
ABSTRACT 

A system including at least one detector and a central station in two-

way communication with the detector is provided. The detector can include 

an ambient condition sensing element, a motion sensor, control circuitry, and 

two-way communications hardware. The control circuitry can determine an 

alarm event based on a first signal received from the ambient condition 

sensing element and can transmit an alarm signal to the communications 

hardware during the alarm event. The control circuitry can also determine a 

man-down event based on a second signal received from the motion sensor 

and transmit a man-down alarm signal to the communications hardware 

during the man-down event. The two-way communications hardware can 

transmit at least one of the gas alarm signal and the man-down alarm signal 

to a remote location, and the two-way communications hardware can receive 

a status inquiry from the remote location. 
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What is claimed is: 

1. A detector comprising: 

an ambient condition sensing element; 

a motion sensor; 

control circuitry; and 

two-way communications hardware, wherein 

the control circuitry determines an alarm event based on a first signal 

received from the ambient condition sensing element and transmits an alarm 

signal to the communications hardware during the alarm event, 

the control circuitry determines a man-down event based on a second 

signal received from the motion sensor and transmits a man-down alarm 

signal to the communications hardware during the man-down event, 

the two-way communications hardware transmits at least one of the 

gas alarm signal and the man-down alarm signal to a remote location, and 

the two-way communications hardware receives a status inquiry from 

the remote location. 

2. The detector of claim 1 wherein the ambient condition sensing 

element includes a gas sensor element. 

3. The detector of claim 1 wherein the motion sensor includes an 

accelerometer. 

4. The detector of claim 1 wherein the control circuitry includes at 

least one of a microcontroller, a sensor drive circuit, and a signal conditioning 

circuit. 

5. The detector of claim 1 wherein the two-way communications 

hardware includes at least one of a radio module and an antenna. 

6. The detector of claim 1 wherein the ambient condition sensing 

element transmits the first signal to the control circuitry when a predetermined 

threshold of a hazardous gas in the ambient atmosphere is sensed. 
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7. The detector of claim 1 wherein the motion sensor transmits the 

second signal to the control circuitry when the motion sensor does not detect 

movement for a predetermined period of time. 

8. The detector of claim 1 wherein the two-way communications 

hardware communicates with the remote location wirelessly. 

9. A system comprising: 

at least one detector; and 

a central station in two-way communication with the at least one 

detector, wherein the detector transmits at least one of an ambient condition 

alarm signal and a man-down alarm signal to the central station, and, based 

on signals received from the detector, the central station initiates one of a first 

alarm indicating an ambient condition alarm, a second alarm indicating an 

ambient condition alarm and a man-down alarm, a third alarm indicating a 

man-down alarm, or a fourth alarm indicating a miscellaneous alarm. 

10. The system of claim 9 further comprising a plurality of detectors 

in two-way communication with the central station. 

11. The system of claim 10 wherein at least one of the plurality of 

detectors includes a gas detector. 

12. The system of claim 10 wherein at least one of the plurality of 

detectors is in wireless two-way communication with the central station. 

13. The system of claim 10 wherein the central station correlates 

signals received from each of the plurality of detectors, and based on the 

signals received from each of the plurality of detectors, the central station 

initiates one of the first alarm, the second alarm, the third alarm, and the 

fourth alarm. 

14. The system of claim 10 wherein, upon receipt of a man-down 

signal from a first of the plurality of detectors, the central station correlates the 
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signals received from each of the plurality of detectors to determine whether 

the man-down signal received from the first detector is a false alarm. 

15. The system of claim 9 wherein the central station includes a 

host computer. 
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SYSTEMS AND METHODS FOR ROBUST MAN-DOWN ALARMS 

FIELD 

[0001] The present invention relates generally to alarm reporting. More 

particularly, the present invention relates to systems and methods for 

detecting, generating, and reporting robust man-down alarms. 

BACKGROUND 

[0002] Gas detectors are generally used by workers who are working in 

a potentially dangerous area where gas hazards may be present. These 

types of gas detectors can be designed to alert a user of the detector when a 

hazardous gas has been detected, but while the hazardous gas concentration 

is still low enough for the user to take action. Thus, a user can identify an 

impending hazard and remove himself from an area with a growing hazard 

before the user is incapacitated from the gas. 

[0003] However, in some cases workers cannot remove themselves 

from a hazardous area on their own. For example, a worker may be exposed 

to a rapid release of a hazardous gas and be incapacitated before removing 

himself from the hazardous area. In these types of cases, it would be 

desirable to alert a rescue team or other authority that the worker is 

incapacitated. 

[0004] Some systems and methods for reporting a man-down alarm are 

known in the art, but these known systems and methods have significant 

limitations. For example, some Industrial radios known in the art incorporate a 
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man-down alarm in which the user presses a button on the radio when he is in 

distress. This system enables a worker to signal for help and for a central 

office to arrange a rescue. However, this system presents at least three 

significant limitations. 

[0005] First, this system does not function when the worker is already 

unconscious or otherwise incapacitated. Second, this system does not 

indicate who has triggered the alarm. And third, this system is prone to false 

alarms when an alert button is inadvertently pressed. 

[0006] Some gas detectors known in the art include both a motion 

detector and alarm capability. When enabled, the gas detector generates an 

alarm if the detector has not moved for at least a predetermined period of 

time, for example, 30 seconds. Thus, in these types of detectors, the lack of 

movement indicates an incapacitated user, and an alarm is generated. 

However, this system presents at least two limitations. 

[0007] First, there may be cases in which a user has not moved for the 

predetermined period of time, but is not unconscious or otherwise 

incapacitated. In these cases, the detector will generate a false alarm. And 

second, a man-down alarm generated by this system will be strictly local, and 

no remote call for assistance will be sent. 

[0008] There is thus a continuing, ongoing need for improved systems 

and methods for detecting, generating, and reporting robust man-down 

alarms. Preferably, these systems and methods reduce false alarms, 

determine the likelihood of a man-down event occurring, and generate a 

remote alarm. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is an overall diagram of a system for detecting, 

generating, and reporting a robust man-down alarm in accordance with the 

present invention; 

[0010] FIG. 2 is a block diagram of a detector in accordance with the 

present invention; 

[0011] FIG. 3 is a block diagram of a central station in accordance with 

the present invention; 

[0012] FIG. 4 is a flow diagram of a method of detecting, generating, 

and reporting a robust man-down alarm in accordance with the present 

invention; 

[0013] FIG. 5 is flow diagram of a method of tracking and monitoring 

alarm signals in accordance with the present invention; and 

[0014] FIG. 6 is a flow diagram of a method of detecting for false 

alarms in accordance with the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0015] While this invention is susceptible of an embodiment in many 

different forms, there are shown in the drawings and will be described herein 

in detail specific embodiments thereof with the understanding that the present 

disclosure is to be considered as an exemplification of the principles of the 

invention. It is not intended to limit the invention to the specific illustrated 

embodiments. 

[0016] Embodiments of the present invention include improved systems 

and methods for detecting, generating, and reporting robust man-down 
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alarms. Such systems and methods can reduce false alarms, determine the 

likelihood of a man-down event occurring, and generate a remote alarm. 

[0017] False alarms can be reduced in at least two ways. First, in 

embodiments of the present invention, information from several sources can 

be correlated. For example, information from a motion sensor can be 

correlated with information from a gas and/or temperature sensor. When this 

information is correlated, systems and methods in accordance with the 

present invention can determine whether a man-down event is likely to have 

occurred before generating an alarm. 

[0018] Second, in embodiments of the present invention, a detector can 

include two-way communication capabilities. When a lack of movement is 

detected at a detector, systems and methods of the present invention can 

transmit a lack of movement alert to a remote location. Then, the remote 

location can transmit a message back to the detector to inquire about the 

health of the user of the detector. If the alert location receives a response 

indicating that the user is not in danger or peril, then systems and methods in 

accordance with the present invention can determine that a false alarm was 

detected. However, if the alert location does not receive a response 

indicating that the user is not in danger or peril, then systems and methods in 

accordance with the present invention can determine that a man-down event 

is likely and can instruct an emergency response team to rescue the user. 

[0019] In accordance with the present invention, the likelihood of a 

man-down alarm occurring can be determined. For example, information from 

multiple detectors in the same area can be correlated to determine the 

likelihood of a legitimate man-down event occurring. When a plurality of 
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detectors are in the same area, when at least one of the detectors detect a 

lack of movement for a predetermined period of time, and when all, 

substantially all, a majority, or even one of the detectors detect a high level of 

a hazardous gas, systems and methods in accordance with the present 

invention can determine that a legitimate man-down event is likely. 

[0020] Similarly, when a single detector detects a lack of movement for 

a predetermined period of time and all of the other detectors in the same area 

are detecting normal movement, but no hazardous gas has been detected, 

systems and methods in accordance with the present invention can determine 

that a user of the single detector is simply sitting still and is not unconscious 

or othenwise incapacitated. Under these circumstances, systems and 

methods of the present invention can determine that a man-down alarm is not 

appropriate. 

[0021] In accordance with the present invention, a remote alarm can 

also be generated. For example, a detector in accordance with the present 

invention can communicate with a central station. When the central station 

receives communication that a user of the detector is unconscious or 

otherwise incapacitated, and when the central station determines that there is 

no false alarm, then the central station can transmit communication to an 

emergency rescue team to assist the user. Similarly, when the central station 

receives communication that a man-down event is likely, then the central 

station can transmit communication to the emergency response team. 

[0022] FIG. 1 is an overall diagram of a system 100 for detecting, 

generating, and reporting a robust man-down alarm in accordance with the 

present invention. As seen in FIG. 1, a system 100 in accordance with the 
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present invention can include at least one detector 110 and a central station 

140. 

[0023] The system can include one or a plurality of detectors 110, for 

example, 110a and 110b. In embodiments of the present invention, the 

detectors 110 can be gas detectors, or any other detector as would be known 

and desired by one of ordinary skill in the art. For example, the detectors 110 

could include smoke or fire detectors. 

[0024] In further embodiments of the present invention, the detectors 

110 can be wireless or wired. For example, as seen in FIG. 1, when the 

detectors 110, 110a, 110b are wireless, the detectors 110, 110a, 110b can 

communicate with the central station 140 via a wireless network infrastructure, 

including access points 120, 120a, 120b, and a Wide Area Network (WAN) or 

a Local Area Network (LAN), such as, for example, an Ethernet network 130. 

Wireless detectors 110, 110a, 110b can communicate with wireless access 

points 120,120a, 120b via, for example, radio signals. 

[0025] The central station 140 can include a host computer, for 

example a personal computer, and can receive information reported from the 

detectors 110, 110a, 110b. In embodiments of the present invention, the 

central station 140 can include a programmable processor and associated 

control circuitry for running software, stored on a local computer readable 

medium, as would be understood by those of ordinary skill in the art. 

[0026] FIG. 2 is a block diagram of a detector 200 in accordance with 

the present invention. As seen in FIG. 2, the detector 200 is a wireless gas 

detector. However, as explained above, detectors in accordance with the 

present invention are not so limited. 

6 



[0027] The detector 200 can include a gas sensor element 210, a 

sensor drive circuit and signal conditioning circuit 220, a microcontroller 230, 

a display, pushbutton and alarm sub-system 240, an accelerometer or motion 

sensor 250, a radio module 260, and an antenna 270. The radio module 260 

can support any number of radio communications such as, for example, Wi-Fi, 

ISA100, GPRS, EDGE, 30, 4G, 900 MHz point to point, WAN, and the like. 

Each of these components can be enclosed in a housing 280. In some 

embodiments, at least a portion of the antenna 270 can protrude from the 

housing 280. 

[0028] In accordance with the present invention, the gas sensor 

element 210 can detect a presence of a predetermined gas or gases in the 

ambient atmosphere. For example, the gas sensor element 210 can detect 

that the amount of a hazardous gas in the ambient atmosphere has reached a 

predetermined threshold. 

[0029] When conditions are met, the gas sensor element 210 can 

transmit a signal to the sensor drive circuit and signal conditioning circuit 220, 

which can transmit a signal to the microcontroller 230. When the received 

signal indicates a presence of a predetermined gas in the ambient 

atmosphere or indicates that the amount of a hazardous gas in the ambient 

atmosphere has reached a predetermined threshold, the microcontroller 230 

can generate a gas alarm signal. The microcontroller 230 can then transmit 

the gas alarm signal to the radio module 260, and the gas alarm signal can be 

transmitted via the antenna 270. For example, the antenna 270 can transmit 

the gas alarm signal to a central monitoring station. The display, pushbutton 

and alarm subsystem 240 can receive inputs from a user of the detector 200. 
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[0030] In embodiments of the present invention, the accelerometer or 

motion sensor 250 can determine movement of the detector 200 and 

therefore, movement of a user associated with the detector 200. When the 

sensor 250 determines that the user has not moved for a predetermined 

period of time, the sensor 250 can send a signal to the microcontroller 230, 

and the microcontroller 230 can generate a man-down signal. The 

microcontroller 230 can then transmit the man-down signal to the radio 

module 260, and the man-down signal can be transmitted via the antenna 

270. For example, the antenna 270 can transmit the man-down signal to a 

central monitoring station. 

[0031] FIG. 3 is a block diagram of a central station 300 in accordance 

with the present invention. The central station 300 can communicate with and 

receive information from remote detectors. 

[0032] As seen in FIG. 3, the central station 300 can include a control 

unit 310 that can be in wired or wireless communication with detectors via a 

Wide Area Network (WAN) or a Local Area Network (LAN, such as, for 

example, an Ethernet network. The control unit 310 can be implemented with 

one or more programmed processors 310-1 and executable control software 

310-2 as would be understood by those of ordinary skill in the art. 

[0033] The central station 300 can also include a computer driven 

display unit 310a as well as one or more input devices 310b, which could 

include keyboards, track balls and the like all without limitation. The control 

unit 310 can communicate with a user at the central station 310 via the 

display unit 320a and a graphical user interface that can provide status 

information to the user and receive information from the user. 
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[0034] The central station 300 can use information received from a 

detector in several ways. For example, the central station 300 can inform a 

user local to the central station 300 that an alarm at the detector, for example, 

a gas alarm or a man-down alarm, has occurred. The user at the central 

station 300 can then attempt to contact the remote user of the detector to 

determine if the user is in distress or to determine if it is appropriate to initiate 

a rescue operation. In embodiments of the present invention, the remote user 

of the detector need not be conscious or capable of any action for the user to 

be rescued. 

[0035] The central station 300 can also use information received from a 

detector to determine the location of a detector indicating alarm. Systems and 

methods for determining the location of a remote device are known in the art 

and so will not be described in detail here. However, it is to be understood 

that the central station 300 can determine the location of a detector from 

information sent by the detector to the central station 300. 

[0036] Furthermore, the central station 300 can use information 

received from a detector to determine appropriate courses of action given the 

circumstances. For example, the central station 300 can receive location 

information as well as information related to gas alarms and man-down 

alarms from a detector. The central station 300 can use this information to 

determine the likelihood of the presence of a hazardous gas and the likelihood 

that the user of the detector is unconscious. The central station 300 can also 

use this information to generate gas alarms and/or man-down alarms and to 

determine false alarms. Methods of making these determinations are shown 

in FIG. 5 and FIG. 6 and will be described in more detail herein. 
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[0037] FIG. 4 is a flow diagram of a method 400 of detecting, 

generating, and reporting a robust man-down alarm in accordance with the 

present invention. In embodiments of the present invention, a detector, for 

example, the detector 200 shown in FIG. 2 can execute the method 400. 

[0038] The method 400 can be executed at predetermined regular 

intervals, as required, to detect the presence of a hazardous gas. For 

example, the method 400 can be executed once per second. 

[0039] The method 400 can begin the alarm check and reporting cycle 

as in 410, and a gas level can be read from a gas sensor and a conditioning 

circuit as in 420. Then, the method 400 can determine if the gas level 

exceeds an alarm threshold as in 430. For example, the alarm threshold 

could be 10ppm H2S. If the gas level does not exceed an alarm threshold, 

then an accelerometer can be read and checked for motion as in 460. 

[0040] However, if the gas level does exceed an alarm threshold, then 

a local gas alarm can be generated as in 440, and the gas alarm can be 

reported to a central station as in 450. For example, the gas alarm can be 

reported to a remote personal computer that monitors and tracks location. In 

embodiments of the present invention, the gas alarm can be reported from the 

detector via radio signals. 

[0041] After a gas alamn is reported to the central station as in 450, an 

accelerometer can be read and checked for motion as in 460. Then, the 

method 400 can determine if a user has moved within a predetermined period 

of time as in 470. For example, the predetermined period of time could be 

120 seconds. If the user has moved within the predetermined period of time, 

then the method 400 can end the alarm check and reporting cycle as in 495. 
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[0042] However, if the user has not moved within the predetermined 

period of time, then a local man-down alarm can be generated as in 480, and 

the man-down alarm can be reported to a central station as in 490. For 

example, a man-down alarm can be reported to a remote personal computer 

that monitors and tracks location. In embodiments of the present invention, 

the man-down alarm can be reported from the detector via radio signals. 

[0043] After a man-down alarm is reported, the method 400 can end 

the alarm check and reporting cycle as in 495 and begin anew the alarm 

check and reporting cycle as in 410. 

[0044] FIG. 5 Is flow diagram of a method 500 of tracking and 

monitoring alarm signals in accordance with the present invention. In 

embodiments of the present invention, a central station, for example, the 

central station 140 shown in FIG. 1 or the central station 300 shown in FIG. 3, 

can execute the method 500. 

[0045] As explained above, the central station 140 or 300 can include 

programmed processors and executable control software. In embodiments of 

the present invention, the processors, software, and any associated control 

circuitry can track the location of and monitor information reported from 

associated detectors, for example, wireless gas detectors. 

[0046] The method 500 can begin the man-down alarm and gas alarm 

processing as in 510, and an alarm event packet can be retrieved from a gas 

detector as in 520. Then, the method 500 can determine if the alarm packet 

includes a gas alarm as in 530. 

[0047] If the method 500 determines that the alarm packet does include 

a gas alarm as in 530, then the method 500 can proceed to determine if the 
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alarm packet includes a man-down alarm as in 540. However, if the method 

500 determines that the alarm packet does not include a gas alarm as in 530, 

then the method 500 can proceed to determine if the alarm packet includes a 

man-down alarm as in 550. Determining if the alarm packet includes a man-

down alarm as in 540 is different from determining if the alarm packet includes 

a man-down alarm as in 550 because of subsequent determinations made by 

the method 500. 

[0048] If the method 500 determines that the alarm packet does not 

include a man-down alarm as in 540, then the method 500 can determine that 

gas exposure has occurred, but that the user is not unconscious or otherwise 

Incapacitated as in 560. The method 500 can also determine that self rescue 

has likely occurred as in 560, and an alarm can be generated Indicating the 

presence of a hazardous gas as in 560. Then, the method can end the man-

down alarm and gas alarm processing as in 595. 

[0049] If the method 500 determines that the alarm packet does include 

a man-down alarm as in 540, then the method 500 can determine that gas 

exposure has occurred and that the user is unconscious or otherwise 

incapacitated as in 570. One or more alarms can also be generated 

indicating that a hazardous gas is present and that a user is incapacitated as 

in 570. Then, the method can end the man-down alarm and gas alarm 

processing as in 595. 

[0050] If the method determines that the alarm packet includes a man-

down alarm as in 550, then the method 500 can determine that no hazardous 

gas is present, but that a user is unconscious or otherwise incapacitated as in 

580. An alarm can also be generated indicating that a user is incapacitated 

12 



as in 580. Then, the method can end the man-down alarm and gas alarm 

processing as in 595. 

[0051] If the method determines that the alarm packet does not include 

a man-down alarm as in 550, then the method 500 can determine that some 

other alarm event occurred as in 590. Then, the method can end the man-

down alarm and gas alarm processing as in 595. 

[0052] FIG. 6 is a flow diagram of a method 600 of detecting for false 

alarms in accordance with the present invention. In embodiments of the 

present invention, a central station, for example, the central station 140 shown 

in FIG. 1 or the central station 300 shown in FIG. 3 can execute the method 

600. 

[0053] The method 600 can begin the false alarm detection processing 

as in 610, and a man-down alarm can be received from a first detector as in 

620. The, the method 600 can determine if the alarm packet from the first 

detector includes a gas alarm as in 630. 

[0054] If the method 600 determines that the alann packet from the first 

detector includes a gas alarm as in 630, then an alarm can be generated as in 

680, and the method 600 can end the false alarm detection processing as in 

690. 

[0055] However, if the method 600 determines that the alarm packet 

from the first detector does not include a gas alarm as in 630, then a plurality 

of other detectors in the vicinity of the first detector can be checked as in 640. 

Then, the method 600 can determine if gas alarms are present in alarm 

packets received from the plurality of other detectors as in 650. 
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[0056] If the method 600 determines that gas alarms are present In 

alarm packets received from the plurality of other detectors as in 650, then an 

alarm can be generated as in 680, and the method 600 can end the false 

alarm detection processing as in 690. However, if the method 600 determines 

that gas alarms are not present in alarm packets received from the plurality of 

other detectors as in 650, then the method 600 can determine if man-down 

alarms are present in alarm packets received from the plurality of other 

detectors as in 660. 

[0057] If the method 600 determines that man-down alarms are present 

in alarm packets received from the plurality of other detectors as in 660, then 

an alarm can be generated as in 680, and the method 600 can end the false 

alarm detection processing as in 690. However, if the method 600 determines 

that man-down alarms are not present in alarm packets received from the 

plurality of other detectors as in 660, then the method 600 can determine that 

the man-down alarm received from the first detector as in 620 is false. The 

method can issue a warning regarding the false alarm or simply ignore the 

false alarm as in 670. Then, the method 600 can end the false alarm 

detection processing as in 690. 

[0058] In embodiments of the present invention, the method 600 shown 

in FIG. 6 can be executed whenever a man-down alarm is received from a 

detector. For example, when the central station 140 receives a man-down 

alarm from any detector 110, 110a, 110b in the system 100, the central 

station 140 can execute the method 600 to determine if the alarm is a false 

alarm. 
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[0059] When evaluating, as in 640, 650, and 660, alarm packets from 

the plurality of other detectors in the vicinity of the first detector, some or all of 

the plurality of other detectors in the vicinity can be evaluated. For example, 

in embodiments of the present invention, all, substantially all, a majority, or 

even one of the plurality of other detectors can be evaluated. 

[0060] In some embodiments, all, substantially all, a majority, or only 

one of the plurality of other detectors must transmit an alarm packet including 

a gas alarm for the method 600 to determine the presence of gas alarms from 

the plurality of other detectors as in 650. Similarly, in some embodiments, all, 

substantially all, a majority, or only one of the plurality of other detectors must 

transmit an alarm packet including a man-down alarm for the method 600 to 

determine the presence of man-down alarms from the plurality of other 

detectors as in 660. 

[0061] Although a few embodiments have been described in detail 

above, other modifications are possible. For example, the logic flows 

depicted in the figures do not require the particular order shown, or sequential 

order, to achieve desirable results. Other steps may be provided, or steps 

may be eliminated, from the described flows, and other components may be 

added to, or removed from, the described systems. Other embodiments may 

be within the scope of the following claims. 

[0062] From the foregoing, it will be observed that numerous variations 

and modifications may be effected without departing from the spirit and scope 

of the invention. It is to be understood that no limitation with respect to the 

specific system or method illustrated herein is intended or should be inferred. 
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It is, of course, intended to cover by the appended claims all such 

modifications as fall within the spirit and scope of the claims. 
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