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ABSTRACT 
We evaluate a method for extracting sharp stills from endoscopic video streams 
using Extended Depth of Field. We perform two experiments using artificial and 
realistic image data to evaluate the performance of the algorithm. 
 
1. INTRODUCTION 
Endoscopy is a frequently used method in diagnosis and treatment of medical 
conditions. During interventions still images are taken for documentation purposes. 
Furthermore, these images can be used for computer-based image processing and 
analysis [1]. Increasing the quality of sharp stills taken during endoscopic procedures 
using image sharpness measures has been the topic of [2]. In this paper, we present 
an Extended Depth of Field (EDoF) solution for endoscopic images. 
 
2. EXTENDED DEPTH OF FIELD 
EDoF refers to the combination of depth information from multiple frames into a 
single image. To this end, we apply an algorithm which compensates camera 
movement between frames based on [3] which uses techniques presented in [4] to 
avoid the specular reflections on the colon surface. Subsequently, images are 
decomposed into different sub-bands using Discrete Wavelet Transform (DWT) and 
Stationary Wavelet Transform (SWT) [5]. These corresponding sub-bands of the 
frames are combined and the inverse transforms are used to recompose the final 
image. Our implementation of the algorithm proposed by Bradley and Bamford is 
based on RealTimeFrame [6,7]. 
 

 
Figure 1: Three out of a series of eight beaded deer photos taken with varying focus 
 
3. EXPERIMENTAL EVALUATION 
We used two experimental setups for evaluation. We conducted two experiments 
with the first setup consisting of a series of eight images taken for the purpose EDoF 
processing [8]. Three of these images are presented in Figure 1. Both results 
illustrated in Figure 2 and Figure 3 document that the first input image has the most 
influence on the results. Though noticeable improvements in the bottom parts of the 
images are documented, a certain degree of the sharpness in the topmost areas is 
lost. 



 
Figure 2: EDoF results using one level of DWT and two levels of SWT 

 
Figure 3: EDoF results using three levels of SWT 
 
The second series of experiments was performed on frames taken from an 
endoscopic video sequence.  
 

 
Figure 4: Left - Original sequence start image. Right - EDoF results using seven levels of SWT. 
 
Figure 4 indicates that the EDoF algorithm was not successful in increasing the 
image quality. However, the disturbing reflections clearly visible in the left image have 
been concealed by low frequency information from subsequent images. 
 
4. CONCLUSION 
Experiment 1 clearly shows that the algorithm generally works. However, the 
selection of the first images is vital for the quality of the results. Experiment 2 
indicates that requirements to image quality and motion compensation are very high 
and that quality improvements cannot be achieved in every case. These results 



suggest using a lower number of high quality input images to be determined by an 
arbitrary sharpness measure such as Sum Modulus Difference (cp. [2]). 
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Implemented algorithm

Endoscopy: Common medical procedure for 
diagnosis and treatment

Minimally invasive

High quality video streams

Still shots taken for documentation and sub-
sequent computer based image processing [1,2]

Combination of depth information from multiple 
frames into a single image [3]

Decomposition into frequency subbands by

Discrete Wavelet Transform (DWT)

Stationary Wavelet Transform (SWT)

Experiment 1:

Algorithm generally works

First input image essentially defines out 
image quality

Order of remaining images is irrelevant

Experiment 2:

Very high requirements for image quality 
and motion compensation in endoscopic 
frame sequences

Lower number of high quality input images

Quality check using sharpness metrics such as 
SMD [2] prior to camera movement compen-
sation and EDoF to select first input image

1st Experimental Setup
Series of eight images taken for the purpose of 
EDoF processing [8]

Little movement, ideal illumination

All necessary details included in series

2nd Experimental Setup

Video Sequence from Narrow Band imaging 
Colonoscopy with 60 frames

Specular reflections

Blur and camera movement

Figure 4:Three out of a series of eight 
photos taken with varying focus

Figure 5: EDoF results using one level of 
DWT and two levels of SWT

Figure 7: Original sequence start image

Splitting of video streams 
into single images

Compensation of
camera movement [4]

Specular reflection 
detection and removal [5]

Frame
decomposition

Subband
merging

Recomposition
of result image

Figure 1: Example images (left, middle) and 
EDoF result (right) from microscopy

Figure 2: DWT frequency     
subband decomposition

Figure 3: SWT frequency 
subband decomposition

Acquisition of 
HD video streams from endoscope
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Results:

Noticeable quality improvements in lower 
image regions / Small quality loss in upper 
images regions

Gain in average image quality

Dominating influence of first input image 
(sharper upper region) 

Figure 6: EDoF results using three levels 
of SWT

Figure 8: EDoF results using seven levels of SWT
Results:

No quality improvements on average

Introduction of small defects

Specular reflections removed
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