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Abstract: In view of the unprecedented threat to the human body caused by digestive 

tract diseases, the emergence of capsule endoscopy technology has solved many 

problems in the treatment of digestive tract diseases. Based on the basic principle of 

capsule endoscope, this paper analyzes the main technical means of capsule 

endoscope, and discusses the advantages, basic composition and the latest research 

progress at home and abroad. The capsule endoscope is mainly divided into three 

parts, image detection algorithm, positioning and three-dimensional reconstruction 

direction. This paper will focus on the latest methods and techniques of 3D 

reconstruction. 
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1. Introduction 

Gastrointestinal diseases such as hemorrhage, tumors and ulcers are a great threat to 

the health of the human body. Traditional gastrointestinal examination tools such as 

ray, barium meal, and tomography scans all use the principle of indirect imaging to 

cause varying degrees of damage to the human body. Although ultrasonic testing does 

not cause any damage to the human body, its resolution is extremely limited. Inserted 

gastroscopes and proctoscopes allow direct observation of the human digestive tract 

and use optical fibers to transmit images, but these tools can cause discomfort to the 

human body. At the same time, due to the length limitation of the small intestine, 

conventional insertion endoscopes cannot be used for the entire small intestine. The 

segment is checked. The new dual-balloon enteroscopy can help doctors examine the 

entire small intestine of the patient, but the long-term examination process can also 

cause great discomfort to the human body. Therefore, the emergence of wireless 

capsule endoscopes solves the above problems [1-3]. 
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2. Capsule endoscope principle and basic composition 

Wireless capsule endoscope, referred to as wireless endoscope or capsule endoscope, 

is a new type of non-invasive gastrointestinal examination tool. This common capsule-

sized endoscope consists of tiny components. When the patient swallows, the 

endoscope begins to take images in the patient's digestive tract at 2 frames per second, 

and the captured image is wirelessly transmitted. It is transmitted to the receiving 

terminal outside the patient's body, and the image is finally diagnosed by the doctor 

using the image workstation. Compared with traditional tomography, magnetic 

resonance imaging and insertion endoscopes, this technique can detect the entire 

small intestine noninvasively [4]. 

A typical capsule endoscope system consists of several important components: a 

wireless capsule, a portable image-receiving device, a battery pack, and a computer 

workstation. 

Wireless Capsule: The capsule is in the shape of a capsule approximately 11 mm in 

diameter and approximately 26 mm in length, including many micro-components: a 

battery pack, a set of lenses, four light-emitting diodes, and a set of antenna emitters. 

When the capsule enters the body, the picture is transferred to the waist receiver at 

a rate of 2 frames per second. Capsules can work in the body for 7-8 hours, delivering 

approximately 50,000 images at 2 frames per second. The lens of the capsule is 

spherical and produces a viewing angle of 140 degrees. 

Receiving Recording Device: This device is used to receive and record pictures 

obtained by the wireless capsule in the human body. It is worn on the waist of the 

subject and 8 wires are attached to the designated position on the abdomen. The 

receiving device can be worn under ordinary clothes so as not to affect the normal life 

of the patient. The recording device can record thousands of images acquired through 

8 wires and antenna groups, and the patient's behavior generally does not interfere 

with image acquisition and recording. 

Computer workstation: When the patient completes the endoscopy, the antenna set 

and image recording device are sent back to the analyst. The data in the recording 

device will be entered into a computer workstation where the data will be visualized 

as a digital image. Workstation software allows doctors to view images at different 

rates, in different spatial and temporal directions. 

Compared with the traditional endoscope, the wireless capsule endoscope inputs the 

device into the body by swallowing, which is a non-invasive detection method, which 

greatly reduces the suffering of the patient. The device is a pill-mounted device 

consisting of a short focal length CMOS camera, light source, battery and wireless 

transmission. When the patient is going to swallow, the micro device is pushed by the 

peristalsis of the intestine, and the picture is recorded and transmitted by wireless 
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transmission. 

 

3. Capsule endoscopy research direction 

Since the capsule endoscope can only capture two-dimensional images, the lack of 

three-dimensional information makes it difficult for doctors to diagnose and perform 

surgery on intestinal patients. Therefore, the research on three-dimensional 

reconstruction technology of intestinal capsule endoscopic images is Very important, 

the capsule endoscope is a brand new technology, which is mainly divided into three 

parts: image detection algorithm, positioning and 3D reconstruction direction. 

(1) Image detection algorithm 

Since the capsule endoscope is photographed under conditions of low brightness in 

the gastrointestinal tract, it is necessary to enhance the image. In literature [5], a 

blood vessel enhancement algorithm based on spectral transformation is proposed 

based on the absorption characteristics of blood vessels. By enhancing the G and B 

components of the image and reducing the R component, the algorithm produces a 

significant contrast between the tissue background and the hues of the blood vessels, 

and separates the luminance and detail layers of each channel by directional filtering 

and details the vascular features. Layer enhancements further increase image contrast. 

The advantage of the algorithm is that it clearly shows the mucosal structure, tissue 

characteristics and microvessels in the mucosal layer. In [6], the correlation coefficient 

analysis method and the cepstrum analysis method are applied to the recognition 

application of the endoscopic image fuzzy parameters, and the function of parameter 

recognition for both defocus blur and motion blur is realized, and the spatially blurred 

image is Recovery, an interactive recognition and recovery method is proposed. The 

error-parameter analysis method is used and improved to identify the fuzzy 

parameters of the spatially blurred image. 

(2) Feature extraction 

Endoscopic images are usually saved in the form of RGB images, and color-based 

features can be used to extract color-based features in different color spaces. 

Obtaining appropriate feature representation is the key to the success of a 

classification system. Literature [7] summarizes the methods based on candidate 

characteristics and endoscopic image analysis based on convolutional neural networks. 

It is introduced that the convolutional layer of convolutional neural networks also has 

its own characteristics in the process of feature extraction, such as the front The 

convolution layer tends to extract low-order features such as edges, shapes, and 

colors, while the lower convolution layer tends to extract high-level semantic features. 

Literature [8] extracted from three aspects of the characteristics. When the color 

feature of the capsule endoscope image is acquired, a larger weight is set for the hue 
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component, and a smaller weight is set for the other two, and the specific weight 

number is determined by the quantization level of S, I. When the texture features of 

the wireless endoscopic image are extracted, the center pixel is used as an index to 

compare the grayscale values of the adjacent eight pixels, and the LBP histogram is 

used to describe the image texture information. When extracting the scale invariant 

feature transformation features of wireless endoscopic images, it is aimed at scaling, 

translation and rotation of local features of the image, constructing scale space, 

detecting local space extreme points, determining precise extreme point positions, 

assigning feature point directions, and generating Feature descriptors that match 

feature points. Finally, the three features are merged to get the best results. 

(3) 3D reconstruction 

The three-dimensional reconstruction technique of endocardial surface plays a role in 

surgical navigation and target localization in the three-dimensional mapping system. 

The core of the three-dimensional model of the heart is the three-dimensional 

reconstruction of the scattered point cloud. At present, the common three-dimensional 

reconstruction techniques of scattered point clouds include: implicit surface 

reconstruction, surface reconstruction based on geometric deformation and surface 

reconstruction based on Delaunay/Voronoi method. A surface dynamic 3D 

reconstruction algorithm based on Delaunay is proposed in [9]. Based on the CGAL 

non-recursive method of point-by-point interpolation calculation Delaunay splitting 

algorithm, in the process of splitting, the umbrella surface of the associated sample 

points is used to replace the set of surface patches that do not satisfy the Gabriel 

criterion in the original surface, and the endocardial surface structure Dynamically 

updated as the point cloud Delaunay split changes. At the same time, in order to 

effectively express the Delaunay section of the endocardial surface and its point cloud, 

and to quickly index the tetrahedral mesh and the surface triangular patch, a 

geometric data structure based on vtkDataArray is proposed. Literature [10] proposed 

a reconstruction method based on intestinal fold interpolation to solve the problem of 

reconstructed intestinal incompleteness and point cloud display is not intuitive. Firstly, 

the intestine is a pipe-like prior information, and the motion recovery structure 

technique is used to reconstruct the intestinal fold contour in three dimensions, and 

then the Bessel interpolation is performed between the wrinkles to reconstruct the 

intestinal wall between the intestinal folds, thereby realizing the intestinal whole. 

Three-dimensional structure reconstruction, and finally on the OpenGL platform, 

rendering and displaying the three-dimensional structure of the intestine. The contour 

of the intestinal structure reconstructed by the method is accurate and can clearly and 

intuitively display the intestinal structure. A method for three-dimensional 

reconstruction of the gastrointestinal tract based on capsule endoscope sequence 
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images is proposed in [11]. Firstly, the SIFT algorithm is used to extract as many 

corresponding feature points from the two sequences before and after; the two-

dimensional coordinates of each feature point on the imaging surface are calculated; 

and the rotation matrix and translation vector of the capsule endoscopic motion 

change are further calculated by the 8-point algorithm. Then calculate the relative 

three-dimensional coordinates and world three-dimensional coordinates of each 

feature point; then, use the Delaunay triangulation algorithm to mesh each three-

dimensional point and complete the three-dimensional reconstruction of the scene. 

For the traditional algorithm, only a few feature points can be found on two pictures. 

In [12], a sequential feature point matching algorithm is proposed. Firstly, the image 

epipole is measured by the method of polar line geometry, and then a set of polar 

lines are generated, and the feature points are roughly matched, and the feature 

points are obtained by using dynamic programming to achieve dense matching. In 

[13], a method for automatically detecting and locating gastrointestinal (GI) 

abnormalities is proposed using an endoscopic video frame sequence. The key is to 

perform image training on images using image-level tags, and to detect image 

features based on automatic derivation using anomaly frame detection. Because it 

greatly reduces costs, it has become a cost-effective method for analyzing large video 

endoscopy libraries. 

 

4. The basic steps of capsule endoscope technology: 

The basic steps are mainly divided into 5 parts: 

The basic steps of implementation: 

1) Image acquisition: Before performing image processing, the camera is used to 

acquire a two-dimensional image of a three-dimensional object. Light conditions, 

camera geometry, etc. have a large impact on subsequent image processing. 

2) Camera calibration: The camera calibration is used to establish an effective imaging 

model, and the internal and external parameters of the camera are solved, so that the 

three-dimensional point coordinates in the space can be obtained by combining the 

matching results of the images, thereby achieving the purpose of three-dimensional 

reconstruction. 

3) Feature extraction: Features mainly include feature points, feature lines and regions. 

In most cases, feature points are used as matching primitives, and the form in which 

feature points are extracted is closely related to which matching strategy. Therefore, 

it is necessary to determine which matching method to use when extracting feature 

points. 

The feature point extraction algorithm can be summarized as: a method based on 

directional derivative, a method based on image brightness contrast relationship, and 



Volume 6 Issue 2 2019 

   138 

three methods based on mathematical morphology. 

4) Stereo matching: Stereo matching refers to establishing a correspondence between 

image pairs according to the extracted features, that is, one-to-one correspondence 

of imaging points of the same physical space point in two different images. Pay 

attention to the interference of some factors in the scene when matching, such as 

lighting conditions, noise interference, scene geometry distortion, surface physical 

characteristics and camera characteristics. 

5) 3D reconstruction. With more accurate matching results, combined with the internal 

and external parameters of the camera calibration, the 3D scene information can be 

recovered. Since the accuracy of 3D reconstruction is affected by the matching 

accuracy, the internal and external parameter errors of the camera, etc., the first steps 

need to be done first, so that the accuracy of each link is high and the error is small, 

so that a more accurate stereo vision can be designed. system. 

 

5. Conclusion 

The three-dimensional reconstruction information of capsule endoscopic images will 

provide new ideas for the diagnosis and treatment of lesions and precise positioning, 

and will have an important impact on the development of human gastrointestinal 

diagnosis and treatment technology. Capsule endoscopic images broaden the 

application field of traditional 3D reconstruction technology. In this continuous 

development process, new solutions will be provided for new technology research, 

and the medical diagnosis knowledge system will be continuously improved to become 

medical application and minimally invasive surgery. The cornerstone of reliability. The 

3D reconstruction technology can not only provide a complete 3D model, but also 

magnify, reduce, rotate, contrast and other interactive operations of the 3D image, 

helping the doctor to observe the region of interest from multiple perspectives and 

multi-directional observation angles. The imaging technology will continue to make up 

for the shortcomings of traditional diagnostic methods. 
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