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EMERGENCY RESPONSE SYSTEM 

ABSTRACT 

Generally described, one or more aspects of the present application correspond to 

distributed computing systems for coordinating emergency rescue operations. The disclosed 

distributed emergency response system includes a mobile rescue application that increases the 

efficiency and reliability of users submitting rescue requests, a server-based application that 

coordinates dispatches in response to incoming rescue requests, and a mobile responder application 

that provides more efficient rescue through real-time location updates received from the mobile 

rescue application. The rescue application can include a dynamic, menu-based user interface to 

quickly solicit the emergency information needed for automated triage and dispatch.



EMERGENCY RESPONSE SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a divisional application of Australian Patent Application No 

2019247419, which claims benefit of priority to U.S. Provisional Application No. 62/653,856, 

filed April 6, 2018 and titled "EMERGENCY RESPONSE SYSTEM", the contents of each of 

which are hereby incorporated by reference in their entirety.  

FIELD 

[0002] The present application relates generally to emergency response systems, and 

management thereof, and more particularly to wireless emergency systems including an 

emergency mobile application that sends rescue requests to 9-1-1 or other emergency response 

numbers or services.  

BACKGROUND 

[0003] Emergency telephone numbers, for example 9-1-1 in parts of North America, 

can be used in emergency circumstances to request dispatch of emergency responders. Typically, 

dialing an emergency telephone number will link a caller to an emergency dispatch office, referred 

to as a public-safety answering point ("PSAP"), which will coordinate the dispatch of emergency 

responders (e.g., police officers, fire fighters, emergency medical personnel) to the caller's 

location. Response times and routes can vary based on factors such as volume of emergency 

callers, availability of emergency responders, and environmental factors.  

SUMMARY 

[0004] The systems, methods and devices of this disclosure each have several 

innovative aspects, no single one of which is solely responsible for the desirable attributes 

disclosed herein.  

[0005] One aspect relates to an emergency response system. The emergency response 

system comprises a first computing device comprising one or more first processors programmed 

to execute instructions that cause at least one first processor of the one or more first processors to 
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generate a first rescue request packet based on emergency information provided by a user. The 

emergency response system also comprises at least one server comprising one or more second 

processors programmed to execute instructions that cause at least one second processor of the one 

or more second processors to receive a plurality of rescue request packets from a plurality of 

computer devices, including the first rescue request packet from the first computing device, 

identify a rescue request from each of the plurality of rescue request packets, the rescue request 

providing details regarding a respective victim and respective emergency conditions based on the 

emergency information, triage the rescue requests to identify an order in which the respective 

victims are to be rescued, identify an emergency responder to dispatch to each respective victim 

based at least in part on the triaging of the rescue requests, and coordinate dispatch of the 

emergency responder based on the emergency information. The emergency response system 

further comprises a second computing device comprising one or more third processors 

programmed to execute instructions that cause at least one third processor of the one or more third 

processors to receive dispatch instructions from the at least one server, the dispatch instructions 

including the emergency information and a location of the first computing device.  

[0006] Another aspect relates to a computer-implemented method, comprising 

receiving a plurality of rescue request packets from a plurality of computer devices, including a 

first rescue request packet based on emergency information provided by a user from a first 

computing device; identifying a rescue request from each of the plurality of rescue request packets, 

the rescue request providing details regarding a respective victim and respective emergency 

conditions based on the emergency information; triaging the rescue requests to identify an order 

in which the respective victims are to be rescued; identifying an emergency responder to dispatch 

to each respective victim based at least in part on the triaging of the rescue requests; coordinating 

dispatch of the emergency responder based on the emergency information; and transmitting 

dispatch instructions to the emergency responder, the dispatch instructions including the 

emergency information and a location of the first computing device.  

[0007] Another aspect relates to a non-transitory, computer-readable storage media 

storing computer-executable instructions that, when executed by a computer system, configure the 

computer system to perform operations comprising receiving a plurality of rescue request packets 

from a plurality of computer devices, including a first rescue request packet based on emergency 

information provided by a user from a first computing device; identifying a rescue request from 
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each of the plurality of rescue request packets, the rescue request providing details regarding a 

respective victim and respective emergency conditions based on the emergency information; 

triaging the rescue requests to identify an order in which the respective victims are to be rescued; 

identifying an emergency responder to dispatch to each respective victim based at least in part on 

the triaging of the rescue requests; coordinating dispatch of the emergency responder based on the 

emergency information; and transmitting dispatch instructions to the emergency responder, the 

dispatch instructions including the emergency information and a location of the first computing 

device.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The disclosed aspects will hereinafter be described in conjunction with the 

appended drawings and appendices, provided to illustrate and not to limit the disclosed aspects, 

wherein like designations denote like elements.  

[0009] Figure 1A depicts a schematic diagram of an emergency response system in 

which various embodiments according to the present disclosure can be implemented.  

[0010] Figure 1B depicts example interactions between the rescue application, rescue 

request manager, and responder application of Figure 1A, according to the present disclosure.  

[0011] Figure 2A is a flowchart of an example process for emergency rescue requests 

and dispatch operations within the emergency response system of Figure 1A.  

[0012] Figure 2B is a legend relating to the flowcharts of the present disclosure.  

[0013] Figure 2C depicts five subroutines of the process of Figure 2A.  

[0014] Figure 3A is a flowchart of an example process for a determination of best 

network subroutine of Figure 2C.  

[0015] Figure 3B is a flowchart of an example process for an emergency location 

update protocol subroutine of Figure 2C.  

[0016] Figure 3C is a flowchart of an example process for a data transfer redundancy 

subroutine of Figure 2C.  

[0017] Figure 3D is a flowchart of an example process for a dispatch operations 

subroutine of Figure 2C.  

[0018] Figure 3E is a flowchart of an example process for a triage algorithm subroutine 

of Figure 2C.  
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[0019] Figures 4A and 4B depict example graphical user interfaces relating to pre

stored data in the rescue application of Figures 1A and 1B.  

[0020] Figure 5A depicts an example graphical user interface for initiating a rescue 

request in the rescue application of Figures 1A and 1B.  

[0021] Figures 5B-5G depict example follow-up graphical user interfaces for 

providing further emergency scenario details in the rescue application of Figures 1A and lB.  

[0022] Figure 6 depicts a map of emergency request locations in a simulation of the 

emergency response system of Figure 1A.  

[0023] Figure 7 depicts a simplified route taken by emergency responders when not 

impeded by a disaster area.  

[0024] Figure 8 depicts the simplified route of Figure 7 with a disaster area overlaid 

that impedes at least one portion of the simplified route.  

[0025] Figure 9 depicts how a modified route is generated to substantially avoid 

traversing the disaster area along the simplified route.  

[0026] Figure 10 is a flowchart of how inputs from the user computing device of Figure 

1 is handled by the rescue management server.  

DETAILED DESCRIPTION 

[0027] Generally described, the present disclosure relates to a distributed emergency 

response computing system and management thereof, the distributed emergency response 

computing system including, in at least some embodiments, a mobile rescue application that 

operates on an emergency response requesting user's device and increases the efficiency and 

reliability of user-submitted rescue requests, a server-based rescue request manager application 

that coordinates dispatches in response to incoming rescue requests, and a mobile responder 

application that operates in conjunction with dispatch parties (for example, including dispatch 

services of emergency responders and the emergency responders) and provides the dispatch 

entities with real-time location updates received from the mobile rescue application. Typically, a 

person in need of emergency assistance calls 9-1-1 (or another emergency telephone number) and 

explains the nature of their emergency to a PSAP agent in order to have emergency responders 

dispatched. However, such conventional emergency response systems suffer from several 

drawbacks that can negatively impact the likelihood that the caller will be rescued.  
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[0028] For example, some 9-1-1 callers may be panicked due to experiencing an 

emergency situation. Further, some emergency situations (for example, where the caller is hiding 

from an assailant) may limit the ability of the caller to speak to the PSAP agent, as such speaking 

may risk the caller being overheard and may place the caller in danger. Other scenarios (for 

example, choking, a loud environment) may limit the ability of the caller to speak at all or to 

convey any information through speech. In addition, communication networks (for example, the 

Internet, landlines, mobile calling networks) may fail during natural and/or manmade disasters (for 

example, hurricanes, earthquakes, fires, flooding, sabotage, and so forth). These scenarios can 

create difficulties and inefficiencies for the PSAP agent to obtain the information needed from the 

caller to dispatch the appropriate emergency responder. Some systems or locales offer text to 9

1-1 services; however, these services are only available in certain locations and, when available, 

typically require the user (for example, the texter) to manually type in the details of their 

emergency using a text message interface. If insufficient information is provided with the initial 

text message, additional time and communications are required for the PSAP agent to obtain the 

needed information from the user before dispatching the appropriate emergency responder.  

Further, although once the caller or texter disengages from the PSAP agent, any changes in their 

location may not be communicated to the emergency responder. These scenarios, alone and in 

combination, can hinder the effective rescue of persons in emergency situations.  

[0029] The disclosed technology addresses the aforementioned challenges, among 

others, (1) by providing users with a dynamic and intuitive user interface (via the mobile rescue 

application) that enables them to quickly select options that pertain to their particular emergency, 

(2) by implementing automated triaging and dispatching at a centralized rescue management 

system (that operates the rescue request manager), and (3) by providing emergency responders 

(and responder dispatchers) with a responder application that provides location updates received 

from the rescue application during dispatch. Additionally, the rescue application can dynamically 

select from available communications networks to compensate for network outages.  

[0030] With respect to the rescue application, the user can initially be presented with a 

menu asking them to select from a number of general categories of emergency. These categories 

may be dynamically modified and/or reordered based on real-time disaster monitoring (e.g., known 

earthquake or flood locations, predicted fire trajectories). The rescue application can then show 

the user one or more follow-up user interfaces to obtain more specific information regarding the 
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severity and details of the emergency, with these follow-up user interfaces selected dynamically 

by the rescue application based on the initial user selection indicating which type of emergency 

the user is experiencing. This dynamic, menu-based approach can make text-to-911 and other 

communications with the emergency response system more efficient by quickly obtaining all 

required information for the dispatch of appropriate emergency responders and using this 

information to generate a rescue request packet for transmission, for example by the rescue 

application. In addition, the rescue application may allow users to establish a user profile or 

otherwise pre-enter certain relevant medical information (for example, current medical conditions, 

medications, allergies, blood type) that can be automatically included in the rescue request packet, 

thereby saving user time and effort during the emergency. Further, the rescue application can 

provide for automated emergency dispatch and location tracking even during internet or landline 

failure by adaptively determining whether to send rescue request packets over Internet, Short 

Message Service ("SMS"), or other communications medium. SMS is a text messaging service 

component of mobile device systems that uses standardized communication protocols to enable 

mobile devices to exchange short text messages.  

[0031] With respect to the server-based rescue request manager application, automated 

triaging and dispatching for a high volume of rescue requests, such as during a natural disaster or 

other large-scale emergency, may increase the number of disaster victims that can be rescued in a 

given period of time and by a limited number of emergency responders. Beneficially, the rescue 

request manager can quickly perform automated triaging to identify which victims require rescue 

most urgently, and can match those victims with appropriate emergency responders as well as send 

dispatch instructions to the respective emergency responders. Time is precious in a disaster, so 

automating various aspects of the rescue request and responder dispatch process(es) can 

beneficially save many lives.  

[0032] Beneficially, the responder application enables dispatched emergency 

responders to receive critical information in real time. This can include updated location of the 

victim, updated dispatch routing information, and updated status information regarding the victim 

(for example, if the victim's injuries have changed or if their emergency situation has escalated or 

de-escalated). In addition, the responder application can allow the user to receive updates 

regarding the status and location of the dispatched emergency responder, by communication 

between the responder application and the rescue application.  
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[0033] As would be appreciated by one of skill in the art, the use of the distributed 

emergency response system to enable rescue of victims, as disclosed herein, represents a 

significant technological advance over prior implementations. Specifically, the dynamic rescue 

application user interface enables users to efficiently and quickly provide a complete emergency 

situation information packet that enables prioritization of their request and/or matching of the user 

with an emergency responder. As well, the persistent communication between the rescue 

application and the responder application provides for real-time location tracking of victims by 

personnel of the emergency response system that have been dispatched to their rescue. In addition, 

the disclosed automated triaging and dispatching can increase the number of victims assisted in 

the case of mass disaster scenarios. Further, the use of the dynamic network selection by the rescue 

application results in increased ability of disaster victims to transmit rescue requests and location 

updates, even during outage of one or more communication networks. As such, the embodiments 

described herein represent significant improvements in computer-related technology.  

[0034] Various aspects of the disclosure will now be described with regard to certain 

examples and embodiments, which are intended to illustrate but not limit the disclosure. Although 

the examples and embodiments described herein will focus, for the purpose of illustration, specific 

calculations and algorithms, one of skill in the art will appreciate the examples are illustrate only, 

and are not intended to be limiting.  

Overview of Example Emergency Response System Computing Environment 

[0035] Figure 1A depicts a schematic diagram of an emergency response system 100 

in which various embodiments according to the present disclosure can be implemented. The 

emergency response system 100 includes user computing devices 110 configured with computer

executable instructions to run the disclosed rescue application 105. The emergency response 

system 100 further includes one or more public service answering points (PSAPs) 121 that may be 

integrated with one or more rescue management servers 120; the one or more rescue management 

servers 120 are configured with computer-executable instructions to run the disclosed rescue 

request manager 125. The emergency response system 100 also includes one or more responder 

computing devices 130 configured with computer-executable instructions to run the disclosed 

responder application 135.  
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[0036] The user computing devices 110, rescue management servers 120, and 

responder computing devices 130 may be in communication with one another via a network 115.  

The network 115 can include any appropriate network, including an intranet, the Internet, a cellular 

network, a local area network or any other such network or combination thereof. In the disclosed 

implementations, the network 115 can be dynamically selected from between the Internet and SMS 

based on a determination of best network subroutine. Protocols and components for 

communicating via the Internet or any of the other aforementioned types of communication 

networks are known to those skilled in the art of computer communications and thus, need not be 

described in more detail herein.  

[0037] User computing devices 110 and responder computing devices 130 can include 

any network-equipped computing device, for example desktop computers, laptops, smartphones, 

tablets, e-readers, gaming consoles, and the like. The rescue management servers 120 can include 

one or more servers disposed in one or more geographic regions, for example a first set of servers 

that handle rescue requests within a first region (e.g., a particular zip code, city, state, or nation) 

and a second set of servers that handle rescue requests within a second region. Each user 

computing device 110, rescue management server 120, and responder computing device 130 

includes hardware computer memory and/or processors, an operating system that provides 

executable program instructions for the general administration and operation of that server, and a 

computer-readable medium storing instructions that, when executed by a processor of the 

computing device or server, allows the computing device or server to perform its intended 

functions. Users can access the emergency response system 100 via their computing devices 110, 

over the network 115, to submit rescue request packets to the rescue management servers 120, 

receive dispatch arrival estimates, and/or to provide location updates to emergency responders.  

Emergency responders can access the emergency response system 100 via their computing devices 

130 to receive dispatch assignments, victim information, and/or victim location updates.  

[0038] In some embodiments, the rescue management servers 120 may transfer 

communications to or receive communications from an operator (for example, the PSAP agent) 

working in conjunction with the rescue management servers 120. For example, while the rescue 

management servers 120 are shown as a computing system, the rescue management servers 120 

are integrated with various operators that are able to take over communications with a victim or 

person reporting an event via the emergency response system 100. Accordingly, the operator may 
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interrupt operation of the rescue management servers 120 to take over a particular rescue request 

or may be queried or prompted for assistance in conditions where the rescue management servers 

120 need assistance (for example, are unable to process communications from the user computing 

device 110 or similar situations).  

[0039] For example, the PSAP 121 may be integrated with the rescue management 

servers 120 such that the rescue management servers 120 are part of the PSAP 121. As such, the 

PSAP 121 may receive and review communications from and/or between the computing devices 

110 and the rescue management servers 120, for example via the rescue application 105 and the 

rescue request manager 125, among others. The PSAP 121 may be configured to handle text-to

911 message exchanges (for example, requests from victims along with communications between 

the PSAP and the victim via text message). For example, the computing device 110 may send 

SMS text messages directly to the PSAP 121 and the PSAP 121 (for example, via the rescue 

management servers 120) may be integrated with the text-to-911 message exchanges such that the 

PSAP 121 is able to receive and process said text-to-911 messages. In some embodiments, the 

PSAP 121 or the rescue management servers 120 may review said text-to-911 messages using an 

automated natural language processing application. Said text-to-911 messages may be analyzed, 

via machine learning, for sentiment and quantitative information that is related to a prior set of 

data. This analysis may be utilized in processing and/or triaging by the rescue management servers 

120, for example via the rescue request manager 125. For example, the text-to-911 message may 

be analyzed to determine one or more factors that impact a severity analysis or determination (or 

any other triaging analysis, factor, or determination) for the sender. .  

[0040] In some embodiments, when the PSAP 121 (for example, via the rescue 

management servers 120) is communicating with the victim (or victim's representative) via text 

messaging (SMS), the PSAP 121 (for example, via the rescue management servers 120) may use 

decision trees, random forest, or similar processing methods or processing to request responses to 

particular questions. In some embodiments, the PSAP 121 (for example, via the rescue 

management servers 120) may include a chatbot or similar application that automatically generates 

PSAP text messages based on the relevant particular questions. The decision tree or other similar 

processing method(s) may use such questions to categorize the text-to-911 message exchange to a 

particular emergency medical services (EMS) or other response code (for example, via 

convergence or similar analysis). For example, during the text-to-911 message exchange, the 
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PSAP (or rescue management servers) chatbot or similar application may select particular 

questions to ask to the victim to attempt to narrow down possible EMS or other response codes to 

a particular single code that best conforms to the situation based by the victim. Such questions 

may seek responses to questions or inquiries such as victim location, type and severity of 

emergency, and standard ancillary questions that define the victim's emergency/situation with a 

greater degree of precision.  

[0041] The PSAP 121 (for example, via the rescue management servers 120) may then 

measure a convergence of the text-to-911 message exchange to the triaging order based on a 

confidence interval or value determined from or based on a certainty of the natural language and/or 

other processing analysis of the text-to-911 message exchange. If the confidence interval is greater 

than a predetermined value (for example, 90%), then an iteration through an EMS or similar code 

decision tree is completed and a command is sent from the rescue request manager 125 to the 

responder application 135 is generated in an automated fashion based on the text-to-911 message.  

In such embodiments, the PSAP agent may not be involved in the text-to-911 message or may 

confirm one or more determinations in the code decision tree.  

[0042] Alternatively, if the confidence interval does not exceed the predetermined 

value, one or more decisions of the decision tree may be routed to the PSAP agent (for example, 

via a PSAP agent application, which may be a component of the rescue request manager 125) for 

verification by the PSAP agent. In some embodiments, this process may involve assigning one or 

more PSAP agents to a particular text-to-911 message exchange, thereby allowing the one or more 

PSAP agents to work on a particular victim's emergency in an expedited manner.  

[0043] In some embodiments, the text-to-911 message exchange may involve text 

messages in foreign languages, and the rescue request manager 125 and/or the rescue management 

servers 120 may translate received messages and translate outgoing messages, which may reduce 

an amount of time generally required for messaging requiring translation. Furthermore, each text

to-911 message exchange may generate various logs and a received text-to-911 message may be 

analyzed in view of previously text-to-911 message exchanges during the same or similar events 

as the previous text-to-911 message exchanges to determine appropriate responses or 

convergences. In some embodiments, this may be accomplished via dimensional analysis. In 

some embodiments, dimensional analysis comprises looking at the values of the terms and/or 
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vector components of the equation or other mathematical object being evaluated. For example, 

output similarity can be determined based on identified input similarity.  

[0044] There are different potential k-nearest neighbors (kNN) groupings of the current 

SMS request/transaction in reference to past SMS requests/transactions: 

" kNN over all terms of 0: rapidly assert a certain position of the given rescue request in 
the triage order. In some embodiments, this kNN process can also assert an EMS code.  

" kNN over components S: rapidly assert an EMS code.  

• kNN over Substantial Question decision tree path : rapidly determine the most 
relevant questions to transact the remainder of the SMS request/ interaction with, given 
past SMS interactions following an identical Substantial Question decision tree pre-path 
(i.e. the same sequence of questions was asked up to the point of this kNN evaluation of 
the current SMS transaction).  

[0045] When applying the kNN dimensional analysis to the equations described herein, 

the values of each term in 0, for example, and the values of the components/dimensions of each 

vector in 0 are sequenced to compose a coordinate vector. All such vectors are composed from 

the current transaction or from a data lake of prior SMS rescue request transactions. All such 

vectors are mapped as coordinate points in an R' space.  

[0046] In some embodiments, a certain scenario I from the current transaction is 

mapped in a similar coordinate manner as above separately from each prior SMS transaction. First, 

the SMS transaction that is currently taking place may map an EMS code to itself, or can otherwise 

be dimensionally related to other prior points in the previously mentioned R' space.  

Classifications for kNN may take place, in some embodiments, and in varying combination 

depending on the embodiment, for all terms 0, for EMS codes S, for scenarios I, and for decision 

tree paths of the 

[0047] kNN suggests an EMS code for the current chatbot SMS transaction based in 

part on the fact that similar $, scenario I (i.e. both of the disaster scenarios involved floods), 

sentiment derived from the NLP process, etc. yielded a same EMS code or similar EMS code (with 

a highly similar decision tree pre-path).  

[0048] In some embodiments, the rescue management servers 120, the PSAP, and/or 

the rescue request manager 125 may receive image and/or video files, for example via an SMS 

message, social media, via the rescue application 105, or other submission. In some embodiments, 
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rescue management servers 120 and/or the rescue request manager 125 is tasked with analyzing 

the received image or video file to reduce a likelihood of exposing dispatchers to potentially 

traumatizing information or images. In some embodiments, the rescue management servers 120 

and/or the rescue request manager 125 parses the image and video files and analyzes them using 

one or more computer vision applications and/or algorithms. In some embodiments, these 

applications and/or algorithms may determine location data or other information regarding 

severity, sentiment, situation, (for example, weapons detection) etc., from the image and/or video 

files.  

[0049] In some embodiments, such applications and/or algorithms provides values that 

impact the triaging determination, specifically when a confidence interval of the detected event in 

the image and/or video files exceeds a specific, predetermined value. If the confidence interval 

does not exceed the predetermined value, the convergence of the natural language processing 

application is insufficient to converge on a code, a text summary of the computer vision 

application's classification of the image and/or video file received will be delivered to the PSAP 

agent for review and use in evaluating the communication.  

[0050] In some embodiments, the rescue request manager 125 and/or the rescue 

management servers 120 collects information about events and/or victims not available through 

communications from victims, etc., by scraping or otherwise analyzing social media posts and 

communications. In some embodiments, the scraping process collects victim and/or event location 

severity data, and/or similar information based on detected or identified social media posts and 

communications. The information collected by the scraping process may be used to determine 

victim density during an event. Such processing may allow automatic triaging of victims that did 

not affirmatively generate a request via the emergency response system 100 or other PSAP 

communication.  

[0051] The collected information may be parsed using natural language with 

confidence intervals or levels, similar to the discussion herein. When the confidence interval in 

the natural language processing of the scraped social media meets a predetermined level, the 

scraped social media may be used to determine an EMS or similar code. If the confidence level 

does not meet the confidence level PSAP agent intervention may be needed.  

[0052] In some embodiments, the scraped social media may include images and/or 

video files that are processed via the image processing described herein. In some embodiments, 
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the social media scraping may determine a value for victim density during an event, location data, 

jurisdictional boundaries, geofences, or other geographic area information, and so forth based on 

posts or communications collected by the social media scraping process. Such information may 

allow responders to be directed to areas where more people can be assisted in a given area in less 

time and may justify responders being able to exit jurisdictional boundaries, etc., or used in 

triaging. Furthermore, the social media scraping may provide for detection of victims during an 

event that may otherwise not requested assistance. Since some people may post on or 

communication via social media as opposed to using the rescue request application 105 or via 

phone or text-to-911 messages due to various conditions (excessive hold times, network issues, 

and so forth), such posts or communications may allow for said people to be identified and rescued.  

[0053] Social media posts and/or communications may have a lower confidence level 

than direct communications. Accordingly, scraped information may be determined to be less 

reliable than direct communications and may be triaged at a lower level than explicit rescue 

requests.  

[0054] Turning specifically to the roles of the different applications within the 

emergency response system 100, Figure 1B depicts example interactions between the rescue 

application 105, rescue request manager 125, and responder application 135.  

[0055] At interaction (1), the user initiates and completes the rescue request using the 

dynamic user interface of the rescue application 105. As described herein, the rescue application 

105 can present a first user interface that allows the user to specify which type of emergency the 

user is experiencing. To illustrate, general types of emergencies include entrapment/crush injuries, 

lacerations/bleeding, bums (or heat exposure), hypothermia (or cold exposure), drowning, and 

assault, to name a few examples. The rescue application 105 uses the user selection made in the 

first user interface to determine which follow-up user interface(s) to present in order to obtain a 

complete packet of information relating to the emergency. These user interfaces can be selection

based (e.g., via drop down menus, selectable radio buttons and/or check boxes) in order to 

minimize the opportunity for errors or information omission that are associated with manual 

information entry. The selection-based options of the user interfaces can be designed to obtain a 

complete set of information, that is, all of the information needed by the emergency response 

system 100 in order to prioritize the rescue request and dispatch appropriate emergency 

responders. Optionally, the user interfaces can be supplemented with free-form text input that 
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enables users to provide additional information. Further, rescue request can be supplemented with 

pre-stored medical information, or, if such information has not been pre-stored, the user interfaces 

can prompt the user to provide such information. This user interface provides a number of 

technical benefits as described herein, including minimizing the time required for the user to 

transmit a rescue request and ensuring that the emergency response system 100 obtains a complete 

set of emergency information with the initial rescue request.  

[0056] The rescue application 105 may, in some implementations, receive instructions 

from another application regarding the information to present in the user interfaces. For example, 

the rescue application 105 may receive an indication from a disaster monitoring system that an 

earthquake has occurred in a particular area. In response to this, the rescue application 105 may 

include earthquake-related emergency types in the initial user interface (or surface them to the top 

of the initial user interface) for rescue requests placed within a region associated with the 

earthquake. As another example, the rescue application 105 may receive an indication that a fire 

is spreading, and may include fire-related emergency types in the initial user interface (or surface 

them to the top of the initial user interface) for rescue requests placed within a region associated 

with the fire, or associated with a predicted spread of the fire. This modification of the initial user 

interface can be performed similarly for other types of natural disasters including hurricanes, 

flooding, tornadoes, tidal waves, and the like, or for man-made disasters such as attacks or 

hazardous contamination. As such, the emergency response system 100 may include one or more 

computing devices implementing such disaster-monitoring applications (e.g., based on satellite 

imaging data, seismic sensors, weather data, social media monitoring, etc.).  

[0057] At interaction (2), the rescue application 105 causes the user device 110 to 

transmit the rescue request to the rescue request manager 125 implemented on the rescue 

management servers 120. As described herein, this may involve determining a suitable network 

over which to transmit the rescue request.  

[0058] At interaction (3), the rescue request manager 125 performs automated triaging 

of the rescue request with other incoming rescue requests and identifies a suitable responder to 

dispatch to the user. The triaging can be based, for example, on a severity of the emergency as 

indicated by the emergency information of the rescue request packet (e.g., criticality of any 

injuries, threat level of any assault), and also on a distance between the user and a nearest dispatch 

hub (e.g., police station, hospital, fire station). Identification of a suitable responder can include 
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matching any injury or emergency situations with one or more of police, firefighters, emergency 

medical personnel, and other types of emergency responders.  

[0059] At interaction (4), the rescue request manager 125 sends dispatch instructions 

to the responder application 135 of a computing device designated for the identified emergency 

responder. This can involve, for example, determining a particular ambulance that will be 

dispatched, identifying a computing device of the ambulance, and sending the dispatch instructions 

to the responder application 135 running on the computing device of the ambulance. Similar 

dispatch instructions can be sent to responder applications 135 of firetruck computing devices, 

police vehicle computing devices, and/or personal computing devices of emergency responders.  

The dispatch instructions can include the emergency information presented in the rescue request 

packet such that the dispatched emergency responder has a clear picture of the emergency at hand 

and can ready any required supplies and/or personnel for handling the emergency. Further, the 

dispatch instructions can include the location of the user computing device at the time of 

transmitting the rescue request and/or dispatch instructions.  

[0060] At interaction (5), the responder application 135 may send a dispatch 

confirmation to the rescue application 105. The dispatch confirmation can alert the user that an 

emergency responder is on the way, and may provide information such as estimated time of arrival, 

route tracking, and identification of the emergency responder.  

[0061] At interaction (6), the rescue application 105 can send location updates to the 

responder application 135. Beneficially, this can be performed in an automated fashion such that 

the user requesting rescue does not have to actively update the dispatched responder when his or 

her location changes, and so that the dispatched responder maintains an up-to-date record of the 

user's location. Location updates can be performed in real time, that is, as the user is moving from 

one location to another. Similar to transmission of the rescue request, transmission of the location 

updates can involve determination of a suitable communications network. Beneficially, this can 

continue to keep the emergency responder updated about the user's location even in the event of 

outage of a particular network, such as a cellular Internet network.  

[0062] Interactions (5) and (6) are depicted as taking place directly between the 

responder application 135 and the rescue application 105. Beneficially, direct communications 

between these applications may reduce the amount of time required for emergency responders to 
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obtain critical information. However, in some implementations interactions (5) and (6) may flow 

through an intermediary computing device, for example the rescue request manager 125.  

[0063] Although not illustrated, in some embodiments one or both of the rescue 

application 105 and the responder application 135 can signal the rescue request manager 125 when 

the rescue has been completed. This signal can include information regarding whether the rescue

requesting user was successfully rescued and/or the condition of the user at the time of rescue or 

after treatment. The rescue request manager 125 can use this data to refine its triaging and 

responder-identifying algorithms in some embodiments. In some embodiments, the responder 

application 135 may be integrated with responder and/or hub entities, including, but not limited 

to, police departments, fire departments, emergency medical services, hospitals, and so forth.  

[0064] Furthermore, while the description above utilizes interactions between the 

rescue request application 105 and the rescue request manager 125, in some embodiments, the 

rescue request manager 125 is able to receive details regarding rescue requests from other 

communications, such as SMS messages, social media scrapping, and audio/video 

communications. For example, the rescue request of interaction (2) may be received via an SMS 

message from the user's computing device 110 or via social media scraping of one or more user's 

social media posts. Accordingly, the rescue request manager 125 may handle rescue requests from 

various sources regardless of whether the rescue requests are received specifically from a rescue 

request application 105.  

[0065] Similarly, in some embodiments, the rescue request manager 125 is able to 

dispatch instructions and/or receive dispatch confirmation and send/receive location updates to the 

responder application 135 or other communication means. For example, such exchange of 

information may occur via SMS message, and so forth, in situations where responders are unable 

to utilize or are not utilizing the responder application 135.  

[0066] For example, the rescue request manager 125 receives communications from 

text-to-911 systems or may incorporate a text-to-911 module or system configured to handle rescue 

requests made over text-to-911. In current implementations, text-to-911 systems may utilize 

operators to obtain initial data from rescue requestors. These operators may use drop down menus 

or similar categorical implementations of frequently asked questions (for example, to obtain the 

initial data via the text-to-911 system.  
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Overview of Example Emergency Response System Processes 

[0067] Figure 2A is a flowchart of an example process 200 for emergency rescue 

requests and dispatch operations within the emergency response system 100.  

[0068] The process 200 begins when a user (victim) initiates a rescue request, for 

example using the disclosed dynamic user interface of the rescue application 105 at block 201.  

From there, the process 200 branches into three routines: looking up non-emergency stored 

medical information at block 202, implementing a persistent location awareness subroutine at 

block 203, and gathering the emergency information for the emergency service request at block 

204.  

[0069] Once finalized, the rescue request packet is sent to the server (e.g., the rescue 

management server 120). From there, the process 200 branches into three routines: implementing 

a triaging subroutine at block 205 (for example, triage algorithm subroutine 300e described in 

further detail below), establishing geofences at block 206, and implementing an SMS/data parser 

routine at block 207.  

[0070] Next, the process 200 transitions to a client security step to validate geofences 

at block 208, and then implements a dispatch operations subroutine at block 209 (for example, 

dispatch operations subroutine 300d described in further detail below).  

[0071] Figure 2B is a legend relating to the flowcharts of the present disclosure.  

Figure 2B indicates that the black arrows of the flowcharts depict general data flow, while green 

arrows indicate a non-emergency protocol and red arrows indicate an emergency protocol. An 

emergency protocol refers to a protocol used during an emergency scenario such as a mass disaster 

or attack. A non-emergency protocol refers to a protocol used during processing of rescue requests 

during non-mass-disaster scenarios, for example daily rescue requests. Figure 2B also illustrates 

the visual depiction of blocks corresponding to defined subroutines, client user interface input and 

output ("I/O") operations, central computing (e.g., by the rescue management servers 120), a 

termination block, and a preparation block.  

[0072] Figure 2C depicts five subroutines that can be used in the process 200. These 

include subroutine A for determination of best network, subroutine B for emergency location 

update protocols, subroutine C for data transfer redundancy, subroutine D for dispatch operations, 

an subroutine E for triaging. As illustrated, subroutine A is inherent to all communications, while 

subroutines B and C are inherent to the emergency protocol.  
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[0073] Figure 3A is a flowchart of an example process for a determination of best 

network subroutine of Figure 2C. To determine the best (for example, fastest and/or most reliable) 

communications network, the determination of best network subroutine performs, for example, a 

client-side evaluation of the signal strength and volume of communications handled by a particular 

network (for example, cellular Internet network or the SMS text network) at block 301. Theclient

side evaluation may be performed at any of the user computing devices 110 (for example, via the 

rescue application 105), the rescue management servers 120 (for example, via the rescue request 

manager 125), and/or the responder computing devices 130 (for example, via the responder 

application 130). Based on this evaluation, the client (for example, one of rescue application 105, 

rescue request manager 125, and responder application 135, or the associated devices) can 

determine whether to use Internet or SMS (or determine the best network from among a number 

of other network types) at block 302. For example, if cellular Internet has failed on a certain 

number ofuser computing devices 110 running the rescue application 105, the emergency response 

system 100 can switch to using a lower bandwidth communications network (e.g., SMS). The 

emergency response system 100 can also set a requery radius to use for requerying the user 

computing devices 110 for any potentially missed communications. In some implementations, the 

determination of best network subroutine can decrement the requery rate as a function of battery 

life of the user computing device 110 or the responder computing device 130, for example when 

performed by one of the user or responder computing device 110 and 130, respectively, operating 

on battery power.  

[0074] In some embodiments, the rescue request manager 125 tracks how many of the 

rescue applications 105 are able to maintain Internet versus SMS communications (or LTE vs. 2G 

communications, and so forth) and makes a determination to communicate with all rescue 

applications 105 and responder applications 135 via only the most robust network or networks. In 

some embodiments, the rescue request manager 125 communicates with only those rescue 

applications 105 and/or responder applications 135 that are unable to maintain Internet 

communications using SMS communications (or LTE vs. 2G communications, and so forth), and 

vice versa, while communicating with those rescue applications 105 and/or responder applications 

135 that are able to maintain Internet communications using the Internet communications.  

Furthermore, the determination of best network subroutine can be made in response to concerns 

about network congestion, battery life of the client device, and so forth.  
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[0075] In some embodiments, when transmitting information (for example from the 

user computing devices 110 to the rescue request manager 125), an important balance exists 

between the quantity and quality of data to send and maintaining the battery life of the user 

computing device 110 of a victim. The user computing device 110 may be used to keep collecting 

critical information, such as location, for communication to the rescue request manager 125. Thus, 

it may be important to determine the best network, at block 302, over which the user computing 

devices 110 and the rescue request manager 125 communicate while maintaining or otherwise 

maximizing battery life of the user computing device 110.  

[0076] In some embodiments, such a determination may be made based on various 

information and/or inputs from one or more of the user computing devices 110 (for example, via 

the rescue application 105), the rescue management servers 120 (for example, via the rescue 

request manager 125), and the responder computing devices 130 (for example, via the responder 

application 130). For example, one or more of these devices and servers may identify or measure 

various parameters, including, for example, network congestion, battery charge, battery 

consumption, signal strength, network type, and so forth, and use the identified or measured 

parameters to determine which communication network to use. Any of these measured parameters 

may be determined as part of the evaluation of block 301.  

[0077] A set of equations may be used in the determination of which communication 

network to use following the evaluation of associated parameters. For example, the set of 

equations includes determinations of the network congestion or traffic (V*), the strength of signal 

measurement (ip), and/or the battery consumption (C), as shown below in Equations 1.1-1.3: 

V* E R: V* = 1 1 V + 7 2VV 

Equation 1.1 

[0078] Where: 

• V is representative of traffic on the network (for example, the congestion of the 

network); 

• VV is representative of a change to the traffic volume over a period of time. In some 

embodiments, the VV has a multivariate basis or takes the form of a stochastic partial 

differential equation (SPDE), as it attempted to predict cell network volume while 

certain events are taking place. In some embodiments, VV may not impact V* (for 
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example, 72 = 0) if the change in traffic volume is incalculable or irrelevant to the 

situations at hand, for instance during periods of normal network traffic volume; 

V* is representative of a weighted sum of the current traffic volume V and a change to 

the volume VV.  

aV 
CER:C- a V V 

at 

Equation 1.2 

[0079] Where: 

SC is measured as a change in charge remaining in the battery, V of the user computing 

device 110 or the responder computing device 130. A larger value for C may indicate 

higher consumption of charge and may merit use of an energy-inexpensive network 

type in order to preserve battery life.  

zP E R : zP = rll1F + 1720s 

Equation 1.3 

[0080] Where: 

• 4 is a scalar value based on a network type F and a z,; 

• F E N, is a natural number indicating a network type (for example, 2G, 3G, 4G, LTE, 

and so forth); and 

•*, E R : ip, > 0, indicating a signal strength.  

10081] Based on these three equations, a value Nis determined according to N =< 

cp, V, C >11, where N is a real number used to determine a best network for use in communicating 

between devices and the server. Based on the value of N, the network for use with communications 

is selected based on the ranges below: 

N<k1  ->2G 

k 1  N<k 2 ->3G 

k 2  N<k 3  ->4G 

N>k 4  ->LTE 

[0082] Where: 

• k, k2, k, N are all real numbers.  
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[0083] N may be calculated based on the signal measure qp, network volume V*, and 

battery consumption C as constraints, where 'p, V*, C hold equal influence in the generation of N.  

[0084] In some embodiments, ' is a set of weights for Equations #1.1-1.3 and where 

= [ .. , ij ]serves only as a set of constants. For example, in the equations above, 7 12 E 
17 

determine an importance of V versus VV in the calculation of V*. In some instances, 1, 2 

may be determined based on previously recorded real-world scenarios and/or simulations of 

scenarios as they apply to the current situation. In some embodiments, determinations of i are 

separated based on whether a victim's rescue request is being processed during a disaster or during 

a "normal" situation. In some embodiments, 17,172 are percentages.  

[0085] In some implementations, N may utilize another transformation of the vector 

< qp, V*, C > before magnitude is generated. Furthermore, N may find basis in k-means or another 

grouping algorithm based on the direction of < cp, V*, C > on a polar graph.  

[0086] Figure 3B is a flowchart of an example process for an emergency location 

update protocol subroutine 300b of Figure 2C. The emergency location update protocol begins by 

implementing the determination of best network subroutine 300a of Figure 3A in order to 

determine which network will be used to identify and/or transmit location updates. The process 

can also include a subroutine at block 303 for determining t = 0, which refers to the time point at 

which cellular intemet fails, or is otherwise unusable for communication protocols. These inputs 

are provided to the rescue management servers 120, which then prompt user computing devices 

110 and/or responder computing devices 130 to perform computations relating to determining 

location updates. This prompt may include information relevant to such computations, for 

example the length of time estimated for a responder to arrive at a given victim's location (as it 

would be desirable for their battery to last at least that long to continue communications with the 

emergency response system 100).  

[0087] In some embodiments, transmission of location information utilizes power from 

the device battery. Accordingly, in some embodiments, the battery powered device (for example, 

the user computing devices 110 and/or the responder computing devices 130) may determine or 

decide whether to continuously transmit (for example, redundant data transfer, at block 300c, of) 

its location or have the device or server receiving the location information simply utilize the 

previously transmitted location information. In some embodiments, such a decision is based on 
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many factors including battery life of the device, responder arrival time, the direction and velocity 

of a victim's travel, and the severity of a victim's emergency during the emergency response 

request.  

[0088] In some embodiments, the determination whether to transmit the current 

location information is made based on a comparison of various parameters, as defined below in 

Equations 2.1-2.2. below: 

0b~   T~a V T b -- :l T -- || I, tr v , ,lll*| 

Equation #2.1 

IE R : 1=- Vl 

Equation 2.2 

[0089] Where: 

• T is a magnitude of a vector based on battery life data (1), responder arrival time (tr), 

victim device velocity (v,) and acceleration () and victim severity (S), where S may 

remain in vector form but the magnitude of the vector S is extracted.  

• Tb is a Boolean decision whose value determines whether to transmit current victim 

location information (for example, when T is "0") or to use the last known victim 

location information (for example, when Tb is "1") based on where T falls on a number 

range as compared to a value a.  

• The values of < 1, tr, v,, , ISII> may have an equal influence on the value of T and 

may allow for parametrization and categorization of scenarios based on different 

factors through vector properties (for example, direction, magnitude, and so forth), 

which may be useful in determining a value for a. Furthermore, each of these values 

may be scalar values.  

• A value for a is chosen based on a moving average (or similar calculated value) of past 

values of T based on an optimal choice Tb (of whether to transmit new data or use last 

known data) in real or simulated victim scenarios.  

• 1 is the battery life data for the device and is based on the difference between current 

battery power remaining () and the consumption rate of battery power (Vl).  
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• tr is the responder arrival time, which may comprise an amount of time before the 

responder arrives at a location of the victim. In some embodiments, the responder 

arrival time is pinged from the server 120 and/or predicted client-side, depending on 

battery life, determination of the best network, and so forth.  

• v, and 2v represent velocity and acceleration of the device in question. These values 

are computed from device onboard accelerometers and/or other sensors.  

• 11 represents the victim severity. ||$||-- S or S (whichever input is most effective 

and/or more logically appropriate).  

[0090] Next, the process can implement the data transfer redundancy subroutine 300c 

described in more detail with respect to Figure 3C. The process can switch to SMS updates at 

block 305, for example, for increased reliability during disaster situations.  

[0091] The process 300b can also implement a client-side opportunity cost analysis at 

block 306 to determine whether to preserve battery or send location update data. The criteria used 

in this analysis can include the rate of power consumption by the device, remaining battery 

reserves, and an estimated time until rescue. If it is decided to preserve battery, the process can 

use the last known location (e.g., at t = 0) at block 309 to identify a predicted location.  

Alternatively, the process 300b can extrapolate the predicted location from the last known location 

and information including velocity and trajectory of the computing device prior to network failure.  

[0092] If it is decided to send location update data, the process 300b can determine the 

ability to provide GPS data at block 307 and then determine whether to update GPS via SMS at 

block 308. If so, the process 300b loops back to the server computations. If not, the process 300b 

again can use the last known location or predicted current location (e.g., at t = 0).  

[0093] As will be appreciated, for privacy reasons the location information may be 

controlled by a third party (e.g., the rescue management servers 120) and selectively disclosed as 

needed via designated protocols. For example, victim location data may only be disclosed to the 

particular emergency responder dispatched to the victim.  

[0094] Figure 3C is a flowchart of an example process for the data transfer redundancy 

subroutine 300c of Figure 2C. The data transfer redundancy subroutine 300c can be implemented 

by the rescue management servers 120 in some implementations. To begin, the process 300c 

performs preparation computations to determine time step n at block 310. Time step n refers to a 

range of time computed by the server for which data sent via cellular internet during this interval 
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will be requeried. The process 300c can also include a subroutine 311 for determining t = 0, 

which refers to the time point at which cellular internet initially failed, or was otherwise unusable 

for communication protocols. In some embodiments, the subroutine 311 may include one or more 

blocks of the subroutine 300b or may comprise the subroutine 300b. These inputs are used for 

server computations relating to data transfer redundancy.  

[0095] Next, the server 120 requeries cellular internet data sent within a time frame 

between t = 0 and t = n at block 312. This range represents the range of timestamps for which 

the server 120 will requery communications across the emergency network. Accordingly, the 

server 120 will seek to request that communications that occurred during the range 0 < t < n 

be rebroadcast to prevent data loss. This requery can be performed via an SMS protocol, via block 

313, in the event of cellular Internet failure or via any other communication protocol, dependent 

on the current or expected communication conditions.  

[0096] In some embodiments, if the communication networks fail and transfer of 

information between devices and the server is terminated, information useful in the rescue of 

victims could be lost. In order to ensure that sufficient information is available to the rescue 

request manager 125 to triage victims and provide data to the responder applications 135, a time 

window for which information will be re-queried over an appropriate communication network 115 

is determined by one or more of the rescue applications 105, rescue request manager 125, and the 

responder applications 135.  

[0097] Equation 3.1 below provides for determining the time step n at which data 

transfer re-querying is performed.  

n= * dstd + 72 * dact+ 173 * dsim 

Equation 3.1 

[0098] Where: 

• dtd represents a standard or expected downtime. dstd may be determined as a moving 

average of the standard downtime in a specific scenario; in some embodiments, dstd is 

determined using other mathematical correlations. For example, during a flood 

scenario, the standard downtime, dstd, for a particular communications network may be 

4-hours while an urban terrorist attack has a standard downtime, dstd, of approximately 

5-minutes.  
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• dac, represents how long the downtime has been at the current time (for example, at the 

time that the current calculation is being performed), as measured by the rescue request 

application, the rescue request manager, or the responder application.  

• dsim represents a simulated downtime for the specific scenario as obtained from various 

computations/models of downtime.  

• 11172'13 are percentages representing weights applied to the dstd, dac,, and dsim 

variables, where the percentages sum to equal 1.  

[0099] In different scenarios or events, the weights applied to the different downtimes 

may change. For example, in more common events, the standard or expected downtime may be 

more highly weighted as compared to less common events because, for the more common events, 

more previous downtimes are available to determine the standard or expected downtime, thereby 

making the standard or expected downtime in more common events. Thus, in more common 

events, the standard downtime dstd may have a higher value weight il than in the less common 

events. Similarly, the actual downtime and the simulated downtimes may have varying weights 

dependent on the scenario and the trust or confidence in the respective downtime values.  

[0100] For example, in a first scenario, the dstd, daci, and dsi have weights of 0.1, 0.1, 

and 0.8, respectively. Accordingly, in the first scenario, the simulated downtime is weighted the 

highest, indicating that the simulated downtime is strongly applicable to the scenario and that the 

models provide the expected downtime with the highest confidence level, as compared to the 

standard downtime and the actual downtime. In a second scenario, dstd, dac,, and di have weights 

of 0.3, 0.6, and 0.1, respectively. This indicates that the actual downtime already experienced has 

the highest confidence level, with low confidence in the simulated downtime and middling 

confidence in the standard downtime, suggesting that the emergency response system 100 may be 

unfamiliar with the current scenario or may have insufficient data to properly predict downtimes 

based on simulations or previous scenarios.  

[0101] Figure 3D is a flowchart of an example process 300d for the dispatch operations 

subroutine of Figure 2C. The dispatch operations subroutine can be implemented by the rescue 

management servers 120 in some implementations. The dispatch operations process 300d can 

include provision of victim data (e.g., from the rescue request packet) at block 314 and routing 

information from the rescue request manager 125 at block 315 to a responder application 135 

(represented in Figure 3D by the client: emergency services / responders block) at block 316. The 
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responder application 135 can receive perpetual (e.g., real-time) location updates and/or status 

updates relating to the victim, and can also provide perpetual location and/or status updates relating 

to the emergency responder at block 317. The responder application 135 can also use field data 

for determination of geofences at block 318, jointly with the rescue management servers 120 in 

some embodiments at block 319. These geofences can be used by the rescue management servers 

120 to identify emergency responders for particular rescue requests.  

[0102] The rescue management servers 120 can notify the emergency responder by a 

predefined protocol to begin a rescue operation at block 320. The rescue management servers 120 

can also perform continuous or intermittent recomputation of triage, priority, and dispatch routing 

at block 321.  

[0103] When the responder application 135 indicates that the emergency is resolved at 

block 322, the rescue operation can be considered complete at block 323.  

[0104] In some embodiments, the natural disaster or emergency impacts paths or routes 

available to emergency responders. Alternatively, or additionally, prior art systems and 

applications may fail to account for changing environmental factors within geofences of a 

particular responder. For example, the prior art systems may be unable to adapt route planning 

and/or assignment based on changes in the impacted environment due to the emergency, such as 

how a fire or flood may expand or grow in affected area and cause particular routes to become 

impassible as time passes. In some embodiments, as the available paths or routes change, the 

distance that the response must travel to reach a destination at which a victim is to be rescued may 

change, increasing or decreasing as time passes. In some embodiment, the distance to be traveled 

by the responder may be a factor that impacts the calculation of the triage order (Equation 5.1 or 

Equation 6) below. Furthermore, another factor that may impact the calculation of the triage order 

in Equation 5.1 or Equation 6 is whether responders are allowed to exit any existing jurisdictional 

boundaries, which may greatly impact the calculation of the triage order. Accordingly, in some 

embodiments, travel impedance (and dynamically changing travel impedance) and/or geofencing 

factors are used to determine a routing coefficient, which may be determined using the rescue 

request manager 125.  

[0105] The routing coefficient, r, may represent the shortest and/or safest distance over 

which the responder travels to perform a rescue. The routing coefficient may be generated based 

on a path, represented by L, that the responder may take to rescue the victim. For example, for the 
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responder to reach and rescue the victim, the responder may travel any of a number of paths or 

routes L from a starting location of the responder to the location of the victim. Each of the paths 

or routes L may have a corresponding routing coefficient, r, by which each the paths or routes L 

may be compared to each other to enable selection of the path or route L that is the shortest and/or 

safest distance for travel by the responder. In some embodiments, the preferred path or route L is 

the path or route L with the smallest, or minimum, r.  

[0106] In some embodiments, the routing coefficient r is determined based on the path 

or route L for traversing a particular distance. The path or route L may be determined based on a 

time-parametrized scalar field bitmap, B(T), or a matrix of values. When determined based on the 

scalar field bitmap, B(T), the B(T) may be represented by a plurality of segments or cells that each 

have a corresponding impedance value, v, that changes over time. The total routing coefficient r 

may be the combination of the impedance values, v, for each of the segments or cells that make 

up the bitmap, B(T), of the path or route L. The routing coefficient r for the path or route L may 

be determined based on Equation 4.1 below: 

r,, = B(T ) d s =Vi 
L, ds iELn 

Equation 4.1 

Where, r is the routing coefficient for the path or route L and is the sum of the impedance values 

for the path or route L. The determination of the routing coefficient r is based on a predefined 

time step AT between each victim and/or hub for each potential path or route L over the whole 

bitmap. As noted above, the lowest or minimum value routing coefficient r may indicate the most 

efficient or optimal route or path L.  

[0107] In some embodiments, the bitmap, B, may represent a numerical array or 

matrix. B may be generated from location imagery. Data overlays and, in some embodiments, 

computer vision applications may assign impedance values v to each cell or portion of the bitmap.  

For example, roads that are paved and generally have low traffic congestion may have a low (or 

negative) impedance value because they facilitate travel while roads that are not paved or generally 

have high traffic congestion may have a high (or positive) impedance value because they impede 

travel. Cells or portions of the bitmap, B, may exist within a disaster area, A. The disaster area, 

A, may be bounded by cells or a boundary defined by iA. Cells within the disaster area, A, and 

inside the boundary, iA, may have a high impedance because roads and paths within the disaster 

27



areas are generally difficult and dangerous for responders to travel. On the other hand, cells that 

are not part of the disaster area, A, outside the disaster area, A, may be easier to travel and, thus, 

have a lower impedance. In some embodiments, route planning outside of the disaster area, A, 

may account for changes in the disaster area, A. For example, models predict the spread of a 

disaster area over time and generate an injective data overlay onto the cells of the bitmap, B. This 

overlay may predict changes in the area, A, and/or the warping of iA, and resulting changes in v.  

Accordingly, responder routes may be configured to account for changing environments.  

[0108] To reduce computing expenses regarding calculating the routing coefficient, r, 

only those routing coefficients for paths, L, that satisfy a threshold level of efficiency are 

calculated. Accordingly, the routing coefficient, r, for those paths, L, which would be exceedingly 

inefficient in terms of path length are not calculated. For example, the path, L, may be constrained 

by the Djikstra algorithm, or another network analysis algorithm. In some embodiments, the 

routing coefficient, r, for various paths, L, can be calculated using semi-stable gradient analysis 

(for example, path avoidance of defined area impacted by the disaster or event that is greater than 

a boundary of the defined area impacted by the disaster or event) where the routing coefficient 

values are unreasonably high, for example implying that the defined area is dangerous to travel 

through to takes an excessive amount of time to travel through. In some embodiments, such 

analysis may be carried out using machine learning algorithms. In some embodiments, the bitmap 

B may be represented as a vector field or as a matrix. This may allow for more complex analyses 

of responder speed, other impedance factors that impact responder travel through the defined area, 

and so forth.  

[0109] The routing coefficient, r, may be computed according to Equations 4.2-4.3 

below: 

vi=[7a-(f+ A)+---7b Go+ B)] 

Equation 4.2 

r= min ([r]) -- min ({r1 , ... , r}) 

Equation 4.3 

[0110] In Equation 4.1, r is the routing coefficient for the path or route L and is 

equivalent to a sum of the impedance values for all of the traveled cells of the path or route L. In 
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equation 4.2, v represents the impedance value of traveling along at least a portion (for example, 

a cell) of the route L such that a sum of the impedance values for the entire route L provides the 

routing coefficient for the route L. The lowest routing coefficient r for all possible routes L may 

be selected. In Equation 4.2, each v impedance value may be determined by a set of impact factors 

and noise terms thereupon (to reflect the degree of randomness/variability to which such terms 

may be subject, and hence assist in the prediction of change to these values).  

[0111] In the Equations 4.1-4.3, il, ... , il is a set of weights that are applied to factors 

comprising impedance values of cells in the bitmap B. These weights may be determined by 

machine learning simulations ascribing the importance of each (positive or negative) impedance 

factor to the given cell in the bitmap B. In some implementations, the basis for the determination 

of weights via machine learning is based on past overlay data, and past real-world, or simulated 

scenarios. More generally, the weights i are determined via a similar process.  

[0112] In some embodiments, the routing coefficient of a particular route L may impact 

how that particular route or rescue is triaged as compared to other routes L. For example, Equation 

5.1 below provides for an ordering of rescue requests based on weighted routing coefficients and 

weighted severity vectors or severity vector magnitudes.  

O = 171 - ||$|| + 172 - r 

Equation 5.1 

[0113] According to Equation 5.1, rescues of victims may be carried out over a path 

having the routing coefficient of r such that for identical values of the first term, rescue requests 

with lower routing coefficients are completed first, as victims making such requests may be saved 

faster, in a more safe manner for responders, or over a shorter distance.  

[0114] In some implementations, an additional factor is included into the order 

equation of Equation 5.1, as will be described in further detail below.  

[0115] Further to Equation 4.2 above, Equation 5.2 below may represent one of the 

further equations used to determine the impedance of travel of the responder to the victim for 

rescue: 

vi = [ 1 (A + A) + 72 - (dA + aA) + 73 - (C + )- 4 - (R) - 7Us(m)] 

Equation 5.2 
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[0116] In Equation 5.2, the impedance of traveling along at least a portion of a route is 

shown as a function of four weighted values or factors. The weight values include n1,n 2,n 3,n4 

and are applied to the factors (A + (A), (A + A), (C + c) (R), and (m). In the above 

example, A is a current area in which the event or disaster occurs for a given cell of the route L 

and iA is a current boundary of the area, or representative of the possible expansion of the disaster 

boundary. The term C may be associated with a magnitude of traffic congestion along the route L 

(for example, in some embodiments, a combination of an average vehicle speed and vehicle density 

for a given stretch of road). The term R may be associated with a working road (in some 

embodiments, a type of road with greater throughput potential may have a greater magnitude of 

negative impedance). The term m may represent a distance (for example, in one of miles, 

kilometers, and so forth) by which the responder may exit its jurisdictional geofence in order to 

carry out a respective rescue. Generally, it would be disadvantageous for the responder to exit its 

jurisdictional geofence, unless the victim they would be attending to is experiencing a particularly 

severe calamity making it unreasonable to limit rescue to only responders within the corresponding 

geofence.  

[0117] Figure 3E is a flowchart of an example process 300e for the triaging subroutine 

of Figure 2C. The triaging subroutine processes a variety of inputs to sort and prioritize incoming 

rescue requests and match victims with suitable responders at block 335. The branches of the 

process leading into the victim input block 336 represent the various inputs made by users into the 

rescue application 105 user interface at blocks 338-340. A relative priority value can be computed 

based on these inputs at block 337 and analyzed as a victim input by the triaging algorithm at the 

block 336. The triaging algorithm also receives a responder input at block 342 representing the 

availability and capacity of responder transports at block 343.  

[0118] The triaging subroutine also accounts for factors such as victim density at block 

331, whether a particular rescue request originates within a region of a known hazard or disaster 

(an "emergency geofence") at block 332, weather conditions and/or disaster severity at block 333, 

and distance of victims from responders and drop off hubs at block 334. Victim density at block 

331 refers to the number of rescue requests originating from a particular region. For example, 

yield of rescues may be improved by sending responders to areas with high victim density. Other 

factors that can be input into the triaging subroutine include the velocity of the user device 

submitting a rescue request, other actions being taken on the device submitting the user request 
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(e.g., messages or social media posts corroborating, contradicting, or providing further information 

about a rescue request), and touch patterns of the user while submitting the rescue request.  

[0119] As shown in Figure 3E, the triaging subroutine can involve numerical solutions 

of partial differential equations (PDEs) at block 325. This refers to the computation of responder 

pathways. This computation can take into account jurisdictional boundaries ("responder 

geofences") representing the geographical limits of an area to which a particular emergency 

responder may travel. In some implementations, the responder pathway computation can analyze 

rescue requests at or near such boundaries and compute whether it would be more efficient if a 

particular responder was able to operate outside of their jurisdiction to answer the rescue request.  

The responder pathway computation can be performed, for example, based on routing equations 

developed by the machine learning simulations.  

[0120] The machine learning simulations at block 326 trains the triaging subroutine to 

generate pathways in various emergency scenarios. The machine learning simulations can run 

intermittently or periodically, for example while the rescue management servers 120 are idle or 

have a threshold amount of computing bandwidth. In other implementations the machine learning 

simulations can run on dedicated hardware. The machine learning simulations represent a training 

of the system to optimize responder pathways. The simulator can generate "random" situations: 

rescue requests relating to different types of emergencies, of different severities, in different 

locations, alone or in combination with other emergencies. For example, the machine learning 

simulations can train the system how to most efficiently dispatch emergency responders to victims 

requesting rescue during different disaster scenarios such as fires, hurricanes, and earthquakes.  

[0121] The computed responder pathways and machine learning simulations can be 

constrained to maximize efficiency at block 327, that is, to maximize the number of victims 

rescued within a certain period of time. The responder pathways, weather conditions, disaster 

severity, locations of responders and drop-off hubs, victim density, and locations of any emergency 

geofences are provided to the speculative computing module. The speculative computing module 

at block 328 continues testing new pathways even as dispatched responders are en route, in order 

to compensate for changing conditions, changing volume and distribution of rescue requests, and 

completed rescues. The results of the speculative computing module are also provided to the 

triaging algorithm at block 335.  

Equation Set 1: 
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[0122] As a simple example, the triage algorithm can determine triage order using the 

following Equation 6, where incoming rescue requests are sorted by 0: 

o = S*d 

Equation 6 

where 0 represents a sort order score, S represents severity of the emergency information in the 

rescue request, and d is the distance between the user device location and the nearest responder 

hub. Thus, the sort order score, 0, of a particular victim may be based on a severity, S, of the 

emergency information in the rescue request received from or about the particular victim and a 

distance, d, between the nearest hub and the user device location.  

[0123] The victim with the highest 0 value can be matched first with an emergency 

responder. The relative severity S is subject to various input specificities, and environmental 

factors. For example, a severity score can be generated from the responses to UI prompts, based 

on EMS Priority Dispatch Codes, and based on other factors such as analysis of the user's behavior 

on their computing device during, before, and/or after submission of a rescue request (e.g., 

communications with others about the emergency, other applications in use on the mobile device, 

touch patterns on the mobile device). The distance d can be computed by the Haversine formula, 

over the curved surface of the Earth.  

[0124] In this simple example, the sort order score 0 can be considered as a two 

dimensional vector, with one dimension corresponding to severity and the other dimension 

corresponding to distance. However, the sort order score 0 can be extended to any n-dimensional 

vector, where the overall magnitude of 0 would be considered as the sort order score. Each of the 

n-dimensions can be a different factor affecting successful rescue of a victim, as described above 

with respect to the triaging subroutine. These factors may be scaled so that a single step in a 

direction for one dimension would be equal to a single step in a direction for the other dimensions.  

[0125] In some implementations, the severity score, S, or a certain input in the rescue 

application 105 user interface can be associated with a time limit representing a limited window 

for successful rescue of the victim. These time limits may be associated with particular EMS codes 

and/or learned from analyzing historical emergency rescue requests and their associated outcomes.  

As such, one factor for computing 0 may be such a time limit. Additionally or alternatively, 0 

may have a time limit attached to it.  
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[0126] In some embodiments, when many victims request assistance at one time, for 

example via the rescue application 105, the rescue request manager 125 may generate an order or 

priority according to which each victim is scheduled to be picked up. This allows for triaging of 

the victims, after which responders are dispatched according to the order or priority via 

communications from the rescue request manager 125 to the responder application 135. In order 

to prioritize victims and establish the rescue order, one or more equations may be applied to 

generate an order output based on factors that influence the relative urgency of a victim's need to 

be rescued.  

[0127] Equations 6 below may be solved to generate the order or priority of victim 

rescue. Equation 6 generates the order output and accounts for various factors. These factors may 

be indicated asf as described herein. Accordingly, in Equation 7 below, 0 is the order of victim 

rescue as generated by the rescue request manager 125 andf refers to one or more factors that 

operate as inputs to the order equation(s).  

0: R' -> R 

0 = ||if|| = ||I < fi, ..., If, > || 

Le t [fi .. ,f] P:R' ->i R 

Equation 7 

10128] Some examples of these functionsfinclude code determination (for example, 

one or more of severity code, EMS code, and police department (PD) code). Additional examples 

of such functionsfinclude: medical ID/pre-existing condition functions, client input functions (for 

example, to determine whether the client provided an input or, if they have not, whether they are 

located within a disaster region), distance functions (for example, to determine a distance between 

the client and at least one responder), responder hub locations functions, weather data overlay 

functions, jurisdictional geofence functions, victim density functions, disaster trajectory models, 

social media scraping (for example, to determine nature of disaster or locations of victims), UX 

behavior analysis functions (for example, swipes, interaction speed), and so forth.  

[0129] In some embodiments, each of the functions will have an equal impact or 

influence on the generated order of victim rescue. Alternatively, one or more of the functions will 

be more highly influential on the generated order than other functions. Accordingly, the functions 

allow for parametrization and categorization of scenarios based on different factors through vector 

properties, such as direction, magnitude, and so forth.  
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[0130] For example, a magnitude of a vector, whose basis is constructed from vectors 

of equal weight, allows for the differentiation of scenarios with similar severity (or other) scores 

but different basis values. In some embodiments, the parametrization and categorization of 

scenarios based on different factors through vector properties allows for such differentiation.  

Furthermore, such vector differentiation may allow distinctions regarding the most appropriate 

type of response to command to deploy to rescue a particular victim or victims. For example, 

different combinations of values of components (for example, functions) of 0 are grouped into 

different response types via k means or a similar algorithm by the rescue request manager 125 as 

a pre-request step. This may allow for particular distinctions to be made. For example, a "life 

over property" distinction may be beneficially made. For example, if a first order equation 

represents a rescue request regarding an assault, such a request may warrant one or both of a 

medical and police response. However, a second order equation may represent a non-emergency 

break-and-enter that may warrant a delayed and less aggressive police response and potentially no 

medical response. Thus, where order equations have unequal inputs, different response types may 

be warranted.  

[0131] In some embodiments, the use of order equations may allow a large number of 

victims to be helped in an appropriate order that maximizes rescues (of victims) as a function of 

time. The rescue request manager 125 may implement the triaging subroutine to create the order, 

0, by which victims of the disaster or event will be rescued. The triaging subroutine may 

accomplish this or otherwise generate the order equations, 0, by sorting priority of victims 

requesting rescue or assistance and assigning them to corresponding responders using the 

responder application 135. In some embodiments, the triaging subroutine may implement one or 

more equations that factor in victim, situational, and environmental data to triage the victims, 

where the data used is one or more of known data, estimated data based on prior disasters, and 

predictions of future conditions and/or based on simulations.  

[0132] In some embodiments, these order equations, which may incorporate stochastic 

noise terms, (, generate the most efficient order for rescuing victims upon solving. In some 

embodiments, the order equations may include both deterministic components and stochastic 

components. These equations may be solved directly or numerically; in some embodiments, these 

equations may be solved using a mesh-independent system to reduce computation costs. In some 

embodiments, the ordering equations may utilize a severity plane, MR, which provides for plane 
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mapping and smoothing of all possible situational configurations of severity, S. Severity may 

relate to how severe a particular victim's rescue request is (for example, how severe the specific 

situation is for that particular victim). In some embodiments, the severity plane Mn is based in 

Euclidian Hilbert space and may be generated from a discrete set of known scenarios, Md, as 

described further herein.  

[0133] A first example of the order equation introduced above that further takes victim 

severity, smoothed victim severity, rate of change of victim lifespan with respect to time, and 

victim's distance from nearest responder or responder hub into account is introduced below as 

Equation 8.1.  

0 =171 + 72 MRS) i3K-+ i74d 

Equation 8.1 

[0134] In Equation 8.1, S represents the victim's severity vector, having a magnitude 

and a direction. Alternatively, the severity score can beusedanddrepresentsthedistance 

(for example, in kilometers) for a victim from the nearest responder or responder hub.  

Furthermore, 7i,17 2 , - nEi is a set of weights applied to terms of the order Equation 7.1 above 

and 7.2 below. These terms ascribe a certain importance to each term of the respective order 

equation. The methodology of their determination is elaborated herein.  

aT 
[0135] Furthermore, represents the rate of change with respect to time of a victim's 

lifespan, T, before rescue of the victim. In some embodiments, different EMS/PD codes assigned 

to a particular user rescue request may assign a victim a certain lifespan within which the victim 

is to be rescued. For example, broken limbs may have a lifespan of T = 4 hours while a cardiac 

arrest episode may have a lifespan of T = 5 min. An assigned value for T may be based on the 

victim's initial severity score (for example, when the victim initially requests rescue). In some 

embodiments, changes in the rate of increase or decrease of a victim's lifespan value, driven by 

updated victim data, can have critical importance on that victim's rescue.  

[0136] Alternatively, a more complex extension of Equation 8.1 provides an order 

equation that takes into account victim severity, mapped and smoothed victim severity (for 

example, discrete plane Laplacian of victim severity), approximated plane Laplacian of victim 

severity, rate of change of victim lifespan with respect to time, victim's distance from nearest 
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responder or responder hub, a routing coefficient, environmental impedance, and rate of change of 

environmental impedance with respect to time.  

A second example of a solely deterministic equation involving stochastic components 

through formation into 0 is shown in Equation 8.2 below: 

aT ow 
0 = 1 S + zV2 Md(S) + sV2M($) +14K+75d+ 76r + 77W + y t 

Equation 8.2 

[0137] Newly introduced values in Equation 8.2 include the routing coefficient, r, 

which is a method of triaging based on the path a responder would take to rescue a victim, as 

described herein. Some examples of additional deterministic factors with additive and/or 

multiplicative noise terms are now described: 

[0138] Wmay represent a unit of conditional impedance. This impedance may embody 

an impact of environmental conditions on the severity of the victim's condition after the initial 

evaluation of S. For example, the trajectory of a flood or forest fire disaster crossing over the 

location of a victim would increase the conditional impedance and, accordingly, the priority of that 

victim's rescue so as to ensure the victim is rescued before the disaster reaches them. Further, 

represents the change in the conditional impedance over time (for example, worsening conditions 

as they apply to a victim may raise a victim's order score). Thus, in some embodiments, the 

environmental conditions may impact the victim's change in conditional impedance, for example 

if the environmental conditions will threaten the victim (for example, a flood or fire may change 

the victim's conditional impedance if it increases risk of injury to the victim).  

[0139] Newly introduced values in Equation 8.2 include the routing coefficient, r, 

which is a method of triaging based on the path a responder would take to rescue a victim, as 

described herein. Some examples of additional deterministic factors with additive and/or 

multiplicative noise terms are now described: 

[0140] The following Equations 8.3 and 8.4 are generated as concrete stochastic order 

equations while adhering to the deterministic Equations 7.1 and 7.2 above: 

o 71 17m2Mj) + 13 ,- +r14 (d+~b 
(at 

Equation 8.3 
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aT 

Equation 8.4 

[0141] Newly introduced values in Equation 8.2 include the routing coefficient, r, 

which is a method of triaging based on the path a responder would take to rescue a victim, as 

described herein. Some examples of additional deterministic factors with additive and/or 

multiplicative noise terms are now described: 

[0142] 77aW + 77b(- +(gf): This factor represents the environmental impedance, 

and the rate of change with respect to time thereof. An additive noise term is included with the 

partial derivative with respect to time of W to quantity variance in the change of environmental 

conditions.  

[0143] 77b(d + ): This factor represents the distance d of the victim from the nearest 

responder or responder hub, depending on the implementation. An additive noise term is included 

to quantify standard variance in distance which may impact triage calculations.  

[0144] i4p ((a + (g,): This factor represents the rate of change with respect to time 

of a victim's lifespan before rescue. An additive noise term is included as well as a separate 

multiplicative noise term. The lifespan of a victim before rescue that changes over time is subject 

not only to an addition of noise based on environmental factors, but the basis of the rate itself is 

subject to multiplicative environmental volatility as survivability is much less predictable as 

related to any given change of circumstances.  

[0145] Ia (r + fa): This factor represents the routing coefficent r calculated in Sub. D.  

Fig. 3D. The additive noise term is included to quantify standard variance in distance. In some 

implementations, the variability in r may be supplemented or countered by the additive noise term.  

[0146] Based on the Equations 8.3 and 8.4 above, additional equations, for example a 

template of SPDEs Equations 8.5-8.7 below, may be generated to allow for and/or otherwise 

determine different factors for triaging victims in various combinations.  

0 = Od + O, 

Equation 8.5 
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Od =(ii ki +-+ + ; -kj)+(1aV .(2Ma($)] +-+ b. [V2Mb()]) 

+(77 aN + 7.aM 

Equation 8.6 

aA B 

(ll I -at+ 

+ 7"aP + + q2- G aP2 +G (aP1 
atP2 

Equation 8.7 

[0147] For the Equations 8.5-8.7, each type of term and the beneficial purpose of its 

inclusion in the system is described below: 

[0148] ()i -ki + --- + i; -kj): This set of terms encompasses scalar values, or simple 

number values. This term type is beneficially included in the system of equations, because it allows 

simple values such as, in some embodiments, a refined severity score, distance from responders, 

distance from nearest responder hub, routing coefficients, vector magnitudes, and other relevant 

number values to be taken into account.  

[0149] (Sa [ 2 Ma(S)]+ -- + [v2M($)]): This set of terms encompasses the 

value of the Laplacian of a plane mapping Mn with a basis of severity coordinates, whereas S is a 

point on such a plane comprising a given victim's severity score or vector, and is the point of 

evaluation for which the Laplacian is generated. This term type is beneficially included in the 

system of equations, because values of S generating high Laplacian magnitudes are outliers to 

other possible rescue requests, and hence may be of a particularly high ( ++ V2 ) or low (- - V2 ) 

priority as compared to a set of other severity configurations. Thus, V2 may provide an impact on 

priority. In some embodiments, this Laplacian basis of the order equation allows similar rescue 

requests to be grouped together in the triage order via the relative isolation of outliers, leading to 

greater efficiency E for such a configuration of 0.  

101501 ( -a+ -+ y): This set of terms encompasses the partial derivative 

with respect to time of a given function. This term type is beneficially included in the system of 

equations because factors relating to change over time may be particularly relevant to victim 

triaging. For example, the rate of change of environmental conditions, or the change in the 

survival prospects of a given victim in a given scenario.  
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[0151] (qa - [A + (a] + -- + 77 - [B + G]): This set of terms encompasses scalar 

values, which have a noise term added to them. This term type is beneficially included in the 

system of equations, because it allows simple values that possess a degree of uncertainty to be 

used in an analysis of a victim's predicament. For example, a victim's distance from a nearest hub 

may have a range of uncertainty attributable to it when the user computing device 110 maintains 

a velocity above a certain threshold for a sustained period (for example, the victim is running away 

from a threat).  

101521 (a +a + ++ - + : This set of terms encompasses the 

partial derivative with respect to time of a given function, also including an additive noise term.  

This term type is beneficially included in the system of equations, because it allows rates of change 

that possess a degree of uncertainty to be used in an analysis of a victim's predicament. For 

example, the success of a given rescue can be impacted by certain environmental factors that 

change over time, the impact of which can be expressed by a time-series stochastic process based 

on real-world or simulated data.  

[0153] (21-( 1 + + + 17P2 -2- + :This set of terms 

encompasses the partial derivative with respect to time of a given function, also including an 

additive noise term, and a multiplicative noise term. This term type is beneficially included in the 

system of equations, because it allows rates of change that possess a degree of uncertainty to be 

used in an analysis of a victim's predicament. Further, the rate of change itself may be subject to a 

random process, the impact of which is beyond the simple addition of noise. For example, the 

lifespan of a victim before rescue that changes over time, is subject not only to an addition of noise 

based on environmental factors, but the basis of the rate itself is subject to multiplicative 

environmental volatility as survivability is much less predictable as related to any given change of 

circumstances.  

[0154] The various Equations and/or terms described in relation to Equations 8.1-8.7 

above include stochastic noise terms, f. In some embodiments, these noise terms, (, are generated 

as random values or using a stochastic process, which may be time-discrete or time-continuous.  

For instance, such a process is a Wiener process or a Brownian motion. The benefit of including 

these noise terms, f, is that the noise terms, f, allow for the unpredictable nature of emergency 
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scenarios to be accounted for, thereby increasing accuracy and reliability of triaging decisions 

made by the rescue request manger 125.  

[0155] Within the template of SPDEs of Equations 8.5-8.7, there may exist a need to 

simplify the Equations to account for or provide ability to use in implementations where 

computational resources are limited. Hence, in the interest of convergence, deterministic factors 

Od may be selectively retained over stochastic factors in Os. For example, such selection (for 

example, by the rescue request manager 125) may be made accounting based on simple scalar 

value terms being deemed of greatest importance, followed by partial derivative terms, and finally 

by plane Laplacian terms. In some embodiments, the table below provides an example of what 

terms are of most/least importance, where the least important terms could be elimination from the 

computations in environments where computations resources are limited.  

Most Important S 

N 

R 

W 

dT 

dW 

Md 

Least Important Mr 

[0156] In some embodiments, triaging algorithms and processes described herein are 

implemented, at least in part, by calculations of order that may take various factors into account.  

The influence of these factors is based on the values of different weights on such factors. The exact 

order equation that results in the most efficient rescue of all victims (for example, which will result 

in the most lives saved in the least amount of time) is generated by the processes described herein, 

for example by the rescue request manager 125 and/or the rescue management server 120. The 

exact order equation may be determined by choosing the weights that are projected to cause the 

most efficient rescue operation, based, for example, on optimal weights used in past real-world 

and simulated scenarios.  

[0157] For example, the order equation may have a specific set of weights i that are 

real numbers R. These weights may be applied to respective terms in the order equation to 
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determine the importance of that term, or to remove the term from the order equation. The process 

for assigning these weights is described in more detail below.  

[0158] The weights i meet the following constraints: 

Let 7 -+ 0 

9 R' :C=[1 E R,..., r ER] 

Equation 9 

[0159] The determination of the weights ' may utilize various functions, etc. In some 

embodiments, determination of the weights 7 may involve implementing a simulation function, 

fim, that simulates rescue operation scenarios, and which may yield the weights that cause a most 

efficient rescue operation. The efficiency, E, of the rescue operation may be measured in 

rescues/hour. The most efficient weight, 4, for the order equation is selected by the rescue request 

manager 125 and/or the rescue management server 120 for the real world scenario I, which may 

yield the order equation, 0, for the optimal E.  

[0160] When Q is a collection of set of weights for individual scenarios, the best order 

equation is determined when those weights are applied and the results sorted by the efficiency 

value of each scenario's rescue operation when a given acceptable number of victims (i.e. 95%) 

have been rescued. The first element of this collection, Q, provides the most efficient weights for 

the scenario because the value of E is the highest.  

[0161] The assignment of particular weights, ', to an actual scenario, I, may be based 

on prior simulations, fim(Md). In some embodiments, the determined parameters are generated 

based on real-world data from an existing situation. Weights, 4, may then be assigned by the 

rescue request manager 125 and/or the rescue management server 120 to a current situations based 

on previous, similar situations/weights assignments. A rescue operation that takes place in the 

Scenario I may be simulated byfim.. The scenario has numerical or function-based parameters 

that describe its nature (for example, number of victims and responders, location of scenario, 

weather patterns, hub locations, disaster type and region). Hence, fim applied to a Scenario I 
generates the most efficient order equation to be used for triaging in that Scenario, based on the 

most efficient weights for the order equation .  
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[0162] In some embodiments, the simulation function, fim, is a computer-generated 

time series simulation of the progression of an emergency scenario under the jurisdiction of the 

rescue request manager 125. The simulation function, fim, may be parametrized with various 

initial conditions with include, but are not limited to: geographic location, geofences & data 

overlays, distribution of victims, responders, and responder hubs, and disaster trajectories. In some 

embodiments, some dimensions or values for these initial conditions are randomly generated.  

[0163] In some embodiments, the simulation function, fim, evaluates various 

permutations of weights, ', and measures the efficiency value, E, of the rescue at a given time, t, 

for the length of the rescue operation. This measurement may be accomplished by applying a given 

permutation, perm('), to the generation of weights, 4, for order equations, 0, for all victims in the 

computer generated disaster simulation, fim. The permutation of weights, 4, that maximizes the 

efficiency value, E, is used as the optimal set of weights, 4, for the parametrized emergency being 

simulated. In some implementations, the efficiency value, E, is maximized at a point or level set 

t (for example, at a given time) such that an acceptable number of victims (for example, 95% of 

the victims) have been rescued to avoid outlier victims detracting from an otherwise efficient 

choice of weights '.  

[0164] The permutations of weights, ', are constrained reasonably by previously 

similar scenarios in the real-world, and those scenarios which have been previously simulated. In 

some embodiments, machine learning processes identify valid constraints on permutations for 

weights perm(O) given the aforementioned metadata. Such processes can also influence the plane 

smoothing generation basis of scenarios MR in some embodiments.  

[0165] All of the scenarios that have been encountered before, in the real world, or in 

simulated trials, may be categorized with titles that are able to be read and understood (for example, 

"Hurricane in Houston, Texas on August 2 5 th, 2017"). The scenarios are put into such groups (for 

example, floods, hurricanes, earthquakes) based on k-means or a similar categorization algorithm.  

This set of scenarios is called the discrete set Md. M is a plane that contains all possible scenarios.  

This plane is generated from (parametrizations of) scenarios that have occurred in the past.  

Scenarios can either be discrete (and thus part of the discrete set Md, for example, they have already 

occurred or have been simulated), or not (and thus part of the plane smoothing MR for example, 

they are based on predictions from scenarios that already took place in some capacity).  
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[0166] Each scenario in Md is evaluated in such a way such that each scenario point 

uses the most efficient weights on the order equation for that scenario. This is because the most 

efficient outcome of each discrete scenario may be used to generate the MR plane (at least one step 

of which may include k-means grouping of the scenarios in Md), such that MR is able to 

approximate the most efficient weights for a new scenario.  

[0167] In some embodiments, the simulation function, fim, is comprised in part by 

inference and training processes. For example,fim(I) may comprise an inference process offim, 

where the best weights, 7, is chosen for a scenario, I, being currently evaluated at runtime.  

Similarly,fi(Md) may comprise a training process for determining the best weights, ', based on 

weights, ', from past scenarios, I.  

[0168] Based on where the current scenario lies on the plane MR, the weights to be 

used for order equations in the current scenario are based on the weights from scenario points on 

the MR plane that are in the neighborhood near the current scenario point. The closest 

approximation of the current scenario point starting at a point on MR, results in the weights 

associated with that point being used for the order equations of the current scenario. Discrete 

scenarios Md (which are part of the MR plane) are preferred for these approximations, unless 

another point in MR is more accurate and suitable.  

[0169] There are at least two types of training data underlying this process: (1) from 

past real-world scenarios/disasters/periods of time that were directly handled by the rescue request 

manager 125; and (2) from simulations of randomly generated disaster scenarios being handled by 

and/ or within the rescue request manager 125, whereas an optimal weight, ', has been identified 

for maximized efficiency value, E(t), in the scenarios in the discrete set of known scenarios Md.  

fim(Md) may yield a group of scenarios I that have the most efficient order equation 0. In other 

words,fi(Md) may yield a group of scenarios I which are in the most efficient group of weights, 

order equation, and efficiency value (< , 0, E >), providing for the most efficient order equation 

0, maximizing efficiency value, E. In some embodiments, a time seriesfim is parametrized by an 

equation for the efficiency value (in this embodiment, characterized by rate of rescues per hour) at 

a given time E(t)= - 100 onto t. The most efficient group of weights, order equation, and 
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efficiency value fi may be inherent to the parametrization of a scenario I =<pi, ... ,pn > passed 

intofin(I). fi contains the optimal set of weights 4 for scenario I.  

[0170] For example, for each scenario I of \the discrete set of scenarios Md, each 

reasonable permutation of weights ' is compared (with each other) by applying the reasonable 

permutation of weights ' to the order equation 0 for the scenario I being evaluated. In some 

embodiments, the rescue request manager 125 and/or the rescue management server 120 makes 

this comparison by measuring the efficiency E at a time t for the given weights 7 on the order 

equation 0 for that scenario I. The time t may be selected by the rescue request manager 125 

and/or the rescue management server 120 such that an acceptable majority of victims (for example, 

95%) have been rescued. By sorting the set tl by descending efficiency values, the set Q1 

containing weights on the order equation that cause the highest efficiency value can be identified 

and/or selected.  

[0171] In some embodiments, the rescue request manager 125 and/or the rescue 

management server 120 may infer the optimal weights for current scenario based on both the 

discrete set of scenarios Md and the plane smoothing set of scenarios MR. These two sets may 

provide two different initial conditions that are used to approximate the current scenario I via, for 

example, gradient descent. This inference process uses prior scenarios in both sets that are in the 

same R' neighborhood as the current scenario and infers optimal weights for the current scenarios 

based on the values of weights for prior scenarios in the neighborhood.  

[0172] In some embodiments, coordinate points on the plane MR are in fact vectors I.  

From nearby I(i.e. points in the same neighborhood on the plane), 4 can be inferred by the rescue 

request manager 125 and/or the rescue management server 120. The I being plotted for MR are 

Q1. Hence, the new I is 1 as well, by plane neighborhood inference via gradient descent or a 

similar process, depending on the implementation.  

[0173] In some implementations, the above process for selecting weights 7 can be 

applied similarly to: 4 determination for rq described herein; internal of routing coefficient 

described herein; 4 determination for S described herein; and 7 generation for simpler equations, 

such as V* described herein.  

[0174] As noted above, one important consideration for the rescue request manager 

125 is triaging victim rescue requests based on the severity of each victim's specific request. If 
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one victim's rescue request provides that their predicament is more severe than that of another 

victim, the victim with a greater severity score will be ordered or prioritized to be rescued first.  

The severity score may provide a fundamental measure that rescue requests are measured against, 

and which correlates with established EMS/PD or similar codes that provide first responders with 

critical information about victims. Equation 8 below provides an example regarding how victim 

severity scores are calculated and/or quantified by a magnitude of a weighted, vector valued 

function S.  

S: RN _, R 

S = ||I < -fi, -f > I I- ||i1 -fII 

Equation 10 
[0175] In Equation 9, the i values represent weights applied to components of the 

functionsf that lead to the severity score, S. These weight terms may ascribe certain importance 

to particular components of S. Details of the weights are provided herein. Examples of the 

functionsf may include EMS/PD codes or tiers or output of a function applied onto these codes, 

victim distance from responders, victim battery life, network factors, and so forth. Each factor 

may be a general factor contributing to a victim's severity score, S. Each function can take the 

form of a vector, a scalar, a partial differential equation (PDE), a machine learning algorithm, 

and/or other function types yielding a result that assists in determining the severity of a victim's 

predicament based on their rescue request.  

[0176] The terms of S may have weights i because the importance of terms of S in the 

vector generation basis are (a) predetermined by a human managing authority of the rescue request 

manager 125 or, depending on the embodiment, (b) the importance of different factors of S that 

may be determined by machine learning techniques applied to data of previous rescue requests or 

through another optimization process.  

Overview of Example Rescue Application User Interfaces 

[0177] Figures 4A and 4B depict example graphical user interfaces relating to pre

stored data in the rescue application 105. Specifically, Figure 4A depicts a user interface that 

prompts a user to enter in certain medical information that may be relevant to a future (or current) 

rescue request, and Figure 4B depicts a visual representation of the information that can be pre

stored based on user input into the user interface of Figure 4A. The user interface of Figure 4A 
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may be presented to a user in advance of any emergency rescue request, for example when the user 

initially configures the rescue application 105. As depicted, the medical information can include 

the name, age, organ donation status, medical conditions, medications, allergies, blood type, 

weight, and height of the user. Beneficially, pre-storing this information increases the speed with 

which the user can transmit a rescue request including their medical information to the emergency 

response system 100. In some embodiments, this medical information may be present in another 

application on the user computing device 110, and the rescue application 105 may pull the data 

from that application. As will be appreciated, medical information can be stored and transmitted 

by the rescue application 105 in compliance with medical data privacy regulations and associated 

protocols.  

[0178] Figure 5A depicts an example graphical user interface for initiating a rescue 

request in the rescue application 105. Figure 5A represents one example of an initial user interface 

that enables the user to select which type of emergency they are experiencing. The initial user 

interface allows the user to specify how many people are in their group and whether their group 

needs to be rescued, and then allows the user to select from one of several pre-defined types of 

emergencies. Although Figure 5A lists several options, it will be appreciated that these options 

can be modified and/or reordered as described herein. The example types of emergencies of Figure 

5A include (1) trapped, hit by debris, crush injury, (2) cuts, bleeding, wounds, laceration, (3) 

hypothermia, exposure to cold, (4) drowning, (5) assault, and (6) rescue only. Emergency types 

(1)-(5) were selected based on a set of most commonly occurring codes in existing EMS codes.  

EMS codes refer to the existing codes used by emergency services to classify incoming emergency 

calls and dispatch field units. These codes may be organized as a hierarchy by the disclosed 

emergency response system 100, such that codes relating to specific injuries and emergency 

scenarios would be organized under a more general code for a type of emergency. Emergency 

type (6) may provide a rapid way for a user to request rescue without having to provide further 

information, and selection of this option may trigger transmission of the request.  

[0179] Figures 5B-5F depict example follow-up graphical user interfaces for 

providing further emergency scenario details in the rescue application of Figures 1A and 1B. The 

follow-up user interfaces can include menus and selectable options relating to more specific details 

of the emergency types in the user interface of Figure 5A in order to efficiently obtain a complete 

package of information regarding the nature of the emergency from the user. Each selectable 
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option may be associated with a certain point score that is used to calculate the severity score 

representing the severity of the emergency and likelihood of survival. These point scores may not 

be exposed to the user to prevent tampering with prioritization of requests. Any text input into 

free-form fields may be analyzed, for example by natural language processing techniques, in order 

to determine whether the rescue request is associated with the correct EMS code.  

[0180] Figure 5B depicts a follow-up user interface that is displayed responsive to 

user-selection of the "cuts, bleeding, wounds, laceration" emergency type in the initial user 

interface of Figure 5A. The user interface of Figure 5B includes a first set of menu options for 

assessing the severity of the emergency, including options to indicate whether the victim is 

unconscious, whether the victim is not alert/aware of their surroundings, and whether the victim 

is having difficulty breathing. The user interface of Figure 5B includes a second set of menu 

options for describing the wound of the victim, including indicating a location of the bleeding.  

Alternative user interfaces may enable the user to draw the location and size of the cut or cuts on 

a representation of the human body. The user interface also checks whether the victim users blood 

thinners and enables a free-form text input for provision of further details.  

[0181] Figure 5C depicts a follow-up user interface that is displayed responsive to 

user-selection of the "hypothermia, exposure to cold" emergency type in the initial user interface 

of Figure 5A. The user interface of Figure 5C includes a set of menu options for assessing the 

severity of the emergency, including options to indicate whether the victim is not alert/aware of 

their surroundings and whether the victim's skin color has changed. Other examples can include 

menu options to indicate whether the victim is unconscious or having difficulty breathing. The 

user interface of Figure 5C also includes a free-form text input for provision of further details.  

[0182] Figure 5D depicts a follow-up user interface that is displayed responsive to 

user-selection of the "drowning" emergency type in the initial user interface of Figure 5A. The 

user interface of Figure 5D includes a set of menu options for assessing the severity of the 

emergency, including options to indicate whether the victim is unconscious, whether the victim is 

not alert/aware of their surroundings, whether the victim has a head or neck injury, whether the 

victim is having difficulty breathing, whether the victim is still in the water, and whether the victim 

is injured. The user interface of Figure 5D also includes a free-form text input for provision of 

further details. If the user selects the option to indicate that the victim is injured, this may prompt 

the rescue application 105 to display an additional user interface to obtain details about the injury, 
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for example the user interface of Figure 5B. Some implementations may include a selectable 

option to indicate whether the drowning also involves exposure to cold, which may trigger the 

rescue application 105 to display the user interface of Figure 5C.  

[0183] Figure 5E depicts a follow-up user interface that is displayed responsive to 

user-selection of the "trapped, hit by debris, crush injury" emergency type in the initial user 

interface of Figure 5A. The user interface of Figure 5E includes a set of menu options for assessing 

the severity of the emergency, including options to indicate whether the emergency relates to 

mechanical or machinery entrapment, trench collapse, structure or building collapse, or a confined 

/ small space. Other examples can include menu options to indicate whether the victim is 

unconscious, not aware of their surroundings, or having difficulty breathing. The user interface of 

Figure 5E also includes a free-form text input for provision of further details. Some 

implementations may include a selectable option to indicate whether the entrapped victim has any 

injuries, which may trigger the rescue application 105 to display an additional user interface to 

obtain details about the injury, for example the user interface of Figure 5B.  

[0184] Figure 5F depicts a follow-up user interface that is displayed responsive to 

user-selection of the "assault" emergency type in the initial user interface of Figure 5A. The user 

interface of Figure 5F includes a first set of menu options for assessing the severity of the 

emergency, including options to indicate whether the assault is a sexual assault, whether the victim 

is unconscious, and whether the victim is not alert/aware of their surroundings. The user interface 

of Figure 5F includes a second set of menu options for describing the injuries of the victim, 

including indicating a location of injuries and whether the victim has serious bleeding. Selection 

of the injury-related menu options may trigger the rescue application 105 to display an additional 

user interface to obtain details about the injury, for example the user interface of Figure 5B. The 

user interface of Figure 5F also includes a free-form text input for provision of further details.  

[0185] In some implementations, the rescue request manager 125 can be configured to 

associate specific types of emergency dispatch personnel with specific ones of the emergency types 

in the initial menu. Further, the rescue request manager 125 can be configured to use the menu 

selections relating to emergency severity in order to assign a severity score used during triage of 

the rescue request. The selections relating to emergency severity can additionally be used by the 

rescue request manager 125 to determine which emergency responders are appropriate for the 

particular emergency of a given rescue request, and/or to alert designated emergency responders 
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as to specific equipment or personnel that should be included in the dispatch. The rescue request 

manager 125 may parse any text provided in free-form input fields for use in assessing emergency 

severity and/or suitable emergency responders, for example using natural language processing, 

and/or may pass on the text to the dispatched emergency responder.  

[0186] Figure 5G depicts an example user interface for confirming to the user that 

emergency services have been provided with their rescue request. The example confirmation user 

interface indicates the user's location, their pre-stored medical information transmitted with the 

request, their group size, and the priority of their request. Other implementations may display 

more or less information, or may simply display a confirmation message. It may be desirable to 

not display the relative priority value to users in order to conceal the criteria used to generate 

severity scores, in order to prevent willful tampering with rescue priorities. Some implementations 

may include a selectable option enabling the user to additionally call an emergency rescue number 

if the further desire to speak to PSAP agent. In some implementations, the user interface of Figure 

5G can be updated when emergency responders are provided with the rescue request, and can be 

further updated with status information regarding dispatched responders while en-route.  

Overview of Example Emergency Response System Simulation 

[0187] Figure 6 depicts a map of emergency request locations in a simulation of the 

rescue operations that could have been coordinated by the emergency response system 100 during 

a past real-life disaster emergency: Hurricane Harvey.  

[0188] The map shown in Figure 6 reflects a mapping made by rescue teams based on 

social media posts requesting assistance after 9-1-1 was overloaded. That mapping was used to 

rescue hundreds of families during the hurricane.  

[0189] The simulation run to test the efficiency of the emergency response system 100 

used 197 real-life data points from the map (shown in red), and generated 20 more data points 

(shown in blue) in random locations to simulate mobile phones that failed to provide data other 

than location and pre-provided information (e.g., the user does not use the rescue application 105 

to contact the server). These 217 points are tested as groups of 4 people, representing an average 

of individuals and large households that needed rescue during the hurricane. The simulation 

modeled using 21 simulated emergency responders working out of the three largest shelter hubs 

that were used during Hurricane Harvey.  
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[0190] Efficiency of the simulation was modeled using the following equation: 

E = 1 - R2/R1 

Equation 11 

where E = efficiency, measured as % change from R1 to R2; R1 = first rescue rate; and R2 = 

second rescue rate.  

[0191] Efficiency, E, constitutes improvements the rescue rate R, which is measured 

in rescues per hour. Coast Guard Data suggests their rescue rate R during Hurricane Harvey was 

approximately 7.03 rescues per hour for a 72 hour operation. The average operation time in the 

simulations was 13.77 hours, assuming an average rescue vehicle speed of 22 miles per hour, 

yielding R = 15.8 rescues per hour. Taking into account responder vehicle velocity, capacity, and 

distance travelled, a Hurricane Harvey-type rescue operation supplemented by use of the disclosed 

emergency response system 100 could be 122.4% more efficient.  

[0192] Figure 7 depicts a simplified route taken by emergency responders when not 

impeded by a disaster area. For each of Figures 7-9, The route traversed by the emergency 

responders is shown with the dashed line. The solid lines shown represent highways traveled by 

the emergency responders. Where the dashed lines appear to overlap with solid lines, the 

emergency responders are interpreted to travel along the highways. Where the dashed lines are 

shown between solid lines and one of a hub, H, victim 1, victim 2, and victim 3, the emergency 

responders are determined to travel on inner roads or roads that are not highways. In some 

embodiments, highways are determined to be more efficient to travel than inner roads.  

[0193] As shown in Figure 7, the emergency responders travel from the hub, H, along 

a first combination of a first highway and at least one first inner road to victim 1. The emergency 

responders then travel from the victim 1 to the victim 2 along a second combination of the first 

highway, a second highway, and at least one second inner road. The emergency responders then 

travel from the victim 2 to the victim 3 along a third combination of inner roads. Finally, the 

emergency responders then travel from the victim 3 to the hub, H, along a fourth combination of 

inner roads and a third highway.  

[0194] Figure 8 depicts the simplified route of Figure 7 with a disaster area overlaid 

that impedes at least one portion of the simplified route. Thus, the emergency responders may be 

unable to travel the route from Figure 7 because the disaster area may introduce dangers, delays, 

or other issues that make the route of Figure 7 less efficient than one or more other routes.  
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[0195] The route traversed by the emergency responders is shown with the dashed line.  

The solid lines shown represent highways traveled by the emergency responders. Where the 

dashed lines appear to overlap with solid lines, the emergency responders are interpreted to travel 

along the highways. Where the dashed lines are shown between solid lines and one of a hub, H, 

victim 1, victim 2, and victim 3, the emergency responders are determined to travel on inner roads 

or roads that are not highways. In some embodiments, highways are determined to be more 

efficient to travel than inner roads.  

[0196] As shown in Figure 7, the emergency responders travel from the hub, H, along 

a first combination of a first highway and at least one first inner road to victim 1. The emergency 

responders then travel from the victim 1 to the victim 3 along a second combination of the first 

highway, a second highway, and at least one second inner road. The emergency responders then 

travel from the victim 3 to the victim 2 along a third combination of inner roads. Finally, the 

emergency responders then travel from the victim 2 to the hub, H, along a fourth combination of 

inner roads and a third highway.  

[0197] Figure 9 depicts a modified route generated to substantially avoid traversing 

the disaster area along the simplified route. As shown in Figure 9, the emergency responders travel 

the modified route from the hub, H, along a fifth combination of a first highway and at least one 

first inner road, different from the first combination, to victim 1. The emergency responders then 

travel from the victim 1 to the victim 2 along a fifth combination at least one inner road. The 

emergency responders then travel from the victim 2 to the victim 3 along a sixth combination of 

inner roads. Finally, the emergency responders then travel from the victim 3 to the hub, H, along 

a seventh combination of inner roads. As compared to the simplified route in Figure 7, the 

modified route may substantially avoid traveling into and/or through the disaster area and visits 

the victims in a different order. In some embodiment, the modified route may be generated by the 

rescue management servers 120 and/or the rescue request manager 125 in response to rescue 

requests in and/or around the disaster area according to the methods and/or processes described 

herein.  

[0198] Figure 10 is a flowchart of how inputs from the user computing device of 

Figure 1 is handled by the rescue management servers 120. As shown, a user computing device 

110 provides an input to the rescue management servers 120 that is one of: (1) an SMS message, 

(2) a data packet from a mobile app, and/or (3) image or video file.  
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[0199] When the input is an SMS message, the input is evaluated using natural 

language processing (NLP). For example, the text may be translated from another language, 

sentiment may be determined, and quantitative features such as victim location and type of injury 

may be extracted. The data provided is analyzed with random forest to attempt to converge on an 

EMS code. In some cases, a chatbot application solicits 110 for at least one more piece of 

information, where the question that the chatbot asks the the victim is at least in part influenced by 

the random forest. The questions that the above chatbot asks the victims come from a bank of 

Substantial Questions that are used to converge on an EMS code. The random forest itself is 

constructed in part by k Nearest Neighbor grouping of the features of the current SMS transaction 

onto a given EMS code. This grouping is, in turn, based on (a) the correlation of prior severity 

vector terms and EMS codes, (b) the correlation of the prior prepaths (i.e. the sequence of which 

Substantial Questions were asked and in what order) and EMS codes, and (c) the correlation of 

prior order equation terms and EMS codes.  

[0200] When the input is a data packet from the mobile app (for example, the rescue 

request packet described herein, the input may be evaluated using natural language processing.  

For example, the text may be translated from another language, sentiment may be determined, and 

additional quantitative features such as further information regarding type of injury may be 

extracted. Simultaneously, the victim navigates a set of options (a decision tree) that converge 

upon an EMS code, with the aforementioned features of natural language processing also being 

taken into account in this process.  

[0201] When the input includes an image, video, and other such media, the media may 

first be subjected to computer vision analysis, wherein features relevant to the determination of 

EMS code, such as weapons detection and/or injury analysis are extracted. This computer vision 

process may be based on a data set that correlates prior images with features and victim EMS 

codes.  

[0202] Finally, these three (1,2,3) pathways are analyzed to to recommend an EMS 

code, based on the statistical confidence of each process of analysis. If there is sufficient 

convergence to an EMS code (for example, confidence is high enough in the suggestion(s)), the 

features extracted from the above processes are used to construct the value of an order equation 

within the rescue request manager 125. The rescue request manager 125 proceeds to generate a 

rescue command that is delivered to the responder application 135. An optional step exists for 
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dispatchers to approve such commands once generated (for example, in some embodiments, 

confidence greater than or equal to 80% may be acceptably convergent but require responder 

approval, but confidence above 95% can be immediately dispatched without human approval, such 

as the PSAP agent). It follows that if there is not sufficient convergence to an EMS code, then the 

PSAP agent may be forwarded a concise an expedited packet of information relating to the victim 

from 120 for analysis. At this point, the PSAP agent may complete the extraction of data and 

dispatch of responders for the victim.  

Terminology 

[0203] All of the methods and tasks described herein may be performed and fully 

automated by a computer system. The computer system may, in some cases, include multiple 

distinct computers or computing devices (e.g., physical servers, workstations, storage arrays, cloud 

computing resources, etc.) that communicate and interoperate over a network to perform the 

described functions. Each such computing device typically includes a processor (or multiple 

processors) that executes program instructions or modules stored in a memory or other non

transitory computer-readable storage medium or device (e.g., solid state storage devices, disk 

drives, etc.). The various functions disclosed herein may be embodied in such program 

instructions, or may be implemented in application-specific circuitry of the computer system.  

Where the computer system includes multiple computing devices, these devices may, but need not, 

be co-located. The results of the disclosed methods and tasks may be persistently stored by 

transforming physical storage devices, such as solid-state memory chips or magnetic disks, into a 

different state. In some embodiments, the computer system may be a cloud-based computing 

system whose processing resources are shared by multiple distinct business entities or other users.  

[0204] The processes may begin in response to an event, such as on a predetermined 

or dynamically determined schedule, on demand when initiated by a user or system administer, or 

in response to some other event. When the process is initiated, a set of executable program 

instructions stored on one or more non-transitory computer-readable media (e.g., hard drive, flash 

memory, removable media, etc.) may be loaded into memory (e.g., RAM) of a server or other 

computing device. The executable instructions may then be executed by a hardware-based 

computer processor of the computing device. In some embodiments, the process or portions 
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thereof may be implemented on multiple computing devices and/or multiple processors, serially 

or in parallel.  

[0205] Depending on the embodiment, certain acts, events, or functions of any of the 

processes or algorithms described herein can be performed in a different sequence, can be added, 

merged, or left out altogether (e.g., not all described operations or events are necessary for the 

practice of the algorithm). Moreover, in certain embodiments, operations or events can be 

performed concurrently, e.g., through multi-threaded processing, interrupt processing, or multiple 

processors or processor cores or on other parallel architectures, rather than sequentially.  

[0206] The various illustrative logical blocks, modules, routines, and algorithm steps 

described in connection with the embodiments disclosed herein can be implemented as electronic 

hardware, computer software that runs on computer hardware, or combinations of both. Moreover, 

the various illustrative logical blocks and modules described in connection with the embodiments 

disclosed herein can be implemented or performed by a machine, such as a processor device, a 

digital signal processor ("DSP"), an application specific integrated circuit ("ASIC"), a field 

programmable gate array ("FPGA") or other programmable logic device, discrete gate or transistor 

logic, discrete hardware components, or any combination thereof designed to perform the 

functions described herein. A processor device can be a microprocessor, but in the alternative, the 

processor device can be a controller, microcontroller, or state machine, combinations of the same, 

or the like. A processor device can include electrical circuitry configured to process computer

executable instructions. In another embodiment, a processor device includes an FPGA or other 

programmable device that performs logic operations without processing computer-executable 

instructions. A processor device can also be implemented as a combination of computing devices, 

e.g., a combination of a DSP and a microprocessor, a plurality of microprocessors, one or more 

microprocessors in conjunction with a DSP core, or any other such configuration. Although 

described herein primarily with respect to digital technology, a processor device may also include 

primarily analog components. For example, some or all of the rendering techniques described 

herein may be implemented in analog circuitry or mixed analog and digital circuitry. A computing 

environment can include any type of computer system, including, but not limited to, a computer 

system based on a microprocessor, a mainframe computer, a digital signal processor, a portable 

computing device, a device controller, or a computational engine within an appliance, to name a 

few.  
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[0207] The elements of a method, process, routine, or algorithm described in 

connection with the embodiments disclosed herein can be embodied directly in hardware, in a 

software module executed by a processor device, or in a combination of the two. A software 

module can reside in RAM memory, flash memory, ROM memory, EPROM memory, EEPROM 

memory, registers, hard disk, a removable disk, a CD-ROM, or any other form of a non-transitory 

computer-readable storage medium. An exemplary storage medium can be coupled to the 

processor device such that the processor device can read information from, and write information 

to, the storage medium. In the alternative, the storage medium can be integral to the processor 

device. The processor device and the storage medium can reside in an ASIC. The ASIC can reside 

in a user terminal. In the alternative, the processor device and the storage medium can reside as 

discrete components in a user terminal.  

[0208] Conditional language used herein, such as, among others, "can," "could," 

"might," "may," "e.g.," and the like, unless specifically stated otherwise, or otherwise understood 

within the context as used, is generally intended to convey that certain embodiments include, while 

other embodiments do not include, certain features, elements or steps. Thus, such conditional 

language is not generally intended to imply that features, elements or steps are in any way required 

for one or more embodiments or that one or more embodiments necessarily include logic for 

deciding, with or without other input or prompting, whether these features, elements or steps are 

included or are to be performed in any particular embodiment. The terms "comprising," 

"including," "having," and the like are synonymous and are used inclusively, in an open-ended 

fashion, and do not exclude additional elements, features, acts, operations, and so forth. Also, the 

term "or" is used in its inclusive sense (and not in its exclusive sense) so that when used, for 

example, to connect a list of elements, the term "or" means one, some, or all of the elements in the 

list.  

[0209] Disjunctive language such as the phrase "at least one of X, Y, or Z," unless 

specifically stated otherwise, is otherwise understood with the context as used in general to present 

that an item, term, etc., may be either X, Y, or Z, or any combination thereof (e.g., X, Y, or Z).  

Thus, such disjunctive language is not generally intended to, and should not, imply that certain 

embodiments require at least one of X, at least one of Y, and at least one of Z to each be present.  

[0210] While the above detailed description has shown, described, and pointed out 

novel features as applied to various embodiments, it can be understood that various omissions, 
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substitutions, and changes in the form and details of the devices or algorithms illustrated can be 

made without departing from the scope of the disclosure. As can be recognized, certain 

embodiments described herein can be embodied within a form that does not provide all of the 

features and benefits set forth herein, as some features can be used or practiced separately from 

others. All changes which come within the meaning and range of equivalency of the claims are to 

be embraced within their scope.  
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CLAIMS 

WHAT IS CLAIMED IS: 

1. An emergency response system, comprising: 

a first computing device comprising one or more first processors and a first memory 

circuit and configured to execute instructions that cause the one or more first processors to 

generate and transmit a request packet comprising an identifier, details of a real-time event, 

and first computing device information; and 

at least one server comprising one or more second processors and a second memory 

circuit and configured to execute instructions that cause at least one second processor of 

the one or more second processors to: 

receive a plurality of request packets from a plurality of computing devices, 

the plurality of request packets comprising the request packet from the first 

computing device and other request packets from other computing devices, the 

other request packets from the other computing devices including other identifiers, 

other details of other real-time events, and other computing device information for 

the respective other computing devices, 

identify, based on one or more of the identifier and the details of the real

time event, a location of the first computing device, 

determine one or more geofences associated with a plurality of emergency 

responders, wherein the one or more geofences include a jurisdictional boundary 

associated with each of the plurality of emergency responders, 

triage the plurality of request packets to identify an order in which to 

respond to the real-time event and the other real-time events identified in the other 

request packets, wherein the order is based on the details of the real-time event, the 

other details of the other real time events, the location of the first computing device, 

and the one or more geofences, 

identify an emergency responder of the plurality of emergency responders 

to dispatch to respond to the real-time event based at least in part on one or more 

of the identified-order, the details of the real-time event, and the one or more 

geofences, 
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coordinate dispatch of the emergency responder based at least in part on one 

or more of the identified-order, the details of the real-time event, and the one or 

more geofences, 

receive, from the first computing device, a status of the real-time event and 

a status of a subject of the real-time event, and 

identify a second emergency responder of the plurality of emergency 

responders to respond to the real-time event based at least in part on the status of 

the real-time event and a status of a subject of the real-time event.  

2. A routing system, comprising: 

a first computing device comprising one or more first processors and a first memory 

circuit and configured to execute instructions that cause at least one first processor to 

generate and transmit a request packet comprising an identifier, details of a real-time event, 

and a location of the first computing device; and 

at least one server comprising one or more second processors and a second memory 

circuit and configured to execute instructions that cause at least one second processor of 

the one or more second processors to: 

receive the request packet comprising details of the real-time event and the 

location of the first computing device; 

identify map information for an area affected by the real-time event, the 

map information comprising a plurality of routes according to which an emergency 

responder may travel from a location of the emergency responder to the location of 

the first computing device; 

identify a route of the plurality of routes between the location of the 

emergency responder and the location of the first computing device, wherein the 

route is identified based on one or more of (1) a distance of the route, (2) a safeness 

of the route, and (3) a congestion of the route; 

determine that one or more first portions of the identified route have become 

impassible before or while the emergency responder is traveling the identified 

route; 

determine that one or more second portions of the identified route are 

predicted to become impassible at a future time; 
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modify the identified route to exclude the one or more first portions that 

have become impassible and the one or more second portions that are predicted to 

become impassible; 

convey dispatch instructions to the emergency responder based, at least in 

part, on the modified route when coordinating dispatch of the emergency responder 

in response to the real-time event; and 

receive, from the first computing device, a status of the real-time event, 

wherein the status of the real-time event indicates whether the emergency responder 

has responded to the real-time event; and 

communicate the status of the real-time event to a third-party entity, 

wherein the third-party entity includes one or more of a police department, a fire 

department, or a hospital.  

3. A method of coordinating an emergency response, the method comprising: 

receiving a request for an emergency response via a self-service interface, the request 

comprising: 

medical history details of a prospective patient; 

a selection of a type of event for which emergency response is requested for the 

prospective patient; 

a quantity of persons in a group with the prospective patient; 

details of the event for which the emergency response is requested, wherein 

available options for the details are prompted on the self-service interface based on the type 

of event selection; 

identifying a location at which the emergency response is requested based on the received 

request; 

assigning a priority value to the received request relative to other received requests; 

generating a summary of the received request, the summary comprising: 

an indication that the request was received by an emergency response system; 

a summary of the medical history details of the prospective patient; 

the quantity of persons in the group; 

the details of the event for which the emergency response is requested; 

the identified location; and 
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the assigned priority value; 

coordinating dispatch of an emergency responder to the identified location based on an 

ordering of the received requests and corresponding priority values, wherein the received request 

is responded to according to the ordering; 

receiving an update via the self-service interface or via a responder interface, wherein the 

update includes a status of the event and a status of the prospective patient; and 

identifying a subsequent responder based at least in part on the status of the event and the 

status of the prospective patient.  

4. A method of maintaining a route for an emergency responder responding to a 

plurality of requests for assistance, the method comprising: 

receiving the plurality of requests for assistance from one or more electronic devices, each 

request comprising: 

a location at which the assistance is requested, and 

information regarding the request for assistance; 

generating an order in which the plurality of requests is responded to by the emergency 

responder based on the information regarding the request for assistance for each of the plurality of 

requests; 

identifying a route for the emergency responder based on at least a routing coefficient 

associated with a matrix comprising a plurality of cells having impedance values, the routing 

coefficient based on a combination of impedance values of the matrix, wherein the route identifies 

a course that the emergency responder travels through an environment to each of the plurality of 

requests according to the order; 

automatically generating an updated route based on at least updating one or more 

impedance values of the matrix based on one or more environmental factors, wherein the updated 

route accounts for changes to the environment that impact safety of the emergency responder and 

provides a safe course through the environment to the location of each of the plurality of requests; 

and 

conveying the updated route to the emergency responder to cause the emergency responder 

to provide services in response to individual requests of the plurality of requests.  

5. A method of sorting and prioritizing input requests, the method comprising: 

receiving an input request comprising details regarding an emergency event; 
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accessing one or more social media websites to scrape information therefrom, the 

information relating to the emergency event; 

receiving responder information comprising availability and capacity information for 

individual responders of a plurality of responders; and 

generating an order of responding to the input request relative to one or more other requests 

that have been received, 

wherein the order is generated based on: 

a quantity of the one or more other requests that have been received and which 

originate from within a given area serviced by the plurality of responders, 

an indication whether the input request was received from within the given area; 

information regarding a device from which the input request was received; 

the information scraped from the one or more social media websites relating to the 

emergency event; 

responder pathway computations; and 

simulation information regarding dispatching responders in response to received 

requests.  

6. A method of dispatching a request received from a client device, the method 

comprising: 

receiving the request from the client device, the request comprising details regarding an 

event for which dispatch of an emergency responder is requested; 

identifying at least one type of input associated with the received request; 

processing the received request based on the identified at least one type of input to identify 

quantitative features associated with the received request; 

selecting a recommended code, from a plurality of predefined codes, for the received 

request; 

determining a confidence level for the recommended code based on a degree to which the 

quantitative features associated with the received request match one or more attributes of the 

predefined code; 

determining whether the confidence level for the recommended code exceeds a threshold 

level; 
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when the confidence level for the recommended code exceeds the threshold level, 

determining that the emergency responder can be dispatched to respond to the received request 

without review of the received request by an operator; and 

generating a command to dispatch the emergency responder to a location associated with 

the received request such that the received request is placed in a queue according to a priority level 

of the received request.  

7. The emergency response system of claim 1, wherein the location of the first 

computing device is exterior to a geofence associated with the emergency responder.  

8. The emergency response system of claim 1, wherein the location of the first 

computing device is within a geofence associated with the emergency responder.  

9. The emergency response system of any one of claims 1, 7 or 8, wherein the order 

in which to respond to the real-time event and the other real-time events is further based on a 

velocity of the first computing device.  

10. The emergency response system of any one of claims 1 or 7 to 9, wherein the order 

in which to respond to the real-time event and the other real-time events is further based on one or 

more other instructions executed by the first computing device to cause the one or more first 

processors to perform one or more other actions in addition to generating and transmitting the 

request packet.  

11. The emergency response system of claims 1 or 7 to 10, wherein the order in which 

to respond to the real-time event and the other real-time events is further based on a touch pattern 

on the first computing device by a user of the first computing device.  

12. The emergency response system of claims 1 or 7 to 11, wherein the request packet 

includes an SMS message.  

13. The emergency response system of claims 1 or 7 to 12, wherein the request packet 

includes an audio or video file, wherein the at least one server is further configured to execute 

instructions that cause the least one second processor of the one or more second processors to 

analyze the video to determine the details of the real-time event.  

14. The emergency response system of claims 1 or 7 to 13, wherein the at least one 

server is further configured to execute instructions that cause the least one second processor of the 

one or more second processors to: 
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identify the emergency responder of the plurality of emergency responders to 

dispatch to respond to the real-time event based at least in part on matching the details of 

the real-time event with a type of emergency responder, 

wherein the plurality of emergency responders includes one or more of a police, a 

firefighter, or an emergency medical personnel.  

15. The emergency response system of claims 1 or 7 to 14, wherein the at least one 

server is further configured to execute instructions that cause the least one second processor of the 

one or more second processors to: 

receive, from the first computing device, a status of the real-time event and a status 

of a subject of the real-time event, 

wherein the status of the real-time event indicates whether the emergency 

responder has responded to the real-time event, 

wherein the status of the subject of the real-time event indicates a health 

condition of the subject; and 

communicate the status of the real-time event and the status of the subject of the 

real-time event to a third-party entity, wherein the third-party entity includes one or more 

of a police department, a fire department, or a hospital.  

16. The method of claim 3, wherein the priority value is based at least in part on a 

velocity of the self-service interface.  

17. The method of claim 3 or claim 16, wherein the priority value is based at least in 

part on one or more actions performed via the self-service interface.  

18. The method of claim 17, wherein the one or more actions include one or more of 

sending a message or posting to social media.  

19. The method of any one of claims 3 or 16 to 18, wherein the priority value is based 

at least in part on a touch pattern on the self-service interface by a user of the self-service interface.  

20. The method of claim 4, wherein the one or more environmental factors includes 

one or more of flood data, fire data, or earthquake data.  

21. The method of claim 4 or claim 20, wherein automatically generating the updated 

route is further based on a traffic congestion or a traffic volume.  

22. The method of claim 5, wherein the order is generated further based on whether the 

quantity of the one or more other requests exceeds a threshold.  
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23. The method of claim 6, wherein the recommended code includes an emergency 

medical services (EMS) response code.  

24. The method of claim 6 or claim 23, wherein the command is generated according 

to the recommended code.  

25. The method of any one of claims 6, 23 or 24, further comprising when the 

confidence level for the recommended code does not exceed the threshold level, determining that 

an operator must review the received request.  
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<- Rescue

Medical ID
EDIT

Name: John Doe

Age: 17

Organ Donor: Yes 

Medical Conditions: None

Medications: None

Allergies: None 

Blood Type: O 

Weight: 155 lbs 

Height: Sftllin

RESCUE
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FIG. 4B
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Medical ID

EDIT

Name: John Doe

Age: 17

Organ Donor: Yes

Medical Conditions: None

Medications: None

Allergies: None

Blood Type: O
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Type of Emergency?
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FIG. 5A
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Rescue

Cuts, Bleeding, Wounds, Laceration 

Specifics about emergency:

□ Victim conscious? Check if unconscious.

mn Victim alert and aware of surroundings?
01 Check if not alert or aware.
|—I Victim breathing normally? Check if not 
L-1 breathing or has breathing problems.

Where is victim bleeding from? Check all that apply.

□ Head, Neck, Armpit, and/or Vomiting Blood 

Q Arm, Chest, and/or Leg

□ Fingers and/or Toes

Does victim use blood thinners?
C)Yes (§)No O Don't Know

they cut leg on glass shard, losing lots of 
blood and they seem kind of out of it|

DONE

< o □

FIG. 5B

13/22

8:52

Rescue

Cuts, Bleeding, Wounds, Laceration

Specifics about emergency:

Victim conscious? Check if unconscious.

Victim alert and aware of surroundings?
Check if not alert or aware.

Victim breathing normally? Check if not
breathing or has breathing problems.

Where is victim bleeding from? Check all that apply.

Head, Neck, Armpit, and/or Vomiting Blood

Arm, Chest, and/or Leg

Fingers and/or Toes

Does victim use blood thinners?

Yes No Don't Know

they cut leg on glass shard, losing lots of

blood and they seem kind of out of it
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20
23

25
84

18
   

   
02

 N
ov

 2
02

3



14/22

o

J . 8:52

Rescue

Hypothermia, Exposure to Cold

Specifics about Emergency:
i—I Victim alert and aware of surroundings? 
L-1 Check if not alert or aware.
i—I Victim's skin color has changed? Check if 

skin color changed (Skin Iooks blue).

Additional / Other Information

DONE

< o □

FIG. 5C
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Rescue

Hypothermia, Exposure to Cold

Specifics about Emergency:

Victim alert and aware of surroundings?
Check if not alert or aware.

Victim's skin color has changed? Check if
skin color changed (Skin looks blue).

Additional / Other Information

DONE

A
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20
23

25
84

18
   

   
02

 N
ov

 2
02

3



15/22

o

J . 8:52

Rescue

Drowning

Specifics about Emergency:

□ Victim conscious? Check if unconscious.

i—I Victim alert and aware of surroundings? 
Check if not alert or aware.

i—I Victim has head or neck injury? Check if 
^1 they might have a head or neck injury.

i—I Victim breathing normally? Check if not 
L-1 breathing or has breathing problems.

— Victim still in water? Check if victim is still
— in the water (body, flooding, etc.)

□ Victim injured? Check if they are injured.

□

Additional / Other Information

DONE

< o □

FIG. 5D
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Rescue

Drowning

Specifics about Emergency:

Victim conscious? Check if unconscious.

Victim alert and aware of surroundings?
Check if not alert or aware.

Victim has head or neck injury? Check if
they might have a head or neck injury.

Victim breathing normally? Check if not

breathing or has breathing problems.

Victim still in water? Check if victim is still

in the water (body, flooding, etc.)

Victim injured? Check if they are injured.

Additional / Other Information

DONE

FIG. 5D
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Rescue

Trapped, Hit by Debris, Crush Injury 

Specifics about Emergency:

O Mechanical / Machinery entrapment 

O Trench Collapse 

O Structure or Building Collapse 

O Confines / Small Spaces

Additional / Other Information

DONE

< o □

FIG. 5E
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Rescue

Trapped, Hit by Debris, Crush Injury

Specifics about Emergency:

Mechanical / Machinery entrapment

Trench Collapse

Structure or Building Collapse
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Additional / Other Information
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Rescue

Assault

Specifics about Emergency:

i—I Sexual Assault? Check if the assault was 
L-1 sexual in nature.

□ Victim conscious? Check if unconscious.

|—I Victim alert and aware of surroundings? 
L-1 Check if not alert or aware.

Information about injuries. Check all that apply.
Victim has chest or neck injury (with 

i—I difficulty breathing)? Check if they have 
L-1 chest or neck injury, or have breathing

problems.

□ Victim has Arm and/or Leg Injury

□ Victim has Finger and/or Toe Injury

□ Victim has serious bleeding?

|Additional / Other Information

DONE

< o □

FIG. 5F
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Rescue

Assault

Specifics about Emergency:

Sexual Assault? Check if the assault was

sexual in nature.

Victim conscious? Check if unconscious.

Victim alert and aware of surroundings?
Check if not alert or aware.

Information about injuries. Check all that apply.

Victim has chest or neck injury (with

difficulty breathing)? Check if they have

chest or neck injury, or have breathing

problems.

Victim has Arm and/or Leg Injury

Victim has Finger and/or Toe Injury

Victim has serious bleeding?

Additional / Other Information

DONE

FIG. 5F
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Rescue

EM5 Confirmed

Emergency Services have been contacted by SMS 
text message, and are en route to your location . If 
you need to be rescued, stay where you are. Do not 
leave your location.

These are the data being sent to the server. They 
will be used to prioritize victims and help 
emergency responders:

Location: 29.975074, -95.602907

Medical ID 

Organ Donor: Yes 

Medical Conditions: None 

Medications: N/A 

Allergies: None 

Blood Type: O 

Group Size: 2 

Rescue Required: true

Relative Priority Value: 9

START OVER

< o □

FIG. 5G
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Rescue

EMS Confirmed

Emergency Services have been contacted by SMS
text message, and are en route to your location . If

you need to be rescued, stay where you are. Do not
leave your location.

These are the data being sent to the server. They
will be used to prioritize victims and help

emergency responders:

Location: 29.975074, -95.602907

Medical ID

Organ Donor: Yes

Medical Conditions: None

Medications: N/A

Allergies: None

Blood Type: O

Group Size: 2

Rescue Required: true

Relative Priority Value: 9

START OVER

FIG. 5G
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