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CALIBRATION SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED APPLICATIONS
{0601} This application claims the benefit under 33 ULS.C. § 119(e) of the carlier filing date
of United States Provisional Patent Application No, 62/345,980 filed on May 10, 2019, the

contents of which are herehy incorporated by reference in their entirety.

FHELD

166021 This apphication discloses an invention which s related, penerally and tn various
aspects, to systerns and methods of calibrating devices, circuits andior systems,
BACKGROUND

H803] H s now more common for nuclear power plants to utilize one or more field-
programmable gate arrays (FPGAs) in at least one of their various contrel cireutts. In
addition (o incloding one or more FPGAS, such control circuits also inclode other
devices/components such as, for example, sensors, inputioutputs cards, analog-to digital
converters and processors to monitor andfor control the operation of the puclear power plant.
In general, output signals gencrated by the sensors, which are indicative of a sonsed or
niessured parameter, are npul o inputfoutpat cards, which are conncuted to an FPGQA, which
- turn can be connected to a processar. For indances where an outpng signal generated by a
sensor is an analog signal, an anslog-to-digial converier is wtilized to convert the analog
signat 1o & corresponding digital signal. In various configurations, the analog-to-digiial
conversion can be performed by the inputiontput card, by an analog-to-digiat converter
conpectad to the nputfoutput card, or by the FPGAL

{68041 Insome nuclear power plant control civenits, several of these devices/components are
packaged together in an electronie devicr such as, for example, the CompactRIQ {(cRIQ)
coptrotier manulactired Nationgd Instruments, o applications where the electronic device
provides only 8 mondtoring function, a digital valoe ontput by the FPGA of the electronic
device may be input to a computer systent or other processing device that aggregates the
outputs of multiple FPGAs. In applications where the electronic device functions as a
coutroller, the electronie device may perform a control function based on the output signal of

ong or move of the sensors (or on other conditions).
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05T In order to ensure that such control circuits are operating properly, the calibration of
the control oircuit can be verified. In particalar, the calibration of the timing of the control
civcuitt and the calibration of the analog voliages present within the control cirenit can be
verified. I the calibrations of either the timing or the analog voltages are not verified, the
calibrations can be adjusted so that the control circult is in proper calibration gomg forward.
Known processes for verification and calibration are time consuming processes. For
example, one known provess includes vertfving the timing of the control circnit and then
individually injecting multiple different voltage lovels to verity the analog voltages present
within the control cireut. Stonilar processes are currently wtilized to verify calibrabions of
devices andéor systenis,

{0806} There is room for improvement in systems and methods of calibrating devices,

cirenils andfor systamy,

BRIEF DESCRIPTION OF THE DRAWINGS

[6] The novel features of the aspects described heredn are set forth with partienlarity in
the appended claims. The aspeets, however, both as fo orgavization and methods of
operation may be betier understood by reference o the follewing descripiion, taken in
conjunction with the accompanying drawings.

[8607] FIG. 1 iHustrates a calibeation system, in accordance with at least ong aspect of the
present disclosure;

166081 FIG, 2 iHustrates an exenplary triangalar wave generated by g waveform generator of
the calibration system of FHG. 1:

{009 FIG. 3 illostrates an exemplary sine wave gendrated by the waveform gensrator of the
calibration system of FIG, 1 and

[8618] FIG. 4 iHustrates a calibration method, in accordance with at least one aspect of the

present disclosure.

DPETAILED DESCRIPTION

1811} H s to be understood that at feast some of the figures and deseriptions of the invention
have been simplifted {o illosirate eloments that are relevant for a clear anderstanding of the
invention, while climinating, for purposes of clarity, other elementy that those of ordinary
skill in the art will appreciate may also comprise a portion of the invention. Howeaver,
because such cloments are well known in the art, and becanse they do vot facilitate a better

anderstanding of the rovention, a description of such elements 1s not provided berein,
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{86121 In the following detuiled description, refercnce iy made to the accompanying
drawings, which form a part bereof. In the drawings, similar symbols and reference
characters typically identify shmilar components throughout several views, unless context
divtates otherwise. The iHustrative aspects deseribed i the detailed deseription, drawings
and clamms ave not meant to be {imiting, Otheraspects way be utilived, and other changes
miay be made, without departing from the scope of the tecluology deseribed herein,

168131 The following description of centain examples of the lechuology should not be used to
limit its scope. Other examples, features, aspeets, embadiments and advantages of the
technology will become apparent (o those skilled in the art from the following desoription,
witich is by way of itlustration, one of the best modes contemplated For carrying out the
technology, As will be realized, the technology described herein is capable of other ditterent
and obvious aspects, all without departing from the technology. Accordingly, the drawings
and descriptions should be regarded as Hlustrative in nature and not resirictive,

166141 1t is further understood that any one or more of the teachings, expressions, aspects,
smbodimaents, examples, ete. deseribed herein may be combined with any one or move of the
other teachings, expressions, aspects, embodiments, examples, ofc. that are deseribed hevein
The following described teachings, expressions, aspects, embodiments, examples, i, should
therefore not be viewed in isolation relative to each other. Various suitable ways in which
the teachings herein may be combined will be readily apparent 1o those of erdinary skill in
the art in view ot the teachings herein. Such modifications and vanistions are intended 0 be
included within the scope of the clatms.

[HI13] Before explaining the various aspects of the calibvation system in detall, itshould be
noted that the various aspedts disclosed herein are not Himited in theiv application of wae o the
details of construction and srrangement of parts Hlustrated in the sccompanying drawings and
description. Rather, the disclosed aspects may be positioned or incorporated in other aspects,
embodiments, vartations and modifications thereof, and may be practiced or carried out in
varions ways. Accordingly, aspects-of the calibration system diselosed herein are Hustrative
in nature aud are uet mednt to Himdt the scope ov application thereof, Furthermore, unless
otherwise indicated, the eoms and expressions emploved herein have been chosen for the
purpost of describing the aspects for the convenience of the reader and arve not meant to lirit
the scope thereof. In addition, it should be understood that any oue or more of the disclosed
aspects, exprassions of aspects, andi/or examyples thereof, can be combined with any one or
more of the other disclosed aspects, expressions of aspeets, andéor examples thereof, without

Hontation.

L
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8161 Also, in the following description, it is 1o be understood that terms such as inward,
outward, upward, downward, above, top, bedow, floor, left, right, side, interior, exterior and
the like are words of convenience and are not 1o be construed gs Hmiting forms. Terminology
used herein is not meant @ be Hdting insofar as devices deseribed hereln, or portions
therenf, may be attached or wtilized in other ovientations, The various aspects will be
described i more delail with reference to the drawings.

188171 FIG, | iHlustrates a calibration system 10, invaccordance with gt foust one aspect of the
present disclosure. The calibwation system 10 will be deseribed in the context of ifs ase to
salibrate a controb oiveuit 12 of a nuclear power plant. However, # will be appreciated that
the calibration system 10 can be utilized Yo calibrate any number of different devices (an
FPGA, a computer, a progranamable logic contradler, an inputfontput ciroult, et ), circuits
andfor systemy, The calibration system MY inclades & wavetorm gonerator 14 and a controfler
16, The controller 16 includes an Input/output circwit 18, an analog-to-digital (A/D)
gonverter 20 and an FPGA 22, According & various aspects, the calibration system 10 may
also includea processor 24 connected 1o the FPGA 22.

[8018] The wavelorm generator 14 is conligurad to generate one or more waveforms. For
exgmple, according 1o varions aspects, the waveform generator 14 may be configured o
geperate one or move waveforms such as triangular waves, Sine waves, SqUare waves,
sawiooth waves, ote. of different amplitudes over & wide range of frequenciss. An exemplary
tigngular wave gengrated by the wavelorm generator 14 is shown in FIG. 3, where the
triangular wave s a | Hz, 0-10 V iraongular wave, An exemplary sine wave generated by the
wavelorm generator 14 s shown in FIGL 3, where the siie wave is 2 .5 Hz, 018V sine
wave, Of course, different frequencies, amplitudes andéor waveforms other than those shown
in FIGK, 2 and 3 may bo gonerated by the waveform generator 14, As shown in FIG. 1 the
waveform generator 14 s connected to {in signal communication with) the contrel clrcuit 12,
More specifically, the wavetorm generator 14 is connected o {in signal communication with}
the input/output circuit 18 of the controlier 16,

{8819 The inputioutput civeuit 18 ix configured to receive analog signals at its input
ternyinals (not shown for purposes of clarity}. Forexample, the input/output cireuit 18 may
receive analoy signals from a sensor 26, Although only one sensor 26 18 shown in FIGL ot
wit] be appreciated that the fuputioutpat circuit 18 vy weeeive analog signals from a plorality
of sensars 26 such as, for example, fhow sensors; position Sensors, Prossure Sensors,
temperature sensor, efe. According to various aspects, the iput/foutput cirenit 18 may

mclude any wupber of inputioutpat cards (analog IO cards, digital FO cards andfor mixed

wd
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FO cards) and may be configured to accommodate both analog and digital inputsiontputs.
For example, according to vavious agpects, the inputfoutput circult 18 is further configured to
ottput a condrol signal fo an actuator 28, Although only one sctuator 38 is showntin FIGL L
will be appreciated that the inputioutput civcult 18 may output contrad signals to a plurality of
actuators 28 {0 control & valve, a motor, 8 pump, efe.

18620} The A/ converter 20 is connected o (in sighal communication with) the inputfoutput
cireuit 18, and is configured to convert the analog signals received from the inputioutput
cireuit 18 into corresponding digital signals or digital values which ave representative of the
analog signals. Although only one A/D converter 2018 shown in FIG. | for purposes of
clarity, # will be a;r;)re.{:imt\d that the controller 16 may include any number of A/D
converters 20, For example, according o various aspects, the controller 18 includes a
separate A converter 20 for cach analog nputioutpul card 1o the input’ouipus cireait 18
According to varfous aspects, the AYD converter 20 fornms a part of the inputfoutput circuit

18

[821] The FPGA 22 15 connected to (in signal communication with) the A/D converter 20,
and is configired 1o process the digital signals and/or digital valoes received from the AD
converter 200 According to varioas aspects, the A/D converter 20 fovms a part of the FPGA
22, inaddition to performing signal processing, the FPGA 22 may also be utilized for
control, filtering, timing andfor other logic functions. As shown in FIG. |, according to
various aspeots, the FPGA 22 also includes a processor 30 which 1s in signal conununication
with the FPGA 22, The processor 30 may be otilized for communication, signal processing
andforexecuting algovithims or routines which are stored Hra memory associated with the
processor M The processor 3 can exéeute one or move such algorithms or routines to
implement and control the functionality of the FPGA 22, According to various aspects, the
processor 30 intorprets the digital sighals or digital values output by the A/D converter 20 and
responsively causes the FPGA 22 1o output one or more digial signals, Such signals may be
comtrol signals to contrel one or more covaponents of the control erreuit 12 andéor
informaticual signals (0 provide information such as a characteristic sensed by s analog
sensor 26, Acvcording to various aspects, the FPGA 22, or the combination of the FPGA 22
and the processor 30, may be considerad a processing clveail

{0022} The processor 24 can be i signal communication with the processor 30, and may be
atilized, for exampile, to format information provided by the processor 30 {e.g., information
associated with an analog sensor 26 connected 1o the input/output ciremit 18) so that the

information can be displayed on & monittor (pot shown) connected to the processor 24,

-5
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F0231 In arder to ensure that ceriain control circults crployed i nuclear powsr plants or
other applications arc operating properly, the calibration of the confrol eircuit can be verified
by a calibration algonthm or routine executed by the processor 30 of the FPGA 22, Wilh {he
calibration slgorithm or routing, the processor 30 can verify the timing and voliage levels of
the control etreuit 12 based on a wavetorm generated by the waveformy generator 140 For
example, the sampling rate of the analog signals received by the iInputfontput clrouit 18 can
b utilized to verify the timing of the control cirouit 12 and the voltage levels of the analog
signals received by the input/output civeuit 18 can be utilized to verify the voltage levels of
the conteol eivenit 12, I the calibrations of either the timing or the analog voltages are not
verified, the calibrations can be adjusted so that the control cireuit 12 s i proper calibration
going forward. For example, with respect to the timing of the control circuit 12, foop times
utilized by the FPGA 22 can be adjusted to bring the timing info proper calibration.
According to other aspects, the calibration or routine can be executed by o processing circul
other thar the FPGA 22 and the processor 3.

[ 241 According to various aspects, to calibrate the control cirenit 12, a periodic waveform
generated by the waveforn generator 14 is input to the input/outpat oiwenit 18, The
waveform may be inpat o a test lerminal block (not shown) of the nput/output civenit T8
The processor 30 initiates the execution of the calibration algorithm or routine. The
calibration sigorithm or routine may be initisted automatically. such as in response to
yeceiving the periodic waveforny at a particular foput of the inputioatput cirewit 18 (eig. a test
terminal block), or manually in response to an input or comnand from a user or device,
23] Information indicating the tvpe of periadic wavetorm, the frequency of the perindic
waveform and vatious vollage test points on the periodic wavelorm may be stored ina
memory accessible by the processor 30, According to various aspects, information indicating
threshold tolerances for the thning and for each of the voltage test points may alse be stored
in the memory accessible by the processor 30, The information may be stored iy the memory
when the FPGA 22 is programmed, such ag at time of moamofacture. However, it will be
appreciated that the FPGA 22 programming can be subsequontly updated.

16261 As part of the calibration algorithm or reutine, the processor 3 s configured to verity
that the timing of the controd circuit 12 is within a predetermined threshold tolerance.
According to various aspects, the anatog signal of the peviadic wavelforny is sampled, and the
sampled analog values are converted to digital signals oo digital valuss by the A/D converter
20, The digital signals or digital values are provided to the FPGA 22 and in tum o the

processor 30, The processor 30 utilives the dignal signals or digital values w determine the

-
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frequeney of the perlodic wavefornn. The processor 30 can then compare the determined
frequency of the periodic wavetorm with the known frequency of the periodic waveform
stored in the memory. I the determined frequency is within the predetermined threshold
lerance of the knowa frequeney, the timing calibration of the control cireuit 12 is
considered to be verified. For example, i the pertedic waveforn has a known frequency of 1
Hz and the predetermined threshold tolevance is 196, the timing calibration of the control
gircuit 12 will be congidered to be verifiod if the determined frequensy is within 1% of the
known frequency of 1 He

{80271 However, it the deternuned frequency is notwithin the predetermined threshold
tolersnce, the FPGA 22 {or the processor 30 of the FPGA 22) can be utilized to adjust the
calibration of the timing (e.g.. by adjusting loop times utilized by the FPGA 22) to teing the
fiming inte proper calibration (e, within the predetermined threshold tolerancel.

180281 As pari of the calibration algorithm or routing, the processor 30 s also configured to
vartly that each of the sampled voltage levels along the periodic waveform is within a
predetermined threshold tolorance, Unee the timing of the control circuit 12 has been
verified or brought o proper calibration, the processor 30 can utilize the verified timing to
verify each of the sampled voltage levels along the periodic wavefonm is within the
predetermined threshold tolerance. For example, voltage kevels associated with a 0- 10V
periodic waveform such as the triangular wave of FHOL 2 inchude OV, 25V, 3V, 7.8V, and
10V, Because the timing of the control oivenit 13 and the frequency of the pertodic
waveform are Known, the calibration algorithm or routing knows when these voliage levels
should orcuy i the periodic wavetorny, For the THz, 0-10V wiangular wave of FHG 2, the
ampiitude of the periodic waveform should be §Y at 0,25 and at 0.75¢ after the statt ot a
period of the waveform, as s shown for example in FEG. 2. Since the timing has been
verified or brought into proper calibration as deseribed above, the processor 30 can utilize the
digital signals or digital values corvesponding to each of the sampled voltage levels af specific
Himes o compare the sampled voltage values with the expected voltage valpes. Wihe
sampled voltage valoes are cach within the predetermined threshold toleranee of the expected
viltage values, the voltage value calibration of the control cireudt 12 is considered to be
verified.

[0029] However, i any of the sampled voltage values ave not within the predetermined
thrashodd tolerance of the expected voltage values, the FPGA 22 {or the processor 30 of the
FPGA 22) can be wtilized to adjust the calibration of the voltage values (2.2, by adjusting the

araplitede of analog signals at the inputfoutpat cirauit 18} to bring the voltage values into
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proper calibration (Le., within the predetermined threshold tolerance). Tt will be appreciated
that any number of voltage fevels may be sampled and verified or adjusted, and that any
predetermined threshold tolerance (e.g., 0.25%, 0.3%, 1%, ofc.} may be utilized for the
verification or calibration process. In general, a given predetermined threshold tolerance will
be set on 8 case-by-case basis,

{60301 When the control cirenit 12 s properly calibrated, the timing snd vollage levels it
utilizes o make contrel decisions are acourate 1o the extent they wre within the predeternined
threshold tolerances of the known/expected timing and voltage lovels. 1 the predetermined
threshold tolerance for g given application is 1% and the control cirawit 12 myterprets an sctual
2.3V analog signal as being a 2.8V analog signal, the control circuit 12 is not properly
calibwated and a control operation based on the interpreted voltage level could be unintended,
improper amdfor unsale, For these and other reasons, verifying proper calibration andéor
adjusting calibration have calibration hecome part of ongoing maintenance 1o nuclesr plants
or other applications, By uiihizing the calibmtion algorithim or rontine as deseribed above, the
time taken to vertfy andfor adjust the calibrations ave significantly reduced. For example, the
controd eireutt 12 can use as Hitle as one period of 8 periodic waveform received from the
wavelorm generator 14 o calibrate itself or veritty its owa calibration, greatly increasig the
speed of the calibration process. As a facility such as a nuclear plant may include numerous
control circuits 12 that noed calibrated, incteasing the speed of calibration significantly
reduces maintenance time.

186311 FLG. 4 iHustrates a method 40 of calibrating a control oircuit, in accordance with at
lenst one aspect of the present disclosure. Although the method 40 is described inthe context
of calibrating the control eivegit 12, 1t will be appreciated that the method 40 may b utilized
to calthrate any number of different devices {an FPGA, a computer, a programmable logic
controller, an inputioutput circuit, ete)), circults and/or systems. The method 40 may be
implemented asing the calibration system 1) or other similar systems. For purposes of
stmplicity, the implementation of the reethod 40 will be described 1n the context of the
vontrol cirenit 12,

188321 Foo the method 48, a puriodic waveform is generated 42 by for example, the
waveform generator 1L The periodic waveloro is input 44 10 an analog input of the
inputioutput circutt 18, The analog signal of the pevtodic wavelorm is samplod 46 by the
FPGA 22, and the sampled analog values are converted 48 to digital signals or digital valuss

by the A/D converter 20,

-8
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331 The digital signals or digital values are utitized by the processor 30 to determine 50
the frequency of the perjodic waveform. The processor 30 compares 52 the determined
freguency to the known frequency of (he perodic waveform, I the detenmined freguency s
within a predetermined threshold tolerance of the known frequency, the timing of the control
cironit 1248 considered to be properly calibrated.  H the deternuned frequency i3 not within
the predeternined {hweshold tolerance of the known frequency, the timing of the control
gireuit 12 is adjusted o bring the timing imto proper calibration,

148341 After the calibration of the timing of the control circuit 12 has been verified or
adjusted to be brought inlo proper calibration, the digital signals or digital values
corresponding to the various sampled voltage levels slong the periodic waveform and the
known frequency of the periodic waveforny are utitized by the processor 30 to compare 54
each of the sampled voltage levels along the periodic waveform with the expectad voltage
levels tihe calibration algorithm or routine knows when the expected voltage levels shoudd
oceur in the periodic waveform), Heach of the various sampled voltage feveds is within a
predetermined threshold tolerance of the oxpectad voltage lovels, the voltage levels of the
controf etrcuit 12 are considered (o be properly calibrated. I each of the various sampled
voliage levels is not within a predetermined threshold tolerance of the expecied voliage
levels, the voltage fevels of the control eirouit 12 are adjusted to bring the voltage levels into
proper calibration, The plurality of vollage levels can be compared to the expecied voltage
levels sequentially or iy parallel,

180351 The above-deseribed method 40 may be repeated periodically or continuously, and

may be repeated any number of times.

EXAMPLES

[8636] Example 1 - A calibration system is provided, The calibration svstem comprises a
wavetorm generator configured to generale a periodic wavetorm and a control circuit in
stgnal communication with the waveform generator. The control circuit comprises an
analog-to-digital converter configured to convert the periodic waveform to digital values sud
an electronic device in signal communication with the analog-to-digital converter. The
slectronie deviee is configured to verity calibration of (1) Uming of the control circuit and (2)
voltage levels of the control clreutt based on the pertodic waveform,

{8837} Example 2- The calibration system of Example 1, wherein the periodic waveform

comprises a riangular wave.
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{0381 Example 3+ The calibration system of Example 1, wherein the periodic waveform
conyprises a sine wave,

[0839] Example 4 -~ The calibration system of Examples 1, 2 or 3, wherein the clectronic
device comprises g fleld-programmable gate array.

[8848] Example 5 - The calibration svstem of Examples 1, 2, 3 or 4, wherein the analog-o-
digial converter forms a part of the electronie device.

[88411 Example 6 - The calibration system of Examples 1,2, 3, 4 or §, whergin the control
cireyit further comprises an mputfoutput cireuit connected to the anslog-to-digial converter.
{8042} Example 7 - The calibrabion system of Examples 1,2, 3, 4, 5 or &, wherein the
input/output circuit forms a part of the electronic device.

[8043] Example & - The calibration system of Examples 1. 2, 3, 4, 5, 6 or 7, wherein the
control circuit Rurther comprives a provesser in signal communieation with the electvonic
device,

88441 Example 9 - The calibration system of Example 8, wherein the processor forms a part
of the cleetronic devige.

[8845] Example 10~ The calibration system of Examples 1,2, 3,4, 5,6, 7, 8 or 9, wherein
the calibration systam further comprises a processor in signal communication with the control
cirenit,

[86846] Example 11 - Ap electronic device is provided. The eloctronic device comprisss an
analog-to-digital converter configurad to convert a periodic waveform to digital values and a
processing circuit in signal communication with the analog-to-digital converter. The
provessing cirenit is configured o verty calibration of (1) timing of the electronic device and
{2y vollage levels of the electronic device based on the peradic waveform,

[8847} Example 12 - The electronic device of Example 11, wherein the processing cireuit
comprises a ficld-programmatle gate array.

{86481 Example 13 - The electronic device of Examples 11 or {2, wherein the processing
cirenit further comprises @ provessor,

[8849 Exaaple 14 - The clectronie device of Examples 11, 12 or 13, further comynising an
mputioutput circuit in signal commumication with the analog-to-digital converter,

[H30] Example 15 - A calibration method is provided. The calibration method comprises
generating a periodic wavelorny, inputting the generated pertodic waveform inte an glectronie
device, calibrating timing of the electronic devive based on the inputted periodic waveform
and calibwating voliage levels in the electronic devics based on the inputted periodic

waveform,
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[0051] Example 16 - The calibration method of Example 15, wherein calibvating timing of
the electronic device based oy the inputted periodic waveform comprises determining a
freguency of the inpotted periodic waveform,

{0052} Example 17 - The calibration method of Example 16, whercin calibrating timing of
the electronic device based on the inputied periodic wavelorm further comprises comparing
the determined frequency of the inpuited periodic waveform with a known frequency.

188531 Example 18 - The calibration method of Example 17, wherein calibvating timing of
the electronic devics based on the inputted periodic wavetorm further comprises determining
whether the determimed frequency of the ioputted periodic waveform is within a theeshold
tolersnee of the known frequency

[0834] Example 19 - The calibration method of Examples 15, 16, 17 o 18, wherein
calibrating voltage fovels in the electronic devies based on the nputied petiodic wavefiem
comprises comparing sampled voltage lovels of the inputied periodic wavelorm with
gxpected voltage levels,

[855] Example 28 - The calibration method of Examples 19, whereln calibwating voltage
tevels 1o the clectronie devies based on the fnpuited periodic waveform further comprises
determining whether each of the sampled voltage levels of the inputied pertodic waveform is
within a threshold folerance of the expected voltage tevels,

[8836] Although the various aspects of the calibration system HY and calibration method 46
have been described herein in connection with certain disclosed aspects, many modifications
and varigtions to those aspects may be implemented.  Also, where materials are disclosed for
certain components, other materials may bowsed. Furthermore, according 1o various aspacts,
a single corvponent yaay be replaced by multiple components, and wultiple componenis may
be replaced by a single component, o perform a given function or functions. The foregeing
description and the appended claims are intended to cover all such modifications and
varigtions as falling within the scope of the disclosed aspecis.

{8857} While this invention has been described as having exemplary designs, the deseribed
invention may be further modified within the spirit and scope of the disclosure, This
application is theretore intended to cover any variations, uses, or adaptations of the invention
using its general principles. For example, although the invention was described in the context
of a control clrcuit 12, the geacral prineiples of the inveation are equally applicable w any
tvpe of device, oircait andfor system which converts analog stgnals into digital valies.

Strwilarly, although the invention was also described in the context of & nuclear power plant,
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the general principles of the fovention are also equally applicable to applications other than
suclear power plants.

[0B38] Aby patent, patent application, publication, or other disclosure material, 1o whele or in
part, that is said to be incorporated by reference herein is incorporated herein only to the
extent that the incorporated materials does not conflict with sxisting definitions, statements,
or other disclosure material set forth in this disclogure. As such, and to the extent necessary,
the disclosure as explivitly set forth herein supersedes sny conflicting material incarporated
herein by reforence. Any material, or portion thureot! that is said to be ineorporated by
reference herein, bt which conflicts with existing definitions, statements, or other disclosare
material set forth herein will only be incorporated to the extent thet no condlict arises between

that incorporated material and the existing disclosure material.
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CLAIMS

What is claimed is;

i A calibration system, comprising:
awaveform generator configured {o generate & periodic waveform; and
a control circuit in signal communication with the waveform generator, wherein the
vontrod circuit comprises:
an analog-to-digital converter configured to convert the pertodic waveform to
digital values; and
an ¢lectronic devics in signal communication with the analog-to-digital
converter, wherein the eloctrome devies is configured to verily calibration of the following
hased on the periodic wavelorny
timing of the control cireuit; and

vioitage levels of the control circuit,

2 The calibration system of Claim 1, wherein the periodie waveform comprises a

triangular wave,

3 The calibration systeyn of Clain 1, wherein the periodic waveforny comprises a sine
WRVE,
4 The calibration system oF Claim 1, wherein the electronic device comprises a field-

programmable gate array.

5. The calibration systern of Clain 1, wherein the analog-to-digial converter fornwma

part of the electronic device,

& The calibration system of Claim 1, wherein the controd civeutt further comprises an

v

npatiouiput circuit connected to the analog-o-digital converter.

7. The calibration system of Claim 6, whersin the input/odpat eiveuit forms a part of the

electronic devige.
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8. The calibration system of Claim 1, wherein the controd civeuit finther comprises 8

processor in signal compraication with the electrorde device.

9. The calibration system of Claim 8, wherein the processor forms a part of the
electronic device.
10, The calibration system of Claim 1, wheretn the calibration system further comprises a

processor i stenal conumunication with the control cireudt,

t,  Anglectronic device, comprising:
an-analog-to-digital converter configured to convert a periodic wavelorm to digital
values: and
a processing cireuit in signal conmunication with the amalog-to-digital converter,
the perlodic wavelfonm:
timing of the slectronic device; and

voltage levels of the electronic device.

12, The electronic device of Claim 11, wherein the processing clveuit comprises a field-

progravunable gate wray.

13 The glectroniv device of Claimy 11, wherein the processing clronit Rurther comprises 2

PrOCessor,

14, The electronic device of Claim 11, further comprising an inputioutput circult in signal

communication with the analog-to-digital converter:

15, A cslibration method, comprising)

generating a perindie waveforny

wputting the generated pertodic wavelorny into an electvonic devicg;

catibrating timing of the electronde device based on the mputied pediodic waveform;
aml

calibrating voltage levels in the electronic device based on the inputted periodic

waveform,
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16,  The cabibration method of Claitm 15, wherein calibrating timing of the clectronic
device based on the inputied periodic waveform comprises deternuining a freguency of the

inputied periodic waveform.

17, Thecalibration method of Claim 16, wherein calibrating timing of the electronic
device based on the inputted periedic waveform further comprises comparing the dotermined

frequency of the inputted periodic wavelorm with a known fregquency.

18, The calibration method of Claim 17, wherein calibrating tinding of the electronic
device based on the inputted periodic waveforny turther comprises determining whether the
determined Beguency of the inputied partodic waveform is within a threshold tolerance of the

Known freguency.

9. The calitration methed of Claim 13, whereln calibrating voltage fevels in the
alectronie device hased on the inputied periodic waveforo comprises comparing sampled

voltage levels of the inputted periodic waveform with expected voliage tevels,

20, The calibration method of Claim 19, wherein calibrating voltage levels in the
electronic device based oo the inputted peviodic wavetform further comprises determining
whether each of the sampled voltage levels of the inputied periodic waveform s within a

threshold tolerance of the expecied voltage lovels,

T
v
(9 43
s
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