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ABSTRACT 

Nowadays, rescue actors still lack backing to exchange information effectively and ensure a common operational 
picture. Several studies report a low adoption of communication systems in rescue operations as well as a negative 
position of actors to such systems. The real needs of stakeholders, simply put, are not satisfied by the offered 
systems. Observing this circumstance through a user-centred design focal point, we notice that such issues 
ordinarily originate from inadequate design techniques. For this reason, we aim to implement Rescue MODES, a 
communication system oriented to support awareness amongst French actors in rescue operations based on their 
needs. In this paper, we propose an approach and introduce a platform that allows final users to design system 
interfaces in a customised way. This approach is based on an application ontology and an interaction model. 
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INTRODUCTION 

Rescue operations consist in saving properties and victims’ lives by involving public organisations as well as 
private ones. In France, many public services are involved in such operations (Diederich et al., 2006). Rescuers 
from various organisations have to collaborate in order to achieve successful operations. Moreover, each 
participant must be aware of the situations and activities of others despite the location of each one (Chehade et 
al., 2019a). Therefore, it is necessary to handle efficiently information exchange in order to maintain a real-time 
operational picture for responders. However, the ability to quickly gather, fuse, and exchange relevant information 
is still a challenge. Enormous information flow has to be managed and most of the decisions are made based on 
this information. This complexity and information flow may lead to inefficient interactions between different 
actors, which can influence situation awareness. Several communication support systems have been proposed in 
the context of emergency response and rescue operations. Unfortunately, the majority of these systems are not 
fully accepted by stakeholders (Elmasllari, 2019). Moreover, several recent studies reveal persistent 
communication problems in rescue and emergency response domains (Chehade et al., 2019b). 

To deal with these challenges, we propose to support communications and interactions between different actors 
in order to reinforce situation awareness. Hence, we look forward to designing and implementing a 
communication system aiming to simplify information sharing in rescue operations. This system is referred to as 
MODES, which, stands for Medical and Operational Data Exchange System for Rescue Operations. In order to 
be used by operational units, it is essential to design such a system in a way that meets their practical needs. In 
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this consequence, we propose in this study a novel approach for user interface design that is the main interest of 
stakeholders. This approach consists of a three-step methodology. A platform for designing interfaces that allows 
users to design the interfaces by themselves is also proposed. The aim of passing through these steps is to propose 
a usable system that is highly accepted by the stakeholders. 

The remainder of this paper is divided into four sections. The first section discusses the related work. In the second 
section, we describe the methodology that is based on an application ontology and an interaction model. Then, in 
the third section, we present the proposed platform for user interface design. Eventually, the fourth section 
concludes the paper. 

RELATED WORK 

The improvement of communication in rescue operations has been the topic of numerous studies over the past 
decades. Several systems were developed to support information exchange. (Mallek et al., 2016) proposed an 
information exchange system to be implemented in French ambulances. The objective of this solution was to 
facilitate exchanges between medical regulators in hospitals and intervention teams on sites. However, this system 
focuses on medical information without considering operational information. Moreover, several studies have been 
carried out to improve situation awareness in rescue operations. For example, a first study was done by (Chehade 
et al., 2018, 2019a) that aimed to support communication and data interpretation and thus to enhance awareness 
in rescue operations. To this end, a domain ontology, called ResOnt, was proposed. Similarly, (Elmhadhbi et al., 
2019) proposed a modular ontology, called POLARISCO, to support semantic interoperability between 
emergency responders. However, the two aforementioned works were limited to the creation of the ontologies. In 
the same context, a public safety and emergency management ontology was proposed by (Chan et al., 2017) to 
support communications between emergency response entities. Unfortunately, the proposed ontology is focused 
on alert messages and does not cover all aspects of communication. 

On the other hand, research on designing systems and interfaces for rescue actors has evolved lately. Several 
studies proposed methods based on the participatory design approach as it has been done in (Kyng et al., 2006). 
Unfortunately, this approach presents some disadvantages since it requires that designers and final users 
participate together in defining user interfaces which will increase the complexity of the design process. Moreover, 
it requires organising several interviews and focus groups and this will surely increase the costs (Abras et al., 
2004). 

Yet, in most countries, communication during rescue operations is still limited to oral communication using radio 
devices (Mallek et al., 2016). Indeed, most of the existing systems are not fully accepted by actors since they are 
developed without examining the real needs of actors. Moreover, designing interfaces for users who work in 
complex domains such as rescue operations is still challenging. In our opinion, the main reason behind this 
emerges from the use of irrelevant methods to collect and understand user preferences. To deal with this issue, we 
propose a novel approach that aims at supporting the design of a communication system’s interfaces oriented for 
rescue actors. Thanks to this approach, final users will be able to define and design their interfaces in a way that 
meets their preferences. For example, rescuers will be responsible for designing interfaces for the mobile 
application that will be used at the intervention site. Whereas, operators will design interfaces required for their 
work in the operational centers. Once done, each user will have his customised version of the system’s interfaces 
depending on the selected preferences. Moreover, those users do not have to repeat the design of the system each 
time they aim to use it during rescue operations. However, they will absolutely have the ability to suggest any 
further modification to the system’s interfaces after having tested the system in real cases. Hence, the system 
developed will absolutely be accepted by the final users. This approach follows a three-step methodology. In the 
first step, we recommend constructing an application ontology to create a common vocabulary between different 
users coming from different organisations, which will help to solve semantic heterogeneity problems. This 
ontology shall cover rescue domain concepts as well as concepts related to the design of interfaces. Moreover, 
relations between different concepts as well as ontology instances shall be defined on the basis of interactions. 
Thus, as a second step, it is important to study interactions in order to identify the information required by each 
user. Hence, this step necessitates examining and modelling interactions based on real practices. While in the third 
step, we suggest allowing the users to design their interfaces based on these interactions by using a development 
platform. More details about these elements are discussed in the following section. 

DEFINING FLEXIBLE INTERFACES BASED ON ONTOLOGIES 

As mentioned in the related work section, our aim is to design and implement a communication system for rescue 
operations in France. To this end, a key first step consists in defining system specifications and interfaces based 
on user requirements. However, in rescue and emergency response domain, defining these interfaces remains a 
challenging problem. Therefore, we propose a design approach that consists of a three-step methodology as shown 
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in figure 1. As we can see in this figure, the first step is the construction of an application ontology that includes 
concepts related to the design of interfaces and those related to rescue domain. In order to manipulate the 
processing of different inferences, it is important to define relations between different concepts and instances 
based on interactions. Hence, the first step is interdependent with the second step that consists in examining and 
modelling interactions based on real practices. The importance of the second step is to identify the information 
required by each person based on her/his role, context, and tasks to achieve. While the third step requires allowing 
the users to design their interfaces in a customised way. In this section, the methodology steps will be presented 
in detail progressively. 

 

Figure 1. Methodology steps 

Step 1: Constructing an application ontology for designing interfaces in rescue operations: 

A first step toward the design of any system oriented for a certain domain is the identification and definition of 
the domain concepts. This means the creation of a vocabulary that makes use of appropriate terms to describe 
entities as well as the relations between them. Moreover, effective communication requires a common 
interpretation of the messages between different entities. Ontologies can be greatly beneficial to unify concepts 
understanding and thus to create a common vocabulary (Gruber, 1993). Thus, we recommend the use of an 
ontology as an entry point for designing interfaces for communication systems. Therefore, we take ResOnt 
ontology that was defined in the work of (Chehade et al., 2018, 2019a) as a fundamental basis for defining different 
concepts. ResOnt ontology was created by adopting the three-step methodology proposed by (Bachimont et al., 
2002). To this end, domain knowledge was acquired and validated by conducting an interview with a domain 
expert. The main advantage of ResOnt is that it deals with aspects, components, and factors related to rescue 
operations such as organisations, materials, actors, and tasks. Another reason for choosing ResOnt is that it 
considers information and communication concepts, which represent important parameters for designing 
communication systems. However, in the previous version of this ontology, concepts related to the design of 
interfaces were not considered. We thus add these concepts to the ontology by reusing and integrating concepts 
from two ontologies proposed for designing interfaces (Furtado et al., 2001; Paulheim & Probst, 2011). Figure 2 
illustrates an extracted part showing the core concepts of the application ontology that was implemented in Protégé 
software (Musen, 2015). After defining the concepts of the ontology, it is necessary to define relations between 
these concepts as well as ontology instances in order to manipulate the processing of different inferences. 
Therefore, we recommend defining these relations and instances based on interactions derived from real practices. 
The result of defining relations is a conceptual model that can be specified based on the ontology instances. A key 
first step toward the creation of this model is selecting what concepts are required for designing the interface based 
on interactions. Related to interactions, and based on the interaction model that will be discussed in the second 
step, the required concepts are the intervention phase, the subphase and the time instance, the person and her/his 
role, the executed task as well as the groups of information related to the task, the information that compose each 
group, and the communication device. On the other hand, related to the interface design, the required concepts are 
the information search mechanism, the interaction way, the interface and its dimensions, the information access 
mode, the interface component, the criticality and privacy of the information, the type and category of information, 
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the data type, and eventually, the functionality. 

 
Figure 2. Core concepts in the application ontology 

Figure 3 represents the conceptual model derived from the application ontology. It shows the different relations 
between the concepts required for the design phase. As we can see, each phase of a rescue intervention has a 
subphase that starts on a time instance and has a participant actor. This actor exists in a location and executes tasks 
that are associated with her/his role. Depending on the nature of the task executed, some groups of information 
may be used or produced. In addition, each task is attached to a functionality such as consulting or fulfilment that 
requires a communication device having its interface and dimensions. This functionality defines the required 
mechanism for information search. It also defines the way of interaction as well as the mode of information access. 
Moreover, a group of information has one or several information having each its properties. For instance, 
information has a type, category, data type, and orientation. Furthermore, it has a degree of privacy and criticality 
and it fits in an interface component. After having created a conceptual model, it is necessary to instantiate it. The 
importance of this instantiation is to be able to make the required inferences and proposing the possible values to 
the user during the design phase. To do this, we instantiate concepts related to interactions based on the interaction 
model. Moreover, we instantiate concepts related to interface design by assigning a set of possible values to each 
concept. At the end of this step, we obtain an ontological knowledge base that we can query in order to check the 
tasks associated with each person according to her/his context and role. We notice that the context is a group of 
concepts that are Phase, subphase, and location. Additionally, we are able to check what the requirements for each 
task are in terms of groups of information and information. Moreover, it is likely to get the possible values for 
each one of the properties defined for information as well as other concepts related to the interface design. These 
queries can be executed by using SPARQL (W3C, 2013). The importance of these capabilities is that they are 
essential for the functionality of the proposed platform that will be presented in the next section. 

 

 
Figure 3. Conceptual model extracted from the application ontology 
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Step 2: Examining and modelling interactions based on real practices: 

The second key step toward designing the interfaces is examining and modelling interactions based on real 
practices. The importance of this step is that is a key first step toward identifying the information required by each 
user depending on her/his role, tasks, and context. In addition, it is the basis for defining relations between 
different concepts and instances of the ontology as it has been mentioned in the previous step. Research on 
modelling communications and interactions in emergency response and rescuing has evolved lately. A recent 
study was conducted by (Chehade et al., 2019b) to analyse interactions in rescue operations. The main interest of 
this study was to model interactions between different stakeholders. A structure model and an interaction model 
were proposed. The convenience of the interaction model proposed is that the authors adopted an approach based 
on French practices by analysing domain-related documentation as well as actors’ activities as it has been shown 
in figure 1. Another advantage of this model is that it was constructed based on ResOnt ontology that was reused 
in order to propose the application ontology presented in the previous step. Thus, the concepts used in the 
modelling phase are the same concepts defined in this ontology. Therefore, we take the proposed interaction model 
as a fundamental basis for examining interactions in French rescue operations. In order to create this model, the 
authors defined several parameters to consider when analysing and modelling interactions. These parameters are 
Actors and their Roles, Information or Data, Communication devices, Tasks and Operations, Time, and Location. 
Moreover, the authors proposed to split a rescue operation into several main phases each includes many sub-
phases in a way to facilitate the analysis of interactions. After having identified the required parameters, the 
authors created a structure model that comprises all the defined parameters to consider. Figure 4 shows an 
illustrative example of the proposed structure model. As we can see in figure 4, the proposed structure model is 
based on two axes, a vertical one representing time and a horizontal one representing locations. On the time axis, 
we can see the sequence of activities and actions with respect to time. While on the location axis, we can see 
different locations in which an action occurs or information is being shared or consulted. Furthermore, this model 
includes actors and their roles represented by an icon of a dummy person. This actor can execute a task represented 
by rectangles with rounded corners. To do that, the actor needs access to some information. In addition, any task 
can generate information to be exchanged with other actors. Information is represented by rectangles in the model. 
Moreover, the proposed model also includes the communication device used to exchange or visualise information. 
From this model, we can see that three types of devices are used in rescue operations so that information is 
transmitted and received through three possible ways: Data communication via Mobile phones represented by 
green mobile phone icons; Data communication via desktops represented by blue desktop icons; And voice 
communication through radio devices, handsets or mobile phones represented by red circle icons. Afterwards, an 
interaction model is developed and illustrated in the structure model. Figure 5 demonstrates a portion of this 
interaction model. It represents actions and interactions during the alert phase that begins at T0. As we can see in 
figure 5, at T0, a call is received in the Call Processing Centre (CTA). The CTA Operator receives this call and 
starts by collecting information about the incident through landline phone. This task will produce several groups 
of information. Following this task, the CTA Operator will have access to this information. Step 1 in figure 5 
represents this task. At T0.1, the CTA operator finishes the first subphase that consists of alert reception and a 
new subphase begins. Thus, the operator will consult information related to cartography and disponibility through 
a desktop. This task will produce three groups of information that are centres, materials, and persons’ cartography. 
Following this task, this operator will have access to the information that compose each one of these groups. Step 
2 in figure 5 represents this task. This operator will then select the resources to engage. This task uses information 
produced by the previous task. After that, the operator communicates this information to the Fire and Rescue 
Centre (CIS) through a departure ticket via a desktop. 
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Figure 4. Structure model 

 
Figure 5. Interactions during the Alert phase 

Steps 3 and 4 in figure 5 represent these tasks respectively. 

Based on the interaction model, we can formalise interactions in order to define relations between different 
concepts of the proposed ontology. This definition is then used to create a conceptual model and instantiate it as 
it has been discussed in the first step. 

Step 3: Designing the interface by the users: 

After having constructed an application ontology and modelled interactions based on real practices, we move to 
the last step. In this step, we suggest allowing the user to design the interface based on her/his role, context, and 
the task executed. To this end, we propose a platform that will give the users access to various functionalities. The 
description of this platform will be presented in detail in the next section. 

PLATFORM FOR CUSTOMISATION OF THE DESIGN 

As discussed in step 3, thanks to this platform, we aim to support the users in designing the system’s interfaces. 
Several functionalities can be achieved through this platform: (1) Selecting an actor role and context; (2) checking 
what are the tasks associated with the actor depending on her/his context and role; (3) checking what are the 
groups of information and thus information that are attached to a task together with the functionality; (4) choosing 
the requirements of each task in terms of communication device; (5) Designing the interface by positioning the 
information with their groups in a given template; and (6) choosing the required values for information properties 
through a list of possible values. In order to manipulate these different functionalities, we aim to adopt a technique 
based on semantic information retrieval (Bansal & Chawla, 2014). Hence, we will be able to query the ontology 
knowledge base and retrieve the relevant information as well as the template required for designing the interfaces 
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based on the designer’s selections. The retrieved information will be then displayed to the designer in the platform 
interface. Figure 6 shows the general architecture of the proposed platform. As we can see in this figure, designers 
are supposed to interact with the platform interface through which they will select their choices. Based on each 
selection, a JSON query will be generated in order to retrieve the relevant results. This query will be then converted 
into a SPARQL query through a conversion framework. Afterwards, the obtained SPARQL query will be executed 
by the inference engine that will search and retrieve the relevant results from the ontology knowledge base. 
Therefore, results will be retrieved and sent back to the platform interface. In addition, this platform contains a 
template generator that will generate templates based the on designer’s choices and transmit those templates to 
the platform interface. After having discussed the general architecture of the proposed platform, let us move to 
the mechanism of interface design. As cited at the beginning of this section, in the proposed platform, designers 
have accessibility to several functionalities starting from selecting the context and role, passing by configuring 
and checking each task requirements, until designing the interface and positioning the information. To this end, 
we propose to split the platform interfaces into three different sections. The first section is the navigation and 
selection of the main elements section. In this section, the designer will be able to select her/his role and context. 
 

 
Figure 6. General Architecture of the proposed platform 

Figure 7 represents the platform interface proposed to the aforementioned section. In this figure, we show the 
actions that a designer is supposed to do in this section together with the queries generated with each action. As 
we can see, the designer starts to design the interface. Thus, s/he will click on the “main elements to consider” 
button. When the designer clicks, a query will be generated in order to retrieve what are the main elements to 
consider based on the ontology. This query will be converted into a SPARQL query through the queries converter 
in order to be executed on the ontology knowledge base. On the way back, the result of this query is a list of 
elements to consider that will be displayed to the designer. As we can see in figure 7, the main elements to consider 
are Phase, Subphase, Location, and Role. Afterwards, the designer will click on each element from the returned 
list in order to choose its proper value through a set of possible values. At each click, a new query will be generated 
and executed on the ontology knowledge base in order to retrieve the possible values for the selected element. For 
example, when the designer clicks on Role, the SPARQL query will retrieve the possible roles that an actor can 
have. After choosing the proper values for the four main elements, the designer will be oriented to the task 
configuration section. In this section, the designer will be able to check her/his tasks based on the selected values 
for the four main elements. Moreover, the designer will be able to select one of the proposed tasks in order to 
check and select its requirements. Figure 8 illustrates the platform interface proposed to the task configuration 
section. As we can see in this figure, as a first step, the designer will be asked to submit the values selected in the 
previous section. Thus, s/he will click on “Submit the selected values” button”. When the designer clicks, a query 
will be generated to retrieve the tasks associated with the designer based on his/her selections. 
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Figure 7. Section of navigation and selection of main elements 

This query will be converted into a SPARQL query as shown in figure 9. The SPARQL query shown in figure 9 
aims at retrieving tasks associated with the CTA Operator during the subphase entitled “choice of resources to 
involve”. On the way back, the result of this query is a list of proposed tasks that will be displayed to the designer 
as shown in figure 8. After that, the designer will choose the task that s/he aims to configure. Hence, s/he will 
select one of the tasks proposed in the list. Based on this selection, a query will be generated in order to retrieve 
the requirements for the selected task in terms of information and their groups, as well as the functionality required 
by the task. On the way back, the result of this query will be a set of groups of information attached to the task 
together with the relation between the task and each group. This result also contains the information that composes 
each group as well as the functionality required by the task. This result will be then displayed to the designer in 
the task requirements list. In figure 10, we show a SPARQL query that aims to retrieve what groups of information 
are attached to the task entitled “Selection of Resources”. Moreover, it allows us to retrieve the relation between 
the task and each group of information. The result of the query is a list of these groups with their corresponding 
relations. After getting the result, the designer will check the proposed requirements and make his/her 
verifications. Based on this verification, s/he will suggest any addition or modification of the proposed 
requirements in order to be considered in the development phase. In addition, the designer will be asked to confirm 
the validity of task requirements as shown in figure 8. Based on this confirmation, the designer will move to the 
next step in order to select the communication device required by the task. The importance of selecting the 
communication device is to propose a relevant template based on the device interface and dimensions. Thus, s/he 
will click on the “select the communication device button”. When the designer clicks, a query will be generated 
and converted into a SPARQL query to be executed on the ontology knowledge base. On the way back, the result 
of this query is a list of possible devices that will be displayed to the designer as we can see in figure 8. 
 

 
Figure 8. Task Configuration section 
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Figure 9. SPARQL Query and result for retrieving the list of tasks based on the actor’s role and context 

After selecting the communication device, the designer will be oriented to the third section entitled “Information 
positioning and configuration”. In this section, the designer will be able to design the interface by positioning the 
information attached to the task together with their groups into a given template. Moreover, the designer will be 
able to select each information and choose the required values for each one of the information properties. Figure 
11 shows the platform interface proposed to the aforementioned section. As we can see in this figure, the first step 
in this section is an automatic generation of a template through a generator. The input for this generator is the 
selected communication device as well as the list of information and their groups presented in the previous section. 

 
Figure 10. SPARQL Query and result for retrieving groups of information and their relation to a selected task 

Whereas, the output is a relevant template containing this information with their groups. Afterwards, the designer 
will be able to position the information on the template in a way that meets her/his preferences. Moreover, s/he 
will be asked to click on each information from the template in order to specify its properties. Thus, the designer 
will click on the information that s/he aims to configure. When the designer clicks, a query will be generated and 
converted into a SPARQL query as shown in figure 12. The result of this query is a set of properties that will be 
displayed to the designer as we can see in figure 11. Thus, the designer will click on each property from the 
returned list in order to choose its proper value through a set of possible values. At each click, a new query will 
be generated and converted into a SPARQL query that will be executed on the ontology knowledge base in order 
to retrieve the possible values for the selected property. On the way back, the result of this query is a list of possible 
values for the selected property that will be displayed to the designer as we can see in figure 11. For example, 
when the designer clicks on Type, the SPARQL query will retrieve the possible types that information can have. 
After choosing the proper values for the different properties, the designer will move to the next step. Thus, s/he 
will be asked to submit her/his selections. Based on this submission, all the selected values will be retrieved and 
included in an automatically generated report. Based on the choices of the designer, we will retrieve the generated 
report as well as the designed template and develop the interfaces of MODES in a way that meets these choices. 
To this end, regarding the server-side, we will adopt technologies oriented for web development such as C#, 
ASPT.NET, Javascript, and HTML. Whereas, the client-side will be developed using technologies oriented for 
mobile development such as Java and Android technologies. The result of this step is MODES that will be ready 
for use by different stakeholders in order to communicate effectively in rescue operations. Figure 12 illustrates an 
example of a SPARQL query that aims to retrieve the properties corresponding to the information entitled 
“Address of CIS”. The result of this query is a list of properties together with the possible values for each property. 
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Figure 11. Information positioning and configuration section 

 
Figure 12. SPARQL Query and Result for retrieving information properties and their possible values 

As cited in the related work and discussed in the third section, designing interfaces for communication systems 
oriented for rescue operations is a challenging task. Numerous communication systems have been previously 
proposed. Although several design techniques have been adopted, the developed systems are barely accepted by 
stakeholders. Moreover, most of the design techniques are based on the participatory design approach, which is a 
complex task in the domain of rescue. Therefore, we proposed a novel approach to designing interfaces of 
MODES, a communication system oriented to support French emergency actors in rescue operations. Thanks to 
this approach, users will have the ability to design the MODES system’s interfaces in a customised way based on 
their role, context, and tasks by using a development platform. An important aspect of this platform is the 
automatic and dynamic generation of templates and reports based on designer selections. 

CONCLUSION 

Well-designed communication systems’ interfaces that consider all of the stakeholders’ needs can play a 
significant role in achieving goals for rescue actors. Like several complex domains, designing interfaces for 
communication systems oriented to rescue operations is still challenging. This work aimed to present a novel 
approach for supporting the design of MODES users’ interfaces, a communication system to support situation 
awareness amongst French emergency actors in rescue operations. The proposed approach is based on a three-
step methodology. In the first step, we recommend constructing an application ontology to create a common 
vocabulary between different users. In the second step, it is important to examine and model interactions based 
on real practices. While in the third step, we suggest allowing the users to design their interfaces based on these 
interactions. To this end, an application ontology covering concepts related to rescue operations and interface 
design was proposed. Next, interactions in rescue operations were examined based on an interaction model. 
Eventually, a platform for supporting the design of interfaces on the basis of the proposed methodology was 
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introduced. The motivation behind choosing an ontology-based approach is two-folded; An ontology can be 
constructed once and reused as many times as wished. It can be simply updated when the design requires the 
consideration of more information or properties. It also facilitates multidisciplinary approaches when people 
coming from different backgrounds are concerned in the same system. 

Future work will be oriented towards implementing the proposed platform completely in order to be tested by 
domain experts. Thus, we will develop the required functionalities to allow users to draw their interfaces and 
choose their preferences and requirements. After that, we will collect user preferences through the proposed 
platform. We will then investigate the specifications and architecture of Rescue MODES in a way that meets the 
collected requirements and preferences. Eventually, the system will be developed in order to be tested by its final 
users in real cases. Thus, they will test its ability to allow real-time and effective communication of different types 
of information. Moreover, they will be able to evaluate it in terms of performance and ergonomics. 
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