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Introduction

We would like to draw your attention to the fact that it is not possible to modify a paper in any way, once it has been published. This applies to both the printed book and the online version of the publication. Every detail, including the order of the names of the authors, should be checked before the paper is sent to the Volume Editors.

Emergency evacuation is performed in case of fire, terrorist threat, earthquake or any other hazardous situation in buildings. The ultimate goal of evacuation for all the occupants is to move out of a specific area or a building safely and as quick as possible. In general, a static route provided in an evacuation plan is followed, which is developed during the erection stage of a building. However, static evacuation plans lack coordination between evacuees and administration as it does not consider contingencies that may occur during evacuation. Due to the absence of any coordination during the whole evacuation process, several problems may occur, e.g., congestion along evacuation routes or at exit points or locations that are frequently used, and as a result, casualties may occur. Among important factors associated with an emergency evacuation are evacuees' behavior, their mobility characteristics, and their coordination in following the evacuation route related to a type of emergency and relevant evacuation strategy. Vermuyten et al. have conducted a literature survey in which they discussed various evacuation strategies and crowd behavior, crowd flow, optimized paths, bottlenecks, etc. (see, e.g., [START_REF] Vermuyten | A review of optimisation models for pedestrian evacuation and design problems[END_REF]). These strategies have somehow improved the evacuation process, but most of the studies are static. Due to this reason, real-time status of buildings and evacuees is not known in case of an emergency and during the evacuation process. Therefore, there is still a need for an intelligent system that could detect hazardous situations and handle evacuation problem on a real-time basis.

To this end, we propose a real-time multi-agent architecture for mass evacuation in smart buildings. The novel concept for this study is that the information of events and evacuees is processed on a microscopic level and the evacuation is done in the form of groups on a macroscopic level. These groups are created on the basis of momentary location, possible family ties with other evacuees, and mobility characteristics of each evacuee. Later, groups evacuate the building under the supervision of their assigned group leaders. These group leaders use hand-held devices that provide all the information needed for the evacuation process. At this point, our system is designed for the office spaces and the places where people are slightly aware of topology of the buildings. Due to the scope of this paper, we briefly discuss our proposed architecture and its functioning. Also, we specifically focus on the group formation module of the proposed architecture.

The rest of the paper is organized as follows. Section 2 states the contribution of this research to service systems. Related works in the area of crowd evacuation and smart buildings with their limitations are discussed in Section 3. The structure of the proposed architecture is explained in Section 4. The group formation methodology is discussed in Section 5 and we give a functioning example in Section 6. In the end, we conclude the paper with further research directions in Section 7.

Relationship to Industrial and Service Systems

In a service system, both technology and manpower work together to fulfill the requirements of its user(s). As service systems maximize the output as well as ensure the safety and reliability of the system, therefore its applications are found everywhere such as in the sectors of engineering, banking, supermarkets, and even on internet.

The main objective of service systems is to serve its customers and provide them what they want in minimum time. Customer satisfaction is also an important factor in this type of systems. A service system must be safe and reliable enough so that its users can use it without any risk or danger. When it comes to the cyber-physical world where machines perform most of the work, while humans are involved mostly as users, then the question of user satisfaction and safety is of special importance.

In this study, we propose an intelligent architecture for evacuation of buildings. The purpose of this system is to minimize the involvement of a specialized personnel for evacuation management during any emergency situation, while providing decision support for evacuation of a multitude of people according to their evacuation requirements and preferences, such as mobility characteristics and mutual family ties.

Since the lives of people are dependent on it, the reliability of such a system is of utmost priority. In this respect, the proposed decision support architecture for emergency evacuation may be seen as a service system whose aim is to minimize the evacuation related risks considering the mobility requirements of its users.

Related Work

Multiple approaches have been proposed for the emergency evacuation of buildings (see, e.g., [START_REF] Lujak | A distributed architecture for real-time evacuation guidance in large smart buildings[END_REF][START_REF] Lujak | Intelligent people flow coordination in smart spaces[END_REF][START_REF] Wagner | An agent-based simulation system for concert venue crowd evacuation modeling in the presence of a fire disaster[END_REF][START_REF] Zheng | Modeling crowd evacuation of a building based on seven methodologic al approaches[END_REF]). Vermuyten et al. performed a literature survey in which they have classified the research topics according to the phases and requirements of the whole evacuation system, e.g., pedestrian dynamics, evacuation design, optimization of evacuation routes, crowd management, model movement, and crowd flow (see, e.g., [START_REF] Vermuyten | A review of optimisation models for pedestrian evacuation and design problems[END_REF]).

There are generally two kinds of crowd evacuation models: macroscopic and microscopic one. Huges explained the significance and the applicability of both approaches for handling the crowd in [START_REF] Hughes | A continuum theory for the flow of pedestrians[END_REF]. The macroscopic model is used at a crowd level to implement the rules over a whole crowd whereas the microscopic model is used to model every individual participating in the evacuation process. Here, some authors have proposed a hybrid approach to use both strategies as they complement each other (see, e.g., [START_REF] Xiong | A hybrid model for simulating crowd evacuation[END_REF]).

On the other hand, Liu et al. explained that the evacuation process is not only individual action, but it is a group activity where the efficiency of the whole process is dependent on everyone involved. Hence, coordination and cooperation of evacuees is needed to make that evacuation process efficient (see, e.g., [START_REF] Liu | Context-aware agents in cooperative design environment[END_REF][START_REF] Liu | Modeling and path generation approaches for crowd simulation based on computational intelligence[END_REF]). In this manner, researchers have proposed some interesting strategies to observe the behavior of groups during an evacuation. For example, [START_REF] Abdelghany | Modeling framework for optimal evacuation of large-scale crowded pedestrian facilities[END_REF] developed a genetic algorithm with a combination of a cellular automata model to evacuate groups of people. In this model, each group is assigned to a specific exit which evacuates within a specific time because the next group has to evacuate afterwards. The best evacuation plan is found after finding the route having minimum evacuation time.

On the other hand, when the crowd evacuates in the form of groups, synchronization and coordination issues arise. In case of any wrong decision by the group leader, even worse disaster could happen as the time is a most critical thing during that process (see, e.g., [START_REF] Oxendine | A multi-objective, multi-criteria approach to improve situational awareness in emergency evacuation routing using mobile phone data[END_REF]). However, it is also found that the evacuation time increases because of the presence of groups in the crowd (see, e.g., [START_REF] Li | A grouping method based on grid density and relationship for crowd evacuation simulation[END_REF]).

A hybrid evacuation strategy that could assist the evacuees in the formation of groups as well as in choosing an optimal route for them is still an open challenge that we treat in this paper.

Evacuation Architecture

In this section, we explain the architecture of our proposed system for evacuation. The system consists of three agents namely, Situation Awareness Agent, Route Optimization Agent, and Group Management Agent. Situation Awareness Agent handles and processes the information of events coming from sensors on a real-time basis. Various sensors are installed that detect fire, smoke, terrorist attack or threat, quarrel or any other risk that could lead to an emergency evacuation (see, e.g., [13][START_REF]Temperature sensors, Texas Instruments incorporated[END_REF][START_REF]Intelligent smoke detectors[END_REF]). This agent also communicates with other agents to assign an alternate safe route to evacuees in case of any blockage or congestion in the existing provided path. Route Optimization Agent chooses the optimal exit path for each group. For this purpose, the building is represented as a graph and divided into different sections called nodes, and the paths that connect these sections called edges or links. Later, the safest and fastest route is calculated with the help of the live information received from the sensors. Group Management Agent creates groups which are supposed to evacuate together under the supervision of (human) group leaders. Groups are created using evacuees' live locations, family ties and physical characteristics whereas group leaders are trained occupants of a building chosen beforehand on a voluntary basis. This agent provides the formation of groups with their relevant collection points and the allocation of groups' leaders. The block diagram of the architecture is shown in Fig. 1.

Fig. 1. Evacuation Architecture.

Personal information of evacuees related to evacuation is crucial for wellfunctioning of the proposed system and should be obtained beforehand. As this information is static, it is stored in the database with the help of an ontology. Upon entering the details into the system, a special RFID or a class of Bluetooth low energy (BLE) device (e.g., iBeacon) tag is provided to each person which they have to wear all the time during the evacuation so that all the movements and locations of people are monitored.

As it is discussed in [START_REF] Talebi | Stochastic network evacuation models[END_REF], the evacuation process is a multi-phase procedure. Therefore, we divide the whole evacuation process into two phases: notifying phase and evacuation phase. Firstly, during the notification phase, we use an audio or a text message or an email to inform every evacuee about his/her assigned group collection point. Also, this information (based on the momentary location) is shown on public screen displays. During the evacuating phase, real-time location of every occupant is processed individually, and groups are updated on the basis of this information. Later, the groups gather at their relevant collection points, and then group leaders start the evacuation process under their supervision. Note that the group leaders use smart devices with an app where all information of group members are shown along with their calculated evacuation route plans.

Group Formation

In this section, we focus on the group formation module of group management agent of the proposed architecture.

In general, groups are formed by combining the static and dynamic information of evacuees. Static information includes information of mobility characteristics and family ties with other evacuees. Dynamic information consists of live locations of the people which are continuously detected by sensors. Every person in the building has a RFID or iBeacon tag which is provided before entering into the building or during the registration process. These tags have a unique ID by which the data of every person can be accessed.

If any hazard or risk is detected and evacuation is necessary, evacuees are provided by a location (known as collection points) where they have to gather and wait for next instructions from their group leaders. These collection points are assigned individually in line with the mobility characteristics of each evacuee. In this regard, a procedure for group creation is given in the following. This procedure also provides collection points to evacuees individually.

The procedure requires the following information: i) an updated momentary location and mobility characteristics and family ties for each evacuee, ii) location and capacity of each collection point, iii) available evacuation routes with their free-flow capacities from each one of the collection points, iv) maximum evacuation time given by the evacuation authority.

The procedure runs in the following steps that assign each evacuee to its collection point considering the capacity of the collection points and their evacuation routes.

Step 1: Calculate the shortest evacuation time of each person from his/her momentary location to each collection point; Step 2: Assign each evacuee whose evacuation time is larger than the maximum evacuation time to the closest collection point with the shortest evacuation time; Step 3: Assign each mobility impaired person to his/her evacuation leader and a collection point with sufficient capacity and the shortest evacuation time; Step 4: Assign evacuees with family ties (members of the same family) to the same collection point. In case they are not located in the same area, choose a collection point that is the closest to the same distance from all of them; Step 5: Assign the rest of the evacuees to their nearest collection points based on the available capacity.

Case Study

In this section, we use an example as a test case to check the functionality of our proposed algorithm for group formation of people and their allocation to their feasible collection points. For this purpose, the output of the algorithm is shown in Fig 2. Given is a layout of a floor in which people are located in possibly different sections. These sections can be rooms and/or corridors, and all sections are connected to every collection point. For simplicity, we assume that the geo-positioning of evacuees is flawless.

In our example in Fig. 2, there are three collection points and 50 persons of which two are mobility impaired (P8, P43) and other two have family ties (P5, P45). We assume that all people are located in the areas that are within the maximum evacuation time from safe exits. Therefore, the priority will be given to mobility impaired people and people with family ties. As a result, P8 and P43, who are mobility impaired are assigned to their nearest collection points, CP2 and CP3 respectively. Also, persons with family ties, P5 and P45, are assigned to the same group/collection point, CP2, because collection point CP2 is the nearest one to both of them. The rest of the persons are allocated to their nearest collection point based on the available capacity. Once the capacity of a collection point is reached, remaining persons are allocated to the nearest collection point with available capacity.

In Fig. 2, collection points are colored in green, red, and blue. People are grouped in groups based on their assigned collection points (red, green, and blue) so that they have to gather at their allocated collection point. People who are mobility impaired have a bigger ring around them to represent their priority. Similarly, people who have family ties also have a bigger ring around them as well as a star over them to distinguish them from able-bodied and mobility impaired people.

The output of the proposed procedure will be in the form of a couple person's ID, collection point of that person (assigned group).

Following are the sets of persons who are allocated to a specific collection point on the basis of knowledge acquired by them. Red, green, and blue sets are formed according to the capacity of collection point 1, collection point 2 and collection point 3 respectively.

Red set = {P1, P2, P3, P16, P17, P18, P19, P20, P21, P22, P23, P24, P25, P26, P27, P28, P29, P30, P31, P32}

Green set = {P5, P45, P8, P4, P6, P7, P9, P10, P11, P12, P13, P14, P15, P33, P34, P35, P36, P40, P41, P42}

Blue set = {P45, P37, P38, P39, P44, P46, P47, P48, P49, P50}

Conclusion

In this study, we proposed an evacuation architecture that coordinates the evacuation process from the detection of the hazard or emergency to the evacuation of people in buildings. Our system is based on three different agents that perform their evacuationrelated tasks. In our proposed strategy, evacuation is done in the form of small groups, each one led by a group leader. Each group leader gets live information from an app installed on a smart device specifically designed as an interface to our proposed architecture. In this paper, we discussed the module of group management agent, a module of our proposed architecture together with group formation and allocation of collection points. Also, due to the hierarchy of this solution proposed for buildings, people may have some training for specific scenarios. As a future work, we plan to develop other agents of our proposed architecture. Also, we will integrate the group formation module, developed in this study, with other parts of the architecture. We also plan to compare the performance of the proposed system with other state-of-the-art evacuation coordination systems.

Fig. 2 .

 2 Fig. 2. Final grouping with respect to their feasible collection points.
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