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ABSTRACT 
 
In this paper we have considered a Patient Admission scheduling problem for reducing the patients waiting 

time by improving the resources effectively. Recently, appointment scheduling systems in health care 

services are at most important to respond to an ever increasing demand for care .its utilization is focused 

on enhancing the usage of human resources, medical equipment and reducing the patient waiting time. We 

have carried out a case on patient admission scheduling problem in radiology department. A mathematical 

model has been developed as   a linear programming model to optimally solve this problem. The proposed 

model is hard to solve with traditional methods due to its computational complexity, to achieve the optimal 

solutions in a reasonable time an evolutionary algorithm based multi-objective Non dominated sorting 

genetic algorithm is adopted. With the data collected from the daily observations the experimentation has 

been conducted the obtained results showed average reductions of 7% of the total completion and 34% on 

the patients total waiting time 
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1. INTRODUCTION 

 
Recently, health care services is one of the pressing area that needs to be highlighted for the 

betterment of society. In order to increase the awareness for preventative care and to serve the 

patients in an effective manner the reorganization of present health care systems is essential. 

Recent increase in demand for health care services and lack of ability to handle the no of health 

care providers leads to inefficiency of the system [1]. To handle the above mentioned problem it 

is necessary to implement the effective and efficient methodologies. Increasing waiting list and 

the ageing of the population are the two most important problems now a days the health care 

organizations are looking for. In this context, we have considered a radiology department to carry 

the patient admission scheduling problem (PAS). 

 

The Admission Scheduling (AS) problem is first introduced by Bailey [2]. The solution for the 

problem concluded that the schedule of patients in regular intervals can produce better results and 

it is equal to the average consultation time. The AS problem in a healthcare environment was first 

addressed by cayirli and veral [3]. Here, authors have solved the appointment schedule in a 

healthcare environment with an objective function having multiple performance measures is 
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optimized and highlight several issues for both static and dynamic cases. In this work, a PAS 

problem is considered to improve the comfort of the patience.   

 

In general, The PAS problem in a radiology department is considered in order to minimize 

patience, length of stay in waiting list while reducing the cost and increasing the quality of care. 

Primarily, we considered a case of radiology department for solving the patient admission 

scheduling problem. To carry the problem a clinic has been identified and then observed various 

departments and its operations involved in the clinic later for a period of four months data was 

collected and statistical analysis was conducted. Moreover a mathematical model has been 

developed in subjected to constraints by identifying the objectives as total completion time and 

total waiting time of the patient. Due to the problems complexity and its influence on recent 

researchers, we are interested to carry this problem to find the efficient and feasible solutions, 

particularly in the context of PAS environment. Therefore, it is necessary to introduce efficient 

and effective methods to schedule the mentioned problem. As the proposed problem is multi-

objective in nature we used a multi-objective evolutionary algorithm to solve the above 

mentioned problem.  

 

The remainder of this paper is organized as follows. The problem description with mathematical 

model subjected to constraints is developed and its notations are detailed in Section 2. Section 3 

the framework of multi-objective evolutionary algorithm is presented. In Section 4 the mapping 

of problem with proposed multi-objective based NSGA-II algorithm is detailed and solved. The 

experimentation with collected data is presented and their results are presented in section 5. The 

paper concludes with section 6 which suggests the directions of future work. 

 

2. MATHEMATICAL REPRESENTATION AND PROBLEM DESCRIPTION 

 
In this paper, the addressed problem is map as a queuing system with the objective of improving 

the performance measures such as minimizing patients’ waiting time. The queuing system is 

divided into number of stages and number of servers. The number of stages and servers are 

defined as: 1. Number of stages and 2. Multistage system. Chel et al. [4] considered four stages in 

the analysis of surgery admission. Conelly and Bair [5] explored the potential of discrete event 

simulation in the operation analysing an emergency department. In their work multistage system 

was considered as each patient was modelled as a set of instructions that defines a series of 

individual activities that must be completed in a given order before patient leaves the emergency 

department. The number of stages are defined in this work as, a. Single stage system and b. Multi-

stage system. Where, in single stage system the patients maintain in a single queue. The majority 

of the studies in a literature represent single-stage problems. Schemes, illustrating single-stage 

systems, are provided in Figure 1(a) and (b) 

 

 

 

 

 

 

 

 

 
 

Figure1. (a) Single stage/Single server system (b) Single-stage/Multi server system 
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Whereas in a multistage system, parents queue for a multiple stages such as registration, 

examination and check out schemes that are shown in Figure.2 (a) and (b). A multistage system 

was considered by Garg et al. [6]. In this work, a hospital scenario was studied and patient 

pathway was modelled to consider different phases of care, such as acute, treatment and 

rehabilitation. In the flow modelled by the Granja et al. [7], three stages were considered in the 

patient pathway in radiology admission, examination and billing. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure2. (a) Patient path way as a Single stage schedule system (b) Patient path way represented with Multi 

stage schedule system 

 

The patience path way is mapped with queuing system is depicted in Fig. 2. It shows different 

types of stages and their functions with respect to patient admission scheduling problem. The 

functionalities of these systems and its representation is mentioned in the literature [8, 9]. In 

multi-server system more than one server with same capabilities is considered in appointment 

system [10-12]   the scheduling algorithm decides to which server each patient is queuing. 

Schemes illustrating multi-server systems are provided in Fig.2 (a) and Fig.2 (b) a multi stage 

schedule system was considered by a Hoot et al. [13].  
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3. CASE STUDY 
 
This article approaches an AS problem in a Private hospital. The clinic is integrated within the 

hospital and there are more number of service requests with scheduled patients delivered by the 

clinic. In the work carried out in the beginning of the project, a non-significant amount of patient 

delays are observed. This may be due to social environment of the clinic. As the hospital is 

situated in a rural area and serves a vast area, due to social factors the patients tend to arrive early 

for the appointment, often several hours before the scheduled time. Thus it was not possible to 

characterize this environmental factor. 
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The considered clinic in this paper provides various services on Computed Tomography (CT), 

MRI, Orthopantomography (OT), Densitometry (PX), Mammography (MG) and Ultrasound 

(US). It has 10 daily working hours and is composed of human, physical and technical resources, 

such as: Physicians; Technicians; Assistants; Administration; Waiting room; changing room; 

Control rooms; Examination rooms; Modalities. There are total four dressing rooms can be shared 

by both modalities. Both CT and MRI modalities are taken care by same human and physical 

resources. Whereas, the call for examinations is made by the same assistant, who directs to the 

dressing rooms. PX/MG and OT/US share one technician that executes the examination. The 

framework of detail case and its procedure is shown in Figure 3.  

 

 In this case, patients requests for appointments are by two modes i.e., either by phone or in 

person. At the moment of request, the reception staff can assist to schedule patient appointment 

for a day and time according to availability of the schedule time. The size of the time block, i.e., 

processing time depends upon the kind of modality the patient is referred for admission. During 

the day of the appointment from the above mentioned two modes the patient refers to the clinic 

for admission. However, patient should wait for some time after arrival at waiting hall until the 

respective modality assistant called for examination. The service is provided to the patient when 

the necessary resources are available and according to their turn and their rescheduled time made 

by the technicians and based on their empirical knowledge on the type of examination.  

 

The processes implemented at the studied clinic were modelled by the loco observation and 

characterized according to the parameters described in following sections. The parameters defined 

based on optimum workflow, to ensure the process models accuracy. These parameters allow 

describing of the real case, while maintaining the modelling flexibility and robustness. 

 

4. MULTI-OBJECTIVE NSGA-II ALGORITHM 

 
Recently, multi-objective optimization in health care problems captured the interest of many 

researchers. The feasibility of the proposed approach is verified with a multi-objective based GA 

(NSGA-II) algorithm [9] to find the feasible solutions for proposed problem. The operators play a 

crucial role in the algorithm for generating of the better quality solutions. In order to find the 

better quality solutions, it is necessary to fine tune the parameters such as crossover and mutation 

in better manner. Therefore, the authors have said the ranges of operators i.e. crossover as 0.65 to 

0.95 and mutation as 0.1 to 0.01. By maintaining these ranges with the termination criteria as 100 

iterations we have run the algorithm on an average of 10 per run. In this manner we improved the 

system performance better than the existing one.  

 

In this research, we considered a multi-objective NSGA-II to generate optimal solutions. 

Goldberg was the first to suggest the non-dominated sorting genetic algorithm (NSGA) and 

Srinivas and Deb were the first to execute it. As NSGA differs from well-known simple genetic 

algorithm is only in the way the selection operator works. Some drawbacks that need to be 

highlighted for NSGA are: (a) huge time for obtaining the quality of solutions, (b) not obtaining 

the elitist operation (c) lack of tenability for Pareto fronts. With the advent of NSGA-II, the above 

mentioned drawbacks have been resolved. We first apply a classical non-dominated sorting 

genetic algorithm-II (NSGA-II) [14] and its schematic procedure is depicted in Figure 4 which 

includes Pareto ranking and crowding distance mechanism for selection of the individuals. 
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Figure 3. Flow chart of the proposed procedure of health systems 
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Figure 4. Schematic procedure for processing NSGA-II 

 

5. EXPERIMENTATION 

 
To understand the behaviour of the resources and their utilization at the studied clinic, 39 exam 

types were identified and then investigated for a period of 4 months, data was collected by the 

observation of the daily work. The work load data is represented in Figure 5. 

 

 
 

Figure 5. MRI exams types and their frequencies 
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Over six exam types depicts that 80% of the total work load (cervical, lumbar, knee, brain, breast 

and shoulder). This lead to limitation of the exams observed, during the second phase of the six 

exam types mentioned above, given the amount of perception time required to obtain a sample 

that would be statistically illustrated. 

 
Table 1. Statistical Analysis of the work flow of Main Examinations in the Clinic 

 

Parameter Task   

 1st  cloth change(min) Prepare Equipment (min) Patient 

positioning(min) 

    
Average  2.32 0.64 1.98 

Median 1.95 0.55 1.81 

Standard deviation 0.9 0.31 0.65 

 Contrast (min) Remove patient (min) 2nd cloth change(min) 

Average 2.09 1.36 1.97 

Median 1.94 1.19 1.85 

Standard deviation 0.74 0.67 0.9 
 

Table 2. Statistical Analysis of the Image Acquisition Task by Examination Type 

 

 

The statistical analysis on the clinic work flow of main examinations is given in Table 1. In Table 

1, starting from patient dress change to patient task completion and its average, median, and 

standard deviations are shown. Similarly, in Table 2 the image acquisition task of different 

examination types are shown in Table 2. Moreover, after finding of statistical results the 

simulation experiments are conducted with NSGA-II algorithm. In the Figure.6 the Pareto optimal 

curve for the multi objective functions such as total completion time and total waiting time of the 

patient has been shown, also the optimal results is shown in Table 3. The mentioned algorithms 

are coded with MATLAB software and the problem is tested on Intel® Core™2 Duo CPU T7250 

@2.00GHz, 1.99 GB of RAM. 

 
Table 3. Simulation Results of Nsga II 

 

Performance measures NSGA II 

Total competition time 

Total waiting 

86 

9 

Fobj 95 

Parameter   Exam with contrast 

Cervical(min) Lumbar (min) Brain (min) Breast(min) 

Average                              20.42 26.51 26.72 25.92 

Median 19.52 25.52 25.17 26.65 

Standard deviation 4.48 6.06 8.25 4.91 

Average 18.02 15.71 15.77            16.25 

Median 18.3 15.61 15.57 15.81 

Standard Deviation 3.8 1.27 1.34 2.8 
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Figure 6. Pareto optimal graph of make span and waiting time with NSGA-II algorithm 

 

6. CONCLUSION 

 
In this phase patient admission scheduling problem (PAS) was implemented in three stages: work 

flow definition, data collection and simulation and optimization via NSGA-II. First, it was 

achieved through a comprehensive overview of the clinic work flows and to identify possible 

tasks that weren’t taken in to picture in the previous definition of an ideal workflow. The data at 

this stage created the principles for the elaboration of a detailed checklist, universal to all 

providers that systematizes the significant data collection. In the following, the used methodology 

is endeavoured for the modality .A drawback of simulation tools, based on linear programming, is 

that this approach attempts to solve the PAS problem as a queuing system, by generating an 

empirical fit to the framework defined in the process model. Such limitations were minimized by 

the modelled methodology, the system modules that defines the framework. The radiology 

department was studied in terms of efficiency and production quality, denoted by total completion 

time and total patient waiting time, respectively. The patient cycle i.e. simulated for optimum 

solutions and the patient call order imposed by the technicians are similar. If the type of 

examination is considered during the patient admission, and as a result patients with similar 

exams are admitted continuously. Then the patient waiting time will be minimized, when the 

technician refers the patient sequence on the day of examination to enhance the internal sequence 

of examination these results on an extension of patient waiting time, reckoning that male or 

female. Therefore it is presumed that the type of examination must be contemplated in patient 

admission. 
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