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ABSTRACT 
Wireless Capsule Endoscopy (WCE) is a safe and non-invasive technology that allows complete exploration of the small bowel. In 

each examination, the visual inspection of multiple video frames in WCE creates a tiresome task even for the experienced 

physicians. The presence of redundant frames in WCE is the major reason for the prolonged review time. Screening the WCE 

frames into informative and non-informative ones or eliminating the frames corrupted by gastric juice or bubbles, based on the 

textural features alone is not a viable technique for reducing the review time. The redundancy among the frames could be 

identified more feasibly via inter-frame similarity rather than evaluating consistency of textural features. The objective of this 

work is to summarize the WCE video based on inter frame Structural Similarity Index (SSIM). In the proposed method for 

summarizing WCE video, the SSIM between consecutive frames are computed. The frames with inter-frame SSIM greater than a 

threshold are considered to be similar or redundant. Non-redundant frames and one frame from each redundant group are 

integrated to form the WCE summary. The threshold of SSIM which distinguishes redundant frames is fixed by qualitatively 

evaluating different sets of redundant frames with diverse SSIM values from different locations of multiple WCE videos. The 

proposed method accomplished a percentage of reduction in number of frames of 19.01 %± 0.1901 on five sets of WCE specimen 

for a threshold SSIM of 0.98. 

 

KEYWORDS:  Wireless Capsule Endoscopy (WCE), Structural Similarity Index (SSIM), Frame redundancy, small bowel, 
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INTRODUCTION 
 

WCE is an imaging technique meant for the examination of the midway regions of the Gastro Intestinal 
(GI) tract, especially the small bowel, which are beyond the access of conventional endoscopy and colonoscopy. 
Perhaps, this may be the only technique which can directly visualize the internal walls of the small bowel. The 
subject is allowed to swallow a pillcam which continuously transmits images of the internal walls of the GI tract 
to the external receiver during its passage through the tract. In WCE, the swallow able pill cam takes 7-8 hours 
to transit through the GI tract and yields almost 55000 to 80000 video frames. The clinicians typically spend 80-
120 minutes to review this lengthy WCE video [1]. An abnormal tissue (Bowel cancer, polyps, Ulcer etc) is 
visible in only few frames and it can be missed by the examiners notice. The presence of redundant frames in 
WCE is one of the reasons for the prolonged review time.  

Westerhof et al. [2] investigated the effect of reducing the redundancy in WCE and increasing the frame 
rate on inspection time and diagnostic miss rate. One endoscopist reviewed the WCE in the conventional way 
and another viewed the WCE, reduced by removing every second image and in the Quickview mode. Median 
reading times were 10.2 minutes for viewing half the number of images, 4.4 minutes in quickview and 17.0 
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minutes for conventional review. Inter-observer agreement was 0.91 on the reduced WCE and 0.74 in quick 
view mode. The diagnostic miss rate was 2% when half the numbers of images were viewed and 8% for the 
quick view technique. It was reported that agreement between both techniques and conventional viewing was 
best for suspected inflammatory bowel disease. But, the elimination of redundant frames from the WCE would 
certainly reduce the review time and alleviate the computational burden of automated clinical decision support 
systems. The unresolved issues connected with WCE have drawn the attention of the image processing 
community, predominantly over the last decade to this room. 

Lakovidis et al. [3] enabled simultaneous visualization of more than four frames as a collage of frames in a 
single projection with broader field of view. The collage of video frames was created based on the homography 
matrix, estimated from the frame correspondences. In Chu et al. [4], an epitomized frame was generated for 
each short sequence of WCE.  A contextual patch in the epitomized frame cumulatively represents the visual 
information from the corresponding patches from all the frames comprised in the short sequence. Integration of 
the information from different frames on to the epitomized frame was based on the local context weights. 
Spatial distributions were employed for the semantic interpretation of the image patches for the epitome 
formulation. 

A combination of ‘motion’ model and block searching was employed in Z. Dong and Z. Wang [5] for 
screening redundant frames from WCE. A Model of Deformable Rings (MDR) which uses a simplified model 
of the capsule’s motion was used to match consecutive video frames in Piotr et al. [6]. The model computes 
motion-descriptive characteristics and produces a map which is a two-dimensional representation of the internal 
surface of the GI tract. The motion-descriptive characteristics indicate video fragments which exhibit 
segmentary contractions, peristalsis, and refraction phases at the areas of capsule retention. The literature 
claimed that the characteristics of the maps, allow quick identification of the areas of bleeding, ulceration etc.  

B. Li and M.Q. H. Meng [7] suggested that textural and motion features offer better depiction of the WCE 
video in terms of visual content representation and compression ratio. Regional ego motion and statistical 
analysis based on optical flow estimation and spatial feature matching were used in Lee et al. [8] to remove 
near-duplicate frames from close spatial locations. The spatial feature matching was performed by means of 
Speedup Robust Feature (SURF) and intensity based Normalized Cross-Correlation (NCC). 

An unsupervised image mining was proposed in D.K. Iakovidis, S. Tsevas and A. Polydorou [9] for the 
reduction of the time required for visual inspection of WCE videos. Video frames had been considered as the 
members of a vector space and an unsupervised data reduction algorithm was applied to extract orthogonal 
vectors from consecutively sampled video segments. Representative video frames were extracted by imposing 
orthogonality constraints to the local frame space.     

An indicator function which uses the statistical texton approach was introduced in literature [10] to exclude 
redundant frames. The indicator function registers a high value, whenever there is a sudden change in the 
information content.  Multi-texture analysis which uses a “texton histogram” of image blocks was employed in 
[11] to discern images of mucosal abnormalities. The histogram captures the distribution of different “textons” 
representing the textural content in the endoscopy image. The textons are representative response vectors of an 
application of a combination of Leung and Malik (LM) filter bank and a set of Local Binary Patterns (LBP). 
Colour and textural features were employed in Q. Zhao and M.Q.H. Meng[12]for abstracting WCE video. 

A subset of frames in WCE containing the most representative frames were extracted in literature [13&14] 
with the help of a clustering technique which uses symmetric nonnegative matrix factorization, initialized by the 
fuzzy c-means and supported by non-negative Lagrangian relaxation. Gauss Laguerre Transform (GLT) was 
used to detect the bubble corrupted non-informative or degraded frames in Chen et al. [15].The frames whose 
edge shift with respect to its neighboring frame, smaller than an asymmetric distance threshold was considered 
as a redundant frame. The edges were detected using the canny operator with a fixed smoothing parameter. 
Local Fuzzy Patterns (LFP) and rotation invariant Local Binary Patterns (LBP) were employed in H. Maghsoudi 
and O.S.H. Zadeh [16] to identify frames containing abnormal regions. Red, blue, green and grey scale channels 
were examined separately to find the best channel for forming the LFP.  

A shot detection method was presented in literature [17] for automatic selection of the key-frames. A 
hierarchical scheme was used in Y. Yuan and M.Q.H Meng [18] for detecting the key frames. The 
key frames whose changes of information entropies take the local maximum, above an automatically estimated 
threshold were grouped under different sub clots. Key frames were extracted from each clot through Affinity 
Propagation (AP) clustering. 

In Li et al. [19] the original WCE video was divided into different segments by detecting video boundaries 
among the video sequences. Key frames from distinct segments were then extracted with k-means clustering. A 
multi-feature integrated distance metric was adopted in Y. Yuan and M.Q.H Meng [20] to measure the pair-wise 
frame differences. The features used include colour, texture and shape features. The video clips were 
categorized with non-parametric corner detection algorithm. The k-means clustering was the choice to extract 
the most representative frames. WCE video sequence had been initially segmented into several clips using 
colour features in Huo et al. [21].The textural features, extracted with a Block Edge Directivity Descriptor 
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(BEDD)were applied to segment the clips into sub-clips. The sub-clips were further summarized with the help 
of a Relation Matrix Rank (RMR). 

Non-parametric corner detection based on both the colour and textural features was used to detect 
key frames in Q. Zhao and M.Q.H Meng[22].The video clips had been segmented using a non-parametric key-
point detection algorithm and the most representative frames extracted from the video segments based on Least 
Discriminant Analysis (LDA) algorithm in Y. Yuan and M.Q.H Meng [23].  

Edge-based and clustering-based techniques were used to classify out-of-focus and in-focus frames in Oh et 
al. [24]. As intensive specular reflections reduce the accuracy of the classification, a technique for detecting 
specular reflection was incorporated. Frames with gastric juice and bubbles were removed over two different 
stages in Sun et al. [25]. Frames of gastric juice were eliminated by using local HSV histogram features. A 
combination of Colour Local Binary Patterns (CLBP) and Discrete Cosine Transform (DCT) was used to 
remove the frames carrying bubbles. K-Nearest Neighbour (KNN) was the classifier in both.  

Local colour histogram and Gauss Laguerre Transform (GLT) based multiresolution norm-1 energy 
features, respectively were used to isolate highly contaminated non-bubbled and significantly bubbled frames in 
Bashar et al. [26]. Supervised Support Vector Machine (SVM) was used to classify contaminated non-bubbled 
frames, while automatic bubble segmentation followed by a threshold operation was adopted to detect 
informative frames and to isolate significantly bubbled frames. Local colour moments in Ohta space and the 
HSV colour histogram features were the inputs to the SVM to characterize the contaminated non-bubbled 
frames in Bashar et al. [27]. Gauss Laguerre Transform (GLT) based multiresolution texture was used to 
characterize the bubble structures in the rest of the WCE frames. GLT used Laguerre Gauss Circular Harmonic 
Functions (LG-CHFs) to decompose the WCE images into multiresolution components. Bubbled regions were 
extracted from the grayscale versions of the colour images, based on the local absolute energies of their CHF 
responses. The informative frames were detected by using a threshold on the segmented regions. The features 
were selected by analysing the consistency of the energy-contrast map. An index termed as Frame Abnormality 
Index (FAI) was used in Chen et al. [28] and Wang et al. [29] to identify the WCE frames carrying anomalies.  

As a summary, the techniques for screening the WCE frames or the techniques for reducing the WCE 
review time thus includes, playing back the WCE video segments at a non-linear frame rate based on their 
textural content, projecting multiple frames simultaneously on to a single grid [3], fusion or integration of 
information content of multiple frames to a single frame [4], excluding redundant frames [5,8,10,15 and 21], 
video abstracting [6,7 and 12], elimination of WCE frames corrupted by gastric juice and bubbles [25-27], 
screening the frames into informative and non-informative ones [9,11,13,14,16-20,22,23,28 and 29] and 
rejecting ‘out of focus’ frames [24]. There is no certainty that the WCE frames corrupted by gastric juice or 
bubbles do not contain diagnostically significant pathological information. Screening the frames into 
informative and non-informative ones based on the textural features alone may not offer acceptable specificity. 
The frames with equal value of textural features may have completely distinct visual information. Since the 
textural content in WCE frame is different for different diseases, for example ulcer and polyps, selecting 
statistically significant textural features which comprehensively suit all the cases is difficult. The redundancy 
among the frames can be identified more feasibly via inter-frame similarity rather than evaluating consistency of 
feature values. This article presents a method for summarizing the WCE video based on inter frame Structural 
Similarity Index (SSIM). The algorithmic steps for generating the summary of WCE video and the computation 
of inter-frame SSIM are discussed in section II. The nature of frame redundancy in WCE is objectively analysed 
in section III. The correspondence between visual similarity between WCE frames and SSIM are analysed to fix 
the criteria for inter-frame similarity. 
 
Methodology: 

Structural similarity index (SSIM) is an image quality assessment approach for measuring the similarity 
between two images. This system can outcast the human visual system by extracting the metrics such as Peak 
Signal to Noise Ratio (PSNR) and Mean Squared Error (MSE) from the images considered.  

In this paper for summarizing WCE video, the SSIM between consecutive frames are computed. The 
frames with inter-frame SSIM greater than a threshold are considered to be similar or redundant. Non-redundant 
frames and one frame from each redundant group are integrated to form the WCE summary. Given the original 
WCE video ‘Vo’, to be summarized, comprising the redundant frames and ‘N’, being the number of frames in 
Vo and it is represented in the Eq. (1).  
�� Є V�    1 ≤ � ≤ 	                                                                                                                                                                  (1) 

where ‘i’ is the frame index. The similarity between the first frame in Vo, ‘Fi’, i=1, and its proceeding 
frames is analysed to identify its redundant frames. So that ‘F1’ is the first reference frame with which the 
similarity of the proceeding frames, ‘Fj’ are analysed, such that i+1≤j≤N. By default, 
�� Є V    ���  � Є ��                                                                                                                                                               (2) 

where ‘Vs’ is the summary of Vo in Eq.(2) . The similarity between the reference frame ‘Fi’ and the 
proceeding frames ‘Fj’ is objectively measured using SSIM as a statistical similarity index.  SSIM 
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comprehensively reflects the similarity of intensity, textural and geometric features of the WCE frames being 
compared. For an ideal match of frames, inter-fame SSIM would be unity. An SSIM value of zero indicates no 
similarity exists between reference and the contextual WCE frames being compared. The reference frame ‘F i’is 
updated to ‘Fj’ if ‘F j’ is not similar or not redundant to ‘Fi’ as, 
�� = ��  |SSIM�� ≤ T,   1 ≤ i < 	 ��� � + 1 ≤ ! ≤ 	 , ����� ��Є V" ∀ i, j                                                                  (3) 

    The frames with SSIM with respect to the reference frame, above a threshold, ‘T’ is considered as 
redundant frames according to Eq. (3). Hence, 
��ЄV&|SSIM�� ≤ T, 1 ≤ i < 	 ��� � + 1 ≤ ! ≤ 	                                                                                                    (4) 

    Thus, the WCE video summary, Vs contains only the reference frames or non-redundant frames and one 
frame from each redundant group of frames, according to (4).The SSIM [30] between the reference frame ‘F i’ 
and one of the proceeding frames ‘Fj’is depicted  in Eq.(5), 

(()*�� = 
+2μiμj+C1, -2σij +C2.

+μi
2+μj 

2+C1, -σi
2+σj 

2+C2.
                                                                                                                                     (5) 

where C1=(K1 L)2&C2=(K2L)2,    K1, K2≪1 . K1 and K2 are two arbitrary constants with values 0.01 and 
0.03 respectively. μi, μj, σi

2, σj
2 and σij are the mean brightness of the reference frame Fi, mean brightness of the 

contextual frame ‘Fj’, global variance of the reference frame Fi, global variance of the contextual frame Fj and 
covariance between the reference frame Fi and the contextual frame Fj, respectively. For computational 
feasibility the grey scale versions of reference and contextual frames are compared for similarity rather than R, 
G and B channels separately. 

The efficiency of the proposed summarizing scheme is expressed in terms of the Percentage Reduction in 
Number of Frames, which is the ratio of the number of frames comprised in the original WCE and the number 
of frames in the summary. The experiment is conducted in Matlab®. The frame redundancy is analysed at 
different locations on multiple WCE specimens. The threshold of SSIM which distinguishes redundant frames is 
fixed by qualitatively evaluating different sets of redundant frames with diverse SSIM values from different 
locations of WCE. Sets of redundant frames with different textural content from multiple WCE videos are used 
for this evaluation. The WCE videos used for testing the proposed summarizing method is collected from VGM 
hospital, Coimbatore. The WCE is of make Given Imaging Ltd and model number is Pill cam SB2. The WCE 
videos segments are of MPEG RGB24 format with frame rate 25 frames/second, comprising typically 450-550 
frames. The specimens belongs to sub-mucosal tumors, Ulcer, normal etc. 

 
RESULTS AND DISCUSSION 

 
The nature of frame redundancy in WCE is analysed at different locations of multiple WCE videos to 

explore the scope of employing the inter-frame similarity for identifying and eliminating the redundant frames. 
A threshold for inter-frame SSIM is derived by analysing the correspondence between subjective similarity 
rating and inter-frame SSIM. Eventually, SSIM based summarization is tested on WCE videos to assess the 
percentage reduction in number of frames and the information loss.  

The variation of the SSIM between the reference frame, ‘Fi’ and its hundred nearest neighbourhood frames, 
‘F j’, i-50≤j≤i+50,‘SSIMij ’, with respect to the distance between the reference and contextual fames, ‘j-I’, with 
the reference frames from three different locations of WCE I, i=51,i=100 and i=200 is illustrated in fig. 2. The 
variation of SSIM on WCE II with i=51,i=100 and i=200  is depicted in fig.3. The variation of SSIM on WCE 
III with i=51,i=100 and i=200  is illustrated in fig.4.The variation of SSIM on WCE IV is depicted in fig. 5. It 
can be noticed that in all the WCE videos ie. WCE I-WCE IV, at three of the locations, i=51, i=100 and i=200, 
there are multiple redundant frames in the neighbourhood of the reference fames. Numerical values of SSIM 
between reference frames, ‘Fi’ and its ten nearest neighbourhood frames, ‘Fj’, i-5≤j≤i+5, and the corresponding 
distance between the reference and contextual fames, ‘j-i’, with the reference frames from three different 
locations i=51, i=100 and i=200 of WCE I, WCE II, WCE III and WCE IV are illustrated in table I.  In all the 
WCE videos (WCE I-WCE IV) at all the three locations (i=51, i=100 and i=200), the reference frames have a 
minimum of four perfectly redundant frames (Fj, i-2≤j≤i+2) with inter-frame SSIM equal to unity. This proves 
the scope of eliminating the redundant frames using the inter-frame similarity. An inter-frame SSIM of unity 
indicates that the contextual frame ‘Fj’is the mere duplicate of the reference frame ‘Fi’. So that, the ideal 
threshold of inter-frame SSIM, (SSIMij) is unity, which is the maximum possible value of SSIM. Since, a 
minimum of adjacent five frames are mere duplicate in all the tested WCE videos, the ideal threshold of SSIM 
would reduce the number of frames by 20% while summarizing WCE. Setting a threshold for inter-frame 
similarity is quite pertinent as it determines the frame reduction ratio. Hence, the scope of using lower threshold 
also is investigated, to reduce the number of frames in the WCE summary to the maximum possible extent, with 
minimum information loss. A good selection of threshold, ‘T’ should ensure the optimum trade-off between 
frame reduction and information loss. 
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Fig. 2: Variation of the SSIM between the reference and its neighboured frames(SSIMij)with respect to the 

distance from the reference frame (j-i)at different locations of WCE I.  
 

 
Fig. 3: Variation of the SSIM between the reference and its neighbourhood frames (SSIMij) with respect to the 

distance from the reference frame (j-i) at different locations of WCE II.  
 

 
Fig. 4: Variation of the SSIM between the reference and its neighbourhood frames (SSIMij) with respect to the 

distance from the reference frame (j-i) at different locations of WCE III. 
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Fig. 5: Variation of the SSIM between the reference and its neighbourhood frames (SSIMij) with respect to the 
distance from the reference frame (j-i) at different locations of WCE IV. 

 
Table I: Numerical values of SSIM between reference frames, ‘Fi’ and its ten nearest neighbourhood frames, ‘Fj’, i-5≤j≤i+5, ‘SSIMij’, with 

respect to the distance between the reference and contextual fames, ‘j-i’, with the reference frames from three different locations 
i=51, i=100 and i=200 of WCE I, WCE II, WCE III and WCE IV  

Reference 
Frame 

Distance b/w reference and neighbourhood frames (j-i) 
-5 -4 -3 -2 -1 0 1 2 3 4 5 

WCE I 51 0.9534 0.9534 0.9534 0.9534 0.9534 1 1 1 1 1 0.978 
WCE I 100 0.9763 0.9763 1 1 1 1 1 0.9752 0.9752 0.9752 0.9752 
WCE I 200 0.751 0.751 1 1 1 1 1 0.7911 0.7911 0.7911 0.7911 
WCE II 51 0.9442 0.9442 0.9442 0.9442 0.9442 1 1 1 1 1 0.942 
WCE II 100 0.9696 0.9696 1 1 1 1 1 0.9759 0.9759 0.9759 0.9759 
WCE II 200 0.9533 0.9533 0.9999 1 1 1 1 0.9461 0.9461 0.9461 0.9460 
WCE III 51 0.984 0.984 0.984 0.984 0.984 1 1 1 1 1 0.9891 
WCE III 100 0.8616 0.8616 1 1 1 1 1 0.833 0.833 0.833 0.833 
WCE III 200 0.892 0.892 0.9999 1 1 1 1 0.9565 0.9565 0.9565 0.9565 
WCE IV 51 0.9797 0.9797 0.9797 0.9797 0.9797 1 1 1 1 1 0.9616 
WCE IV 100 0.9573 0.9573 1 1 1 1 1 0.9272 0.9271 0.9271 0.9271 
WCE IV 200 0.9776 0.9776 1 1 1 1 1 0.9745 0.9745 0.9745 0.9745 

 

 
 
(a)                                          (b)                                                   (c) 

 
Fig. 6: Reference frame and neighbourhood frames, from various positions of the neighbourhood  with different 

levels of inter-frame similarity and SSIM (a) Reference Frame (WCE I , frame Index, i=200)  (b)Frame 
Index j=196, Distance, j-i=-4, SSIMij= 1 (c) Frame Index , j=188, Distance, j-i=-12, SSIM ij=  0.8173 

 
The WCE frame in fig. 5 (d) exhibit inter-fame SSIM of 0.8173, but the visual information content is 

completely different from the reference frame in fig. 6 (a). So the threshold SSIM should be greater than 0.8173. 
The reference frame in fig. 6 (a) and the neighbourhood frame in fig. 6 (b) show an inter-frame SSIM of unity. 
Apparently, no visual difference can be experienced between these two frames.  The SSIM as a similarity index 
has good correspondence with the subjective similarity ratings. Fig. 6 - fig. 8 show WCE frames of completely 
different levels of tissue content. Even though the WCE frames in fig. 7 (b), fig. 7 (c) and fig. 7 (d) exhibit an 
inter-frame SSIM of broad dynamic range of 0.9079-0.9501, no visual difference is evident. Perhaps, for WCE 
segments with comparatively higher tissue content, the threshold of inter-frame SSIM in this range may allow 
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summarization devoid of information loss. But the threshold can be fixed after analysing WCE frames with 
comparatively lesser tissue content too. 

 

 
Fig. 7: Reference frame and neighbourhood frames, from various positions of the neighbourhood  with different 

levels of inter-frame similarity and SSIM (a) Reference Frame (WCE I , frame Index, i=320)  (b) Frame 
Index j=325, Distance, j-i=5, SSIMij= 0.9501 (c) Frame Index , j=313, Distance, j-i=-12, SSIMij=  0.9079 
(d) Frame index , j=316, Distance, j-i=-9, SSIMij=  0.9466 

 

.  
                 (a)     (b)   (c)  

Fig. 8: Reference frame and neighbourhood frames, from various positions of the neighbourhood with different 
levels of inter-frame similarity and SSIM (a) Reference Frame (WCE I , frame Index, i=15)  (b) Frame 
Index j=16, Distance, j-i=1, SSIMij= 0.9808 (c) Frame Index j=6, Distance, j-i=-9, SSIM ij=0.9732 

 
Different from fig. 6 and fig. 7 the WCE frames in fig. 8 contain less tissue content and they are more of 

vascular pattern. Noticeable similarity is observed only in the nearest five frames in fig. 6 and fig.7. But a frame 
at a distance of -9 from the reference frame in fig. 8 (c) exhibit an inter-frame SSIM of 0.9732. It is also evident 
that in the video segment with less organ or tissue content, the variance of the inter-frame SSIM is low. This 
implies, these frames exhibit more redundancy than the frames carrying more organ content. The nature of 
redundancy is non-linear over distinct regions of the WCE. The inter-frame SSIMs between the reference frame 
in fig. 8 (a) and the neighbourhood frames in fig. 8 (b) and fig. 8 (c) are 0.9808 and .9732, respectively. As these 
frames have appreciable inter-frame similarity on visual inspection, a threshold of 0.98-0.99 would be an 
optimum choice. The numerical values of percentage reduction in number of frames accomplished with the 
proposed WCE summarization scheme for a threshold of inter-frame SSIM equal to 0.98, on multiple WCE 
videos are furnished in table II. 
 
Table II: Percentage reduction in number of frames for a threshold SSIM of 0.98. 

S.NO 
No of frames in  
original WCE (Vo) 

No of frames in  WCE  
Summary (Vs) 

% Reduction in  
number of frames 

WCE I 498 92 0.1847 
WCE II 495 100 0.2020 
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WCE III 495 89 0.1798 
WCE IV 495 96 0.1939 
WCE V 495 94 0.1899 

 
Conclusion: 

A method for summarizing WCE video, based on inter-frame SSIM was devised and successfully tested on 
five sets of WCE specimens. The proposed method reduces the review time of WCE by fivefold. The algorithm 
looks for inter-frame similarity instead of consistency of textural features over the frames. Since only redundant 
frames are removed from the WCE, the information content of the original WCE is fully preserved in the 
summary. This merit resolves the information loss connected with screening the WCE into informative and non-
informative frames or eliminating the frames corrupted by gastric juice or bubbles. The SSIM covers the 
similarity of intensity, textural and geometric features of the contextual frames and has a standard range between 
zero and one. The inter-frame similarity expressed in terms of SSIM is far robust than a single textural feature. 

The nature of frame redundancy was analysed at different locations on multiple WCE specimens. It was 
observed that regardless of the location or the case of WCE, at least five neighbourhood frames are redundant. 
The threshold of SSIM which was used to distinguish redundant frames had been fixed by qualitatively 
evaluating different sets of redundant frames with diverse SSIM values from different locations of WCE. The 
optimum choice of inter-frame SSIM is 0.98-0.99. Sets of redundant frames with different textural content from 
multiple WCE videos were used for this evaluation. The proposed method accomplished a percentage reduction 
in number of frames of 19.01 %± 0.1901 on five sets of WCE specimen for a threshold SSIM of 0.98. 
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