
UAV Location Dispatch Range Response Time Survival Probability

Baseline --- 8.753 0.182

68 [0,5] 8.725 0.183

[5,10] 8.279 0.186

[7,14] 8.105 0.186

78 [0,5] 8.711 0.183

[5,10] 8.234 0.186

[7,14] 8.055 0.187

91 [0,5] 8.681 0.183

[5,10] 8.280 0.186

[7,14] 8.084 0.187

92 [0,5] 8.639 0.183

[5,10] 8.244 0.186

[7,14] 8.075 0.187
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Research Objectives
• To evaluate the effectiveness of unmanned aerial vehicles (UAVs) outfitted with AEDs 

(Automatic external defibrillators) when added to a traditional EMS system
• To identify potential best locations within the framework of the data presented
• To perform sensitivity analysis on the estimated parameters
• To analyze dispatching policies under which the UAV will be most effective

Results

• EMS (emergency medical systems) respond to thousands of calls  each year
• While the system has generally low utilization,  this does not guarantee rapid response times 
• A recent project by German design students has laid the groundwork for the creation of 

unmanned aerial vehicles (UAVS) which carry onboard defibrillators. [2]
• Upon receiving a 911 call where someone is experiencing an out of hospital cardiac arrest, 

these UAVs can be piloted remotely to the site of the call.
• Onboard speakers and video cameras allow the operator to guide the call maker through the 

process of attaching the defibrillator to the citizen in need of medical attention and 
performing a defibrillating shock should it be required.

• Automatic External Defibrillators currently function by measuring the heart function of the 
patient and administering a defibrillating shock only if the patient’s heart is experiencing a 
shockable rhythm (ie ventricular fibrillation or ventricular tachycardia) [1]

• The intended benefit of the UAV is to reduce the initial time to defibrillation in patients 
undergoing an out of hospital cardiac arrest

• To the best of our knowledge, there has been no analysis of the impact of any sort of 
airborne, rapid response defibrillation

To evaluate the effectiveness of the system, a Java-based simulation was constructed to calculate 
the amount of demand for emergency services placed on a system. 2004 EMS data from 
Mecklenburg county is used to evaluate the current pattern of EMS dispatching and establish 
baseline values for response time, total coverage, and estimated survival probability. 911 calls are 
recorded along with their location and priority, and the nearest available ambulance is 
dispatched. The system is updated accordingly. 45 weeks out of the year are used as a 
representative sample where every Wednesday is considered an additional replication. Averages 
and confidence intervals are taken over the 45 replication period and baseline statistics are 
established.

One UAV is then added to the system in a randomly selected location with fixed minimum and 
maximum dispatching times. For the purposes of analysis, an upper and lower threshold of 
dispatching are established. Only when the nearest available ambulances‘ estimated response 
time falls within this window is the UAV dispatched to the call as well as the nearest available 
ambulance. While varying the location and dispatching times, statistics are calculated over the 
year’s replications. 

[1] Kerber, R. E., L. B. Becker et. al. "Automatic External Defibrillators for Public Access Defibrillation: 
Recommendations for Specifying and Reporting Arrhythmia Analysis Algorithm Performance, Incorporating 
New Waveforms, and Enhancing Safety : A Statement for Health Professionals From the American Heart 
Association Task Force on Automatic External Defibrillation, Subcommittee on AED Safety and 
Efficacy." Circulation 95.6 (1997): 1677-682. Web.

[2] Momont, Alec. "Drones For Good." TU Delft, n.d. Web. 19 Jan. 2015.
http://alecmomont.com/projects/dronesforgood.
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• Bold values indicate a statistically significant change
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 Estimated arrival time of a UAVUAVa 

 Estimated arrival time of an EMS vehicleALSa 

Citations

8.656 8.636 8.599 8.608 8.601 8.622

8.655 8.641 8.589 8.541 8.542 8.557 8.584

8.629 8.612 8.569 8.477 8.474 8.523 8.541

8.579 8.568 8.515 8.476 8.493 8.476 8.484 8.466

8.528 8.520 8.500 8.431 8.408 8.446 8.439 8.427 8.457

8.572 8.516 8.458 8.450 8.397 8.348 8.361 8.330 8.359 8.420

8.519 8.453 8.393 8.397 8.380 8.310 8.276 8.256 8.299 8.381

8.524 8.467 8.416 8.367 8.298 8.221 8.189 8.193 8.264 8.354 8.443

8.482 8.412 8.372 8.328 8.225 8.142 8.144 8.177 8.250 8.330 8.410 8.515 8.548

8.517 8.449 8.370 8.320 8.221 8.186 8.157 8.172 8.246 8.336 8.412 8.508 8.548 8.627

8.538 8.445 8.381 8.324 8.307 8.240 8.239 8.248 8.324 8.390 8.429 8.531 8.578 8.647

8.648 8.554 8.489 8.424 8.371 8.340 8.312 8.329 8.342 8.381 8.449 8.486 8.549

8.624 8.571 8.504 8.446 8.396 8.373 8.348 8.375 8.418 8.430 8.432 8.542

8.619 8.556 8.542 8.472 8.439 8.399 8.408 8.411 8.457 8.520 8.489

8.662 8.607 8.566 8.521 8.494 8.470 8.442 8.453 8.466

8.514 8.563 8.529 8.511 8.505 8.513

8.553 8.562 8.571

• Holding the location constant, a long window of dispatch showed the greatest improvement 
in response time.

• There is a rough correlation between drone location and system improvement. Placing the 
UAV in population centers tends to produce a lower average response time.

• Survival probability and total system coverage are less significantly impacted by the addition 
of the UAV. This is likely due to the dependence of the calculation on ambulance arrival time 
as well as UAV arrival time.

Future Work
• Beyond defibrillation, other treatable, acute conditions can be treated with quick response. 

Glucose, Epinephrine, and Naloxone are examples of treatments for medical conditions who’s 
survival likelihood relies heavily on response time. 

• Multiple UAVs in the system
• UAVs as a quick detection system: determining when it may not be appropriate to 

subsequently dispatch an ambulance also.

I am sincerely grateful to Shakiba Enayati and Dr. Maria Mayorga for their continued support, 
ideas, patience, and encouragement.

Each of the above cells represents a 2mile x 2mile square section in Mecklenburg county NC. 
The value in each cell corresponds to the average response time for the entire system when a 
UAV is placed in that location with a minimum dispatch time of 7 minutes, and a maximum of 
14. Baseline response time is 8.753 minutes. 


