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( 57 ) ABSTRACT 
An electric - field sensor is provided that includes a voltage 
controlled capacitor and generator circuitry . The voltage 
controlled capacitor is influenceable by an electric field 
created by a target located a distance from the solid - state 
electric - field sensor . The generator circuitry is configured to 
generate a modulated voltage for driving the voltage - con 
trolled capacitor to produce a modulated capacitance as the 
voltage - controlled capacitor is influenced by the electric 
field to enable measurement of the electric field . In this 
regard , the voltage - controlled capacitor and generator cir 
cuitry are configured such that , in operation , an electric field 
of the target causes a change in the modulated capacitance 
and a current flow through the voltage - controlled capacitor . 
An electric potential of the target , then , is measurable as a 
function of the change in magnitude of the current flow 
through the voltage - controlled capacitor . 
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SOLID - STATE ELECTRIC - FIELD SENSOR controlled capacitor is influenceable by an electric field 
created by a target located a distance from the solid - state 

CROSS - REFERENCE TO RELATED electric - field sensor . The generator circuitry is configured to 
APPLICATION ( S ) generate a modulated voltage for driving the voltage - con 

5 trolled capacitor to produce a modulated capacitance as 
The present application is a continuation of U . S . patent voltage - controlled capacitor is influenced by the electric 

application No . 13 / 662 , 848 , entitled : Solid - State Electric field . In this regard , the voltage - controlled capacitor and 
Field Sensor , filed on Oct . 29 , 2012 , which is a continuation generator circuitry are configured such that , in operation , an 
in - part of U . S . patent application No . 13 / 528 . 185 . entitled : electric field of the target causes a change in the modulated 
Solid - State Electric - Field Sensor . filed on Jun . 20 . 2012 . 10 capacitance and a current flow through the voltage - con 
which claims priority to U . S . Provisional Patent Application trolled capacitor . An electric potential of the target , then , is 
No . 61 / 499 , 383 , entitled : Solid - State Electric - Field Sensor , measurable as a function of the change in magnitude of the 
filed on Jun . 21 , 2011 , the contents of both of which are current flow through the voltage - controlled capacitor . 
incorporated herein by reference in their entireties . In one example , the voltage - controlled capacitor may be 

15 a dual common cathode or anode varactor diode including a 
TECHNOLOGICAL FIELD common junction exposed to the electric field . In this 

example , the solid - state electric - field sensor may further 
The present disclosure relates generally to a sensor for include a sensing element connected to the common junction 

electric - field sensing and , in particular , to a solid - state of the dual common cathode / anode varactor diode . The 
sensor for electric - field sensing . 20 sensing element may be capable of picking up the electric 

field of the target . 
BACKGROUND In one example , the generator circuitry may include a 

voltage source configured to generate a sinusoidal modu 
Over the years , numerous techniques for charge / electric lated voltage , and a 1 : 1 transformer through which the 

field / voltage detection and measurements have been devel - 25 modulated voltage may be applied to the voltage - controlled 
oped . One of the biggest challenges for designers of such capacitor . In this example , the current flow through the 
instrumentation is to devise ways of preventing the voltage - controlled capacitor may be measurable from a 
exchange of the electric charges between the measured center tap of the transformer . 
object and the meter . This is especially important for the In another aspect of example implementations , a sensor 
objects under test for which the amount of charge is limited , 30 platform is provided that includes a solid - state electric - field 
and where the presence of the measuring instrument affects sensor similar to that described above , as well as a data 
the physical state of that object . In such cases the input recorder circuitry configured to receive a measurement from 
impedance of the meter has to be as high as possible , and one the solid - state electric - field sensor and provide the measure 
of the ways to achieve that is by avoiding any physical ment to a data processing device . The data recorder circuitry 
contact with the measured object . 35 may include a communications interface configured to sup 
Non - contacting instruments are widely available , but port wireless communication with the data processing 

many have drawbacks . Meters such as those utilizing Kerr device . In one example , the sensor platform may further 
or Pockels effect , rotating vane fieldmeters , fieldmeters with include power circuitry configured to supply power to the 
mechanically actuated sensors or the like generally lack sensor platform . The power circuitry may include one or 
precision . Other meters such as electrostatic voltmeters 40 more batteries onboard the sensor platform . Additionally or 
( ESVMs ) , which also rely on mechanical excitation of the alternatively , the power circuitry may include circuitry con 
sensors ( tuning fork or a precision piezoelectric or acoustic figured to harvest power from the target . 
drive ) are relatively expensive and complicated . Recently In yet another aspect of example implementations , a 
developed micro - electromechanical devices ( MEMS ) intro - method is provided that includes disposing a solid - state 
duce a new class of miniature fieldmeters , but fabrication of 45 electric - field sensor a distance from a target , and driving the 
field sensing MEMS appears to be a complicated and not sensor ' s voltage - controlled capacitor with a modulated volt 
easily - repeatable process . Other types of electric - field age to produce a modulated capacitance . The method also 
meters such as capacitive coupling or induction instruments includes measuring an electric field created by the target 
rely on variation of the electric quantity that is being with the voltage - controlled capacitor as the voltage - con 
measured ; and therefore , they are not useful for detection 50 trolled capacitor is driven to produce the modulated capaci 
and quantification of static ( DC ) electric charges and fields . tance . In this regard , an electric field of the target causes a 

change in the modulated capacitance and a current flow 
BRIEF SUMMARY through the voltage - controlled capacitor . And an electric 

potential of the target is measured as a function of the change 
Example implementations of the present disclosure are 55 in magnitude of the current flow through the voltage 

generally directed to an improved solid - state electric - field controlled capacitor . 
sensor that uses a voltage - controlled capacitor for non - In one example , the solid - state electric - field sensor may 
contact measurement of AC or DC electric charges , fields or be disposed a distance from the target comprising a power 
potentials . The sensor of example implementations may line . In this example , the solid - state electric - field sensor may 
have a simple construction that may be easily miniaturized . 60 be part of a sensor platform that may further include power 
The sensor ' s output reading may be scalable from a single circuitry configured to supply power to the sensor platform . 
volt or lower , to thousands of kilovolts per meter , and it may Also in this example , the power circuitry may include 
operate at frequencies over a wide frequency range from DC circuitry configured to harvest power from the power line . 
to 5 MHz or higher . In one example , the solid - state electric - field sensor may 

According to one aspect of example implementations , an 65 be disposed in proximity of an expected trajectory of the 
electric - field sensor is provided that includes a voltage - target comprising a projectile , and the method may further 
controlled capacitor and generator circuitry . The voltage include detecting the projectile and determining its velocity 

m 
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from the measured electric potential of the target . In a further this disclosure , specify the presence of stated features , steps , 
example , the solid - state electric - field sensor may include an operations , elements and / or components , but do not preclude 
array of solid - state electric - field sensors each of which the presence or addition of one or more other features , steps , 
includes a respective voltage - controlled capacitor . The operations , elements , components and / or groups thereon . 
solid - state electric - field sensors may be driven and may 5 5 Unless otherwise defined , all terms ( including technical 
measure the electric field to obtain respective measurements and scientific terms ) used herein have the same meaning as 

commonly understood by one having ordinary skill in the art of the electric potential of the target . The method may then to which the present disclosure belongs . It will be further further include determining a trajectory of the projectile understood that terms , such as those defined in commonly from the measurements of the electric potential of the target . used dictionaries , should be interpreted as having a meaning The features , functions and advantages discussed herein 10 that is consistent with their meaning in the context of the may be achieved independently in various example imple relevant art and the present disclosure and will not be 
mentations or may be combined in yet other example interpreted in an idealized or overly formal sense unless 
implementations further details of which may be seen with expressly so defined herein . 
reference to the following description and drawings . In describing example implementations of the present 

15 disclosure , it will be understood that a number of techniques 
BRIEF DESCRIPTION OF THE DRAWING ( S ) and steps are disclosed . Each of these has individual benefit 

and each may also be used in conjunction with one or more , 
Having thus described example implementations of the or in some cases all , of the other disclosed techniques . 

disclosure in general terms , reference will now be made to Accordingly , for the sake of clarity , this description will 
the accompanying drawings , which are not necessarily 20 refrain from repeating every possible combination of the 
drawn to scale , and wherein : individual steps in an unnecessary fashion . Nevertheless , the 

FIG . 1 illustrates a typical electrostatic voltmeter ( ESVM description should be read with the understanding that such 
probe ; combinations are entirely within the scope of the invention 

FIG . 2 illustrates a circuit that corresponds to the ESVM and the claims . 
probe of FIG . 1 ; 25 Example implementations of the present disclosure relate 

FIG . 3 illustrates a circuit that illustrates principles that generally to an electric - field sensor that uses a voltage 
controlled capacitor for non - contact measurement of AC or may be implemented by a solid - state sensor according to DC electric charges , fields or potentials . The sensor may examples of the present disclosure ; have any of a number of different applications . Examples of FIG . 4 illustrates one example of a voltage - controlled suitable applications include power - line monitoring , projec 

capacitor according to examples of the present disclosure ; 30 tile detection , failure detection ( including high - impedance 
FIG . 5 illustrates a solid - state sensor according to fault detection ) , electroencephalography ( EEG ) monitoring , 

examples of the present disclosure ; earthquake prediction or the like . It should be understood , 
FIG . 6 illustrates a sensor platform including a sensor however , that the sensor may have other applications . 

according to examples of the present disclosure ; Non - contacting electric potential ( voltage ) measurements 
FIG . 7 illustrates one example application of a sensor in 35 by suitable meters are very frequently used in many indus 

the context of projectile detection according to examples of tries including the semiconductor and electro - photography 
the present disclosure ; industries . Lack of contact assures that the meter will not 

FIG . 8 illustrates a waveform of electric potential ( volt - alter the physical state of the measured object . The meters 
age ) that one example sensor platform may be expected to operating in non - contacting mode may use already - intro 
measure ; and 40 duced Kerr or Pockel ' s effects , but these methods do not 

FIG . 9 illustrates a flowchart of a method including a provide very accurate measurements down to the millivolt 
number of operations that may be performed by a data level . The technique that is most frequently used relies on 
processing device according to examples of the present the Kelvin probe principle introduced in 19th century . Since 
disclosure . that time , many improvements and modifications have been 

45 introduced to the original Kelvin ' s construction , leading to 
DETAILED DESCRIPTION development of more accurate and easier to use devices . 

The principle of operation of the Kelvin probe has its 
Some implementations of the present disclosure will now origin in the very basic equation defining capacitance C of 

be described more fully hereinafter with reference to the a capacitor : 
accompanying drawings , in which some , but not all imple - 50 
mentations of the disclosure are shown . Indeed , various 
implementations of the disclosure may be embodied in many 
different forms and should not be construed as limited to the 
implementations set forth herein ; rather , these example 
implementations are provided so that this disclosure will be 55 where represents the electric charge accumulated by the 
thorough and complete , and will fully convey the scope of capacitor , and U represents the electric potential ( voltage ) 
the disclosure to those skilled in the art . Like reference between electrodes of the capacitor . Any change of the 
numerals refer to like elements throughout . distance between electrodes during the time interval dt may 

The terminology used herein is for the purpose of describ - require a certain amount of electric charge do to be deliv 
ing particular implementations only and is not intended to be 60 ered to or taken away from the capacitor in order for the 
limiting of the present disclosure . As used herein , the term voltage U to remain constant : 
" and / or ” includes any and all combinations of one or more 
of the associated listed items . As used herein , the singular 
forms “ a , " " an ” and “ the ” are intended to include the plural dQdC , 
forms as well as the singular forms , unless the context 65 
clearly indicates otherwise . It will be further understood that 
the terms " comprises ” and / or " comprising , ” when used in 

( 1 ) 
C 

de = d 0 
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Since dQ / dt represents an electric current , measurement Capacitance Cpi depends on the geometry of the sensor and 
of that current may allow for measurement of the voltage if surface - under - test configuration , and on the dielectric per 
the capacitance variation is known . In fieldmeters and elec - mittivity of a medium between the sensor and tested surface . 
trostatic voltmeters , the capacitance may be formed by the Under these conditions Col has a fixed , constant value . 
instrument ' s sensor and the object being measured . In 1932 , 5 Capacitance Cp2 is a variable capacitance , changing with 
Zisman introduced a mechanically vibrating Kelvin probe in time . This variable capacitance Cp2 may be implemented 
which the sensor moved sinusoidally in the direction per with a voltage - controlled capacitor . Examples of suitable 
pendicular to the tested object ; and the current flowing to devices that may be used to implement a voltage - controlled 
and from the sensor changed proportionally to the amplitude capacitor include a varactor diode ( also known as a varicap 

10 diode ) , a metal - oxide - semiconductor ( MOS ) capacitor , and frequency of that vibration . This technique became a metal - insulator - semiconductor ( MIS ) capacitor or the like . basis for contemporary Kelvin probe techniques , including As shown in FIG . 4 , in one example , the voltage - con Kelvin force microscopes ( KFMs ) , fieldmeters and electro trolled capacitor may be implemented by a dual common static voltmeters . Notably , however , the mechanical vibra cathode or anode varactor diode 400 ( sometimes referred to tion of the sensor needs to be precisely controlled to assure 15 as a to assure 15 as a dual varactor or varactor couple ) . In this example , the proper measurement accuracy of the meter . dual varactor may include a pair of matched varactor diodes 
Fieldmeters with mechanically vibrating sensors and ( diodes a and b ) electrically connected by their cathodes / 

rotating - vane fieldmeters are used in a broad range of anodes at a common junction ( node ) 402 . The voltage 
applications , such as in semiconductor and other industries capacitance characteristics of matched varactor diodes may 
for assessment of the electrostatic discharge ( ESD ) threats , 20 be considered identical or nearly identical . Consequently , for 
atmospheric research and the like . But fieldmeters are not any bias voltage u ( t ) , the capacitances of varactor diodes 
very sensitive , and their bandwidth is limited by the velocity may be the same or nearly the same , i . e . , Ca ( u ( t ) ) ~ C ) ( u ( t ) ) . 
of the rotating vane or the vibration frequency of the sensor , Assume for example that the voltage - capacitance depen 
with the maximum reaching about 20 Hz . The fieldmeter ' s dence of the matched pair of varactor diodes is linear or 
technical capabilities are not sufficient for many applica - 25 nearly linear ( within a certain range ) . 
tions . Electrostatic voltmeters ( ESVM ) are much more sen - Returning to FIG . 3 , in one example , Ch may change 
sitive and precise than fieldmeters with the bandwidth of up sinusoidally with time in instances in which the voltage 
to 3 kHz . But their construction is relatively expensive and controlled capacitor is modulated by a sinusoidal voltage 
complicated , as it includes a high precision mechanical drive source . Hence : 
to generate controlled sensor displacement and very often 30 
also contains a high voltage generator allowing for mea Cp2 = Cp20 + Cp21 " sin ( wt ) ( 4 ) 
surements of correspondingly high potentials . Other types of where C 20 represents a constant portion of the capacitance 
electric - field meters , such as the optoelectrical instruments Com , Cm , represents the amplitude of a variable portion of 
work well in near - field applications , but are not feasible for the capacitance Con , and w represents the modulation fre 
far - field detection ( near and far pertaining to distance of 35 quency . The voltage u . cn across the capacitance Cp2 may 
sensing in relation to sensor size ) . relate to the capacitance , and more particularly its variable 

FIG . 1 illustrates a typical electrostatic voltmeter ( ESVM ) portion Cp21 by the capacitance - voltage characteristic of the 
probe 100 with a round , cylindrical body 102 and a circular varactor diode 400 , and may be a nonlinear , logarithmic 
sensor 104 , and FIG . 2 illustrates the corresponding circuit curve , different for different types of varactor diodes . 
200 . The probe is suspended above the conductive surface 40 The voltage u . c . ) across the capacitance Co2 may depend 
under test 106 . The body and sensor are capacitively coupled on the voltage u . In instances in which u , has a constant 
to the surface under test and to the surrounding . In FIG . 1 , value , ucp2 is also constant . The modulated capacitance Cp2 
C , represents a capacitance between the surface under test may function as a current source , whose current i may be 
and the sensor , C2 represents a capacitance between the represented as follows : 
sensor and the earth ground , Cz represents a capacitance 45 
between the probe body ( e . g . , probe enclosure ) and the 
surface under test , and C4 represents a capacitance between 
the probe body and the earth ground . In FIG . 2 , R represents 
a resistor on which current through the sensor is detected , 
and u , represents a voltage on the surface under test . The 50 cm 
sensor is conventionally a mechanically vibrating sensor , 
which results in mechanical modulation of capacitance Cp . 
But as explained above , this arrangement has drawbacks . 

FIG . 3 illustrates a circuit 300 that illustrates principles 
that may be implemented by a solid - state sensor according 55 
to examples of the present disclosure . The circuit of FIG . 3 
may be similar to the circuit of FIG . 2 and include a surface Combining equations ( 4 ) and ( 6 ) may yield the following 
under test 302 , but the circuit of FIG . 3 divides the capaci representation of the current : 
tance of the sensor to the plate C , into two capacitances , 
namely , Cpi and Cp2 connected in series . In this regard , C , 60 i = ucp2Cp21 ' W ' Cos ( WT ) 
may be related to Cpi and Cp2 as follows : By detecting and measuring current i , the potential u . co2 may 

be determined , and from u . com , the potential u , may also be 
measured . 

FIG . 5 illustrates a solid - state sensor 500 configured to 
65 implement principles of the circuit 300 of FIG . 3 . As shown , 

the sensor includes a number of solid - state circuit compo 
nents , but it should be understood that the sensor may also 

i = 40p 2 . ucp2 + decom . cn 

( 6 ) 
UCp2 = const i = - UCp2 

( 3 ) Co - C 
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include one or more other circuit components in various An AC or DC electric field of the target 508 in proximity 
example implementations . In this regard , the sensor may of the voltage - controlled capacitor 502 , or more particularly 
include other circuit component ( s ) to more specifically adapt the sensing element 510 connected thereto , may cause a 
the sensor for various applications . change in the modulated capacitance and a current flow i 

As shown in FIG . 5 , the solid - state sensor 500 includes a 5 through the voltage - controlled capacitor . In this regard , the 
voltage - controlled capacitor 502 . As shown , the voltage change in the modulated capacitance may in turn cause a 
controlled capacitor may be implemented by a dual common measurable change in the magnitude of the modulated 
cathode or anode varactor diode 504 , which may include a voltage from the voltage source 512 , and an electric poten 

tial of the target may be measurable as a function of the pair of matched varactor diodes electrically connected by 
their cathodes / anodes at a common junction ( node ) 506 . The 10 change in magnitude of the modulated voltage . In one 

example , the change in magnitude of the modulated voltage voltage - controlled capacitor generally , and common junc may be measured as change in the value of a current i tion of the capacitor more particularly , may function as an flowing through a center tap 516 of the transformer 514 , and electric - field sensor exposed to and influenceable by an may be measured via appropriate circuitry 518 . 
electric field created by a target 508 to enable measurement 15 According to the principles set forth above with respect to 
of the electric field . FIG . 3 , the potential u , may be measured or otherwise 

The voltage - controlled capacitor 502 may be connected to determined as a function of i . In this regard , because of the 
a sensing element 510 , such as by the common junction 506 , relationship between us and Com the relationship 
for picking up or otherwise detecting the electric field between u , and Coy , may be determined experimentally 
created by the target 508 . The sensing element may be any 20 ( tuned ) for a particular type of varactor diode 504 . The 
of a number of different solid - state devices capable of relationship between u . com and u , may depend on the amount 
picking up an electric field created by the target 508 that is of the electric potential picked up by the sensing element 
located a distance from the sensing element , and that possess 510 , which may depend on the distance between the sensor 
an electric charge and has an electric potential u , referenced 500 and the target 508 , and the surface area of the sensor . 
to ground . Examples of suitable sensing elements include 25 This may also be determined experimentally as this induced 
any of a number of different conductive surfaces , plates , voltage may depend strongly on capacitive coupling of the 
electrodes , antennas or the like . The voltage - controlled sensing element to other objects in the surrounding ( which 
capacitor 502 and sensing element may be directly con are not necessarily the objects that one desires to measure ) . 
nected to one another , or they may be connected via one or The appropriate circuitry 518 may include any of a 
more circuit components therebetween . In instances in 30 30 number of different circuit components . As shown in FIG . 5 , 
which a desired frequency range of the target is known , for for example , the current i change through the center tap 516 
example , the voltage - controlled capacitor and sensing ele of the transformer 514 may be measured as a voltage drop 

across a resistor R . Examples of other suitable components ment may be connected via circuit component ( s ) such as one of the appropriate circuitry may include amplifier circuitry , or more filters configured to distinguish the desired signal demodulator circuitry or the like . from background electromagnetic noise . Additionally or As explained above , the sensor of example implementa alternatively , the sensing element may itself be designed to tions of the present disclosure may have any of a number of facilitate distinction between the desired signal and back different applications . FIG . 6 illustrates a sensor platform ground electromagnetic noise . 600 including a sensor 602 that may be disposed a distance In operation , the sensing element 510 may capacitively 
couple to the target 508 . In FIG . 5 , C , represents the 40 from a target 604 to measure AC or DC electric charges , 

fields or potentials possessed or created by the target . In capacitance between the sensing element and target , which various examples , the sensor may be configured to provide may have a fixed , constant value . The voltage - controlled real - time or near - real - time information about the target . In capacitor , on the other hand , may have a variable capaci one example , the sensor 602 may correspond to the sensor tance Cp2 . This variable capacitance may relate to the 45 500 of FIG . 5 , and the target 604 may correspond to the varactor diode capacitances C? , C as follows : target 508 of FIG . 5 . 
The target 604 may include any of a number of different 

objects that possess an electric charge and has an electric ( 8 ) 
Cp2 = Catch potential u , referenced to ground , and may depend on 

50 application of the sensor 602 . The target may be stationary 
or in motion . In the context of power - line monitoring , for 

As also shown in FIG . 5 , the sensor 500 may include example , the target may be an insulated , non - insulated , 
generator circuitry configured to generate a modulated volt - shielded or unshielded cable , wire or the like . In the context 
age at frequency w with which the voltage - controlled of projectile detection , the target may be an object projected 
capacitor 502 may be driven . As shown , for example , the 55 through space such as an arrow , dart , pellet , bullet , missile 
generator circuitry may include a voltage source 512 con - or the like . 
figured to generate a sinusoidal modulated voltage , which As shown , the sensor platform 600 may include the sensor 
may be applied to the voltage - controlled capacitor , directly 602 as well as data recorder circuitry 606 and power 
or through intervening circuitry such as a 1 : 1 transformer circuitry 608 . The data recorder circuitry may include any of 
514 . The magnitude and frequency of the modulated voltage 60 a number of different components for receiving measure 
may be set in any of a number of different manners , such as ments from the sensor 600 and providing the measurements 
according to the particular application of the sensor . In this or representations of the measurements to a data processing 
regard , the magnitude may be set to correspondingly set the device 610 , which may be located onboard or external to the 
sensitivity of the sensor . In one example , the voltage source sensor platform 604 . The data recorder circuitry may include 
may be configured to generate a 10 Vpp voltage at 1 MHz . 65 a suitable hardware processor and memory . The data 
In another example , the voltage source may be configured to recorder may also include a communications interface for 
generate a 0 . 2 - 1 Vpp voltage at 10 MHz . communication with the data processing device . The com 

C - Ca . Co 
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munications interface may support wired and / or wireless In one example , the data processing device 706 may be 
communication with the data processing device . In various configured to triangulate the projectile 704 based on a 
examples , the communications interface may be configured magnitude versus elapsed time analysis . FIG . 8 illustrates a 
to operate in accordance with one or more of a number of waveform of electric potential ( voltage ) that one example 
different wireless communication technologies , such as 3G , 5 sensor platform 700 may be expected to measure . As shown , 
3 . 9G , 4G , Wi - Fi , WiMAX , Bluetooth , IrDA , UWB , ZigBee the waveform has a relatively - large magnitude peak , which 
or the like . may be interpreted as detection of a projectile in proximity 

The power circuitry 608 may include any of a number of of the respective sensor . In one example , this waveform 
different components configured to supply power to the signature may be used as a basis from which the data 
sensor platform ( including the sensor and data recorder processing device may triangulate the projectile . 
circuitry ) . In one example , the power circuitry may include FIG . 9 illustrates an example flowchart of a method 900 
one or more batteries onboard the sensor platform . In other including a number of operations that may be performed by 
examples , the power circuitry may include circuitry capable the data processing device 706 to process measurements of 
of harvesting power from the target 604 , such as in the case 16 a sensor platform 700 . The data processing device may 
of a power line . In various examples , this may include receive electric potential ( voltage ) measurements from the 
harvesting power from the magnetic field around the power sensor platforms , and may identify peaks in the measure 
line such as using a current transformer , or harvesting power ments . As shown in block 902 , for example , the data 
from the electric field created by energized parts of the processing device may identify peaks as including voltages 
power line such as using a capacitively - coupled electrode . In 20 that exceed a threshold voltage , which may be chosen to be 
yet other examples , the power circuitry may operate accord significantly different from a baseline value and ensure 
ing to techniques such as photovoltaic , vibration , thermo - distinction between a detected projectile and background 
electric , airflow or the like . noise . 

In various examples , the sensor platform 604 may provide Once the data processing device 706 identifies a voltage 
an integrated sensor configured to monitor more than elec - 25 exceeding the threshold , the data processing device may 
tric charge , field or potential ( voltage ) . In the context of build a two - dimensional array of continuous sample values , 
power - line monitoring , for example , integrated sensor may as shown in block 904 . The first column of the array may 
include the sensor 600 for measuring an electric charge , field include time stamps taken at incremental time intervals ( e . g . , or potential ( voltage ) possessed or created by the power line milliseconds ) , while the second column may include the 602 . In addition , the integrated sensor may include another 30 magnitude values ( e . g . , millivolts ) of the waveform above sensor for measuring current ( AC or DC ) through the power the threshold . In one example , each column of the two line . The current sensor may be capable of contact or dimensional array may itself be a one - dimensional array . non - contact measurement of current in any of a number of The first column , then , may be referred to as a peak - time different manners . Examples of suitable current sensors 
include a current - transformer sensor , Hall - effect sensor or 35 alto s array , and the second column may be referred to as a peaks 
the like . array . 

FIG . 7 illustrates one example application in the context After the peak magnitude has passed ( the voltage 
of projectile detection in which one or more sensor plat decreases below the threshold ) , the data processing device 
forms 700 may be disposed in proximity of an expected 706 may post process the peak - time and peaks arrays . As 
trajectory 702 of a projectile 704 ; and therefore , for at least 40 shown in block 906 , the time during which the peak 
a period of time , disposed in proximity of the projectile . In occurred ( At ) may be determined from the peak - time array , 
various examples , as the projectile moves in proximity of the such as by finding the difference between the largest and 
sensor platform ( s ) , the sensor platform ( s ) may be configured smallest time - stamp values . Similarly , a change in the peak 
to measure the projectile ' s electric charge , field or potential voltage ( Av ) may be determined from the peaks array , such 
( voltage ) , and provide the measurements to a data process - 45 as by finding the difference between the largest and smallest 
ing device 706 . voltage values , as shown in block 908 . The data processing 

The data processing device 706 may be onboard one of device may then be configured to determine the projectile ' s 
the sensor platform ( s ) 700 or external to all of the sensor velocity and proximity to the sensor platform 700 based on 
platforms , and may be configured to receive and from the the At and Av values . The data processing device may repeat 
measurements detect the projectile . The data processing 50 the operations for other sensor platforms of an array , and 
device may be configured to detect the projectile and deter - from the values determined from their measurements , deter 
mine its velocity from measurements of a single sensor mine the projectile ' s source location and / or trajectory , as 
platform , but may be further configured to determine the shown in block 912 . 
projectile ' s source location and / or trajectory from measure - According to example embodiments of the present dis 
ments of an array of sensor platfoims . In one example , each 55 closure , the data recorder circuitry 606 and data processing 
of the sensor platform ( s ) 700 may correspond to the sensor device 610 may be implemented by various means . Means 
platfoim 602 of FIG . 6 , the projectile 704 may correspond to for implementing the respective elements may include hard 
the target 604 of FIG . 6 , and the data processing device 706 ware , alone or under direction of one or more computer 
may correspond to the data processing device 610 of FIG . 6 . program code instructions , program instructions or execut 

The data processing device 706 may be configured to 60 able computer - readable program code instructions ( gener 
detect the projectile 704 and determine its source location ally " computer programs , ” e . g . , software , firmware , etc . ) 
and / or trajectory in any of a number of different manners . In from a computer - readable storage medium . In one example , 
one example , the sensor platforms 700 may be positioned so one or more apparatuses may be provided that are config 
that their measurements are taken at different angles from ured to function as or otherwise implement the data recorder 
the projectile . This may in turn enable the data processing 65 and data processing device shown and described herein . In 
device to triangulate the projectile ' s velocity , source loca examples involving more than one apparatus , the respective 
tion and / or trajectory from the measurements . apparatuses may be connected to or otherwise in commu 
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nication with one another in a number of different manners , in the context of certain example combinations of elements 
such as directly or indirectly via a wire or wireless network and / or functions , it should be appreciated that different 
or the like . combinations of elements and / or functions may be provided 

Generally , an apparatus of example implementations of by alternative implementations without departing from the 
the present disclosure may include one or more of each of a 5 scope of the appended claims . In this regard , for example , 
number of components such as , for example , a processor different combinations of elements and / or functions than 
connected to a memory ( computer - readable storage those explicitly described above are also contemplated as 
medium ) . The processor is generally any piece of hardware may be set forth in some of the appended claims . Although 
that is capable of processing information with or without the specific terms are employed herein , they are used in a 
aid of a computer program . The processor may be a number 10 generic and descriptive sense only and not for purposes of 
of processors , a multi - processor core or some other type of limitation . 
processor , depending on the particular implementation . In 
other examples , the processor may be embodied as or What is claimed is : 
otherwise include one or more application - specific inte - 1 . A solid - state electric - field sensor comprising : 
grated circuits ( ASICs ) , field - programmable gate arrays 15 a voltage - controlled capacitor influenceable by an electric 
( FPGAs ) or the like . field created by a target located a distance from the 

The memory is generally any piece of hardware that is solid - state electric - field sensor ; and 
capable of storing information such as , for example , data , generator circuitry configured to generate a modulated 
computer programs and / or other suitable information either voltage for driving the voltage - controlled capacitor to 
on a temporary basis and / or a permanent basis . The memory 20 produce a modulated capacitance as the voltage - con 
may include volatile and / or non - volatile memory , and may trolled capacitor is influenced by the electric field to 
be fixed or removable . Examples of suitable memory enable measurement of the electric field ; 
include random access memory ( RAM ) , read - only memory wherein the voltage - controlled capacitor and generator 
( ROM ) , a hard drive , a flash memory , a thumb drive or some circuitry are configured such that , in operation , an 
combination of the above . In various instances , the memory 25 electric field of the target causes a change in the 
may be referred to as a computer - readable storage medium modulated capacitance and a current flow through the 
which , as a non - transitory device capable of storing infor voltage - controlled capacitor . 
mation , may be distinguishable from computer - readable 2 . The solid - state electric - field sensor of claim 1 , wherein 
transmission media such as electronic transitory signals an electric potential of the target is measurable as a function 
capable of carrying information from one location to 30 of the change in magnitude of the current flow through the 
another . Computer - readable medium as described herein voltage - controlled capacitor . 
may generally refer to a computer - readable storage medium 3 . The solid - state electric - field sensor of claim 1 , wherein 
or computer - readable transmission medium . the voltage - controlled capacitor comprises a dual common 

In addition to the memory , the processor may also be cathode or anode varactor diode including a common junc 
connected to one or more interfaces for displaying , trans - 35 tion exposed to the electric field . 
mitting and / or receiving information . The interfaces may 4 . The solid - state electric - field sensor of claim 3 further 
include a communications interface and / or one or more user comprising a sensing element connected to the common 
interfaces . The communications interface may be configured junction of the dual common cathode or anode varactor 
to transmit and / or receive information by physical ( wire ) diode , the sensing element being capable of picking up the 
and / or wireless communications links The user interfaces 40 electric field of the target . 
may include a display and / or one or more user input inter - 5 . The solid - state electric - field sensor of claim 1 , wherein 
faces ( e . g . , input / output unit ) . The display may be config - the generator circuitry comprises : 
ured to present or otherwise display information to a user , a voltage source configured to generate a sinusoidal 
suitable examples of which include a liquid crystal display modulated voltage ; and 
( LCD ) , light - emitting diode display ( LED ) , plasma display 45 a 1 : 1 transformer through which the modulated voltage is 
panel ( PDP ) or the like . The user input interfaces may be applied to the voltage - controlled capacitor . 
wired or wireless , and may be configured to receive infor 6 . The solid - state electric - field sensor of claim 5 , wherein 
mation from a user into the apparatus , such as for process the current flow through the voltage - controlled capacitor is 
ing , storage and / or display . Suitable examples of user input measurable from a center tap of the transformer . 
interfaces include a microphone , image or video capture 50 7 . A sensor platform comprising : 
device , keyboard or keypad , joystick , touch - sensitive sur - a solid - state electric - field sensor comprising a voltage 
face ( separate from or integrated into a touchscreen ) or the controlled capacitor influenceable by an electric field 
like . created by a target located a distance from the sensor , 
Many modifications and other implementations of the and drivable with a modulated voltage to produce a 

disclosure set forth herein will come to mind to one skilled 55 modulated capacitance as the voltage - controlled 
in the art to which this disclosure pertains having the benefit capacitor is influenced by the electric field to enable 
of the teachings presented in the foregoing description and measurement of the electric field ; 
the associated drawings . For example , example implemen wherein the voltage - controlled capacitor is configured 
tations of the present disclosure set forth herein may be used such that , in operation , an electric field of the target 
in lieu of or in addition to other image processing techniques 60 causes a change in the modulated capacitance and a 
such as super - resolution , post - processing image enhance current flow through the voltage - controlled capacitor . 
ment or the like . Therefore , it is to be understood that the 8 . The sensor platfotin of claim 7 , wherein an electric 
disclosure not to be limited to the specific implementations potential of the target is measurable as a function of the 
disclosed and that modifications and other implementations change in magnitude of the current flow through the voltage 
are intended to be included within the scope of the appended 65 controlled capacitor . 
claims . Moreover , although the foregoing descriptions and 9 . The sensor platform of claim 7 , further comprising a 
the associated drawings describe example implementations data recorder circuitry configured to receive a measurement 
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from the solid - state electric - field sensor and provide the 15 . The method of claim 14 , wherein an electric potential 
measurement to a data processing device . of the target is measured as a function of the change in 

10 . The sensor platform of claim 9 . wherein the data magnitude of the current flow through the voltage - controlled 
recorder circuitry includes a communications interface con capacitor . 
figured to support wireless communication with the data 5 5 16 . The method of claim 14 , wherein the solid - state 

electric - field sensor is disposing a distance from the target processing device . comprising a power line . 
11 . The sensor platform of claim 7 further comprising : 17 . The method of claim 16 . wherein disposing the 
power circuitry configured to supply power to the sensor solid - state electric - field sensor includes disposing a sensor 

platform , the power circuitry including one or more platform including solid - state electric - field sensor , and fur 
batteries onboard the sensor platform . ther including power circuitry configured to supply power to 

12 . The sensor platform of claim 7 further comprising : the sensor platform , the power circuitry including circuitry 
power circuitry configured to supply power to the sensor configured to harvest power from the power line . 

platform , the power circuitry including circuitry con 18 . The method of claim 14 , wherein the solid - state 
figured to harvest power from the target . electric - field sensor is disposed in proximity of an expected 

13 . The sensor platform of claim 7 , wherein the solid - state trajectory of the target comprising a projectile , and 
electric - field sensor further comprises generator circuitry wherein the method further comprises detecting the pro 
configured to generate the modulated voltage for driving the jectile and determining its velocity from the measured 
voltage - controlled capacitor . electric potential of the target . 

14 . A method comprising : 19 . The method of claim 14 , wherein the solid - state 
w disposing a solid - state electric - field sensor a distance electric - field sensor comprises an array of solid - state elec 

from a target , the solid - state electric - field sensor com tric - field sensors each of which includes a respective volt 
prising a voltage - controlled capacitor ; age - controlled capacitor , 

wherein driving the voltage - controlled capacitor and mea driving the voltage - controlled capacitor with a modulated 
voltage to produce a modulated capacitance ; and 25 suring the electric field occur for the solid - state elec 

tric - field sensors to obtain respective measurements of measuring an electric field created by the target with the the electric potential of the target , and voltage - controlled capacitor as the voltage - controlled 
capacitor is driven to produce the modulated capaci wherein the method further comprises determining a 
tance , an electric field of the target causing a change in trajectory of the projectile from the measurements of 
the modulated capacitance and a current flow through the electric potential of the target . 
the voltage - controlled capacitor . * * * 


