of summaries.

4. To address the orientation problem, we incorporated curvature
feature in our framework. The curvature feature is orientation
invariant and is of paramount importance at the intermediate
stages of visual signal analysis in the visual cognitive process as
suggested by theoretical and psychophysical considerations [7].
Thus, it can detect changes in any direction in a frame, helping
in effective extraction of key frames.

The rest of this paper is structured as follows: Section 2 presents
the proposed framework. Section 3 explains the experimental
results and discussion. Finally, the paper is concluded in Section
4.

2. The proposed framework

In this section, the main embodiments of the proposed frame-
work are described. The proposed scheme consists of three major
steps including conversion to the COC color model, integral image
based computation of visual features, and key frames extraction.
The computed features are fused for getting the saliency map based
on which key frames are selected. The pictorial representation of
the proposed system is shown in Fig. 1. The detail of the features
computation and other intermediate steps are discussed in subse-
quent sections.

2.1. Color space conversion

In medical image analysis, it is necessary to consider the impor-
tance of color information as some of the color spaces such as
RGB color space fail to accurately represent the perception of color
according to human visual cortex. In this context, COC color model
is an optimal choice for improved representation of color percep-
tion and efficiency of selecting salient objects due to its accordance
with human visual system [8]. We therefore incorporate COC color
model in the proposed framework. Consider a hysteroscopy video
HV of nyrframes, starting at time t as given in Eq. (1), where “F”
indicates a single frame of HV. The goal is to find a set of key frames
KF as given in Eq. (2), having ngr frames that are of interest to
gynecologists.

HV = {F(t+i)]i=0, 1, ..nNr_1 } (1)
KF = {FKF(H' 1), Fp(t+2), ... Fyr (t + nge) I ngr < nNF} (2)

Ri=R—(G+B)/2
G[:G—(G+B)/2

(3)
Bi=B—(G+B)/2
Y[:(R+G)/2—|R—G|/2—B
RG=R -G

(4)
BY =B, -V,
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For conversion from RGB to COC, the three channels of the RGB
image are transformed to an intermediate representation of four
channels, as in Eq. (3). Then the two opponent color pairs RG and
BY are calculated as shown in Eq. (4). The final aggregated image
FAG is obtained by computing the intensity plane I and combing it
with RG and BY using Eq. (5). FAG is then used for integral image
calculation based on which various saliencies of the framework are
computed [9].

I=(R+G+B)/3 5)
FAC = RG +BY +1

2.2. Visual features computation

In this section, we briefly discuss the process of computing the
visual saliencies of the proposed framework. The proposed saliency
model uses four features including motion, texture, multi-scale
contrast, and curvature. These saliencies are computed using inte-
gral image [10], whose computation is relatively less expensive
having time complexity 2 MN. Here M and N represent the height
and width of the frame, respectively. The value of integral image at
a pixel (x, y) is the sum of all pixels above and to the left of (X, y)
and is computed as follows:

My = ) Fayy) (6)
XX <X
yw=y

After getting the integral image, one can calculate the sum of
any block of the image in constant time with complexity O (1)
unlikeO (nz). This property is the motivational reason of incorpo-
rating the integral image in the proposed framework for generating
efficient video summaries.

A Motion Saliency

Motion saliency is an important concept for finding the inter-

frame motion of a hysteroscopy video [11]. The gynecologist usually
moves the hysteroscope quickly in areas of non-interest. Thus, a
low inter-frame motion indicates that the frames are of interest to
gynecologists compared to frames with fast inter-frame motion. In
the proposed model, the motion saliency is computed as follows
[6]:
MS (FA%.p) = |/ MS? (p) + MS} (p) (7)
Where MSx (p) and MSy, (p) refer to x and y elements of the motion
vector respectively, p is the current pixel, and FAG represent the
current frame.

B Multi-scale Contrast

Contrast detection is helpful in finding the most informative
regions of a hysteroscopy frame. This is due to the fact that the
human vision system is comparatively more sensitive to luminance
than color [6,12]. The luminance change produces a pattern of
contrast, facilitating gynecologists during selection of informative
regions in a frame [7]. The human vision system can see numerous
resolutions due to large variations in the size of the receptive fields.
Therefore, to deal with various sizes of salient objects/anomalies in
the hysteroscopy images, multi-scale contrast is used in the pro-
posed scheme. The multi-scale contrast of a frame at pixel p (x, y)
is calculated as follows:

MSCE* (x, y) = IFA° (%, y) — | (8)

Where

M (x—n,y—n)+Im (x+n,y+n) -1 (x,y—n)—I" (x—n, y
= ( ) ( nz) ( ) ( ) (9)

Here, n indicates the neighborhood of the pixel p (x,y) and its value
is set to 5. It is experimentally proved in our previous work [ 7] that
n=>5 is the most feasible choice due to its high saliency results and
computational feasibility. “gps” represents Gaussian pyramid scale
anditsvalueisdefinedasgps € [1, 3].Finally,agray-scale saliency
image is obtained by summing up the contrast at three levels of
Gaussian pyramid as follows:

3
MSC (x,y)= ) _ MSCEP (x,y) (10)
gps=1

C Texture Saliency

The texture saliency is effective in determining the injurious
regions of hysteroscopy frames [6]. To find the texture saliency of a
frame, the entropy-based texture-segmentation technique [13] is
used in the proposed saliency model. The entropy score of a pixel
p at frame F can be computed as follows:

gps—1
ENT(F,p)= — Z Histy (j)log, (Hist, (k)) (11)
j=0
TEXI(F,py= 4 O VENT(F.p) <7 (12)
1 otherwise

The resultant image is then segmented for texture with thresh-
old 7=0.8. This eliminates the objects with area less than a
threshold, producing a texture image “TEXI” with no injuries. Next,
amorphological procedure closing is used to smooth the edges, fol-
lowed by filling the holes to get an image “MASK”. The mask is then
used to find the injurious regions of the frame as follows:

F(p) if TEXI(F,p)=1

0 if TEXI(F,p)=0 (13)

T(FaP)={

Finally, a saliency score of 1 is assigned to the frame with largest
injurious regions while other frames are allocated values relative
to the maximum score.

D Curvature Map

Although the previous features are helpful in identifying various
abnormities in hysteroscopy frames, yet they fail when the frames
are captured at different orientations. To overcome this limitation,
a curvature feature is incorporated in the proposed framework.
Attneave [14] reported that the curvature points of a frame are
more helpful compared to the edges and straight lines due to dif-
ficulty in predicting them using the neighborhood pixels. It is also
verified by the current research of neurosciences and psychophysi-
cal studies that the rotational invariant curvature map is one of the
key factors in saliency computation and can improve the gynecolo-
gists’ decision making [15]. These reasons necessitate the inclusion
of curvature map in the proposed summarization scheme. The cur-
vature map of a hysteroscopy frame “F” can be computed as follows:

M = |V2g| = \/g)%y + 8%+ S + &y (14)
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Where
g(xy)=Fxy)x¥
_x2+y2
Y—¢ 202 (15)
Xy ax ay ’ XX 8x2 k] VX ay ax ’ yy 8y2

Here W indicates a Gaussian operator with o=3, which
smoothens the frame at spatial and transform domains, hence
reducing the amount of noise.

2.3. Aggregation mechanism and key frames extraction

The diagnostically significant frames are extracted based on the
final aggregated attention values of the HV frames. To get the final
attention values, an aggregation mechanism is used in the proposed
framework. Firstly, the values of four features are normalized in the
range of [0,1] known as “suppression”. This step globally suppresses
the saliency scores of individual features, helping in smoothing and
attaining robustness. Next, the average of non-zero pixels is com-
puted and is nominated as the individual saliency value of each
feature for a frame. These saliency scores of four features are then
fused to get a single attention value for each frame as follows:

A(F) = (1 — MS(F)) + MSC (F) + T (F) + CM (F) (16)

It is worth mentioning that the values of MS are subtracted
from 1, assigning more weight to the frames with slow inter-frame
motion. The reason for this is that gynecologists are not interested
in certain frames of the video. Thus, they move the hysteroscope

quickly, resulting in high speed motion. Finally, an attention curve
is generated based on the attention values of an entire video. To
visualize the frames of interest, the gynecologist is requested to
specify the number of desired key frames ngr. Based on ngg, the
video is divided into “S” segments where S is the ratio of total num-
ber of frames nyr to desired number of key frames ngg. A frame
having the highest attention score within a video segment is then
selected as a key frame. An overview of the proposed key frame
selection process is depicted in Fig. 2. This facilitates the gyne-
cologists to visualize the video at several summarization levels by
changing ngr only. Thus, the proposed scheme also avoids the prob-
lem of re-computing the attention values for visualization of DH
videos at different summarization levels.

3. Experimental results

In this section, we evaluate the performance of the proposed
video summarization method compared to other state-of-the-art
schemes. The experimental results were collected based on a
dataset of 10 real hysteroscopy videos. The duration of each video
varies from 2 to 3 min with a frame rate of 30 f/sec. For evalua-
tion, we requested two gynecologists to select ground truth from
the selected ten videos. The ground truth is selected in terms of
small video segments as mentioned in [2]. However, to compare
all the methods in a straightforward way for easy interpretation of
the results by readers, a single representative frame is selected as
a ground truth for each video segment. This mechanism is already
adopted in a recent work of VS for DH videos in [6]. The key frames
selected by our summarization scheme are then compared with
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Table 1
Quantitative evaluation based on recall (R), precision (P), and F-measure (F) scores obtained by the proposed method and other state-of-the-art schemes.
Serial# Avila et al., Method [17] Gaviao et al. Method [2] Naveed et al. Method [6] Proposed Method
R P F R P F R P F R P F
1 0.48 0.61 0.53 0.85 0.98 0.91 0.86 0.95 0.90 0.89 0.94 0.91
2 0.66 0.71 0.68 0.93 1 0.96 0.94 0.98 0.95 1 0.95 0.97
3 0.61 0.58 0.59 0.86 0.92 0.88 0.92 0.99 0.95 1 0.85 0.92
4 0.45 0.43 0.43 0.83 0.9 0.86 0.95 0.97 0.95 1 0.91 0.95
5 0.51 0.56 053 0.81 0.87 0.83 0.89 0.88 0.88 0.91 0.88 0.89
6 0.52 0.5 0.50 0.82 0.88 0.84 0.95 0.98 0.96 0.95 0.97 0.95
7 043 0.58 0.49 0.93 0.97 0.94 0.86 0.96 0.90 0.95 091 0.92
8 0.45 0.49 0.46 0.8 0.85 0.82 0.82 0.9 0.85 0.85 0.89 0.86
9 0.61 0.71 0.65 0.75 0.88 0.80 0.94 0.93 0.93 0.94 0.94 0.94
10 0.54 0.63 0.58 0.83 0.79 0.80 0.96 0.98 0.96 0.92 0.92 0.92
Average 0.526 0.580 0.550 0.841 0.904 0.870 0.909 0.952 0.929 0.944 0.920 0.931
the ground truth for computing the scores of recall, precision, and —— Naveed et al. Method
. . -—-P d Method (Without Integral-I
F-measure. These metrics are calculated as follows [11]: 1000 - *pESZiZd Method Ew:th?ﬁtegrzﬂ;a?;ge
TP
Recall = ———— 17
TP + FN (a7 800
- TP o
Precision = P Fp (18) g;qi
+ o> 600
. £
Precision x Recall =
F — Measure = 2 x (—) (19) =
Precision + Recall ®
S 400
Herein, a frame is said to be true positive (TP) if it is selected by =
the summarization technique and the gynecologist as key frame. 5
A false negative (FN) represents a frame that is chosen by the g' 200
specialist and not by the summarization scheme. Finally, a false 3
positive (FP) shows a frame that is nominated as key frame by the 0
summarization method but not by the medical doctor [6]. Recall
computes the probability of selecting a relevant frame as key frame. T

Precision determines the relevancy of chosen key frames. Recall
and precision cannot be used alone for performance evaluation as
they are complementary to each other [16]. Therefore we use F-
measure, which reflects the average of both precision and recall.
The proposed scheme is compared with three methods whose com-
parative results are shown in Table 1. The results indicate that the
general-purpose key frame extraction methods such as scheme in
[17] are relatively less effective in summarizing HVs. Furthermore,
the proposed scheme outperforms other domain-specific HV sum-
marization methods due to incorporation of COC color space and
curvature feature. The proposed framework is also computation-
ally in-expensive compared to our recent scheme [6] as shown in
Fig. 3. This is due to utilization of integral image in the proposed
framework.

In Fig. 4, the key frames chosen by the gynecologist and the
schemes under consideration are shown. It can be noted that the
existent methods fail to extract the key frames, which are captured
by hysteroscope from different orientations. The reason for this is
that the current schemes do not utilize any rotation-invariant fea-
ture in their frameworks. The proposed framework resolves this
limitation and is capable to extract those key frames, which are
captured at different orientation. Overall, the proposed framework
is efficient requiring less computation and generates summary that
is of more interest to gynecologists compared to other schemes.

4. Discussion

In this sub-section, we discuss about the visual characteristics
of diagnostically unimportant frames, the reasons why a generic
VS method would not be feasible for summarization of DH videos,
and how our work is addressing these problems. The diagnosti-
cally unimportant frames are mostly corrupted due to lighting and
biological conditions. Such frames are discarded as they are not

1 2 3 4 5 6 7 8 9 10
Video Number

Fig. 3. Time analysis of our recent technique [6] and the proposed scheme on dif-
ferent HVs.

important for analysis by gynecologists. Fig. 5 shows an example of
irrelevant frames along with diagnostically important frames.

It is not guaranteed for other generic and domain specific med-
ical video summarization techniques [9,17] to perform well for
keyframes extraction from DH videos. The reasons are obvious
as mentioned in our previous work [6] and the current research
work. For instance, the summarization scheme of WCE [9] uses
image moments, curvature feature, and multi-scale contrast, which
cannot fulfill all the requirements needed by hysteroscopy video
summarization. The framework of [9] lacks two important features:
motion and texture saliency. Motion saliency is the most important
feature for summarization of DH videos as it provides indica-
tion about a frame’s importance by computing the inter-frame
motion. This is evident from the fact that gynecologists moves the
hysteroscope quickly in areas of non-interest, resulting in faster
inter-frame motion. Conversely, areas of gynecologist’s interest are
checked thoroughly by slow movement of hysteroscope, resulting
in redundant images with lower inter-frame motion [6]. This infor-
mation facilitates our framework to focus on frames having lower
inter-frame motion.

Another important feature missing in the framework of [9]
is texture saliency, which is particularly important for DH video
abstraction to identify the frames with most injurious regions.
Considering these limitations, the work of [9] is not suitable for
extraction of representative frames from DH videos. Our frame-
work is more suitable for extraction of representative frames from
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Fig. 4. Visual results of key frames generated by the existing summarization methods and the proposed scheme on a sample HV.

DH videos as it considers all these features along with other embod-
iments as mentioned in the introduction section.

5. Conclusion

In this study, a cost-effective domain-specific visual attention-
driven framework is proposed for extraction of key frames
from diagnostic hysteroscopy videos. Novel integral image based
features are used to efficiently compute the attention values,
considering multi-scale contrast, curvature, motion, and textural
information. Interestingly, the proposed visual attention-driven
framework was found to be effective enough to highlight the diag-
nostically important regions of hysteroscopy frames. Experimental
results indicate that incorporating the COC color space in the pro-

posed framework generate more effective summarizes of HVs.
Furthermore, the proposed scheme is capable of highlighting the
abnormalities in frames captured from different orientations due
to usage of the curvature map. Overall, the proposed framework
is cost-effective and comparatively more effective in extraction of
diagnostically important key frames compared to general-purpose
and domain-specific video summarization schemes.

Although, the current work improved the results up to some
extent but still more research is required to fully extract all the
keyframes which lies in the video segments captured from differ-
ent orientations. In future, we have intention to further improve the
performance of the proposed framework by incorporating adaptive
differential evolution algorithms such as [18] in frames segmen-
tation stage and to utilize it for other medical video abstraction
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Fig. 5. Visual representation of important and non-important frames. The first three columns from left to right are non-important frames taken from different hysteroscopy

videos. The last column shows diagnostically important frames.

domains such as wireless capsule endoscopy [19,20]. In addi-
tion, we tend to utilize more discriminative feature extraction
methods [21] for developing an efficient indexing and retrieval sys-
tem [22,23], improving the indoor and mobile healthcare facilities
[24,25]. Finally, the data hiding techniques such as steganogra-
phy [26-29] and watermarking [30,31] in combination with image
encryption [32] can be used to embed the sensitive medical data
in diagnostic hysteroscopy videos, preserving the patient’s privacy
and reduces the chances of modification by attackers, thus results
in improved diagnosis.
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