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CARBON MONOXIDE DETECTING SYSTEM method includes determining if the readings are greater than 
FOR INTERNAL COMBUSTION the minimum noise threshold . The method includes activat 
ENGINE - BASED MACHINES ing a fault signal sent by a controller if the readings are not 

greater than the minimum noise threshold . 
CROSS - REFERENCE TO RELATED In another aspect of the present disclosure , an internal 

APPLICATION combustion engine - based system is disclosed . The internal 
combustion engine - based system includes an internal com 

This application claims priority to U.S. Provisional Appli bustion engine connected to a frame . The internal combus 
cation Ser . No. 62 / 480,089 , filed on Mar. 31 , 2017 , the tion engine - based system includes an engine interrupt con 
disclosure of which is hereby incorporated by reference in 10 nected to the engine . The engine interrupt is configured to 
its entirety . selectively stop the operation of the engine . The internal 

combustion engine - based system includes a controller in 
BACKGROUND communication with the engine interrupt . The internal com 

bustion engine - based system includes a carbon monoxide 
Carbon monoxide is a colorless and odorless toxic gas , 15 detector attached to the frame and in communication with 

often dubbed the " silent killer . ” Carbon monoxide is created the controller . The carbon monoxide detector is configured 
by the incomplete combustion of materials containing car to communicate carbon monoxide values that are represen 
bon . For example , carbon monoxide is created when burning tative of the carbon monoxide levels in the environment 
gasoline , propane , coal , wood , etc. Because the gas is immediately surrounding the internal combustion engine . 
odorless and colorless , humans are often unaware of its 20 The internal combustion engine - based system includes at 
presence until it is too late , often leading to fatal poisonings . least one additional sensor in communication with the 
Because of this , it is important to vigilantly monitor the controller . The at least one additional sensor is one of a 
presence of the gas using a carbon monoxide detector . A group comprising a temperature sensor , a humidity sensor , a 
build - up of the gas is common in enclosed spaces where proximity sensor , an accelerometer , and / or a timer . The 
there is not proper ventilation . Many carbon monoxide 25 controller determines if the internal combustion engine is 
detectors are statically mounted and therefore make it dif exposed to an undesirable environment based at least in part 
ficult to properly monitor every enclosed area . Further , on the signals received from the at least one additional 
accidental poisonings often occur when portable , internal 
combustion engine - based machines are moved into , and In another aspect of the present disclosure , a method of 
operated in , an enclosed / semi - enclosed space , such as a 30 operating an internal combustion engine - based system is 
garage or basement room . These machines output carbon disclosed . The method includes detecting a carbon monox 
monoxide in the form of exhaust , and due to their portability , ide level proximate an internal combustion engine over a 
are susceptible to being the source for accidental poisonings . period of time using a carbon monoxide detector . The 
Therefore , improvements to carbon monoxide detectors are method includes determining that at least a rate of change of 
needed , specifically with regard to portable , internal com- 35 the carbon monoxide level from the carbon monoxide detec 
bustion engine - based machines . tor exceeds at least one predetermined shutoff threshold . The 

method includes activating a shutdown action when the at 
SUMMARY least the rate of change of the carbon monoxide level from 

the carbon monoxide detector exceeds the at least one 
The present disclosure relates generally to a carbon mon- 40 predetermined shutoff threshold . The shutdown action is 

oxide detection system for an internal combustion based configured to stop operation of the internal combustion 
machine . In one possible configuration , and by non - limiting engine . 
example , the portable generator utilizes an on - board carbon In another aspect of the present disclosure , a data storage 
monoxide detector to automatically shutdown the operations device for storing data instructions that , when executed by 
of the generator when a carbon monoxide build - up is sensed . 45 a controller of a carbon monoxide detector , causes the 

In one aspect of the present disclosure , an internal com controller to receive an indication of a carbon monoxide 
bustion engine - based system is disclosed . The internal com level over a period of time from a carbon monoxide detector 
bustion engine - based system includes an internal combus proximate an internal combustion engine . The data storage 
tion engine . The internal combustion engine - based system device causes the controller to determine whether a rate of 
includes an engine interrupt connected to the engine . The 50 change of the carbon monoxide level from the carbon 
engine interrupt is configured to selectively stop the opera monoxide detector exceeds at least one predetermined shut 
tion of the engine . The internal combustion engine - based off threshold . The data storage device causes the controller 
system includes a controller in communication with the to activate a shutdown action when the at least the rate of 
engine interrupt . The internal combustion engine - based sys change of the carbon monoxide level from the carbon 
tem includes a carbon monoxide detector in communication 55 monoxide detector exceeds the at least one predetermined 
with the controller . The controller uses the engine interrupt shutoff threshold . In some examples , the data storage device 
to stop the operation of the engine when the carbon mon determines whether a magnitude of the carbon monoxide 
oxide detector provides the controller with signals that are level from the carbon monoxide detector exceeds at least a 
representative of a carbon monoxide level proximate the second predetermined shutoff threshold . In some examples , 
internal combustion engine that together form a trend of 60 the data storage device activates a shutdown action when the 
building carbon monoxide amounts over a set time interval . at least the magnitude of the carbon monoxide level from the 

In another aspect of the present disclosure , a method of carbon monoxide detector exceeds at least the second pre 
monitoring a carbon monoxide sensor is disclosed . The determined shutoff threshold . 
method includes monitoring readings from a carbon mon In another aspect of the present disclosure , a system is 
oxide detector over a time interval at a controller . The 65 disclosed . The system includes a carbon monoxide detector 
method includes comparing the readings from the carbon that includes a controller and a data storage device . The data 
monoxide detector to a minimum noise threshold . The storage device for storing data instructions that , when 
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executed by a controller of a carbon monoxide detector , FIG . 1 illustrates a schematic isometric view of a gen 
causes the controller to receive an indication of a carbon erator and a carbon monoxide detector , according to one 
monoxide level over a period of time from a carbon mon embodiment of the present disclosure . 
oxide detector proximate an internal combustion engine . FIG . 2 illustrates a block diagram of an example of a 
The data storage device causes the controller to determine 5 generator operation , according to one embodiment of the 
whether a rate of change of the carbon monoxide level from present disclosure . 
the carbon monoxide detector exceeds at least one prede FIG . 3 illustrates a block diagram of the operation of the 
termined shutoff threshold . The data storage device causes generator and the carbon monoxide detector of FIG . 1 . 
the controller to activate a shutdown action when the at least FIG . 4 illustrates an example of a data plot of sensed 
the rate of change of the carbon monoxide level from the 10 values provided to a controller by the carbon monoxide carbon monoxide detector exceeds the at least one prede detector of FIG . 1 . termined shutoff threshold . FIG . 5 illustrates another example of a data plot of sensed In another of the present disclosure , an internal 
combustion engine - based system is disclosed . The internal values provided to a controller by the carbon monoxide 

detector of FIG . 1 . combustion engine - based system includes an internal com- 15 
bustion engine and a system that includes a carbon monox FIG . 6 illustrates a flow chart of the operation of an 
ide detector that includes a controller and a data storage example controller in communication with the generator and 
device . The data storage device for storing data instructions carbon monoxide detector of FIG . 1 . 
that , when executed by a controller of a carbon monoxide FIG . 7 illustrates a flow chart of another example opera 
detector , causes the controller to receive an indication of a 20 tion of a controller in communication with the generator and 
carbon monoxide level over a period of time from a carbon carbon monoxide detector of FIG . 1 . 
monoxide detector proximate an internal combustion FIG . 8 illustrates a flow chart of another example opera 
engine . The data storage device causes the controller to tion of the controller of FIG . 7 . 
determine whether a rate of change of the carbon monoxide FIG . 9 illustrates a flow chart of another example opera 
level from the carbon monoxide detector exceeds at least 25 tion of the controller of FIG . 7 . 
one predetermined shutoff threshold . The data storage FIG . 10 illustrates another flow chart of the operation of 
device causes the controller to activate a shutdown action an example controller in communication with the generator 
when the at least the rate of change of the carbon monoxide and carbon monoxide detector of FIG . 1 . 
level from the carbon monoxide detector exceeds the at least FIG . 11 illustrates an isometric view of an example of a 
one predetermined shutoff threshold . The shutdown action is 30 carbon monoxide detector , according to one embodiment of 
configured to stop the operation of the internal combustion the present disclosure . 
engine . FIG . 12 illustrates an isometric view of an example of a 

In another aspect of the present disclosure , a generator is carbon monoxide detector and generator , according to one 
disclosed . The generator includes an internal combustion embodiment of the present disclosure . 
engine that generates mechanical power . The generator 35 FIG . 13 illustrates an isometric view of an example of a 
includes an alternator that receives the mechanical power carbon monoxide detector , a controller , a generator , and a 
from the generator and transforms at least a majority of the mobile device according to one embodiment of the present 
mechanical power into electrical energy . The generator disclosure . 
includes an output interface that provides the electrical FIG . 14 illustrates an example of an engine interrupt 
energy to an external device for powering the external 40 circuit , according to one embodiment of the present disclo 
device . The generator includes a controller in communica 
tion with the internal combustion engine . The generator 
includes a carbon monoxide detector in communication with DETAILED DESCRIPTION 
the controller . The carbon monoxide detector indicates a 
carbon monoxide level . The controller activates a shutdown 45 Various embodiments will be described in detail with 
action to stop the operation of the internal combustion reference to the drawings , wherein like reference numerals 
engine when the carbon monoxide indicates a trend of represent like parts and assemblies throughout the several 
building carbon monoxide level over a set time interval . views . Reference to various embodiments does not limit the 

A variety of additional aspects will be set forth in the scope of the claims attached hereto . Additionally , any 
description that follows . The aspects can relate to individual 50 examples set forth in this specification are not intended to be 
features and to combinations of features . It is to be under limiting and merely set forth some of the many possible 
stood that both the foregoing general description and the embodiments for the appended claims . 
following detailed description are exemplary and explana FIG . 1 shows a generator 100 that includes a carbon 
tory only and are not restrictive of the broad inventive monoxide ( CO ) detector 102 connected thereto . While a 
concepts upon which the embodiments disclosed herein are 55 generator 100 is used herein as an example internal com 
based . bustion engine machine ( specifically a gas - powered 

machine ) , it is considered within the scope of the present 
BRIEF DESCRIPTION OF THE DRAWINGS disclosure that a wide variety of internal combustion engine 

machines can be used with the CO detector 102. For 
The following drawings are illustrative of particular 60 example , these machines can include , but are not limited to , 

embodiments of the present disclosure and therefore do not pressure washers , compressors , pumps , wood splitters , etc. 
limit the scope of the present disclosure . The drawings are The generator 100 and CO detector 102 operate together 
not to scale and are intended for use in conjunction with the so that the generator 100 is configured to automatically turn 
explanations in the following detailed description . Embodi off when in an undesirable , non - ventilated environment 
ments of the present disclosure will hereinafter be described 65 where CO build - up is occurring . Such an environment could 
in conjunction with the appended drawings , wherein like be inside a dwelling , a garage , or a semi - enclosed space with 
numerals denote like elements . poor ventilation . 

sure . 
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In some examples , the primary purpose of the generator of signals 126. In some examples , the controller 122 can be 
100 is to generate electricity . In some examples , the gen powered by a battery 109 , which can either be an on - board 
erator 100 produces mechanical power and transforms at battery of the generator 100 or a separate battery connected 
least the majority of the mechanical power to electrical thereto . In other examples , the controller 122 can be pow 
energy . In some examples , the generator includes an output 5 ered via the output from the alternator 112 and / or the 
interface 101 that provides the electrical energy created by ignition system 108. In some examples , the controller 122 
the generator 100 to an external device for powering the can be generally powered via the AC output of the generator 
external device . 100. In other examples , the controller 122 scavenges power 

In some examples , the generator 100 is a portable gen from another electrical circuit in the generator 100 . 
erator and can be relatively easily relocated . In some 10 The controller 122 is configured to output signals 126 to 
examples , the generator has wheels 107. In some examples , a visual status indicator 128 , an audio alarm 130 , and an 
a Generac XT8000 Portable Generator is used as the gen engine interrupt circuit 132. The controller 122 is configured 
erator 100. In some examples , the generator is a stationary to analyze the signals 120 from the CO detector 102 and 
generator . In some examples , the generator 100 includes , at output a signal 126 based on such signals 120 . 
least , an engine 104 mounted to a frame 105 . In some examples , the controller 122 is operable to 

The CO detector 102 can be mounted to and / or integrated execute a plurality of software instructions that , when 
with the generator 100. In some examples , the CO detector executed by the controller 122 , cause the generator 100 to 
102 is tamper - proof to prevent the generator 100 from implement the methods and otherwise operate and have 
operating if the CO detector 102 is tampered with ( i.e. , functionality as described herein . The controller 122 may 
removed or disassembled ) . In other examples , the CO detec- 20 comprise a device commonly referred to as a microproces 
tor 102 is removable from the generator 100. In some sor , central processing unit ( CPU ) , digital signal processor 
examples , the CO detector is mounted to the generator 100 ( DSP ) , or other similar device and may be embodied as a 
at a point spaced away from the exhaust output ( not shown ) . standalone unit or as a device shared with components of the 

In some examples , the CO detector 102 can be at least one generator 100. The controller 122 may include memory for 
of , but not limited to , an electrochemical sensor , a biomi- 25 storing the software instructions or the generator 100 may 
metic sensor , a nondispersive infrared ( NDIR ) sensor , and a further comprise a separate memory device for storing the 
metal oxide semiconductor . The CO detector 102 is config software instructions that is electrically connected to the 
ured to measure the amount of CO , in parts per million , in controller 122 for the bi - directional communication of the 
the environment surrounding the CO detector 102 and instructions , data , and signals therebetween . In other 
generator 100 . 30 examples still , a proportional - integral - derivative ( PID ) type 

FIG . 2 shows a flowchart of the general operation of the controller can be used in replacement to , or in conjunction 
generator 100. The generator 100 includes the engine 104 with , the controller 122 . 
that is powered by fuel 106 ( i.e. , gasoline or diesel ) . In some In some examples , the generator 100 includes an addi 
examples , as the engine 104 is operated , the engine 104 tional sensor 103 in communication with the controller 
draws electrical power from an ignition system 108. In some 35 and / or the CO detector 102. In some examples , the addi 
examples , the ignition system 108 can include an ignition tional sensor 103 can provide additional signals to the 
magneto or battery . As the engine 104 operates , it outputs controller 122 to aid in controlling the operation of the 
mechanical power and exhaust gases ( including CO ) 110 , generator 100. The visual status indicator 128 provides an 
both by - products of the combustion process . The engine 104 indicator light that can be representative of the operational 
mechanically powers an alternator 112 , which transforms 40 status of both the CO detector 102 and the generator 100 in 
the engine 104's mechanical power to electrical power . The general . For example , colored lamps can represent certain 
alternator 112 can output rectified DC power 114 directly , or operational statuses . For example , a green status light can 
with the help of an inverter 116 , output AC power 118 . represent that the CO detector 102 is operating correctly and 
As noted above , in some examples , the CO detector 102 the controller 122 has determined the signals 120 from the 

is in communication with the engine 104 to allow the CO 45 CO detector 102 are representative of a desirable environ 
detector 102 to prevent the operation of the engine 104 if the ment . A yellow status light can be used to represent that there 
CO detector 102 has been tampered with . In some examples , is a problem in the system , such as a malfunction , and the 
the CO detector 102 communicates with the engine 104 via system should be supervised . A yellow status light can also 
a controller 122. In some examples , the CO detector 102 be used to represent a decrease in the safety of the environ 
communicates directly with the engine 104. In some 50 ment 119 if the controller 122 has determined the signals 
examples , the CO detector 102 is in communication with a from the CO detector 102 are beginning to trend in an 
fuel delivery system ( not shown ) of the engine 104 to undesirable direction . A red status light can represent an 
prevent fuel delivery to the engine in the event the CO alarm . The alarm can be tripped if there is a fatal malfunc 
detector 102 has been tampered with . tion in the system or if the controller 122 has determined the 

FIG . 3 shows a flow chart that depicts the communication 55 signals from the CO detector 102 represent an undesirable 
of the CO detector 102 with the generator 100. The CO environment . It is considered within the scope of the present 
detector 102 is configured to be in communication with an disclosure to utilize a variety of different colors to represent 
environment 119 immediately surrounding the generator the statuses discussed above , or further additional statuses . 
100. In the depicted example , the CO detector 102 is a In some examples , the audio alarm 130 is configured to 
detector that outputs a signal 120 ( i.e. , data readings ) rep- 60 sound an audio alarm when the controller 122 has deter 
resentative of the environment 119 to the controller 122 . mined there has either been a fault or there is an actively 

In some examples , the controller 122 is packaged with the undesirable environment . For example , the audio alarm 130 
CO detector 102 as a single unit . In other examples , the will sound when the visual indicator 128 indicates red . In 
controller 122 is a component mounted separately to the some examples , the audio alarm 130 can sound a different 
generator 100. In some examples , the controller 122 65 alarm , such as a beep or a series of beeps , when controller 
includes a microprocessor 124 that is configured to process 122 determines that the system is operating in a desirable 
the signal 120 from the CO detector 102 and output a variety environment or in a supervised state . 
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Further , the values of CO when both the visual 128 and threshold . In other examples , a temperature sensor ( not 
audio alarms 130 can also be dynamically altered , either shown ) can be in communication with the engine interrupt 
automatically by the controller 122 or manually by a user . In circuit 132 to cease the engine 104's operation when the 
some examples , the controller 122 can use a predetermined , engine temperature exceeds a predetermined threshold . 
or measured , emission rate of the engine 104 to alter when 5 If the controller 122 determines that the signals 120 from 
the audio and / or visual alarms 128 , 130 are activated . In the CO detector 102 are representative of a desirable oper some examples , the controller 122 can alter when the audio ating condition and environment 119 , the controller 122 and / or visual alarms 128 , 130 are activated based on historic outputs a signal 126 to the visual status indicator 130 to values sensed at the CO detector 102. This can be advan indicate the system is ready and protected . Additionally , the tageous in a confined space , such as a particular worksite , as controller 122 does not send a signal to the audio alarm 130 it allows the controller 122 to become calibrated and more 
sensitive to changes in CO levels in an environment where to sound an alarm . Further , in some examples , the controller 
relatively small CO level changes can have a potentially 122 sends a power signal 126 to the engine interrupt circuit 
harmful impact ( i.e. , potentially limited ventilation ) . 132 , thereby allowing the engine to start / continue operating . 

The engine interrupt circuit 132 is configured to be in 15 If the controller 122 determines that the signals 120 from 
communication with the ignition system 108 of the engine the CO detector 102 are representative of an undesirable 
104. For example , the ignition system 108 of the engine 104 operating condition and environment 119 , in 
can provide electrical current to at least one spark plug ( not examples , the controller 122 outputs a signal 126 to the 
shown ) mounted within the engine 104. The spark plug visual status indicator 130 to indicate the system alarm . 
facilitates combustion , and , therefore , operation of the 20 Additionally , the controller 122 activating a shutdown 
engine 104. The engine interrupt circuit 132 is configured to action . In some examples , the shutdown action includes the 
interrupt the passage of electrical current between the igni controller 122 signals the audio alarm 130 to sound an audio 
tion system 108 and the spark plug . In some examples , the alarm . Further , in some examples , the shutdown action 
engine interrupt circuit 132 can include a relay . In other includes the controller 122 not sending a power signal 126 
examples , the engine interrupt circuit 132 allows the flow of 25 to the engine interrupt circuit 132 to put the engine interrupt 
electrical current to the spark plug so long as a signal 126 is circuit 132 in a non - powered state , thereby ceasing opera 
received from the controller 122. ( For example , see FIG . tion of the engine 104 . 
11 ) . In other examples still , the engine interrupt circuit 132 FIG . 4 shows a chart that depicts example data provided 
allows the flow of electrical current to the spark plug until to the controller 122 from the CO detector 102. The plot 
the signal 126 is received from the controller 122. In some 30 depicts CO levels in parts per million ( ppm ) over time . The 
examples , the signal is a 3V signal from the controller 122 . first line , line A , and points thereon , represent an undesirable 

In some examples , the engine interrupt circuit 132 is environment . The undesirable environment can be an indoor 
configured to operate in a powered stat or a non - powered environment . Line B depicts CO levels that are expected in 
state . When in the powered state , the engine interrupt circuit a desirable environment , such as a ventilated space or in an 
132 allows current to pass from the ignition system 108 to 35 outdoor environment . 
the engine 104 and to at least one spark plug . When in the As can been seen in the chart , in the undesirable envi 
non - powered state , the engine interrupt circuit 132 grounds ronment , over time , Line A continues at a positive slope , 
the ignition system 108 , and , therefore , prevents electrical indicating a build - up of CO in the environment . Conversely , 
current from passing to the at least one spark plug of the in the desirable environment , over time , Line B fluctuates 
engine 104. When the engine interrupt circuit 132 is in the 40 between having a positive slope and a negative slope . This 
non - powered state , the operation of the engine 104 is behavior is common in an outdoor environment as ventila 
terminated and cannot be restarted until the engine interrupt tion is typically inconsistent ( i.e. wind or breezes ) . However , 
circuit 132 receives a signal 126 from the controller 122 to because there is not a consistent build - up over time , such 
return it to the powered state ( i.e. , not grounded ) . fluctuations in CO levels are deemed to be desirable . 

In some examples , the engine interrupt circuit 132 can be 45 In one example , the controller 122 can supervise the CO 
connected to the fuel system 106 of the generator 100 . detector 102 to determine if the CO detector 102 is properly 
Similarly , the engine interrupt circuit 132 can operate to performing and actively sensing CO . Because the CO detec 
selectively provide the engine 104 with fuel . Specifically , tor 102 can become plugged or damaged , it is useful to sense 
when in the non - powered state , the engine interrupt circuit proper operation of the CO detector 102 to avoid an acci 
132 would cause the engine 104 to fail to receive fuel and 50 dent . 
engine 104 would thereby cease operation . In some In some examples , the controller 122 can count CO 
examples , the engine interrupt circuit 132 can be in com detector signals that carry a CO level value above a prede 
munication with a fuel pump to selectively turn it on and off . termined threshold value ( i.e. , a minimum noise threshold 

In some examples , the engine interrupt circuit 132 will level ) within a predetermined time interval . Because the CO 
ground the ignition system when in the non - powered state . 55 will exist in the environment , no matter if it is desirable or 
Therefore , unless a power signal 126 is received from the undesirable , by receiving CO value levels over a predeter 
controller 122 , the engine interrupt circuit 132 will remain mined level , it will indicate that the CO detector 102 is 
in the non - powered state and the ignition system 108 will detecting Co. 
fail to pass electrical current to the engine 104. This aids in In some examples , the minimum noise threshold value is 
preventing tampering with the system and also helps to 60 Oppm . In other examples , the minimum noise threshold 
prevent the engine from operating when there is a malfunc value can range between about 50 and about 150 ppm . In 
tion . some examples , the controller 122 can use a predetermined 

In some examples , the engine interrupt circuit 132 can time interval between about 5 seconds and 45 seconds to 
also be used for other functions on the generator 100. For count signals received from the CO detector 102. In other 
example , an oil sensor ( not shown ) can be in communication 65 examples , if at least half of the values received by the 
with the engine interrupt circuit 132 to cease the engine controller 122 in the predetermined time interval from the 
104's operation when oil levels are below a predetermined CO detector 102 are above the minimum noise threshold , the 
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controller 122 determines the CO detector 102 is actively value / trend by using a timer and / or other sensor ( acceler 
sensing Co. In some examples , the predetermined time ometer , etc. ) to indicate the likelihood of the generator 100 
interval is about 30 seconds . being moved to a different environment . 

FIG . 5 shows a chart similar to the chart of FIG . 4. Line FIG . 6 shows a flowchart of the controller 122's opera 
A , and points thereon , represents an undesirable environ- 5 tion . At step 134 , the generator 100 is started and turned on 
ment , and Line B , and points thereon , represents a desirable so that the generator is operating . At step 136 , the controller 
environment . In some examples , the CO detector 102 can 122 receives CO detector 102 data in the form of CO 
experience sensor drift over time , thereby providing signals detector signals 120 for a predetermined time interval . The 
to the controller 122 that are not accurate of the actual levels controller 122 then determines at step 138 if the CO detector 
of CO in the environment . This sensor drift is represented in 10 signals 120 received from the CO detector 102 are above a 
FIG . 5 by Line C. However , because an undesirable envi predetermined minimum noise threshold over a predeter 
ronment can be recognized by the controller 122 as a mined time interval ( noise level ) . This analysis can be the 
consistent build - up of CO over time , the controller 122 can analysis described with respect to FIG . 4 , above . If the 
still accurately recognize an undesirable environment even controller 122 determines that the CO detector signals 120 
when the CO detector 102 experiences sensor drift . 15 are indeed above a predetermined threshold , the controller 

In some examples , the controller 122 is configured to 122 proceeds to determining if the environment is either 
determine if the CO detector 102 is providing signals that are desirable or undesirable , at step 140. However , if the con 
representative of a desirable or undesirable environment by troller 122 determines that the CO detector signals 120 are 
using sensing trends in the CO detector 102 data . In some not above a predetermined threshold , the controller 122 
examples , a regression analysis can be used . In such an 20 immediately proceeds to step 142 and uses the engine 
analysis , the controller 122 gathers a data set of CO detector interrupt circuit to terminate the operation of the generator 
102 readings of CO present in the environment over a 100 at step 146. In some examples , the controller 122 stops 
predetermined time interval . In some examples , the time sending a powered signal 126 , thereby putting the engine 
interval is between about 5 seconds and about 60 minutes . interrupt circuit 132 into the non - powered state , terminating 
In other examples , the time interval is between about 15 25 engine operation . Simultaneously , in some examples , at step 
seconds and about two minutes . The controller 122 then 144 , the controller 122 can also activate the visual alarm 
formulates a regression line based on the data set . In some ( e.g. , activate the red light on the visual indicator 128 ) and 
examples , the regression line is a linear regression line . audio alarm 130. Steps 142 , 144 , and 146 can all occur 
Further , once a formula for the regression line is calculated , nearly simultaneously . 
the controller 122 determines if the slope of the regression 30 If at step 138 , the controller 122 determines the CO 
line is a positive slope . In some examples , the controller 122 detector signals 120 are above a predetermined threshold , at 
can also determine if the slope of the regression line has a step 140 the controller 122 determines if the environment is 
slope over a predetermine threshold value . In some desirable or undesirable . This analysis can be the analysis 
examples , if the slope of the regression line is positive , the described with respect to FIG . 5 , above . The controller 122 
controller 122 determines that there is CO build - up occur- 35 determines if there is a positive trend in CO build - up . This 
ring that could lead to , or is creating , an undesirable envi can be accomplished by , for example , determining if there 
ronment . By determining the slope of the regression line exists a positive slope in the data received from the CO 
over time , the controller 122 helps to minimize false alarms detector 102. If the slope is positive , the controller proceeds 
triggered by intermediate spikes in CO detected by the CO to steps 142 , 144 , and 146 , thereby terminating the operation 
detector . Further , determining the slope of the regression line 40 of the generator 100. If the slope is not positive , or under a 
over time allows the controller 122 to determine CO trends , predetermined slope threshold , the controller 122 performs 
thereby helping the controller 122 to more quickly , and more a loop and returns to step 136. At this point , the controller 
accurately , recognize an undesirable environment . 122 will be performing the loop of steps 136 , 138 , 140 , 136 

In some examples , the controller 122 is configured to ... and on until the controller 122 determines at step 140 that 
dynamically alter the minimum noise threshold and / or the 45 an undesirable environment exists . 
CO build - up trend value ( i.e. slope ) that triggers a shutdown In some examples , as mentioned above , the accuracy of 
based on a variety of variables . In one example , the con the CO detector 102 can deteriorate . This can be caused by 
troller 122 can use a predetermined , or measured , emission the passage of a certain amount of time , overexposure to 
rate of the engine 104 to alter the minimum noise threshold high CO levels , or overexposure to the elements . While the 
of CO and / or the CO build - up trend value , thereby altering 50 controller 122 is configured to accurately predict an unde 
when the controller 122 ceases operation of the engine 104 . sirable environment even after the CO detector 102 has 
In some examples , the controller 122 can store the last experienced sensor drift by relying on trends in the mea 
measured CO level value / trend when the generator 100 shuts sured CO values , and not specific values , it is still advan 
down . In some examples , by storing the last known CO tageous to provide feedback to the user that the CO detector 
value / trend , the controller 122 becomes calibrated to a 55 102 should be serviced or replaced to ensure the most 
particular environment . Upon restart of the generator 100 , accurate readings and operation . 
the controller 122 is capable of sensing a CO build - up in a In some examples , the controller 122 can rely on the 
more responsive manner . In some examples , the controller additional sensor 103 to provide signals to the controller 
122 can alter the minimum noise threshold and / or the CO 122. The at least one additional sensor 103 can be one of , but 
build - up trend value based on historic values sensed at the 60 not limited by , a temperature sensor , a humidity sensor , a 
CO detector 102. This can be advantageous in a confined proximity sensor , an accelerometer , and / or a timer . In some 
space , such as a particular worksite , as it allows the con examples , the generator 100 can include a plurality of 
troller 122 to become more sensitive to changes in CO levels additional sensors . In other examples still , the additional 
in an environment where relatively small CO level changes sensors can be packaged with the CO detector 102 . 
can have a potentially harmful impact ( i.e. , potentially 65 In some examples , the controller 122 can use signals 
limited ventilation ) . In some examples , the controller 122 received from the sensor 103 to determine if the CO detector 
can determine when to rely on the last measured CO level 102 has been either overexposed and / or is in need of 
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replacement . In some examples , the controller 122 can use be a standalone component . Further , in conjunction with the 
signals from the sensor 103 to alter predetermined thresh temperature sensor and humidity sensor , the controller 122 
olds ( i.e. the minimum noise threshold and a shutoff thresh can utilize the timer to monitor the amount of time that the 
olds ) . In other examples , the sensor 103 is a sensor ( e.g. , a CO detector 102 has been exposed to extreme temperature 
proximity sensor ) that senses the location of a structure / 5 environments and / or extremely humid environments . 
obstacle near the generator 100. For example , the sensor 103 The steps shown in FIG . 6 can be performed in the order 
can sense when the generator 100 is placed too close to a shown , performed in a different order than shown , per 
structure to allow for proper ventilation ( i.e. , a wall , ceiling , formed excluding select steps , and / or performed including 
etc. ) . In some examples , the sensor 103 can be positioned additional steps . 
near the exhaust outlet of the generator 100 to sense unde- 10 FIG . 7 shows an example operation 200 of the controller 
sirable obstructions near the exhaust outlet . In some 122. In some examples , the operation 200 can be performed 
examples , the sensor 103 is configured to sense if an in place of step 140 , shown in FIG . 6. In some examples , the 
obstacle is present around the generator 100. In some operation 200 can be performed by the controller 122 in 
examples , the sensor 103 can communicate with the con addition to determining if the CO detector 102 is sensing 
troller 122 to cease operation of the generator if a particular 15 above a minimum noise threshold . 
environment is sensed . In some examples , the sensor 103 At step 202 of the operation 200 , the controller 122 
can provide feedback to the controller 122 to alter a CO receives raw signals from the CO detector 102. At step 204 , 
threshold at which the controller 122 ceases operation of the the controller 122 processes the raw signals . In some 
generator 100. For example , if the sensor 103 senses the examples , as part of processing the raw signals , the control 
generator is in a confined space , the controller 122 can alter 20 ler 122 filters the raw signals . Once the controller 122 has 
the thresholds so that the controller 122 ceases operation of processed the raw signals , the controller 122 determines if 
the generator 100 at a lower than normal CO operating level . the magnitude ( step 206 ) and / or the rate of change ( step 208 ) 
This results in a more sensitive system due to the more of the measured levels of CO by the CO detector 102 exceed 
dangerous environment of a confined space . predetermined threshold values . If the CO levels do exceed 

In some examples , the controller 122 uses the sensor 103 25 predetermined threshold values , the controller 122 com 
to determine if the generator 100 is in an outdoor or indoor mences the shutdown on the engine at step 210 ( e.g. , by 
environment . For example , if an indoor environment is using the engine interrupt circuit 132 ) . When shutdown is 
sensed by the sensor 103 , the controller 122 can adjust a commenced , the controller 122 can also activate , at step 212 , 
plurality of shutoff thresholds ( discussed below ) accordingly at least one of the visual and audio alarms 128 , 130 . 
to make the generator more sensitive to CO levels . The steps shown in FIG . 7 can be performed in the order 

In other examples , a temperature sensor is used as the shown , performed in a different order than shown , per 
sensor 103. In some examples , the controller 122 can alter formed excluding select steps , and / or performed including 
the shutoff thresholds based on a sensed temperature to additional steps . 
account for the behavior of the CO detector to sense CO FIG . 8 shows a detailed example of the magnitude analy 
levels differently in different temperature environments . In 35 sis of step 206. At step 214 , the controller 122 generates a 
some examples , the controller 122 uses a temperature to first value that is representative of the CO level over a first 
sensor as sensor 103 to determine if the generator 100 is in period of time . In some examples , the first period of time is 
an outdoor or indoor environment . For example , if a steady between 0 and 45 seconds . In some examples , the first period 
temperature rise is seen , such a rise can be indicative of of time is 30 seconds . In some examples , the first value can 
indoor environment as the generator's 100 operation ( i.e. 40 be a variety of different values based on the CO signals . For 
output of heat ) may raise steadily raise an indoor environ example , the first value can be a mean , a median , a mode , or 
ment's ambient temperature . If an indoor environment is any other variety of values based on the CO signals received 
sensed by the sensor , the controller 122 can adjust the from the CO detector 102 . 
shutoff thresholds accordingly to make the generator more At step 216 , the controller 122 determines if the first value 
sensitive to CO levels . 45 is greater than a first shutoff threshold . In some examples , a 
When using a temperature sensor , the controller 122 can mean of the CO signals over 30 seconds is used for the first 

determine if the CO detector 102 has been exposed to value and the first shutoff threshold is between 650 PPM and 
extreme environments , such as extreme cold or extreme 750 PPM . In some examples , the first shutoff threshold is 
heat . Such extreme temperatures may damage the compo about 700 PPM . If the controller 122 determines the first 
nents of the CO detector 102 and thereby render it inaccurate 50 value is greater than the first shutoff threshold , the controller 
or inoperable . In some examples , the controller 122 is 122 initiates an engine shutdown 210 and / or activates at 
programmed with predetermined temperature thresholds . In least one of the visual and audio alarms 128 , 130 . 
some examples , the lower threshold is between about ( - ) 40 At step 218 , the controller 122 generates a second value 
degrees and about ( - ) 4 degrees Fahrenheit and the upper that is representative of the CO level over a second period 
threshold is between about 104 degrees and about 158 55 of time . In some examples , the second period of time is 
degrees Fahrenheit . In other examples , the controller 122 between 5 minutes and 15 minutes . In some examples , the 
can control the operation of a heating element ( not shown ) second period of time is about 10 minutes . In some 
positioned proximate the CO detector 102 when the mea examples , the second value can be a variety of different 
sured temperature is below a predetermine threshold . values based on the CO signals . For example , the second 
When using a humidity sensor , the controller 122 can 60 value can be a mean , a median , a mode , or any other variety 

determine if the CO detector 102 has been exposed to of values based on the CO signals received from the CO 
extremely humid environments where the moisture in the air detector 102. In some examples , the second value can be 
may condense and damage the CO detector 102 . based on the first value . For example , the second value can 
When using the timer , the controller 122 can monitor the be a mean of the first value over the second period of time . 

overall time that the CO detector 102 has been used ( i.e. , age 65 At step 220 , the controller 122 determines if the second 
and / or operating time ) . In some examples , the timer can be value is greater than a second shutoff threshold . In some 
a function of , and integral with , the controller 122 or it can examples , a mean of the CO signals over 10 minutes is used 
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for the second value and the second shutoff threshold is then receives data from the at least one additional sensor at 
between about 300 PPM and 400 PPM . In some examples , step 150 and compares that data to predetermined threshold 
the second shutoff threshold is about 350 PPM . If the values at step 152. If the controller 122 determines the 
controller 122 determines the second value is greater than measured values have exceeded the predetermined threshold 
the second shutoff threshold , the controller 122 initiates an 5 values , which would indicate damage to the CO detector 
engine shutdown 210 and / or activates at least one of the 102 , at step 154 , the controller 122 communicates with the 
visual and audio alarms 128 , 130 . engine interrupt circuit 132 at step 156 , activates the visual 

The steps shown in FIG . 8 can be performed in the order and audio alarms at step 158 , and terminates the generator 
shown , performed in a different order than shown , per 100 operation at step 160 . 
formed excluding select steps , and / or performed including 10 Alternatively , in some examples , after determining the 
additional steps . measured values have exceeded the predetermined thresh 

FIG . 9 shows a detailed example of the rate of change old , the controller 122 can simply activate the visual and 
analysis of step 208. In some examples , the controller 122 audio alarms at step 158 and allow the generator 100 to 
can use PID and / or other similar programming to perform continue to operate . For example , this operation can take 
step 212. At step 222 , the controller 122 generates a third 15 place when the controller 122 determines the measured 
value that is representative of the rate of change of the CO values have not yet exceeded the threshold values by a large 
level over a third period of time . In some examples , the third enough magnitude to render the CO detector 102 inaccurate 
period of time is between 0 and 1 second . In some examples , enough . This can provide the user with the useful informa 
the third period of time is 1 second . In some examples , the tion that the CO detector 102 should be replaced but does not 
third value can be a variety of different values that illustrate 20 terminate their immediate use of the generator 100 . 
a rate of change of the CO signals . For example , the third If the controller 122 determines that the data from the at 
value can be a slope , an acceleration , or any other value that least one additional sensor does not surpass the threshold 
is illustrative of a rate of change of CO levels based on the levels , the controller 122 performs a loop , and returns to step 
CO signals received from the CO detector 102 . 150 . 

At step 224 , the controller 122 determines if the third 25 FIG . 11 shows an isometric view of an example CO 
value is greater than a third shutoff threshold . In some detector 202. The CO detector 202 can be configured to be 
examples , an acceleration per second squared is used for the installed by a manufacturer with the generator 100 ( or like 
third value and the third shutoff threshold is between about machine ) or it can be configured to be installed as an add - on 
5 PPM / sec2 and 15 PPM / sec . In some examples , the third component to a preexisting generator ( or like machine ) . The 
shutoff threshold is about 10 PPM / sec2 . If the controller 122 30 CO detector 202 includes a housing 204 and a pigtail 
determines the third value is greater than the third shutoff connector 206. In some examples , the housing 204 contains 
threshold , the controller 122 initiates an engine shutdown the controller 122. In other examples still , the housing 204 
210 and / or activates at least one of the visual and audio contains at least one additional sensor such as a temperature 
alarms 128 , 130 and step 212 . sensor , humidity sensor , and / or timer . In some examples , the 

At step 226 , the controller 122 generates a fourth value 35 housing 204 can be tamper - proof , thereby limiting the 
that is representative of the rate of change of the CO level operation of the attached machine ( e.g. , the generator 100 ) 
over a fourth period of time . In some examples , the fourth if components are moved or removed . 
period of time is between about 15 seconds and 45 seconds . In some examples , the pigtail connector 206 can be 
In some examples , the fourth period of time is about 30 plugged into a preexisting engine interrupt circuit located on 
seconds . In some examples , the fourth period of time is 40 the generator 100. For example , a preexisting engine inter 
greater than 30 seconds . In some examples , the fourth value rupt circuit can be a low oil engine interrupt circuit and / or 
can be a variety of different values that illustrate a rate of a fuel delivery system on the generator 100 . 
change of the CO signals . For example , the fourth value can FIG . 12 shows a schematic representation of an example 
be a slope , an acceleration , or any other of a variety of values generator 300 and an example CO detector 302. The CO 
that illustrate a rate of change of CO levels based on the CO 45 detector 302 is substantially similar to the CO detectors 102 
signals received from the CO detector 102. In some and 202 described above . The CO detector 302 and associ 
examples , the fourth shutoff threshold is within the range of ated controller 322 are capable of preforming in a similar 
0.5 PPM / sec2 and 1.5 PPM / sec2 . In some examples , the way as the controller 122 and CO detectors 102 , 202 
fourth shutoff threshold is about 1.0 PPM / sec2 . described above . The CO detector 302 is configured to be 
At step 228 , the controller 122 determines if the fourth 50 wirelessly connected to the generator 300 to allow it to be 

value is greater than a fourth shutoff threshold . In some placed away from the generator 300 in an environment . In 
examples , an acceleration per second squared over 10 sec some examples , the generator 300 can communicate with a 
onds is used for the fourth value and the fourth shutoff plurality of CO detectors 302 so that the controller 322 can 
threshold is within the range of 0.5 PPM / sec2 and 1.5 control the operation of the generator 300 based on signals 
PPM / sec . In some examples , the fourth shutoff threshold is 55 from the CO detector ( s ) 302 . 
about 1.0 PPM / sec2 . If the controller 122 determines the FIG . 13 shows an example generator 400 that can wire 
fourth value is greater than the fourth shutoff threshold , the lessly communicate with a mobile device 450. The generator 
controller 122 initiates an engine shutdown 210 and / or 400 can include an onboard CO detector 402 in communi 
activates at least one of the visual and audio alarms 128 , 130 cation with an onboard controller 422 , both of which are 
and step 212 . 60 substantially similar to the CO detectors 102 , 202 , 302 and 

The steps shown in FIG . 9 can be performed in the order controller 122 described above . In some examples , the 
shown , performed in a different order than shown , per generator 400 can be in communication with a wireless CO 
formed excluding select steps , and / or performed including detector 402. In some examples , the mobile device 450 can 
additional steps . communicate with the controller 422 to receive alarms and 

FIG . 10 shows a flowchart of an example operation 65 data that are representative of the generator 400's operation 
performed by the controller 122. At step 148 , the generator and also the data received from the CO detector 402. The 
100 is turned on so that it is operating . The controller 122 controller 422 can include a wireless module , such as a 
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Bluetooth® module or a Wi - Fi module for communicating and applications illustrated and described herein , and with 
with the mobile device 450. In some examples , the control out departing from the true spirit and scope of the following 
ler 422 communicates signals with the mobile device 450 claims . 
that are representative of a CO level proximate to the What is claimed is : 
generator 400. In some examples , the controller 422 can also 5 1. An internal combustion engine - based system compris 
be in communication with a secondary sensor ( e.g. , the ing : 
additional sensor 103 and / or wireless CO detector 302 an internal combustion engine ; 
described above ) placed in the environment near the gen an engine interrupt connected to the engine , wherein the 
erator 400 so that the controller 422 can communicate CO engine interrupt is configured to selectively stop the 
levels to the mobile device 450 that are representative of the 10 operation of the engine ; 
environment proximate to the generator 400. For example , a a controller in communication with the engine interrupt ; 
user can monitor CO levels of the environment proximate to and 
the generator 400 from a safe distance . In some examples , a carbon monoxide detector in communication with the 
the controller 422 communicates with the mobile device controller , wherein the controller uses the engine inter 
when CO levels in the environment proximate to the gen- 15 rupt to stop the operation of the engine when the carbon 
erator 400 have decreased below a predetermined threshold . monoxide detector provides the controller with signals 

FIG . 14 is a schematic diagram illustrating an example of that are representative of a carbon monoxide level 
the engine interrupt circuit 132 ( shown in FIG . 3 ) for proximate the internal combustion engine that together 
inhibiting the operation of generator 100 under certain form a trend of building carbon monoxide amounts 
conditions detected by CO detection circuitry ( such as the 20 over a set time interval . 
CO sensor 102 and the controller 122 , shown in FIG . 3 ) . 2. The internal combustion engine - based system of claim 

In this example , the engine interrupt circuitry 132 1 , wherein the controller monitors carbon monoxide levels 
includes a CO detection input 470 , an ignition system input and uses a regression analysis to determine the trend of 
472 , an auxiliary input 474 , an ignition output 476 , and monitored carbon monoxide levels , and wherein a signal is 
electronic components 478. In the illustrated example , the 25 sent to the engine interrupt by the controller when the slope 
electronic components include diodes D1 , D2 , and D3 ; of a regression line computed by the regression analysis is 
resistors R1 , R2 , R3 , R4 , and R5 ; capacitors C1 , C2 , C3 , and positive over the set time interval . 
C4 ; and switching components Z1 , Z2 , and Q1 . Ground 3. The internal combustion engine - based system of claim 
connections are also illustrated . 2 , wherein the time interval is between about 15 seconds and 

The CO detection input 470 receives a signal generated by 30 about 60 minutes . 
the CO detection circuitry . In normal operation , the signal is 4. The internal combustion engine - based system of claim 
a positive voltage . One advantage of requiring a positive 1 , wherein the controller is a PID controller . 
voltage be generated by the CO detection circuitry during 5. The internal combustion engine - based system of claim 
normal operation is that it prevents the generator 100 from 1 , wherein the carbon monoxide detector automatically 
operating if the CO detection circuitry is removed . 35 ceases the operation of the internal combustion engine when 
When the positive voltage is provided by the CO detec communication between the carbon monoxide detector and 

tion circuitry , the switching component Q1 is turned on , the controller is interrupted . 
which in turn turns off the switching component Z2 . When 6. The internal combustion engine - based system of claim 
in this state , the switching component Z1 disconnects the 1 , further comprising a secondary sensor in communication 
ignition system input 472 from the ground connection 40 with the controller , wherein the secondary sensor is at least 
connected to switching component Z1 , which allows the one of a carbon monoxide sensor , a temperature sensor , a 
ignition signal at the ignition output 476 to operate the humidity sensor , a proximity sensor , an accelerometer , and 
engine 104 of the generator 100 . a timer . 
When an undesirable CO event is detected , the signal 7. The internal combustion engine - based system of claim 

from the CO detection circuitry is switched to ground , which 45 1 , wherein the controller uses the engine interrupt to cease 
turns off the switching component Q1 and turns on the the operation of the engine when the controller determines 
switching component Z2 . signals from the carbon monoxide detector exceed a mini 
When Z2 turns on , C2 is permitted to be charged by a mum noise threshold . 

positive pulse received from the ignition system 108 at the 8. The internal combustion engine - based system of claim 
ignition system input 472. With C2 charged , switching 50 1 , wherein the internal combustion engine is integral in a 
component Z1 is turned on when the pulse from the ignition generator , wherein the generator is configured to transform 
system begins to go negative . This pulse is then shorted to mechanical power created by the internal combustion engine 
ground through the switching component Z1 , which pre into electrical power . 
vents the operation of the engine 104 of the generator 100 . 9. The internal combustion engine - based system of claim 

In some examples , the engine interrupt circuit 132 also 55 1 , wherein the controller includes a predetermined shutoff 
includes one or more auxiliary inputs 474. The auxiliary threshold that indicates the trend of building carbon mon 
input 474 can be used , for example , to deactivate the engine oxide amounts over the set time interval , wherein the 
104 of the generator 100 for reasons other than an undesir controller uses the engine interrupt to stop the operation of 
able CO event , in the same manner as the CO detection the engine when the predetermined shutoff threshold is 
circuitry . Examples of such other reasons include a low oil 60 exceeded . 
condition , an overheat condition , or any other detectable 10. The internal combustion engine - based system of 
event or condition . claim 9 , wherein the controller alters the predetermined 

The various embodiments described above are provided shutoff threshold that indicates the trend of building carbon 
by way of illustration only and should not be construed to monoxide amounts over the set time interval based on 
limit the claims attached hereto . Those skilled in the art will 65 historic signals received from the carbon monoxide detector . 
readily recognize various modifications and changes that 11. The internal combustion engine - based system of claim 
may be made without following the example embodiments 1 , wherein the controller uses the engine interrupt to stop the 
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operation of the engine if at least one of a magnitude and a 16. A method of operating an internal combustion engine 
rate of change of the carbon monoxide level represented by based system , the method comprising : 
the signals from the carbon monoxide detector exceeds at detecting a carbon monoxide level proximate an internal 
least one of a predetermined shutoff threshold . combustion engine over a period of time using a carbon 

12. The internal combustion engine - based system of 5 monoxide detector ; 
claim 1 , wherein the carbon monoxide detector is integrated determining that at least a rate of change of the carbon 

monoxide level from the carbon monoxide detector with the internal combustion engine so that if the carbon exceeds at least one predetermined shutoff threshold ; monoxide detector is tampered with , the internal combustion and 
engine ceases to operate . activating a shutdown action when the at least the rate of 

13. A data storage device storing data instructions that , change of the carbon monoxide level from the carbon 
when executed by a controller of a carbon monoxide detec monoxide detector exceeds the at least one predeter 
tor , causes the controller to : mined shutoff threshold , wherein the shutdown action 

receive an indication of a carbon monoxide level over a is configured to stop operation of the internal combus 
tion engine . period of time from a carbon monoxide detector proxi 

mate an internal combustion engine ; 17. The method of claim 16 , wherein the rate of change 
of the carbon monoxide level is an acceleration of the carbon determine whether a rate of change of the carbon mon monoxide level . oxide level from the carbon monoxide detector exceeds 18. The method of claim 16 , further comprising : at least one predetermined shutoff threshold ; and 

activate a shutdown action when the at least the rate of generating a first value representative of the rate of 
change of the carbon monoxide level from the carbon change of the carbon monoxide level over a first period 
monoxide detector exceeds the at least one predeter of time ; 
mined shutoff threshold . determining if the first value exceeds a first predetermined 

threshold value ; and 14. The data storage device of claim 13 , wherein the data 
instructions further cause the controller to : activating the shutdown action if the first value exceeds 

determine whether a magnitude of the carbon monoxide the first predetermined threshold . 
19. The method of claim 18 , further comprising : level from the carbon monoxide detector exceeds at 

least a second predetermined shutoff threshold ; and generating a second value representative of the rate of 
activate a shutdown action when the at least the magni change of the carbon monoxide level over a second 

tude of the carbon monoxide level from the carbon period of time , wherein the second value is different 
monoxide detector exceeds at least the second prede from the first value and wherein the second period of 
termined shutoff threshold . time is greater than the first period of time ; 

15. A generator comprising : determining if the second value exceeds a second prede 
termined threshold value ; and an internal combustion engine that generates mechanical activating the shutdown action if the second value power ; 

an alternator that receives the mechanical power from the exceeds the second predetermined threshold . 
internal combustion engine and transforms at least a 20. The method of claim 16 , further comprising activating 

at least one of a visual and audio alarm when the at least the majority of the mechanical power into electrical rate of change of the carbon monoxide level from the carbon energy ; 
an output interface that provides the electrical energy to monoxide detector exceeds the at least one predetermined 

shutoff threshold . an external device for powering the external device ; 
a controller in communication with the internal combus 21. The method of claim 16 , further comprising deter 

tion engine ; mining the at least one predetermined shutoff threshold 
a carbon monoxide detector in communication with the based at least partially signals received from an additional 

controller , wherein the carbon monoxide detector indi 
cates a carbon monoxide level , wherein the controller 22. The method of claim 16 , further comprising deter 
activates a shutdown action to stop the operation of the mining the at least one predetermined shutoff threshold 
internal combustion engine when the carbon monoxide based at least partially on historic signals received from the 
indicates a trend of building carbon monoxide level carbon monoxide detector . 
over a set time interval . 
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