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( 57 ) ABSTRACT 
To reduce the rate at which a false alternating current ( " AC " ) 
loss alarming signal is generated , but at the same time detect 
an actual AC loss situation in a timely manner , the disclosed 
method describes an AC line power loss detection and active 
verification method . If the AC line input voltage dips 
momentarily lower than a standard sine wave amplitude , the 
AC line may not be considered lost as long as it still has 
energy to drive a load . The method inserts a momentary load 
across the AC line and compares the AC line voltage before 
and after the extra load is applied . If the AC power is present , 
this extra loading will increase the AC loading current 
momentarily , but will not affect the AC line voltage . How 
ever , if the AC power is lost , such loading will lower the AC 
line voltage , indicating a loss of power . 
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ACTIVE AC POWER LOSS DETECTION [ 0009 ] FIG . 4 is a block diagram depicting a computing 
machine and module , in accordance with certain example 
embodiments . TECHNICAL FIELD 

[ 0001 ] The present disclosure relates generally to power 
distribution and , more particularly , to detecting and con 
firming power loss in a power distribution system . 

DESCRIPTION OF EXAMPLE EMBODIMENTS 

Overview 
BACKGROUND 

[ 0002 ] With the rapid increase of complexity of comput 
ing , communication , and other systems , increasing amounts 
of power are needed to maintain operations in many sys 
tems . The increased system complexity often results in 
longer handling operations in the case of system power loss . 
For example , in a system power loss event , these systems 
require longer power hold - up time to properly save opera 
tion parameters of the components and / or to engage back up 
power supplies . The power hold - up time is the amount of 
time that the system can continue to run without resetting or 
rebooting during a power interruption . 
[ 0003 ] Higher system power and longer hold - up time 
requirements put increasing pressures on power supply 
design . These designs typically require larger energy storage 
devices , which translates into higher costs and larger equip 
ment sizes . To resolve this technical challenge , conventional 
systems have attempted to detect the input power loss at the 
earliest possible time to allow power loss reaction processes 
to begin as early as possible . 
[ 0004 ) Alternating current ( “ AC ” ) voltage changes instan 
taneous amplitude continuously from zero to its positive and 
negative maximum values in sinusoidal cycles . Conven 
tional systems passively detect AC input voltage over a time 
window and , based on the voltage values , determine whether 
the AC power is still present or has been lost . When the 
voltage across the load drops below a certain level , an AC 
loss condition is detected . One disadvantage of this method 
is that the AC power loss may not be detected until one or 
more AC cycles later . 
10005 ] Other conventional methods read an instantaneous 
AC voltage and compare the read value against a sampled 
and delayed version of the data . Still other conventional 
methods read instantaneous AC voltage and compare the 
instantaneous values over a short period of time T , such as 
T = 1 mS or T = 0 . 5 ms , against standard AC waveform values 
to determine whether the AC input voltage remains within 
the range of a standard sine wave , or has dropped out of the 
range indicating a loss of AC power . This conventional 
solution creates a conflict between seeking a fast response to 
AC power loss when a shorter T is used , and avoiding a false 
positive response when the system mistakenly considers an 
AC line glitch as an AC power loss . 

[ 0010 ] A power distribution system uses an active detec 
tion and confirmation method to detect an AC power loss 
condition . The active detection and confirmation allows AC 
power loss to be detected and confirmed earlier than con 
ventional methods . The active confirmation process can 
reduce the rate of false alarms and provide reliable AC loss 
detection . For applications where input power redundancy is 
not possible due to cost or space restrictions , fast and 
reliable AC power loss detection can significantly improve 
system reliability . When AC power loss occurs , systems can 
be shut down in a controlled manner to ensure that the 
systems can be restored after AC power is recovered . 
[ 0011 ] In example embodiments , the present technology 
includes circuits that provide a signal representing the 
instantaneous AC line voltage and suitable to supply the 
analog to digital converter in a microcontroller . The micro 
controller generates a sine wave signal locally and synchro 
nizes the sine wave to the AC line input . If the input AC 
power is normal , the difference between the two signals will 
be within a certain configured amount , such as 5V or 10V . 
If the comparison difference is larger than the configured 
amount , a possible AC loss situation may be indicated . The 
system then begins a confirmation process before reporting 
the possible power loss . In a certain example , the sine wave 
is a digital representation of an analog sine wave . In an 
example , the sine wave is a digital simulated sine wave . 

10012 ] . Upon detection of a difference greater than the 
configured amount , the microcontroller applies a short posi 
tive pulse signal to a gate of a power semiconductor device 
that connects a load resistor across the AC line . The load 
resistor creates a momentary extra loading on the AC line . 
If the AC power is still present , the extra loading will 
momentarily increase the AC line load current , but will not 
affect the AC line voltage . However , if the AC line power is 
lost , the additional loading will drive the line voltage lower 
until it approaches zero . Based on the amount of change of 
the AC line voltage and current , the system determines if the 
power is lost in the AC line and takes appropriate action . 
[ 0013 ] In an additional example , the AC line input fre 
quency is mixed with another signal to create a heterodyne 
that allows for faster detection of an AC power interruption . 
For example , the AC line input at 60 Hz may be mixed with 
a 62 Hz signal to produce a 122 Hz signal . This signal is 
compared to a locally generated 122 Hz signal to identify a 
line interruption as described above . 
[ 0014 ] . By using and relying on the methods and systems 
described herein , a system reduces the rate of false AC loss 
alarming signals , but at the same time detects an actual AC 
loss situation in a timely manner . As such , the systems and 
methods described herein may allow a system to be con 
structed with less costly backup power systems or smaller 
energy storage devices . These systems and methods will 
reduce costs , unnecessary shutdowns , and power interrup 
tions . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0006 ] FIG . 1 is a block diagram depicting a system to 
determine and verify a loss of power in an electrical system , 
in accordance with certain example embodiments . 
[ 0007 ] FIG . 2 is a block flow diagram depicting a method 
to determine and verify a loss of power in an electrical 
system , in accordance with certain example embodiments . 
[ 0008 ] FIG . 3 is a block flow diagram depicting a method 
to generate a synchronized sine wave for comparison to AC 
line power , in accordance with certain example embodi 
ments . 
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Description 
[ 0015 ] Referring to the drawings , in which like numerals 
represent like ( but not necessarily identical ) elements 
throughout the figures , example embodiments are described . 
[ 0016 ] FIG . 1 is diagram depicting a power system 100 
with a microcontroller 110 and a load resistor 140 , in 
accordance with certain example embodiments . 
[ 0017 ] The system utilizes a microcontroller 110 to moni 
tor the AC line power 160 , generate a sine wave synchro 
nized to the AC line , detect power anomalies , and confirm a 
power loss . The microcontroller 110 may be any micropro - 
cessor based device that performs the power monitoring 
tasks . The microcontroller 110 may utilize an AC loss 
detection and verification module 111 , a sine wave generator 
112 , a pulse load to AC line module 113 , and any other 
modules or elements to perform the described functions . The 
microcontroller 110 is configured to read an attenuated 
version of the incoming AC line power voltage 114 , fre 
quency , and current , and to monitor these characteristics for 
power loss or interruption . The microcontroller 110 is con 
figured to provide an AC loss detection output 115 to any 
device , person , or system when the process determines that 
the AC power line has lost power . In certain embodiments , 
the functions of the microcontroller 110 described herein 
may be performed by the microcontroller 110 , a module 
within the microcontroller 110 , or any other suitable device , 
such as a voltage meter on the AC line or a control system 
for the facility power system . 
[ 0018 ] The microcontroller 110 utilizes a sine wave gen 
erator 112 . The sine wave generator 112 produces a locally 
generated sine wave that is synchronized to the incoming 
AC line frequency . For example , if the incoming AC line 
frequency is 60 Hz , the sine wave generator 112 produces a 
60 Hz signal that is synchronized with the AC line fre 
quency . To synchronize the frequencies , the sine wave 
generator 112 generates the sine wave such that the zero 
crossing of the generated sine wave occurs at the same 
moment as the zero crossing of the AC line sine wave or at 
a configured time afterward . Thus , the sine waves will reach 
peak amplitude , both positive and negative , at substantially 
the same time or at a configured time difference . 
[ 0019 ] The microcontroller 110 includes an AC loss detec 
tion and verification module 111 . The detection and verifi 
cation module 111 monitors the attenuated AC line signal 
from the attenuation circuits 120 , compares the AC voltage 
characteristics to the generated sine wave characteristics , 
identifies power interruptions , initiates the verification pro 
cess , and performs other steps of the process as described in 
the method 200 of FIG . 2 . Certain functions of the detection 
and verification module 111 may be described herein as 
being performed by the microcontroller 110 or other mod 
ules of the microcontroller 110 . Conversely , certain func 
tions of the microcontroller 110 may be described herein as 
being performed by the detection and verification module 

[ 0021 ] The power transistor 130 is used by the system 100 
in the verification of an AC voltage loss in the system . The 
power transistor 130 is configured to receive a signal from 
the pulse load module 113 and to close a gate . The closed 
gate allows AC power from the system 100 to flow through 
the load resistor 140 . By applying a short positive pulse 
signal , such as five microseconds , to the power transistor 
130 , the load resistor 140 is connected to the AC line 
momentarily as an extra loading . If the AC power is still 
present , this extra loading will increase the AC line load 
current , but not affect the AC line voltage , as measured by 
the microcontroller 110 . 
10022 ] . When the power transistor 130 is conducting , the 
load resistor 140 introduces a load to the power system . 
When the load resistor 140 is introduced into the system at 
a time that the system is receiving the required power , the 
extra loading will momentarily increase the AC line load 
current , but not affect the AC line voltage . However , if the 
AC line power is lost , the additional loading from the load 
resistor 140 will drive the line voltage lower , until it 
approaches zero . After the momentary power is pulsed to the 
load resistor 140 , the power transistor 130 opens and the AC 
power does not flow to the load resistor 140 . 
[ 0023 ] The power supplied by the system is represented in 
the drawing as the power connections 150 . This AC power 
may be supplied at any residential or commercial voltage , 
such as 120 V or 240 V . The power connections 160 
represent the logic levels , such as 5 V . For example , the 
power supplied by the system to operate machinery , devices , 
or other elements of the system may be supplied at 120 V , 
but the control of the system as performed by the micro 
controller 110 may operate at logic levels . The system may 
utilize the AC line input and attenuation circuits 120 to 
provide the logic level power 160 to the microcontroller 110 . 
The AC line input and attenuation circuits 120 may include 
any devices to provide the power to the microcontroller 110 . 
[ 0024 ] In an example system , the smaller the value of the 
load resistor 140 , the higher an amount of power will be used 
during the execution of the method 200 . Similarly , the 
shorter the pulse width that is supplied to the power tran 
sistor 130 , the lower the amount of power will be used 
during the execution of the method 200 . Due to line para 
sitical inductance , if the pulse width is not longer than a 
minimum amount , voltage drop across the load resistor 140 
may not be measured accurately . 
[ 0025 ] In an example , to determine an acceptable load 
resistor value and pulse width , the types of applications in 
the power system , the power level of the power system , the 
physical size of the power system , and the circuit layout and 
packaging can be considered . These factors , and other 
suitable factors , affect the parasitical parameters of the 
circuit . Therefore , an example method to determine the load 
resistor value and pulse width can be based on an iterative 
approach . That is , selecting a small resistor value and large 
pulse width with which to start . The system may be tested 
with these selected values , and the extra loading current is 
monitored . The line voltage in the power system should not 
change if the resistor value is properly selected . If the line 
voltage does change , then the resistor value is too small and 
exceeds the line capability . 
[ 0026 ] For example , for a power system operating at 
120V / 1 KW , the first iteration selects a resistor value and 
pulse width may select a 100 W resistor and a 1 mS pulse 
width and determines a voltage reading . After obtaining an 

111 . 
[ 0020 ] The microcontroller 110 utilizes a pulse load mod 
ule 113 to activate the power transistor 130 . The pulse load 
module 113 receives instructions from the detection and 
verification module 111 or another function of the micro 
controller 110 and communicates a signal to the power 
transistor 130 to close the gate of the power transistor 130 
and to thereby allow power to be supplied to the load resistor 
140 . 
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acceptable measurement value , the method increases the 
resistor value ( that is , decreases the resistor wattage ) and 
decreases the pulse width , and obtains a new measurement . 
For example , in the second iteration , the method may select 
a 50 W resistor and a pulse width of 500 US . If the voltage 
reading does not change , then the method may further 
reduce the resistor to 25 W and the pulse width to 250 uS . 
The method of increasing resistor values and decreasing 
pulse widths continues until the voltage reading becomes 
inaccurate . The inaccurate voltage readings indicate that 
circuit parasitical parameters are causing interferences . At 
this point , the method returns to an earlier iteration to obtain 
a preferred parameters setting . Based on the iterations , a 
preferred resistor value and pulse width are obtained . In this 
manner , the value of the load resistor 140 is sized such that 
the load is detectable by the microcontroller 110 while the 
pulse width of the power gate 130 is configured to be short 
enough to avoid excessive power consumption . 
[ 0027 ] FIG . 2 is a block flow diagram depicting a method 
200 to determine and verify if power has been lost in a 
system , in accordance with certain example embodiments . 
The method 200 is described with reference to the compo 
nents illustrated in FIG . 1 . 
[ 0028 ] In block 205 , the microcontroller 110 receives the 
AC line input for analysis . In certain examples , the micro 
controller 110 is configured as part of a control system for 
the AC power distribution . The microcontroller 110 may be 
a separate device or system that is added to an existing 
system . The microcontroller 110 may be embodied a series 
of computer instructions that are performed by other 
devices . Any suitable microcontroller 110 configuration may 
be used . The AC power supplied to the microcontroller 110 
may be at the house level voltage , such as 110 V , at a logic 
level voltage , such as 5 V , or at any suitable level . The AC 
power may be directly from the power system or the AC 
power may be conditioned in any other suitable manner . 
10029 ] . In block 210 , the microcontroller 110 generates a 
synchronized sine wave for comparison to the AC line 
power . The details of block 210 are described in greater 
detail in the method 210 of FIG . 3 . 
[ 0030 ] FIG . 3 is a block diagram depicting a method 210 
to generate a synchronized sine wave for comparison to the 
waveform of AC line power , in accordance with certain 
example embodiments . 
( 0031 ) In block 305 , the microcontroller 110 determines 
the frequency of the AC line input . The measurement may be 
made by any traditional frequency meter that is a function of 
the microcontroller 110 or logically connected to the micro 
controller 110 . For example , the microcontroller 110 deter 
mines that the AC line input is provided at a frequency of 60 
Hz . 
[ 0032 ] In block 310 , the microcontroller 110 determines if 
the AC line power should be heterodyned to a higher 
frequency . For example , the detection and verification mod 
ule 111 may make the determination . The detection of an AC 
power loss is dependent upon the amount of time that the 
sine wave of the power requires to cycle . For example , the 
power interruption may not be detectable until the sine wave 
of the power is above a certain number of volts , such as 5 
V . If a power interruption happens at a zero crossing of the 
sine wave , the system will wait until the sine wave is again 
above 5 V before the power interruption is identifiable . 
Thus , the speed of detection of the power interruption is 
dependent on the frequency of the power . 

[ 0033 ] By creating a faster heterodyne frequency , the 
detection time for a power interruption may be reduced . If 
a heterodyne frequency is desired by the microcontroller 
110 , then the method 210 proceeds to block 315 to create the 
heterodyne frequency . 
[ 0034 ] In block 315 , the microcontroller 110 mixes the AC 
line input with a second frequency signal to create a het 
erodyne frequency signal having a higher frequency than the 
AC line input . For example , if a 62 Hz signal is mixed with 
the 60 Hz AC line signal , two heterodynes are created , 122 
Hz and 2 Hz . As the 122 Hz signal will cycle more than 
twice as fast as the 60 Hz signal , the detection time for a 
power interruption may be reduced accordingly . 
[ 0035 ] In block 320 , the microcontroller 110 filters the 
heterodyne frequency signal having a lower frequency than 
the AC line input . In the example , the 2 Hz signal is filtered 
out , leaving only the 122 Hz signal . The 2 Hz signal is not 
needed as the response time for a 2 Hz signal would be much 
slower than with the 60 Hz signal or the 122 Hz heterodyne 
signal . 
[ 0036 ] From block 320 , the method 210 proceeds to block 
325 . Returning to block 310 , if the heterodyne is not desired 
by the microcontroller 110 , then the method 210 proceeds 
directly to block 325 . 
[ 0037 ] In block 325 , the microcontroller 110 locally gen 
erates a signal with a frequency that is synchronized with the 
supplied AC line input or the heterodyned AC line input . For 
example , the sine wave generator 112 may generate the 
signal . That is , if the heterodyne from the example is used 
by the microcontroller 110 , then a 122 Hz signal is generated 
for comparison to the heterodyned AC line input . If the 
heterodyned signal is not used , but instead the original AC 
line input signal from the example is used , then a 60 Hz 
signal is generated for comparison to the AC line input . The 
signal is generated such that the sine wave of the two signals 
would match if overlaid upon one another . That is , the 
signals would cross the zero crossing at substantially the 
same time and rise to the peak amplitude at substantially the 
same time . In practice , a signal that is within 5 V or 10 V 
throughout the sine wave is desired . The difference between 
the signals may be compared to a configured threshold . The 
threshold may be the amount of difference between the 
signals before a positive result is indicated . This configu 
rable difference between the two voltages may be dynami 
cally adjusted to prevent false positive results . For example , 
if a 5 V threshold is used and false positive results occur at 
a rate that is unacceptable to the operators , a power system 
administrator , an end user , or any other suitable party , then 
the configured threshold may be incrementally increased , 
such as to 7 V , until the rate of false positives are below an 
acceptable level . In an alternate example , the synchronized 
wave is a configured amount of time behind the AC line 
input signal or before the AC line input signal . That is , the 
synchronized wave zero crossing may be a configured 
amount of time before or after the AC line input signal . 
[ 0038 ] From block 325 , the method 210 returns to block 
215 of FIG . 2 . 
[ 0039 ] In block 215 , the microcontroller 110 compares the 
AC line voltage 160against the generated sine wave . For 
example , the microcontroller 110 obtains the AC line input 
160 and the generated sine wave from the sine wave 
generator 112 for a comparison . For example , the compari 
son may be performed by the detection and verification 
module 111 . The microcontroller compares the voltage level 
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for each sine wave at a particular moment in time . If the 
voltages are substantially the same , such as within a 5 V 
configured threshold , then the sine waves are determined to 
match . In this example , the threshold is the configured 
difference between the two signals before a positive result is 
indicated . For example , if the configured threshold is 5 V , 
then if the sine wave voltage indicates 11 V and the AC line 
input 160 indicates 5 V , then the 6 V difference would 
exceed the configured threshold of 5 V . In another example , 
the microcontroller 110 determines the time that each sine 
wave performs a zero crossing . If the times are substantially 
the same , then the sine waves are determined to match . In 
the example , the comparison is performed in the detection 
and verification module 111 . If the microcontroller 110 
configures the sine wave to be incrementally ahead of or 
behind the AC line input 160 , then the microcontroller 110 
compares the two signals with a time delay on the leading 
signal . The time delay allows the two signals to be math 
ematically synchronized and compared at a similar time 
since the last zero crossing of each . 
[ 0040 ] When the voltage levels do not match , a power 
interruption is indicated . A difference in the voltages may be 
caused by a power loss or a momentary interruption . A 
momentary amplitude interruption ( typically referred to as a 
glitch ) can be caused by various actions , such as a large load 
being started in the AC line . A determination that this glitch 
is an indication that power has been lost in the AC line would 
be a false positive indication . An actual power loss may be 
due to the power supply being powered down , a supply line 
being severed , or any other situation that may remove the 
power supply from the AC line . 
10041 ] In block 220 , if the results of the comparison , such 
as a comparison of the voltage levels , are smaller than the 
configured threshold , then the method 200 returns to block 
215 and the detection and verification module 111 continues 
to monitor the sine waves . For example , if the instantaneous 
voltage level of each sine wave are within 5 V of each other , 
then voltages are within the threshold and the method 200 
returns to block 215 . 
[ 0042 ] If the results of the comparison are greater than the 
configured threshold , then the method 200 proceeds to block 
225 to verify the potential power loss before a communica 
tion is transmitted that the power is lost in the power system . 
For example , if the instantaneous voltage levels of each sine 
wave are not within 5 V of each other , then the method 200 
proceeds to block 225 to verify the power interruption . 
[ 0043 ] In block 225 , the pulse load module 113 identifies 
the AC line voltage and closes the gate of the power 
transistor 130 to provide pulse loading to the load resistor 
140 . Before the gate is closed , the microcontroller 110 
obtains a measure of the AC line voltage for later compari 
son with the AC line voltage after the load is applied to the 
load resistor 140 . The AC line voltage before the load is 
applied may be obtained from any suitable source , such as 
a meter in the microcontroller 110 or logically connected to 
the microcontroller 110 . The AC line voltage may be 
recorded as the peak voltage measured during the AC cycle . 
( 0044 ) After the microcontroller 110 identifies the AC line 
voltage , the pulse load module 113 receives instructions 
from the detection and verification module 111 or another 
function of the microcontroller 110 and communicates a 
signal to the power transistor 130 to close and allow power 
to flow to the load resistor 140 . 

[ 0045 ] The power transistor 130 is configured to receive a 
signal from the pulse load module 113 and close the gate . 
The power transistor 130 is an on / off switch with the current 
from the source power system through the load resistor 140 
and back to the AC power line controlled by the gate . The 
closed gate allows AC power from the AC line to flow 
through the load resistor 140 . By applying a short positive 
pulse signal , such as five microseconds , to the power tran 
sistor 130 , the load resistor 140 is connected to the AC line 
momentarily as an extra loading . If the AC power is still 
present , this extra loading will increase the AC line load 
current , but not affect the AC line voltage as seen by the 
microcontroller 110 . The pulse width of the power transistor 
130 can be configured to be short enough to avoid excessive 
power consumption as described previously . 
[ 0046 ] In block 227 , the pulse load module 113 commu 
nicates a signal to the power transistor 130 to open and stop 
power from flowing to the load resistor 140 . The power 
transistor 130 opens the gate and power is cut off from the 
load resistor 140 . In this example , the communication to the 
power transistor 130 in block 225 instructs the power 
transistor 130 to open the gate , and a separate communica 
tion in block 227 instructs the power transistor 130 to close 
the gate . In an alternate example , the communication to the 
power transistor 130 in block 225 instructs the power 
transistor 130 to pulse the gate open and closed . Any suitable 
method for providing a pulse of power to the load resistor 
140 may be used . 
[ 0047 ] In block 230 , the microcontroller 110 analyzes the 
line voltage and current to determine the effect of the load 
resistor 140 on the system . The load resistor 140 introduces 
a load to the system when the power transistor 130 is 
conducting . When the load resistor 140 is introduced into the 
system and is receiving the required power , the extra loading 
will momentarily increase the AC line load current , but not 
affect the AC line voltage . However , if the AC line power is 
lost , the additional loading from the load resistor 140 will 
drive the line voltage lower , eventually approaching zero . 
After the momentary power is pulsed to the load resistor 
140 , the power transistor 130 opens , and the AC power is not 
provided to the load resistor 140 . After the gate is closed , the 
microcontroller 110 obtains a measure of the AC line voltage 
for the comparison with the AC line voltage before the load 
is applied to the load resistor 140 . The AC line voltage after 
the load is applied may be obtained from any suitable 
source , such as a meter in the microcontroller 110 or 
logically connected to the microcontroller 110 . The AC line 
voltage may be recorded as the peak voltage measured 
during the AC cycle . 
[ 0048 ] In block 235 , the microcontroller 110 determines if 
the AC line voltage is within a configured threshold . The 
threshold may be the minimum voltage that the AC line 
voltage should be to determine if the AC power is lost or not . 
For example , if a voltage of the AC line input 160 is 
expected to be over a threshold of 100 volts , and the AC line 
input 160 is measured at 80 V , then the threshold is not met . 
The characteristics of the AC line may be determined by the 
microcontroller 110 , a module within the microcontroller 
110 , or any other suitable device , such as a voltage meter on 
the AC line or a control system for the facility power system . 
The microcontroller 110 may also measure the current in the 
AC line input 160 to monitor the effects of the load resistor 
140 . 
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[ 0049 ] If the AC power is still present in the system , the 
extra loading from the load resistor 140 will momentarily 
increase the AC line load current , but not affect the AC line 
voltage . However , if the AC line power is lost , the additional 
loading will drive the line voltage lower until it approaches 
zero after successive applications of the load resistor . If the 
AC line power is lost , the microcontroller 110 may detect a 
drop in the line voltage that is over a threshold , such as a 10 
V drop , when the load is applied to the line . For example , if 
the AC line voltage drop is measured at 20 V , and thus over 
a 10 V drop threshold , then the microcontroller 110 would 
identify the voltage drop as likely being due to an AC power 
loss . That is , instead of , or in addition to , configuring the 
threshold as a minimum voltage , the microprocessor 110 
may receive a configured drop threshold that provides an 
amount that the voltage may drop after application of the 
load resistor 140 to the AC power . For example , if the drop 
is greater than the threshold , then an AC power interruption 
is indicated . 
[ 0050 ] In another example , the AC line voltage from 
before the introduction of the load resistor 140 is compared 
to the AC line voltage from after the introduction of the load 
resistor 140 . That is , if the AC line voltage obtained at block 
225 before the gate is closed is 110 V and the AC line 
voltage obtained at block 230 after the gate is closed is at 90 
V , then the addition of the load resistor 140 will be deter 
mined to have caused a 20 V drop in the AC line voltage . In 
another example , the AC line voltage from after the intro 
duction of the load resistor 140 is compared to a threshold . 
The threshold may be the minimum amount of peak voltage 
for the AC line . For example , if the AC line voltage is 
normally 110 V , then the threshold may be configured to be 
90 V . Any reading below 90 V in the example would be 
determined to be below the threshold . 
[ 0051 ] In another example , the microcontroller 110 may 
detect that the AC voltage is dropping at a certain rate 
greater than a configured rate while the load is applied . The 
rate that the voltage is dropping may be identified as an 
indication that the AC power is lost . In another example , the 
microcontroller 110 may detect that the measured AC cur 
rent is below a configured AC current threshold while the 
load is applied . Any other appropriate characteristic of the 
AC line power may be analyzed to determine if the AC 
power is lost when the load is applied . 
[ 0052 ] Based on the results of the analysis of the momen 
tary load on the system , the method 200 proceeds to block 
240 if the AC line voltage is above the threshold or other 
wise within an expected range . 
[ 0053 ] In block 240 , a counter is set to zero . The counter 
is used by the microcontroller 110 to perform multiple 
verifications before a determination is made that the power 
is lost in the AC line . In an example , because of the serious 
effect of initiating a shutdown based on a false positive 
result , the microcontroller 110 requires a configured number 
of positive results before determining that the AC line power 
is lost . The counter is utilized to count the number of 
positive results that have been recorded . 
[ 0054 ] The number of positive results is represented by the 
letter “ C ” . For example , if one positive result has been 
recorded , then C = 1 . If three positive results have been 
recorded , then C = 3 . In block 240 , the counter is reset to zero 
because the latest result indicated that the AC power was not 
lost . 

[ 0055 ] From block 240 , the method 200 returns to block 
215 to compare voltages to identify another potential power 
interruption in the AC line . 
[ 0056 ] Returning to block 235 , based on the results of the 
analysis of the momentary load on the system , the method 
200 proceeds to block 245 if the AC line voltage or current 
is below the threshold or otherwise outside of an acceptable 
range , as described previously . 
10057 ) In block 245 , the microcontroller 110 determines if 
the counter C is equal to a threshold . The threshold may 
represent a minimum number of positive indications of AC 
power loss . The desired minimum number can be configured 
as a threshold number for comparison to the current count of 
counter C . The threshold may be configured by any suitable 
party or device . For example , the threshold may be set by a 
system operator , by an algorithm in the microcontroller 110 , 
or by any other suitable party . The threshold may be con 
figured based on a level of confidence that is desired for the 
AC system . For example , a higher threshold may lead to a 
higher number of positive indications of AC power loss 
before the microcontroller 110 determines that a power loss 
condition exists . However , a higher threshold takes a greater 
amount of time to make the determination . Alower threshold 
takes a lower number of positive indications of AC power 
loss before the microcontroller 110 determines that a power 
loss condition exists . However , a lower threshold may result 
in more false positive determinations , which may prompt 
unnecessary system shutdowns or other undesirable actions . 
The thresholds may be configured to achieve a balance 
between the desires for less false positives and faster 
responses . 
[ 0058 ] If the counter C is below the threshold , then the 
method 200 proceeds to block 250 . In block 250 , the counter 
C is increased by one unit , as shown by C = C + 1 . For 
example , if C is 1 , then in block 250 , C would increase to 
2 . 
[ 0059 ] In block 255 , the microcontroller 110 pauses for a 
configured interval of time . The interval may be adjusted 
dynamically to reflect the particular system design goals . 
Shorter time intervals produce faster AC power loss detec 
tion , while longer intervals will produce a more reliable AC 
power loss determination and minimize false positive 
results . For example , a shorter time interval allows less time 
for a momentary glitch to be resolved . Thus , a shorter time 
interval may provide a less reliable detection of a power 
loss . A longer time interval allows a more reliable AC power 
loss determination because system glitches or other tempo 
rary interruptions may be resolved before the system 
declares a power interruption . The interval may be config 
ured by any suitable party or device . For example , the 
interval may be set by a system operator , by an algorithm in 
the microcontroller 110 , or by any other suitable party . 
[ 0060 ] From block 255 , the method 200 returns to block 
225 where another pulse is applied to the power transistor 
130 . 
10061 ] Returning to block 245 , if the counter C equals the 
threshold , then the method 200 proceeds to block 260 . In 
block 260 , the microcontroller 110 reports that the AC power 
loss is identified and a shutdown process is initiated . The 
microcontroller 110 may report the AC power loss to any 
suitable party or device . For example , the microcontroller 
110 may provide an alarm or other notice to a power system 
operator . The microcontroller 110 may provide a signal to a 
power system operating system that initiates a shutdown 
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procedure . For example , the system may begin a shutdown 
procedure based on the signal that allows critical system to 
be shutdown in a manner that preserves stored data , closes 
critical applications , disengages potentially dangerous 
machinery , or performs any other functions to ensure a safe 
and recoverable shutdown of the system . The microcon 
troller 110 may initiate a power backup routine . The micro 
controller 110 may perform any appropriate procedures 
based on the determination of the AC power loss . 
[ 0062 ] The disclosed systems and methods recites AC line 
power loss detection and active verification . Even if the AC 
line input voltage dips momentarily lower than a standard 
sine wave amplitude , the AC line power may not be con 
sidered lost as long as it still has energy to drive a load . The 
momentary amplitude interruption ( typically referred to as a 

glitch ” ) can be caused by various actions , such as a large 
load being started in the AC line . A determination that this 
glitch is an indication that power has been lost in the AC line 
would be a false positive indication . If this glitch happens 
near the AC wave zero crossing , a voltage measurement will 
indicate a relatively long time period that AC line amplitude 
is lower than a certain amount , such as 5V or 10V . This 
glitch can be recognized as an AC line loss by a conventional 
system , and an unnecessary system shutdown may be trig 
gered . 
[ 0063 ] The technologies described herein can reduce the 
rate at which a false AC loss alarming signal is generated , 
but at the same time detect an actual AC loss situation in a 
timely manner . These technologies insert a momentary load 
across the AC line and compares the AC line voltage before 
and after the extra load is applied . If the AC power is present , 
this extra loading will increase the AC loading current 
momentarily , but will not affect the AC line voltage . How 
ever , if the AC power is lost , such loading will bring the AC 
line voltage lower , eventually approaching zero . 

mappings , and to perform calculations and generate com 
mands . The processor 2010 may be configured to monitor 
and control the operation of the components in the comput 
ing machine 2000 . The processor 2010 may be a general 
purpose processor , a processor core , a multiprocessor , a 
reconfigurable processor , a microcontroller , a digital signal 
processor ( “ DSP ” ) , an application specific integrated circuit 
( “ ASIC ” ) , a graphics processing unit ( “ GPU " ) , a field pro 
grammable gate array ( “ FPGA ” ) , a programmable logic 
device ( “ PLD ” ) , a controller , a state machine , gated logic , 
discrete hardware components , any other processing unit , or 
any combination or multiplicity thereof . The processor 2010 
may be a single processing unit , multiple processing units , 
a single processing core , multiple processing cores , special 
purpose processing cores , co - processors , or any combina 
tion thereof . According to certain embodiments , the proces 
sor 2010 along with other components of the computing 
machine 2000 may be a virtualized computing machine 
executing within one or more other computing machines . 
[ 0067 ] The system memory 2030 may include non - vola 
tile memories such as read - only memory ( “ ROM ” ) , pro 
grammable read - only memory ( “ PROM ” ) , erasable pro 
grammable read - only memory ( “ EPROM ” ) , flash memory , 
or any other device capable of storing program instructions 
or data with or without applied power . The system memory 
2030 may also include volatile memories such as random 
access memory ( “ RAM ” ) , static random access memory 
( “ SRAM " ) , dynamic random access memory ( “ DRAM ” ) , 
and synchronous dynamic random access memory 
( “ SDRAM ” ) . Other types of RAM also may be used to 
implement the system memory 2030 . The system memory 
2030 may be implemented using a single memory module or 
multiple memory modules . While the system memory 2030 
is depicted as being part of the computing machine 2000 , 
one skilled in the art will recognize that the system memory 
2030 may be separate from the computing machine 2000 
without departing from the scope of the subject technology . 
It should also be appreciated that the system memory 2030 
may include , or operate in conjunction with , a non - volatile 
storage device such as the storage media 2040 . 
[ 0068 ] The storage media 2040 may include a hard disk , 
a floppy disk , a compact disc read only memory ( “ CD 
ROM " ) , a digital versatile disc ( “ DVD ” ) , a Blu - ray disc , a 
magnetic tape , a flash memory , other non - volatile memory 
device , a solid state drive ( SSD " ) , any magnetic storage 
device , any optical storage device , any electrical storage 
device , any semiconductor storage device , any physical 
based storage device , any other data storage device , or any 
combination or multiplicity thereof . The storage media 2040 
may store one or more operating systems , application pro 
grams and program modules such as module 2050 , data , or 
any other information . The storage media 2040 may be part 
of , or connected to , the computing machine 2000 . The 
storage media 2040 may also be part of one or more other 
computing machines that are in communication with the 
computing machine 2000 such as servers , database servers , 
cloud storage , network attached storage , and so forth . 
[ 0069 ] The module 2050 may comprise one or more 
hardware or software elements configured to facilitate the 
computing machine 2000 with performing the various meth 
ods and processing functions presented herein . The module 
2050 may include one or more sequences of instructions 
stored as software or firmware in association with the system 
memory 2030 , the storage media 2040 , or both . The storage 

Other Example Embodiments 
[ 0064 ] FIG . 4 depicts a computing machine 2000 and a 
module 2050 in accordance with certain example embodi 
ments . The computing machine 2000 may correspond to any 
of the various computers , servers , mobile devices , embed 
ded systems , or computing systems presented herein . The 
module 2050 may comprise one or more hardware or 
software elements configured to facilitate the computing 
machine 2000 in performing the various methods and pro 
cessing functions presented herein . The computing machine 
2000 may include various internal or attached components 
such as a processor 2010 , system bus 2020 , system memory 
2030 , storage media 2040 , input / output interface 2060 , and 
a network interface 2070 for communicating with a network 
2080 . 
[ 0065 ] The computing machine 2000 may be implemented 
as a conventional computer system , an embedded controller , 
a laptop , a server , a mobile device , a smartphone , a set - top 
box , a kiosk , a vehicular information system , a television 
with one or more processors embedded therein and / or 
coupled thereto , a customized machine , any other hardware 
platform , or any combination or multiplicity thereof . The 
computing machine 2000 may be a distributed system 
configured to function using multiple computing machines 
interconnected via a data network or bus system . 
[ 0066 ] The processor 2010 may be configured to execute 
code or instructions to perform the operations and function 
ality described herein , manage request flow and address 
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media 2040 may therefore represent examples of machine or 
computer readable media on which instructions or code may 
be stored for execution by the processor 2010 . Machine or 
computer readable media may generally refer to any 
medium or media used to provide instructions to the pro 
cessor 2010 . Such machine or computer readable media 
associated with the module 2050 may comprise a computer 
software product . It should be appreciated that a computer 
software product comprising the module 2050 may also be 
associated with one or more processes or methods for 
delivering the module 2050 to the computing machine 2000 
via the network 2080 , any signal - bearing medium , or any 
other communication or delivery technology . The module 
2050 may also comprise hardware circuits or information for 
configuring hardware circuits such as microcode or configu 
ration information for an FPGA or other PLD . 
[ 0070 ] The input / output ( “ I / O ” ) interface 2060 may be 
configured to couple to one or more external devices , to 
receive data from the one or more external devices , and to 
send data to the one or more external devices . Such external 
devices along with the various internal devices may also be 
known as peripheral devices . The I / O interface 2060 may 
include both electrical and physical connections for operably 
coupling the various peripheral devices to the computing 
machine 2000 or the processor 2010 . The I / O interface 2060 
may be configured to communicate data , addresses , and 
control signals between the peripheral devices , the comput 
ing machine 2000 , or the processor 2010 . The I / O interface 
2060 may be configured to implement any standard inter 
face , such as small computer system interface ( " SCSI ” ) , 
serial - attached SCSI ( " SAS ” ) , fiber channel , peripheral 
component interconnect ( “ PCI ” ) , PCI express ( PCIe ) , serial 
bus , parallel bus , advanced technology attached ( “ ATA ” ) , 
serial ATA ( “ SATA " ) , universal serial bus ( " USB ” ) , Thun 
derbolt , FireWire , various video buses , and the like . The I / O 
interface 2060 may be configured to implement only one 
interface or bus technology . Alternatively , the I / O interface 
2060 may be configured to implement multiple interfaces or 
bus technologies . The I / O interface 2060 may be configured 
as part of , all of , or to operate in conjunction with , the 
system bus 2020 . The I / O interface 2060 may include one or 
more buffers for buffering transmissions between one or 
more external devices , internal devices , the computing 
machine 2000 , or the processor 2010 . 
[ 0071 ] The I / O interface 2060 may couple the computing 
machine 2000 to various input devices including mice , 
touch - screens , scanners , electronic digitizers , sensors , 
receivers , touchpads , trackballs , cameras , microphones , 
keyboards , any other pointing devices , or any combinations 
thereof . The I / O interface 2060 may couple the computing 
machine 2000 to various output devices including video 
displays , speakers , printers , projectors , tactile feedback 
devices , automation control , robotic components , actuators , 
motors , fans , solenoids , valves , pumps , transmitters , signal 
emitters , lights , and so forth . 
[ 0072 ] The computing machine 2000 may operate in a 
networked environment using logical connections through 
the network interface 2070 to one or more other systems or 
computing machines across the network 2080 . The network 
2080 may include wide area networks ( WAN ) , local area 
networks ( LAN ) , intranets , the Internet , wireless access 
networks , wired networks , mobile networks , telephone net 
works , optical networks , or combinations thereof . The net 
work 2080 may be packet switched , circuit switched , of any 

topology , and may use any communication protocol . Com 
munication links within the network 2080 may involve 
various digital or an analog communication media such as 
fiber optic cables , free - space optics , waveguides , electrical 
conductors , wireless links , antennas , radio - frequency com 
munications , and so forth . 
[ 0073 ] The processor 2010 may be connected to the other 
elements of the computing machine 2000 or the various 
peripherals discussed herein through the system bus 2020 . It 
should be appreciated that the system bus 2020 may be 
within the processor 2010 , outside the processor 2010 , or 
both . According to some embodiments , any of the processor 
2010 , the other elements of the computing machine 2000 , or 
the various peripherals discussed herein may be integrated 
into a single device such as a system on chip ( “ SOC ” ) , 
system on package ( “ SOP ” ) , or ASIC device . 
[ 0074 ] In situations in which the systems discussed here 
collect personal information about users , or may make use 
of personal information , the users may be provided with an 
opportunity or option to control whether programs or fea 
tures collect user information ( e . g . , information about a 
user ' s social network , social actions or activities , profession , 
a user ' s preferences , or a user ' s current location ) , or to 
control whether and / or how to receive content from the 
content server that may be more relevant to the user . In 
addition , certain data may be treated in one or more ways 
before it is stored or used , so that personally identifiable 
information is removed . For example , a user ' s identity may 
be treated so that no personally identifiable information can 
be determined for the user , or a user ' s geographic location 
may be generalized where location information is obtained 
( such as to a city , ZIP code , or state level ) , so that a particular 
location of a user cannot be determined . Thus , the user may 
have control over how information is collected about the 
user and used by a content server . 
10075 ] Embodiments may comprise a computer program 
that embodies the functions described and illustrated herein , 
wherein the computer program is implemented in a com 
puter system that comprises instructions stored in a 
machine - readable medium and a processor that executes the 
instructions . However , it should be apparent that there could 
be many different ways of implementing embodiments in 
computer programming , and the embodiments should not be 
construed as limited to any one set of computer program 
instructions . Further , a skilled programmer would be able to 
write such a computer program to implement an embodi 
ment of the disclosed embodiments based on the appended 
flow charts and associated description in the application text . 
Therefore , disclosure of a particular set of program code 
instructions is not considered necessary for an adequate 
understanding of how to make and use embodiments . Fur 
ther , those skilled in the art will appreciate that one or more 
aspects of embodiments described herein may be performed 
by hardware , software , or a combination thereof , as may be 
embodied in one or more computing systems . Moreover , any 
reference to an act being performed by a computer should 
not be construed as being performed by a single computer as 
more than one computer may perform the act . 
10076 ] The example embodiments described herein can be 
used with computer hardware and software that perform the 
methods and processing functions described herein . The 
systems , methods , and procedures described herein can be 
embodied in a programmable computer , computer - execut 
able software , or digital circuitry . The software can be stored 
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on computer - readable media . For example , computer - read 
able media can include a floppy disk , RAM , ROM , hard 
disk , removable media , flash memory , memory stick , optical 
media , magneto - optical media , CD - ROM , etc . Digital cir 
cuitry can include integrated circuits , gate arrays , building 
block logic , field programmable gate arrays ( FPGA ) , etc . 
[ 0077 ] The example systems , methods , and acts described 
in the embodiments presented previously are illustrative , 
and , in alternative embodiments , certain acts can be per 
formed in a different order , in parallel with one another , 
omitted entirely , and / or combined between different 
example embodiments , and / or certain additional acts can be 
performed , without departing from the scope and spirit of 
various embodiments . Accordingly , such alternative 
embodiments are included in the invention claimed herein . 
[ 0078 ] Although specific embodiments have been 
described above in detail , the description is merely for 
purposes of illustration . It should be appreciated , therefore , 
that many aspects described above are not intended as 
required or essential elements unless explicitly stated oth 
erwise . Modifications of , and equivalent components or acts 
corresponding to , the disclosed aspects of the example 
embodiments , in addition to those described above , can be 
made by a person of ordinary skill in the art , having the 
benefit of the present disclosure , without departing from the 
spirit and scope of embodiments defined in the following 
claims , the scope of which is to be accorded the broadest 
interpretation so as to encompass such modifications and 
equivalent structures . 
0079 ] In example embodiments , the network computing 
devices and any other computing machines associated with 
the technology presented herein may be any type of com 
puting machine such as , but not limited to , those discussed 
in more detail with respect to FIG . 4 . Furthermore , any 
modules associated with any of these computing machines , 
such as modules described herein or any other modules 
( scripts , web content , software , firmware , or hardware ) 
associated with the technology presented herein may by any 
of the modules discussed in more detail with respect to 
FIGS . 1 - 3 . The computing machines discussed herein may 
communicate with one another as well as other computer 
machines or communication systems over one or more 
networks . A network may include any type of data or 
communications network , including any of the network 
technology discussed with respect to FIG . 4 . 
What is claimed is : 
1 . A method , comprising : 
receiving , by one or more computing devices , an input of 

an alternating current ( “ AC ” ) power from an AC power 

determining , by the one or more computing devices , that 
a difference between a voltage of the AC power line 
before application of the momentary load and a voltage 
of the AC power line after application of the momen 
tary load is greater than a specified amount ; and 

at least in part in response to determining that the differ 
ence between the voltage of the AC power line before 
application of the momentary load and the voltage of 
the AC power line after application of the momentary 
load is greater than a specified amount , determining , by 
the one or more computing devices , that the AC power 
line has lost power . 

2 . The method of claim 1 , wherein the AC power input is 
a heterodyne signal generated by : 
mixing , by the one or more computing devices , an initial 

input AC power with a signal to create two heterodyne 
signals comprising a lower frequency heterodyne sig 
nal and a higher frequency heterodyne signal ; and 

filtering , by the one or more computing devices , the lower 
frequency heterodyne signal and retaining the higher 
frequency heterodyne signal . 

3 . The method of claim 2 , wherein the generated sine 
wave is synchronized to the higher frequency heterodyne 
AC line input . 

4 . The method of claim 1 , further comprising : 
upon determining that the difference between the voltage 
of the AC power line before application of the momen 
tary load and the voltage of the AC power line after 
application of the momentary load is greater than a 
specified amount , applying , by the one or more com 
puting devices , a momentary load to the AC power line 
a second time ; and 

determining , by the one or more computing devices , that 
a difference between a voltage of the AC power line 
before the second application of the momentary load 
and a voltage of the AC power line after the second 
application of the momentary load is also greater than 
the specified amount , 

wherein the determining that the AC power line has lost 
power is in response to both determining that the 
difference between the voltage of the AC power line 
before the second application of the momentary load 
and the voltage of the AC power line after the second 
application of the momentary load is greater than the 
specified amount and determining that the difference 
between the voltage of the AC power line before 
application of the momentary load and the voltage of 
the AC power line after application of the momentary 
load is greater than the specified amount . 

5 . The method of claim 4 , further comprising repeating 
the steps of applying a momentary load and determining a 
difference until a configured specified number of determi 
nations that a difference between a voltage of the AC power 
line before application of the momentary load and a voltage 
of the AC power line after application of the momentary load 
is greater than the specified amount has been reached . 

6 . The method of claim 4 , further comprising communi 
cating , by the one or more computing devices , that the AC 
power line has lost power in response to determining that the 
AC power line has lost power . 

7 . The method of claim 4 , further comprising initiating , by 
the one or more computing devices , a shutdown procedure 
in response to determining that the AC power line has lost 
power . 

line ; 
generating , by the one or more computing devices , a sine 
wave that is synchronized with the AC power input and 
of an equivalent amplitude to the AC power input ; 

comparing , by the one or more computing devices , the AC 
power input to the generated sine wave to detect when 
an instantaneous voltage level of the AC power input is 
different than a corresponding voltage level on the 
generated sine wave ; 

upon determining that the instantaneous voltage level of 
the AC power input is different than the corresponding 
value on the generated sine wave , applying , by the one 
or more computing devices , a momentary load to the 
AC power line ; 
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8 . The method of claim 1 , further comprising communi 
cating , by the one or more computing devices , that the AC 
power line has lost power in response to determining that the 
AC power line has lost power . 

9 . The method of claim 1 , wherein the one or more 
computing devices is a microcontroller . 

10 . The method of claim 1 , wherein applying a momen 
tary load to the AC power line comprises pulsing a power 
transistor to conduct current from the AC power line through 
a load resistor . 

11 . A tangible , non - transitory , computer - readable media 
having software encoded thereon , the software when 
executed by a processor operable to : 

generate a sine wave that is synchronized with a received 
conditioned alternating current ( “ AC ” ) power input and 
of an equivalent amplitude to the AC power input ; 

compare the AC power input to the generated sine wave 
to detect when an instantaneous voltage level of the AC 
power input is different than a corresponding voltage 
level on the generated sine wave ; 

upon determining that the instantaneous voltage level of 
the AC power input is different than the corresponding 
value on the generated sine wave , pulsing a power 
transistor to conduct current from the AC power line 
through a load resistor ; 

determining , by the one or more computing devices , that 
a voltage of the AC power line after pulsing the power 
transistor is less than a specified amount ; and 

in response to determining that the difference between the 
voltage of the AC power line is less than the specified 
amount , determining , by the one or more computing 
devices , that the AC power line has lost power . 

12 . The tangible , non - transitory , computer - readable 
media of claim 11 , the software when executed by a pro 
cessor being further operable to : 
mix the input AC power with a signal to create two 

heterodyne signals comprising a lower frequency het 
erodyne signal and a higher frequency heterodyne 
signal ; and 

filter the lower frequency heterodyne signal and retaining 
the higher frequency heterodyne signal . 

13 . The tangible , non - transitory , computer - readable 
media of claim 11 , the software when executed by a pro 
cessor being further operable to : 
upon determining that the voltage of the AC power line is 

less than the specified amount , pulsing , by the one or 
more computing systems , the power transistor to con 
duct current from the AC power line through the load 
resistor a second time ; 

determining , by the one or more computing devices , that 
a voltage of the AC power line after pulsing the power 
transistor a second time is less than the specified 
amount ; and 

wherein the determining that the AC power line has lost 
power is in response to both determining that the 
voltage of the AC power line after pulsing the power 
transistor a second time is less than the specified 
amount and that a voltage of the AC power line after 
pulsing the power transistor is less than a specified 
amount . 

14 . The tangible , non - transitory , computer - readable 
media of claim 13 , the software when executed by a pro 
cessor being further operable to repeat the steps of pulsing 
the power transistor and determining the voltage until a 
configured threshold number of determinations that the 
voltage of the AC power line is less than a specified amount 
has been reached . 

15 . The tangible , non - transitory , computer - readable 
media of claim 13 , the software when executed by a pro 
cessor being further operable to communicate that the AC 
power line has lost power in response to determining that the 
AC power line has lost power . 

16 . The tangible , non - transitory , computer - readable 
media of claim 11 , the software when executed by a pro 
cessor being further operable to communicate that the AC 
power line has lost power in response to determining that the 
AC power line has lost power . 

17 . A system , comprising : 
a processor adapted to execute one or more processes ; and 
a memory configured to store a process executable by the 

processor , the process when executed operable to : 
generate a sine wave that is synchronized with a 

received alternating current ( “ AC ” ) power input and 
of an equivalent amplitude to the AC power input ; 

compare the AC power input to the generated sine wave 
to detect when an instantaneous voltage level of the 
AC power input is different than a corresponding 
voltage level on the generated sine wave ; 

upon determining that the instantaneous voltage level 
of the AC power input is different than the corre 
sponding value on the generated sine wave , pulsing 
a power transistor to conduct current from the AC 
power line through a load resistor ; 

determining , by the one or more computing devices , 
after each of a plurality of pulses that a voltage of the 
AC power line after pulsing the power transistor is 
less than a specified amount ; and 

in response to determining in at least two successive 
determinations that the difference between the volt 
age of the AC power line is less than the specified 
amount , determining , by the one or more computing 
devices , that the AC power line has lost power . 

18 . The system of claim 17 , the process when executed 
being further operable to communicate that the AC power 
line has lost power in response to determining that the AC 
power line has lost power . 

19 . The system of claim 17 , the process when executed 
being further operable to initiate a shutdown procedure in 
response to determining that the AC power line has lost 
power . 

20 . The system of claim 17 , the process when executed 
being further operable to : 
mix the input AC power with a signal to create two 

heterodyne signals comprising a lower frequency het 
erodyne signal and a higher frequency heterodyne 
signal ; and 

filter the lower frequency heterodyne signal and retaining 
the higher frequency heterodyne signal , 

wherein the generated sine wave is synchronized to the 
higher frequency heterodyne AC line input . 

* * * * * 


