
 

 

 

  

Abstract— Colonoscopy is an endoscopic technique that 

allows a physician to inspect the inside of the human colon. 

Although millions of colonoscopic procedures are performed 

annually, an objective method that estimates how much 

effort was undertaken to insure maximal inspection of the 

visible parts of the inside of the colon, does not exist. Experts 

agree that it is desirable to inspect all quadrants of the colon 

wall while the endoscope is gradually withdrawn. In this 

paper, we present a new computer-based method that 

constructs a Quadrant Coverage Histogram to determine the 

number of quadrants of the colon wall inspected during the 

withdrawal phase of colonoscopy. The proposed method is 

part of our novel computer-aided quality control system for 

colonoscopy intended for use in routine clinical practice. 

I. INTRODUCTION 

OLORECTAL cancer is the second leading cause of 

cancer-related deaths behind lung cancer in the 

United States [1]. As the name implies, colorectal cancers 

are malignant tumors that develop in the colon and 

rectum. The survival rate is higher if the cancer is found 

and treated early before metastasis to lymph nodes or 

other organs occurs. 

Colonoscopy is currently the preferred screening 

modality for prevention of colorectal cancer. A 

colonoscopic procedure consists of two phases: an 

insertion phase and a withdrawal phase. Careful mucosa1 

inspection and diagnostic or therapeutic interventions 

such as biopsy and polyp removal, are generally 

performed in the withdrawal phase. 

Despite the fact that over 14 million colonoscopic 

procedures are performed annually [3], an objective 

method to directly assess indicators of quality is not 

available for use during routine clinical practice. A 

number of indirect markers of quality have been proposed 

[4]. These include duration of the withdrawal phase and 

the average number of polyps detected per screening 
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1 mucosa---"a mucous tissue lining various tubular structures and, in 

the digestive tract, a layer of smooth muscle" [2]. 

colonoscopy. Thoroughness of inspection of the colon 

mucosa, i.e., looking at off-axial or lateral wall mucosa or 

inspection behind mucosal folds, currently cannot be 

assessed.  

We recently proposed a new image analysis method to 

estimate a view mode---an indicator of deviation of the 

camera tip of the endoscope from the longitudinal axis of 

the colon [5]. We classify the view mode into two types: 

lumen view and wall view. We define a lumen view as a 

clear (non-blurred) frame in which the distant colon 

lumen is seen. That means that the line of view is along 

the longitudinal axis of the colon proximal to the 

endoscope tip; a lumen view provides a global inspection 

and includes more distant examination in which more 

than one side of the colon wall is seen. A clear frame 

without the distant colon lumen is called a wall view. The 

wall view indicates a close up examination of the colon 

mucosa. Both lumen (global inspection) and wall (close 

inspection) views should be present in a good colon 

examination.  

Experienced endoscopists have also stated that as much 

as possible of the mucosa (circumferential inspection of 

all sides or 360 degrees inspection) of the colon wall 

should be examined throughout the withdrawal phase. To 

the best of our knowledge, there are no existing methods 

to measure this desirable inspection pattern. Hence, we 

propose the Quadrant Coverage Histogram (QCH) that 

counts the number of quadrants of the colon wall that 

have been inspected in a given time period. Our method 

can be used to find the average amount of time during 

which an endoscopist inspects all quadrants of the colon 

wall and to compare the measurements among different 

endoscopists to study correlation between circumferential 

inspection and missed lesions after colonoscopy. To the 

best of our knowledge, our quadrant coverage histogram 

differs from any other histograms such as color or motion 

histograms [6, 7, 8, 9]. 

The remainder of this paper is organized as follows. In 

Section II, we provide a brief description of related work. 

In Section III, we present our solution in detail. The 

experimental results are reported in Section IV. Finally, 

we conclude the paper with the description of our future 

work in Section V. 

II. RELATED WORK 

The most related research efforts are in the area of 
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microrobotic endoscopy [10, 11, 12, 13]. These efforts 

focus on the following problem: given an endoscopic 

image with the lumen, identify the lumen boundary. Khan 

[11] proposed to use an N-level quadtree-based pyramid 

structure to find the most homogenous large dark region. 

A region-growing scheme [10] based on an inter-pixel 

grayscale difference was proposed to automatically detect 

luminal borders. Kumar et al. [12] proposed a global 

thresholding technique with differential region-growing 

to segment the lumen region. Tian et al. proposed APT-

Iris that utilizes the relative darkness of the lumen [13]. 

Color histogram is a popular color feature that has been 

widely adopted in image retrieval [14] and video shot 

segmentation systems [15]. It can be used to characterize 

the global distribution of colors in an image, without 

requiring knowledge of how an image is composed of 

component objects [7]. As a low-level visual feature, 

motion histogram has been used for content-based video 

retrieval [6], video indexing [9], and video segmentation 

[8]. However, none of the existing techniques were 

proposed to measure a circumferential or 360 degree 

pattern of mucosa inspection. 

III. PROPOSED QUADRANT COVERAGE 

HISTOGRAM TECHNIQUE 

Our method consists of three major steps. First, we 

estimate a view direction---a direction toward the distant, 

most proximal colon lumen, for each lumen view. 

Second, we divide the colon wall into four quadrants and 

construct a Quadrant Coverage Histogram (QCH) that 

maps view directions of the lumen views in a time 

window to the number of quadrants of the colon wall that 

have been inspected in that time window. Third, we 

compute an average coverage score from QCH. The 

details of each step are discussed below. 

A. View Direction Annotation 

We use our view mode classification technique to 

identify all lumen views in a colonoscopy video. Each of 

the detected lumen images is annotated with an arrow 

indicating the corresponding view direction. The side of 

the colon that is inspected is estimated to be 180 degrees 

opposite from the view direction of the colon lumen (Fig. 

1).  

We considered two arrow representation methods to 

represent view direction. The first approach estimates a 

series of colon folds using a series of ideal ellipses. The 

arrow is drawn from the centroid of the largest ellipse to 

the centroid of the smallest ellipse as illustrated in Fig. 

1(a). Our second method draws an arrow from the center 

of the image toward the centroid of the distant lumen as  

shown in Fig. 1(b).  

Comparing these two representation methods, we chose 

the second method. Because the arrow tail of the first 

arrow representation method is based on extracted 

curvilinear features from a colon fold in the image, this 

method will fail when curvilinear features representing 

the true colon folds are not detectable due to reasons such 

as weak edges or occlusion by foreign objects like 

instruments used in polyp removal. 

The second arrow representation method fixes the 

position of the arrow tail at the center of the image. The 

arrow head should point approximately to the lumen. The 

position of the arrow head should consider both the most 

distant part (darkest lumen area) and the closer part of the 

lumen (relatively brighter lumen area close to the first few 

folds seen in the image) as is the case for images of bends 

or flexures in the colon. For each lumen view, the 

position of the arrow head ( x , y ) is calculated using 

Equations (1) and (2). These equations yield the weighted 

centroid of the lumen pixels. Lumen pixels are those 

detected as having the color and brightness properties of 

the distant colon lumen [5]. 

Let B(i,j) be the weight function for the pixel at 

coordinate (i,j) on an image with the width and height of 

W and H pixels, respectively; A is the number of lumen 

pixels. The value of the weight function B is set to 0 if the 

pixel at coordinate (i,j) is a wall pixel; otherwise, its value 

is inversely proportional to the intensity of the lumen 

pixel in the original image. In other words, the darker part 

 
Fig. 1.  Each ellipse represents the contour of a haustrae and the yellow 

arrow indicates the view direction of the distance colon lumen; (a) view 

direction based on elliptical shape of a series of haustrae; (b) view direction 

alternative based on the view point of the endoscopist. 

 
Fig. 2.  Illustration for the calculation of QCH. The length of time window 

is 5 seconds. Red-dashed arrow points to the view direction of the frame at 

the center of the time window and blue-dashed arrows indicate the view 

direction of frames within the time window of the current frame. Two red-

solid axes form four new quadrants.  
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is given the higher weight. 
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B. Quadrant Coverage Histogram (QCH) and Average 

Quadrant Coverage Score 

A view direction arrow consists of two important parts: 

the angle and the length of the arrow. The arrow length 

should be at least a laterality threshold for the 

corresponding view angle to have enough coverage to be 

accounted for in QCH. Taking the angle of the view 

direction of the frame at the center of the time window as 

the reference angle, we define two perpendicular axes 

forming four new quadrants. Each of the two 

perpendicular axes is 45o away from the reference angle. 

For instance, suppose there are five lumen views in the 

time window and the angles of the five view directions 

are 150o, 45o, 30o, 210o, 300o respectively. Suppose also 

that only the first three view direction arrows are as long 

as the laterality threshold. Since the view direction angle 

of the center frame (red-dashed arrow in Fig. 2) is 30o, the 

two perpendicular axes using this reference view angle 

are x’ and y’ axes. The new quadrants 1-4 are defined 

based on the reference x’ and y’ axes (See Fig. 2). We 

propose relative quadrants instead of using fixed 

quadrants such as those of a typical x-y coordinate system 

for all the lumen images to prevent two view direction 

angles that differ only slightly (e.g., 91o and 89o degrees) 

to be considered as covering two different quadrants. 

Let 
L

iQ  be a four element array, detailing which 

quadrants of the colon wall have been inspected within a 

time window centered at reference frame i with the 

laterality threshold L. All array elements are initialized to 

zeros. The value of ( )L

iQ j is set to 1 if there exists a 

view direction arrow of length at least L falls in quadrant 

j. Otherwise, ( )L

iQ j  is 0. For the previous example, the 

two array elements, (1)L

iQ  and (2)L

iQ , are set to 1 

whereas the rest are zeros since the view direction arrows 

in quadrants 3 and 4 are shorter than the laterality 

threshold. We propose Equations (3) and (4) to compute 

the QCH denoted as ( )L

TH i  and the corresponding 

average quadrant coverage score
L

TS over N  lumen views. 
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( )L

TH i  is essentially the number of quadrants inspected 

taking frame i  as the reference. The value of ( )L

TH i  is 

in the range of [1, 4]; 
L

TS  is the average coverage score 

over N lumen view frames. If T is long enough, the value 

of ( )L

TH i  will approach the value of four. If all the four 

quadrants are inspected on average in a short time 

window, and assuming a minimal fixed withdrawal time, 

then a high number of four quadrant inspections will be 

measured during gradual withdrawal which reflects a 

more complete inspection of viewable colonic mucosa. 

IV. EXPERIMENTAL RESULTS 

We evaluated the effectiveness of our view direction 

annotation method. We used a test image set of 1544 

lumen views from three videos captured during different 

colonoscopic procedures performed by the same 

endoscopist.  

We used our view direction annotation program that 

super imposes the view direction arrow on the original 

image to create the corresponding arrow-annotated image. 

Then, each annotated image was manually evaluated by 

two trained students and verified by the experienced 

endoscopist. We divided the test set into six categories 

manually and assigned each category a score where a 

higher score means a better performance. Exact 

identification of the distant lumen was given the highest 

score, with stepwise lower scores for passing through the 

most distant lumen, being at the border of the distant 

lumen, having only the right direction, or being in the 

neighborhood of but not on the edge of the most distant 

lumen. Complete misidentification of the distant lumen 

was assigned the lowest score. Fig. 3 shows example 

images of each category. The six categories are defined as 

follows. (a) Absolute_True: the view direction is 

correctly annotated; the corresponding score for this 

category is 5; (b) Too_Long_But_True: the view 

direction is correctly annotated; however, the location of 

the arrow head surpasses the true lumen area; this 

category is assigned a score of 4; (c) Just_On_Border: the 

detected view direction is on the border of the true lumen 

 
 

Fig. 3.  Evaluation of the detection of the view direction. Each category 

is assigned a score to calculate the effectiveness of the detection 

algorithm. Purple arrows are manually annotated view directions. Green 

arrows are annotated by our program. 
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area and this category is assigned a score of 3; (d) 

Too_Short_But_True: the view direction is correctly 

detected; however, the location of the arrow head does 

not reach the true lumen area; this category is assigned a 

score of 2; (e) Absolute_False: the view direction is 

incorrectly detected and this category is assigned a score 

of 0; and (f) Acceptable: the remaining cases are 

combined into this category with a score of 1. The final 

score of the effectiveness of the detection of view 

direction is the sum of the products of different scores 

and the corresponding category percentage in the image 

set. Table I shows that our technique has an average 

effectiveness score of 4.53 out of 5 for this data set, 

which is considered very good.  

Next, we ran our QCH method. Each plot in Fig. 4 

shows the average coverage score 
L

TS  during the 

withdrawal phase given different values of the length (T) 

of the time window and of laterality threshold L. For the 

laterality threshold of 66% (L=66) of the maximum radius 

of the largest circle that covers the mucosa area, the 

figure shows that the endoscopist inspected all four 

quadrants on average within each 40 seconds for videos 

2006043 and 2006046. If we do not consider the laterality 

threshold (i.e., just consider the angles of the view 

directions), this endoscopist completed inspection of the 

four quadrants on average every 20 seconds. 

V. CONCLUSION AND FUTURE WORK 

In this paper, we present a Quadrant Coverage 

Histogram technique as a method to objectively measure 

the effort of the endoscopist to inspect all of the colon 

mucosa. The preliminary results are promising. Future 

work will include the performance evaluation on larger 

data sets of colonoscopy videos by different endoscopists 

and estimation of the minimal number of circumferential 

inspections required for specific conditions and colon 

shapes. The QCH software will be integrated into a 

computer-aided quality control system for colonoscopy. 

The proposed histogram technique may be extensible to 

measure quality of other endoscopic procedures. 
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Fig. 4.  Plots of average quadrant coverage scores on three videos. In (a-c) 

plots, red curves show quadrant coverage scores for the laterality threshold 

L=66% of the maximum radius; blue curves show the scores when the 

laterality threshold is not considered. The comparison results of the average 

quadrant coverage scores on three videos are illustrated in (d). 

TABLE I 

EFFECTIVENESS OF DETECTION OF VIEW DIRECTION  

Video ID 2006043 2006045 2006046 

# of lumen view images 410 789 345 

# of Absolute_True (5) 353 733 298 

# of Too_Long_But_True (4) 8 3 1 

# of Just_On_Border (3) 6 5 4 

# of Too_Short_But_True (2) 8 4 6 

# of Acceptable (1) 8 12 4 

# of Absolute_False (0) 27 32 32 

Final score 4.49 4.70 4.41 
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