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I – SCIENTIFIC ACTIVITY DURING YOUR FELLOWSHIP 

During my fellowship, my research was mainly focused on modelling molecular communication 

mechanisms in cancer. To this end, I proposed the phase separation mechanisms which is 

responsible for characterization of many biological mechanisms in nature. From an MC system’s 

perspective, the dynamics of information particles can be observed to be non-Gaussian but still 

Fickian. This gives rise to the development of novel modulation schemes performing based on 

diffusion dispersion as a bio-inspired information dissemination approach. We casted the complex 

phase separation problem into a novel modulation technique which we referred to as diffusion-

division modulation (DDM) scheme. The proposed DDM scheme not only reveals the impact of 

diffusion noise in biological systems but also reveals its potential as an effective 

multiplexing/multiple-access technique in MC systems. Our proposed diffusion noise model can be 

integrated into existing ODE models in biology and build the basis for information and 

communication theoretical analysis of the biological networks.  

In case of the DDM scheme, we analysed performance of the system in terms of the bit error rate 

adopted in an end-to-end MC system. We proposed a lower-bound on the performance of the 

DDM-based MC system which is comparable to the performance of the binary concentration shift 

keying (BCSK), as the most relevant modulation benchmark. We have also extended the dual-

carrier DDM to multi-carrier DDM scheme and compared the results with the M-ary PPM and OOK 

modulation schemes.  

We also extended the DDM to the novel and interesting multiplexing technique, called orthogonal 

diffusion-division multiplexing (ODDM) which proposed the diffusion as a new resource of 

information dissemination within communication systems. It also paves the way for implementing 

interference-free orthogonal diffusion-division multiple-access (ODDMA) technique which can be 

very promising in analysing biological systems with bioinformatic tools. Interestingly, performance 

of the M-ODDM technique remains intact by increasing the number of the carriers. Moreover, we 

have shown that by proper detector design, performance of the ODDM can achieve performance 

of the molecular division multiple-access (MDMA) technique, as the most relevant benchmark due 

to the orthogonality. 

 

II – PUBLICATION(S) DURING YOUR FELLOWSHIP 

I have submitted the two following papers: 

 

1) A. Etemadi, M. Damrath, M. Veletic, and I. Balasingham, “Modulation over diffusion 

domain: A proof-of-concept for cellular sensing mechanisms,” Submitted to IEEE 

Transactions on Communications, Nov. 2024. [Online]. Available: 

http://dx.doi.org/10.36227/techrxiv. 173144770.07680731/v1. (Submitted to IEEE 

Transactions on Communications, Major Revision) 

2) A. Etemadi, M. Damrath, and I. Balasingham, “ODDM(A): A Novel Multiplexing/Multiple-

access Technique for Molecular Communication Systems,” (Submitted to IEEE Wireless 

Communications Letters).  

 

 

http://dx.doi.org/10.36227/techrxiv
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III – ATTENDED SEMINARS, WORKHOPS, CONFERENCES 

I have attended the 8TH WORKSHOP ON MOLECULAR COMMUNICTIONS (MOLCOM’24) with the 

following abstract paper: 

 

• Etemadi, et al, “Bio-inspired Locomotion Design and Modelling for Diffusive Molecular 

Communication Systems,” Oslo, Norway. 

The above work was based on my previous research in Tarbiat Modares University. 

I could also attend some seminars and workshops in the Oslo University Hospital (OUS) related to my 

ongoing project on modelling molecular communication mechanisms in biology. 

 

 

IV – RESEARCH EXCHANGE PROGRAMME (REP) 

I had a visit to Fraunhofer Institute for Cell Therapy and Immunology (IZI) in January 2024, in Leipzig, 

Germany. I visited parts of the IZI and got familiar about how to extend my ongoing theoretical 

studies on molecular communications into experimental research. I also involved in many meetings 

regarding the molecular imaging techniques and how molecular communication systems can be 

implemented in in-vitro systems. 
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V – SUM UP OF THE FINAL SCIENTIFIC REPORT FOR THE ERCIM 

NEWSLETTER  

The ERCIM Newsletter is designed to strengthen our internal community (in addition to ERCIM 

News, which targets audiences beyond the ERCIM community). Its goal is to enhance 

communication, share valuable information, and foster engagement among our researchers and 

staff. In your case, we would like to inform our internal community of your activity done during your 

fellowship. Our aim is to increase your visibility within the ERCIM community, encourage and 

stimulate cooperation.  

 

General Guidelines for summing up for scientific report for the ERCIM Newsletter 

 

• Include Essential Information provided in your scientific report: 

During my fellowship, my research was mainly focused on modelling molecular 

communication mechanisms in cancer. To this end, I proposed the phase separation 

mechanisms which is responsible for characterization of many biological 

mechanisms in nature. We casted the complex phase separation problem into a 

novel modulation technique which we referred to as diffusion-division modulation 

(DDM) scheme. The proposed DDM scheme not only reveals the impact of diffusion 

noise in biological systems but also reveals its potential as an effective 

multiplexing/multiple-access technique in MC systems. Our proposed diffusion noise 

model can be integrated into existing ODE models in biology and build the basis for 

information and communication theoretical analysis of the biological networks. We 

also extended the DDM to the novel and interesting multiplexing/multiple-access 

technique, called orthogonal diffusion-division multiplexing/multiple-access 

(ODDM/ODDMA) technique which can be very promising in analysing biological 

systems with bioinformatic tools. I had a visit to Fraunhofer Institute for Cell Therapy 

and Immunology (IZI) in January 2024, in Leipzig, Germany. I visited parts of the IZI 

and got familiar about how to extend my ongoing theoretical studies on molecular 

communications into experimental research. 

• Professional Branding: 

Ali Etemadi is a Postdoctoral Research Fellow at the Technology and Innovation 

Clinic (The Intervention Centre), Oslo University Hospital (OUS) and the 

Department of Electronic Systems, Norwegian University of Science and 

Technology (NTNU). He has been awarded the Postdoctoral Fellowship from the 

European Research Consortium for Informatics and Mathematics (ERCIM). Prior to 

this, he was a research fellow at the Sharif University of Technology, Tehran, Iran, 

working on externally controllable biological networks. Also, he was a visiting 

research scholar with Institute for Digital Communications (IDC), FAU, Germany, in 

2018. He has been involved in interdisciplinary research from his PhD period. His 

research directions mainly rely on Molecular Communications, Biological Modeling, 

and Complex Therapeutic Interventions. Also, he has picked up a good deal of 

expertise in wireless/optical network planning focusing on designing digital services 

as a requirement for next-generation digital health and bio-analytics. He has been 

involved in many post-graduates teaching and holding several workshops and 

https://www.ivs.no/
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events in wireless communications ecosystem. He is currently serving as reviewer 

for high-impact IEEE journals.  

• Tips for Writing Your Bio: 

o Title: We will include a title with your name and the team hosting you.  

▪ Example title: Thank You, Dr. X: Marking the End of His ERCIM 

Fellowship with Prof. X's Team at FHg-IGD" 

o Use Third Person: Ali Etemadi received the B.Sc. degree in electrical 

engineering from the University of Tabriz, Tabriz, Iran, in 2010, and the 

M.Sc. and Ph.D. degrees in electrical engineering majoring in 

communication systems from Tarbiat Modares University, Tehran, Iran, in 

2012 and 2019, respectively. Currently, he is a Researcher at the 

Intervention centre, Oslo University Hospital (OUS).  

o Length: Aim for approximately 70 words. 

o Content Suggestions: 

▪ Molecular communications, biological networks, wireless/optical 

communication networks 

▪ I could hypothesize the proof-of-concept for novel cellular 

signalling and immunomodulation techniques, 

▪ I have submitted two Q1 articles both are under review,  

▪ If already known what you will do after the ERCIM Fellowship. 

▪ https://www.linkedin.com/in/ali-etemadi-57156859/ 

 

 

https://www.linkedin.com/in/ali-etemadi-57156859/

