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Abstract: 

A capsule endoscope is a swallowable remote little camera for getting pictures of the gastrointestinal (GI) mucosa. The underlying capsule 

endoscope model was created by Given Imaging and affirmed in Western nations in 2001. Prior to the presentation of capsule endoscopy (CE) and 

double-balloon endoscopy (DBE), there was no powerful methodology for the assessment and the executives of patients with obsure GI bleeding. 

Obsure GI draining is characterized as seeping of obscure birthplace that endures or repeats after a negative beginning or essential endoscopy 

(colonoscopy or upper endoscopy) result. The main capsule endoscope model, which is currently viewed as a first-line device for the discovery of 

variations from the norm of the little entrail, was the PillCam SB. It was endorsed in Japan in April 2007. The principle sign for utilization of the 

PillCam SB is obsure GI bleeding. Nearly the solitary difficulty of CE is capsule maintenance, which is the capsule staying in the stomach related 

parcel for at least fourteen days. A held capsule can be recovered by DBE. There are a few impediments of CE in that it can't be utilized to acquire a 

biopsy example or for endoscopic treatment. In any capsule, the mix of a PillCam SB and DBE is by all accounts the best methodology for the 

executives of obsure GI bleeding. As of late, a few new sorts of capsule endoscope have been grown, for example, Olympus CE for the little entrail, 

PillCam ESO for examination of esophageal illnesses, and PillCam COLON for identification of colonic neoplasias. Sooner rather than later, CE is 

required to positively affect numerous parts of GI illness assessment and the executives. 
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1. Introduction  

Ingestible robotic wireless capsule endoscopy, also 

known as Wireless Capsule Endoscopy (WCE) was 

introduced in the year 2000 [1], with the initial model 

developed by Given Imaging Ltd. This Israeli group 

obtained clearance from the United States Food and 

Drug Administration (FDA) in August 2001 [2]. WCE 

is a minimally non-invasive way of screening or 

inspecting the gastrointestinal (GI) tract without 

sedation and discomfort. It is in the frontline amongst 

the promising technologies assisting the future of 

medicine and to save the lives of people [3], [4] who 

could not bear the screening drawbacks of wired 

traditional endoscopy such as laparoscopy and 

colonoscopy which takes longer time in the 

examination process, painful, puncture or tear of the 

walls of the intestine and difficulty in breathing [5].  

Due to the drawbacks mentioned earlier of the 

traditional endoscopy, there was a need to develop 

WCE which consists of a wireless miniature imaging 

camera that can capture and transmit video images at 

two frames per seconds. As the capsule swallowed, it 

takes images of the GI tract as it navigates the 

oesophagus passing through the stomach and small 

intestine down to large intestine and later reflexively  
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defecated from the body. The entire track inspected for 

related mucosal diseases like the Obscure 

Gastrointestinal Bleeding (OGIB) [6], tumours, 

Chron's and celiac diseases [6], [7]. The captured 

images are transmitted digitally to the recorder worn 

like a belt around the patient's waist. After eight hours, 

clinicians can cross-examine the video data for results 

in approximately two hours [8].  

In the fullness of time, WCE will be controlled or 

guided externally by the magnetic actuator to ease its 

orientation and locomotion [9], microgripper attached 

for polyp removal [10], drugs delivery at a targeted 

point [11], [12], the quality of images improved, the 

number of captured images reduced to save analysis 

period, controlled actively and biopsy for tissue 

surface mapping and localisation [10]. 

Consequently, this dissertation focuses on the past, 

present, and future advantages of ingestible robotic 

wireless capsule endoscopy. 

 

2.Overview of ingestible wireless robotic capsule 

endoscopy 

2.1 Origin of ingestible wireless capsule endoscopy 

After the first attempt made by Philipp Bozzini on 

endoscopy capsule in 1806 [13], Senior engineer, 

GavrielIddan who was on sabbatical from the Israeli 

Ministry of Defence went to Elscint company in 

Boston, USA, during his stay he studied X-ray and 

medical imaging in 1981 [14]. During his research 

with his friend Eitan Scapa, an Israeli 

gastroenterologist [14], Iddan observed that fibre 

optics could use the inspection of the gastrointestinal 

tract, but the gastroenterologist explained to him that is 

possible, but it cannot reach or inspect the small bowel 

because of its length and nature of the bowel. This 

been a challenge for Iddan, ten years later, he thought 

of using a small Charged-Coupled Device (CCD) and 

connecting its camera which is very small to the 

electrical umbilical cord [14], [15]. It generated more 

problems like the high consumption of energy, 

controlling the capsule's locomotion, cleaning the 

surface of the camera lens and time taken for doctors 

to screen the patients' images. 

 

 

                      

Figure 2.1 Initial prototype of ingestible robotic 

capsule endoscope with CCD [16] 

Capsule A, (Figure 2.1A) is NORIKA 3, submarine-

like WCE and developed in 1997 [16] 

Capsule B. (Figure 2.1B) is SAYAKA, is the first 

capsule without battery announced in 2001[16] 

            With the problems at hand, Iddan in 1993 

decided to split the capsule configuration into three 

different parts namely, 

Part 1: The camera and transmitter section[17] 

Part 2: The receiver worn like a belt on the patient’s 

waistline [18] 

Part 3; The computer system to view the captured 

images [14], [19] 

With the problems highlighted, a team of engineers 

and researchers were interested in solving the issues 

with power consumption and low frame resolution 

[20] and realisation of the capsule was prevented by 

limits in available technology [21]. At that time, the 
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CCD imager which primary function was to transfer 

charges generated by a process called photoelectric 

conversion via bucket relay [22]. Nevertheless, the 

CCD at their disposal drained the battery faster than 

expected because it consumed more of its power as it 

travelled down the GI tract. With the Light Emitting 

Diodes (LEDs) for illumination and the invention of 

Complementary Metal Oxide Silicon (CMOS) whose 

imager can convert the charge into voltage and at the 

same time light to electronic signals. Despite the 

signals generated were initially weak but later 

amplified [23], they could minimise the power issue, 

and the low frame rate managed by designing an ogive 

shaped lens to remove reflections internally [21]. With 

these CMOS, miniaturised LEDs and Application-

Specific Integrated Circuits (ASIC) researchers could 

realise the dynamics and made advancements in the 

capsule. With special thanks to Iddan's patient, Giving 

Imaging Inc. introduces the ingestible wireless robotic 

capsule that moves along the track by peristaltic 

contractions [6], [21], [24].  

With this latest development made in Israel, live 

images were sent from pig’s stomach by Paul Swain in 

the United Kingdom who experimented independently 

[14]. In the presence of the 8-10 members of the 

Giving Image team, Paul Swain was honoured to be 

the first human in the world to ingest the capsule 

endoscope in October 1999 at Dr Scapa’s office [14]. 

The capsule remained in his stomach for more than 

three hours until Scapa inserted an endoscope which 

moved the capsule into the duodenum (small intestine) 

without sedation, working prototypes were produced 

in January 1999 by the Given Imaging research and 

development group headed by Dr ArkadyGlukhovsky 

[14] 

This led to the approval of the first clinical capsule, 

M2A (also known as mouth to anus capsule and the 

name later changed to PillCam SB [19], [20], [24], 

[25] by the United States Food and Drug 

Administration (FDA) in August 2001 [2]. 

 

2.2 Relationship between WCE and GI Tract. 

GI tract consists of the colon, small intestine, stomach 

and oesophagus [26]. An adult GI tract is 8 meters 

approximately with the convoluted small intestine 

measuring 5-6 meters in length [27],[28], oesophagus 

measures about 30cm [6] and colon, 1.5m long and 

6.5cm in diameter [29] which is easy for the traditional 

endoscope to access [6] [30].   
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Figure 2.2 Human Gastrointestinal Tract [26] 

 

2.3 Present-day ingestible robotic wireless capsule 

endoscopy 

 

When the WCE is swallowed, it moves passively by 

naturally peristaltic. WCE system consists of four 

parts, (Figure 2.3 a-c), (a) the capsule, (b) image 

recording belt and (c) the workstation (d) data recorder 

belt [6][31]. During movement, images are captured, 

and it uses the LEDs as a light source for the CMOS 

image sensor [32]. The images are transmitted by 

ASIC chip [33] to the receiver worn by the patient. 

The image transmission depends on the manufacturer, 

like the MicroCam, the images are transmitted via 

human body communication were human tissues are 

used as a conductor for the electrical field generated 

by the capsule [9]. After a few hours, the images are 

retrieved and processed in the workstation computer 

[1], [20].  

Modules of the entire WCE system 

1. Optical dome  

2. Lens holder 

3. Lens 

4. LEDs 

5. CMOS imager 

6. Battery 

7. ASIC receiver 

8. Antenna 

  

 Figure2.3(a) A typical(M2A)WCE,embedded with 

the components 1-8 above [6]M2A.  

(Figure 2.3a) describes the various components in its 

internal design. Ranging from the CMOS image sensor 

in combination with LEDs and lens for images 

capture, ASIC transceiver for transmission using the 

antenna attached to it to send the image data down to 

the receiver, and the power unit which contains two 

batteries, the receiver sends the signals to the leads to 

know the location of the capsule. 

 

  Figure 2.3 (b) The recording unit for images [6] 

 

The recording units, consists of data recorder belt and 

sensory leads (sensory leads shown in Figure 2.3b 

above) consists of 8 tips or antennas with disposable 

sensors which are attached to patient's skin according 

to the manufacturers' specifications. These leads are 

used to know the capsule's actual location wirelessly 

[6], [31].  

Data Recorder Belt is linked to the sensors by coaxial 

cable to receive signals sent by the capsules. This 
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recorder belt comprises the receiver, a hard disk to 

store the data and a section that processes the leads 

[31]. The recorder belt's feedback path is the blinking 

blue light to indicate the dedicated connectivity 

between the leads sensors and capsules and to show 

the recorder is recording data [31]. 

 

    

Figure 2.3c. The computerised workstation [6] 

 

The workstation shown in Figure 23c receives the hard 

disk drives, processes the data stored, and outputs it in 

video or picture format. It helps physicians to view the 

video slides in frame usually in 1 to 50 frames per 

second, and there is an option for playback [25], [34], 

[35]. 

 

2.4 Application of wireless robotic capsule endoscopy 

Notwithstanding the high cost of the capsule presently, 

there is potential for a price reduction when there is an 

increase in demand for capsule endoscopes. WCE can 

be used to diagnose or in some cases help doctors to 

determine possibilities for reoccurrence of the 

following GI tract related diseases  

 

2.4.1 GI tract bleeding  

Bleeding in the GI tract can be divided into active and 

inactive, and it may be seen anywhere in the GI tract 

[36]. Active bleeding refers to proof of evolving 

bleeding, while the idle or slow bleeding refers to 

bleeding after an endoscopy have been performed 

[37],[38]. These two types of bleeding are also known 

as OGIB. When bleeding persists Double-Balloon 

Enteroscopy (DBE) which is an option for OGIB, or 

Computer Tomography (CT) can be applied to locate 

the actual bleeding spot instead of Capsule Endoscopy 

(CE) only [31], [36], [37], [39]. 

 

2.4.2 Ulcer 

It is another type of small bowel disease, and it can be 

detected using related visual properties like the colour, 

shapes and textures [40]. The ulcerous region shows 

apparent variety in terms of colour if analysed with 

haemorrhage and its surroundings [39],[40]. Therefore, 

images captured by the WCE can be analysed based on 

the information from the pixel and frame with an 

advanced algorithm.  

 

2.4.3 Polyp 

The polyp is formed when tissue grows abnormally 

from a mucous membrane and form a lump. It could 

lead to colorectal cancer if left untreated. The number 

of people with this most common cancer has increased 

because the traditional endoscopes find it challenging 

to access the small intestine but use radiological 

devices which is not as accurate and lower sensitivity 

when compared with CE. 

Other areas were WCE is very useful are in 

diagnosing Crohn’s disease (inflammation of the 

lining of the digestive system, identified by Dr Buril 

Crohn in 1932) [35], [36], [41], celiac 
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disease (inflammation of the small intestine) [38], 

[42], [43], oesophagus and colon diseases[44]–[46]. 

 

 

 

3. Ingestible robotic wireless capsule endoscopy of 

the future.  

Based on the existing technologies of the current 

WCE, there are still limitations and shortcomings. The 

major drawbacks of the present capsule: 

1.  it uses passive movement in the GI  

2.  it is not easy to track position and localise the 

orientation in the three coordinate plane  

3.  delivery of drugs to a targeted point occurs 

4. Tissue issue extraction for analysis and power 

[1], [16],[4].  

 

Movement  

Active locomotion of the capsule is divided into two, 

namely, internal and external locomotion. Internal 

locomotion is the tendency for the capsule to crawl 

through the lumen, earthworm-like actuation and 

navigating the convoluted stomach [1]. External 

locomotion is when a magnet controls the capsule 

locomotion. Been that as it may, the mechanical 

actuator may be limited by the size of the capsule 

which manufacturers want to make swallowable and 

the on-board power to maximise space. So, there is a 

need for energy storage [47]–[49]. 

 

Position and localisation 

It is straightforward for the gastroenterologist to 

receives images as the capsule goes down the track but 

is often difficult and impossible to retrieve the actual 

location of the capsule except by Radio Frequency 

(RF), CT and ultrasound [50], [51]. Knowing the area 

can facilitate playback and drug delivery. In the future, 

there is need to provide a closed-loop path that helps in 

the actual position of the capsule. Because the 

calibration of the sensors on the body can never be 

relied upon. Since is subjected to errors due to 

calibration and body movement [47]. 

 

Captured images 

The major challenge of the present WCE is the quality 

of these images transmitted because it uses low power 

and less complexity [52], [53]. In the future, there is a 

need to use a compressor that can save power since a 

more significant number of powers consumed for 

transmission of images to the data logger. 

 

Biopsy  

Presently available capsules can only monitor and 

examine diseases in the GI tract. The tendency to 

perform the surgery has been on the experimental desk 

and is not feasible clinically. The regulatory body did 

not accept Crosby-Kugler biopsy capsule [10], [50]. 

Because the capsules forceps could not hit the targeted 

tissue, the workspace and size of the forceps were not 

visible by the camera, and the grippers could open just 

once [10], [38], [42], [50]. In future, there is a need to 

incorporate micro-gripper to enable drug delivery and 

polyp removal[10], [54].  

 

Conclusion 

Iddan and Scapa invented the first approved ingestible 

robotic capsule endoscopy to minimise the invasive 

traditional endoscopy methods, also known as wireless 

capsule endoscopy. The FDA did approval in 2001. 

The drawbacks of the traditional endoscopes were 

pains, sedations, inability to access the small intestine.  
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As explained in chapter 2, the ingestible robotic 

capsule comprises a lens, LEDs, battery and CMOS 

image sensor. The capsule transmits the 

gastrointestinal (GI) tract images via the image sensor 

to the receiver worn by the patient. The image data are 

stored in the hard disk drive in the receiver; the eight 

sensors on the patient body are to locate the position of 

the capsule in the GI. The gastroenterologist later 

removes the hard drive, and the data is analysed in the 

computerised workstation. 

As explained in chapter 3, there is a need for 

technological advancements to overcome the 

shortcoming of present-day WCE to solve power, 

localisation, active locomotion, sensing, biopsy and 

drug delivery. 

This dissertation concluded that shortly there would be 

a reduction in the cost of WCE. Moreover, with the 

increase in the majority of work done there will be 

improved quality, eroding the supremacy of traditional 

endoscopy, and it will become the only teleoperated 

and screening tool for GI tract related diseases [55]. 

 

 

References  

 

[1] P. R. Slawinski, K. L. Obstein, and P. Valdastri, 

“Capsule endoscopy of the future: What’s on the 

horizon?,” World Journal of Gastroenterology, vol. 

21, no. 37, pp. 10528–10541, 2015. 

[2] I. Loványi, G. Pák, and L. Vajta, “New 

Technologies in Medical Imaging : New Challenges in 

Picture Evaluation,” INES 2008 • 12th International 

Conference on Intelligent Engineering Systems, no. 

Vc, p. 5, 2008. 

[3] R. Caprara et al., “A platform for gastric cancer 

screening in low- and middle-income 

countries.,” IEEE transactions on bio-medical 

engineering, vol. 62, no. 5, pp. 1324–1332, 2015. 

[4] B. F. Campisano et al., “Gastric Cancer Screening 

in Low-Income Countries,” no. June, pp. 73–81, 2017. 

[5] N. Dey, A. S. Ashour, F. Shi, and R. S. Sherratt, 

“Wireless Capsule Gastrointestinal Endoscopy: 

Direction of Arrival Estimation based Localisation 

Survey,” IEEE Reviews in Biomedical Engineering, 

vol. 10, pp. 1–1, 2017. 

[6] M. R. Basar, F. Malek, K. M. Juni, M. S. Idris, and 

M. I. M. Saleh, “Ingestible wireless capsule 

technology: A review of development and future 

indication,” International Journal of Antennas and 

Propagation, 2012. [Online]. Available: 

https://www.hindawi.com/journals/ijap/2012/807165/fi

g2/. [Accessed: 08-Apr-2018]. 

[7] Q. Zhao and M. Q.-H. Meng, “Polyp Detection in 

Wireless Capsule Endoscopy Images Using Novel 

Color Texture Features,” Intelligent Control and 

Automation (WCICA), 2011 9th World Congress on, 

pp. 948–952, 2011. 

[8] B. Li and M. Q. H. Meng, “Capsule endoscopy 

video Boundary Detection,” 2011 IEEE International 

Conference on Information and Automation, ICIA 

2011, no. June, pp. 373–378, 2011. 

[9] X. He, Z. Zheng, and C. Hu, “Magnetic 

localisation and orientation of the capsule endoscope 

based on a random complex algorithm,” Medical 

Devices: Evidence and Research, vol. 8, pp. 175–184, 

2015. 

[10] S. Yim, S. Member, E. Gultepe, and D. H. 

Gracias, “Biopsy using a Magnetic Capsule Endoscope 

Carrying , Releasing , and Retrieving Untethered 

Microgrippers,” vol. 61, no. 2, pp. 513–521, 2014. 

[11] S. P. Woods, T. G. Constandinou, and S. 

Member, “Wireless Capsule Endoscope for Targeted 



International Journal of Scientific Research and Engineering Development-– Volume 3 Issue 6, Nov-Dec 2020 

Available at www.ijsred.com 

ISSN : 2581-7175                                  ©IJSRED:All Rights are Reserved Page 1236 

 

Drug Delivery : Mechanics and Design 

Considerations,” IEEE Transactions on Biomedical 

Engineering, vol. 60, no. 4, pp. 945–953, 2013. 

[12] F. Munoz, G. Alici, and W. Li, “A review of drug 

delivery systems for capsule endoscopy,” Advanced 

Drug Delivery Reviews, vol. 71, pp. 77–85, 2014. 

[13] J. Heskett, “The historical evolution of 

design,” design, no. July, pp. 8–23, 2005. 

[14] S. N. Adler, “The history of time for capsule 

endoscopy,” Annals of Translational Medicine, vol. 5, 

no. 9, pp. 194–194, 2017. 

[15] J. M. Santisi, Video capsule endoscopy :, vol. 71, 

no. 5. 2001. 

[16] A. Koulaouzidis, D. K. Iakovidis, A. Karargyris, 

and E. Rondonotti, “Wireless endoscopy in 2020: Will 

it still be a capsule?,” World Journal of 

Gastroenterology, vol. 21, no. 17, pp. 5119–5130, 

2015. 

[17] Y. Zhao and Y. Lou, “A vision based navigation 

for capsule endoscopies,” Proceedings of the 2013 

IEEE 8th Conference on Industrial Electronics and 

Applications, ICIEA 2013, no. 2011, pp. 723–728, 

2013. 

[18] A. Evidence and B. Analysis, “Wireless Capsule 

Endoscopy,” vol. 3, no. 2, 2003. 

[19] F. Carpi, N. Kastelein, M. Talcott, and C. 

Pappone, “Magnetically controllable gastrointestinal 

steering of video capsules,” IEEE Transactions on 

Biomedical Engineering, vol. 58, no. 2, pp. 231–234, 

2011. 

[20] G. Pan and L. Wang, “Swallowable wireless 

capsule endoscopy: Progress and technical 

challenges,” Gastroenterology Research and Practice, 

vol. 2012, 2012. 

[21] G. Ciuti, A. Menciassi, and P. Dario, “Capsule 

Endoscopy : From Current Achievments to Open 

Challenges,” IEEE transactions on bio-medical 

engineering, vol. 4, pp. 59–72, 2011. 

[22] L. Kim and S. C. Tang, “Capsule robot, Modular 

robot, Endoscopy, Wireless power transmission. 1.,” 

no. Iccas, pp. 350–354, 2013. 

[23] G. Ciuti et al., “Frontiers of robotic endoscopic 

capsules: a review,” Journal of Micro-Bio Robotics, 

vol. 11, no. 1–4, pp. 1–18, 2016. 

[24] T. Nakamura and A. Terano, “Capsule 

endoscopy: Past, present, and future,” Journal of 

Gastroenterology, vol. 43, no. 2, pp. 93–99, 2008. 

[25] S. N. Adler and Y. C. Metzger, “PillCam COLON 

capsule endoscopy: Recent advances and new 

insights,” Therapeutic Advances in Gastroenterology, 

vol. 4, no. 4, pp. 265–268, 2011. 

[26] “How Your Gastrointestinal Tract Works - MU 

Health Care.” [Online]. Available: 

https://www.muhealth.org/conditions-

treatments/surgical/bariatrics/getting-started/anatomy-

and-function-of-the-gi-tract. [Accessed: 08-Apr-2018]. 

[27] M. Liedlgruber and A. Uhl, “Endoscopic image 

processing - an overview,” 2009 Proceedings of 6th 

International Symposium on Image and Signal 

Processing and Analysis, pp. 707–712, 2009. 

[28] J. L. Gorlewicz et al., “Wireless insufflation of 

the gastrointestinal tract,” IEEE Transactions on 

Biomedical Engineering, vol. 60, no. 5, pp. 1225–

1233, 2013. 

[29] A. Wang et al., “Wireless capsule 

endoscopy,” Gastrointestinal Endoscopy, vol. 78, no. 

6, pp. 805–815, 2013. 

[30] S. C. Tapia-Siles, S. Coleman, and A. Cuschieri, 

“Current state of micro-robots/devices as substitutes 

for screening colonoscopy: assessment based on 

technology readiness levels,” Surgical Endoscopy and 



International Journal of Scientific Research and Engineering Development-– Volume 3 Issue 6, Nov-Dec 2020 

Available at www.ijsred.com 

ISSN : 2581-7175                                  ©IJSRED:All Rights are Reserved Page 1237 

 

Other Interventional Techniques, vol. 30, no. 2, pp. 

404–413, 2016. 

[31] H. Q. Health Quality Ontario, “Wireless capsule 

endoscopy: an evidence-based analysis.,” Ontario 

health technology assessment series, vol. 3, no. 2, pp. 

1–35, 2003. 

[32] L. Tang, C. Hu, K. Xie, C. Cheng, and Z. Liu, 

“Optimised design of Capsule endoscopy lens based 

on ZEMAX,” 2011 IEEE International Conference on 

Information and Automation, ICIA 2011, no. June, pp. 

57–62, 2011. 

[33] O. Alonso, L. Freixas, and A. Dieguez, 

“Advancing towards smart endoscopy with specific 

electronics to enable locomotion and focusing 

capabilities in a wireless endoscopic capsule 

robot,” 2009 IEEE Biomedical Circuits and Systems 

Conference, BioCAS 2009, pp. 213–216, 2009. 

[34] S. P. Woods, T. G. Constandinou, and S. 

Member, “A Novel Holding Mechanism for Next 

Generation Active Wireless Capsule Endoscopy,” pp. 

1181–1185, 2015. 

[35] S. K. Mohammed, F. Deeba, F. M. Bui, and K. A. 

Wahid, “Application of modified ant colony 

optimisation for computer aided bleeding detection 

system,” Proceedings of the International Joint 

Conference on Neural Networks, vol. 2016–Octob, pp. 

4317–4324, 2016. 

[36] X. Jia and M. Q.-H. Meng, “A deep convolutional 

neural network for bleeding detection in Wireless 

Capsule Endoscopy images,” 2016 38th Annual 

International Conference of the IEEE Engineering in 

Medicine and Biology Society (EMBC), pp. 639–642, 

2016. 

[37] S. B. Ingle and J. A. Alexander, “Recurrent 

Obscure Gastrointestinal Bleeding : Time for 

Provocative Thinking ?,” vol. 3, no. 7, pp. 571–573, 

2007. 

[38] O. H. Maghsoudi, M. Alizadeh, and M. 

Mirmomen, “A computer aided method to detect 

bleeding, tumor, and disease regions in Wireless 

Capsule Endoscopy,” 2016 IEEE Signal Processing in 

Medicine and Biology Symposium, SPMB 2016 - 

Proceedings, 2017. 

[39] L. Yu, P. C. Yuen, and J. Lai, “Ulcer detection in 

wireless capsule endoscopy images,” Proceedings - 

International Conference on Pattern Recognition, no. 

ICPR, pp. 45–48, 2012. 

[40] M. Souaidi, “A fully automated Ulcer detection 

system for Wireless Capsule Endoscopy images,” pp. 

1–6, 2017. 

[41] R. S. Sri, A. S. Oliver, and S. Shanthini, 

“Detection of Hookworm Infection in the Wireless 

Capsule Endoscopy Images,” pp. 1–5, 2017. 

[42] T. D. Than et al., “An effective localisation 

method for robotic endoscopic capsules using multiple 

positron emission markers,” IEEE Transactions on 

Robotics, vol. 30, no. 5, pp. 1174–1186, 2014. 

[43] T. D. Than, G. Alici, H. Zhou, and W. Li, “A 

review of localisation systems for robotic endoscopic 

capsules,” IEEE Transactions on Biomedical 

Engineering, vol. 59, no. 9, pp. 2387–2399, 2012. 

[44] Q. Shao, H. Liu, H. Li, and Y. Yang, “Miniature 

pH sensor for capsule endoscopy with composite 

diagnosis,” Proceedings of IEEE Sensors, vol. 2014–

Decem, no. December, pp. 339–342, 2014. 

[45] Y. Wang, C. Cai, J. Liu, and Y. X. Zou, “a 

Parametric Modeling Approach for Wireless Capsule 

Endoscopy Hazy Image Restoration,” IEEE 

International Conference on Acoustics, Speech and 

Signal Processing, no. April 2015, pp. 922–926, 2015. 



International Journal of Scientific Research and Engineering Development-– Volume 3 Issue 6, Nov-Dec 2020 

Available at www.ijsred.com 

ISSN : 2581-7175                                  ©IJSRED:All Rights are Reserved Page 1238 

 

[46] V. B. S. Prasath, I. N. Figueiredo, P. N. 

Figueiredo, and K. Palaniappan, “Mucosal region 

detection and 3D reconstruction in wireless capsule 

endoscopy videos using active contours.,” Annual 

International Conference of the IEEE Engineering in 

Medicine and Biology Society (EMBC), vol. 2012, pp. 

4014–7, 2012. 

[47] S. Denmark, “AN ADAPTIVE LOCALISATION 

TECHNIQUE FOR WIRELESS CAPSULE 

ENDOSCOPY The University of Sydney , Australia , 

KTH Royal Institute of Technology , Sweden , 

Worcester Polytechnic Institute , USA ,.” 

[48] G. Chen, X. Wang, and Y. Lou, “Modeling and 

simulation of magnet-guided active endoscopic 

capsules manipulated by robots,” 2014 IEEE 

International Conference on Information and 

Automation, ICIA 2014, no. July, pp. 881–886, 2014. 

[49] O. J. North, “Medical robotics for use in MRI 

guided endoscopy,” no. August, 2013. 

[50] S. Yim and M. Sitti, “3-D localisation method for 

a magnetically actuated soft capsule endoscope and its 

applications,” IEEE Transactions on Robotics, vol. 29, 

no. 5, pp. 1139–1151, 2013. 

[51] K. Jahid and M. Yazed, “Smart Antenna System 

Design for Localisation of Wireless Capsule,” pp. 3–5, 

2014. 

[52] T. H. Khan and K. A. Wahid, “Design of a 

lossless image compression system for video capsule 

endoscopy and its performance in in-vivo 

trials,” Sensors (Switzerland), vol. 14, no. 11, pp. 

20779–20799, 2014. 

[53] N. V. Malathkar, “Low-Cost Color Space Based 

Image Compression Algorithm for Capsule 

Endoscopy.” 

[54] M. Gao, C. Hu, Z. Chen, H. Zhang, and S. Liu, 

“Design and fabrication of a magnetic propulsion 

system for self-propelled capsule endoscope,” IEEE 

Transactions on Biomedical Engineering, vol. 57, no. 

12, pp. 2891–2902, 2010. 

[55] P. Swain, “The future of wireless capsule 

endoscopy,” World Journal of Gastroenterology, vol. 

14, no. 26, pp. 4142–4145, 2008. 

 

                                                                                                                                                                  

        

 


