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Abstract— Disease detection frameworks having blend of distinct fields of concerned research are the need of hour as the 

domain is very challenging and essential for the human race. Its expanding every day and its impact is much bigger than the 

earlier era. Quality of service(QoS) is an important consideration for designing sophisticated futuristic healthcare systems. One 

such quality parameter of reliability is consolidated in this disease detection framework incorporating information-centric 

networking of medical knowledge-base and protein/gene knowledge-base. The proposed framework is designed and 

implemented keeping in view of research progress of two highly interrelated research areas which are often not used together 

but can be combined to formulate an efficient disease detection system. Machine learning and deep learning is also 

incorporated to improve the quality of service parameter in terms of accuracy and reliability of the system. Various ML 

configurations formed a test bed for the accuracy check at different system settings indicating a perfect mix for a specific 

detection requirement. Results indicate promising detection rate of 71% combined accuracy and a remarkable 97% accuracy 

rate for specific single class detection along with the improvement in reliability factor. 
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I. INTRODUCTION  
 

Health care systems are developed and worked upon for 

excellence since ages. Emergence of new technology boosts 

the process of up-gradation and refinement of such systems. 

This research focus on exploring some of the avenues of 

advanced healthcare system setups. 
 

First focus is integration of genetic biomarkers of disease 

detection in the form of use of existing and evolving research 

with conventional disease detection strategies and drug 

discovery process.  
 

Second concern is use of more suitable ICN for exchange of 

information between various health care modules. Third 

important consideration is enhancing QoS parameters by 

exploring previous benchmarks for their QoS parameters 

limitations and incorporating their remedies in ICN layer 

itself. 
 

Fourth and final task is design of a framework which 

integrates the aforementioned tasks and fulfils important QoS 

parameters of reliability and scalability among other 

parameters.  

 

II. RELATED WORK  

 

Bengt Ahlgrem. et al. [1] in 2012 conducted a review of 

information centric networking (QoS) thereby elucidating 

two important factors viz. Scalability and cost of content 

distribution. The main development to introduce scalability 

and limit cost of communication is adoption of content 

distribution networks (CDN). Authors have surveyed 

network approaches that introduced hop to hop transport 

along with caching and enhanced reliability of network. 
 

Oscar Gama et al. in 2008 revealed the need of providing 

Quality of Service for e-healthcare systems. They have 

surveyed several mechanisms using wireless sensor networks 

to improve certain QoS parameters like packet loss ratio, 

transmission delay, bandwidth availability and minimum 

sampling rate for ECG signals. 
 

In 2012 A. A. Hamed et al. [6] proposed T-Recs System 

which was the very interesting concept of drug recommender 

system for users. It was time aware twitter-based drug 

recommender system which uses the tweet sentiments at 

regular time stamp and based on that tweets data classifier 
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provide the recommendations using white box approach 

decision tree approach. Using the data mining approach, the 

system provided the alternate medicine product to the user. 

Their recommendations using this approach promoted public 

health as well as awareness in the public domain.  
 

In 2012 R.C. Chen at al. [7] proposed the recommender 

system for anti diabetic drugs selection based on domain 

ontology and the SWRL (sementic web rule language). In 

proposed recommender system the medicine consultant 

data/information was transferred in to the anti diabetic drugs 

knowledge system. The system has the capability to 

scrutinize the symptomes of diabetetes and recommend the 

appropriate drug to user among the related drugs. The 

medication recommender system, based on domain ontology, 

employ the knowledge and facilitate the user as well as helps 

in practice for the management of diabetes. The 

recommender system acquired the help of SWRL (semantic 

web rule language) and the JESS (Java expert system shell) 

to prescribe the prescription for the patients.  
 

In 2012 R. Chen et al. [8] expressed the need of personalised 

medicines and suggested the system biology which describe 

the personalized medicines for future health care system on 

individual patients. The author suggested that the 

advancement in the technology boosted the area’s of 

personalised medicine, which shifted the paradigms of health 

care systems from disease detection and its treatments to the 

predictive as well as preventive medicines also the 

personalized health recommender system. The author also 

envisioned that the whole genome would be the colaborative 

part of the patient medical record system and the health of 

the patient regularly examined at home or at clinic and the 

data generated through regular monitering system will be 

stored in DBMS’s at ending station like hospitals, and the 

medical experts at hospitals can use it for individual 

diagnosis and treatment purposes as well as can act as the 

health information service provider.  
 

In 2012 L.M. Ma’aruf at al. [9] proposed the expert diet 

prescription system which identified the illness by directly or 

through symptomes and recommend the appropriated diet or 

diet plan corresponding to the illness. The author enlighted 

the use of fruits/food instead of Drugs because drugs have to 

much side effects of the human body, so they recommended 

the need of diet expert system instead of drug recommender 

system because the long queues at hospitals have alarming 

situation. The author considered the various illness and 

creates the database or knowledge base for malaria, diabetes, 

goiter, cancer, measles, heart disease and cholera, and 

developed the recommender system with the help of 

MYSQL, PHP and wamp server. Their expert diet system 

can be used by anyone at anywhere either for professional 

use or even for personal use. The system have great benefit 

towards the society, and improve the lifestyle of people those 

who properly utilized it. 

In 2012 C. Doulaverakis et al. [10] proposed the drug 

recommender system based on ontology. They suggested that 

how sementic web technology and OWL is a better match for 

drug recommender system. In the ontology specially OWL 

can easily encapsulate or express the medical issues or the 

medical information and the rule based reasoning can easily 

encode as well as capture the drug-drug interation 

information which can be helpful for medical decisions as 

well as assistance to expert of domain. The author used the 

GalenOWL the sementic web based technology for their 

discovery. They express their views over the importance to 

use semenctic web and OWL for drug recommender server. 

They qualitatively compare and comparitatively express the 

GalenOWL and GalenD rules, their prediction about 

sementic web technology as compare to traditionally 

business logic revealed the importance of sementic web on 

the basis of time and memory requirements. Finaly they 

revealed that Galen OWL is also capable for drug-disease 

interaction discovery. 
 

In 2012 A. S. Hussein et al. [11] proposed the reliable and 

accurate recommender system for the CDD (chronic disease 

diagnosis) specially in the case of diabetes. They use the 

decision tree classification approach to grab the peak 

accuraccy in disease risk prediction and random forest 

algorithm for mining their recommendation. To provide an 

accurate recommendation on medical data is a challenging 

task because of the real-time complex, large, unbalence, 

missing and noisy data. So they consider the attribute 

selection methodology to reduce the complexity of real-time 

unbalence data which leads improvement in prediction of the 

recommended model. They suggested how information and 

communation technology growth and its advancement opens 

the doors for researcher in the areas of E-Health monitering 

systems. Those who used the emerged recommender system, 

their lifestyle and health got improved because of its 

predicting capability and appropriate recommendations for 

consumers. 
 

In 2005 K. Shimadaa et al. [12] proposed the drug 

recommender system for patients those who have infectious 

diseases. They proposed the decision support system which 

helps the doctors to select first line drug in appropriate way. 

Their recommender system classifies the patient capability to 

resist themselves from transferable/infectious diseases by 

considering risk level for infection.     
 

In 2014 Y. Zhangy et al. [13] proposed the COMER (cloud 

based medicine recommendation) which is cloud-based 

recommender system for online purchasing the medicines. 

The author expressed their views on QoE (Quality of 

Experience) and suggested the importance of cloud-based 

recommender system in case of personalized medicine 

recommendations. With the rapid growth in e-commerce 

people prefer to buy medicines online because of the easiness 

of such broad area, but to buy medicine online blindly having 
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a serious issue without any medication guidance because of 

the ineffectiveness and reliability as well as its validity. So, 

author expressed the need of reliable medication system 

which should recommend cloud- based medicine 

recommendations and enrich the user with QoE (Quality of 

Experience). The author used the collaborative filtering and 

tensor decomposition as well as clustering approach for their 

recommendation which recommend the user with topmost 

related medicines related with their symptoms. 

 

In 2015 B. Yoosooka et al. [14] proposed the medication 

recommender system based on ontology which is a semantic 

web technology. They suggested that how sementic web 

technology and OWL is a better match for drug 

recommender system. The author expressed the need of 

medical recommender system because non priscription 

medication could lead some adverse effects when consumed 

so author proposed the medication recommender system. The 

author considered the ontology, PHP with MySql database 

for medication recommendation which is workable on the PC 

as well as on mobile suitable environment and achieve the 

user satisfaction approximate of 90% with standard deviation 

of 0.51 which is highly statisfiable. 

 

 

 

Table 1. Comparison of Benchmarks with respect to QoS parameters, TD: Transmission Delay, B: Bandwidth, PD: Packet, SL: 

Service Level, MQ: Monitoring Quality, Rel.: Reliability, AL: Application Lifetime, PL: Packet Loss, AD: Acceptable Delay, 

PC: Power Consumption 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Features 

 

 

Bench-marks 

Quality of Service features/parameters incorporated   

TD B PD SL MQ Rel. AL PL AD PC 

H.She  

et al. [1] 
  × × × × × × ×  

Vergados  

et al. [2] 
×    ×  × × × × 

Gondal  

et al. [3] 
× × × ×   × × × × 

Milan  

et al. [4] 
× × × ×  ×  × × × 

Henrion  

et al. [5] 
× × × × × × ×   × 

Hamed  

et al. [6] 
× × × × ×  × × × × 

Chen  

et al. [7] 
×    ×   × × × 

Rui Chen  

et al. [8] 
× × × ×  × × × × × 

Maaruf  

et al. [9] 
    ×    ×  

Doulaverakis et al. [10]    × ×   ×  × 

Hussein  

et al. [11] 
× × × ×     × × 

Shimda  

et al. [12] 
× × × × × × ×  × × 

Zhangy  

et al. [13] 
      × ×  × 

Yoosooka  

et al. [14] 
   × ×   × × × 

Janga  

et al. [15] 
×    ×  × × × × 
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In 2014 S. C. Janga et al. [15] proposed the system for 

personalised medicine based on netwrok approahes which 

plays very important role in medicine as well as in other 

biotechnology areas. Network interaction between diverse 

cellular entities like metabolites,  RNA, DNA and Proteins 

are very complex but with advancement in the technology 

boosted the current knowledge to understand such complex 

structure and their interaction, which leads proper 

understanding of their functionalities in living organism. This 

understanding further helps in disease detection at a level of 

cellular entities through netwrok based framework. Thus this 

multi scaled personalized medication approaches guides the 

upcoming generation to understand the basic functionalities 

of living organism. 

 

Resource utilization can be done in a better way while 

designing a system in a cloud environment with the help of 

virtulization. Quality of service can be enhanced by 

considering threats and removing them at the initial 

designing of the system [16]. 

 

Multiobjective optimization can be helpful in designing a 

detection system keeping in view all the contributing factors 

and leading to fulfill multiple objectives [17]. 

 

The summary of recent literature along with the respective 

QoS features achieved is represented in Table 1. 

 

III. METHODOLOGY 

 

Collection of information from various data sources and 

integrating them in QoS enhanced ICN (Information Centric 

Network) module. 

ICN stack can be used to integrate Body Sensor Network 

(BSN) information first up. This enhances QoS parameter of 

reliability  

 

One part of information is passed to the domain expert 

module. This part of information contains Medical 

Knowledgebase Test report, BSN inputs. This process helps 

in providing accurate information to the domain expert and 

eliminate majority of parameters which may degrade QoS. 

 

Diagnosis obtained from domain expert is feed to disease 

detection and recommender system. This system compares 

the diagnosis of doctor/domain expert with its findings. This 

module work on information from QoS enhanced ICN 

module. Which in turn receive information about genes 

responsible for a disease from protein class/gene prediction 

module. Protein /gene database gets data via web scrapping 

tools by exploration of websites like NCBI, UNIPROT etc. 

 

Protein class/Gene prediction module predicts the protein 

class from the user protein tests obtained by hydrolysis 

process. This indicates the presence or absence of disease 

causing gene in the patient’s body. 

 

Drug discovery module get information from medicine 

database via QoS enhanced ICN module and find out suitable 

drug for the cure. 

Thus, overall framework gets information passed from QoS 

parameters hence its more reliable making the entire system 

reliable. 

 

Final learning module employs deep learning in order to 

continually improve the system by getting information about 

QoS and their effect on the framework and can decide on 

enforcing a parameter mix for better result. 

Workflow of the proposed framework is depicted in Figure 1. 

 
 

Figure 1.  Proposed Framework for Quality of service 

enhancement in medical information-centric networking for 

disease detection recommender system. 

 

IV. RESULTS AND DISCUSSION 

 

Results obtained clearly indicate the usability of the system 

framework: 

 

Amino acid sequence can be extracted from hydrolysis of 

protein samples obtained from patient then protein class can 

be predicted using SDFs. Use of this approach make genetic 

tests an affordable option in DDS and is one of the important 

contribution of this research. 
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Gene identification system works by web scrapping of 

various web resources containing information about genes 

responsible for various diseases. This is linked with Machine 

learning for the update of database as new information about 

genes is available on the web resources, for enhancing the 

use of the framework. UNIPROT standard annotated and 

verified gene data for various diseases and then for various 

protein classes were taken for initial setup to make the 

system reliable. 

 

Another major contribution of this research is identification 

of a critical limitation of Machine Learning approach in 

terms of biasness in results. The solution to this limitation 

was devised and implemented. Protein class detection was 

performed with various settings and best results were 

obtained by a configuration of 12 classes respectively for 70 

sequences using 34 features using random forest algorithms 

with an overall accuracy rate of 71.09% shown in Table 1 

and devising a mechanism of machine learning 

configurations to push the accuracy rates to a remarkable 

97% (average) individual class detection, depicted with the 

confusion matrix for run result of WEKA shown in Figure 2. 

 

Table 1. Protein Classes prediction accuracy with different 

settings 

 

 
Figure 2.  Screenshot of confusion matrix obtained for 

individual class prediction using WEKA  

Gene matching was implemented using simple search 

algorithm, searching for disease related genes in the 

predicted protein class from the patient sample. Further, 

ANN was used to speed up the matching process by 

anticipating various mix and matches, increasing the search 

efficiency suitable for bigger systems to be incorporated by 

this framework. 

 

Recommender system creates ranking of the matched genes 

and gives correctness score of disease detection. For the 

higher match percentage higher score is generated. A deep 

learning approach integrate it with learning-module/follow-

up system verifying detections with actual results and make 

the system capable of self-learning. Figure 3 show the 

participation of each protein class in causing cancer.  

 

The proposed system plays a support role to doctor in this 

experimental setup considering the readily available 

computation power but it is capable of complete diagnosis on 

a high-end computing resource with minimal setting change.  

 

Proposed disease detection system was refined in terms of 

QoS parameters by using ICN, as this integration enhance 

quality of service for all the identified parameters without the 

need of modification in the system modules. 

 
Figure 3.  Number of genes present in a protein class 

responsible for causing cancer.  

Figure 4.   

V. CONCLUSION AND FUTURE SCOPE  
 

The proposed framework provides promising alternative of 

conventional disease detection as a gene-based disease 

detection recommender system which can evolve with use and 

increase accuracy by incorporating advanced Machine 

ML 

Classifier

s 

Feature and sequence settings for 12  

Protein Classes   

20 Features, 70 

Sequences 
24,70 34,70 

J48 

decision 

tree 

42.92 45.35 50.13 

Random 

Forest 
58.96 59.10 71.09 
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learning, ANN and Deep learning techniques. Protein class 

prediction becomes cost effective and usable in disease 

diagnosis by doctors for more accurate detections leading to 

better diagnosis and development of personalised medication.  

 

Limitations 
The system was implemented for gene-based disease 

detection recommendations. But some diseases are not 

genetics based but life style oriented so this system will take 

time to compensate for that drawback but eventually it will 

correct itself with its self-learning architecture. Literature 

review suggests that even life style induced diseases have a 

risk factor connection with genomic background of an 

individual. Thus, this limitation is not a deterrent to the 

proposed framework. 

 

Future work 
This framework is designed to be implemented on big data 

systems but here implemented on a small scale, so it can be 

applied to big data system. Also, the drug discovery part of 

framework was not implemented so that can be incorporated. 

Other alternative tests for protein class identification or just 

amino acid chain extraction can be used for improved 

accuracy in the initial stages leading to better detection results 

and more cost-effective solutions. 
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