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Executive Summary 

The current document reports the development of the mechanism responsible for assisting the end 

user in decision support by providing a set of recommendations based on the current status of the 

system under study and by implementing a SOT DSS engine. The stream, historical and legacy data, 

originating from sensors, web services and other relational databases, constitute the main source of 

information and inputs for the Decision Support Systems in S&R. The SOT DSS Engine uses Linear 

Programming techniques and produces recommendations by combining all the above types of data. 

D4.5 “Development of SOT DSS components” follows the design of D4.3 “Design of DSS components” 

in order to develop an efficient Decision Support System. 

In the second version of this deliverable the technical implementation details of the extensions of the 

SOT DSS will be presented. Service 1 to 4 will be improved and be adapted to the ongoing changes of 

the needs of the S&R project. 

 

 

 

 

 

 

 

 

 

  



Search and Rescue 
Development of SOT DSS components 

  D4.5 

  
 

 

 

7 
 

  

Table of Contents 

List of Abbreviations ........................................................................... 9 

List of Figures ................................................................................... 10 

List of Tables ..................................................................................... 12 

1 Introduction ................................................................................. 13 

1.1 Relationship with other Deliverables ....................................................... 13 

2 Development Analysis of the SOT DSS Components .................... 15 

2.1 Technical Approach of the SOT DSS Components ..................................... 15 

2.2 The architecture analysis of the SOT DSS Components ............................ 15 

2.2.1 Web API ................................................................................................................. 15 

2.2.2 SOT DSS components ............................................................................................. 18 

3 Proposed techniques for the SOT DSS Modules ........................... 21 

3.1 SOT DSS Modules ..................................................................................... 21 

3.1.1 Transportation Problem ........................................................................................... 21 

3.1.2 UTA package .......................................................................................................... 23 

3.1.3 EMSAllocation package - Service 1 ........................................................................... 23 

3.1.4 PatientAllocation package - Service 2 ....................................................................... 24 

3.1.5 TaskAllocation package - Service 3 ........................................................................... 26 

3.1.6 EarthquakeCasualtyEstimation - Service 4 ................................................................ 27 

3.2 Demonstrator ........................................................................................... 28 

3.2.1 Service 1 ................................................................................................................ 29 

3.2.1.1 Example 1 - No excess demand ......................................................................... 29 

3.2.1.2 Example 2 - Equal total demand and total supply ............................................... 30 

3.2.1.3 Example 3 - Excess demand .............................................................................. 32 

3.2.1.4 Example 4 - Excess demand results to demand less than one ............................. 34 

3.2.2 Service 2 ................................................................................................................ 36 

3.2.2.1 Example 1 – Skaramagkas + Patient cost formula .............................................. 36 

3.2.2.2 Example 2 – Skaramagkas + UTA ..................................................................... 38 

3.2.2.3 Example 3 – Monastiraki + Patient cost formula ................................................. 39 

3.2.2.4 Example 4 – Monastiraki + UTA ........................................................................ 40 

3.2.3 Service 3 ................................................................................................................ 42 

3.2.3.1 Example 1 – Skaramagkas + Task Cost Formula + Excess demand ..................... 42 

3.2.3.2 Example 2 – Skaramagkas + UTA + excess demand .......................................... 44 

3.2.3.3 Example 3 – Monastiraki + Task Cost Formula ................................................... 45 

3.2.3.4 Example 4 – Monastiraki + UTA ........................................................................ 47 

3.2.4 Service 4 ................................................................................................................ 48 

3.2.4.1 Example 1 – onePAGER exists ........................................................................... 48 



Search and Rescue 
Development of SOT DSS components 

  D4.5 

  
 

 

 

8 
 

  

3.2.4.2 Example 2 – onePAGER exists ........................................................................... 49 

3.2.4.3 Example 3 – onePAGER does not exist ............................................................... 50 

4 Conclusions .................................................................................. 52 

Annex I: References ......................................................................... 52 

 

 

  



Search and Rescue 
Development of SOT DSS components 

  D4.5 

  
 

 

 

9 
 

  

List of Abbreviations 

Abbreviation Explanation 

API Application Programming Interface 

CBC Coin-or branch and cut 

D Deliverable 

DSS Decision Support System 

EMS Emergency Medical Services 

HTTP Hypertext Transfer Protocol 

LP Linear Programming 

ML Machine Learning 

SOT Strategic Operational and Tactical 

S&R  Search & Rescue 

UI  User Interface 

UUID Universally Unique Identifier 

UTA UTilités Additives 

 



Search and Rescue 
Development of SOT DSS components 

  D4.5 

  
 

 

 

10 
 

  

List of Figures 

Figure 2-1: Web API between COncORDE and SOT DSS communication ......................................... 16 

Figure 2-2: JSON sample for service 1. ......................................................................................... 16 

Figure 2-3: Results of API call of service 1. ................................................................................... 17 

Figure 2-4: Swagger UI ............................................................................................................... 17 

Figure 2-5: EMS Allocation endpoint via Swagger UI. .................................................................... 18 

Figure 2-6: SOT DSS & environment abstract architecture. ............................................................ 19 

Figure 2-7: SOT DSS UML package diagram. ................................................................................ 19 

Figure 2-8: File structure of the SOT DSS components .................................................................. 20 

Figure 3-1: Supplier and Demander models in TransportationPorblem package. .............................. 21 

Figure 3-2: TransportationProblem constructor. ............................................................................ 22 

Figure 3-3: Total demand reduction algorithm. ............................................................................. 22 

Figure 3-4: Solution model in UTA package. ................................................................................. 23 

Figure 3-5: UTA constructor. ........................................................................................................ 23 

Figure 3-6: EMSStation and Incident models in EMSAllocation package. ......................................... 24 

Figure 3-7: EMSAllocation constructor. ......................................................................................... 24 

Figure 3-8: Patient and EMSUnit models in PatientAllocation package............................................. 25 

Figure 3-9: PatientAllocation constructor. ..................................................................................... 26 

Figure 3-10: Actor and Task models in TaskAllocation package. ..................................................... 26 

Figure 3-11: TaskAllocation constructor. ....................................................................................... 27 

Figure 3-12: EarthquakeIncident model in EarthquakeCasualtyEstimation package. ........................ 28 

Figure 3-13: EarthquakeCasualtyEstimation constructor. ............................................................... 28 

Figure 3-14: EMS Station data. .................................................................................................... 29 

Figure 3-15: Incident data for example 1. ..................................................................................... 29 

Figure 3-16: Recommended allocation for example 1. ................................................................... 30 

Figure 3-17: Map Illustration for example 1. ................................................................................. 30 

Figure 3-18: Incident data for example 2. ..................................................................................... 31 

Figure 3-19: Recommended allocation for example 2. ................................................................... 32 

Figure 3-20: Map Illustration for example 2. ................................................................................. 32 

Figure 3-21: Incident data for example 3. ..................................................................................... 33 

Figure 3-22: Recommended allocation for example 3. ................................................................... 33 

Figure 3-23: Map Illustration for example 3. ................................................................................. 34 

Figure 3-24: Incident data for example 4. ..................................................................................... 35 

Figure 3-25: Recommended allocation for example 4. ................................................................... 36 

Figure 3-26: Patient and EMS unit data for example 1 & 2. ............................................................ 36 

Figure 3-27: Recommended allocation for example 1. ................................................................... 37 



Search and Rescue 
Development of SOT DSS components 

  D4.5 

  
 

 

 

11 
 

  

Figure 3-28: Map illustration for example 1. .................................................................................. 37 

Figure 3-29: Recommended allocation of example 2...................................................................... 38 

Figure 3-30: Map illustration of example 2. ................................................................................... 38 

Figure 3-31: Patient and EMS unit data for examples 3 & 4. .......................................................... 39 

Figure 3-32: Recommended allocation for example 3. ................................................................... 40 

Figure 3-33: Map illustration for example 3. .................................................................................. 40 

Figure 3-34: Recommended allocation for example 4. ................................................................... 41 

Figure 3-35: Map illustration for example 4. .................................................................................. 41 

Figure 3-36: Role tree for demonstration. ..................................................................................... 42 

Figure 3-37: Actor and Task data for examples 1 & 2. ................................................................... 42 

Figure 3-38: Recommended allocation for example 1. ................................................................... 43 

Figure 3-39: Map illustration for example 1. .................................................................................. 44 

Figure 3-40: Recommended allocation for example 2. ................................................................... 44 

Figure 3-41: Map illustration for example 2. .................................................................................. 45 

Figure 3-42: Actor and Task data for example 3 & 4. .................................................................... 46 

Figure 3-43 Recommended allocation for example 3...................................................................... 46 

Figure 3-44: Map illustration for example 3. .................................................................................. 47 

Figure 3-45: Recommended allocation for example 4. ................................................................... 47 

Figure 3-46: Map illustration for example 4. .................................................................................. 48 

Figure 3-47: Input and output for example 1 ................................................................................ 48 

Figure 3-48: one PAGER for example 1 ......................................................................................... 49 

Figure 3-49: Input and output for example 2 ................................................................................ 49 

Figure 3-50: onePAGER for example 2. ......................................................................................... 50 

Figure 3-51: Input and output for example 3 ................................................................................ 50 

 



Search and Rescue 
Development of SOT DSS components 

  D4.5 

  
 

 

 

12 
 

  

List of Tables 

Table 2-1: Service - Package mapping .......................................................................................... 20 

Table 3-1: Demand reduction. ..................................................................................................... 33 

Table 3-2: Detailed demand reduction. ......................................................................................... 34 

Table 3-3: Demand reduction, first step. ...................................................................................... 35 

Table 3-4: Demand reduction, second step. .................................................................................. 35 

Table 3-5: Demand reduction, third step. ..................................................................................... 35 

 



Search and Rescue 
Development of SOT DSS components 

  D4.5 

  
 

 

 

13 
 

  

1 Introduction 

The deliverable presents the technical approach of the SOT DSS components. More particularly, the 

document describes the technical implementation details of the four Services of SOT DSS and the tools 

that have been used. The overall architecture of the four Services is described, as well as an analytical 

description of the modules is presented. These modules were created for the needs of the 

implementation of SOT DSS component. SOT DSS modules are the following: 

• TransportationProblem 

• UTA 

• EMSAllocation 

• PatientAllocation  

• TasksAllocation 

• EarthquakeCasualtyEstimation 

The technical structure of these modules, and the relations between them will be described in the next 

chapters. Also, non-ML solutions were used as alternative solutions for Service 4 which are targeted to 

the needs of the S&R project. 

Last but not least, a demonstrator is presented for each of the Services using dummy data in order to 

have an overview of the possible results of SOT DSS. Finally, an analytical technical overview of the 

non-ML solutions will be presented. 

1.1 Relationship with other Deliverables 

The current deliverable is addressing the development of the SOT DSS components. The document 

provides inputs to other S&R components, therefore is linked to the following deliverables: 

• D3.1 Requirements to knowledge management and SA Model 

• D3.2 Situation Awareness Model-specifications 

• D3.6 Multi sensors data fusion and Object detection algorithms for in-disaster scene situation 

awareness 

• D3.7 Requirements to knowledge management and SA Model V2 

• D3.8 Situation Awareness Model-specifications V2 

• D4.2 Situational Analysis & Impact Assessment 

• D4.3 Design of SOT DSS components 

• D4.6 Development of PHYSIO DSS component 

• D4.7 DSS Validation 

• D4.10 Design of PHYSIO DSS component V2 

• D4.11 Development of DSS component V2 

• D4.12 Development of PHYSIO DSS component V2 

• D4.13 DSS Validation V2 

• D6.6 Report on legacy systems and their connection to the S&R related technical characteristics 

• D6.9 Report on legacy systems and their connection to the S&R related technical characteristics 

V2 

• D7.2 Architecture and Design Specifications of S&R platform 
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• D7.3 Component interface specifications for interoperability within S&R 

• D7.4 Adapted S&R components and services 

This document is highly related to D4.3 - ‘Design of SOT DSS components’, since it contains a 

detailed description of the implemented services. For this reason, it is strongly recommended to 

the readers to be familiar with the D4.3.  
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2 Development Analysis of the SOT DSS Components 

The described SOT DSS components below have been developed to a minimum viable state, to execute 

their job correctly utilizing the current information about the integration, data format and data type. In 

the final version, D4.11 – ‘Development of SOT DSS components, V2’, these components will be 

extended and enriched.  

SOT DSS Services are: 

• Service 1: Recommended (optimal) allocation of available EMS units to incidents, depending 

on estimated needs 

• Service 2: Recommended (optimal) allocation of patients to transport vehicles and first 

receivers (hospitals), based on given order of evacuation and triage results for present 

injuries 

• Service 3: Recommended (optimal) allocation of tasks to available actors on the field, given 

demand pre-defined by the field commander 

• Service 4: Estimation of expected casualties and demanded resources (EMS units), given 

historical data on emergency incident recordings 

These services will be provided as endpoints of a web service, whereas their functionality is split in 

packages, described in 2.2.2. 

2.1 Technical Approach of the SOT DSS Components 

The 1st version of the SOT DSS components is developed in Python v3.8. Python provides a developer-

friendly and analyst-friendly environment in order to implement and test the optimization models. 

Furthermore, there is a plethora of Python libraries which provide APIs for external services to support 

the functionality of the services. The main library used for optimization problems is pyomo v5.7 which 

provides the right tools for symbolic modelling of linear programming problems. 

Furthermore, Flask v2.0 was used to establish the web service of the SOT DSS and its endpoints. 

Jupyter Notebooks were created for demonstration purposes using dummy data as input for the 

algorithms. The application has been containerized with Docker in order to be deployed independently 

on the server. The tools that are involved are Docker and docker-compose. Last but not least, the SOT 

DSS modules can be found at S&R Gitlab group [1]. 

2.2 The architecture analysis of the SOT DSS Components 

The SOT DSS is considered a web service that exposes its services as endpoints. Thus, a decoupled 

architecture is achieved, allowing multiple applications to use the SOT DSS when those provide the 

required input. In the current S&R architecture, the only application that communicates with the SOT 

DSS is COncORDE, since the latter provides the required data for the services, as described in D4.3- 

‘Design of SOT DSS component’. In the future, more S&R components will be integrated. Still this 

approach creates an extendable environment.  

2.2.1 Web API 

As a web service, SOT DSS needs a web API to let other applications use its services, so a RESTful API 

will be developed. The RESTful API services are implemented in Flask, a lightweight and flexible python 

microframework, in separate endpoints. Before accessing the Services, the user must spin-up the 
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docker container in order to build the container and run the application. This can be done by typing the 

command “docker-compose up –build”. 

 

 

Figure 2-1: Web API between COncORDE and SOT DSS communication 

In order to call and test the functionality of those services the user has to provide a request body with 

the required data and call the endpoint from a client. For example, the request for Service 1 is POST: 

Error! Hyperlink reference not valid. with body: 

 

Figure 2-2: JSON sample for service 1. 
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The result of the API call is: 

 

Figure 2-3: Results of API call of service 1. 

Also, a Swagger UI was created, documenting the endpoints of the implemented services. The Swagger 

UI is accessed by Error! Hyperlink reference not valid.. In the second version, swagger will provide 

complete documentation for all endpoints-services.  

 

Figure 2-4: Swagger UI 
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Figure 2-5: EMS Allocation endpoint via Swagger UI. 

Currently, the SOT DSS services assume that the IDs of the input, e.g., EMS units, Patients, etc., are 

integers. Many applications use UUIDs that cannot be treated as integers immediately, so a mapping 

procedure must be developed. It has to be mentioned that the examples in the following chapters do 

not use any transformation since the IDs are integers. In D4.11 – ‘Development of SOT DSS 

components V2’, the transformation procedure will be developed. 

2.2.2 SOT DSS components 

An abstract architecture of the SOT DSS and its environment has been presented in D4.3, but for the 

sake of completeness, the image is added in this deliverable too. With few words, COncORDE sends 

the input data to the SOT DSS, the latter executes its algorithms and returns the results. Then, 

COncORDE displays the results, or it distributes them to other S&R components. PHYSIO DSS and other 

web services support the SOT DSS, providing essential data. This illustration does not display the inner 

architecture and modules of SOT DSS. 
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Figure 2-6: SOT DSS & environment abstract architecture. 

The following figure is a Unified Modelling Language (UML) package diagram, illustrating the current 

structure and the dependencies in the SOT DSS.  

 

Figure 2-7: SOT DSS UML package diagram. 

In the following bullets a short description of each package is presented, whereas chapter 3 contains 

the description of their functionality. 

• Pyomo, a Python-based open-source software package that supports a diverse set of 

optimization capabilities for formulating, solving, and analyzing optimization models. [2] 

• TransportationProblem, a python package which contains modules required by the 

implementation of the transportation problem of linear programming using pyomo. 

• UTA, a python package which contains modules required by the implementation of the UTA 

method using pyomo. 

• EMSAllocation, a python package which contains modules required by the implementation of 

the EMS allocation to incidents service. 
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• PatientAllocation, a python package which contains modules required by the implementation 

of the patient allocation to transport vehicles and first receivers’ service. 

• TasksAllocation, a python package which contains modules required by the implementation 

of the task allocation to actors’ service. 

• Libcomcat, a project designed to provide a Python equivalent to the ANSS ComCat search API. 

This includes a Python library that provides various classes and functions wrapping around the 

ComCat API [3]. 

• EarthquakeCasualtyEstimation, a python package which contains modules required by the 

implementation of casualty estimation in case of earthquake services. 

Likewise, the structure of the packages for this version is: 

 

Figure 2-8: File structure of the SOT DSS components 

Each package provides a main or utility functionality for the Services of the SOT DSS. Consider the main 

packages as the packages that are used directly by the endpoints to provide results, while the utility 

packages as the packages that are used by the main packages to achieve that latter’s goal. It must be 

mentioned that for service 4 only the earthquake event case has been developed in this version. The 

mapping of services to main packages is:  

Service Main package 

Service 1 EMSAllocation 

Service 2 PatientAllocation 

Service 3  TaskAllocation 

Service 4 EarthquakeCasualtyEstimation 

Table 2-1: Service - Package mapping 

 

https://earthquake.usgs.gov/fdsnws/event/1/
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3 Proposed techniques for the SOT DSS Modules  

In D4.3 optimization techniques were proposed for the first three services implementation, whereas a 

web services utilization approach will solve the last service’s complexity problems. In this chapter, the 

implementation of these services is presented using python code, as well as a short demonstration will 

highlight their common usage.  

Generally, the code for the SOT DSS modules is written in such a way that any extension or modification 

can be achieved easily. For example, the TransportationProblem package can be used for allocating 

drones in high severity areas, providing the data required accordingly. Also, the packages follow a 

consistent architecture, creating a developer-friendly environment. 

It is also critical to mention that from this point on, D4.5 has included screenshots with high-level code, 

in order to describe and demonstrate the work in a more understandable way. 

3.1 SOT DSS Modules  

The usage of each service differs, but they follow similar approaches and techniques. More specifically, 

the first three Services are modelled by using the transportation problem of linear programming. Many 

problems can be modelled this way when one defines the proper cost function. For this reason, a 

transportation problem module is included providing that generic functionality. Finally, the linear model 

is built using the pyomo library and solved by the CBC solver [4]. 

3.1.1 Transportation Problem 

This package is used by three services with a potential of more services; thus, the generality concept 

has to be integrated into its architecture and implementation. The package contains two modules, one 

for the transportation problem functionality and one for the models, i.e., the data classes that the 

transportation problem class uses. 

The basic components of the transportation problem are the demand and supply nodes, and can be 

defined as: 

 

Figure 3-1: Supplier and Demander models in TransportationPorblem package. 

The transportation problem consists of a list of Suppliers, a list of Demanders and the cost matrix 

between them. The cost matrix has to be defined by the user (developer) since the 
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TransportationProblem class can be used in different cases with different cost functions, for example, 

services 1 & 2.  

Furthermore, the optimization can be set to ‘min’ for minimization if costs is a cost matrix, or to ‘max’ 

if costs is a profit matrix. 

 

 

Figure 3-2: TransportationProblem constructor. 

Also, the TransportationProblem class has private methods required for the linear programming problem 

declaration using pyomo, such as constraint and objective function declaration. A major function that 

must be mentioned is the demand reduction on excess demand cases. The reduction described in D4.3, 

is implemented in python as: 

  

Figure 3-3: Total demand reduction algorithm. 

There are cases that the excess demand cannot be treated by the above algorithm. For example, in 

Service 2, each demand node (patient) has a unit of demand, so the excess demand has to be treated 

with alternative methods. Finally, there is the method solve() which solves the linear model using the 

CBC solver. The returned result is a tuple of a dictionary of dictionaries, containing the IDs of the 

suppliers, the IDs of the demanders and the allocated values (EMS units), as well as a Boolean variable 

indicating if the demand has been fairly reduced or not, as described in D4.3.  
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3.1.2 UTA package 

UTA package is another supportive package for the SOT DSS main services, but it can be used for other 

multicriteria analysis problems too. Currently, UTA is used for the calculation of the cost matrix in 

PatientAllocation – Service 2, more information will be discussed in the corresponding chapter.  

UTA is a multi-criteria decision analysis method which aims at inferring one or more additive value 

functions for the alternative solutions, from their given ranking. That is, the data model for this package 

is the Solution class: 

 

Figure 3-4: Solution model in UTA package. 

The UTA class requires a list of Solution objects that have the same sequence of criteria. Their ranks 

must be values of a non-decreasing function, that is 𝑟: 𝐴 → 𝑁0 for all 𝑎1, 𝑎2 ∈ 𝐴 such that 𝑎1 ≤  𝑎2 one 

has 𝑟(𝑎1) ≤  𝑟(𝑎2). During object instantiation, the criteria are normalized and the linear model is set, 

which means that, the sets, parameters, variables, constraints and objective function are declared, 

using the pyomo library. 

 

Figure 3-5: UTA constructor. 

Once an UTA object has been instantiated, the solve method is available, which solves the linear 

problem using the CBC solver, and returns the inferred ranking. 

3.1.3 EMSAllocation package - Service 1 

The objective of this package is to provide the functionality to Service 1, i.e., recommendation of optimal 

allocation of available EMS units to Incidents, depending on estimated needs. The model of this problem 

is a transportation problem model, so this package utilizes the TransportationProblem package. 

First, the data must be in the correct form. For this version, besides the required demand and supply 

(fleet size) data, the allocation is based on the locations of the nodes. Thus, the models for this problem 

can be defined as: 
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Figure 3-6: EMSStation and Incident models in EMSAllocation package.  

The concept of the EMSAllocation class is in line with the concept of TransportationProblem. So, the 

EMSAllocation requires a list of EMSStation objects and a list of Incident objects. 

 

 

Figure 3-7: EMSAllocation constructor. 

Moreover, EMSAllocation class provides the allocation() method, which first calculates the cost matrix, 

then solves the corresponding transportation problem, utilizing the TransportationProblem class, and 

finally returns the resulted allocation-solution, as well as a Boolean variable indicating if the demand 

has been reduced or not. In this Service, despite the fact that the cases of excess demand are 

encountered by the TransportationProblem, there are extreme cases where the number of incidents is 

more than the total supply and their demand is 1. The way that the fair demand reduction works does 

not allow reductions below 1, so random incidents are not considered for the allocation. The concept is 

made clear in 3.2.1.4 chapter, using an example. 

3.1.4 PatientAllocation package - Service 2 

The consistency of the packages makes the PatientAllocation package description similar to the previous 

package. This package contains two models, EMSUnit and Patient. 
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Figure 3-8: Patient and EMSUnit models in PatientAllocation package. 

In this version, Patient attributes are: 

• ID: The unique identifier 

• Physiological Score: A score indicating the physiological state of the patient 

• Evacuation Order: The order of evacuation among other patients 

• Child: Indicates if the patient is a child 

• Location: The location of the patient in the field  

Also, an EMSUnit consists of: 

• ID: The unique identifier 

• Location: The location of the EMS unit.  

It must be mentioned that the physiological state does not refer to any output of the PHYSIO DSS. The 

PHYSIO DSS will be utilized by this Service in the second version. Furthermore, in the second version 

more attributes will be added, based on the provided data, as well as the domain knowledge by the 

end users. That is, possible extensions are the type of vehicle and type of traumas.  

The PatientAllocation class requires a list of EMSUnit objects and a list of Patient objects, as the uta 

and intervals arguments are optional and for testing purposes. More specifically, if uta is True, the cost 

matrix will be created based on the UTA method, using the intervals. Specifically, the patients are 

modelled as alternative solutions, having a set of criteria (Physiological score, distance from vehicle, 

child/adult) and a subjective rank (order of evacuation). Then, for each vehicle, the LP is solved to 

obtain a new ranking of the alternative solutions, as consistent as possible with the subjective one. The 

intuition behind the values of intervals is that UTA tries to construct an approximation of the utility 

function for each criterion based on its values. Adding more intervals for a criterion, the approximation 

is more accurate, but increases the number of variables of the linear program. The default number of 

intervals came out of experimentation. Otherwise, if uta is False, the cost matrix is calculated using the 

Patient Cost Formula, proposed in D4.3. 
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Figure 3-9: PatientAllocation constructor. 

Finally, the PatientAllocation class provides the allocate method, which calculates the cost matrix using 

the selected method, then instantiates the required objects for the TranportationProblem and solves 

the problem. The returned result is a dictionary which has the EMS unit IDs as key and the patients ’ 

IDs as values. In case of excess demand, i.e., more patients to transfer than EMS units provided, an 

item with key -1 and value a list of IDs of the remaining patients is returned too. 

3.1.5 TaskAllocation package - Service 3 

The TaskAllocation package constitutes the realization of Service 3 requirements by using the 

TransportationProblem package. The data models for this package are Actor and Task. 

 

Figure 3-10: Actor and Task models in TaskAllocation package. 

In this version, the role has a string value from a predefined set of roles. The main issue is that the 

SOT DSS, as a stand-alone web service, must be aware of the role tree of the requested problem. 

Specifically, if multiple applications with different role trees use the SOT DSS, the role tree must be 

either pre-defined for that specific application or the application sends it through HTTP with every 

request. This will be clarified in the second version. 
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Also, the TaskAllocation package contains the TaskAllocation class that provides the required 

functionality. Again, arguments uta and intervals are used for the UTA method, so one can test both 

methods of cost matrix calculation. 

 

Figure 3-11: TaskAllocation constructor. 

Ultimately, the allocate method solves the transportation problem using the selected cost matrix 

calculation method and returns the recommended allocation, as well as a Boolean variable indicating if 

the demand had been reduced or not. The cases of excess demand are treated like Service 2, i.e., a 

dummy supply node with zero cost is added. 

3.1.6 EarthquakeCasualtyEstimation - Service 4 

The EarthCasualtyEstimation package provides functionality to Service 4 in case of an earthquake event 

type. Due to the nature of such a problem ML technique could not be used. An approach proposed in 

D4.3 exploiting the PAGER [5] system designed, developed and maintained by the United States 

Geological Survey (USGS) [6].  

PAGER is an automated system that collects and produces information about the impact of earthquakes 

around the world. The algorithms of the system are capable of assessing the critical impact and provide 

shaking intensity maps, economic and fatality losses and other useful information. This information is 

collected into a document called onePAGER. This report contains the most critical information that helps 

the decision makers in disaster response operations. The document is published approximately 30 

minutes after the incident if the earthquake magnitude was greater than 5.5 Richter.  

The goal of this package is to obtain the onePAGER of the registered incident, as well as to keep it up 

to date until the end of the operations. For this purpose, the libcomcat [3] python library is used which 

provides wrapper scripts for accessing Advanced National Seismic System (ANSS) [7] Comprehensive 

Earthquake Catalog (ComCat) data. 

Following the concept of the previous packages, the EarthquakeCasualtyEstimation package consists of 

a models module, containing the EarthquakeIncident class model. 



Search and Rescue 
Development of SOT DSS components 

  D4.5 

  
 

 

 

28 
 

  

 

Figure 3-12: EarthquakeIncident model in EarthquakeCasualtyEstimation package. 

It has to be mentioned that the start and end time in the production environment will be automatically 

set to real time. 

Moreover, there is the EarthquakeCasualtyEstimation class which gets an EarthquakeIncident as an 

argument and provides an asynchronous method estimate. This method searches ComCat, by using 

the libcomcat library, for earthquake events around the location in a specified radius (for example 

50km) that have the loss PAGER product. Thus, in an earthquake event it may have been registered to 

the catalog but the product has not been produced, yet. So, the method iteratively searches until the 

product is ready. If there is no event, the above process sleeps asynchronously for some time and then 

searches again. Once an event has been found, the related onePAGER URL is obtained and returned to 

the user.  

 

Figure 3-13: EarthquakeCasualtyEstimation constructor. 

To sum up, all four Services use different techniques and methods. The transportation problem of 

Linear Programming is common for the first three Services and the EarthCasualtyEstimation package 

provides functionality to Service 4. 

3.2 Demonstrator 

The integration at this time of writing does not allow the SOT DSS to be tested. Also, as the project is 

in an early stage, the lack of field data has led the SOT DSS to create dummy data in order to 

demonstrate the usage of the services. It has to be mentioned that the validation of the results will be 

analyzed in D4.7.  

For the sake of this demonstration, Jupyter notebooks have been used, while the data and results are 

displayed in tabular format and maps created using the QGIS application [8]. 
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3.2.1 Service 1 

It is important to note that any name and location of EMS stations and incidents are used for reference 

and intuitive displaying on maps. Fleet size and demand values are dummy and do not correspond to 

the reality. 

Service 1 demonstration is split into three examples, varying on the incidents’ demand. Assume the 

following EMS stations Tzaneio, Metaxa, Onaseio, Eyaggelismos, Alexandra, Attikon, which are hospitals 

located in Athens, Greece, are the same for every example. Regarding the incidents’ areas, PAPEI is 

University of Piraeus, Omonoia and Skaramagkas are areas in Athens, Greece. 

 

 

Figure 3-14: EMS Station data. 

3.2.1.1 Example 1 - No excess demand 

For the first example, the total demand is less than the total supply, that is there is no excess demand. 

The incident data is the following: 

 

Figure 3-15: Incident data for example 1. 

Using the EMSAllocation class and its method allocate, the obtained results are: 
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Figure 3-16: Recommended allocation for example 1. 

The above results mean that Tzaneio should dispatch 5 EMS units to PAPEI, and so on. The REDUCED 

DEMAND variable is False, since there is no excess demand, i.e., the total supply fulfils the total demand. 

The example can be well understood using a map that illustrates the nodes and the links between 

them. 

 

Figure 3-17: Map Illustration for example 1. 

It is remarkable that the workload is not distributed. As mentioned in D4.3, the allocation is based on 

the total minimum distance, and does not consider other factors. For example, Tzaneio provides 6 EMS 

units and 5 of them are allocated to PAPEI. Since Tzaneio and Metaxa are near each other, the workload 

could be split into 3 dispatched EMS units from Tzaneio and 2 dispatched EMS units from Metaxa. In 

the second version the output of the Service will be analyzed and validated by the end users. 

3.2.1.2 Example 2 - Equal total demand and total supply 

The second examples test the case of equal total demand and total supply. The demand of the incidents 

for this example is: 
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Figure 3-18: Incident data for example 2. 

Solving the transportation problem, the results are: 
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Figure 3-19: Recommended allocation for example 2. 

 

Figure 3-20: Map Illustration for example 2. 

The comment for this map is that all EMS stations dispatch their fleets to fulfil the demand. Furthermore, 

there is no reduction of the demand, since the total demand and the total supply are equal. 

3.2.1.3 Example 3 - Excess demand 

There are cases that the total demand is greater than the total supply. The TransportationProblem, 

used by the EMSAllocation, will deal with this problem by reducing the demand of each node fairly. 

Assume the following incidents: 
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Figure 3-21: Incident data for example 3. 

The results of EMSAllocation ‘s allocate method is: 

 

Figure 3-22: Recommended allocation for example 3. 

Here, the REDUCED DEMAND is True meaning that the demand of each incident has been reduced. 

More specifically, each demand reduced approximately by(1 −
𝑇𝑜𝑡𝑎𝑙 𝑠𝑢𝑝𝑝𝑙𝑦

𝑇𝑜𝑡𝑎𝑙 𝑑𝑒𝑚𝑎𝑛𝑑
) ∙ 100% = (1 −

35

42
) ∙ 100% =

16.66%.  

Indeed, adding the recommended number of dispatched EMS units per Incident, the result is: 

Incident Initial demand Reduction (%) Final demand 

PAPEI 13 23.07 10 

Omonoia 18 16.66 15 

Skaramagkas 11 9.09 10 

Table 3-1: Demand reduction. 
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One can see that the reduction is not the same for all incidents, and some differ quite a lot from 

16.66%. This happens due to the floor function that the reduced demand is applied to, and the recursive 

addition of 1 to the minimum demand, in order to balance the total demand and total supply. In details, 

the steps are: 

1. Calculate the reduction percentage, 16.66% 

2. Calculate the new demand and take the integer part 

 Incident Old demand New demand Integer part 

PAPEI 13 10.82 10 

Omonoia 18 14.99* 15* 

Skaramagkas 11 9.13 9 

Table 3-2: Detailed demand reduction. 

* The result of Omonoia's new demand is 14.9999… but Python’s floating-point calculations will return 

15 as result. 

3. Check if total demand is less than total supply, Total demand = 34 < 35 = Total supply 

4. If yes, find the minimum demand and add 1 and go to 3. Skaramagkas’ demand: 9 -> 10 

5. Else, return result. 

 

Figure 3-23: Map Illustration for example 3. 

3.2.1.4 Example 4 - Excess demand results to demand less than one 

There are extreme cases in which the demand reduction results in new demand less than one, for 

example an incident with demand = 2, after a reduction of 80%, will have a demand of ⌊0.4⌋ =  0. In 

order to avoid situations with zero demand, a unit of demand is added. Suppose a case with the 

following demand: 
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Figure 3-24: Incident data for example 4. 

Calculate the reduction percentage as (1 −
35

502
) ∙ 100% = 93.02%. Thus, the new demand is:  

Incident Initial demand New demand Integer part 

PAPEI 1 0.06 0 

Omonoia 1 0.06 0 

Skaramagkas 500 34.86 34 

Table 3-3: Demand reduction, first step. 

Set 1 the zero demand and calculate the new total demand. 

Incident Integer part New demand Total demand 

PAPEI 0 1  

36 Omonoia 0 1 

Skaramagkas 34 34 

Table 3-4: Demand reduction, second step. 

Still, there is excess demand, so reduce the maximum demand by 1 until there is balance between total 

demand and total supply. The final demand is: 

Incident Initial demand Final demand Total demand 

PAPEI 1 1  

35 Omonoia 1 1 

Skaramagkas 500 33 

Table 3-5: Demand reduction, third step. 

The recommended allocation for this example is: 
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Figure 3-25: Recommended allocation for example 4. 

3.2.2 Service 2 

It is important to note that any location of patients and EMS units are used for reference and intuitive 

displaying on maps. Patients’ attributes are purely random. 

The Service 2 demonstration is split into four examples, varying on the patient and EMS unit locations 

and the cost function. The results must be evaluated by a domain expert 

3.2.2.1 Example 1 – Skaramagkas + Patient cost formula 

For the 1st example, assume an incident in Skaramagkas area in Athens, Greece, with the following 

patients and EMS units: 

 

Figure 3-26: Patient and EMS unit data for example 1 & 2. 
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Using the allocate method of PatientAllocation, having set uta=False, the following results are obtained: 

 

Figure 3-27: Recommended allocation for example 1. 

These results may not be meaningful, so a map illustration of the allocation has been created. 

 

Figure 3-28: Map illustration for example 1. 

In Figure 3-28, the number of EMS units is less than the number of patients, so some patients have to 

wait for the next ‘wave’ of transportation. Patients 1, 4 and 5 have not been allocated to any EMS unit. 

Looking at the data table, patient 1 has a medium physiological score and is 5th in order out of 6. Also, 

patients 4 and 5 have low physiological scores and are high in order, but they did not be allocated. On 

the contrary, patients 2, 3 and 6 have high physiological scores, generally mixed order and two of them 

are children. 
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3.2.2.2 Example 2 – Skaramagkas + UTA 

This example uses the same data as the previous example but tests the utility of the UTA method for 

the cost matrix calculation. Following the same steps, the results are: 

 

Figure 3-29: Recommended allocation of example 2. 

 

Figure 3-30: Map illustration of example 2. 

It is noteworthy that using the UTA method, the allocation is similar to the previous example but this 

time, patient 1 is allocated instead of patient 3. Patient 3 is in a more critical situation than patient 1 
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but patient 1 has a higher order of evacuation. One can see that the UTA emphasizes on the subjective 

ranking, i.e., order of evacuation, as described in D4.3. 

3.2.2.3 Example 3 – Monastiraki + Patient cost formula 

This example takes place in Monastiraki, Athens, Greece with the following patients and EMS units: 

 

Figure 3-31: Patient and EMS unit data for examples 3 & 4. 

The results of allocate method of PatientAllocation, with uta=False are: 
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Figure 3-32: Recommended allocation for example 3. 

 

 

Figure 3-33: Map illustration for example 3. 

Same as before, the excess demand results in unallocated patients. Patients 5 and 7 have low 

physiological scores and low order of evacuation. Also, patient 5 is a child but still not allocated due to 

the other factors. 

3.2.2.4 Example 4 – Monastiraki + UTA 

The last example has the same data as example 3 but uses the UTA method for the calculation of cost 

matrix. So, the results are: 
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Figure 3-34: Recommended allocation for example 4. 

 

 

Figure 3-35: Map illustration for example 4. 

In figure 3-35, the unallocated patients are 1 and 7, that is patient 1 instead of patient 5 of the previous 

example. UTA prioritized a child with a low physiological score (patient 5) over an adult with a high 

physiological score (patient 5). Still, these results have to be evaluated by a domain expert to choose 

the most suitable cost function. 
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3.2.3 Service 3 

It is important to note that any location of actors and tasks are used for reference and intuitive 

displaying on maps.  

The service 3 demonstration is split into four examples, using the same geographic data as the service 

2 demonstrator. The results must be evaluated by a domain expert. For this and only demonstration a 

dummy role tree was created and used for the role distance calculations. 

 

Figure 3-36: Role tree for demonstration. 

3.2.3.1 Example 1 – Skaramagkas + Task Cost Formula + Excess demand 

The example takes place in Skaramagkas, Athens, Greece with six actors and three tasks. The same 

data will be used for example 2. 

 

Figure 3-37: Actor and Task data for examples 1 & 2. 

From the Figure 3-37, the total supply as 6 (number of actors) and the total demand as 7 (sum of 

demand) can be calculated, so there is excess demand, and a dummy supply node will be added. 

Solving the problem with the allocate method of TaskAllocation class and Task Cost Formula method, 

the recommended allocation is: 
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Figure 3-38: Recommended allocation for example 1. 

Actors 1 and 6, who are in role ‘R11’ are assigned to task 1, which requires 3 actors of role ‘R11’. To 

fulfil the demand, actor 4 who is in role ‘R12’ has also been assigned to that task. It has to be mentioned 

that another actor with greater role distance, for example ‘R32’, could be assigned to that task if his/her 

location was closer to the task and his/her physiological score was lower, i.e., better performance. The 

allocation depends on these attributes too, as well as on the relative costs of the other actors. Last but 

not least, one can see that one demand of task 3 is not fulfilled since the dummy node has been 

assigned to deal with the excess demand. 
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Figure 3-39: Map illustration for example 1. 

3.2.3.2 Example 2 – Skaramagkas + UTA + excess demand 

In this example the same data is used, as the example 1. The main and only difference is the cost 

matrix calculation method. The UTA method is used and the recommended allocation is: 

 

Figure 3-40: Recommended allocation for example 2. 
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Actor 6, who is in the role ‘R11’ is assigned to task 1, which requires 3 actors of the role ‘R11’. To fulfil 

the demand, actors 3 and 4 who are in the roles ‘R31’ and ‘R12’, respectively, have also been assigned 

to that task. On the contrary, actor 1 who is in role the ‘R11’, is not assigned to task 1 since that task 

is far and the actor has a high physiological score, i.e., he/she is tired.  

 

Figure 3-41: Map illustration for example 2. 

3.2.3.3 Example 3 – Monastiraki + Task Cost Formula 

For the third example, the incident takes place in Monastiraki, Athens, Greece with seven actors and 

five tasks. The Task Cost Formula will be used for the cost matrix calculation. The following data is the 

same for examples 3 and 4. 
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Figure 3-42: Actor and Task data for example 3 & 4. 

The output of the allocate method of TaskAllocation class is: 

 

Figure 3-43 Recommended allocation for example 3. 
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In this example, the total demand is less than the total supply. So, actor 4 is not allocated to any task. 

Also, the demanded role of task 5 is ‘R2’. This means that any sub-role is equally accepted, that is ‘R21’, 

‘R22’ and ‘R23’. 

 

Figure 3-44: Map illustration for example 3. 

3.2.3.4 Example 4 – Monastiraki + UTA 

The data is the same as before, but the cost matrix is calculated using the UTA method. The 

recommended allocation is: 

 

Figure 3-45: Recommended allocation for example 4. 
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Figure 3-46: Map illustration for example 4. 

Example 4 has the same results as example 3. This might be because the role and demand requirements 

are fulfilled perfectly, for example for a task with the role demand ‘R32’ there is at least one actor in 

the role ‘R32’. 

3.2.4 Service 4 

This service requires real time data to work properly. For the sake of examples, the start and end time 

of earthquakes have been specified. 

3.2.4.1 Example 1 – onePAGER exists 

For this example, the earthquake incident took place south of Punta de Burica, Panama on 2021-07-

21. Using the EarthquakeCasualtyEstimation class and the result is: 

 

Figure 3-47: Input and output for example 1 

The onePAGER document is: 
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    Figure 3-48: one PAGER for example 1 

So, the estimated casualties are 0-1 with 65% probability and 1-10 with 30% probability. 

3.2.4.2 Example 2 – onePAGER exists 

Similarly for this example, an earthquake with bigger impact in search. 

 

Figure 3-49: Input and output for example 2 

The onePAGER document for this example: 
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      Figure 3-50: onePAGER for example 2. 

Despite the fact that the earthquake was intense, there is a low population around the area. For that 

reason, the casualty estimation probabilities are spread among bins. 

3.2.4.3 Example 3 – onePAGER does not exist 

For the last example, the search area is at Monasthraki, Athens but there was not any earthquake that 

happened that time. So, the searching process is continuing until the earthquake report is found. 

 

      Figure 3-51: Input and output for example 3 
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To conclude, the above examples provide a detailed view of the outcomes of all the Services in different 

scenarios.  

For Service 1 the examples have taken into consideration three scenarios. The first one is that the total 

demand for EMS Units is less than the supply of EMS Units. The second scenario is that the total demand 

is equal to the total supply and the third scenario is that the total demand of EMS Units is greater than 

the total supply of EMS Units.  

The examples of the Service 2 are demonstrated by using two different methods. The first one is the 

Patient cost formula and the second is the UTA method. 

For Service 3, the examples have taken into consideration two scenarios. The first one is that the total 

supply of the actors is greater than the total demand of the actors and the second is that the total 

demand of actors is less than the total supply of actors. In both scenarios two different methods, the 

Task Cost Formula and the UTA are implemented.  

For Service 4 the use case related to an earthquake has been implemented by using the PAGER system 

designed, developed and maintained by the United States Geological Survey (USGS). Three  scenarios 

are implemented in order to present a detailed view of the PAGER’s outcome. 
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4 Conclusions 

The technical details of the SOT DSS were described in the document. Six modules were created in 

order to provide the functionality to each of the four Services. Moreover, the technical details for the 

non-ML solutions were presented.  

Furthermore, demonstrators for each of the four services were presented using dummy data in order 

to see the full functionality of them. Different examples were depicted for each Service by taking into 

consideration more than one scenario for a more detailed view of outcomes of the Services. 

The second version of the deliverable, the D4.11” Development of SOT DSS components v2” will provide 

enhanced technical implementation details about the four Services. More specifically, the main scope 

will be the improvement of Services 1 to 3 by taking into consideration more parameters for the 

allocation of resources to incidents, allocation of patients to hospitals and allocation of tasks to available 

actors on the field. Moreover, a further analysis will take place for Service 4 which will expand the 

functionalities of the Service to cover more emergency situations. 
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