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Abstract - This article proposes an algorithm to dispatch patients to the best 

suited hospitals according to the patient's severity in case of a natural disaster or a 

mass accident. In the context in which multi-agent systems have been quickly 

adapted for the e-health area, the proposed solution uses a previous work related to 

patient flow control based on multi-agent systems. Thus, a decision-making 
algorithm will be presented and studied both with Multi-agent system's support and 

without. The proposed algorithm will compute a priority for each scenario, deciding 

where the patient will be dispatched.  
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1. Introduction 

E-health problems have been getting an increased attention over the last 

years. However, disaster situations like earthquakes, fires, mass-accidents have 

not been treated in many researches. An algorithm for fast dispatching patients to 

the relevant hospitals with the relevant free beds and available personnel is 

proposed, that will be proven more efficient due to a multi-agent system use, 

based on a previous work [1]. 

In a previous work we have presented a multi-agent system with the 

purpose of controlling the patient’s flow, from the disaster until stabilized in a 

hospital [1]. The presented system respected the national sorting protocol for 

emergency situations of Romania, labeling patience with five severity codes: red, 

yellow, green, blue and white. It is well known that any hospital’s emergency 

section has three types of rooms: major emergency room, minor emergency room 

and the monitor room. The system needed to assign the patient to one of the 

rooms in one of the hospitals, if available. Each room takes care of patients of a 

certain severity code. However, if there are no rooms available for a patient with a 

certain code, the system is looking for the next viable option. 

Negotiation techniques were presented between the patient agents and the 

theory of agents working together and making compromises with the purpose of 

dispatching every single patient to the best fitting emergency room, while 

respecting the national sorting protocol for emergencies. 
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In this paper an algorithm is proposed, to show how an agent can decide 

which is the best fitted hospital for a patient and why, as well as what arguments 

to use in a negotiation with another agent. Once the algorithm is described, both 

scenarios with and without multi-agent system’s negotiation phase will be 

presented to prove the efficiency. 

2. Related work 

There are several papers on the e-health topic, yet few of them take multi-

agent systems into consideration and fewer even treat disaster situation. A notable 

paper in this area is “Smart algorithms for patient assignment in disasters” [2], 

where a smart solution of dispatching patients is proposed. The algorithm 

proposed by Zubari et al. assigns patients from the early stage of a disaster to the 

nearest available hospital, taking in consideration the trauma rating of the patient, 

the distance to the hospital and the capacity of the hospital. The trauma rating of 

the patient is computed by parameters retrieved from several sensors installed at 

the disaster’s location on the patient, including temperature, blood pressure, SpO2 

saturation levels and pulse rate. The capacity of the hospital is computed based on 

the total number of physicians and the number of patients a physician can take 

care for. Evaluating parameters like distance, trauma rating and the hospital’s 

capacity, a priority is assigned, based on which the patient is assigned to a 

hospital. Although the algorithm proved more efficient than manual dispatching 

patients, there is still room for improvement. 

Another notable work is the decision support for ambulance dispatch and 

relocation proposed by Andersson et al. in [3], which tries to reduce the waiting 

time of an ambulance dispatching patients. An ambulance dispatch algorithm is 

described, as well as a dynamic ambulance relocation method. The purpose of the 

paper is to optimize the preparedness by relocating ambulances based on the 

zone’s notoriety of calls. This way, whenever a call is made by a patient, an 

ambulance will always be in proximity. The same problem was approached 

differently in [6] where a two-tiered ambulance dispatch and redeployment 

solution was developed considering patient severity classification errors and using 

an approximate dynamic programming (ADP) algorithm. 

Roughly the same idea was found in the emergency medical services 

priority dispatch proposed in [4], in early years of the research on smart healthcare 

dispatch services, although this paper is trying to solve the problem of medical 

experts being sent for BLS (basic life support) cases, and not having enough 

personnel for actual ALS (advanced life support) cases. The system spared ALS 

units from 40.2% incidents, making them available for more serious cases. 
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3. Factors to consider 

 

Based on the national sorting protocol, patients are assigned five code 

levels: 

• Red – patients in highest risk 

• Yellow – patients in high risk 

• Green – patients in stable condition, but requiring 2 resources to be 

allocated to maintain the stable vital signs 

• Blue – non-urgent patience, only require one resource 

• White – patients that do not require immediate assistance 

Earlier work [9] has shown how sensors can compute the severity score of 

a patient on a scale of 1 to 100. Therefore, we can form a coefficient “S” which 

represents the severity of the patient, S >= 0 and S <= 1. 

Based on the severity score, distance to the hospital and available room, an 

algorithm can be created to assign a priority. However, unlike other work that has 

been done, we also know that a hospital has multiple emergency room types, each 

destined for one or more code levels, according to the national sorting protocol for 

emergencies: 

 Major emergencies (resuscitation room) 

o Code red patients 

o Unstable code yellow patients 

 Monitor room 

o Code yellow patients 

o Code green patients with complications 

 Minor emergencies 

o Code green patients 

o Code blue patients 

o Code white patients 

 

The capacity of the hospital can no longer be computed as other article 

suggests, since each room has a different weight, a different number of 

physicians, a different capacity. 

So far, the capacity of a hospital was computed by the simple formula: 

 

       
 
                (1)  

 

                                        
                                    

     

Taking in consideration the three major types of emergency rooms in a 

hospital, the formula becomes: 
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                         (2)  

       
  
       

   
       

  
              (3) 

 

                                                          

                                                   

                                                          
 

And it is still not accurate, since each room can hold patients of certain 

code levels. Therefore, a weight is proposed to be applied for each emergency 

room type. 

Since the sensors described in a previous article [9] indicate a severity 

score “S”, a sub-unitary number, we can consider the following severity-code 

mapping: 

•             

•                  

•                 

•                

•               

The weights for each room type are the following: 

• Major emergency (M) = 11.1 

• Monitor room (Mo) = 1.1 

• Minor emergencies (m) = 0.1 

 

They are assigned in such a way so one available spot in the major 

emergency room will result in a higher priority than all the available spots in a 

monitor room. The same for one spot in the monitor room being a higher priority 

than all the spots available in the minor emergencies room. This way, if a patient 

has a code red assigned, a hospital with only one spot left in a major emergency 

room will be preferred versus a hospital with zero spots in a major emergency 

room and 100% spots available in the monitor room 

 

4. Computing the priority 

 

A priority is required to decide the best option for a patient when choosing 

a hospital. To compute this, we need to consider the severity of the patient, since 

an unstable patient with code red (       ) requires a major emergency room, 

the distance to the hospital, as well as the available spots in each of the emergency 

rooms. The distance is computed by the following formula: 

 

    
  

    
                 (4) 
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Where        represents the distance between the patient and the furthest 

hospital. By this, we will obtain a coefficient between 0 and 1, the higher the 

coefficient, the closest the hospital is to the patient. The unit of measure for the 

distance does not matter for the algorithm, since only the coefficient will be used. 

For the purpose of the experiment, we used seconds. 

Next, we need to compute the availability for each of the hospital’s room, 

applying the previously mentioned weight. 

 

 
 
 

 
    

         

         

     

     
          

          

     

    
         

         

    

        (5)   

 
(The proposed weights could be any range of numbers, distant enough to make the score 

difference between the rooms. Powers of 2 would also work (2, 4, 8)) 

 

After the first stage of results, with a simulation of 120 patients, the error 

rate was too high. The reason was the random distribution of the patients’ 

severity. We measure the error by the number of misplaced patients in each of the 

emergency room. For example, if a high severity patient (code red) ends up in a 

minor emergencies room, we consider it an error, unless every other room type of 

every other hospital is filled with high severity patients. 

To mitigate those errors, a dynamic weight coefficient was used. That 

means, we use the weight based on the patient’s severity. If the patient has a high 

severity (code red), then naturally, the major emergency room will have the 

highest weight. If the patient has a low severity (code blue), then the major 

emergency room will have the lowest weight. 

The final priority is given by the formula: 

 

                  
  

    
  

         

         
              

          

          
              

 
         

         
              

(6)  
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5. Experimental results. Simulation of assigning patients 

 

An initial experiment consisted of the simulation of the following case: 

random data was generated for 120 patients (random trauma levels and distances), 

and 4 hospitals were used, holding 30 spots each (10 for each of the hospital 

rooms: major emergencies room, minor emergencies room and the monitor room). 

Naturally, having exactly 120 patients of different trauma levels, they will 

not match exactly to the 120 spots available across the 4 hospitals, according to 

the national sorting protocol. The aim of the algorithm is to place them as accurate 

as possible, without leaving anybody behind. The error rate was measured for 

each hospital and each room type. We considered an error when a patient of code 

red, for example, is placed in a minor emergencies room, or when a patient of 

code blue or green is placed in a major emergencies room. The initial simulation 

did not involve multi-agent systems, it was based purely on the algorithm 

described above. The main role of the algorithm is to compute the priority of each 

patient for each of the available hospitals.  

The ComputePriority() method calculates the priority of a patient to each 

of the available hospitals. To do so, a part of the described algorithm is applied: 

 
function ComputePriority(patient, hospitals) 

{  
 SS = patient.Severity; 

 Dmax = Max(patient.Distances); 

  

 for each (hospital in hospitals) 

 { 

  dScore = 1 – GetDistance(patient, hospital) / Dmax; 

CM = (CM_Capacity(hospital) / CM_InitialCapacity(hospital) * 

CM_Coef;  

CMo = (CMo_Capacity(hospital) / CMo_InitialCapacity(hospital) * 

CMo_Coef;  

Cm = (Cm_Capacity(hospital) / Cm_InitialCapacity(hospital) * 
Cm_Coef; 

priority = SS + dScore + CM + CMo + Cm; 

priorities.Add(priority); 

 } 

 return priorities; 

} 

 

The coefficients CM_Coef (major emergencies room coefficient), 

CMo_Coef (monitor room coefficient) and Cm_Coef (minor emergencies room 

coefficient) are dynamic and computed based on the patient’s trauma score: 

 
function SetCoeficients(severity) 

{  
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roomType = GetRoomType(severity); 

switch (roomType) 

  { 

case Major: 

 CM_Coef = HIGH; 

 CMo_Coef = MED; 

 Cm_Coef = LOW; 

 break; 

} 
case Monitor: 

 CM_Coef = MED; 

 CMo_Coef = HIGH; 

 Cm_Coef = LOW; 

break; 

 } 

 case Minor: 

  CM_Coef = LOW; 

  CMo_Coef = MED; 

  Cm_Coef = HIGH; 

  break; 
  } 

} 

 

The GetRoomType(severity) method returns the type of the room the 

patient needs to be assigned according to the national sorting protocol. The 

coefficients are assigned based on it. For example, if a patient’s trauma score is 99 

(code red), then the CM_Coef will have a high value (major emergencies room), 

because the patient needs to get in the major emergencies room. If the room is 

fully occupied and no other hospital has available spots in the major emergencies 

room, the next one should be considered, so the patient needs to get to the monitor 

room. After establishing each hospital’s priority for the respective patient, it needs 

to be assigned to one of the available hospitals. The assignment algorithm is a 

simpler one, since the highest priority will always win: 

 
function AssignPatient(patient) 

{  

 priorities = OrderDesc(priorities); 

 for each (priority in priorities) 

  { 

   hospital = GetHospital(priority); 

   if (AllocatePatient(patient, hospital) == true) 

    { 

    assignedHospital = hospital; 
    break; 

    } 

  } 

 return assignedHospital; 
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} 

 

where the AssignPatient(patient, hospital) method tries to allocate the patient to 

the respective hospital and returns true or false based on its success status. 

The next experiment has been done simulating the following scenario: the 

same set of data consisting of 100 hospitals and 3000 patients of random severity 

and distances; a random distribution of patients to the hospitals. Each patient 

assignment to a hospital was performed based on the available slots for the patient 

in the emergency room best fitted for the patient’s condition. For comparison, the 

presented algorithm ran over the same set of data. 

Our conclusion after these experiments was that the algorithm’s results 

were superior to the random algorithm, resulting in great delivery time. However, 

error rates were also comparable. An error represents a patient misplaced, e.g. a 

patient with a low severity placed in a major emergency room, or a patient of high 

severity placed in a minor emergency room. While both algorithms prefer placing 

a lower severity patient in a major emergency room rather than placing a high 

severity patient in a minor emergency room, the errors were still present. The data 

is forged in such a way that there is no perfect distribution of patients. The results 

in terms of errors of both algorithms were similar. 

 

6. Experimental results using the multi-agent approach  

 

The next step of the experiment was to involve the multi-agent system 

already developed by us and presented in a previous paper [9]. Patient-centered 

multi-agent systems involved in health care has been studied and applied in the 

recent years [8], [11-13]. The research done so far presents the efficiency of a 

multi-agent-based system for hospitals by the utilization of agent characteristics 

and covers only situations when the patient is represented by an agent whose goal 

is to arrive at the nearest hospital that has a free bed with an available physician, 

without treating the problem when two patients of different severity are applying 

for the same place in the same hospital. Our solution has as main goal to reduce 

the patient assignment error, while keeping an advantage still on the delivery time 

of the patient.  

Involving multi-agent system to help distributing patient might decrease 

the delivery time of patients, but the assignment error should decrease 

significantly. As our previous work states [1][9], an agent’s self-interest is to get 

the patient within its responsibility to the closest hospital with an available spot 

based on the patient’s severity (Fig.1).  Detecting heart-rate increases and 

constantly having a low body temperature, could signal a combined pattern with a 

higher warn level. The system allows multiple pattern configurations creating an 

agent for each pattern. In this way, a pattern is created based on other patterns, 
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and each agent will work to collectively contribute to that complex pattern, 

forming a “pyramid” of agents (Fig. 2). 
 

 
 

Fig.1. Agent combination example for measuring patient’s severity. At every T(x) we have a heart-

rate pattern from T(x-1) and a temperature pattern from T(x-1) [9]. 

 
Fig. 2. Complex periodic agent architecture [9] 

This, however, has drawbacks on a larger scale. While a critical patient 

should get the closest spot possible, a self-interested agent would normally also 

get a green label patient in the closest hospital in the monitor room, if that’s the 

only spot available. To mitigate this, a negotiation technique has been introduced 

[1]. An agent with a red code patient will not only try to find the closest available 

major emergencies room but will also try to negotiate with other agents to obtain 

it, if the room is not yet occupied, but it is booked. That means, the other party 

(the other agent) will also decide if it’s wise for its patient to yield the booked spot 

and go to the second-best option. This is done by an argument we call a 

negotiation score.  
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 After querying the same data using the presented algorithm and the multi-

agent system, the results are really improving. The patient delivery time shows no 

performance loss (Fig. 3), and the patient assignment error (Fig. 4) has drastically 

been reduced, which shows improvement. 
 

 
 

Fig. 3. Patient delivery time in the case of the proposed algorithm (computed) vs random 
distribution vs multi-agent system 

 

The delivery time overall is somewhat increased, yet the difference is not that 

high. The assignment error, however, has a bigger improvement. 

 

 
 

Fig. 4. Patient assignment error in the case of the proposed algorithm (computed) vs random 

distribution vs multi-agent system 

6. Conclusions 

In the context in which e-health problems have been getting an increased 

attention over the last years, the patient-centered multi-agent systems involved in 

healthcare have been studied and developed offering robust solutions in many 

cases. The paper proposed an algorithm that has shown how an agent can decide 

which is the best fitted hospital for a patient and why, as well as what arguments 

to use in a negotiation with another agent. Both scenarios with and without multi-
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agent system’s negotiation phase were presented and discussed to prove the 

efficiency of the solution. 

The proposed algorithm did not have a significant effect on the assignment 

error rate of the patients, at least not a visible improvement. However, it did 

minimize the delivery time significantly. It does show improvement over other 

works in the field, though an accurate comparison cannot be done since the 

scenario is quite different. There are multiple variables that must be considered, 

and the national sorting protocol [10] has to be respected. 

Combining the algorithm for distributing patients with the power of multi-

agent systems, the results are improving considerably. We are confident on saying 

that the algorithm, alongside multi-agent systems can minimize the risk of losing 

patients in a disaster situation. The solution is expected to behave very well in a 

real-life scenario. However, there is very little evidence to support the effect of the 

prioritization of emergency ambulances on patient outcome [5]. 

Improvements can still be made, as the current simulations did not 

consider the amount of time for an emergency room to be occupied. An estimation 

of its occupancy could be done using machine learning techniques to further 

improve the results. 
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