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• Estimates of ambulance route travel times are used in emergency 
medical service dispatch decisions.

• Ambulances are dispatched based on predetermined hospital 
suggestion patterns which are constructed using ambulance route 
travel times.

• We  incorporate two sources of historical data sets:
1. City-wide road segment speed profiles constructed using city-owned 

vehicles telematics data provided by New York City Department of 
Citywide Administrative Service. The speed profiles are fed into the 
Network Analysis model in ArcMap by the FDNY team to calculate 
the shortest path travel times for every origin-destination pair.

2. Historical ambulance route travel times provided by FDNY
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• The parameters of the model,                 are estimated by 
maximizing the marginal likelihood.
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Probabilistic Decision Rule
• To create the pattern, for each atom, hospital choices are ranked 

based on comparing the travel times from that atom to all hospitals.
• Hospital ranking is based on to which more patients will arrive 

faster. <latexit sha1_base64="D/SGsjFBgrMtmNVCMvaaAqDjRvQ="></latexit>

P (Ti  Tj) > 0.5 ) hospital i is closer than hospital j

• First, hospitals are ranked using calibrated network analysis travel 
times. If the rank is consistent with the rank derived from 
ambulance travel times, the decision is accepted. Otherwise, if level 
of confidence in ranking based on ambulance data is high the 
ranking will be swapped.
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confidence level =
# times hospital i is closer than hospital j

B

• Ambulance historical data is sparse and for atom-to-hospital pairs 
with a small amount of data the decision is less reliable.

• Bayesian bootstrapping is used to quantify level of confidence in 
ranking two hospitals with ambulance transport data, i.e., creating 
slightly different version of dataset by re-weighting the data points; 
the confidence level will be the probability over the event:

• With a focus on uncertainty quantification, we predicted atom-to-
hospital ambulance travel times by integrating two sources of 
historical data.

• We proposed a data-driven pipeline to construct the hospital 
suggestion pattern accounting for our level of confidence in data 
sources.

• The constructed pattern was implemented in FDNY’s CAD system 
and improved ambulances to-hospital transports travel times in NYC.

• Patterns are fed into the EMS Computer 
Aided Dispatch system and from the 
pattern and based on the incident 
location, the system assigns the closest 
appropriate hospital to the patient.

• Estimated travel times are needed for 
hospitals load balancing optimization 
algorithm.
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• Origin-destination travel times correspond to travel times from every 
atom (FDNY divides the city into 2,388 geographical polygons named 
atoms) to every hospital (71 unique EM).

Motivation

Data Sources

Acknowledgement

Conclusion

Method: Ambulance Travel Time

Method:  Hospital Suggestion Pattern

Gaussian Process Regression 
• Ambulance travel times are predicted by heteroscedastic Gaussian 

process regression model with linear calibration of network 
estimates as mean function       and  white noise kernel as 
covariance function
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m(x)

• is ambulance travel time and   is network analysis travel time for 
route  . 
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Calibration Model
• A linear relationship between ambulance travel times and road 

network travel times is observed. We build a linear model with zero-
mean Gaussian noise   with variance    to account for the epistemic 
uncertainty that arises from averaging travel time from a limited 
number of data points, we quantify this uncertainty using Bayesian 
bootstrapping. 

<latexit sha1_base64="d2Ejm6oddlT+ilOpXHqQktCkSzg=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWME88BkDbOT2WTIPJaZWSEs+QsvHhTx6t9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1kkPXcMGAvfYY7VXKvsVfwa0TIKclCFHvVf66vYVSQWVlnBsTCfwExtmWFtGOJ0Uu6mhCSYjPKAdRyUW1ITZ7OIJOnVKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk3fR32mKbF87AgmmrlbERlijYl1IRVdCMHiy8ukWa0EF5Xq3Xm5dp3HUYBjOIEzCOASanALdWgAAQnP8ApvnvFevHfvY9664uUzR/AH3ucPR/uQqg==</latexit>

�2
i

<latexit sha1_base64="rZVgCmC4vtYihYXdS4uB/oKrsRE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae2oWy2k3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqz02MNEcxHLPu+XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NL56SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMzeJwOukBkxsYQyxe2thI2ooszYkEo2BG/55VXSqlW9y2rt/qJSv8njKMIJnMI5eHAFdbiDBjSBgYRneIU3RzsvzrvzsWgtOPnMMfyB8/kDzzuRAw==</latexit>✏i

• The latter data set is available for a limited range of atom-to-hospital 
pairs, while the former data set is not representative of ambulance 
behavior.


