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Abstract—Multi-agent systems MASs have been widely used to interoperate 
hospital information systems (HISs). The use of MASs for HISs interoperability 
has become a central solution, especially in the field of emergency medicine. In 
emergencies, the notion of delay is relative, because responders only have a few 
minutes to react. This emergency response time has an important role in the event 
that an accident occurs on the road. Existing procedures for the emergency ambu-
lance (EA) dispatch strategy are based on manual dispatch. In this work, we are 
introducing a distributed emergency ambulance (DEA) routing system to control 
emergency latency time, which includes driving route planning to guide emer-
gency vehicles and the allocation of distributed emergency resources (emergency 
ambulances and hospitals) to reduce the EA response time caused by traffic or the 
wrong human decision to transport ambulance to the accident site. The allocation 
of resources (hospitals) is ensured through a recommendation system based on 
the interoperability of several interconnected HISs using a multi-agent system. 
The proposed solution takes into consideration dynamic traffic flow information 
during the day to build dynamic paths for EA. The improved method is based 
on a distributed architecture to calculate and find the optimal pathway for a set 
of emergency vehicles based on ACO ant colony optimization techniques. The 
results of the simulation show that the proposed method can decrease the total 
travel time of the ambulance to reach the accident position compared to conven-
tional methods that use lights and sirens to warn other vehicles to free up the road 
for the ambulance or use a traditional approach based on the vision/reflection of 
the driver to choose in a random way the paths to take. Based on such a solution, 
ambulance staff will be able to save lives by optimizing the total journey with 
the minimum travel.

Keywords—multi-agent systems (MASs), interoperability, ant colony 
optimization (ACO), hospital information systems (HISs), distributed 
emergency ambulance (DEA)
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1	 Introduction

Many areas suffer from the catastrophic state of their infrastructure. The access to 
the accident site is considered a complex mission [1]. [2] In addition to this, the other 
problem is to find the closest hospital to the accident site that can accommodate the 
person in emergency. The main problem is, therefore, to manage the available ambu-
lance and to prepare the optimal path that will be followed to arrive at the accident site 
and then return to the nearest hospital in order to rescue the injured person or in need 
of emergency intervention  [3]. When the ambulance receives information about the 
accident, it travels from its current position to a final destination that corresponds to 
the accident location. Moreover, the nearest hospital unit will assist these wounded 
depending on the severity of their condition. Most ambulances use lights and sirens 
to warn drivers of their presence. However, these drivers cannot react effectively or 
react too late incorrectly because the sound of sirens is not clearly captured. Most of 
the time, even if the drivers see the ambulance, they will find it difficult to get away 
from the emergency vehicle in the event of a traffic jam or rush hour. In the literature, 
many works [4], [5], [6] has focused on selecting the fastest trajectory that corresponds 
to the shortest distance between a set of points. In the routing of ambulances, we need 
to find the optimal route that takes into consideration a set of constraints for instance 
speed limits and traffic jams and other factors... Current emergency ambulance rout-
ing systems are based solely on human assessments, the most existing strategy such 
as planning the route from ambulance/accident station and from accident/hospital, the 
selection of hospital units is based on traditional distributions which increase latency 
to meet the emergency request. The main idea of ​​this article is to find the fastest path 
by proposing a new distributed system based on the ACO algorithm (Ant Colony 
Optimization) [7], [8], [9] to get the shortest route according to a set of intelligent 
agents dedicated to helping the ambulance to arrive at the accident site and pick up the 
injured person at the nearest hospital. The ant colony system algorithm is a distributed 
algorithm [10], [11], self-adapted based on the behavior of real ants. It is based on a 
probability transition and a simple mathematical model that is easy to implement in 
several systems. ACO algorithms have achieved satisfactory feedback both in terms of 
temporal complexity and search efficiency compared to heuristic methods [12]. This 
algorithm is considered to be a distributed system in which ants work in parallel to 
provide positive feedback and has been applied to find a solution to problems related 
to transportation [13] and combinatorial optimization and communication networks 
[14], [15], [16].

Our solution will be based on a distributed environment in which several agents will 
work together in parallel to guide the ambulance and find all the resources thanks to the 
interoperability of hospital information systems with a central control and supervision 
system whose objective is to save the person’s life. The proposed system will allow 
us to generate dynamic route planning for the ambulance [17], [18] based on a set of 
factors for instance speed limits and traffic jams, Road conditions to calculate alterna-
tive routes and guide the vehicle. The emergency routing system proposed in this work 
includes the following main elements: distribution of emergency vehicle resources, rec-
ommendation system to find the nearest appropriate hospital according to the condition 
of the injured person, route planning for an emergency ambulance. The results of the 
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simulation show that the proposed solution contributes in an effective way to reducing 
the emergency time by arriving on time at the accident site and that the emergency crew 
are able to save human lives in the fastest possible way. The rest of this work is orga-
nized as follows: a literature review on related work followed by the description of the 
emergency ambulance life cycle. Then the overview of the emergency vehicle routing 
problem will be presented in the next section. The concept of ACO and the proposed 
distributed strategy for the dispatch of emergency ambulances will be described in 
detail for further clarification. Finally, we will present the simulation results as well as 
the corresponding conclusion.

2	 Related works

The key function of our system is to facilitate the timely sharing of information. 
Different actors from different systems must communicate, collaborate and access 
information with ease [19]. For this, interoperability between the components of our 
architecture is crucial and it can be guaranteed by multi-agent-based [20] systems while 
respecting their autonomy. Lack of interoperability can create completely isolated sys-
tems. These systems must exchange data among themselves. Several research studies 
have addressed the usefulness of multi-agent systems for the interoperability of hospital 
information systems. [21] proposed an agent-oriented architecture to address the prob-
lem of data heterogeneity between health information systems. The proposed model is 
based on a typical emergency response scenario where a first medical assistance team 
urgently needs to retrieve a citizen’s Patient Index using mobile devices, which is part 
of their electronic health record.

Also [22] proposed an agent-based platform called “Biomedical Multi-agent 
Platform for Interoperability” to solve the problem of interoperability between health 
systems. The main objective of this platform is to facielitate communication between 
the agents of a multi-agent system. It also facilitates interaction between humans and 
agents through an interface that allows administrators to add new agents and monitor 
their activities in real time. The use of multi-agent systems in healthcare has been pre-
sented as a complementary technique to improve the performance of systems in terms 
of interoperability, scalability and reconfiguration. We intend to use the agent paradigm 
for the implementation of the emergency ambulance routing system while ensuring 
interoperability between all the players in the system.

The work of [23], aims to provide an effective way to control emergency ambulance 
routing requests to save the lives of patients in the event of a disaster taking into consid-
eration the traffic route and the transportation route of the injured from the accident site 
to the hospital. The main work focused on minimizing the response time of emergency 
medical personnel, the problem was modeled as an open vehicle route problem but with 
some specifications like picking up casualties from multiple locations and delivering 
them to specific hospitals.

The strategy presented is based on two levels: the aggregation of data to build the 
research environment (by collecting information on ambulance and patients) and on 
the second level, they focus on optimizing the route followed by the ambulance using 
the Petal algorithm and swarm optimization techniques to find the optimal paths for 
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emergency ambulances. In the real world, [24] Emergency Medical Services (EMS) 
vehicles (ambulances) are created to provide emergency medical assistance to the 
patient at various locations or to pick them up at the nearest hospital. This ambulance 
is equipped with several tools that can be used to provide emergency care to the injured 
person. In this manuscript [25], the authors focused on the management of the avail-
able ambulance that can intervene in these emergency cases besides on the control of 
the time necessary to arrive at the accident site. To do this, they are based on the A* 
algorithm to calculate the planning of the route that will be followed by the ambulance 
to arrive as soon as possible and they use the road network to draw the map that will be 
used to travel without taking consider the traffic route on this map. In the article [26], 
the authors propose a new centralized framework for intelligent navigation of emer-
gency vehicles in the event of a disaster to guide vehicles according to the dynamic 
density of traffic flow. In this procedure, an improved Fuzzy Control Ant Colony Sys-
tem (FCACS) search strategy is presented to find the best route planning for emergency 
vehicles from the disaster site to the nearest hospitals. An intelligent traffic system is 
also integrated into this framework to accelerate the convergence of the solution, to 
help ambulances on the road by controlling the traffic light.

In addition, the authors of the article [27] propose a new route planning strategy 
for the emergency ambulance transport of rural patients requiring continuous remote 
monitoring. The model is mathematically considered an NP-difficult graph problem 
and aims to find an optimal solution to find the shortest path and maintain the online 
communication coverage to help us in the patient follow-up. They design their algo-
rithms and conduct preliminary experiments to find optimal planning techniques that 
work well together to improve emergency patient transfer scenarios and ensure the best 
communication system to monitor the patient’s condition during the journey.

3	 Emergency ambulance life cycle

Our ambulance routing model is a dynamic system that aims to minimize the total 
time consumed during an emergency response [28]. The objective is to manage the total 
delay of emergency interventions from the moment Tc (Time of the call) in which we 
receive the emergency requests (call) to the time Ta (Time of arrival) which represent 
the time of arrival of the ambulance at the accident site [29], ending with the time taken 
to pick up the patient from the nearest hospital. The model we propose is based on two 
levels of urgency:

•	 The first level: we start at the tactical level, including ensuring the best allocation of 
ambulances available in hospitals.

•	 The second level: we end with an operational level that generates a trajectory plan 
for the ambulance during an emergency call.

Once a call arrives, it will be handled by the ShoreControl (SC), which will contact 
the Ambulance Monitoring AM to search for the nearest ambulance to the accident site. 
The AM is looking for the closest ambulances to the scene of the accident according 
to the GPS coordinates communicated by the SC. He then sends the list of the closest 
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ambulances found to the SC who will contact the routing center to calculate the shortest 
path of each of these ambulances in relation to the place of the accident, taking into 
account the factor of road traffic. The routing center RC, relying on data from Google 
Maps and the calculation results of the ACO algorithm based on the ant colony system 
return the list of the shortest paths between ambulances and the the accident site. Route 
planning will be generated at the given ambulance to help them arrive on time. This tra-
jectory will be dynamically generated according to the traffic route, which means that 
at every moment a new path will be created for the ambulance. When the ambulance 
arrives at the accident site, ambulance staff will assess the patient’s condition and send 
a preliminary diagnosis of the patient’s condition to the ShoreControl SC. According 
to this diagnosis, the (SC) establishes a keyword list concerning the patient’s condition 
and contacts the Hospital Center (HC) to request the list of nearest hospitals that are 
specialized in this area they can help the patient in emergency. The HC connects to the 
central database (CDB) to search for hospitals that are spreading the criteria sent by 
the SC. The HC chooses the hospitals available to accommodate the patient and returns 
the list to the HC. The SC contacts the routing center to calculate the shortest path 
from the current ambulance position to the hospitals by applying the ACO algorithm. 
Then, the SC receives the list of the nearest hospitals sent by the routing center and 
chooses a hospital which by the list according to these two criteria: distance/travel time. 
Finally, the best hospital is selected and sent to the ambulance and a new path will be 
generated to guide it from its current position to the selected hospital.

4	 Emergency ambulance routing

In order to avoid emergency ambulance delivery problems, we propose a strategy 
based on three main elements that we describe below:

•	 Allocation of emergency ambulance resources
•	 Allocation of the shortest available hospital
•	 Vehicle routing for EA

In this architecture (Figure 1), we assume that there are multiple Road Sensor Units 
(RSU) installed at the roadside and at intersections. The RSU is used to count all vehi-
cles crossed on this road. The synchronization between the different RSU on the road 
network will be useful to control the number of vehicles existing between two adjacent 
RSU. In our work, we take the number of stationary vehicles as the traffic flow on 
this route and this parameter will be used by our distributed system to find the best 
routes with less traffic jams. We know that the distance between two adjacent RSU 
is predefined and that the number of stationary vehicles is also fixed, so to define the 
maximum number of vehicles on this route, we can use this simple rule:

	 Tdensity =
The length of route between two adjacent RSU

Surface taken bby a vehicle
	 (1)

All this data is shared with a routing center which manages the traffic flow. Each EA 
is equipped with a GPS (Global Position System) and has its own OBD-II (Onboard 
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Diagnostics) system that manages and monitors the status of the vehicle (current speed, 
fuel quantity, etc…). The information collected on the condition of the road is used to 
calculate a dynamic trajectory plan for the ambulance at each time.

The emergency routing system is based on the actual information received from the 
sensors on road condition and traffic, the number of emergency vehicles that can col-
laborate to serve the citizens and the hospitals available with their specialty and areas 
emergency that can manage to serve people. All of these input parameters are used to 
calculate the best path between the current location of the selected ambulance and the 
accident position as shown in the following figure:

Fig. 1. Emergency ambulance routing architecture

4.1	 Preparation of the collaborative environment and provision 
of emergency resources

Many researches have focused only on planning the path to follow for EA, but the main 
problem is to manage the available emergency resources according to the needs of the sys-
tem. In real life, the distribution of emergency ambulances is based on manual procedures, 
we have human staff who control and dispatch ambulances to reported accidents. Some-
times the proposed paths are not optimal or they are static and do not take into account the 
traffic flow on the road, which causes more delay in arriving at the accident. On the other 
hand, we have to choose the nearest and most efficient hospital that can serve the patient 
in an emergency or we have to look for another hospital that can help them.
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After receiving an emergency call, the ambulance monitoring team (AM) will save 
the GPS position of the accident and select the nearest ambulance. Then, the routing 
system generates a preliminary plan of the path to send the current vehicle to the acci-
dent based on the available information on the current road condition and traffic flow. 
The procedure for finding the shortest path to the accident area is shown in Figure 5. 
For each selected ambulance, the routing center will estimate the shortest travel time 
that will be consumed between the location of the ambulance and the position of the 
accident. The proposed procedure will estimate the travel time of each ambulance based 
on actual traffic conditions and previous trajectories to construct the optimum path to 
the accident site. The scenario for sending an ambulance can be summarized as follows:

Level 1: After an emergency call is handled, the ShoreControl will analyze the sit-
uation and set the number of vehicles to respond to this accident, the system will also 
find the closest ambulance to the accident area.

Level 2: Depending on the location of the ambulance and accident, the system will 
calculate the time required to travel to the accident site for each selected ambulance.

Level 3: When ambulance personnel analyze the condition of the injured persons, 
the hospital will offer them the nearest hospital that can help the patient and save his 
life in a minimum of time.

4.2	 Preparation and planning of the best routes for emergency ambulances

Traffic congestion is one of the main reasons that create a travel latency for ambu-
lance routing and that is related to the dynamic state of traffic on the ambulance’s 
emergency route. In the case of traffic congestion on the shortest proposed lane, drivers 
may change directions to other lanes based on new traffic conditions. Since we assume 
traffic flow (the number of stationary vehicles) and path length as an edge cost in our 
proposed routing strategy using ant colony optimization (ACO) techniques to build 
optimal path planning for the ambulance. The number of stationary vehicles on each 
side is calculated according to the amount of traffic flow on each side received from 
pre-installed sensors on routes that are centralized on the road traffic center. In our sys-
tem, we consider the problem as a highly connected graph (N, R) made from a set of 
GPS positions of ambulances and accidents considered as nodes and routes (edges) that 
represent the lines or routes between these intersections. To find the optimal route for 
emergency ambulances, each route is characterized by a cost that combines the length 
of the route (the distance from the route) and the estimated traffic flow on that route 
(Figure 5).

5	 The principle of the basic optimization of ant colonies

In the real world, ants are able to search for the shortest path between their anthills 
to food sources. [14], [30] by exploring the real environment based on and relying on 
a chemical substance called pheromone, which is released on the pathways taken by 
ants. The proposed Ant Colony System (Ant Colony System) algorithm is a procedure 
[15], [30] used to simulate the behavior of real ants by producing a new mechanism for 
artificial ants that extends the same behavior of real ants with the addition of several 
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attributes that helps the system to converge to optimal solutions in minimum time. 
The different ACO algorithms depend on the nature of the problem used to solve it, so 
the parameters of each algorithm are based on what the user needs to look for and the 
nature of the environment used to apply the ACO technique. L’ACS is based on pre-
defined steps defined as follows:

•	 Description of the graph: the artificial entities will move between a set of discrete 
points in a discrete space. Since the problem posed, by the ACS algorithm (Figure 2) 
is considered a discrete problem and it can be modeled by a graph built from nodes 
and edges.

•	 Preparation of artificial ants: a set of ants is distributed over the nodes declared in 
the proposed graph, the number of ants increases the collection of solutions gener-
ated. Since each ant is considered a candidate solution for the given problem.

•	 Performing a calculation probability: ants are based on a probabilistic transition 
to move between vertices, which is based on two main parameters, are the phero-
mone and a heuristic argument, which defines the nature of the optimized problem.

Fig. 2. The ACS algorithm

6	 Distributed strategy for the routing of emergency ambulances

The proposed solution will define a distributed environment by creating a set of 
intelligent agents that come together to find the optimal and fastest paths for the emer-
gency ambulance routing problem (Figure 3). It starts by receiving an emergency call 
from an anonymous user, then the SCA detects the GPS coordinate of the incoming 
call, which represents the starting node and sends it to the AM agent to have the list of 
the ambulances closest to the accident site. The shortest path will be assigned to the 
RA, it will create a set of intelligent agents that will extend the same behavior of real 
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ants to find the shortest path by implementing the ACS algorithm. When the optimal 
path is found by the RA, it will be shared with the SCA to start the scenario of routing 
the ambulance to the position of the accident.

Fig. 3. Decentralized architecture to address the problem of ambulance vehicle routing based 
on a multi-agent framework

This section describes the distributed approach used to solve the ambulance routing 
problem, it is based on a set of agents namely:

•	 Shore Control Agent SCA
•	 Ambulance Monitoring Agent AMA
•	 Routing Agent RA
•	 Ambulance Agent AA
•	 Hospital Agent HA
•	 Hospital Center Agent HCA

In the next section, we will describe the work of each agent in our distributed 
architecture.

6.1	 Shore control agent (SCA)

Our system will reserve an agent who will interpret the calls and emergency requests 
to do the necessary to allocate an ambulance for each accident (Figure 4). The role of 
this agent is to retrieve the location of the accident and initiate a search process to find 
the nearest ambulances at the position of the accident. To do this work, an exchange 
process is initiated between the SCA and the ambulance monitoring agent (AMA) who 
will provide us with the ambulances inside the accident area. Subsequently, the SCA 
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will contact the vehicle routing agent (RA) to ask him to prepare the best paths between 
the current position of each ambulance and the position of the accident using the ACO 
algorithm. At the end of this optimization process, our RA will offer us a list of journeys 
between (ambulance, accident), these journeys are calculated in terms of distance and 
road traffic. The SCA will choose the best among them taking into consideration the 
total distance of the journey and the time required to reach the position of the accident. 
Then the best route will be sent to the ambulance, which will take care of this accident. 
Another process is assigned to this agent, including retrieving the accident condition 
analysis report. In this report are found a set of key words, each one related to a medical 
term and has a meaning which will be used to identify the appropriate hospital which 
can respond to the urgent demand of the accident as quickly as possible. These key-
words will be shared with a central HCA agent who controls the hospitals and who is 
able to consult a centralized database that centralizes all information about the hospitals 
that can accept and treat this accident. After identifying the hospital that can meet our 
needs, the SCA will make another call to the RA to ask him to prepare a new route for 
us between the ambulance position and this hospital. Moreover, the best route will be 
selected and communicated with the ambulance to guide the ambulance to this hospital 
as quickly as possible and in the best conditions.

Fig. 4. Communication flow model for emergency ambulance routing
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6.2	 Agent monitoring ambulance (AMA)

In our case, we assume that each ambulance equipped with a geolocation system 
through a GPS beacon that shares with us a set of information such as:

•	 The current position of the ambulance
•	 Ambulance speed
•	 The amount of fuel in the tank
•	 CAN-Bus information that can be used in the ambulance selection process

For the selection of the best ambulances that can respond to the request of the SCA 
agent, the latter uses the position of the accident as the center of a circle and subse-
quently launches a geolocation process to identify all the ambulances which are inside 
this circle (Figure 5), knowing that the radius of our circle is configurable by the system 
and its default value is 5km. After the identification of these ambulances, the AMA 
agent shares this collection with the SCA agent to propose all the ambulances that can 
interpret this accident as soon as possible.

Fig. 5. Identification of the closest ambulances to the accident position

6.3	 Routing agent (RA)

This agent uses the Ant Colony System (ACS) algorithm to generate the optimal 
path for the ambulance. First, it manages the start node (actual position of the ambu-
lance) and the end node (position of the accident) and generates a map that contains all 
routes and nodes using the Google Maps API. The generated map is considered as a 
graph, in our case the cost of the edges it refers to the combination of the length of the 
route (distance) and the traffic flow on this route. Then, the RA creates a set of artificial 
ants called worker agents (WA) (Figure 6). Each agent will generate a path according 
to the given graph and the state of the road, after each iteration, a new path is proposed 
by the (WA) and it is sent to the RA to select the best of them.
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Fig. 6. Distributed interaction model to find optimal routes for an ambulance

When a WAm is at node ni, next node nj will be selected according to a probability 
transition rule [10], [18] defined as follows (Eq. 2):
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Or,

•	 ωij is the quantity of pheromone deposited on the road
•	 α is a constraint to control the influence of the pheromone
•	 nij is a heuristic function that defines the cost of the route (i, j). In our case, the cost 

will be defined as follows: nij=1/dij. Where dij is the distance (km) between the two 
nodes (i, j)

•	 β is a constraint parameter to control the influence of distance
•	 γij is a heuristic function representing the density of the traffic flow (travel time) on the 

edge (i, j). The γij = 1/tfij , where tfij is the density of the traffic flow on the edge (i, j)
•	 δ represents the influence of traffic flow
•	 N is the set of unvisited nodes

When a WA finishes its tour, it will be able to deposit a specific amount of phero-
mone on the edges already visited. The amount of pheromone on each edge is updated 
according to formula (3). Updating the pheromone will increase the amount of phero-
mone at the edges followed by the majority of WA. The new amount of pheromone will 
be used by the new WA to track the better edges that have a higher level of pheromone. 
The next equation describes how the WA calculates the amount of pheromone that will 
be applied to the visited roads:
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Hence, the parameter ρ represents the evaporation rate between 0 and 1. This param-
eter is used to decrease the amount of pheromone on the edges less used by ants. Tm is 
the duration of the tour created by the WA. The amount of newly deposited pheromone 
is inversely proportional to the total length of the tour found by the WA. The routes with 
the highest amount of pheromones are considered to be the shortest paths in the given 
search space. Once all of the WA have completed their rounds, the RA will be able to 
evaluate the proposed routes and select some of the best preliminary routes. On these 
routes, we will apply a global update of the pheromones in which the RA adds more 
pheromones ∆ωij

best on the edges included in the previously selected solutions. This 
update will be done according to the following formula:

	
ω ρ ω ω ωij ij ij ij

best= − + +( ).1 ∆ ∆ 	 (4)

Finally, when the stop condition is met (in our case, we use a maximum number of 
iterations or the user can stop the running system), the best paths will be sent to the SCA 
(Figure 7) and all worker agents will be ready to generate a new path according to the 
new input parameters (traffic state, new input routes, etc.).

Fig. 7. Flow diagram for ambulance routing
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6.4	 Ambulance agent (AA)

This agent monitors the status of the ambulance by sending the information provided 
from the vehicle’s RA. This agent will communicate directly with the SCA and give it 
a set of information such as the real-time position of the ambulance, its current speed. 
This agent follows the path suggested by the SCA and attempts to guide the ambulance 
to the patient’s location. On the other hand, the AA assesses the state of the accident 
and sends a report describing in detail the state of the patients. (For example, a 23 year 
old has a fracture in his left hand, etc.). This information will be useful for the SCA to 
select and find the optimal hospital that will help this patient immediately.

6.5	 Hospital agent

In our architecture, we are in communication with a set of hospital information sys-
tems, which must provide us with information on the availability of services, doctors 
and necessary equipment within the hospital in real time. For this, we thought of mak-
ing a system of recommendation of interoperability between these hospital informa-
tion systems using a centralized database which brings together all the information on 
each hospital. To guarantee interoperability between hospital information systems, we 
have developed a new communication and information sharing mechanism based on 
KAFKA topics. In this mechanism, we have information producers and a consumer.

•	 The producers in our case are the different hospitals. The systems of these hospi-
tals can be developed by any program language (Java Spring Boot, PHP…), this 
language just needs to support the KAFKA library to produce the message in the 
topic. The producers produce updated information (Name of the hospital, available 
service, available doctor) in a topic that we have named Topic_Hospital_Information. 
Producers provide information in a unified format that is respected by all stakehold-
ers (producer and consumer) of the topic. This unified format is considered as a 
communication contract between the participants of the topic which is standardized 
according to a template (Figure 8). The interest of this standardization is to make our 
system indexable as well as to facilitate the information retrieval and data processing 
phase. Once the information is put on the topic, a consumer is always listening to 
consume the information. In our case, we used a Spring Boot micro-service. Once the 
message is consumed by the micro-service, this micro-service processes to ensure 
the consistency of the information shared. When the information is properly verified, 
the micro-service registers the new information in a centralized database CDB. We 
have adopted a NoSql Cassandra type database DB solution. This database will allow 
us to use the services provided by this system as well as to optimize the process of 
inserting and updating data because we are working with a real-time system. Also, to 
minimize the process of consulting and retrieving information as quickly as possible. 
If the information processed by the micro-service is not consistent, it will record an 
error message in the server logs to keep traceability.

iJOE ‒ Vol. 17, No. 12, 2021 83



Paper—Towards a Distributed SMA-based Solution for the Interoperability of Hospital Information...

Fig. 8. Example json template

6.6	 Center hospital agent

This agent takes the request from the SCA agent which contains an analysis report 
on the state of the accident. This report is made up of a set of keywords and descrip-
tions to facilitate the process of classification and filtration at the central database level. 
Sometimes we have several hospitals that can meet our need. For this, our system will 
offer the SCA agent these hospitals to choose the best among them according to the 
distance of the journey and the time necessary to reach the hospital according to the 
traffic conditions. After selecting the best hospital, the CHA agent informs the medical 
staff within the hospital by the arrival of a new case in order to prepare the necessary 
services and the medical teams who will treat the patient (Figure 9).
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Fig. 9. Hospital information systems interoperability diagram

When paramedics arrive at the accident, they assess the patient’s condition and make 
a preliminary observation by describing his situation using a set of keywords, these 
words will be interpreted by the HCA. The latter performs a search on the central data-
base CDB to identify all the hospitals that are able to respond and manage this situation 
according to the keywords entered. The CBD is updated in real time by other hospitals. 
According to the list of available hospitals, our system, following the process of finding 
the shortest route, recommends the hospital closest to the place of the accident, on the 
other hand, it sends the optimal route that will help and guide the ambulance to recover 
the wounded to this hospital with minimum travel time (Figure 10).

Fig. 10. Road network for transporting emergency ambulances
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7	 Analysis of the simulation results

To assess the effectiveness of the proposed strategy for the emergency ambulance 
routing problem, we compare our results with one of the most useful meta-heuristic 
algorithms is algorithm A* [17], [31]. This algorithm is used to find good feedback for 
vehicle routing issues and find the shortest path in a graph. The evolution of the history 
of shortest path techniques was traced back to 1968 and continues to expand depending 
on the nature of the problems used to solve them. One of the most famous used to find 
the shortest path was named as the A* algorithm which can calculate the shortest path 
like Dijkstra’s strategy, but the A* is better than Dijkstra at finding good results in a 
minimum of time for complex problems. Algorithm A * uses heuristic parameters in its 
strategy to calculate the best path. These heuristic parameters are used to find optimal 
solutions based on a multiple objective function that has characterized the given prob-
lem such as minimizing the total distance from the trip by changing the state of certain 
constraints in our problem model.

Algorithm A* is able to generate and find good results for the path finding problem, 
and can achieve excellent running time as compared to the traditional algorithm in 
the vehicle routing problem. In addition, the A* can be used to find the optimal route 
between a starting node and a destination node based on a set of parameters such as 
distance and traffic flow conditions. In our case, the A* algorithm will be implemented 
to select the optimal path for the ambulance from their stopping station to the accident 
site and from the accident site to the hospital. The strategy of this algorithm is to skip 
roads that are very distant or expensive. Model A* can be visualized as follows:
	

f n c n e n( ) ( ) ( )= + 	 (5)

•	 n: a specific node on the graph
•	 f(n): the optimal cost path (shortest line) from the current location to n
•	 c(n): total cost to reach the next node n from the original node
•	 e(n): calculated cost of moving node n to destination node

Algorithm A* is based on the minimum c(n) summer e(n) to select the next node n 
to visit. This process is repeated until you reach the target node. Thus, both the cost of 
the route from the start to the node n and the estimated cost of the current node n until 
the last destination are used to select the next best move.

In this section, we present the implementation details  of our distributed strategy 
for emergency vehicle routing. We use the Google Maps Street Data API to generate 
our map (graph) which will be used to find the optimal route for the ambulance. The 
data retrieved from this API will be used as input data for our system, we extract the 
coordinates of the service locations from the GPS which represent the nodes and routes 
which define the paths between all available nodes. Each node will be characterized by 
its latitude and longitude and the cost of each route is defined by the distance and traf-
fic flow on each edge. To get the traffic flow, we can call the Google Traffic API or by 
calling the central route to collect data from the sensor installed on the road. The road 
network of our problem will be considered as a larger fully connected graph building 
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from nodes and edges in Java Entity. We implement our proposed solution using a 
JADE (Java Agent Development Environment) multi-agent framework in which each 
agent will extend the same behavior of real ants. The Java language will be used to 
develop our solution by implementing the Java entity-based algorithm (ACS) and we 
use certain specifications to run our solution on an appropriate environment as follows:

•	 Processor : Intel® Xeon® CPU E5-1650 v2 @ 3.50GHz, 4 cores
•	 Kernel and CPU: Linux 4.13.8-1.el7.elrepo.x86_64 on x86_64
•	 Operating system: CentOS Linux 7.4.1708
•	 Apache Webserver: 2.4
•	 Java Version: 1.8
•	 Google Maps Javascript v3.1

The solution we offer is divided into two main containers: backend and frontend. For 
the backend side, we implement our distributed algorithm by defining the behavior of 
our RA agent who will calculate and find the optimal path for the ambulance according 
to the given entry map according to the set of selected constraints. This container has 
the ability to exchange information with the SCA, when the RA receives a request to 
find the shortest path, it will use the input parameters such as origin (ambulance loca-
tion) and destination (position of the accident), data card (Figure 11) which contains 
a set of nodes and the intersection with several roads. Using this information, the RA 
will be able to generate the shortest path for this given chart. For the frontend side, we 
are creating a web application using HTML and JavaScript tag languages ​​to build our 
front-end platform. The proposed interface will allow users to select the departure and 
the destination to be reached. The calculated shortest path will be displayed on the map 
to visualize the different routes that will be used to reach the accident site (Figure 10). 
On the other hand, the ambulance personnel will be able to see the planning of the 
available paths and follow them on the screen of the web application not forgetting the 
available hospitals that can be visited, which they are able to treat the patient and that 
they are the closest hospitals to the accident location.

Fig. 11. Optimal planning of the ambulance route to the hospital in the event of an accident
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The set of parameters for the execution of our proposed solution is presented in 
Table 1. We compare our real-time route planning with the shortest path approach pro-
posed by algorithm A*. In both cases, we take into account the traffic flow on the cost 
of each section (journey between two adjacent intersections). Also for each scenario 
that represents an emergency call is characterized by a set of intersections that will be 
explored to find the best route. In our case, we take a scenario of 50 to 600 intersec-
tions. We assume that each call is handled only by an ambulance located at the hospital 
or at a location on the road. First, we compare the performance of the two solutions in 
terms of total distance travelled (Figure 12), including the distance required to arrive at 
the accident site and the distance required to return to the nearest hospital. The perfor-
mance result proves that using the distributed approach, an ambulance needs to spend 
less time than the A* algorithm-based approach. In this figure, we show feedback on 
performance in terms of total distance travelled for a set of scenarios.

Table 1. Simulation parameters

Parameters Specification

Model simulator
Total number of emergency request
Road topology
Parameter α
Parameter β
Number of worker ants

Eclipse Luna
50,100,250

[50,600]
0.5
0.5

30.40.50

Each scenario represents a combined road network with a set of junctions and routes. 
The distance recovered from both approaches represents the total distance travelled by 
an ambulance to bring the person from the accident site to the hospital. The performance 
results show that using the distributed approach, an ambulance needs to spend less time 
than the A* approaches. We can say that our approach takes advantage of distributed 
computing based on autonomous agents to find and identify the best paths while taking 
into account traffic flow and distance. Knowing that the process of collaboration and 
sharing within our system is asynchronous and goes through a decentralized process to 
reduce the execution time and maximize the computation flow according to the perfor-
mance of the work machine.

Fig. 12. Comparison of the average travel distance of an emergency ambulance
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When we talk about a distributed approach, we must always agree that your solution 
is able to return the best solutions to us within a reasonable time. For this, we compared 
the time required to calculate and find the optimal solution for a given request by cal-
culating the time between the processing of the request and the preparation of the best 
route that will be taken by the ambulance driver. Figure 13 shows that our distributed 
strategy leverages the parallel process to find and prepare the best solutions in a min-
imum time, also the strategy is based on a set of agents that they work in parallel to 
reduce the time consumed to arrive at the optimal solution, on the other hand, in the 
basic strategy (Algorithm A*) we are based on a sequential iterative process, which 
consumes more memory and execution time.

Fig. 13. Comparison of average execution time

8	 Conclusion

This work proposes a new architecture for intelligent routing of emergency ambu-
lances by introducing dynamic trajectory planning associated with traffic density using 
a distributed architecture based on the Ant Colony System (ACS) algorithm combined 
with the road sensor controller. A recommendation system has also been proposed for 
collecting information from different hospital information systems and centralizing it 
on a single database. This CDB will be consulted by the HCA Agent to find the hospital 
nearest to the emergency ambulance. The main difference between the search engine of 
this system and other similar approaches is the convergence control of the ACS algorithm 
based on dynamic information extracted from the road network such as traffic flow and 
position layout of accidents and hospitals. This approach is modeled by a decentralized 
strategy in which the search engine is done inside an intelligent agent and the control 
system is supervised by the ShoreControl agent. It is a distributed approach, traffic flow 
data is collected from several sensors installed on the road and each emergency vehicle 
can follow the path proposed by the system to reach its destination in a minimum of time. 
The main objective of the proposed study is to use it in real cases. The proposed alloca-
tion system requires further progress in social and road infrastructure and future studies 
may include booking on-road routes only to ambulance in the event of an emergency.
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