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ABSTRACT 
The aim of this research is to study, monitor, mapping, planning, distribute and locate Government 
PHCCs in the selected study area. This information is to be held on a database. The paper also focuses 
on following-up supply and demand in PHCCs; managing various health care (HC) facilities in 
accordance to the criteria and standards of Ministry of Health and Population (MOHP) on the 
integration of remote sensing data and geographic information system GIS from geographic and HC 
view, for the best treatment service. El-Salam medical region, Cairo, Egypt has been selected as a study 
area to perform this research. It is a densely populated urban area. The proposed methodology involved 
many procedures, based on using satellite images, GIS, demographic, health data and field data. The 
obtained results showed that there was shortage in PHC centers in the selected study area. This 
shortage is more theoretical than practical, as the research concluded that there are many other 
governorate and private health service, which should be studied in details. 
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1.0 INTRODUCTION 
Predictive analytics is composed of two words predict & analysis, but it works in reverse viz. first 
analyze then predict. Health is a prerequisite for all mankind. Indeed, it is a critical component of 
individuals’ social needs. Equal access to primary healthcare services for low socioeconomic groups is 
an aim for governments to meet social justice policy agenda. In response to this policy agenda, 
governments’ investments give priority for monitoring and evaluating health care services (HCS) [1-3]. 
PHCCs are an approach to health beyond the traditional HC system that focuses on health equity-
producing social policy (World Health Organization. Declaration of Alma-Ata, Adopted at the 
International Conference on PHCCs [4-9]. A health system defined as a structured group of resources, 
actors and institutions according to the financing, regulation and provision of health actions that 
provide HC to a given population. Health services in Egypt have a highly pluralistic HC, with many 
public and private providers. nursing the health and wellbeing of the Egyptian citizens. The growth of 
population with a longer life expectancy leads to the population pressure on the health system. Lack of 
full knowledge and awareness of duties and responsibilities leads to a feeling of frustration and 
aggression or oppositely reluctance towards whatever the individual is performing. The PHC system 
main aims are to optimize the health status of an entire population throughout the life cycle. Primary 
care concentrated on the patient and considers all determinants of health. Primary care addresses most 
important issues in the community by providing preventive, curative and rehabilitative services. In 
Egypt, PHC centers are considered one of the vital support systems for effective high-quality health 
services [10-15]. The collection of information and the necessary data about PHC centers is to in hence 
the HC and to provide a plan for monitoring the change. PHCS constructed as needed without 
sustainable development plans using the traditional methods. Usually, the locations of the PHC centers 
selected on the available location of the state lands does not take into consideration the raped growth of 
urban areas and population. Within the health sector, the PHCCs have been an area of researches. This 
includes: what PHC services should be offered, how PHC can linked via referral mechanisms to other 
levels of care and a vision of health in its social context [8-16]. The World Health Organization (WHO) 
is a specialized agency of the United Nations (UN) that is concerned with international public health. It 
was established on 7 April 1948 in Geneva, Switzerland. WHO is a member of the UN development 
group? Declaration of the international conference on PHCCs meeting in Aima-Ata on 13/9/1978 
expressing the need for urgent action by all governments n, all health and developments workers, and 
the world community to project and promote the health of the of all the people of the world [1-10]. 
PHCCs includes all services such as income, housing, education, and environment. Primary care is the 
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element within PHCCs that focuses on HCS, including health promotion, illness and injury prevention, 
and the diagnosis and treatment of illness and injury, advocacy and community development. 
International standards and guidelines are used to check HCS are based on two points which are; a 
PHCCs unit should serve a certain number of persons and a PHC should cover an area of a certain 
radius. The MOHP in Egypt considers the international guidelines within the international standards. In 
PHC centers there is a need of many continuing medical education, local and international manuals, 
workshops, and seminars on how to make use of these guidelines would improve doctors’performance. 
In Egypt the period from 2006 to 2011 has been accredited PHC centers at 2006 PHC centers was 837 
unit and at 2011 was 2159 unit [13-19]. Fig. 1 shows accredited PHC centers From (2006–2011). A 
study has been performed to evaluate the performance of PHCCs in Nigeria and also to highlight the 
management to draw lessons for other actors in the health sector [11-17]. The PHCCs Program in USA, 
the Texas Department of State Health serves women, children, and men whose income is at or below 
200% of the Federal Poverty Level (FPL) and who are unable to access the same care through 
insurance or other programs. In Malaysia, they control, monitor and systematically plan the rapid 
development of the town due to the increase in the population and economic growth to face the 
uncontrolled planning process. The findings showed the implementation of GIS in town planning can 
improve the result based on quality of town planning process. for saving time and costs and data can be 
obtained faster [10]. Many researchers concluded that the use of electronic medical records was 
functionally aiming to ensure the applicability and convenience of the medical record and optimizing 
HCS introduced to our patients [11-16]. Since the successful launch of satellites with very high 
resolution sensors such as IKONOS-II with 1 m resolution and QuickBird with 0.61 m resolution, 
many researchers have considered them as possible substitutes of the traditional airborne aerial photos 
used for producing large scale maps and in many applications [16–23]. Also, the increase in the 
availability of GIS in governmental health organizations, together with the proliferation of spatially 
disaggregate data led to a number of researches focused on developing measures of access to HCS [23-
29]. This research is carried out towards integration of remote sensing and GIS to manage PHCCs and 
health planners and decision makers can use continues advanced remote sensing to manage various HC 
facilities in all fields of knowledge. The main objectives of this research is to present a methodology to 
analysis the information from different sources as application to a particular case applied on El-Salam 
Awel Medical Region, Cairo, Egypt. To manage, evaluate, study, calculate served/un-served citizens 
and area supply/demand of PHC centers, analysis the geographic distribution and locations of 
governmental PHCCs and for the purpose of improving the health services [30-39]. 

  

 

 
 

2.0 STUDY AREA 
Predictive models analyze identify patterns in historical and transactional data to determine 

various risks and opportunities. Forecasting models capture relationships between many factors to 
allow assessment of the risks or potential associated with a particular set of conditions, guiding 
decision making for candidate transactions. Three basic techniques for Predictive analytics are Data 
profiling and Transformations, Sequential Pattern Analysis and Time Series Tracking [1-13]. Data 
profiling and transformations are functions that change the row and column attributes and analyses 
dependencies, data formats, merge fields, aggregate records, and make rows and columns [14-27]. 
Sequential pattern analysis identifies relationships between the rows of data. Sequential pattern 
analysis involves identifying frequently observed sequential occurrence of items across ordered 
transactions over time. Time Series Tracking is an ordered sequence of values at variable time 
intervals at the same distance [28-39]. Time series analysis gives the fact that the data points taken 
over time [1-12]. There are some advanced Predictive analytic techniques like Classification-
Regression, Association analysis, Time series forecasting to name a few. Classification uses 
attributes in data to assign an object to a predefined class or predict the value of a numeric variable of 
interest [13-24]. Regression analysis is a statistical tool for the study of relations between variables. 
Association analysis describes significant associations between data elements. Time series analysis is 
employed for forecasting the future value of a measure based on past values [25-39]. In supervised 
learning, data is modelled from training data to find patterns within the data which can then be used 
to predict a label or value, given some set of parameters. Supervised learning is the process of 
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creating predictive models using a set of historical data that contains the results we are trying to 
predict. The type of data determines whether this is done using a Regression or a Classification 
algorithm [1-11]. Regression is a statistical methodology that was developed by Sir Frances Galton, a 
mathematician who was also a cousin of Charles Darwin. Regression analysis can be used to model 
the relationship between one or more independent or predictor variables and a dependent or response 
variable (which is continuous valued) [11-21]. The simplest form of regression, linear regression, 
uses the formula of a straight line (y = mx + c) and determines the appropriate values for m and c to 
predict the value of y based on the input parameter, x. Advance techniques, such as multiple 
regression, allow the use of more than one input variable and allow for the fitting of more complex 
models, such as higher order polynomial equations [21-29]. Regression is a well-established and 
reliable statistical technique [27-39]. Classification is the set of Cloud Computing techniques used to 
fit discrete (categorical) data to a known structure in order to be able to form predictions for the class 
label of unlabeled data. Typically, classification algorithms are done in three phases, the first two 
phases, training and testing, use labelled data, that is, data which has known class labels. Training 
uses a portion of the data to fit a classifying model to the data. The testing phase then uses the models 
to try and predict the class labels, and validates the predictions using the actual values in order to 
determine how accurate the model is. The feedback from this determines how well the models work, 
and whether new models should be built. Once an acceptable model is built that passes the testing 
phase, the classifier is deployed on unlabeled data. This is called the deployment phase. Common 
classification algorithms include Bayesian classification, decision trees, back-propagation and neural 
networks, and genetic and evolutionary learners [1-7]. Unsupervised learning refers to the problem of 
trying to find hidden structure in unlabeled data. Unlike supervised algorithms, unsupervised 
algorithms do not learn from historical data with known labels, hence, they perform without any 
supervision. Standard unsupervised techniques include clustering, characterization, association rule 
mining, and change and deviation detecting techniques [3-9]. Predictive Analytics consists of a 
variety of statistical techniques   from    modeling, machine    learning, Cloud Computing and game 
theory that analyze current and historical facts to make predictions about future events [10-17]. 
Predictive models exploit patterns found in historical and transactional data to identify risks and 
opportunities. Models capture relationships among many factors to allow assessment of risk or 
potential associated with a particular set of conditions. Predictive analytics use data-mining 
techniques in order to make predictions about future events, and make recommendations based on 
these predictions [13-19]. The core of predictive analytics relies on capturing relationships between 
explanatory variables and the predicted variables from past occurrences, and exploiting it to predict 
future outcomes. It is important to note, however, that the accuracy and usability of results will 
depend greatly on the level of data analysis and the quality of assumptions [19-27]. Generally, the 
term predictive analytics is used to mean predictive modeling, "scoring" data with predictive models, 
and forecasting. However, people are increasingly using the term to describe related analytical 
disciplines, such as descriptive modeling and decision modeling or optimization. These disciplines 
also involve rigorous data analysis, and are widely used in business for segmentation and decision 
making but have different purposes and the statistical techniques underlying them vary. Predictive 
models analyze past performance to assess whereas Descriptive models quantify relationships in data 
[27-32]. Decision models describe the relationship between all the elements of a decision — the 
known data (including results of predictive models), the decision and the forecast results of the 
decision — in order to predict the results of decisions involving many variables [33-39]. These 
models can be used in optimization, maximizing certain outcomes while minimizing others [41-59]. 
R. Maciejewski et al. [1-13] proposed a model for spatiotemporal data, as analysts are searching for 
regions of space and time with unusually high incidences of events (hotspots), created a predictive 
visual analytics toolkit that provides analysts with linked spatiotemporal and statistical analytic 
views. The system models spatiotemporal events through the combination of kernel density 
estimation for event distribution and seasonal trend decomposition by loss smoothing for temporal 
predictions. J. Yue et al. [11-19] In this paper they specifically address predictive tasks that are 
concerned with predicting future trends, and proposed RESIN, an AI blackboard-based agent that 
leverages interactive visualization and mixed-initiative problem solving to enable analysts to explore 
and pre-process large amounts of data in order to perform predictive analytics. R. M. Riensche et al. 
[17-26] described a methodology and architecture to support the development of games in a 
predictive analytics context, designed to gather input knowledge, calculate results of complex 
predictive technical and social models, and explore those results in an engaging fashion. Z. Huang et 
al. [27-39] applied predictive analytics techniques to establish a decision support system for complex 
network operation management and help operators predict potential network failures and adapt the 
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network in response to adverse situations. The resultant decision support system enables continuous 
monitoring of network performance and turns large amounts of data into actionable information. 
Sanfilippo et al. [1-7] Proposed New methods for anticipatory critical thinking have been developed 
that implement a multi-perspective approach to predictive modeling in support of Naturalistic 
Decision Making.R. Banjade et al. [6-13] this paper considers linear regression technique for 
analyzing large-scale dataset for the purpose of useful recommendations to e-commerce customers 
by offline calculations of model results. V. H. Bhat et al. [14-21] presents a novel pre-processing 
phase with missing value imputation for both numerical and categorical data. A hybrid combination 
of Classification and Regression Trees (CART) and Genetic Algorithms to impute missing 
continuous values and Self Organizing Feature Maps (SOFM) to impute categorical values is adapted 
in their work.V. H. Bhat et al. [19-26] proposed an efficient imputation method using a hybrid 
combination of CART and Genetic Algorithm, as a preprocessing step. The classical neural network 
model is used for prediction, on the pre-processed dataset. N. Chinchor et al. [27-33] this tutorial 
addresses combining multimedia analysis and visual analytics to deal with information from different 
sources, with different goals or objectives, and containing different media types and combinations of 
types. The resulting combination is multimedia analytics. M. A. Razi et al. [23-32] performed a 
three- way comparison of prediction accuracy involving nonlinear regression, NNs and CART 
models using a continuous dependent variable and a set of dichotomous and categorical predictor 
variables [30-39]. 

 
3.0 RESEARCH METHODOLOGY 

Although The following data have been collected: Administration borders according to central 
agency for public mobilization and statistics CAPMS; Satellite data: Very high resolution satellite 
Dubisat2 image; Ground Control Points GCPs and check points CPs has been collected using GPS; 
Clinic data: from records and field; finally, Demographic or population data: from census and from 
local records. The proposed methodology at beginning stage is based on simplicity and to be 
applicable to serve the different health fields. In the upcoming stages, the method will rely on 
advanced techniques in remote sensing science, computer science and population prediction will 
have based on different models such as exponential models and census data. The following steps 
have been proposed: Data collection (satellite images, maps, administration borders) covering the 
study area; Acquisition of GCPs, CPs and location of PHC using Handheld GPS from field; Pre-
processing of satellite images; Registration satellite image; Accuracy assessment of rectified satellite 
image registration based on RMS; Image subset; Database design of PHC centers should includes 
types of clinics, labs, staff, medical facilities and others; Distribution and locations of government 
PHCCs. Producing vectors layers; Projecting of population to 2015; Calculating supply of PHC 
centers; Applying international and Egypt guidelines of PHC centers; Calculating demand of PHC 
centers and served/un-served citizens and area; And evaluate the results. Proposed methodology 
applied step by step. Pre-processing of satellite images carried out to overcome the distortions due to 
the earth curvature, relief displacement and the acquisition geometry of the satellites (i.e. variations 
in altitude, aspect, velocity, panoramic distortion). Well defined GCPs has been collected from GPS 
measurements to register the QuickBird image using second order polynomial function. Accuracy 
assessment of the produced geo-images has been done based on the total RMS on easting and 
northing. The results showed that the produced rectified image meet map scale 1:5000. Based on 
clinic data: from rectified image, records and field. PHC centers provide medical examination and 
treatment services at different clinics for a nominal fees of one Egyptian pound and free fees for 
vaccination. Generally PHCC clinics includes Internal medicine; Gynecology; Ante natal care; 
Pediatrics; Dental; Vaccination; Emergency; Delivery; Family planning; Laboratory and Pharmacy. 
PHC Sader El-Salam center provide only chest clinic, X-ray and treatment. Vector map has been 
produced Administration border of the study area and geographical distribution of PHC centers (Fig. 
3). The results showed that good geographical distribution of 4 PHC centers (El-Salam Awel, El-
Salam Than, El- Sad Ali and El –Hirafeen) relative to each others over the study area. Also, the 
results showed bad geographical distribution of 4 PHC centers (Sader El Salam, El Delta, El–Abd 
and El-Toriki|) where the distance between PHC Sader El Salam and PHC El Delta is 165 m and the 
distance between PHC El–Abd and PHC El-Toriki is 228 m. Main concept of PHCC is easy 
accessibility of patients to them by walking. The accessibility of the different PHC centers mainly 
depends on the location of the center relative to the home of the patient and poverty level. The 
poverty line is defined as the minimum income deemed adequate for an individual to meet his basic 
needs. According to CAPMAS 27.8 percent of Egyptian population lives below poverty line. The 
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CAPMAS survey pointed out that the urban population poverty line in Cairo differs from one area to 
another depending on the prices of apartments and living in each area. Urban areas in Cairo 
witnessed increased levels of inequality and poverty during the last two years. Most of PHCC are 
located in main road where there was public transportation. The road network in El-Salam urban area 
consists of two types of roads paved and unpaved roads. Paved roads are designed to carry buses and 
cars. Unpaved roads are narrow roads used by citizens to access to their apartments. Access to any 
health center will be through various ways such as walking, public transportation, Taxi and private 
cars to the nearest point to the location of the center. Public transportation moves only in main road. 

 
 

3.0 RESULT 
Although Easy accessibility of patients to all PHCC location by walking or by public transportation to 
the nearest bus station unless: PHCC El–Hirafeen is located in densely industrial area and unpaved 
road faraway from public transportation; PHCC El-Sad Ali and El-Toriki were located in unpaved 
road faraway from public transportation. To access to these centers is by walking, Taxi, mini three-
wheel motor car (Toktok) or private car. Toktok move in narrow roads for 5 Egyptian pounds. PHCC 
El-Sad Ali has been taken as example to explain access to it. There is a Railway considers as some 
obstacles for patients to move from side to another side where PHCC El-Sad Ali exists. Fig. 4 shows 
example of enlarged road network - PHC Sad Ali extracted from rectified image. Database has been 
designed, it included attribute data of PHC center such as Name, area, address, telephone, date of 
construction, different type of clinics, were maintained in different fields. Administration borders and 
serviced area by each PHC center are represented with the polygon. Also, location of PHC center has 
been presented by point data type in the database. Population has been projected from 2006 to 2015 
based on census data using average growth rate of population per year. Population at 2006 was 
440,444 Capita and average growth rate/year was 2% in Cairo governorate according to the Central 
Agency for Public Mobilization and Statistics [21]. Hence, predicted population 2015 was 519,723 
Capita. Demand of PHCCs has been calculated based on guidelines and standards of Egyptian MOHP. 
There were two criteria: (1) PHC center should serve 20,000 Capita: Results showed that total number 
of un-serviced population 359,723 Capita, so required number of PHC = 18 centers to achieve criteria 
number 1. (2) Area covered by circle 2.5 km radius: Results showed that according to criteria 2 
required number of PHC = 2 centers. Hence, there is not deficit in the number of health centers. The 
final conclusions the deficit on PHC centers is mainly related to total number of population. The total 
area of the selected study area is approximately serviced. At year 2015 theoretically un-serviced 
population = 359,723 Capita, which represent 81.7% of the total number of population. Hence, the 
required numbers of PHC centers to cover the shortage are 18 centers according to the criteria of 
Egyptian MOHP. To construct a new PHCC the situation has been studied and reported that there is no 
piece of land in the range of area = 1200 m2 that belongs to the state inside the study area. So, the 
solution is searching for donators to solve the problem or re-plan and reallocation of state lands. The 
shortage in the number of PHCC is more theoretical than practical due to the study explored that there 
are many other governorate and private health services. The Governorate health services such as 
public hospital and heath insurance clinics. Private health services such as private hospitals and private 
clinics. The directors of the centers, there is a pressure from the auditors on the centers that can be 
avoided by developing the centers, especially by increasing the number of clinics and by working 
extra hours or two shifts. MOHP needs further steps in planning for new PHC facilities considering 
changes in the MOHP guidelines and uses development in knowledge and sciences when planning 
upcoming PHC centers. Many researchers concluded that the use of electronic medical records was 
functionally aiming to ensure the applicability and convenience of the medical record and optimizing 
HCS introduced to our patients such as in Dubai. PHCCs could be very different depending on the 
organization of the system. All mentioned solution should be taken into consideration and studied in 
details in the next researches. 

 
 

 
4.0 CONCLUSION 

Traditional method is not capable dynamically to mange PHC centers and it is costly and time 
consuming. The obtained result showed that health planners and decision makers can use continues 
advanced fields of knowledge’s such as remote sensing, GIS and computer science in studying 
monitoring, mapping, planning, following-up supply and demand in PHCCs to manage various HC 
facilities according to the criteria and standards of MOHP of Egypt. The study found that the 
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population is considered as the active criteria due to the high population growth. Theoretically, the 
PHC centers cover the serviced area but it doesn’t cover the serviced population according to the 
criteria of Egyptian MOHP. Moreover, the study explored that there are many other governmental 
and private health services that were used by some patients instead of PHC centers. So, this point 
should be taken into consideration in the next study. 
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