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ABSTRACT 

If Software-Defined Networking (SDN) is deployed on the 

ambulance, the doctor / care giver could remotely diagnose / take 

care of the patient after the patients are onboard. The patient get 

more chance to survive. After analyzing how to present patients 

earlier care, this paper’s goals are to (1) enable an ambulance to 

transport the patient to hospitals as early as possible (2) ensure the 

paramedic provide care earlier via SDN. A set of graphic 

algorithms have been proposed and the experimental results 

demonstrate the feasibility of our solution.  

Categories and Subject Descriptors 

C.2.0 [Computer-Communication Network]: General − Data 

communications; G.2.2 [Graph Theory]: Graph Theory − Graph 

algorithms, Network problems; K.6.0 [Management of 

Computing and Information System]: General − Economics.  

General Terms 

Algorithms, Measurement, Performance 

Keywords 

Ambulance, Emergency Medical System, Mobile Ad hoc  

Networks, Software Defined Networking. 

1. INTRODUCTION 
An ambulance offers transportation services to pick up patients 

from scene of an incident and also driving them to hospitals. If an 

ambulance could transport a patient to the hospital a few minutes 

earlier, there is a higher possibility to save the patient’s life [6]. 

Since 1970’s, a rich amount of research has studied Location and 

Relocation model for ambulance: in order to maximize the 

expected covered demands, a dynamic relocation model is used 

under an assumption that the number of ambulances is limited in a 

region [2].   

In this paper, we intend to carefully re-think the whole picture of 

the Emergency Medical System (EMR) which, so far, highly 

emphasizes on how to reduce response time [2]. Nevertheless, we 

believe that the essence of EMR is to give the earliest possible 

medical service to patients, locally or remotely. Driving patients 

to the hospital is the most reliable solution but not the only one: 

recent network communication advances in Software Defined 

Networking (SDN) technologies [5] makes a paradigm shift. It 

enables the possibility for doctors/nurses to remotely monitor the 

victim through SDN service on Ambulance. Though the quality of 

the service cannot achieve the same level as that in the hospital, 

patients could get the least medical service after they are 

positioned at the ambulance. Thus, this could significantly 

minimize the responding time and may further result in a potential 

life-saving. Furthermore, since the topic that how to dispatch 

ambulances in responding to an incident has already been well-

studied, this paper basically endeavors to learn how to reduce the 

time to transport patients from the scene to the hospitals with 

SDN service. 

The objective of this paper is to analyze the time-saving scheme 

which decreases the patients’ waiting time for care givers. Our 

contributions are, with the deployment of SDN for ambulances, 

(1) adapt the metric of Mobile Ad hoc Networks (MANET) which 

is constructed to accommodate EMR system, (2) propose a set of 

graphic algorithms to calculate the nearest available hospital, and 

(3) execute preliminary experiment, whose results demonstrate the 

feasibility of our solution.   

2. BACKGROUND 

2.1 Ambulance 
A Patient Transport Ambulance (PTA) is used for transportation 

of a sick or injured person from or between a scene and a hospital 

[1]. This paper studies the PTA which is equipped with two-way 

radio, mobile data terminal and SDN. In general, crew members 

include an ambulance driver, care assistant, paramedic, and 

emergency medical technician who could perform a wide range of 

emergency care skills, e.g. defibrillation, spinal immobilization, 

bleeding control, splinting of suspected fractures, assisting the 

patient with certain medications, and oxygen therapy [1].   

2.2 Maximum Matching Algorithm 
A matching on a graph is a set of edges, no two of which share a 

vertex. A maximum matching contains the greatest number of 

edges possible. 𝑀 is a maximum matching if no matching on the 

graph contains more edges than 𝑀. The self-stabilizing 

Synchronous Maximal Matching (SMM) algorithm is proposed 

for ad hoc networks [3]. It will be deployed as one of our two 

solutions. The other solution, the maximum matching algorithm 

based on the depth-first spanning tree, is also proposed. 

2.3 Software Defined Networking 
Decoupling the control plane from the data plane, Software-

Defined Networking (SDN) is a new programmable network 

framework which could offer users a set of flexible tools to design 

and control the network. Leveraging SDN, we could design and 

develop some innovations e.g. ambulance communication systems 

to gain critical features such as fixed network bandwidth and 

quality of services. In addition, control management can be 

dynamically changed by users through a set of software [5]. 



3. OUR SOLUTIONS 
Our solution is comprised of three components: (1) network 

model, (2) new metrics of edges’ weight in network model, and 

(3) scheduling algorithms to calculate the best-serving path along 

which the patients could be delivered from the scene to available 

hospitals by using maximum matching algorithms if two or more 

than two ambulances are demanding hospitals simultaneously. 

3.1 MANET of EMR 
The MANET of EMR is denoted as 𝑀 = ({𝑚1;  ⋯ ; 𝑚|𝑀|}; 𝐿) 

where 𝑚𝑖 is an ambulance/hospital node and 𝐿 is the set of paths 

established by two nodes. 𝑀 is modeled as a connected, directed 

graph 𝐺 = ({𝑛1; ⋯ ; 𝑛|𝑀|}, 𝐸, 𝑊(𝑒)) where vertex 𝑛𝑖 corresponds 

to node 𝑚𝑖 in 𝑀, 𝐸 denotes the set of edges in 𝐿 and 𝑊 is the set 

of weights for all edges. There is an edge in 𝐸 starting from 

vertices 𝑛𝑖 and ending at 𝑛𝑗  if nodes 𝑚𝑖 and 𝑚𝑗  in 𝑀 enable 

successful path in such a way that the ambulance can drive from  

𝑚𝑖 to 𝑚𝑗  directly.  

3.2 Metrics of Edges’ Weight 
Each edge 𝑒𝑖,𝑗 =< 𝑛𝑖 , 𝑛𝑗 > is associated with a weight number, 

ŵ, which is calculated by formula (1) below: 

ŵ = ƛ · t + (1 − ƛ)q                                     (1)  

where t is the estimated time for an ambulance to drive from    
𝑚𝑖 to 𝑚𝑗  , q is quality of the SDN service (e.g. which is closely 

related with the network quality of 𝑒𝑖,𝑗) when driving from  𝑚𝑖 to 

𝑚𝑗  , and 0 ≤ ƛ ≤ 1 is an coefficient. We can deduce formula (2).  

  ŵ = {  

 𝑡                                            𝑤ℎ𝑒𝑛 ƛ = 1 
𝑞                                           𝑤ℎ𝑒𝑛 ƛ = 0

ƛ · t + (1 − ƛ)q                      otherwise
                (2)  

Here, we can infer three points: (1) if ƛ = 1,  then ŵ = t. It is 

corresponding to the case that our EMR system solely focus on 

the time to transport patients from scenes to hospitals. This 

scenario happens when the service of SDN is not provided or is 

not counted in. We call this time-oriented. (2) if ƛ = 0,  then 

ŵ = q. It means that our EMR system takes account of nothing 

but the quality of SDN. This case most probably infers that the 

care can be provided via the other remote end of SDN and how 

long the patient can be delivered to hospitals is not important 

anymore. We call it SDN-oriented. (3) if 0 ≤ ƛ ≤ 1, it is called 

hybrid. Both time and the quality of SDN are counted in. This is a 

more common scenario. If 0 ≤ ƛ < 0.5, 𝑞 is more important than 

𝑡 and vice versa.  

3.3 Scheduling Algorithms 
If there is only one ambulance requesting to transport the patients 

from the scene back to the hospitals, the shortest path algorithm 

(e.g. Dijkstra's algorithm) is invoked where formula (1) is called 

to calculate the weight of each edge in 𝐺 and its output will be 

preferred hospital. This algorithm also applies to scenarios in 

which a hospital can accommodate more than one ambulance.   

However, sometimes, a hospital may only have one device, 𝑑, but 

more than one ambulances request 𝑑 for their patients. In such 

case, the hospital cannot accommodate more than one such kind 

of ambulance and the rest ambulances have to find other hospital 

equipped with 𝑑. To handle this case, this paper proposes two 

Maximum Matching Algorithm, (1) SMM [3] and (2) Maximum 

Matching Depth-first Spanning Tree (MM-DST) [4]. Since the 

former is described in [3], we mainly explain the latter. 

Algorithm 1: Maximum Matching Depth-first Spanning Tree algorithm  

/* 𝑛𝑖 ∈ 𝐺 is a node. */ 

Step 1: All nodes in 𝐺 start up minimum Depth-first Spanning Tree algorithm 
(DST). The roots will be the nodes with the smallest ID comparing with 
their neighbors. A collection of independent spanning trees is generated. 

Step 2: DST is executed to get a full spanning forest E which connects all 
spanning trees. 

Step 3: The post-order walking algorithm over spanning forest E is executed by 

the source node. Then, a sequence 𝑆 = {𝑛1, … , 𝑛𝑖} is constructed. 

Step 4: Delete all repeated 𝑛𝑖 in 𝑆. If corresponding to neither an available 
hospital nor an ambulance which is required to deliver a patient back to 

hospital, 𝑛𝑖 should be deleted, too. A new sequence 𝑆′ = {𝑛′1, … , 𝑛′𝑘} 
is obtained.  

Step 5: 𝑛′2𝑗−1 and 𝑛′2𝑗  are matched where 𝑛′2𝑗−1 ∈ 𝑆′ and 𝑛′2𝑗 ∈ 𝑆′ and 

1 ≤ 𝑗 ≤
𝑘

2
 if one of 𝑛′2𝑗−1 and 𝑛′2𝑗  is hospital and the other 

ambulance. If not, right shift pointer, j, till find the one satisfying the 
requirement. 

4. EXPERIMENTAL RESULTS 
The network simulation-2 (ns-2) is a widely used simulation tool. 

In this paper, to achieve a routing function, AODV, a routing 

protocol, is deployed to connect wireless nodes and forward 

packets from one node to another. A multicast AODV (MAODV) 

module is extended at ns-2 to multicast packets for this project. 

Specifically, this simulation utilized the test scenario components 

listed below: Network: Mobile Ad Hoc Network (MANET); 

Routing Protocol: AODV; Area: 1500 x 300 meters; Number of 

nodes: 50; Number of repetitions: 10. The test results are 

illuminated in Fig. 1. We conclude that our solution is feasible 

since its communication overhead is affordable.  

 

Figure 1. Maximum Matching Algorithms over EMR. 
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