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PhD project opportunities in the Department of Biomedical Engineering and Systems 
(http://bmes.cufe.edu.eg/) 

 

The following projects are available: 

1. Optical Nanoplasmonic Biosensors for Clinical Diagnosis: Analysis and Design (page 2) 
2. Association Analysis for Big Data Related to Rheumatoid Arthritis (RA) Based on Haplotype Block 

Partitioning and Single-Nucleotide Polymorphisms (page 3) 
3. Genome-wide Association with the Alzheimer’s Disease (page 4) 
4. High-Performance System for Detecting Novel Altered Regions of Hepatocellular Carcinoma using 

High-Throughput Sequencing (page 5) 
5. Methods for Assessing  and Evaluating the Safety of MRI Scans for Subjects with Implantable 

Devices (page 6) 
6. Studying Magnetic Resonance Imaging Techniques using the MR Fingerprinting (MRF) Paradigm 

(page 7) 
7. Stochastic Analysis and Modelling of Medical Equipment Failure Patterns (page 8) 
8. Multi-Objective Criteria for Medical Equipment Risk Assessment and Replacement (page 9) 
9. TMS Modeling and Simulation: Optimization of Electric Field Focality using MRI-Derived Brain 

Models (page 10) 
10. Computational Modelling and Simulation of Carotid Artery Atherosclerosis and Stent 

Development (page 11) 
11.  Development of a Patient-Specific Foot Orthosis based on Experimental and Numerical Analysis 

(page 12) 
12. Enhancement of Medical Quality of Experience (QoE) Through 3D Video Content Generation, 

Visualization, and Augmented Reality (page 13) 

 

Please note that the scope and availability of these projects may change.  
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Project title Optical Nanoplasmonic Biosensors for Clinical Diagnosis: Analysis and Design   

Supervisor/s Dr. Sherif Hamdy ElGohary 

Dr. Muhammad A. Rushdi 

Contact email sh.elgohary@eng1.cu.edu.eg  

Project Description Novel nanomaterials and nanostructures are actively investigated by engineers, 

biologists and chemists for a variety of applications. Recently, almost the entire 

biomedical analysis is performed employing biosensors and/or bioassays. 

Biosensors with various types have been utilized extensively in the scientific 

community for various purposes. Plasmonic optical based biosensors are 

engineered into high-performance on-chip sensors. Surface plasmon resonance 

(SPR) measurements brought a revolutionary change to the nano-scale study of 

biological and biochemical processes due to their ability to distinguish 

extremely tiny changes in the refractive index (RI) of a surface. Within this 

project, analysis, design, characterization and implementation of SPR 

biosensors that utilize angular dependence of the prism SPR condition are 

explored. The project focuses on performance analysis of plasmonic biosensors 

and implementation of plasmonic optical sensors with novel nanofabrication 

techniques for DNA-based disease detection.  

This projects aims to develop a numerical framework and applied experimental 

measurements (if possible) to explore and understand different types of SPR 

structures and measurement setups through mathematical and numerical 

techniques for  detection of different viruses. 

There are some related publications:  

S. H. El-Gohary, M. Choi, Y. L. Kim*, and K. M. Byun, "Dispersion curve 

engineering of TiO2/silver hybrid substrates for enhanced surface plasmon 

resonance detection," Sensors 16(9), 1442, September 7, 2016 

S. H. El-Gohary, J. M. Choi, N.-H. Kim, and K. M. Byun*, "Plasmonic metal-

dielectric-metal stack structure with subwavelength metallic gratings for 

improving sensor sensitivity and signal quality," Applied Optics 53(10), 2152-

2157, April 1, 2014. 

R. A. Awang, S. H. El-Gohary, N.-H. Kim, and K. M. Byun*, "Enhancement of 

field-analyte interaction at metallic nanogap arrays for sensitive localized 

surface plasmon resonance detection," Applied Optics 51(31), 7437-7442, 

November 1, 2012. 

Entrance requirements Master’s degree in biomedical engineering or a relevant engineering discipline  

Required knowledge, skills 

and interests 

Numerical simulation, mathematical modelling, nano-biosensors, optical 

characterization. 
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Project title Association Analysis for Big Data Related to Rheumatoid Arthritis (RA) Based on 

Haplotype Block Partitioning and Single-Nucleotide Polymorphisms 

Supervisor  Prof. Dr. Ayman M. Eldeib Contact email eldeib@eng.cu.edu.eg 

Project Description Genetic biomarkers are capable of changing the supervision of diseases by allowing 

not only the detection of susceptible individuals, but also early diagnosis, 

evaluation of disease severity, selection of therapy, and monitoring of response to 

therapy. Most of the researchers in the field of identifying genetic biomarkers use 

single nucleotide polymorphism (SNP) approaches to express the significance of 

their results. However, haplotype block methods are expected to play a 

complementary role in the future of that field. 

Rheumatoid arthritis (RA) is an autoimmune disease that attacks women more than 

men (with a ratio of about 3:1). The exact cause of RA is unknown, but it is thought 

to have both a genetic and an environmental bases. This research is concerned 

with not only the genetic biomarkers of RA but also the methods of identifying 

them. This research topic is focusing on genome wide association studies (GWASs).  

Due to the extreme increase in the prevalence of the RA, re-characterization of 

disease in pathological and physiological terms using biomarkers is a turn to the 

future of medicine. This research has two objectives. The first objective is 

identifying new causal SNPs related to RA susceptibility. The second objective is 

testing dataset to find out if haplotype block methods or single-locus approaches 

alone can sufficiently provide the significant genetic biomarkers associated with RA 

through GWAS (representing a big data). Moreover, cloud computing & parallel 

processing should be applied to decrease the large processing time of such big 

data. 

Entrance requirements Master’s degree in biomedical engineering or a relevant engineering discipline   

Required knowledge, 

skills and interests 

Mathematical modelling, image processing, computer vision, medical physics, 

electronics. 

Programming skills are required using for example Matlab. Statistical background is 

preferred. It is also preferred to have experience with analysis tools such as Plink, 

Haploview, SNPAnalyzer, R language. 
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Project title Genome-wide Association with the Alzheimer’s Disease 

Supervisor  Prof. Dr. Ayman M. Eldeib Contact email eldeib@eng.cu.edu.eg 

Project Description It is generally believed that genes and biomarkers implicated in age-related 
diseases such as coronary artery disease (CAD), cerebrovascular disease (CVD), and 
Alzheimer’s disease (AD) play a very important role in human aging. Identification 
of the aging genes will expand our understanding of many age-related diseases. 
 
Alzheimer’s disease (AD) is a clinically complex neurodegenerative disorder, 
projected to affect up to 81.1 million people worldwide by 2040. Genetically, 
Alzheimer’s disease is the most common form of dementia in the elderly. It can be 
divided into two types (i) cases with strong familial clustering, often showing 
Mendelian disease transmission and typically exhibiting an early (65 years) or very 
early (50 years) age of onset (collectively called EOAD), and (ii) cases of later-onset 
age (LOAD) (typically well beyond 65 years), showing no obvious familial 
aggregation. AD has a strong genetic basis with heritability estimates up to 80%. To 
identify the genes for the common LOAD, efforts have been focused on conducting 
genome-wide association studies because it is hypothesis free and conceptually 
would identify all known and unknown genes. 
 
The aim of this work is to investigate whether the known LOAD genes play a role in 
human aging, which leads to an important question if these genes are directly 
associated with AD or indirectly by allowing successful aging. This work will depend 
mainly on carrying out a GWAS on one of the readily available data sets 
(Alzheimer’s Disease Neuroimaging Initiative, ADNI). LOAD susceptibility genes will 
be tested for association with human aging using the most significant SNPs found. 
The data will be divided according to age into groups in which each contains an 
approximately equal number of samples. This ensures SNP allele frequencies across 
each of the age group are comparable. Logistic regression analysis will be used to 
test for associations between each SNP allele and LOAD risk after adjusting for age 
and gender. All positive SNPs will be put into multivariable logistic regression 
model to evaluate the association between each SNP and LOAD susceptibility. 

Entrance requirements Master’s degree in biomedical engineering or a relevant engineering discipline   

Required knowledge, 

skills and interests 

Mathematical modelling, image processing, computer vision, medical physics. 

Programming skills are required using for example Matlab. Statistical background is 

preferred. It is also preferred to have experience with analysis tools such as Plink, 

Haploview, SNPAnalyzer, R language. 
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Project title High-Performance System for Detecting Novel Altered Regions of Hepatocellular 

Carcinoma using High-Throughput Sequencing 

Supervisor  Prof. Dr. Ayman M. Eldeib Contact email eldeib@eng.cu.edu.eg 

Project Description Hepatocellular carcinoma (HCC) is counted as the third prevalent reason of cancer 

mortality worldwide. Liver cancer is one of the most widely recognized 

malignancies in adults. Hepatitis C and Hepatitis B are the main underlying basic 

causes of chronic hepatitis disease, which leads to liver cirrhosis. HCC is amongst 

the most prevalent types of aggressive tumors. HCC patient survival rate is low 

because of HCC recurrence. Also, the behavior of HCC is difficult to predict. 

Fibrolamellar hepatocellular carcinoma (F-HCC) is a rare primary hepatic 

malignancy. The etiology of F-HCC is still uncertain, due to the non-appearance of 

defining symptoms or a specific diagnostic test. It is often detected after it has 

metastasized, and by then, the disease is frequently progressive and deadly. The 

outcome of HCC and F-HCC patients still remains dismal due to the difficulty in 

detecting the disease at early stages.  

This work produces a genomic study that spotlights the application of 

bioinformatics technologies to predict and deal with the molecular reasons for HCC 

and F-HCC by the examination of whole genome sequences for chromosomal 

variations including amplification, or deletion of the genomic copy number to give 

correct diagnoses of this kind of disease utilizing Next Generation Sequencing 

(NGS). 

Understanding and diagnosis of the disease progress will give a possible treatment 

of the disease at an early time. This project seeks to apply several statistical 

approaches such as: Circular Binary Segmentation (CBS), Discrete Stationary 

Wavelet Transform (SWT), QuantiSNP, and OncoSNP-SEQ to a number of human 

chromosomes for analysing SNP and high-throughput sequencing data that identify 

genome-wide mutations in the copy number of the genomic information data, and 

represent the accreditation between neighbouring clones. 

Entrance requirements Master’s degree in biomedical engineering or a relevant engineering discipline   

Required knowledge, 

skills and interests 

Mathematical modelling, image processing, computer vision, medical physics. 

Programming skills are required using for example Matlab. Statistical background is 

preferred. It is also preferred to have experience with analysis tools such as Plink, 

Haploview, SNPAnalyzer, R language. 
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Project title Methods for Assessing and Evaluating the Safety of MRI Scans for Subjects with 

Implantable Devices  

Supervisor  AbdEl-Monem El-Sharkawy, Ph.D. 
www.researchgate.net/profile/AbdEl-
Monem_El-Sharkawy 

Contact email abdshark@cu.eng1.edu.eg 

Project Description 

(preliminary scope that 

may change) 

Magnetic resonance imaging (MRI) scanners became a vital diagnostic and 

functional imaging tools. Despite the fact that there are no ionizing radiation 

hazards involved with MRI there are other associated, important, safety 

considerations particularly at higher static field strengths. MRI safety concerns are 

more accentuated for patients with implantable devices such as cardiac pace 

makers or deep brain stimulators (DBS). Radiofrequency (RF) safety as well as other 

electrical and mechanical interactions with implantable devices pose extra concerns 

even at lower field strengths. Lately, some manufactures of implantable devices are 

tagging their implantable devices as MRI (conditionally) safe. Accessing the safety of 

MRI scans for patients with implantable devices is a complex problem that depends 

on many variable factors among which are the magnetic field strength, scan 

protocols, structure of implantable devices and RF transmit / excitation strategies... 

etc. Industrial, research and regulatory institutions are continuously and actively 

publishing / working on this important subject to enable safe(r) scans for an 

important sector of the population in need of MRIs.  

The aim of the project is to investigate, primarily, computational methods for 

assessing some aspects of the safety of MRI scans for patients/subjects with 

implantable devices. Experimental setups may be considered / constructed 

permitting funding. Other methods / techniques may be devised in the course of 

the project to enable safer MRI scans.  Peer reviewed journal publication(s) are 

expected to result from this work.   

The project is of wide / flexible scope that may change/adapt with time and can 

involve multiple graduate students.        

References: 
-Acikel V, Uslubas A, and Atalar E, Modeling of electrodes and implantable pulse generator 
cases for the analysis of implant tip heating under MR imaging, Med Phys. 2015 
June;42(7):3922-31. 
-Qian D, El-Sharkawy AM, Bottomley PA and Edelstein WA, A RF dosimeter for independent 
SAR measurement in clinical MR scanners, Med Phys. 2013 Dec;40(12):122303. 
-Yeung CJ, Susil RC and Atalar E,  RF safety of wires in interventional MRI: using a safety 
index. MRM 2002 Jan; 47(1):187-93. 

Entrance requirements Master’s degree in biomedical engineering or a relevant engineering discipline   

Required knowledge, 

skills and interests 

MRI physics, electromagnetics , RF circuits and multi-physics numerical 
computations/modelling.  Pending approval: Courses and self study material may 
be used to cover any gaps.  
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Project title Studying Magnetic Resonance Imaging Techniques using the MR Fingerprinting 

(MRF) Paradigm   

Supervisor  AbdEl-Monem El-Sharkawy, Ph.D. 
www.researchgate.net/profile/AbdEl-
Monem_El-Sharkawy 
Prof. Ahmed M. Badawi 

Contact email abdshark@cu.eng1.edu.eg 

Project Description Magnetic resonance imaging (MRI) scanners is a vital diagnostic and functional 

imaging tools. In addition to being capable of obtaining anatomical images, MRI can 

generate maps of quantitative parameters that are of clinical interest.  Quantitative 

tissue parameters such as relaxation times (T1s and T2s for example), spin density 

or even chemical exchange rates are among quantities that MR can measure. The 

speed of scans and signal to noise ratio (SNR) of obtained images/maps are 

important metrics that may restrict the choice of the pulse sequence used. Despite 

of several technological advancements in MRI over the past several decades, data 

acquisition and reconstruction paradigms relied mostly on conventional methods. 

Recently MRI compressed sensing (CS) methods were introduced with the potential 

of reducing scan times. Related to the same concept, in 2013 a research group from 

Case Western Reserve University (CWRU), USA, introduced a new acquisition and 

reconstruction paradigm called MR Fingerprinting (MRF). MRF relies mainly on 

using a pseudo-randomized acquisition strategy where each tissue would generate 

its unique MR signal evolution. Such evolutions can be recognized later using 

pattern recognition methods to reconstruct quantitative maps of different 

parameters of interest. It is also worth noting that Siemens announced partnership 

with CWRU to develop further this evolving yet important technology.    

The aim of the project is to investigate and access competitive MRF acquisition and 

reconstruction methods for different MR applications. The application of MRF for 

measurements in the presence of chemical exchange will be of particular interest 

among other parameters/applications. Mainly a numerical computation frame work 

will be implemented for the purpose of that study but collaborations with medical 

sites may be sought for practical implementation. Peer reviewed journal 

publication(s) are expected to result from this work. The project is of wide / flexible 

scope that may change/adapt with time .        

References:  
-Wang G, El-Sharkawy AM, and Bottomley PA, 
Minimum acquisition methods for simultaneously imaging T1, T2, and proton density with B1 
correction and no spin-echoes, J Magn Reson. 2014 May;242:243-55.  
-Dan M, Gulani V, Seiberlich N, Liu K, Sunshine J, Duerk J and Griswold M, Magnetic resonance 

fingerprinting, Nature 2013 March; 249:187-192. 

Entrance requirements Master’s degree in biomedical engineering or a relevant engineering discipline   

Required knowledge, 

skills and interests 

MRI physics, Programming (Matlab and visual studio). Pending approval:  Courses 
and self-study materials may be used to cover any gaps. 
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Project title Stochastic Analysis and Modelling of Medical Equipment Failure Patterns   

Supervisor/s Prof. Bassel Tawfik 

Dr. Muhammad Rushdi 

Contact email bassel.tawfik@eng1.cu.edu.eg    

Project Description Medical equipment failures inflect high medical and financial costs. This project 

focuses on the stochastic analysis and modelling of medical equipment failure 

patterns using data obtained primarily from the FDA Manufacturer and User 

Facility Device Experience (MAUDE) database. This stochastic analysis has 

several goals. First, we seek to gain a better understanding of the failure 

patterns using statistical and visualization techniques. Second, we infer from 

the data the best fitting distributions or statistical models that explain the data. 

Third, we use these statistical models for failure prediction, maintenance 

planning, warranty period estimation, and setting equipment replacement and 

purchase policies. Fourth, we seek to create statistical failure models for 

specific medical  equipment components such as rechargeable batteries, X-ray 

tubes, and CT scanner detectors since these components constitute a 

significant economic burden in maintenance contracts.   

Overall, this project aims to create useful tools for clinical engineers, hospitals, 

and decision makers in Ministries of Health to assess the value of maintenance 

contracts and take rational decisions regarding the maintenance, replacement, 

and purchase of medical equipment. Indeed, this can result in significant 

savings especially in Africa where maintenance contracts are excessively 

expensive compared to OEM contracts in developed countries. 

Related publications:  

H. Alemzadeh, R. K. Iyer, Z. Kalbarczyk and J. Raman, "Analysis of Safety-Critical 

Computer Failures in Medical Devices," in IEEE Security & Privacy, vol. 11, no. 4, 

pp. 14-26, July-Aug. 2013. 

Tawfik, Bassel; Ouda, Bassem K.; Abd El Samad, Yassin M.; A Fuzzy Logic Model 

for Medical Equipment Risk Classification. Journal of Clinical Engineering, 

October/December 2013 - Volume 38 - Issue 4 - p 185–190. 

Tawfik, Bassel; Rushdi, Muhammad A.; Amr, Hashem; Estimating Minimum 

Warranty Period for Batteries in Automated External Defibrillators. To be 

published in 2017. 

Entrance requirements Master’s degree in biomedical engineering or a relevant engineering discipline  

Required knowledge, skills 

and interests 

Stochastic Processes, Statistical Modelling, Programming (Python, Matlab, R, or 

SPSS) 
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Project title Multi-Objective Criteria for Medical Equipment Risk Assessment and 

Replacement   

Supervisor/s Prof. Bassel Tawfik 

Dr. Muhammad Rushdi 

Contact email bassel.tawfik@eng1.cu.edu.eg    

Project Description If the decision to replace a piece of medical equipment is based on the wrong 

criteria, such replacement can be very costly. On the one hand, if equipment 

replacement decision is taken too early, considerable financial burden will be 

incurred due to premature equipment disposal. On the other hand, a late 

replacement can result in long interruption of service or even human fatalities. 

There is a long  history of research in the field of equipment replacement using 

different optimization techniques such as dynamic programming.  However, 

very few studies were done on medical equipment replacement because 

several factors and risk criteria interplay in such an environment.  

Typical factors include equipment cost, complexity, mission criticality, and 

availability in the market. Other factors include equipment failure pattern, 

maintainability, and reliability. These factors need to be considered within a 

multi-objective dynamic programming scheme to make optimal medical 

equipment replacement decisions. By incorporating such methodology,  

Ministries of Health around the world will be able to take informed decisions to 

keep or replace medical devices, thereby making significant savings in 

equipment procurement. 

Related publications:  

D. T. Hart and E. D. Cook, "Upgrade versus replacement: a practical guide to 

decision-making," in IEEE Transactions on Industry Applications, vol. 31, no. 5, 

pp. 1136-1139, Sep/Oct 1995. 

Tawfik, Bassel; Ouda, Bassem K.; Abd El Samad, Yassin M.; A Fuzzy Logic Model 

for Medical Equipment Risk Classification. Journal of Clinical Engineering, 

October/December 2013 - Volume 38 - Issue 4 - p 185–190. 

Entrance requirements Master’s degree in biomedical engineering or a relevant engineering discipline  

Required knowledge, skills 

and interests 

Dynamic Programming,  Optimization, Operations Research, Stochastic 

Processes, Programming (Python, Matlab, R) 
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Project title TMS Modeling and Simulation: Optimization of Electric Field Focality using MRI-

Derived Brain Models 

Supervisor  Dr. Noha Hassan 

Dr. Muhammad Rushdi 

Contact email nhassan@eng1.cu.edu.eg 

Project Description Transcranial magnetic stimulation (TMS) is considered a promising non-invasive, 
painless therapeutic tool in psychiatry and a diagnostic tool in neurology. The main 
goal of this project is to use the Finite Element Method (FEM) to compute the 
detailed magnitude and spatial distribution of the currents induced by TMS in a 
realistic 3D head model, based on Magnetic Resonance Imaging (MRI) brain 
models. The project focuses on the optimization of coil performance which is of 
major importance in therapeutic applications. 
 
References:  

 
K. Yamamoto, Y. Takiyama, Y. Saitoh and M. Sekino, "Numerical Analyses of 
Transcranial Magnetic Stimulation Based on Individual Brain Models by Using a 
Scalar-Potential Finite-Difference Method," in IEEE Transactions on Magnetics, vol. 
52, no. 7, pp. 1-4, July 2016. 
 
L. J. Crowther, K. Porzig, R. L. Hadimani, H. Brauer and D. C. Jiles, "Realistically 
Modeled Transcranial Magnetic Stimulation Coils for Lorentz Force and Stress 
Calculations During MRI," in IEEE Transactions on Magnetics, vol. 49, no. 7, pp. 
3426-3429, July 2013. 
 
P. M. Rossini, L. Rossini and F. Ferreri, "Brain-Behavior Relations: Transcranial 
Magnetic Stimulation: A Review," in IEEE Engineering in Medicine and Biology 
Magazine, vol. 29, no. 1, pp. 84-96, Jan.-Feb. 2010. 
 
L. J. Gomez, A. C. Yücel, L. Hernandez-Garcia, S. F. Taylor and E. Michielssen, 
"Uncertainty Quantification in Transcranial Magnetic Stimulation via High-
Dimensional Model Representation," in IEEE Transactions on Biomedical 
Engineering, vol. 62, no. 1, pp. 361-372, Jan. 2015. 
 

Entrance requirements Master’s degree in biomedical engineering or a relevant engineering discipline  

Required knowledge, 

skills and interests 

Mathematical modelling, image processing, computer vision, medical physics, 

electronics 
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Project title Computational Modelling and Simulation of Carotid Artery Atherosclerosis and 

Stent Development 

Supervisor  Dr. Ahmed E. Mahmoud  

Dr. Noha Hassan 

Contact email a.ehab.mahmoud@eng1.cu.edu.eg 

Project Description Atherosclerosis is a degenerative disease of blood vessels resulting in plaques that 
can cause stenosis and thrombosis. Numerical modelling will be used to assess risk 
factors involved as well as treatment plans. 
 
References:  

 
D. Dutta, A. M. Mahmoud, S. A. Leers and K. Kim, "Motion artifact reduction in 
ultrasound based thermal strain imaging of atherosclerotic plaques using time-series 
analysis," in IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control, 
vol. 60, no. 8, pp. 1660-1668, August 2013. 
 
A. Mahmoud, A. Morsy and E. de Groot, "A new gradient-based algorithm for edge 
detection in ultrasonic carotid artery images," 2010 Annual International Conference 
of the IEEE Engineering in Medicine and Biology, Buenos Aires, 2010, pp. 5165-5168. 
 

Entrance requirements Master’s degree in biomedical engineering or a relevant engineering discipline  

Required knowledge, 

skills and interests 

Mathematical modelling, image processing, computer vision, medical physics, 

electronics 
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Project title Development of a Patient-Specific Foot Orthosis based on Experimental and 

Numerical Analysis 

Supervisor  Dr. Mona Taher  

Dr. Noha Hassan 

Contact email nhassan@eng1.cu.edu.eg 

Project Description Since most shoes are designed to fit the average person, custom foot orthotic helps 
in reducing discomfort and the possibility of bone deformity latter at older ages. 
Numerical results will be validated with experimental results to insure a better 
design of orthosis. 
 
References:  

 
F. S. Botros, M. F. Taher, N. M. ElSayed and A. S. Fahmy, "Prediction of diabetic foot 
ulceration using spatial and temporal dynamic plantar pressure," 2016 8th Cairo 
International Biomedical Engineering Conference (CIBEC), Cairo, 2016, pp. 43-47. 
 
M. Attia and M. F. Taher, "A wearable device for monitoring and prevention of 
repetitive ankle sprain," 2015 37th Annual International Conference of the IEEE 
Engineering in Medicine and Biology Society (EMBC), Milan, 2015, pp. 4667-4670. 
 
K. A. Shorter, J. Xia, E. T. Hsiao-Wecksler, W. K. Durfee and G. F. Kogler, 
"Technologies for Powered Ankle-Foot Orthotic Systems: Possibilities and 
Challenges," in IEEE/ASME Transactions on Mechatronics, vol. 18, no. 1, pp. 337-
347, Feb. 2013. 
 

Entrance requirements Master’s degree in biomedical engineering or a relevant engineering discipline  

Required knowledge, 

skills and interests 

Mathematical modelling, image processing, computer vision, medical physics, 

electronics 
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Project title Enhancement of Medical Quality of Experience (QoE) Through 3D Video 

Content Generation, Visualization, and Augmented Reality   

Supervisor/s Prof. Ahmed M. Badawi 

Dr. Muhammad A. Rushdi 

Contact email ambadawi@eng1.cu.edu.eg  

Project Description Medical and surgical training is a critical and costly process. According to the 

Association of Surgeons in Training (ASiT), which represents the UK trainees 

from all surgical specialities, the total surgical training cost for one trainee as of 

2007 is over ₤400 000. In 2009, the American Medical Association (AMA) 

estimates the average debt facing graduating medical students to be $156 000.   

Several technologies have been recently exploited to reduce these hefty costs 

and improve the Quality of Experience (QoE) of medical and  surgical trainees. 

One technology is the creation of 3D medical and surgical content. This content 

may be generated directly through stereoscopic cameras or computer graphics 

techniques. Alternatively, 3D videos may be generated by conversion from 2D 

medical videos. Creating 3D video content from existing 2D videos has been 

stimulated by recent growth in 3DTV technologies. Depth cues from motion, 

focus, gradient, or texture shading are typically computed to create 3D world 

perception. More selective attention might be introduced using automated 

methods (e.g. saliency detection) or manually through interaction of medical 

trainees. Moreover, Augmented Reality (AR) techniques may be used to overlay 

the generated 3D realistic views with extra layers of visual information to 

enhance the training experience.  

This project seeks to create a framework and tools to improve the medical QoE 

using the aforementioned technologies. Objective assessment methods will be 

used to evaluate the influence of system parameters and novel depth maps on 

3D video quality. More importantly, medical user studies will be conducted and 

subjective quality scores to assess the acceptability of the generated content.  

Related publications:  

H. Taher, M. Rushdi, M. Islam, A. M. Badawi: Adaptive Saliency-Weighted 2D-

to-3D Video Conversion. Computer Analysis of Images and Patterns (2) 2015: 

737-748. 

M. Kersten-Oertel, P. Jannin and D. L. Collins, "DVV: A Taxonomy for Mixed 

Reality Visualization in Image Guided Surgery," in IEEE Transactions on 

Visualization and Computer Graphics, vol. 18, no. 2, pp. 332-352, Feb. 2012. 

Entrance requirements Master’s degree in biomedical engineering or a relevant engineering discipline  

Required knowledge, 

skills and interests 

Image and Video Processing, Computer Vision, Visualization, Statistics 
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