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ABSTRACT 

We present in this paper an ubiquitous-based approach for patient scheduling. Emergency patients that need immediate 
treatment cause perturbations in the schedule. The complications that may happen during a treatment, can lead to change in 
waiting times and the planning of other patients. This leads to modifications in the planning and stochastic processing times. 
The main challenge in this context is: First, to track personnel and resources and secondly to manage schedules while 
minimizing stay time for the patient and idle time for resources. 
 
Keywords: scheduling patients, real time scheduling algorithm, RFID, traking patient/ressource 

1. INTRODUCTION 
The distributed structure of hospitals and the autonomy characterizing their units, the dynamics of the treatment 
processes, the variety of rendered services and related diseases, the slowness of information flows, and the resources 
limitations, make patient associated services scheduling a very complex task. This may decrease the quality of rendered 
services and consequently may have a bad impact on patients’ states, when scheduling is not well performed. Moreover, 
medical actions and priorities may change in time according to performed examinations on patients. In fact, additional 
problems may arise from complications and emergencies which have to be taken into account in real time. For these 
reasons, patient scheduling in hospitals requires an approach characterized by flexibility and agility. 
Patient scheduling is concerned with the allocation of services and rare hospital services to patients in order to be 
performed. The goal of the patients is to minimize their stay time and the goal of the resources is to minimize their idle 
time. Patient scheduling services appear to be a very complex task, not only because resources are rare, but also because 
the needed medical services and priorities may change according to patient’s evolution state and examination results. 
Additionally, the durations of the treatments and examinations are stochastic [1] [2] which influences resources 
availability and by consequences the patients’ times of stay. Due to this, patient services scheduling involves a 
pervasive approach enabling reaction to real time information in a timely manner. 
The main challenge in this context is: First, to track personnel and resources and secondly to manage schedules while 
minimizing stay time for the patient and idle time for resources. 
This paper is organized as follows. In section 2, we present the state of the art containing different of existing works 
related on patient scheduling problem in hospitals and real time scheduling algorithm. Then in Section 3, we present 
our contribution is a ubiquitous based patient scheduling in hospitals which combine both taking patients and resources 
and a real time scheduling algorithm for manage planning of patients. In section 4, we present experimentation and 
result. Finally, we conclude. 
 
2. STATE OF THE ART 
 
In this section, we introduce the problem of scheduling patients in a hospital. Then we will see some research in 
solving scheduling problems in real time. 

2.1 The problem of scheduling patients in a hospital 
In this section, we will focus on patient’s scheduling in hospitals. Because of the non-centralized structure of the 
hospital as well as the dynamic process, the complexity of the planning and the complexity of the coordination of 
patients are very high. 
The availability of supplies in the hospital’s service depends on the availability of resources. When each patient focuses 
on his medical therapy, his goal is to minimize the waiting time. And the purpose of each resource is to minimize the 
time off during the treatment, such as in [3] [4] where the main goal of these two papers is to solve patients’ scheduling 
problem while trying to minimize the waiting time for patients and the rest time for resources. The major problem of 
the scheduling of patients is the uncertainty. This is due to the continuous arrival of patients. And also because we 
don’t know everyone’s treatment in advance. Moreover during medical diagnosis a change might happen in the priority 
of patients and can also lead to new treatments [5]. Further, time changes from one patient to another [1] [2]. Finally, 
the arrival of urgent cases can change the schedule of the hospital.  
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Most hospital methods manage patients with the algorithm first come first served. When a doctor gives a treatment that 
the patient must undergo, he must go to the waiting room and wait for his turn. But if another patient arrives in an 
emergency, he must pass first. And the current patient may be called by other auxiliary units until the end of treatment 
of the patient in an emergency [3] [4]. Since there is no coordination between the auxiliary units, the same patient can 
be called by different auxiliary units simultaneously. Each unit has a local view of scheduling. So they do not have an 
overview of treatments that a patient must undergo. In this case, there will be a waste of time in terms of scheduling 
[3]. 
Other studies took interest in patient’s scheduling using other methods such as agent systems as in [6] [7]. These 
papers have presented an approach based on agents for optimal scheduling of patients. The main objective of this 
approach is to minimize the total execution time. It also helps to reduce the waiting time of patients in hospitals. 
There are systems that affect appointments only for the next available dates. These scheduling systems present several 
inconveniences; therefore they need to be excluded. They do not consider the negotiation and comparison of the level of 
patient’s priorities in scheduling, which made researchers try to solve this kind of problem by using several techniques 
that do not only take into consideration the appointments’ criteria. 
The hospital wants to use the resource (personnel and equipment) as the most effective. The challenge is therefore to 
provide a solution that allows patients to reduce waiting time and provide the most efficient use of the hospital 
resources. The goal of this work is to find an ubiquitous solution to minimize the waiting time of the patient and the 
idle time for resources. Therefore, we have the idea of tracking patients and resources with indoor positioning systems 
and scheduling by using real-time scheduling algorithms. 

2.2 Real-time scheduling 
The scheduling seems a bit simple yet once the tasks are becoming more numerous, it becomes more embarrassing to 
finish scheduling. There are a lot of scheduling algorithms in real-time. For the problem of scheduling, the choice of 
algorithm is made according to the needs and constraints of the problem. In our case, we need to have an algorithm that 
takes into account the constraints of laxity and also to ensure the selection of the task to be executed first, which means 
the choice of the patient who has a more critical state of health. We mention the most well-known algorithms. 
Earliest Deadline First algorithm [8] which is a dynamic priority scheduling. Its principle is to assign each task a 
priority depending on the deadline. The task that has the smallest deadline will be the highest priority over other tasks 
that have deadlines greater. 
We will move on to Least Laxity First [9] which is an algorithm that handles dynamic priority tasks. First we calculate 
the laxity of each task and then assign priorities as follows: The task has the highest priority has a very low laxity. But 
this algorithm has a major problem that it can’t be implemented due to useless context switching. That is why there has 
been an improvement of this algorithm that is Modified Least Laxity First [10]. This algorithm reduces the number of 
context switch by comparing laxity. If there is no Laxity tie, MLLF will order tasks as LLF. If there is a Laxity tie, the 
system will complete the execution of the same task without Preemptions. 
Turning now to Maximum Urgency First [11] where each task has an emergency. Each task consists of two fixed 
priorities (critical priority and user priority) and a dynamic priority that is proportional to the laxity of the task. The 
critical priority is higher priority than the dynamic priority and dynamic priority is higher priority than the user 
priority. This algorithm is divided into two parts. The first one where it assigns fixed priorities (critical and user) and 
the second part explains how to determine which task should be selected for execution. The disadvantage of this 
algorithm is that it can lead to failures of certain tasks of all critical set.  
There is an improvement of the previous algorithm that is Modified Maximum Urgency First [12]. It solves the 
problem of failed tasks in the critical set. In MMUF, user priority will have more priority than the critical priority and 
the latest priority will be a higher priority than the dynamic priority. In addition, this algorithm uses EDF as dynamic 
priority. MMUF reduces the number of context switch and improves the system’s performance. 
An improved version of MUF and MMUF was proposed by [13] which is the Enhanced Maximum Urgency First 
(EMUF) algorithm. EMUF respects the deadlines and this is the most important criteria for scheduling. EMUF uses 
intelligent laxity as a dynamic priority. The Intelligent laxity is calculated each time a process arrives or leaves the 
queue. If intelligent laxity of a task is less than zero, it will not run. EMUF gives better results of average waiting time 
and average execution time than those in MMUF and MUF [13]. 
There is also the algorithm Upgraded Maximum Urgency (UMUF) [15], where the authors proposed an improved 
algorithm for MUF scheduling for real-time systems. In UMUF dynamic priority or Laxity per burst time is calculated 
for each system processes. As EMUF the UMUF gives better results than those MMUF and MUF) [15]. 

3. Scheduling System’s Description 

3.1 Tracking patients and resources 
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We assume that the hospital where we will work on is a smart hospital proposed by [14]. It uses Radio Frequency 
Identification (RFID) technology to be able to describe the use of this technology. Many actors must be tagged for the 
installation. 
 RFID active tags should be placed in the medical equipment by the manufacturer itself and must also have an 

international standard for unique identifiers. 
 Each member of staff should wear badges storing their employee ID number. 
 When the patient arrives at the hospital we should give him a RFID tag containing a unique identifier and some 

information about the patient himself. 
 The entire patient's medical history as well as important documents should also have an RFID tag with a unique 

code. 
 Blisters and drug packaging must contain RFID tags.  
 Blood bags should contain self-adhesive RFID tag with a unique code followed by the code of the hospital as well as 

information on blood. 
For best performance, the RFID readers should be placed strategically in the hospital. The most important places must 
be in the inputs and outputs of the hospital. Surgery rooms must have a reader for RFID tag.  All offices in the hospital 
must contain RFID reader. If this is not the case, it should at least be in the important offices. This reader can be under 
desks or next to the door. Staff members will each have a handheld with an RFID reader and a wireless network [14]. 
As we saw previously, we can write data on tags. We can write resources’ data or patient’s data on the RFID tags which 
will help us later for scheduling. In these data, apart from ID tag which is unique, there are in fact different priorities 
necessary for each patient and each resource. We will define after how to assign priorities. For the patients and 
resources we will incorporate into their tags dynamic and critical priorities that will help us in scheduling later. RFID 
tags also allow us to make updates on data that allows us to update the priority over time depending on modification of 
the patient's condition or the availability of resources or the patient. 

 
Figure 1 Tracking system 

3.2 Scheduling System’s Description 
When we have a new treatment for a specific patient, we must first identify the resources needed for this treatment then 
our system must prioritize critical patient requiring such treatment using the health state. After updating the schedule 
depending on the state of health of the patient that must undergo this treatment, we must identify the resources of the 
same type as those resources defined before. If there is absence of at least one resource of all resources defined, we must 
return to the previous phase where we must detect the same types of the missing ones. 
In regard to the allocation of resources. We assume that each resource has several time intervals. If there is no resource 
available, the system will compare the dynamic priorities (laxity) and choose the smallest and the next available time 
interval, otherwise do the test on the second resource that has the smallest laxity and so on. 
As we will describe after, the tasks are scheduled according to both user and dynamic priorities. Then, taking turn each 
task will be executed. If we have a lack of resources, the task will be stored in the blocked queue until it recovers all the 
necessary resources for its execution then we will insert it into the critical queue.  
We will Detail the functioning of our approach: After the initialization phase (phase 1), we have an ordered queue of 
patients. Each patient has a set of tests and treatments that the patient must undergo. Each treatment or examination 
requires a set of resources for it to be done. 

 
Figure 2 Patients Scheduling System Architecture 
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Each patient is assigned to the queue of treatment he must undergo as we can see in the Figure 2. Each patient may 
undergo one treatment at a specific time and without preemption. 
Each time when a patient leaves the queue, we do an update of that queue. (Removing the patient who is out of the 
queue. And for other patients, we redo the initialization phase). 
The patient Px goes for the treatment or examination that he must undergo (Figure 2). There will be two cases that may 
arise: The first, if all the resources of this task are present in that moment then the system simply executes the task. 
Otherwise, where not all the resources required are present, the treatment will be blocked until all the necessary 
resources are present. In the case where there is at least one missing resource, we will extract the type of the resource 
then we will start looking for the same type of resource that is missing and that is available for this time interval. And 
of course the patient will be back into the queue and will be in the available state for any treatment he must undergo. In 
what we have seen in our approach, when passing a patient to the room x for treatment and not all necessary resources 
are available, there will be a delay that must be managed. Our system will update the task’s dates following the task 
which has caused the delay. 

─ If delay> laxity 
─ Task exit time = time + output delay  
─ Task arrival time = arrival time + delay 

3.2.1 Dependence between user priority and health state. 
The health state of a patient changes over time. We can define the health state as in [5] in the following equation: 

                                       (1) 

We find that H (t) is actually an interval between zero and one [5]. That is to say that the patient who has the highest 
user priority, has a smallest health state than others and so on. This priority will be updated at the end of each 
treatment or examination. Once the patient is selected and enter to undergo a specific treatment, the rate (b) will be 
equal to zero.  
We can conclude that if the health state of the patient decreases, the cost function increases and by consequence the 
user priority of the patient increases. The  patient’s user priority is proportional to the health state of patient. We Can 
rely on the following table for the assignment of user priority. 
 

Table 1: Assignment of user priority 

Intervals User priority 
0 < H(t) < 0.2 1 

0.2 ≤ H(t) < 0.4 2 
0.4 ≤ H(t) < 0.6 3 
0.6 ≤ H(t) < 0.8 4 
0.8 ≤ H(t) < 1 5 

 
3.2.2 Coordination’s Mechanism between tasks 
The goal of the proposed method of scheduling is to give the possibility to insert a new patient or delete a patient in a 
planning that is already is underway. The method of resolution is divided into three phases. 
Phase1: Initial scheduling. We will adopt the same scheduling principle as EMUF algorithm [14] with some changes 
in the standards of user priorities. We will name this algorithm Maximum Urgency First for scheduling patient (MUF 
scheduling patient). In MUF scheduling patient, there will be two dynamic priorities that are user priority and dynamic 
priority (laxity) and a fixed priority that is a critical priority. MUF scheduling patient is divided into two phases: the 
first is where we set the critical priority (same principle as MUF, and MMUF EMUF). And the second phase is where 
we calculate the dynamic priority and order tasks at the same time. 
 In our example, the user priority of patients is affected by the state of health patient over time. Consequently this 
priority becomes dynamic because it changes over time. We will define the critical priorities, the dynamic priorities and 
the users’ priorities for patients as follows: Patients who have a more severe state compared to others, will have the 
highest user priority. The patient who has the lowest laxity has the highest dynamic priority. And last but not least, the 
critical priority is assigned as in the EMUF algorithm for CPU use.  As for resources, we will define the user priorities 
as follows: Resources that are paused will have a user priority equal to 2, those affected will have a user priority equal 
to 1 and those who are not in the hospital their user priorities are equal to 0. Below we can see a pseudo code of the 
user priority assignment (see Figure 3). 
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Figure 3 Pseudo code of assignment user priority 

 
The calculation of the Intelligent Laxity of all patients (figure 12) is done each time where there is addition or exit from 
a patient queue. If the Intelligent Laxity is less than zero i.e. the patient has exceeded its deadline. In this case, we will 
update the deadline of the patient and intelligent Laxity will be equal to zero. 

 
Figure 4 Pseudo code for calculating dynamic priority 

 
Below, we present the algorithm we proposed (Figure 5). First, we'll start by scheduling the critical set i.e. those whose 
critical priority equal to 1 (CPU utilization is less than 100%). If we have a single patient who has a critical priority 
equal to 1, we will run it. If we have several patients which their critical priority equal to 1, we will choose the patient 
who has the smallest user priority (worst state of health). If there are patients who have the same critical priority and 
even user priority, we will choose the patient who has the smallest dynamic priority. 
If you have completed the execution of all patients in the critical set, we do the same steps for patients who are not in 
the critical set. We do not forget to take into account the availability of the patient (free or treatment). A patient must 
undergo one treatment at a given time. 

 
Figure 5 Pseudo code of scheduling patient 
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Phase2: Update phase. If there are adding in the patient's treatment, we will follow the following scenario: 

─ For each new treatment we will define the resources for the tasks that the patient must undergo. 
─ RFID readers detect the same type of resources we seek. 
─ If there are resources available at this moment for this patient, assign this resource to the task and update its 

availability priority (user priority). 
─ Otherwise, task will be transmitted in blocked queue. 

Phase3: Rescheduling phase. We are going to update user and dynamic priorities of each queue and when we find 
another case of an emergency or a missing resource we return to the phase 2. 

4. EXPERIMENTAL EVALUATION 

4.1 Simulation 
The solution is implemented by Netbeans. The patient scheduling using MUF scheduling patient algorithm was 
simulated in Netbeans. When a new patient or resource entered they should register to the system. The schedule is 
created according to the diagnosis of all the patients.  
We try to apply our algorithm MUF scheduling patient on the open shop benchmark problems (5X5) (table 2) and 
adding other constraints such as dynamic priority (laxity) and the value of S to derive the user priority (table 3). 

Table 1: The open shop benchmark problems (5X5) 

Treatments 1 2 3 4 5 

Patient1 
 

64 
 

66 
 

31 
 

85 
 

44 

Patient2 
 
7 

 
69 

 
68 

 
14 

 
18 

Patient3 
 

74 
 

70 
 

60 
 
1 

 
90 

Patient4 
 

54 
 

45 
 

98 
 

76 
 

13 

Patient5 
 

80 
 

45 
 

10 
 

15 
 

91 

Table 2: Additional patient data (dynamic priority and value of S) 

 
Value of S Dynamic 

priority 

(laxity) 

Patient 1 
 

0.8 
 

98 

Patient 2 
 

0.4 
 

105 

Patient 3 
 

0.8 
 

242 

Patient 4 
 

0.6 
 

217 

Patient 5 
 

0.5 
 

112 

 
We have as a result the final schedule in Figure 8. So we have as a result a feasible scheduling taking into account 

all the priorities. 
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Figure 8 Final schedule 

4.2 Tests 
 

We will compare the patient scheduling algorithms for FIFO and all real-time scheduling algorithms already 
mentioned. The comparison is based on: 
The execution time (TAT): If the average processing time is increasingly less, we say that the algorithm is more 
efficient. The calculation of the average execution time is as follows: 

                                                            (2) 

The waiting time (WT): If the average waiting time is increasingly less, we say that the algorithm is more efficient. 
The calculation of the average turnaround time is as follows: 

                                                                (3) 

In the first example, we assume five processes arriving at time=0, with execution time (P1=36, P2=30, P3=25, P4=24, 
P5=18) and critical task set= {P4, P5} and deadlines {P1=134, P2=135, P3=67, P4=41, P5=30}. Table 5 contains data 
to be used. Gantt charts are drawn for all the scheduling algorithms. Table 6 shows the comparison among algorithms.. 

Table 3: Contains data for 5 patients 

 

Pi ETi Di Critiqu
e 

Dynamic 

(laxity) 

User 
priority 

P1 
 

36 
 

134 
 
0 

 
98 

 
5 

P2 
 

30 
 

135 
 
0 

 
105 

 
4 

P3 
 

25 
 

67 
 
0 

 
42 

 
3 

P4 
 

24 
 

41 
 
1 

 
17 

 
2 

P5 
 

18 
 

30 
 
1 

 
12 

 
1 

 

Figure 2 Gantt chart for FIFO 
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Figure7 Gantt chart for EDF 

 
Figure 8 Gantt chart for LLF 

 
Figure 9 Gantt chart for MUF 

 
Figure 10 Gantt chart for MMUF 

 
Figure 11 Gantt chart for EMUF 

 
Figure 12 Gantt chart for MUF scheduling patient 

Table 4: Comparison between MUF, MMUF, EMUF, MUF scheduling patient, EDF, LLF and FIFO (5 patients) 

Algorithms Average 
turnaround time 

(TAT)  

Average waiting 
time (WT) 

FIFO 
 

88.2 
 

61.6 

EDF 
 

72.6 
 

46 

LLF 
 

72.6 
 

46 

MUF 
 

72.6 
 

46 

MMUF 
 

71.4 
 

44.8 

EMUF 
 

62.25 
 

35 

MUF scheduling 
patient 

 
71.4 

 
44.8 
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Figure 13 Comparison between Avg. execution time and Avg. waiting time of algorithms (5 patients) 

 

Figure 14 Comparison between Avg. execution time and Avg. waiting time of algorithms (10 patients) 

 
Figure 15 Comparison between Avg. execution time and Avg. waiting time of algorithms (20 patients) 

We can conclude that the algorithm "MUF scheduling patient" and MMUF algorithm have same average waiting time 
but the disadvantage of MMUF and EDF is that it considers EDF as a dynamic priority, therefore a task with the closest 
deadline will have the highest priority, but if a task with the furthest deadline and execution time is greater than 
expected, it misses its deadline due to higher execution time and, ultimately, the task fails. In addition the algorithm 
MMUF is not a better solution for the scheduling of patients because it only deals with time constraints (the closest 
deadline). Similarly for EMUF, we note that there are tasks that are not executed. On the other hand, MUF algorithm 
scheduling patient has better results than that of FIFO, EDF, and LLF, MUF and besides time constraints, it takes into 
account the priority on the health state of patients. 
As we can see in the previous histogram, the FIFO algorithm has the highest average of execution time (figure 27), in 
second place there are EDF, LLF and MUF algorithms, and third place MMUF and MUF scheduling patient, and 
finally EMUF has the best result. It is true that EMUF has the best result for average waiting time and TAT (figure 28). 
However, MUF scheduling patient is more efficient because it ensures that all tasks are executed and with TAT and 
average waiting time that are not far from those of EMUF. MUF scheduling patient has all the necessary constraints to 
have a good patients scheduling without interruption because it guarantees the non-preemption of tasks. 

0
2
4
6
8

10

5 10 20

EDF

LLF

MUF

MMUF

EMUF

MUF schedulin 
patient

 
Figure 16 Number of missed deadline relative to the number of global tasks 
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Figure 16 shows that every time where the number of patients increases the number of missed deadline also increases 
for all the other algorithms. The MUF algorithm scheduling patient, whenever there is a deadline that is exceeded, it 
will update the deadlines following that task and in addition, it ensures that all jobs in the queue will be executed. Our 
algorithm is flexible, gives a feasible result of scheduling and no a missed deadline or failed tasks.. 

5. CONCLUSION 
We proposed in this paper a scheduling algorithm in real time taking into account the patient’s state of health that 
changes over time, time constraint (dynamic priority or laxity), and finally the availability of resources. After the test 
we did, we were able to conclude that our solution gave satisfying results for the average waiting time and average 
execution time. Our contribution also includes a portion which solves the problem where we have a lack of one or 
several resources, which is causing a delay and blocking the execution of the treatment. Therefore we need to search for 
resources of the same type as those missing using RFID indoor positioning system. 
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