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Abstract 
 

The speed of data generation is extremely fast and processing such a massive 

amount of data that too in real-time actions like emergency situations is a 

challenging task. The outcome of the processing can lead to hidden trends and if 

we are going to process it using our traditional methods then it will lead to 

enormous amount of processing and time-consuming. Therefore, big data stream 

processing is required for effective scalable data analysis in a green cloud 

environment to reduce the processing time and computation. Clinical data 

processing is the necessity of the hour and to store, process and visualize it 

requires state of the art technology. One such processing is the streaming data 

processing using Apache Spark and Kafka. The purpose of the paper is to design 

a predication engine for processing the clinical data specifically for stroke 

prediction using an energy efficient stream processor in the cloud. Predictive 

models are built using supervised learning algorithms using proven training  
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dataset. Therefore, the proposed paper focuses on how electronic health 

records (EMR) are processed in streams with the help of predictive 

algorithms, specifically cox propotional hazard prediction model.  

 

Keywords: Realtime Stream Processing, Apache Spark, Health Care Data 

Record, Predictive Analytics, Green Cloud Computing. 

 

1 Introduction 
 

Various use cases in social health foundations are appropriate for a major 

information gathering. In medicinal services industry, there is enormous 

volume of information that is being produced. Electronic Medical Record 

(EMR) alone gathers a tremendous measure of information. Be that as it 

may, aside from EMRs, there are different wellsprings of information in 

human services industry [1]. In the course of the most recent decade, 

pharmaceutical organizations have been amassing long stretches of 

innovative work information into clinical databases and along these lines, the 

patient records have been digitized. In equal, late specialized advances have 

made it simpler to gather and examine data from different sources which is a 

significant advantage for social insurance foundations, since information for 

a solitary patient may originate from different emergency clinics, labs, and 

doctor workplaces.  

With a ton of clinical information originating from different sources, 

guided choices can be produced using the bits of knowledge increased 

through huge information by utilizing different AI Calculations [2]. 

Customarily, doctors utilize their judgment while settling on treatment 

choices, however over the most recent couple of years there has been a move 

towards proof-based medication. This includes systematically survey of 

clinical information and settling on treatment choices dependent on the best 

accessible data. Collecting singular informational collections into large 

information calculations frequently gives the most powerful proof, since 

subtleties in sub populaces, (for example, the nearness of patients with gluten 

hypersensitivities) might be uncommon to such an extent that they are not 

promptly clear in little examples. 

 

1.1 Streaming Data Processing 
 

Any data that is flowing continuously from its data source to the 

processing element that are temporal in nature is a streaming data. These data 

are generated in unfathomable amount in every minute from multiple sources 

at a staggering rate. Traditional data processing techniques used batch 

processing using Hadoop Distributed File System (HDFS) and Hadoop, 
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however, the next generation techniques uses stream processing using 

Apache Spark and Kafka.  

 

 
Fig. 1: Streaming Data Process 

 

Streaming data are generated from various sources like sever logs, site 

activity, banking, customer interaction and medical data. These data sources 

are sent to an even recorder where it is then processed. Since most of the data 

are NoSQL datasets it requires some pre-processing which must be done at 

this staging event processor. Then the data is stored in a distributed file 

system, in our case it‟s the Hadoop Distributed File System (HDFS). The 

data is located in various locations, for example in our case it‟s the hospitals 

database that contains patient‟s information. Using stream processors various 

Analytics are visualized as shown in Figure 1. 

In a simple case to understand streaming data processing, say for 

example when a customer books a cab thru its mobile app, then the 

application quickly identifies the customer based on location, past history, 

possible destinations choices, payment methods and expected customer 

ratings. So how is this done,its all about getting the past history and feeding 

the present requirements and predicting the possible services. All of these 

must be done in few fractions of seconds and the only possible choice for this 

is the real-time streaming data processing.  

The organization of the paper is follows, the survey of various prediction 

system that uses Apache spark for health care is provided in section 2. The 

health care data analytics and its importance are provided in section 3 along 

with the attributes of the data set for the proposed work. The section also 

suggests methods for stroke prediction algorithms and hazard model called 

Cox Proportional Hazard Model for statistically estimating the survival 

rate.Section 4 proposes the Stream processing of the health records and in 

Section 5 the paper suggest the implementation model using Apache Spark  
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and finally the paper concludes the potential of stream processing for health 

records in the conclusion section.  

 

2 Literature Survey 
 

In These days, enormous information is examined particularly health 

analytics has become a significant issue for countless research zones, for 

example, information mining, AI with the large progressively medicinal 

services. The development of science and innovation in human services has 

made a noteworthy forward leap in information assortment. In medicinal 

services area, information is gathered by three fundamental kinds of 

computerized information, for example, clinical records, wellbeing research 

records and association tasks records [3] gives a concise outline of social 

insurance information sources.  

The extraction of information from these circulated, enormous and 

different measure of information has become a customary strategies of 

information mining. Strategies of information mining help to process the 

information and transform them into valuable data. Numerous expectation 

and suggestion frameworks have been concentrated in human services. In [4] 

a trial was performed for the expectation of coronary episodes and 

correlation with locate the best strategy for forecast. A bosom malignancy 

characterization is performed by utilizing hereditarily advanced neural 

system model [5]. Other information mining and data recovery strategies 

have been proposed in [6].  

Medicinal services have been concentrated in numerous frameworks, for 

example, pandemic expectation and counteraction, clinical dynamics so as to 

improve nature of care taking, decreasing expenses, and expanding 

effectiveness. In [7] a cloud-based K-means clustering running as a 

MapReduce work has been proposed in which human services information 

on cloud is used for grouping.  

In [8], anticipating diabetes mellitus and kind of treatment to be received 

is performed by utilizing the prescient examination calculation and Hadoop 

MapReduce condition. A Hadoop based clever consideration framework is 

proposed in [9] that outlines Web of Things (WoT) based enormous 

information logical sharing over all gadgets in a Healthcare framework. The 

proposed framework receives a system engineering with improved preparing 

abilities for gathering information produced by various associated gadgets. 

Continuous examination concentrated on electronic clinical records delivered 

from numerous sources, for example, clinical gadgets and versatile 

applications is portrayed in. The proposed structure consolidated Hadoop, 

MongoDB and treatment procedure which was intended for improving the 

aftereffects of the treatment of patient records. 
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3 Health Data Record Analytics 
 

Adoption of digital health records by hospitals during the past decades 

has really fuelled the growth of analytics of Electronic Medical Records 

(EMR). As prevention is better than cure in health care, medical researchers 

have started to model how the diseases can spread through various predictive 

algorithms. The objective of the proposed work is the identify the probability 

of stroke among a given set of patients. Exploration of data analysis is 

cleaning the data and filtering operation, which are going to predict the stoke 

probability using the information of patients in dataset. Dataset attributes are 

listed in the below Table 1. Just with health data set it is not possible to do 

prediction directly, there are various challenges especially, the data suffers 

from a classical problem of missing data where not all the attributes for a 

patient are entered. It is estimated that around 25% of the data are missed out 

and many of the records are not really meant for strokes. The next problem is 

the training data does not have the survival rate of the patients after they are 

discharged for stroke. Finally, most of the data is skewed as only 5% of the 

patients had a stroke for a given period of consideration. Numerous 

researches have been undertaken to predict the probability of stroke using 

various classification and data mining techniques.  However, our approach is 

not to use just one data set but to use large set of data coming from hospitals, 

hence such data are given to stream processor. The objective of using stream 

processor is to collect real-time data from heterogenous locations across 

various hospitals. Machine learning algorithm forms the major part of our 

work which is used for prediction algorithms. 

 
Table 1. Patients EMR and its Attributes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Column name Type Values 

Id Integer Patients ID 

Gender String [„Male‟ „Female‟ „Others‟] 

Age Double  

Hypertension Integer [0,1] 

Heart_disease Integer [0,1] 

Ever_married String  [„Yes‟ „No‟] 

Work_type String [„Children‟ „Private‟ 

„Never_worked‟ „Self_employed‟ 

„Government_job‟] 

Residence_Type String [„Rural‟ „Urban‟] 

Average_glucose_level Double  

BMI String Body Mass Index 

Smoking Status String  [„nan‟ „never_smoked‟ 

„previously_smoked‟, „smokes‟] 

Stroke Integer [0,1] 
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3.1 Stroke Prediction Algorithm 
 

The prediction of stroke using machine learning algorithm involves first 

finding the missing data and fill in with column mean and use the Root Mean 

Square Deviation (RMSD) and Mean Absolute Deviation (MAD) statistical 

analysis. Next is the feature selection and the aggregation process where for a 

given EMR data most of the information will be filled with unwanted 

location information, and patient‟s demographic information. However, we 

need to select only the stroke values and corelate to get only the stroke 

indicators. After then a logistic regression process is carried using Support 

Vector Machine (SVM) and choose the top 100 features that have the highest 

significance. Finally, a proportional hazard model is used to find the survival 

time of the patient.  

Algorithm for Stroke Prediction system: 

for dataset Stroke_Patients 

           { 

    find missing_data { 

   calculate RMSD & MAD} 

 Feature_Aggregation { 

    Perform correlation analysis } 

 Feature_Selection { 

  Select_best 100 } 

 SVM_logistic_regression { 

  Prediction of Stroke_patients } 

 Use Cox_Hazard_Model{ 

  Survival_rate } 

             } 

 

3.2 Cox Proportional Hazard Model 
 

Proportional hazard is a class of survival model used in many statistical 

applications. In this model a unit increase of the covariates increase the 

hazard rate multiplicatively. One of the most successful models is the Cox 

hazard model, which is nothing but a regression model for use in medical 

research [10], [11]. It uses the covariates i.e., the predictor variables that 

affect the patient‟s prognosis. The concept of analysing the survival rate is by 

analysing the survival data which include, 1) the functions involving the 

hazard and survival, 2) construction of survival curve for various stoke 

patient groups and, 3) performing log-ranking test for comparing multiple 

survival curves [12], [13]. Thus, hazard can be calculated using the formula 

in equation 1. 
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                                                                                                              (1)                                                                                                              

Where h(t/X) is hazard value at time t for a given feature X for an 

individual X1 ….Xn and the h0(t) is the function to define the arbitrary 

baseline which fixed historically.   …… is the parameter which is to be 

found. Since the parameter which are supposed to be found is dependent on 

multiplicative hazard values, these are much better and different from linear 

regression model and therefore its more helpful in identifying the biological 

data hazards [14]. Next is to find the ration of hazard, which is used to find 

the threshold value for classifying any two individuals X1 and X2, and this is 

given in equation 2. 

                                                (2) 

Thus, the proposed cox proportional hazard can determine the survival 

rate and predict the possibility of stroke for a patient record based on past 

historical evidences. 

 

3.3. Streaming Data Processing On EMR 

 
Streaming processor can bring real-time data into life by analysing, 

integrating, troubleshooting and predicting the possible outcome in real-time. 

Though it is possible to process stored data through the process of batch 

processing, nowadays the advent of streaming engine like Apache Kafka and 

Spark enables them to be studies even when the data is in motion [15]. Some 

of the most advanced application of present world stream processing are, 

fraud detection in bank, trading the stock on the market, Security Information 

and Event Management (SIEM) by analysing the log files for effectively 

preventing any threat to data centres. The proposed stream processing 

architecture is presented in Figure 2 below. 

Fig. 2: Stream Processing of EMR and Prediction System. 
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In our proposed work, the source of data for the streaming data 

environment are from wearable medical devices, sensor data, medical data 

from hospitals, patients past historical data, and social media data. These 

datasets are aggregated and fed into the streaming environment. Once the 

electronic medical records are pre-processed then our proposed cox 

proportional hazard model predicts the chance of stroke for a patient record. 

Here the stream processor Apache Spark processes it. The underlying model 

of streaming data is based on the HDFS which is a file system upon which 

the stream engine is going to run. Then the final data is processed for real 

time visualization or reporting. The outcome of the data can be used in case 

of an emergency admission and sent as a feed to save the patient from stroke 

[16]. Thus, any real time data can be processed using our stream processor. 

This architecture can be built either as a standalone or moved to a cloud 

environment making into a green cloud architecture.  

 

4 Spark Implementation 
 

The implementation of Spark is done on top of HDFS, hence first the 

Hadoop is installed and then on top Apache Spark is installed and configured 

as presented in Figure 3.  

 

 
                 Fig. 3: Apache spark installation 

 

The patient record set is loaded into the spark engine as shown in Figure 4. 

 

 

 

 

 

 

 

 

 

 
Fig. 4: Patient record using Scala 
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 Scala is an object-oriented multi-paradigm language which can support 

reliable and fast in- memory computations. It has an excellent fault tolerance 

capability with in built machine learning libraries.  

 

 

 

 

 
           Fig. 5.a: Total no. of persons in EMR 

                                     Fig. 5.b: Probability of male having stroke 

 

 

 

 
                     Fig. 5.c:  Probability of female having stroke 

Thus, it can be seen that in Figure 5.a the total number of patient records 

are given and in Figure 5.b and 5.c provides the probability of occurrence of 

stroke among male and female patients.  

 
Figure 6: Number of Patients predicted for Stroke 

 

The graph above in Figure 6, provides the overall picture of the number 

of patients who have been analyzed and the number of patients for whom our 

predictions system has provided the probability of stroke is analyzed.  
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5 Conclusion 
  

The work predicts the chances of stroke among the patients using the 

medical records which are processed at run time. As the amount of data 

grown so as the necessity of analysis and prediction, thus the need for real-

time analytics is carried out in the form of streaming data from various 

source of patients monitoring system to an environment that takes care of 

handling heterogenous data. The paper also provides an insight into how 

stream processing is far superior in handling data then batch processing. 

Moreover, the work models the hazard by using the cox model which once 

again proved that it is the most efficient model for medical data predicting 

the survival rate.  
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