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METHOD AND SYSTEM FOR MANAGING EVACUATIONS USING POSITIONING
SYSTEMS

[ 0 0 0 This application claims priority to U.S. Patent Application No 14/288,578,

filed on May 28, 2014, which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[ 0 0 0 2 j Fire protection systems are often installed within or around buildings.

Examples include shopping malls, office buildings, primary and secondary school or

university bui Idings, hospitals, government buildings and casinos, to list examples. These

fire protection systems typically include one or more control panels and fire detection

devices (e.g., smoke detectors, heat sensors, carbon dioxide detectors, and/or carbon

monoxide detectors), which are connected to the control panel. The fire detection devices

monitor the buildings for indicators of fire such as smoke rapid rises in temperature,

flames, or hazardous gases, to list a few examples.

[ 0 0 0 3 ] If indicators of fire are detected, the control panel initiates an alarm condition.

When in the alarm condition, the control panel often activates annunciation devices such as

speakers/horns, bells/chimes, light emitting diode (LED) reader boards, or flashing lights

(e.g., strobes) that are located throughout the buildings. These annunciation devices

provide visual and audible warnings of a potential fire and signal that an evacuation of the

building is required.

[ 0 0 0 4 Currently, building codes often require systems for aiding occupants during

an evacuation. For example, hotels typically have room-specific placards in each guest

room to help guide the occupants toward exits during a fire or other emergency. Generally,

these placards illustrate a floor plan and an evacuation path to a safe exit. Additionally,

placards or signs also may be installed in other public areas of the hotel such as conference

rooms, business centers, or hallways, for example. Typically, the building codes a so

require that occupants of buildings participate in periodic evacuation drills, which allow

the occupants to practice evacuating the building. These evacuation drills are commonly

observed by a firefighter or first responder to identify unsafe practices that could be

dangerous during a real emergency.



[0005 ] Recently, systems have been proposed to provide real-time tracking of

occupants during an emergency. In the emergency, an occupant uses an application (or

app) running on a mobile computing device, for example. The app transmits the identity of

the user of mobile device, his/her location, and the nature of the emergency to

dispatchers/operators and an incident management system. During the emergency, the

incident management system performs real-time tracking of the occupants using Wireless

E9 Phase 2 industry requirements based on GPS (Global Positioning System) locations

of callers or a special purpose indoor positioning system

SUMMARY OF THE INVENTION

[000 6 ] One problem with the recently proposed systems is that they are not closely

integrated with existing fire protection systems. In operation, the systems rely on users to

contact the dispatchers/operators via mobile computing devices to report an emergency.

These systems may be prone to human error and delay as well as false alarms related to

accidental activation.

[0007 Furthermore, the recently proposed systems lack the ability to direct occupants

during an evacuation of the building. While the systems do track the occupants during the

emergency, this information is not utilized in a way to actively guide the occupants out of

danger (e.g., to safe exits).

[000 8 Embodiments of the present invention concern a system for managing the

evacuation of a building. More specifically, the system can include fire detection devices,

which monitor a building for indicators of fire (e.g., smoke, rapid rise in temperature, fire,

or hazardous gases). In response to a fire, a control panel will initiate an alarm condition

and activate annunciation devices to signal that an evacuation of the building is required,

for example. A positioning and evacuation system tracks locations of the occupants in the

building and generates individualized evacuation paths for each occupant in one example.

Additionally, the positioning and evacuation system might even generate turn by turn

directions that include audible and/or visual directions. These evacuation paths and turn by

turn directions are then transmitted to and displayed on mobile computing devices of the

occupants.

[000 ] In general, according to one aspect, the invention features a system for

managing an evacuation of a building. The system includes fire detection devices that



monitor the building for fire. The system further includes a positioning and evacuation

system that tracks locations of occupants of the building and directs the evacuation based

on information from the fire detection devices.

[ooi o j Preferably, the positioning and evacuation system generates individualized

evacuation paths based on information from the fire detection devices and forwards the

individualized evacuation paths to the occupants.

[0011 In embodiments, a control panel receives event data from the fire detection

devices and signals a fire alarm condition for the building in response to fire being

detected. The positioning and evacuation system transmits the evacuation paths to the

occupants in response to the fire alarm condition.

[0012 Typically, the system further includes mobile computing devices of the

occupants that display the individualized evacuation paths from the positioning and

evacuation system. Additionally, the positioning and evacuation system generates turn by

turn directions for the individualized evacuation paths, which are transmitted to and

displayed by the mobile computing devices of the occupants.

[0013] Preferably, the individualized evacuation paths are displayed in a user interface,

which includes icons to indicate unsafe or blocked evacuation paths that must be avoided

during the evacuation.

[0014 In a typical implementation, the positioning and evacuation system prioritizes

the order in which occupants are evacuated based on an availability of evacuation paths

and each of the occupant's proximity to danger. Additionally, the positioning and

evacuation system forwards the individualized evacuation paths to the occupants in a

sequence based on the prioritized evacuation order.

[0015] Preferably, the positioning and evacuation system monitors a number of

occupants that have been evacuated and a number of occupants remaining in the bui lding.

Additionally, the positioning and evacuation system forwards the number of occupants that

have been evacuated and the locations of the occupants remaining in the building to first

responders.

[0016] In a typical implementation, the fire detection devices are smoke detectors, heat

sensors, carbon dioxide detectors, and/or carbon monoxide detectors.



[ 0 0 7 ] In general, according to another aspect, the invention features a method for

evacuating a building. The method includes monitoring the buildmg for indicators of fire

wit fire detection devices and tracking locations of occupants in the building. The method

further includes directing evacuation of the building based on information from the fire

detection devices.

[ 0 0 8 The above and other features of the invention including various novel details of

construction and combinations of parts, and other advantages, will now be more

particularly described with reference to the accompanying drawings and pointed out in the

claims. It will be understood that the particular method and device embodying the

invention are shown by way of illustration and not as a limitation of the invention. The

principles and features of this invention may be employed in various and numerous

embodiments without departing from the scope of the invention.

[ 0 0 1 In the accompanying drawings, reference characters refer to the same parts

throughout the different views. The drawings are no necessarily to scale; emphasis has

instead been placed upon illustrating the principles of the invention. Of the drawings:

[ 0 0 2 0 Figure A is a schematic diagram showing a floor plan of a building, a fire

protection system, which includes fire detection devices and a control panel, and a

positioning and evacuation system for managing the evacuation of the building.

[ 0 0 2 1 ] Figure IB is a schematic diagram showing a floor plan illustrating an

alternative embodiment of the fire protection system and positioning and evacuation

system, which are implemented in a building with multiple floors.

[ 0 0 2 2 ] Figure 2 is a schematic drawing of the front elevation of a multi-storied

building showing it divided into high, medium, and low risk zones and further illustrates a

safe exit, a risky exit, and an unsafe exit

[ 0 0 2 3 ] Figure 3 is a flowchart illustrating the steps performed by the positioning and

evacuation system after the control panel receives event data from fire detection device that

are indicative of an alarm condition.

[ 0 0 2 4 ] Figure 4 is a flow diagram illustrating steps performed by an evacuation

application, which resides and executes on the mobile computing devices of the occupants.



[ 0 0 2 5 Figure 5 illustrates a user interface displayed on the mobi le computing device

that displays a floor plan of the building the location of the fire, the occupant's location,

an an individualized evacuation path.

[ 0 0 2 6 j Figure 6 1lustrates user interface displayed on the mobile computing device

including a map and rum by turns directions.

DETAILED DESCRIPTION OF THE PREFERRED EMBOD ENTS

[ 0 0 2 7 The invention now will be described more fully hereinafter with reference to

the accompanying drawings, in which illustrative embodiments of the invention are shown.

This invention may, however, be embodied in many different forms and should not be

construed as limited to the embodiments set forth herein; rather, these embodiments are

provided so that this disclosure will be thorough and complete, and will fully convey the

scope of the invention to those skilled in the art.

[ 0 0 2 8 ] As used herein, the term "and/or" includes any and all combinations of one or

more of the associated listed items. Further, the singular forms and the articles "a", "an"

and "the" are intended to include the plural forms as well, unless expressly stated

otherwise. It will be further understood that the terms: includes, comprises, including

and/or comprising, when used in this specification, specify the presence of stated features,

integers, steps, operations, elements, and/or components, but do not preclude the presence

or addition of one or more other features, integers, steps, operations, elements,

components, and/or groups thereof. Further, it will be understood that when an element,

including component or subsystem, is referred to and/or shown as being connected or

coupled to another element, it can be directly connected or coupled to the other element or

intervening elements may be present.

[ 0 0 2 Figure 1A illustrates a floor plan of a building 50, a fire protection system,

which includes fire detection devices 102-1 to 2-n and a control panel 104, and a

positioning and evacuation system 06 for managing the evacuation of the building 50

[ 0 0 3 0 ] In a typical implementation, the fire detection devices 102-1 to 102-n are

installed throughout the building 50 and monitor for indicators of fire. While the illustrated

example shows an office building with a simple floor plan and only two exits 12-1 and

12-2, the building 50 could be a larger building or other structure such as a shopping mall,

school or university, hospital, government building, or casino, to list other examples.



Additional ly, the building 50 could also be part of an mterconnected campus or office park,

which is comprised of multiple interconnected buildings (e.g., buildmg 50 and building N

52).

[ 0 0 3 1 j The fire detection devices 02-1 to 102-n typically include smoke detectors,

flame detectors, carbon monoxide detectors, carbon dioxide detectors, temperature sensors,

and/or pull stations, to list a few examples. Typically, the fire detection devices 2- to

102-n are connected to a network of the building 50, which supports data and/or analog

communication between the devices 102-1 to 102-n an the control panel 104.

[ 0 0 3 2 j The control panel 4 receives event data from the fire detection devices 2-

to 02-n and initiates an alarm condition if the received event data are indicative of an

alarm condition (e.g., a fire). During an alarm condition, the control panel 104 signals for

an evacuation of the building by activating fire annunciation devices (e.g., speakers/horns,

bells/chimes, light emitting diode (LED) reader boards and/or flashing lights) located

throughout the bu ding 50.

[ 0 0 3 3 ] Occupants 108-1 to 108-n (e.g., employees, visitors, clients/customers, buildmg

management, maintenance workers) are located throughout the building 50. In a typical

implementation, the occupants 108-1 to 108-n operate mobile computing devices. Some

examples of mobile computing devices include smartphones, tablet computers, and

laptops/email clients, to list a few examples. Additionally, the mobile computing devices

include wearable smart devices such as smart watches or head-up displays, for example.

[ 0 0 3 4 The positioning and evacuation system 106 tracks occupants as they move

within the building 50 and generates individualized evacuation paths. Additionally, the

positioning and evacuation system 06 generates turn by turn directions, which are

transmitted to and displayed in a display of the mobile computing devices 109-1 to 109-n

of the occupants 108-1 to 108-n via a network 14. The evacuation paths and turn by turn

directions are displayed on a floor plan 07 of the building, which is stored by the

positioning and evacuation system 106. Generally, the floor plan 107 is a simplified

version of the blueprint of the entire building, which includes layouts of each floor in the

building.

[ 0 0 3 ] In a preferred embodiment, the positioning and evacuation system 106 utilizes

technologies for tracking locations of occupants, which technologies inclu de geo-

positioning, geo-sensor, GSM (Global System for Mobile Communications), geo-



magnetic, Wi-Max, or Wi-Fi. In one example, the positioning and evacuation system 106

receives data (e.g. signal strength or time of flight of a transmission) from the mobile

computing devices via the network 14. Based on the received data, the positioning and

evacuation system 106 calculates iocations of the occupants. In an alternative example, the

mobile computing devices calculate their positions based on signals received from access

points or cellular radio towers, for example, and transmit the location information to the

positioning and evacuation system 06.

[ 0 0 3 A centra] monitoring station monitors for alarm conditions across multiple

buildings (e.g., building 50 and building 52). In one embodiment, the central monitoring

station 16 is a remote monitoring service that monitors the fire protection systems and

positioning and evacuation systems installed in different iocations in different office parks

or states. In an alternative embodiment, the central monitoring station 6 is par of a

control room, for example, which is located in the building 50 being monitored.

Additionally, in a preferred embodiment, the central monitoring station 16 forwards the

alarm information and the occupants' location to a fire station 8 and/or first responders.

[ 0 0 3 7 ] Figure B is a block diagram illustrating an alternative embodiment of a

building 53, which includes occupants 108-1 to 108-n located on multiple floors 54-1 to

54-n.

[ 0 0 3 8 j In general, the fire protection system and the position and evacuation system

operate nearly identical to the embodiment described with respect to figure 1A. In this

embodiment, however, the building 53 is a multi-storied structure with numerous floors

54-1 to 54-n.

[ 0 0 3 In general, fire protection systems are divided into separate zones, and each

zone is monitored by a sub-panel or independent control panel. These sub-panels receive

event data from the fire detection devices of their zone and then forward the information to

a main control panel.

[ 0 0 4 0 ] In the illustrated example, the floors 54-1 to 54-n are divided into different

zones. Accordingly, the fire detection devices located on floor 1 (e.g., devices 102-9

through 102-1 ) send event data to the control panel 04 . Similarly, the fire detection

devices located on floor n (e.g., devices 102-12 to 102-n) send event data to sub-panel 104-

s, which then forwards the event data to the control panel 104. Additionally, the sub-panel

104-s may also send the event data to central monitoring station 6 .



[ 0 0 4 1 ] In response to an alarm condition, all of the occupants 108-1 to 08- the

building 53 are notified by the positioning and evacuation system 106 regardless of their

proximity to the fire 0 . This ensures that all occupants receive an early warning about

the detected fire.

[ 0 0 4 2 Often, the users that are not located in close proximity to the fire may be routed

on longer evacuation paths. By way of example, all of the occupants on floor n (e.g., 08-3

to 108-n) may be directed to stairway 120-2 and to exit 12-5 even though stairway 120-1

and exits 12-3 and 12-4 are closer. By directing the occupants to stairway 120-2 and out

exit 12-5, the positioning and evacuation system 06 ensures that these occupants are

guided away from the fire 0 and the other exits and stairways remain available (or less

crowded) for other occupants, who may be closer to the fire. This routing helps prevent

stampedes and/or bottlenecks during the evacuation.

[ 0 0 4 3 Figure 2 illustrates an example of how the building 50 is divided into a high risk

zone 150, a medium risk zone 152, and a low risk zone 54 .

[ 0 0 4 4 ] In the illustrated embodiment, the high risk zone 150 is the area in the

immediate vicinity of the fire 110. During an evacuation, the occupants in this high risk

zone are evacuated first because they are in the greatest danger. The medium risk zone 152

refers to the areas of the building that is adjacent to the high risk zone 150 and the low risk

zone 154 refers to one or more areas of the building which are farthest away from the fire

10. Consequently, these occupants in the medium risk zone 152 and low risk zone 154 are

generally evacuated after the occupants in the high risk zone 150.

[ o o 4 5 ] Additionally, the i fustrated embodiment provides an example of an unsafe exit

12-u, a risky exit 12-r, and a safe exit 112-s. In general, the unsafe exit 12-u must be

avoided during evacuation because the occupants would be required to evacuate through or

dangerously close to the fire 10. Preferably, the risky exit 12-r should also be avoided

during the evacuation if possible because of its proximity to the fire. However, occupants

may still use this exit if necessary. If possible, the occupants are evacuated via the safe exit

12-s because this exit is typically the farthest away from the fire and/or danger.

[ 0 0 4 ] Figure 3 is a flowchart illustrating the steps performed by the positioning and

evacuation system 6 after the control panel 104 receives event data from fire defection

devices 102-1 to 102-n that are indicative of an alarm condition.



[ 0 0 4 7 ] In the first step 202, the control panel 4 receives event data from the fire

detection devices 102-1 to 102-n. The control panel 104 then determines if the event data

are indicative of a fire in step 204 If the event data are not indicative of a fire, then the

control panel 104 logs the event data in step 205. If the event data are indicative of an

alarm condition, then the control panel 4 initiates an alarm condition and forwards the

event data to the central monitoring station 6 and the positioning and evacuation system

06 in step 206.

[ 0 0 4 8 The positioning an evacuation system 06 determines which areas of the

building need to be evacuated in step 208. In a current implementation, the system 6

utilizes an algorithm to determine which floors and parts of the building are affected by the

fire. In the next step 2 0, the system 6 determines exact locations of occupants using, for

example, a geo-positioning system, a geo-sensor based system, a Wi-Fi signal based

system, a GSM (Global System for Mobile Communications) based system, or geo

magnetic based system. The system 06 then determines safe and unsafe evacuation paths

in step 212.

[ 0 0 4 9 ] In the next step 214, the system 106 determines which occupants, if any, should

remain in place. Often this is referred to as a "shelter in-place" policy, which is utilized

when there are no safe evacuation paths. Next, in step 216, the system 106 generates

evacuation paths to evacuate occupants in an efficient order. The system 6 prioritizes the

order of the evacuation based on occupants' proximity to danger and the availability of

evacuation paths in step 218. In the next step 220, the system 106 generates an evacuation

plan that includes evacuation paths for each occupant. In order to efficiently evacuate all

the occupants in the building, the system 06 may route some occupants on longer paths

and/or to indirect exits, for example. Alternatively, the algorithm of the system 106 may

mstmct some occupants in low risk zones to remain in place unti the occupants in the high

or medium risk zones have evacuated. This is to reduce the possibility of stampedes or

bottlenecks during the evacuation.

[ 0 0 0 j In the next step 222, the syst 6 transmits individualized evacuation path

information to mobile computing devices of the occupants via the network 14. The

system 06 then monitors movements of the occupants and movement of the fire in step

224. Additionally, the system 06 monitors a number of occupants that have been

successfully evacuated from the building and a number of occupants remaining in the



building n the next step 226, the system 6 updates the evacuation paths (if necessary)

based on the movements of the occupants and the fire and forwards those updated

individualized evacuation paths to the occupants.

[ 0 0 5 1 j Next, in step 228, the system 106 derives statistics related to the number of

people evacuated and the number of people remaining in the building. The system sends

updated evacuation paths and/or alerts to mobile computing devices in step 230. The

system 106 provides an evacuation status information, statistics, and exact locations of the

occupants to the first responders (e.g., firefighters) in step 232.

[ 0 0 2 j Figure 4 is a flow diagram illustrating the steps performed by an evacuation

application that is executing on the mobile computing devices (e.g., 109-1 to 109-n) of

occupants (e.g., 108-1 to 108-n).

[ 0 0 5 3 ] In the first step 302, the mobile computing device (e.g., smartphone, smart

watch, tablet, laptop/email client) receives an alert from the positioning and evacuation

system 106. Next, in step 304, the evacuation application is automatically invoked on the

mobile computing device. Then, the evacuation application receives individualized

evacuation path information in step 306. The evacuation application then displays the

location of the occupant and the individualized evacuation path on the display of the

mobile computing device in step 308. The evacuation application displays the location of

the fire 0 in the building in step 3 0 .

[ 0 0 4 In the next step 312, the evacuation application determines if the occupant has

requested turn by turn guidance. If the occupant has requested turn by turn guidance, then

the turn by turn directions for the evacuation path are displayed on a three dimensional

floor map or via augmented reality to display turn by turn directions on the display of the

mobile computing device in step 316. If the occupant has not requested turn by turn

directions, the evacuation application displays a floor plan of the building, a location of the

occupant, a location of the fire as progresses, and the individualized evacuation path in

step 314. In the next step 3 8, the evacuation application provides feedback to the

positioning and evacuation system 106 via the network 114.

[ 0 0 5 5 ] Figure 5 illustrates a user interface 1 displayed on a display 1 of the mobile

computing device 109. In the illustrated example, the user interface 5 displays a floor

plan of the building 19, the location of the fire 110, the occupant's location 402, and an

individualized evacuation path 404.



[ 0 0 5 6 ] Additionally, the evacuation application displays the location of the fire as

it progresses (or is suppressed) and provides one or more "no entry" icons 113-1 to 113-n

to indicate paths that are blocked an must be avoided during the evacuation.

[ 0 0 7 j n the illustrated example, the user interface 5 further includes selectable

icons that enable the occupant to view turn by turn directions 408, zoom in 410, zoom out

412, or seek an alternate route 414. Alternatively, the user interface 1 5 could include

selectable icons for other options such as settings, volume, enabling a flashlight app, or

accessing communication features (e.g., text, phone, or electronic mail), to list a few

examples.

[ 0 0 5 8 Figure 6 illustrates a three dimensional map or an actual or synthetic image of a

hal lway of 1 and turn by turn directions, which are displayed on the display of the

mobile computing device 9.

[ 0 0 5 In the illustrated example, turn by turn directions (audible and visual) are

overlaid on a three dimensional floor map. Arrows 502, 504, 506 provide visual turn by

turn indications of the evacuation path. Alternatively, augmented reality may be

implemented to provide the directions on the display screen of the mobile computing

device n this embodiment, a camera function of the mobile computing device is enabled

and arrows would be overlaid on the screen, which operates as the viewfinder.

[ 0 0 60 ] While this invention has been particularly shown and described with references

to preferred embodiments thereof, it will be understood by those skilled in the art that

various changes in form and details may be made therein without departing from the scope

of the invention encompassed by the appended claims.



What is claimed is:

1. A system for managing evacuation of a building, the system comprising:

fire detection devices that monitor the building for fire; and a positioning and

evacuation system that tracks locations of occupants of the building and directs the

evacuation based on information from the fire detection devices.

2 . The system according to claim 1, wherein the positioning and evacuation system

generates individualized evacuation paths based on information from the fire

detection devices and forwards the individualized evacuation paths to the

occupants.

3 . The system according to claim 1, further comprising a control panel that receives

event data from the fire detection devices and signals a fire alarm condition for the

building in response to fire being detected, the positioning and evacuation system

transmitting the evacuation paths to the occupants in response to the fire alarm

condition.

4 . The system according to claim 1, further comprising mobile computing devices

of the occupants that display the individualized evacuation paths from the

positioning and evacuation system.

5 . The system according to claim 4, wherein the positioning and evacuation system

generates turn by turn directions for the individualized evacuation paths, the turn by

turn directions being transmitted to and displayed by the mobile computing devices

of the occupants.

6 . The system according to claim 4, wherein the individualized evacuation paths are

displayed in a user interface, which includes icons to indicate unsafe or blocked

evacuation paths that must be avoided by the occupants during the evacuation.

7 . The system according to claim 1, wherein the positioning and evacuation system

prioritizes the order in which occupants are evacuated based on an availability of

evacuation paths and each of the occupant's proximity to danger.



8. The system according to claim 7, wherein the positioning and evacuation system

forwards the individualized evacuation paths to the occupants in a sequence based

on the prioritized evacuation order.

9 . The system according to claim 1, wherein the positioning an evacuation system

monitors a number of occupants that have been evacuated and a number of

occupants remaining in the building.

10. The system according to claim 9 wherein the positioning and evacuation

system forwards the number of occupants that have been evacuated and the

locations of the occupants remaining in the building to first responders.

11. The system according to claim 1, wherein the fire detection devices are smoke

detectors, heat sensors, carbon dioxide detectors, and/or carbon monoxide

detectors.

12. A method for evacuating a building, the method comprising:

monitoring the building for indicators of fire with fire detection devices;

tracking locations of occupants in the building; and

directing the evacuation of the building based on information from the fire

detection devices.

13. The method according to claim 12, further comprising generating

mdividualized evacuation paths based on information from the fire detection

devices and forwarding the individualized evacuation paths to the occupants.

14. The method according to claim 12, further comprising signaling a fire alarm

condition for the building in response to fire being detected and transmitting the

evacuation paths to the occupants in response to the fire alarm condition.

15. The method according to claim 12 further comprising displaying the

individualized evacuation paths on displays of the mobile computing devices of the

occupants.



16. The method according to claim 15, further comprising generating turn by turn

directions for the individualized evacuation paths, the turn by turn directions being

transmitted to and displayed on the mobile computing devices.

. The method according to claim 5, further comprising displaying icons in a user

interface to provide indications of unsafe or blocked evacuation paths that must be

avoided by the occupants during the evacuation of the building.

18. The method according to claim 12, further comprising prioritizing the order in

which occupants are evacuated based on an availability of evacuation paths and

each of the occupant's proximity to danger

19. The method according to claim 18, further comprising forwarding the

individualized evacuation paths to the occupants in a sequence based on the

prioritized evacuation order.

20. The method according to claim 12, further comprising monitoring a number of

occupants evacuated and locations of occupants remaining in the building.

21. The method according to claim 20, further comprising forwarding a number of

occupants evacuated and the locations of occupants remaining in the bui lding to

first responders.

22. The method according to claim 12, wherein monitoring the building for

indicators of fire includes detecting smoke, rise in temperature, fire, carbon dioxide,

and/or carbon monoxide.
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