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Abstract. The diagnostic time required for a full, 8-hour vid-
eo capsule endoscopy is usually between 45 and 120 min. The 
aim of this work is to evaluate the diagnostic time required 
when applying a method that adaptively controlls the image 
display rate. The advantage of the method is that the sequence 
can be played at high speed in stable smooth sequences to save 
time and then decreased at sequences where there are sudden 
rough changes, in order to assess suspicious fi ndings detail. In 
this paper, this method is examined under real conditions: 10 
sequences were independently evaluated by 4 medical doc-
tors. The methods of evaluation include: 1) the time required 
for reading a sequence, 2) the percentage of abnormal regions 
accurately found, and 3) the manipulations of the evaluating 
physicians. The results indicate that the proposed method re-
duces diagnostic time to around 10 ± 1.5 % length of the se-
quence and is of valuable assistance to medical doctors. 
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1. Introduction 

The investigation and visualization of the whole of the small 
bowel has been greatly improved by the great breakthrough 
known as the wireless capsule endoscope (WCE). One clinical 
product has become widely used is the M2ATM (Iddan et al., 
2000; Adler, 2003; ASGE, 2002), invented by Given Imag-
ing Ltd (Yoqneam, Israel). The video sequence of a typical 
examination has around 57,000 frames that can be used for 
interpretation in diagnostic procedures. With such a huge 

number of frames, examination by physicians is not an easy 
task, and it is also time consuming. Using the RapidTM2 
application (developed by Given Imaging Ltd), controlling 
the display of images is adjustable, allowing manual chang-
es between 1 and 25 frames per second to be made. The 
reports (Hadathi et al., 2005; Swain, 2004; Medical Advisory 
Secretariat, 2003) showed that the average time to evaluate a 
video ranged from 76 ± 30 min. In later versions, RapidTM3 
and RapidTM4, a variable viewing speed function and a 
“quick view”/“omit frames” mode was added. Keuchel et 
al. (2006) investigated precise reading times using these two 
versions. Using the automatic varying speed mode of RapidTM3 
yielded a reading time of 52.4 ± 16.4 min, while a time of 
36.9 ± 13.4 min was obtained using the “omit frames” mode 
of RapidTM4. These experiments were carried out by two 
gastroenterologists on 40 sequences. However, the report 
also notes that using the “omit frames” mode in RapidTM4 
requires additional evaluation in order to confi rm that there 
was no loss of relevant fi ndings. Unfortunately, no technical 
description of these features is currently known to exist.

Obviously, reducing the diagnostic time of a wireless 
capsule video endoscopy is still a major obstacle. A technique 
is proposed in our work (Vu et al., 2006) for effi ciently con-
trolling the frame rate of the display of images. Sequences are 
played at high speed in continuous frames that are stable in 
order to save time, and the speed is decreased at areas where 
there are rough changes so that any suspicious fi ndings can be 
more conveniently ascertained. In other words, the main idea 
is to keep the frame rate of the image display proportionally 
linear with the difference between two consecutive frames. 
This technique, therefore, can intuitively assist physicians by 
automatically changing speed when reading a sequence. 

The above reports also imply that the evaluation of 
techniques, which assist doctors reduce time consumption, 
are urgently required. Therefore, in this study, methods for 
evaluating the capacity of the proposed technique though ex-* Corresponding author 
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–  State 2: Movements of the small intestine are small. This 
state consists of consecutive frames of gradual transi-
tions. The state corresponds with moments where the   
impact of contraction are not so large. The display im-
ages in this state are controlled at medium speed.

–  State 3: The small intestine has larger movements. A 
phase of irregular contraction impacts is characteristic of 
this state. Doctors examining this state would therefore 
need to view display images at slower speeds in order to 
place more of a focus on the changing regions. Therefore 
images would be displayed longer.

–  State 4: The small intestine has abrupt changes causing 
capsule movements. This state is reached when the con-
traction phase is at its strongest point. The interval time 
between two frames increases to the maximum to enable 
viewing to be as easy as possible.

An example of the distribution of delay time and 
corresponding color similarity and motion displacement of 
a sequence is shown in Figure 1. The area of distribution 
of State 1 shows that delay time is round 30 ms/frame. At 
States 2 and 3, the distributions are sloped and proportion-
ally linear with the features of motion and color similarity. 
At State 4 (abrupt changes) the delay time is around 150 ms/
frame. Thus it can be seen that the range of delay times 
is from 30 ms/frame to 150 ms/frame, providing evidence 
of the impact of the proposed method (compared with the 
sequence play method at a fi xed frame rate (i. e., a typical 
rate is 13 fps), in which the delay time between two frames 
is a constant value: 77 ms).

The defi nitions of states and calculation of the corre-
sponding delay times are dependent on the parameters of the 
method. The optimal values are decided from suggestions of 
medical doctors through heuristic experiments. In addition, 
the method also supports a variety of skill levels in order 
to assist medical doctors of different specializations in their 
understanding of capsule endoscopic images.

3. Methods for performance evaluation

The examination data and evaluation procedures were imple-
mented with the assistance of medical doctors in the Osaka 
City University Medical School, Japan. To ensure unbiased 
evaluations, the experiments were set up under conditions of 
normal diagnostic procedures. A GUI system was developed 
on desktop PCs to present the proposed method, which also 
supports common functions such as the capturing of abnor-
mal regions, the changing of display modes, the adjusting of 
skill levels, and functions to navigate and scaning/browsing 
frame-by-frame.

Ten sequences from patients were selected and extracted 
with a length of 1.5 h to save time for the physicians’ evalu-
ations. The delay times of the extracted sequences were 
calculated by the optimal values. 

The evaluations were carried out by four medical doctors 
(referred to in this paper as MD. A, MD. B, MD. C, and 
MD. D), and their skill levels ranged from junior to senior 
in the fi eld of diagnostic endoscopic imagery. The medical 
doctors were asked to independently fi nd and capture sus-
picious regions. The time codes of abnormal regions as well 

periments are presented. Four medical doctors implemented 
diagnostic procedures on 10 sequences by a GUI system, 
which was developed to demonstrate the proposed method. 
The results of the evaluations are analyzed from three aspects: 
the average diagnostic time, the percentage of abnormal re-
gions found, and the manipulations of the physicians regard-
ing the control of the image display in the second stage. The 
results of the experiments provide evidence in support of the 
method introduced for reducing diagnostic time and the abil-
ity to assist medical doctors in capturing abnormal regions.

2. The method of adaptively controlling image display 

A physician’s observations when viewing a sequence are 
impacted by movements of the capsule. Therefore it is 
important to select set features that can adequately present the 
changing states of image acquisition and a method to calculate 
the time delay between two consecutive frames. Below, we 
describe a summary the technique to address this problem. 
For futher details, please consult in Vu et al. (2006). 

Based on the characteristics of the capsule, endoscopic 
images are generally covered by many homogeneous regions 
of villi and remain congruent between sequential frames; 
with movement being controlled though natural peristalsis 
throughout the entire GI tract. The two features of color simi-
larity and motion displacement are selected and extracted to 
measure changes between two consecutive frames. There are 
four different states of image acquisition, and they are de-
scribed below along with a scheme for controlling the image 
display for each state:
–  State 1: Both the small bowel and the capsule are station-

ary. This state appears when the contractions of the small 
bowel are in a stable phase, which makes the capsule 
remain almost still. As for the control of display imag-
es in this state, when continuous frames are exactly the 
same, the frames play at high frame rate to save time.
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Fig. 1. Distribution of delay time and corresponding features of color 
similarity and motion displacement a sequence using the proposed 
method.
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as the events/activities of the medical doctors during the 
diagnostic procedures were logged. For assessment of the 
capacity and performance, these data then were analyzed and 
inspected as described below.

3.1 Average measure of the diagnostic time

To explore in detail the diagnostic time for each evaluation 
section, the time code data at the moment of each start/
stop action were analyzed. In addition, frame-by-frame 
scanning to fi nding abnormal regions was also inspected. 
The diagnostic time is the total of the following two com-
ponents:
–  Playing time: the total duration that each MD’s played 

the sequences continuously, without actions such as 
jumping, scanning, or frame navigation.

–  Scanning/Browsing time: the total time for browsing or 
frame-by-frame scanning to verify abnormal regions.

Thus, the main difference between this method and other 
methods (Medical Advisory Secretariat, 2003; Hadathi et 
al., 2005; Keuchel et al., 2006) is that the reading time de-
tails are inspected by two separate components, and this 
helps one to better understand not only the time for view-
ing a sequence but also the time used seeking abnormal 
regions.

3.2 Matching abnormal regions captured

In the experiment, the medical doctors were asked to capture 
abnormal regions independently. Then, knowing the degree 

to which the abnormal region capture precised were accurate 
and complete would allow the performance of the method to 
be evaluated, a routine for checking the relevant fi ndings was 
therefore implemented after the evaluations of the medical 
doctors.

Previous studies (Medical Advisory Secretariat, 2003; 
Hadathi et al., 2005) showed only the total diagnostic time 
without information regarding the verifi cation of abnormal 
regions detected. To check abnormal regions, Keuchel et al. 
(2006) compared the results of two medical doctors, and in 
cases of discrepancies a third gastroenterologist made the 
fi nal decision.

In our research, the regions captured by MD. C, who 
has much experience at examining endoscopic images, 
were used as the true ground data. The results of the other 
doctors were compared with this data. Relevant match-
ing was observed and checked by MD. C. As illustrated in 
Figure 2, showing a part of an example sequence, the posi-
tions of the captured frame are marked on a bar code. The 
top row shows the results captured by MD. C, and the bottom 
row shows those captured by the others. The matching data 
were marked using the results of both paper print outs and 
the GUI system.

3.3 Analyzing the manipulations of medical doctors in the 
diagnostic procedure

Besides analyzing the average diagnostic times and rates of 
the relevant fi ndings, one additional aspect of the proposed 
method was considered in order to verify whether the method 
can be comfortably used by medical doctors of a variety of 
skill levels. The activities of the medical doctors during the 

Fig. 2. The method to verify 
abnormal regions is captured by 
imaging. The images captured 
by the MD. (bottom row) under 
assessment in compared to the 
baseline, time ground data, of 
MD.C.(top row)
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diagnostic procedure were inspected, focusing on the actions 
related to different skill levels. 

Comments made by the medical doctors and a review by 
Douglas G. A. et al. (2003) also show that the presentation 
of capsule endoscopic images presents some challenges with 
regard to the interpretation of the fi ndings because the doc-
tors must learn to visualize the bowel in a new way. There-
fore, multi-skill level is supported to adapt to the different 
skill levels of physicians. The experimental system was set 
up 7 levels, with assum that level 1 supports junior skill and 
level 7 is for medical doctors with senior skill in diagnostic 
endoscopic images.

The actions that most closely demonstrated different skill 
levels were analyzed and inspected, and the approximate 
skill level of each medical doctor was evaluated. Moreover, 
such data related to the skill levels, i.e., the number of actions 
performed in a diagnostic session, also indicate whether the 
methods used to calculate the delay time are adaptive and if 
they require any actions for the adjustment of speed.

3.4 Statistical analysis

All measurements of diagnostic time in this study were 
recorded as mean ± standard deviation, rounded off to 0.5, 
in seconds; with the results of the counting actions given in 
integer values. 

4. Results 

4.1 Average diagnostic times

As explained in section 3.1, the diagnostic time includes 
the viewing time and the scanning time required for fi nding 
suspicious regions. The results of the data analysis showed that 
the average viewing time was 8:48 ± 1:06 min/sequence while 
the average scanning time was 1:20 ± 0:45 min/sequence. The 
mean ratio of viewing time/scanning time was 7.15 ± 3.3, 
which implies that the variations between the viewing and 
scanning time sequences were quite large. Figure 3 shows 
the average diagnostic time for each sequence, with the mean 
value being approximately 10:08 ± 1:44 min/sequence.

Figure 4 shows the average value of time consumed for 
each medical doctor. The data in this fi gure imply that medical 
doctors may treat the evaluation of the sequences differently. 
For example, MD. C used the least time for viewing, worked 
with a high skill level, and spend more time inspecting ab-
normal regions, which is shown by the scanning time value. 
Meanwhile, MD. A had the highest view time due to play-
ing the sequences longer at the low levels and lowest scan-
ning time, including using actions such as start/stop many 
times instead of scanning for suspicious regions. This data 
suggests that while MD. C was used to being presented with 
capsule endoscopic images, MD. A had some challenges to 
understanding the images.
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Fig. 3. Result for the analyzing 
of diagnostic time by sequenc-
es.
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The resulting average diagnostic time of the extracted 
sequence with a length of 1.5 h implies that when using the 
proposed method the time consumed is around 10 ± 1.5 % of 
the length of the sequence. The predicted value, therefore, 
when applying this method to a full sequence, will bring the 
average of the total diagnostic time to around 39.2 ± 8.5 min.

4.2 Percentage of matching captured abnormal regions

Using the method for checking abnormal regions discussed 
in section 3.2, details of the results of the relevant fi ndings 
are shown in Table 1. The numbers of matching regions are 
shown in the “Found” column, while numbers in the “Lost” 
column refer to no relevant fi ndings.

The total number of abnormal regions captured by MD. 
C was 42 regions. The numbers of abnormalities present 
differed with each sequence. For some sequences, such as 
sequences 1, 2, 5, 6, and 9, there were from 3 to 8 abnormal 

regions, and thus the rate of matching in these sequences was 
high. Sequence 4, however, included 11 regions, and as it was 
the sequence with the maximum number of abnormalities 
present it had a lower rate of matching for three of the MDs. 
Overall, the average matching rate of the abnormal regions 
was 69 % for MD. A, 64 % for MD. B, and 66 % for MD. D. 
These results imply that although fi nding suspicious regions 
depends on others factors, such as one’s personal judgment 
and skills, the concentration of the physicians as well as the 
number of abnormalities present, the proposed method pro-
duces acceptable rates of capture of relevant fi ndings. 

4.3 Result of analyzing the activities of medical doctors

Figure 5 shows the detailed results of the analysis of the 
actions of the medical doctors. Their normal activities include: 
start/stop viewing, changing the skill level, scan/browsing 
frame-by-frame, and the capturing of abnormal regions. 

Fig. 5. An example showing 
the manupulations of medical 
doctors during a diagnostic 
procedure.
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No* MD.C MD.A MD.B MD.D

Seq. Found Lost Found Lost Found Lost

1 8 7 1 6 2 5 3

2 4 3 1 3 1 3 1

3 0 0 0 0 0 0 0

4 11 6 5 4 7 6 5

5 3 3 0 2 1 3 0

6 5 3 2 4 1 3 2

7 2 0 2 1 1 - -

8 1 1 0 1 0 1 0

9 6 5 1 5 1 - -

10 2 1 1 1 1 - -

∑ 42 29 13 27 15 21 11

% match 69 64 66

∑ abnormals 127 101 94

Table 1. Result for the verifi -
cation abnormal regions cap-
tured



Vol. 15, 2007       Diagnosis supporting system for capsule endoscopy 83

This fi gure also illustrates the interpretation capacity of 
a medical doctor with a type of images. For example, at the 
beginning of a sequence (from frame 0 to 1,000), the actions 
of stop/start is repeated sometimes and followed by scan/
browsing actions. There are 3 regions to be captured in this 
part, which correspond to the scan/browsing regions, and the 
same meaning with actions in the last section (from frame 
10658 to the end) include: 2 frames captured among 3 
regions while browsing. These actions imply that the 
proposed method is adequate to allow medical doctors to 
capture abnormal regions at full capacity.

To evaluate suitable delay times as well as degrees of 
comfort of the method, the actions of changing the skill level 
were analyzed. An examination of the activity data revealed 
that before selecting the most suitable level, the doctors usu-
ally tried to adjust the skill level at the beginning of a viewing 
sequence. After removing such actions at the starting points 
of the evaluations from the data, all subsequent actions for 
changing the skill level were counted.

The results of the data analysis showed that the level 
preferred by each doctor was different. MD. A usually used 
levels 3 and 4; MD. B and MD. D selected levels 4 and 5; and 
MD. C viewed the sequences at levels 5 and 6. Therefore, 
the data imply that having a “multi-skill level” ability allows 
medical doctors to adjust the method to fi t their respective 
degrees of expertise. 

The results the counting of skill-level changing actions in 
each evaluation were as follows: the percentage of sessions 
without any skill-changing actions was 50 %, that for sessions 
with 1–2 actions was 34 %, that for sessions with 3 to 5 
actions was 6 %, and that for sessions with 5 or more actions 
was 3 %. These data show that a high number of evaluations 
do not require many speed adjustment manipulations, and 
that therefore the current method for calculating the delay 
time is suitable for such diagnostic procedures.

5. Discussion and conclusions

This study investigated the performance and effectiveness of 
a method for controlling adaptively the display rate of im-
ages in order to reduce the diagnostic time of video capsule 
endoscopy. The results of our experiments provided justifi ca-
tion for the proposed method, indicating its value in assisting 
medical doctors in the following aspects. First, diagnostic 
time was approximately 10 min for a 1.5-hour sequence, i. e., 
the rate of reduced diagnostic time was 10 ± 1.5 % of the 

length of the captured sequence. Moreover, the proposed 
method allowed the physicians to fi nd suspicious regions 
in full capacity as well as allowing them to keep required 
manipulations by the medical doctors during the examination 
procedure to a minimum.

Future work will consider positions on a sequence which 
candidates capture as abnormal regions. Because there 
are a huge number of normal frames, which is clearly un-
derstandable, these data can hopefully be further utilized 
based on artifi cial neural networks to classify abnormal 
regions. Such a tool could automatically determine which 
regions on sequences are suspicious, thereby further as-
sist medical doctors in their navigation of suspection 
sector and lead to reducing the diagnostic time. 

The scheme of multi-skill level introduced in the proposed 
method also suggests the capacity to deploy other functions 
to assist medical doctors. For example, a learning system 
could be applied based on analyzing the factors that infl uence 
the changing of skill levels with reference to specifi c data. 
The results could then be used in the application of similar 
data to the automatic adjustment of skill levels if the abnormal 
region data is new to a different medical doctor. The impact 
of this work can be used to signifi cantly assist the detection 
of disease.
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