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(57) Abstract: A surface-conforming obscured feature detector includes a plurality of sensor plates, each having a capacitance
that varies based on the dielectric constant of the materials that compose the surrounding objects and the proximity of those ob-
jects. A sensing circuit is coupled to the sensor plates to measure the capacitances of the sensor plates. A controller is coupled to
the sensing circuit to analyze the capacitances measured by the sensing circuit. One or a plurality of indicators are coupled to the
controller, and are selectively activated to identify the location of an obscured feature behind a surface.
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TITLE: OBSCURED FEATURE DETECTOR
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of the following patent applications: U.S.
Provisional Patent Application No. 61/339,316, entitled “MATERIAL DETECTOR THAT
OPERATES FROM A STATIONARY POSITION” and filed on March 4, 2010; U.S.
Provisional Patent Application No. 61/333,252, entitled “MATERIAL DETECTOR THAT
OPERATES FROM A STATIONARY POSITION” and filed on May 10, 2010; U.S. Provisional
Patent Application No. 61/345,591, entitled “MATERIAL DETECTOR THAT OPERATES
FROM A STATIONARY POSITION” and filed on May 17, 2010; U.S. Provisional Patent
Application No. 61/433,954, entitled “OBSCURED FEATURE DETECTOR” and filed on
January 18, 2011; U.S. Provisional Patent Application No. 61/436,188, entitled “OBSCURED
FEATURE DETECTOR” and filed on January 25, 2011; U.S. Non-Provisional Patent
Application No. 12/826,478 entitled “STATIONARY FEATURE DETECTOR” and filed on
June 29, 2010; U.S. Non-Provisional Patent Application No. 12/860,448 entitled “SURFACE-
CONFORMING OBSCURED FEATURE DETECTOR” and filed on August 20, 2010; U.S.
Non-Provisional Patent Application No. 13/040,203 entitled “ADVANCED OBSCURED
FEATURE DETECTOR?” and filed on March 3, 2011; U.S. Non-Provisional Patent Application
No. 13/040,206 entitled “OBSCURED FEATURE DETECTOR WITH ADVANCED TRACE
PROPERTIES” and filed on March 3, 2011; U.S. Non-Provisional Patent Application No.
13/040,218 entitled “OBSCURED FEATURE DETECTOR HOUSING” and filed on March 3,
2011; U.S. Non-Provisional Patent Application No. 13/040,224 entitled “OBSCURED
FEATURE DETECTOR WITH MULTIPLE MODES OF OPERATION ” and filed on March 3,
2011; U.S. Non-Provisional Patent Application No. 13/040,226 entitled “OBSCURED
FEATURE DETECTOR WITH BUILT-IN CORRECTION MODULE” and filed on March 3,
2011. The entire contents of these patent applications are incorporated by reference herein.

BACKGROUND

[0002] Technical Field. The present disclosure relates generally to devices used for
detecting the presence of obscured features behind opaque, solid surfaces, more specifically,
devices used for locating beams and studs behind walls and joists beneath floors.

[0003] Background. The need to locate obscured features such as beams, studs, joists and

other support elements behind walls and beneath floors is a common problem encountered
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during construction, repair and home improvement activities. Often a need exists to cut or drill
into a supported surface with the aim of creating an opening in the surface while avoiding the
underlying support elements. In these instances, it is desirable to know where the support
elements are positioned before beginning so as to avoid cutting or drilling into them. On other
occasions, one may desire to anchor a heavy object to the obscured support element. In these
cases, it is often desirable to install a fastener through the surface in alignment with the
underlying support element. However, once the wall, floor or surface is in place, the location of
the support element is not visually detectable

[0004] A variety of rudimentary techniques have been employed with limited success to
address this problem in the past. These have included driving small pilot nails through the
surface until a support element is detected and then covering over holes in the surface that did
not reveal the location of the stud or support. A less destructive technique comprises tapping on
the surface in question with the aim of detecting audible changes in the sound which emanates
from the surface when there is a support element beneath or behind the area being tapped. This
technique is not very effective, however, because the accuracy of the results depends greatly on
the judgment and skill of the person searching for the support, and because the sound emitted by
the tapping is heavily influenced by the type and density of the surface being examined.

[0005] Magnetic detectors have also been employed to find obscured support elements
with the detector relying on the presence of metallic fasteners, such as nails or screws, in the wall
and support element to trigger a response in the detector. However, since metallic fasteners are
spaced at discrete locations along the length of a support, a magnetic detector may pass over a
length of the support where no fasteners are located, thereby failing to detect the presence of the
obscured support element.

[0006] Capacitive sensors have also been employed to detect obscured features behind
opaque surfaces. These detectors sense changes in capacitance on the examined surface that
result from the presence of features positioned behind, beneath or within the surface. These
changes in capacitance are detectable through a variety of surfaces such as wood, sheet-rock,
plaster, gypsum and do not rely on the presence of metal fasteners in the surface or obscured
feature for activation of the sensor.

[0007] However, conventional capacitive sensors often suffer from a number of

shortcomings. For example, conventional capacitive sensors typically require movement across
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an examined surface, sometimes repeatedly, to effectively locate an obscured feature or support
element. In addition, capacitive sensors generally can only locate one feature at a time, and often
can only find the edge of the feature rather than its center point. Some capacitive sensors rely on
an assumed width of a feature to calculate the location of the center of the feature based on
detection of the edge. Such devices frequently require a comparison circuit in addition to a
sensing circuit in order to compare capacitances sensed by different sensors.

SUMMARY

[0008] The present disclosure advantageously addresses one or more of the
aforementioned deficiencies in the field of obscured feature detection by providing an accurate,
simple to use and inexpensively manufactured obscured feature detector. The detector can be
employed by placing the device against the examined surface and reading the location of all
features present beneath the surface where the device is positioned.

[0009] In one embodiment, an obscured feature detector comprises a plurality of sensor
plates, each having a capacitance that varies based on: (a) the proximity of the sensor plate to one
or more surrounding objects, and (b) the diclectric constant(s) of the surrounding object(s). The
obscured feature detector further comprises a sensing circuit coupled to the sensor plates, the
circuit being configured to measure the capacitances of the sensor plates, the set of measured
capacitance values comprising a measured reading pattern. The obscured feature detector further
comprises a pattern matching module configured to compare the measured reading pattern with a
plurality of predetermined patterns and determine which predetermined pattern best matches the
measured reading pattern, and one or a plurality of indicators coupled to the controller, each
indicator capable of toggling between a deactivated state and an activated state. The controller is
configured to activate one or more of the indicators to identify a location of an obscured feature.

[0010] At least one of the predetermined patterns may have values that are consistent
with the detector performing a reading on sheetrock with a single stud behind the sheetrock. At
least one of the predetermined patterns may have values that are consistent with the detector
performing a reading on sheetrock with two studs behind the sheetrock, the two studs separated
by a distance of at least about two inches. The obscured feature detector may comprise at least
four sensor plates. The indicators may be LEDs. The pattern matching module may be
configured to compare the values of the measured reading pattern to the values of a

predetermined pattern. The pattern matching module may be configured to compare the slopes
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of the measured reading pattern to the slopes of a predetermined pattern, wherein the slopes of
the measured reading pattern may be calculated by comparing neighboring measured capacitance
values and the slopes of the predetermined pattern may be calculated by comparing neighboring
values. The plurality of predetermined patterns may comprise at least 30 unique patterns. Each
of the sensor plates may be substantially the same size. The plurality of predetermined patterns
may include multiple patterns corresponding to a single stud, where each of the multiple patterns
may correspond to a single stud in a different location. The obscured feature detector may
comprise a non-volatile memory that stores the plurality of sensor read patterns. The pattern
matching module may be configured to calculate the plurality of sensor read patterns and store
them in memory when the obscured feature detector is initialized. The pattern matching module
may be configured to calculate the plurality of sensor read patterns and store them in memory
when a calibration routine in executed. Finally, the pattern matching module may be configured
to calculate the plurality of sensor read patterns in real-time, when the obscured feature detector
1S 1n use.

[0011] In one embodiment, a method for determining the location of obscured features
behind a surface comprises placing an obscured feature detector on the surface, the obscured
feature detector having a plurality of sensor plates arranged in an array, measuring capacitance
readings sensed in a plurality of regions, each region corresponding to an area surrounding one
or more of the sensor plates, the set of capacitance readings forming a measured reading pattern.
The method includes the step of comparing the measured reading pattern to each of a plurality of
predetermined patterns, each predetermined pattern comprising a set of values, identifying, based
upon comparisons of the measured reading pattern to the predetermined patterns, the
predetermined pattern that best matches the measured reading pattern, and each predetermined
pattern being associated with one or more indicators. The method also comprises the step of
activating the one or more indicators associated with the predetermined pattern that best matches
the measured reading pattern.

[0012] At least one of the predetermined patterns may have values that are consistent
with the detector performing a reading on sheetrock with a single stud behind the sheetrock. At
least one of the predetermined patterns may have values that are consistent with the detector
performing a reading on sheetrock with two studs behind the sheetrock, the two studs being

located adjacent to each other. At least one of the predetermined patterns may have values that
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are consistent with the detector performing a reading on sheetrock with two studs behind the
sheetrock, the two studs being separated by a distance of at least about two inches. At least one
predetermined pattern may be associated with one or more indicators spanning a distance of at
least about one and one half inches. And at least one predetermined pattern may be associated
with one or more indicators that indicate the edges of an obscured feature.

[0013] In one embodiment, an obscured feature detector comprises a plurality of sensor
plates, each having a capacitance that varies based on: (a) the proximity of the sensor plate to one
or more surrounding objects, and (b) the diclectric constant(s) of the surrounding object(s). The
obscured feature detector further comprises a sensing circuit coupled to the sensor plates, the
circuit being configured to measure the capacitances of the sensor plates, a controller coupled to
the sensing circuit, the controller being configured to analyze the capacitances measured by the
sensing circuit, and one or more indicators coupled to the controller, each indicator capable of
toggling between a deactivated state and an activated state. When the controller detects two or
more obscured features, the controller is configured to activate two or more indicators
simultaneously to identify the locations of the two or more obscured features.

[0014] The detector may be at least approximately seven inches wide. The number of
sensor plates may be 4 or greater. Each of the sensor plates may be substantially the same size.
The detector may be capable of detecting three or more features simultancously. The detector
may be capable identifying the width of more than one feature. The obscured feature detector
may further comprise a pattern matching module that may be configured to compare the
measured capacitance readings with a plurality of predetermined patterns and determine which
predetermined pattern best matches the measured capacitance readings.

[0015] In another embodiment, a method for determining the location of a plurality of
obscured features behind a surface comprises placing an obscured feature detector on the surface,
the obscured feature detector having a plurality of sensor plates arranged in an array, measuring
capacitance readings sensed in a plurality of regions, each region corresponding to an arca
surrounding one or more of the sensor plates, identifying, based upon the measured capacitance
readings, the location of the plurality of obscured features, and activating a plurality of indicators
simultaneously to identify the locations of the plurality of obscured features.

[0016] Identifying the location of the plurality of obscured features may comprise using a

pattern matching module to determine the locations of the plurality of obscured features.
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[0017] In one embodiment, an obscured feature detector comprises a plurality of sensor
plates, each having a capacitance that varies based on: (a) the proximity of the sensor plate to one
or more surrounding objects, and (b) the diclectric constant(s) of the surrounding object(s). The
obscured feature detector further comprises a sensing circuit coupled to the sensor plates, the
circuit being configured to measure the capacitances of the sensor plates, a controller coupled to
the sensing circuit, the controller being configured to analyze the capacitances measured by the
sensing circuit, and one or more indicators coupled to the controller, each indicator capable of
toggling between a deactivated state and an activated state. The controller is configured to
activate one or more of the indicators to identify both a location and a width of an obscured
feature.

[0018] The detector may use a pattern matching module to determine the width of
obscured features. The detector may activate indicators that are in front of an obscured feature to
indicate the width of the obscured features. A larger number of activated indicators may indicate
that an obscured feature is wider, and a smaller number of activated indicators may indicate that
an obscured feature is narrower.

[0019] In another embodiment, an obscured feature detector comprises a plurality of
sensor plates, each having a capacitance that varies based on: (a) the proximity of the sensor
plate to one or more surrounding objects, and (b) the dielectric constant(s) of the surrounding
object(s). The obscured feature detector further comprises a sensing circuit coupled to the sensor
plates, the circuit being configured to measure the capacitances of the sensor plates, a controller
coupled to the sensing circuit, the controller being configured to analyze the capacitances
measured by the sensing circuit, and one or a plurality of indicators coupled to the controller,
cach indicator capable of toggling between a deactivated state and an activated state. The
controller is configured to activate one or more of the indicators to identify a location of an
obscured feature such that indicators that are in front of an obscured feature are activated.

[0020] In another embodiment, a method for determining the location of more than one
obscured features behind a surface comprises placing an obscured feature detector on the surface,
the obscured feature detector having a plurality of sensor plates arranged in an array, measuring
capacitance readings sensed in a plurality of regions, each region corresponding to an arca

surrounding one or more of the sensor plates, identifying, based upon the measured capacitance
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readings, the location of an obscured feature, and activating the indicator(s) in front of the
obscured feature to identify both the location and the width of the obscured feature.

[0021] In one embodiment, an obscured feature detector comprises a plurality of sensor
plates, each having a capacitance that varies based on: (a) the proximity of the sensor plate to one
or more surrounding objects; and (b) the dielectric constant(s) of the surrounding object(s). The
obscured feature detector further comprises a sensing circuit coupled to the sensor plates and a
controller coupled to the sensing circuit. The sensing circuit is configured to measure the
capacitances of the sensor plates, and the controller is configured to analyze the capacitances
measured by the sensing circuit to identify sensor plates located in one or more regions of
relative high capacitance, as well as sensor plates located in one or more regions of relative low
capacitance. The obscured feature detector further comprises a plurality of indicators coupled to
the controller, each indicator capable of toggling between a deactivated state and an activated
state. The controller is configured to activate one or more of the indicators to identify the
location of region(s) of relative high capacitance.

[0022] In another embodiment, a stationary obscured feature detector comprises a
housing having a top, a bottom, and an interior cavity, with a handle located near the top. The
housing is configured to be placed against a surface at a first location to detect the presence of
one or more features obscured by the surface near the first location, without requiring movement
of the stationary obscured feature detector. The stationary obscured feature detector further
comprises a plurality of sensor plates arrayed substantially in a plane near the bottom of the
housing. Each sensor plate has a capacitance that varies based on: (a) the proximity of the sensor
plate to one or more surrounding objects; and (b) the dielectric constant(s) of the surrounding
object(s). The stationary obscured feature detector further comprises a sensing circuit located in
the interior cavity of the housing and coupled to the sensor plates, a controller located in the
interior cavity of the housing and coupled to the sensing circuit, and a plurality of indicators
located near the top of the housing and coupled to the controller. The sensing circuit is
configured to transmit charge to the sensor plates and read the capacitances of the sensor plates.
The controller is configured to analyze the capacitances measured by the sensing circuit and
control the indicators to identify the location of the feature(s) obscured by the surface near the

first location.
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[0023] In another embodiment, a method of detecting an obscured feature behind a
surface comprises placing an obscured feature detector in a stationary position on the surface.
The obscured feature detector has a plurality of sensor plates arranged in an array. The method
further comprises measuring capacitance readings sensed in a plurality of regions, each region
corresponding to an area surrounding one or more of the sensor plates, and comparing the sensed
capacitance readings in different regions. The method further comprises identifying, based on
the compared capacitance readings, one or more regions of relative high capacitance, and
activating one or more indicators corresponding to the location of the region(s) of relative high
capacitance.

[0024] In some embodiments, the obscured feature detector comprises at least four sensor
plates. In some embodiments, the obscured feature detector comprises a housing having a
longitudinal axis with a length of at least about 6”. In some embodiments, a dedicated sensing
circuit is connected to each sensor plate.

[0025] In some embodiments, sensor plates are electrically connected together in groups
of two or more in order to improve signal to noise ratio without the loss of detection resolution
that would result from the use of wider plates. In some embodiments, comparative
measurements are made between individual sensor plates, or various groups of sensor plates.

[0026] In some embodiments, one or more non-active sensor plates can be left at a high
impedance floating potential. This may result in increased sensitivity for some combinations of
groups of active sensor plates.

[0027] In some embodiments, the indicators are arrayed along one of the edges of the
housing parallel with a longitudinal axis of the housing. In some embodiments, the ratio of
indicators to sensor plates is other than 1:1. In some embodiments, the indicators do not change
states while the capacitance sensing circuit is active, in order to minimize interference with the
sensing operation.

[0028] In some embodiments, the obscured feature detector may simultaneously locate
and indicate the presence of more than one feature beneath an examined surface.

[0029] In some embodiments, the obscured feature detector includes a re-chargeable
battery or a fuel cell.

[0030] In some embodiments, the obscured feature detector is at least 16” long so that it

immediately detects at least one support when placed in a stationary and horizontal orientation
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against a wall in a modern US home where support studs are spaced at 16 intervals from center
to center.

[0031] In one embodiment, a surface-conforming obscured feature detector comprises a
plurality of sensor plates, flexibly connected together, each having a capacitance that varies
based on: (a) the proximity of the sensor plate to one or more surrounding objects, and (b) the
dielectric constant(s) of the surrounding object(s). The surface-conforming obscured feature
detector further comprises a sensing circuit coupled to the sensor plates, the circuit being
configured to measure the capacitances of the sensor plates, a controller coupled to the sensing
circuit, the controller being configured to analyze the capacitances measured by the sensing
circuit, and one or a plurality of indicators coupled to the controller, each indicator capable of
toggling between a deactivated state and an activated state. The controller is configured to
activate one or more of the indicators to identify a location of an obscured feature.

[0032] In another embodiment, a surface-conforming obscured feature detector is
configured to be placed against a surface to detect the presence of one or more features obscured
by the surface. The surface-conforming obscured feature detector comprises a housing with a
handle, and a plurality of flexibly interconnected sensor plates coupled to the housing, each
sensor plate having a capacitance that varies based on: (a) the proximity of the sensor plate to
one or more surrounding objects, and (b) the dielectric constant of the surrounding object(s). The
surface-conforming obscured feature detector further comprises a sensing circuit coupled to the
sensor plates, the circuit being configured to measure the capacitances of the sensor plates, a
controller coupled to the sensing circuit, the controller being configured to analyze the
capacitances measured by the sensing circuit, and one or a plurality of indicators coupled to the
controller, each indicator capable of toggling between a deactivated state and an activated state.
The controller is configured to activate one or more of the indicators to identify a location of an
obscured feature.

[0033] In another embodiment, a method is provided for detecting an obscured feature
behind a surface with a surface-conforming obscured feature detector having a plurality of sensor
plates that are flexibly connected together in an array. The method comprises placing the
surface-conforming obscured feature detector against the surface such that the array of sensor
plates conforms to the surface, and measuring the capacitance of one or a plurality of the sensor

plates. The method further comprises identifying, based on the capacitance readings, a location
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of the obscured feature behind the surface, and activating one or more indicators to indicate the
location of the obscured feature behind the surface.

[0034] In some embodiments the surface-conforming obscured feature detector
comprises a flexible substrate, supporting the sensor plates. In some embodiments the flexible
substrate comprises a printed circuit board. In some embodiments the flexible substrate
comprises a rigid flex printed circuit board. In some embodiments the surface-conforming
obscured feature detector comprises a housing, and a flexible medium disposed between the
housing and the sensor plates.

[0035] In some embodiments the flexible medium comprises foam rubber. In some
embodiments the flexible medium comprises one or a plurality of springs. In some embodiments
the flexible connection between sensor plates comprises a printed circuit board.

[0036] In some embodiments the sensor plates comprise regions of metal on a flexible
printed circuit board. In some embodiments all the sensor plates are mounted on a common
printed circuit board. In some embodiments a flexible medium is disposed between the sensor
plates and the housing.

[0037] In some embodiments at least one sensor plate is disposed upon a first printed
circuit board, and at least one sensor plate disposed upon a second printed circuit board. In some
embodiments one or more sensor plates pivot on a hinge. In some embodiments the sensor plates
comprise regions of metal on a first flexible substrate, and further comprise a first flexible
medium, disposed between the first flexible substrate and the housing. In some embodiments the
sensor plates further comprise regions of metal on a second flexible substrate, and further
comprise a second flexible medium, disposed between the second flexible substrate and the
housing.

[0038] In some embodiments the housing of the detector is flexible. In some
embodiments the step of placing the surface-conforming obscured feature detector against the
surface comprises causing the array of sensor plates to flex with respect to curvature of the
surface.

[0039] In another embodiment, the sensor plates are disposed upon first and second
printed circuit boards, which can move independently.

[0040] A novel and non-obvious feature of the surface-conforming obscured feature

detector is the ability to detect features through convex, concave, and flat surfaces.
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[0041] A novel and non-obvious feature of the surface-conforming obscured feature
detector is the ability to provide more consistent readings. Inconsistent air gaps between sensor
plates and the examined surface can cause readings to be less reliable.

[0042] A novel and non-obvious feature of the surface-conforming obscured feature
detector is ability to detect features more deeply and to more accurately determine the position of
an obscured feature. By removing the error in the readings caused by inconsistent air gaps,
deeper and more accurate readings can be made of the examined surface.

[0043] A novel and non-obvious feature of the surface-conforming obscured feature
detector is ability more accurately detect obscured features through materials with inconsistent
densities. Construction materials often have density inconsistencies. When error due to material
consistency is combined with error due to air gaps, there is less margin to detect features.

[0044] A novel and non-obvious feature of the surface-conforming obscured feature
detector is the capability to create large detectors. Conventional detectors have sensor plates that
are rigidly connected together, and as a result the size of obscured feature detectors typically
remains relatively small to function on the curved surfaces that are typical of many architectural
surfaces. However as the size of detectors increases, the size of air gaps increases, and their ill-
effects increase. The surface-conforming feature detector conforms to the contour of the surface,
minimizes air gaps, and makes it possible to build larger feature detectors that can offer a variety
of performance improvements.

[0045] A novel and non-obvious feature of the surface-conforming obscured feature
detector is the ability to better distinguish between architectural features such as a beams, joists,
or studs, that would presumably produce a comparatively larger capacitive reading than a pipe or
wire that would be further from the surface, and have a weaker capacitive reading. More
accurate readings improve the ability to discriminate between different features.

[0046] A novel and non-obvious feature of the surface-conforming obscured feature
detector is the ability to detect obscured features without requiring the user to learn special
techniques, such as performing the detection multiple times and averaging the results from
multiple readings, to determine the position of obscured features on irregular surfaces.

[0047] A novel and non-obvious feature of the obscured feature detector is the ability to

instantly identify the location of multiple objects simultaneously.
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[0048] A novel and non-obvious feature of the obscured feature detector is the ability to
identify the width of obscured features.

[0049] A novel and non-obvious feature of the obscured feature detector is the ability to
provide more reliable readings. The detector uses the information from multiple sensor plates’
readings to determine the location of obscured features; as a result the detector is less susceptible
to signal noise because more sensor readings are used to determine the location of obscured
features, making the detector less dependent upon any single reading.

[0050] A novel and non-obvious feature of the obscured feature detector is the ability to
properly identify the location of features. In particular, other detectors may be less effective at
properly identifying the positions features, particularly when two features are relatively close.
When two features are relatively close, the highest capacitive readings may be detected at the
location that is between the two features, other detectors may incorrectly identify this as the
location of an obscured feature. The obscured feature detector can properly identify the location
of multiple features in close proximity.

[0051] A novel and non-obvious feature of the obscured feature detector is the ability to
create a detector that is easy to use. The user may only need to press a button and place it on a
surface to identify the location of obscured features. Prior art detectors tend to require more
steps, and more proficiency to determine the location of obscured features.

[0052] A novel and non-obvious feature of the obscured feature detector is the ability
more accurately detect obscured features through materials with inconsistent densities.
Construction materials may have density inconsistencies. Because the obscured feature detector
has the ability to use the information from multiple sensors to determine the location of obscured
features, errors in readings due to inconsistencies in the material have less effect on the
detector’s ability to identify the location of features.

[0053] A novel and non-obvious feature of the obscured feature detector is the ability to
detect features more deeply and to more accurately determine the position of obscured features.
The detector can combine information from multiple sensor plates to determine the location of
obscured feature(s). The use of more information provides higher quality interpretation of the
detected features and may be able to detect more deeply.

[0054] A novel and non-obvious feature of the surface-conforming obscured feature

detector is the capability to create larger detectors.

12



10

15

20

25

WO 2011/109736 PCT/US2011/027239

Attorney Docket No.: FRSI.O11PCT

[0055] A novel and non-obvious feature of the obscured feature detector and associated
method is the ability to locate obscured features without having to move the detector across the
examined surface. The obscured feature detector may be used by placing it in a stationary
position on the surface to be examined. This obviates the need to slide the obscured feature
detector back and forth along the surface in order to detect a feature, thereby allowing a user to
better observe and mark the position of the feature.

[0056] Another novel and non-obvious feature of the obscured feature detector is the
ability to simultaneously locate more than one obscured feature positioned beneath the detector.

[0057] Another novel and non-obvious feature is the use of only one capacitance-to-
digital converter to sense a plurality of sensor plates, or groups of sensor plates, individually and
sequentially. This technique is in contrast with the more common approach of using a separate
capacitance-detecting circuit for each sensor plate.

[0058] Another novel and non-obvious feature is the detection of supports by the use of
absolute changes in capacitance in each individual sensor plate instead of ratiometric
comparisons between adjacent plates. As a result, the obscured feature detector can
advantageously sense and indicate the location of features of various shapes and/or widths.

[0059] Still another novel and non-obvious feature of the obscured feature detector is the
ability to indicate the presence of obscured features anywhere along the length of the obscured
feature detector instead of just at the center-point of the detector.

[0060] The present disclosure will now be described more fully with reference to the
accompanying drawings, which are intended to be read in conjunction with both this summary,
the detailed description, and any preferred or particular embodiments specifically discussed or
otherwise disclosed. This disclosure may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set forth herein; rather, these
embodiments are provided by way of illustration only so that this disclosure will be thorough,
and fully convey the full scope of the invention to those skilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] FIG. 1 illustrates one embodiment of an obscured feature detector that is being
used on one particular surface with two obscured features. The two obscured features in this

example are studs. In front of the studs there is a surface material. On top of the surface
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material there is an obscured feature detector. In this example, the indicators that are in front of
the obscured features are illuminated to indicate the locations of the detected obscured features.

[0062] FIG. 2 is a view of an embodiment of an obscured feature detector configured to
detect large obscured features.

[0063] FIG. 3 is a perspective view of one embodiment of an obscured feature detector.

[0064] FIG. 4 is a block diagram that represents certain functional components of one
embodiment of an obscured feature detector.

[0065] FIG. 5 is a block diagram of a controller suitable for use with an obscured feature
detector.

[0066] FIG. 6 is a cross sectional view of an embodiment of an obscured feature detector.

[0067] FIG. 7 illustrates a method of routing the several sensor plate traces, used in some
embodiments. In this method all of the sensor plate traces have the same length. All of the
sensor plate traces are also uniformly shielded on both sides. In FIG. 7 four sensor plates are
also illustrated.

[0068] FIG. 8 is a flow diagram showing a feature detection process implemented in
some embodiments of an obscured feature detector.

[0069] FIG. 9 is an illustration of a set of values that comprise an example of one
particular predetermined pattern. The “+” symbols represent the values of a predetermined
pattern; larger values are higher on the page. In this example there is a surface and thirteen
sensor plates. It is an example of a predetermined pattern with a single stud. The “0” symbols
represent the location of indicators that may be activated if this pattern were selected as the best
matching pattern.

[0070] FIG. 10 is an illustration of a set of values that comprise an example of one
particular predetermined pattern. The “+” symbols represent the values of a predetermined
pattern; larger values are higher on the page. In this example there is a surface and thirteen
sensor plates. It is an example of a predetermined pattern with two studs. The two studs are
separated by a distance of about two inches. The “0” symbols represent the location of
indicators that may be activated if this pattern were selected as the best matching pattern.

[0071] FIG. 11 is an illustration of a set of values that comprise an example of one
particular predetermined pattern. The “+” symbols represent the values of a predetermined

pattern; larger values are higher on the page. In this example there is a surface and thirteen
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sensor plates. It is an example of a predetermined pattern with two studs. The two studs are
separated by a distance of about one half of an inch. The “o0” symbols represent the location of
indicators that may be activated if this pattern were selected as the best matching pattern.

[0072] FIG. 12 is an illustration of a set of values that comprise an example of one
particular predetermined pattern. The “+” symbols represent the values of a predetermined
pattern; larger values are higher on the page. In this example there is a surface and thirteen
sensor plates. It is an example of a predetermined pattern with two studs. The two studs next to
cach other. The “0” symbols represent the location of indicators that may be activated if this
pattern were selected as the best matching pattern.

[0073] FIG. 13 is an illustration of a surface and thirteen sensor plates. The “x” symbols
represent the values of the readings; larger readings are higher on the page. In FIG. 13 there are
also four curves that illustrate four different predetermined patterns.

[0074] FIG. 14 is a table showing an example of the calculation of the score using a
value-based scoring method.

[0075] FIG. 15 is a table showing an example of the calculation of the score using a
slope-based scoring method.

[0076] In the following description, reference is made to the accompanying drawings that
form a part thereof, and in which is shown by way of illustration specific exemplary
embodiments in which the invention may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention, and it is to be
understood that modifications to the various disclosed embodiments may be made, and other
embodiments may be utilized, without departing from the spirit and scope of the present
invention. The following detailed description is, therefore, not to be taken in a limiting sense.

DETAILED DESCRIPTION

[0077] To provide context for the disclosure it may be useful to understand how
capacitance is used to detect obscured features behind a surface. Capacitance is an electrical
measure of an object’s ability to hold or store charge. A common form of an energy storage
device is the parallel plate capacitor whose capacitance is calculated by: C = er eo A/d, where A
is the overlapping area of the parallel plates, d is the distance between the plates and er is the
relative static permittivity, or dielectric constant of the material between the plates, €o is a

constant. The dielectric constant (er) of air is one, while most solid non-conductive materials
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have a dielectric constant greater than one. Generally, the increased dielectric constants of non-
conductive solids enable conventional capacitive displacement sensors to work.

[0078] In their most rudimentary form, capacitive sensors are in part single-plate
capacitive sensors. These single-plate capacitive sensors use the environment surrounding them
as the dielectric where the second plate can be assumed to be infinitely far away. The plates will
also form capacitors with other metal plates. When two plates are positioned against a wall, they
are not facing each other as is suggested by the definition of a capacitor. Nonetheless, the stray
fields emanating from the edges of each of the adjacent plates do extend into the wall and behind
it, and curve back to an adjacent plate, forming a capacitor.

[0079] When the plates are placed on a wall at a location with no support behind the
wall, the detector 10 measures the capacitance of the wall and the air behind it. When placed in a
position having a support behind the wall, the detector 10 then measures the capacitance of the
wall and the support, which has a higher dielectric constant than air. As a consequence, the
detector 10 registers an increase in capacitance which can then be used to trigger an indicating
System.

[0080] This description of feature sensing through capacitive sensing is provided in order
to facilitate an understanding of the disclosure. Persons of skill in the art will appreciate that the
scope and nature of the disclosure is not limited by the description provided.

[0081] The present disclosure is directed to an obscured feature detector 10. In the
exemplary embodiments illustrated in FIGS. 1, 2, 3, 4, and 6 the obscured feature detector 10
comprises a sensor plate array 31 (see FIG. 7), a multi-layer printed circuit board 40 (see FIGS.
3, and 6), a sensing circuit 30 (see FIG. 4), a controller 60 (see FIGS. 4, 5), a display circuit 50
(see FIG. 4), a plurality of indicators 52 (see FIGS. 1, 3, 4, and 6), a power controller 20 (see
FIG. 4), and a housing 12 (see FIGS. 1, 2, 3, and 6).

[0082] In some embodiments, as shown in FIG. 7, the sensor plate array 31 comprises
two or more sensor plates 32 arranged substantially in a plane. Each sensor plate 32 has a
capacitance that varies based on: (a) the proximity of the sensor plate 32 to one or more
surrounding objects, and (b) the dielectric constant(s) of the surrounding object(s). Thus, by
evaluating the capacitances of the sensor plates 32, the sensor plate array 31 is capable of sensing

the presence and location of one or more features obscured by a surface (see FIG. 1) in contact or
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proximity with the obscured feature detector 10. In some embodiments each of the sensor plates
32 are substantially the same size.

[0083] The sensor plates 32 can be positioned side by side in a linear arrangement so that
a longitudinal axis of the array 31 is substantially perpendicular to a longitudinal axis of the
individual sensor plates 32. In some embodiments, the obscured feature detector 10 comprises
thirteen sensor plates 32, with a gap of approximately 1.7mm between adjacent plates. In some
embodiments, each sensor plate 32 has a width of about 11mm wide and a length of about
47mm. The individual plates 32 can comprise thin, conductive surfaces and can be
manufactured using a variety of suitable techniques, such as, for example, depositing conductive
ink on a substrate or applying thin sheets of conductive material to the substrate.

[0084] In some embodiments, each individual sensor plate 32 of the sensor plate array 31
can be independently connected to the capacitance-to-digital converter 38 via a multiplexer 37
(see FIG. 4), and the sensor plate array 31 itself is attached to a layer 41 of the printed circuit
board 40, the printed circuit board 40 being positioned on the underside of the detector 10 (see
FIG. 6). In some embodiments, the obscured feature detector 10 has at least four sensor plates
32, which advantageously enables the obscured feature detector 10 to detect the full width of a
common obscured feature, such as a stud 95, from a stationary position. By contrast, many
existing stud detectors with fewer than four sensor plates 32 cannot detect the full width of a stud
95 without being moved.

[0085] In some embodiments, as shown in FIG. 6, the printed circuit board 40 comprises
a multi-layer board with a layer comprising a sensor board 41 on which the sensor plate array 31
and other electrical traces are placed, one layer comprising a ground plane board 43 upon which
a ground plane and other electrical traces are placed, a power plane board 42 upon which a
power plane and other electrical traces are placed, and a top layer comprising a metal shielding
44, and other electrical traces. In some embodiments the sensor plate array 31 is placed on an
internal layer of the printed circuit board 40 which may protect the circuits from some
electrostatic discharge. Placing the sensor plates 32 on an internal layer may also minimize the
expansions and contractions of the sensor plates 32 as the printed circuit board 40 is flexed.
Sensor plates 32 that do not expand and contract with flexing may provide more consistent

readings. In some embodiments the electrical traces comprise electrically conductive paths.
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[0086] In some embodiments, as shown in FIG. 4, the sensing circuit 30 comprises a
voltage regulator 26, and a capacitance-to-digital converter 38. The sensing circuit 30 can be
connected to the controller 60. The sensor plate traces 35 can comprise electrically conductive
paths on the printed circuit board 40, which may connect the individual sensor plates 32 to the
capacitance-to-digital converter 38, the connection being made via the multiplexer 37. The
multiplexer 37 can individually connect the sensor plates 32 to the capacitance-to-digital
converter 38.

[0087] In some embodiments the multiplexer 37 may connect and single sensor plate 32
to the sensing circuit. In some embodiments, the multiplexer 37 may connect more than one
adjacent sensor plates 32 to the sensing circuit. In some embodiments, the multiplexer 37 may
connect more than one non-adjacent sensor plates 32 to the sensing circuit. In some
embodiments, the multiplexer 37 is configured so that the sensing circuit measures the
capacitance of one sensor plate 32. In some embodiments, the multiplexer 37 is configured so
that the sensing circuit measures the aggregate capacitance two or more sensor plates 32.

[0088] As used herein, the term “module” can describe any given unit of functionality
that can perform in accordance with one or more embodiments of the present invention. For
example, a module might by implemented using any form of hardware, software, or a
combination thereof, such as, for example, one or more processors, controllers 60, ASICs, PLAs,
logical components, software routines, or other mechanisms.

[0089] In some embodiments, as shown in FIG. 5, the controller 60 comprises a
processor 61, a clock 62, a random access memory (RAM) 64, and a non-volatile memory 65. In
operation, the controller 60 receives program code 66 and synchronizes the functions of the
capacitance-to-digital converter 38 and the display circuit 50 (see FIG. 4). The non-volatile
memory 65 receives and holds the programmable code 66 as well as look-up tables (LUT) and
calibration tables 68. The program code 66 can include a number of suitable algorithms, such as,
for example, an initialization algorithm, a calibration algorithm, a pattern-matching algorithm, a
multiplexing algorithm, a display management algorithm, an active sensor activation algorithm,
and a non-active sensor management algorithm.

[0090] The capacitance-to-digital conversion process can be accomplished by the
AD7147 from Analog Devices. Other integrated circuits that can be used to perform the
capacitance-to-digital conversion include the AD7477 from Analog Devices, the CY8C21534
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from Cypress Semiconductor, the C8051CF706 from Silicon Laboratories, or others. The
voltage regulator 26 may comprise the ADP150-2.8 from Analog Devices which provides very
low noise. The controller 60 may comprise the C8051F543 from Silicon Laboratories, or any of
many other microcontrollers.

[0091] In some embodiments, as shown in FIGS. 2, 3, and 6 the housing 12 comprises an
upper housing 13, an on/off switch 24, a handle 15, a plurality of light pipes 18, and a power
supply compartment 16. In some embodiments the underside of the housing 12 is attached to a
first side of a foam ring 70. In some embodiments the foam ring 70 is made of non-conductive
EPDM foam rubber. In some embodiments the foam ring 70 is attached to the housing 12 using
a pressure sensitive acrylic adhesive. In some embodiments the foam ring 70 is attached to the
printed circuit board 40 using a pressure sensitive acrylic adhesive. In some embodiments the
multi-layered printed circuit board 40, contains the capacitance-to-digital converter 38, the
display circuit 50, and the controller 60. In some embodiments, the upper housing 12 comprises
plastic. In some embodiments, the upper housing 12 comprises ABS plastic.

[0092] In some embodiments, the handle 15 comprises a gripping surface. In some
embodiments a portion of the gripping surface comprises an elastomer. In some embodiments
the gripping surface is positioned such that when the detector 10 is held on a wall in a position to
detect a vertical feature, such as a vertical stud 95, the handle 15 is substantially horizontal or
substantially perpendicular to the vertical stud 95. In some embodiments the gripping surface
that is oriented such that when the detector 10 is held on a wall in a position to detect vertical
studs 95, two or more fingers are lined up with an orientation that is more horizontal than
vertical. In some embodiments the gripping surface is a curved surface. In some embodiment
the gripping surface is a substantially flat surface.

[0093] The handle 15 is preferably positioned so that the user’s hand does not obscure
the view of the indicators 52 when grasping the handle 15. In some embodiments, the power
supply compartment 16 comprises a cavity for holding a suitable power supply, such as batteries,
and a cover for accessing the compartment 16.

[0094] In order to accommodate the thirteen sensor plates 32, the housing 12 can have a
length of about seven inches and a width of about three inches. A handle 15 running along the
longitudinal axis of the upper housing 13 can be designed to be easy to hold while keeping the

user’s hand about one inch away from the surface of the PCB 40 and at the same time not
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obscuring the user’s line of sight to the rows of indicators 52 positioned on the back side of the
upper housing 13. In some embodiments the indicators 52 are LEDs (Light Emitting Diodes). In
other embodiments, the user’s hand may be less than one inch away from the surface of the
printed circuit board 40

[0095] In some embodiments, as shown in FIG. 4, the obscured feature detector 10
comprises a power controller 20 having a power source 22, an on-off switch 24, and a voltage
regulator 26. The power source 22 can comprise an energy source for powering the indicators 52,
and supplying power to the capacitance-to-digital converter, and the controller 60. In some
embodiments, the power source 22 can comprise a DC battery supply. The on-off switch 24 can
be used to activate controller 60 and other components of the obscured feature detector 10. In
some embodiments, the on-off switch 24 comprises a push button mechanism that activates
components of the obscured feature detector 10 for a selected time period. In some embodiments
the push button activates the components such that the components remain activated until the
button is released. In some embodiments the on-off switch 24 comprises a capacitive sensor that
can sense the presence of a finger, or thumb over the button. In some embodiments, the on-off
switch 24 can comprise a toggle switch, or other types of buttons or switches. The voltage
regulator 26 may be used to condition the output of the power controller 20, as desired. In some
embodiments a voltage regulator 26 is placed as near as possible to the capacitance-to-digital
converter 38, which may provide a better power source 22 to the capacitance-to-digital converter
38.

[0096] Different processes of reading a capacitance and converting it to a digital value,
also known as a capacitance-to-digital conversion, are well-described in the prior art. The many
different methods are not described here, the reader is referred to the prior art for details about
different capacitance-to-digital converter methods. Some embodiments use a sigma-delta
capacitance-to-digital converter 38, such as the one that is built into the Analog Devices AD7147
integrated circuit. Some embodiments use a charge-sharing method of capacitance-to-digital
conversion.

[0097] FIG. 8 is a flow diagram showing a feature detection process 200 implemented in
some embodiments of the obscured feature detector 10. The detection process 200 begins with a
first step 202, in which the obscured feature detector 10 is initialized. In some embodiments,

initialization occurs automatically after the obscured feature detector 10 is turned on. Upon
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initialization, some embodiments immediately perform a set of capacitance-to-digital
conversions to “warm-up” the circuitry. Next the sensor plates 32 are read.

[0098] Detecting obscured features can require a high degree of accuracy, and may
require more accuracy than a capacitance-to-digital converter 38 may able to provide, if the
native capacitance-to-digital converter readings are used alone. Native readings are the raw
values read from the capacitance-to-digital converter 38, they are the digital output of the
capacitance-to-digital converter 38.

[0099] Some embodiments perform native reads multiple times, and combine the results
of the multiple native reads, to create a reading. Some embodiments perform native reads
multiple times, and combine the results of the multiple native reads, using a different
configuration for two or more of the native reads to create a reading. Some embodiments
perform native reads multiple times, and sum or average the results of the multiple native reads,
to create a reading. In some embodiments this improves the signal to noise ratio. Each native
read may involve reading one sensor plate 32. A native read could also involve reading a
plurality of sensor plates 32, if multiple sensor plates 32 are multiplexed to the capacitance-to-
digital converter 38. In the some embodiments multiple native reads are combined to create a
reading.

[00100] Summing or averaging multiple native reads may improve the signal to noise
ratio, but it may not reduce the effect of non-linearities in the capacitance-to-digital converter 38.
An ideal capacitance-to-digital converter 38 is perfectly linear, which means that its native
readings increase in direct proportion to an increase in the capacitance being sensed. However,
many capacitance-to-digital converters 38 may not be completely linear, such that a change in
the input capacitance doesn’t result in an exactly proportional increase in the native reading.
These non-linearities may be small, but when a high degree of accuracy is desired it may be
desirable to implement methods that reduce the effects of the non-linearities.

[00101] In some embodiments, the ill effects of the non-linearities may be mitigated by
summing multiple native reads, using a slightly different configuration for each of the native
reads. Some embodiments perform native reads using two or more different configurations. For
example, the AD7147 from Analog Devices has a capacitance-to-digital converter 38, which
may be used by some embodiments. The AD7147 offers a few different parameters that can be

set in different ways to create different configurations.
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[00102] For example, with the AD7147, the bias current is one of the parameters that can
be altered to create different configurations. The bias current could be set to normal, or normal
+20%, or normal +35%, or normal +50%. Different bias currents produce different native
readings, even if all other factors remain constant. Since each native reading has a different
value, presumably each native reading may be subject to different non-linearities. Presumably
summing or averaging readings that are subject to different non-linearities may cause the non-
linearities to partially cancel each other out, instead of being summed, or multiplied. Other
parameters, and other combinations of parameters, can likewise be altered to create other
configurations.

[00103] Some embodiments perform native reads on each of thirteen sensor plates 32
using each of twelve different configurations. Therefore, to read cach of thirteen sensor plates
32 twelve times each requires one hundred and fifty six native reads. Other embodiments may
use other parameters to created different configurations.

[00104] After completing the readings, in some embodiments, two different calibration
algorithms may be performed: first an individual-plate calibration that adjusts for individual
sensor plate 32 variations, and second a surface material calibration that adjusts the readings so
that they are tuned to the surface density/thickness. Other embodiments may only use one of the
two calibration algorithms. Some embodiments may use other calibration algorithms. In some
embodiments the calibration algorithms are performed by a calibration module.

[00105] In some embodiments, individual plate calibration is employed first. With
individual plate calibration, each sensor may have its own individual calibration value. In some
embodiments, after the readings are taken, an individual plate calibration value is added to, or
subtracted from, each of the readings. Other embodiments may use multiplication, or division,
or other mathematical functions to perform the individual plate calibration. In some
embodiments, the individual plate calibration value is stored in non-volatile memory. Individual
plate calibration compensates for individual sensor plate 32 irregularities, and is used to
compensate for these irregularities. It is presumed that after performing individual plate
calibration that the readings will presumably have the same calibrated values, if the sensor plate
readings are taken while the detector 10 is on a surface that is similar to the surface the detector
10 was calibrated with. For example, if readings are performed on 1/2” sheetrock 80, without

any obscured features present, and the individual calibration values were created for 1/2”
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sheetrock 80, then after performing individual plate calibration, it is presumed that all the
readings would be corrected to a common value. If readings are performed on a thicker material
(such as 5/8” sheetrock 80), or thinner material (such as 3/8” sheetrock 80), or a different
material (such as 3/4” plywood) then there may be some error in the values. Surface material
calibration may help correct this error.

[00106] In some embodiments surface material calibration may be used in part because the
sensor plates 32 near the center of the detector 10 may have capacitive coupling with adjacent
sensor plates 32 on both sides, whereas sensor plates 32 near the end of the detector 10 may only
have capacitive coupling with adjacent sensor plates 32 on one side. The value of these
capacitors may differ, depending on the thickness and density of the surface material. In some
embodiments the sensor plates 32 near the ends of the detector 10 may be more sensitive to the
thickness and density of the material being tested than the plates near the center.

[00107] To compensate, some embodiments use a surface material estimation module, so
that compensation can be made to minimize this effect. The surface material estimation module
estimates a property that can be used to correct this error. The surface material estimation
module may estimate a property of the surface material. In some embodiments a higher property
value coincides with a material has a greater effect on the pads near the edges, than on the pads
near the center. The surface material property in some embodiments is a one value parameter;
higher values may correspond to a thicker and denser surface. Some embodiments may use
multiple properties to estimate properties of the surface material.

[00108] In some embodiments, the dielectric constant of the surface is a property of the
surface that is estimated by the surface material detection module. In some embodiments, the
thickness of the surface is a property of the surface that is estimated by the surface material
detection module. In some embodiments, the property of the surface that is estimated is a factor
that is comprised of a combination of the thickness of the surface material, and dielectric
constant of the surface material. In some embodiments the surface detection module uses the
smallest measured capacitance to estimate a property of the surface material.

[00109] Presumably, the smallest measured capacitance reading may correspond to a
surface that does not have an obscured feature behind it. The smallest measured capacitance

reading may provide a good estimate of surface material property. In some embodiments, where
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the detector 10 is only intended for one type of material (such as only sheetrock 80) this may be
sufficient.

[00110] In some embodiments, a surface material property can be estimated by creating a
dual-plate capacitor between adjacent sensor plates 32 and reading the value of the capacitor.
This may be accomplished in some embodiments by reading the value of a sensor plate 32, while
one or both of the adjacent sensor plates 32 are grounded.

[00111] In some embodiments two different patterns of plate activation configurations are
compared to create an estimate of a property of a surface. In some embodiments a pattern of
plate activation configurations comprises a set of sensor plates 32 that are read. In some
embodiments a pattern of plate activation configurations comprises a set of sensor plates 32 that
are floating. In some embodiments a pattern of plate activation configurations comprises a set of
sensor plates 32 that are driven at a constant voltage. In some embodiments a pattern of plate
activations configurations comprises a set of sensor plates 32 that are read, and a set of sensor
plates 32 that are floating.

[00112] In some embodiments, after a surface material property is estimated, the readings
are adjusted. In some embodiments an estimate of a property of the surface is multiplied by a
correction factor(s) to create an adjustment value(s), the adjustment value(s) is then added to, or
subtracted from, the measured capacitance(s) to correct the capacitance reading(s). In some
embodiments a first correction factor is applied to correct a capacitance reading from a location
that is near the edge of the detector, and a second correction factor is applied to correct a
capacitance reading from a location that is near the center of the detector.

[00113] In some embodiments, after calibrating the sensor plate readings the detector 10
decides if an obscured feature is present. In some embodiments the lowest sensor plate reading
is subtracted from the highest sensor plate reading. If the difference is greater than a threshold
value then a determination is made that an obscured feature is present. See FIG. 8.

[00114] If it is determined that no obscured features are present, then all of the indicators
52 may be deactivated. If an obscured feature is present then the detector 10 begins the process
of determining the position(s) and width(s) of the obscured feature(s).

[00115] In some embodiments, the next step is to scale the all of the current sensor plate
readings such that the lowest reading is scaled to a predetermined value (such as 0) and the

maximum reading is scaled to a second predetermined value (such as 100). All intermediate
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values may be scaled proportionately. Scaling the readings may make it easier to compare the
readings to a set of predetermined patterns.

[00116] In some embodiments a pattern matching module is used to determine the location
of obscured features. The pattern matching module compares the calibrated and scaled readings
from the sensor plates 32 to predetermined patterns to identify the pattern that best matches
sensor plate readings. The calibrated and scaled readings may also be referred to as current
readings, or simply readings. A set of calibrated and scaled readings may be referred to as a
measured reading pattern.

[00117] In some embodiments the pattern matching module uses a measured reading
pattern as an input. In some embodiments, the measured reading pattern is comprised of the
group of the current sensor plate readings that have been calibrated and scaled. The pattern
matching module uses a plurality of predetermined patterns, each predetermined pattern
comprising a set of predetermined values. The module compares the reading pattern to each of
the predetermined patterns. Then the pattern matching module determines which predetermined
pattern most closely matches the reading pattern. After the closest-matching pattern is
determined, the location of one or more obscured features can be identified. In some
embodiments, the set of predetermined patterns may consist of, for example, a pattern that is
consistent with the detector performing a reading on surface of sheetrock 80 with a single stud 95
behind the sheetrock 80. The set of predetermined patterns may include multiple patterns
corresponding to a single stud 95, where each pattern corresponds to a single stud 95 in a
different location.  Another predetermined pattern may be consistent with the detector
performing a reading on a surface of sheetrock 80 with two studs 95 behind the sheetrock 80, the
two studs 95 separated by about two inches. In some embodiments, the set of predetermined
patterns may include predetermined patterns that correspond to three obscured features, so that it
may be possible to detect three or more features simultaneously. In some embodiments, the set
of predetermined patterns may include predetermined patterns that correspond to features with
different widths, which may enable the detector to identify the width of an obscured feature.
Many different patterns can be created, corresponding to different sizes of obscured features,
different locations of obscured features, different numbers of obscured features, or obscured
features with different material compositions. In some embodiments approximately one hundred

and fifty predetermined patterns may be used. In some embodiments approximately one hundred
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and fifty unique predetermined patterns may be used. In some embodiments the number of
predetermined patterns is at least 30 unique patterns. In some embodiments the predetermined
patterns may correspond to obscured features that are studs 95. In some embodiments the
predetermined patterns may correspond to other obscured features such as pipes, wires, rebar,
conduit, beams, metal studs, 50 and 60Hz clectric fields, or other obscured features.

[00118] FIGS. 9, 10, 11, and 12 illustrate embodiments with thirteen sensor plates 32.
Each of the figures shows the thirteen sensor plates 32 and a surface. The “+” symbols in each
of the figures represent the values that comprise a predetermined pattern. In some embodiments,
cach of the predetermined patterns is comprised of thirteen values. For example in FIG. 9 there
are thirteen “+” symbols which correspond to the thirteen values which comprise a
predetermined pattern. In this particular example, each of the sensor plates 32 corresponds to
one value in a predetermined pattern. In some embodiments there is one value in the
predetermined pattern for each sensor plate 32. In some embodiments there may be more values
in the predetermined pattern than there are sensor plates 32. In some embodiments there may be
fewer values in the predetermined pattern than there are sensor plates 32. FIG. 9 illustrates the
values of a predetermined pattern for a surface with a single stud 95 behind it. FIG. 10 illustrates
the values of a predetermined pattern for a surface with two studs 95 behind it, the two studs 95
being spaced about two inches apart. FIG. 11 illustrates the values of a predetermined pattern for
a surface with two studs 95 behind it, the two studs 95 being about one half inch apart. FIG. 12
illustrates the values of a predetermined pattern for a surface with two studs 95 behind it, the two
studs 95 being next to each other. In each of the examples in FIGS. 9, 10, 11, and 12 the letter
“0” represents the indicators 52 that may be associated with each of the patterns. The letter “o0”
in FIGS. 9, 10, 11, and 12 represents the indicators 52 that may be activated if each respective
pattern were to be selected as the best matching predetermined pattern. FIGS. 9, 10, 11, and 12
show four representative predetermined patterns, corresponding to each of four different
combinations of obscured features. Many more than four predetermined patterns may be used in
some embodiments. In some embodiments there is one indicator 52 that is associated with each
sensor plate 32. Other embodiments may have more, or fewer, indicators 52 than sensor plates
32.

[00119] FIG.13 illustrates the measured reading patterns, as represented by the symbol

“x”. Superimposed on the image are representations of the four different predetermined patterns

26



10

15

20

25

30

WO 2011/109736 PCT/US2011/027239

Attorney Docket No.: FRSI.O11PCT

from FIGS. 9, 10, 11, and 12. The pattern matching module selects the best matching pattern,
and activates the indicators 52 associated with the best matching pattern.

[00120] In some embodiments the set of predetermined patterns can be determined in
advance by physically testing each configuration using an actual surface material, such as
sheetrock 80, and an actual obscured feature(s), such as stud(s) 95, then storing the results of the
readings as the pattern for each respective configuration.

[00121] In some embodiments a single pattern may be determined by physically testing a
particular configuration with an actual surface and an actual obscured feature, and then other
patterns may be derived from the tested pattern. For example a predetermined pattern could be
determined by reading the sensor plates 32 through a surface, with an obscured feature, such as a
stud 95 on the opposite side. Then, the other patterns could be derived from this single-feature
pattern. For example, the values for other patterns that involve a single stud 95 could be created
by shifting the one tested pattern to other positions.

[00122] In some embodiments dual-feature patterns are derived from two single-feature
patterns. In some embodiments two single-feature patterns can be added together to create the
pattern that represents a configuration with two obscured features.

[00123] In some embodiments the complete set of predetermined patterns are stored in
non-volatile memory at the factory. In some embodiments the set of predetermined patterns are
calculated from the single-feature pattern by the program and stored in memory each time the
detector 10 is initialized. In some embodiments the predetermined patterns are calculated and
stored in ROM (read-only memory) when a calibration routine in executed. In some
embodiments each predetermined pattern is calculated in real-time, just before it is needed.

[00124] In some embodiments cach of the predetermined patterns are scaled such that the
lowest value in the pattern is zero and the highest value in the pattern is one hundred. Likewise
in some embodiments the reading pattern is scaled such that the lowest value in the pattern is set
to zero and the highest value in the pattern is scaled to one hundred. In some embodiments the
patterns and readings are scaled such that the highest value is 255, corresponding to the
maximum number that can fit in a single computer byte.

[00125] In some embodiments the reading pattern is compared to each of the
predetermined patterns and a score is given to each comparison. The score represents the

amount of similarity between the reading pattern and the predetermined pattern. A lower score
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represents more similarity between the reading pattern and the respective predetermined pattern.
In some embodiments the score is determined by comparing each value of the reading pattern to
cach value of the respective predetermined pattern. The following formula is used by some
embodiments to create a score based upon a comparison of the reading pattern values, to the
predetermined pattern values.

[00126] Score (based upon value comparisons) = |[R1 - Px 1]+ |R2-Px 2|+ |R3 -Px 3|+
... HR3-Px_12]

[00127] The reading pattern is given by the set of values RO, R1, R2, . . ., R12, for sensor
plateO thru sensor platel2 respectively, where each of the values RO, R1, R2, . . ., R12 are
calibrated and scaled readings where the minimum value is zero and the maximum value within
the pattern is scaled to one hundred.

[00128] The predetermined pattern for Pattern0 is given by PO 0, PO _1,P0 2,...,P0_12.

[00129] The predetermined pattern for Pattern1 is given by P1 0, P1 1,P1 2,...,P1 12.

[00130] The predetermined pattern for Pattern151 is given by P151 0, P151 1,P151 2, ..
., P151 12.

[00131] Each of the predetermined patterns consists of calibrated and scaled values where
the minimum value within the pattern is zero and the maximum value within the pattern is scaled
to one hundred.

[00132] In some embodiments a score is calculated by comparing the slope of various
segments of the reading pattern to the slope of various segments of each predetermined pattern.

[00133] In some embodiments slope segments are based upon slopes that are created by
comparing readings from plates that are one sensor plate 32 apart. In some embodiments slope
segments are based upon slopes that are created by comparing readings that are adjacent,
adjacent readings that are one apart. Some embodiments use the following formula.

[00134] Score Based on Slope, Using a Slope That is Calculated by Comparing Readings
From Plates that are One Sensor Plate Apart = [(R1 - RO) - (Px_1-Px 0)] +|(R2 -R1) - (Px 2 -
Px 1)+ |(R3-R2)-(Px 3-Px 2)|+...+|(R12-R11)-(Px 12-Px_11)|

[00135] Table 1 in FIG. 14 shows an example of the calculation of the score using this
scoring method. In this example two predetermined patterns, Predetermined Pattern A and
Predetermined Pattern B are compared to the Measured Reading Pattern. The absolute values of

the differences between the Measured Reading Pattern values and cach of the values of the
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Predetermined Pattern are calculated, and scores are calculated. A lower score identifies a closer
match between the Measured Reading Pattern and the respective predetermined pattern.

[00136] In some embodiments slope segments are based upon slopes that are created by
comparing readings from sensor plates 32 that are two sensor plates 32 apart. In some
embodiments slope segments are based upon slopes that are created by comparing readings that
are two apart. Some embodiments use the following formula.

[00137] Score Based on Slope, Using a Slope That is Calculated by Comparing Readings
From Plates that are Two Sensor Plates Apart = |(R2 - R0O) - (Px 2 -Px 0)] +|(R3-R1)-(Px 3 -
Px 1)+ (R4 -R2) - (Px 4-Px 2)|+...+[(R12-R10) - (Px_12 - Px_10)|

[00138] Table 2 in FIG. 15 shows an example of the calculation of the score using this
scoring method. In this example two predetermined patterns, Predetermined Pattern A and
Predetermined Pattern B are compared to the Measured Reading Pattern. Slopes between values
of the predetermined patterns are calculated. The absolute values of the differences between the
slopes are calculated. A lower score identifies a closer match between the Measured Reading
Pattern and the respective predetermined pattern.

[00139] In some embodiments plates slopes segments are based upon slopes that are
created by comparing readings from plates that are three sensor plates 32 apart. In some
embodiments slope segments are based upon slopes that are created by comparing readings that
are three apart. Some embodiments use the following formula.

[00140] Score Based on Slope, Using a Slope That is Calculated by Comparing Readings
From Plates that are Three Sensor Plates Apart = |(R3-R0) - (Px_3 -Px 0)| +|(R4 -R1) - (Px 4 -
Px 1)+ |[(R4-R2)-(Px 4-Px 2)|+...+|(R12-R10)-(Px_12-Px_10)|

[00141] Some embodiments use a combination of multiple scoring formulas. Some
embodiments use the score based upon value comparisons to help determine the best matching
pattern. Some embodiments use score based on slope, using a slope that is calculated by
comparing readings from plates that are one sensor plate 32 apart to help determine the best
matching pattern. Some embodiments use score based on slope, using a slope that is calculated
by comparing readings from plates that are two sensor plates 32 apart to help determine the best
matching pattern. Some embodiments use score based on slope, using a slope that is calculated
by comparing readings from plates that are three sensor plates 32 apart to help determine the best

matching pattern. Some embodiments determine the score by using the sum of the results of the
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four different described scoring schemes: score based upon value comparisons, score based upon
slope comparisons from plates that are one plate apart, score based upon slope comparisons from
plates that are two plates apart, score based upon slope comparisons from plates that are three
plates apart. Many different scoring methods are possible.

[00142] In some embodiments the lowest score is selected as the best-matching pattern. In
some embodiments each predetermined pattern has a set of indicators 52 that are associated with
it. In some embodiments the indicators 52 that are associated with the best matching pattern are
activated. In some embodiments one or more of the predetermined patterns has indicator(s) 52
associated with the predetermined patterns that correspond to a set of indicators 52 that spans
about one and one half inches. This may be used, for example, to indicate the location of a stud
95. In some embodiments, one more of the predetermined patterns have indicator(s) 52
associated with the predetermined patterns that correspond to the edges of an obscured feature.
This may be used in some embodiments to indicate the edges of an obscured feature.

[00143] In some embodiments, different combinations of read configurations are
combined. For example, in some embodiments, the second sensor plate 32 is sensed
individually, followed by the first, second and third sensor plates 32 being grouped together and
sensed as a unit. These two readings may then combined by the detector 10 to create a reading.
Many combinations are possible.

[00144] In some embodiments, differential detection is employed, whereby one group of
sensor plates 32 is compared to an alternate group of sensor plates 32. The groups of compared
sensor plates 32 may, or may not, be adjacent. Each group of compared sensor plates 32 can
comprise one or more sensor plates 32. Many combinations are possible. Those skilled in the art
can determine which of the many combinations are most suitable for a desired design.
Combining the readings from a variety of different combinations of readings, including both
differential and non-differential readings, may provide composite readings that may detect more
deeply, with more accuracy, and less noise.

[00145] In some embodiments the detector 10 uses a single capacitance-to-digital
converter 38. In some embodiments the sensor plates 32 may be individually connected to the
capacitance-to-digital converter 38. In some embodiments the sensor plates 32 may be
individually connected to the capacitance-to-digital converter 38 via a multiplexer 37. In some

embodiments more than one sensor plate may be connected to the capacitance-to-digital
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converter 38 at a time. In some embodiments multiple adjacent sensor plates 32 may be
connected to the capacitance-to-digital converter. In some embodiments multiple non-adjacent
sensor plates 32 may be connected to the capacitance-to-digital converter. The use of a
multiplexer 37 to connect sensor plates 32 to a single capacitance-to-digital converter may
improve the sensor plate to sensor plate 32 consistency of the readings, because the readings
from each of the sensor plates 32 may be equally affected by variations to the capacitance-to-
digital converter 38. Factors that may affect the readings from capacitance-to-digital converter
38 may include, but are not limited to process variations, temperature variations, voltage
variations, electrical noise, aging, and others.

[00146] In some embodiments a detector 10 may use more than one capacitance-to-digital
converter 38. In some embodiments that use more than one capacitance-to-digital converter 38
methods of calibrating the different capacitance-to-digital converters 38 to cach other are
employed. In some embodiments each of the individual capacitance-to-digital converters 38 are
configured so that they may each read a common calibration capacitance. The calibration
capacitance may be a discrete capacitor, or it may be traces on the printed circuit board 40, or
another capacitance. After each capacitance-to-digital converter 38 reads the common
calibration capacitance then calibration values are determined. The calibration values can be
combined with the readings to bring the readings from the different capacitance-to-digital
converters 38 in harmony with each other.

[00147] In some embodiments with multiple capacitance-to-digital converters 38, the
capacitance-to-digital converters 38 can be calibrated to each other by having the sensor plates
32 read the capacitance of a common surface, either through the same sensor plate 32, or through
different sensor plates 32. This could be accomplished, for example, by placing sensor plates 32
over a uniform surface. Differences in readings would presumably be due to differences in the
capacitance-to-digital converters 38. After each capacitance-to-digital converter 38 reads the
common surface then calibration values are determined. The calibration values can be combined
with the readings to bring the readings from the different capacitance-to-digital converters 38 in
harmony with each other.

[00148] In some embodiments, the sensor plate traces 35 are routed such that each of the
sensor plate traces 35 have substantially equal capacitance, resistance, and inductance. In some

embodiments it is desirable for each of the sensor plate traces 35 to have the same electrical
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properties, so that each of the sensor plates 32 will respond equivalently to the same detected
objects.

[00149] In some embodiments each of the traces 35 from the capacitance-to-digital
converter 38 to each of the sensor plates 32 has substantially the same length, as shown in FIG.
7. In some embodiments two or more of the sensor plate traces 35 from the capacitance-to-
digital converter 38 to the sensor plates 32 has substantially the same length. Sensor plate traces
35 with substantially the same length may have more equivalent capacitances, inductances, and
resistances. Equal length sensor plate traces 35 may offer enhanced performance because they
may improve the uniformity of the readings, such that the sensor plates 32 respond more
equivalently to the same detected objects, and may provide more immunity from environmental
conditions, such as temperature.

[00150] In some embodiments each of the sensor plate traces 35, that comprise electrically
conductive paths, have substantially the same width. In some embodiments, both the width and
the length of each of the sensor plate traces 35 are made to be equivalent. In some embodiments
the sensor plate traces 35 will have more than one segment. For example, a first segment of the
traces may route the sensor plate traces 35 from a capacitance-to-digital converter 38 to a via.
The via may take the sensor plate trace 35 to a different layer of the printed circuit board 40,
where there may be a second segment of the sensor plate trace 35. In some embodiments all of
the sensor plate traces 35 will have the same length and width, in each segment, as the other
traces in that segment. In some embodiments two or more of the sensor plate traces 35 will have
the same width throughout a first segment. In some embodiments two or more of the sensor
plate traces 35 will have the same width throughout a second segment. In some embodiments
two or more of the sensor plate traces 35 will have the same length throughout a first segment.
In some embodiments two or more of the sensor plate traces 35 will have the same length
throughout a second segment.

[00151] In some embodiments each of the traces 35 from the capacitance-to-digital
converter 38 to cach of the sensor plates 32 has substantially the same surroundings. In some
embodiments the sensor plate traces 35 are routed sufficiently far apart so that capacitive and
inductive coupling between traces 35 is minimized, and may improve consistency because each
of the sensor plate traces 35 may have surroundings that are more similar to the other sensor

plate traces 35. In some embodiments, as shown in FIG. 7, each of the sensor plate traces 35 are
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shielded on one or both sides with a shield trace 99. In some embodiments the shield trace 99 is
routed at a uniform distance from the sensor plate traces 35 on both sides of each sensor plate
trace 35. In some embodiments the shield traces 99 are parallel to the sensor plate traces 35.

[00152] In some embodiments, the shield traces 99 are substantially parallel to the sensor
plate traces 35. In some embodiments, the shield traces 99 are positioned such that the shield
traces 99 shield the sensor plate traces 35 from external electromagnetic fields. In some
embodiments, two or more sensor plate traces 35 have one or more respective shield traces 99.
In some embodiments, the sensor plate traces 35 and shield traces 99 are positioned such that
capacitance between each sensor plate trace 35 and each respective shield trace 99 is
substantially the same for each sensor plate trace 35 and its respective shield trace 99. In some
embodiments a sensor plate trace 35 is accompanied by two shield traces 99, such that one shield
trace is positioned on each side of the sensor plate trace. In some embodiments, a sensor plate
trace 35 and a shield trace 99 are positioned such that there is a constant distance between a
sensor plate trace 35 and the respective shield trace 99, along their length. In some embodiments
cach of the shield traces 99 are positioned at a uniform distance away from the respective sensor
plate trace 35. In some embodiments a segment of the each sensor plate trace 35 and a segment
of cach shield trace 99 comprise copper traces on a printed circuit board 40. In some
embodiments, the sensor plate traces 35 and shield traces 99 are both located on the same layer
of a printed circuit board 40. In some embodiments, the shield traces 99 are driven at a fixed
voltage level. In some embodiments, the shield traces 99 are driven at a voltage that is similar to
the voltage driven on the first set of electrically conductive paths.

[00153] In some embodiments the shield traces 99 may be routed at a distance of
approximately 0.6mm from each sensor plate trace 35, along as much of the length of the sensor
plate trace 35 as is possible. In some embodiments the sensor plate traces 35 are approximately
0.15mm wide throughout one segment of the sensor plate trace 35.

[00154] In some embodiments the sensor plate traces 35 comprise multiple segments. In
some embodiments a segment of a sensor plate trace 35 may be the wire bonds that are within
the package of an integrated circuit that route the signals from the piece of silicon to the pins of
the integrated circuit package. In some embodiments a segment of a sensor plate trace 35 may

comprise a layer of copper on a first layer of a printed circuit board 40. In some embodiments a
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segment of a sensor plate trace 35 may comprise a layer of copper on a second layer of a printed
circuit board 40.

[00155] In some embodiments the sensor plate traces 35 are shielded with layers of
copper, such that the traces 35 are shielded both on a layer above the sensor plate traces 35, and
are shielded on a layer below the sensor plate traces 35.

[00156] In some embodiments the shield traces 99 that are used for shielding may be
driven at a fixed voltage value. In some embodiments the shield traces 99 may be driven with a
signal that has a voltage that is similar to the signal that is driven on the sensor plates 32, or to
another value. Serpentine routing may be used so that all of the sensor plate traces 35 may have
the same length.

[00157] In one particular example, the obscured feature detector 10 comprises thirteen
sensor plates 32 arrayed side by side in vertical orientation along the longitudinal axis of the
detector 10, with a gap of approximately 1.7mm between adjacent plates. In this particular
example, each sensor plate 32 has a width of about 11mm wide and a length of about 47mm. In
some embodiments two or more sensor plates 32 have the same length. In some embodiments
two or more sensor plates 32 have the same width. In some embodiments two or more sensor
plates 32 have the same thickness.

[00158] The housing 12 can be manufactured from ABS plastic. In order to accommodate
the thirteen sensor plates 32, the housing 12 can have a length of about seven inches and a width
of about three inches.

[00159] In some embodiments, the housing 12 has a longitudinal axis with a length of at
least about 6”, which advantageously enables the obscured feature detector 10 to span the full
width of a common obscured feature, such as a stud 95, from a stationary position. By contrast,
many existing stud detectors are not wide enough to span the full width of a stud 95 without
being moved.

[00160] In some embodiments the width of obscured features are identified. Some
embodiments have sensor plates 32 that are spread over a distance that is wider than the detected
obscured features. In some embodiments the detector activates all of the indicators 52 that are in
front of an obscured feature, the activated indicators 52 indicate the position and width of the
obscured features. In some embodiments an activated indicator indicates that there is an

obscured feature behind the activated indicator. In some embodiments, the width of the set of
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activated indicators 52 indicates the width of the obscured feature. In some embodiments, the
width of a continuous set of activated indicators 52 indicates the width of the obscured feature.

[00161] For example, to indicate that a three inch wide beam has been detected all the
indicators 52 that are in front of the beam are activated, such that a continuous set of indicators
52 are activated over a 3 inch span, directly in front of the beam. Likewise, to indicate that a one
and a half inch wide stud 95 has been detected the indicators 52 that are in front of the stud 95
are activated, such that a continuous set of indicators 52 are activated over a one and a half inch
span directly in front of the beam. Some embodiments have indicators 52 that are spaced one
half inch apart and identify the width of obscured features with a granularity of one half inches.
Some embodiments identify the width of obscured features with a granularity of one half inches.
Some embodiments have a minimum feature size of one and half inches and a granularity of one
half inch, for features that are wider than one and one half inch. Many other combinations of
minimum features size and granularity are possible. In some embodiments the width of multiple
obscured features can be identified by multiple sets of activated indicators 52.

[00162] Advantageously, the present disclosure provides various embodiments of a
surface-conforming obscured feature detector 10. Conventional detectors have sensor plates 32
that are rigidly connected together, and as a result the size of obscured feature detectors typically
remains relatively small to function on the curved surfaces that are typical of many architectural
surfaces. The surface-conforming feature detector 10 disclosed herein conforms to the contour
of the surface, minimizes air gaps, and makes it possible to build larger feature detectors that can
offer a variety of performance improvements. The improvements described in the present
disclosure are applicable to both conventional detectors that are relatively small, and to larger
feature detectors.

[00163] Viewing FIG. 3, in some embodiments, the obscured feature detector 10 has one
or more flexible printed circuit boards 40 that can bend to match the contour of the surface to be
detected. The flexible printed circuit boards 40 comprise a flexible substrate. Other flexible
substrates can also be used that can be made of wood, paper, plastic, or other flexible materials.
Rigid flex printed circuit boards 40 can also be used.

[00164] The one or more printed circuit boards 40 can be flexibly connected to the
housing 12 using a flexible medium such as foam rubber, springs, gel, hinges, pivot points, an

encapsulated gas such as air, or other suitable compressible or flexible media. In some
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embodiments the housing 12 is able to flex. In some embodiments the housing 12 is partially
flexible. In some embodiments the housing 12 has integrated plastic leaf springs, or other types
of springs or features that provide flexibility. In some embodiments of the obscured feature
detector 10, the sensor plates 32 can be mounted on a printed circuit board 40 that is mounted
external to the housing 12, as seen in FIGS 2 and 3. In some embodiments the printed circuit
board 40 is connected to the housing 12 via a foam rubber ring 70. In some embodiments, the
foam rubber ring 70 is about seven millimeters thick and is formed approximately in the shape of
a ring that is about six millimeters wide along the long side, and about five millimeters thick
along the short side, and approximately follows the perimeter of the housing 12. A permanent
adhesive, such as a pressure sensitive acrylic adhesive, can be used to bond the foam rubber ring
70 to the housing 12 and to the printed circuit board 40.

[00165] In some embodiments, the foam rubber ring 70 is compressible, and the printed
circuit board 40 is flexible, allowing the obscured feature detector 10 to conform to curvature
and irregularities of a surface against which it is placed. A variety of flexible and/or
compressible materials can be suitable for the flexible medium. EPDM foam rubber that is rated
for 25% compression under about 1.5 pounds per square inch of pressure can be used. Other
types of foam rubber such as polyurethane foam or silicon rubber foam can also be used. In
some embodiments it is desirable that the flexible medium attached between the printed circuit
board substrate and the housing 12 not be electrically conductive or partially conductive, at least
not to the extent that it would interfere with to operation of the detector 10.

[00166] In some embodiments a 1.6mm thick printed circuit board 40 with four layers of
copper can be used. The first layer of copper is on the upper surface and all of the electrical
components are soldered to this layer. The second layer of copper can be at a position that is
about 0.35mm below the first layer of copper, such that there is about .35mm of printed circuit
board substrate between the first and second layers of copper. The third layer of copper can be at
a position that is about 0.1mm below the second layer of copper, such that there is about 0.1mm
of printed circuit board substrate between the second and third layers of copper. A fourth layer
of copper can be at a position that is about 0.35mm below the third layer of copper, such that
there is about 0.1mm of printed circuit board substrate between the third and fourth layers of

copper. In some embodiments all the vias can be drilled to connect the four layers of copper.
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[00167] In some embodiments a final layer of substrate material that is 0.8mm thick can
be placed to cover the fourth layer of copper. In some embodiments, no holes are drilled through
the 0.8mm thick layer of substrate. The 0.8mm thick layer of substrate may help protect the
circuit from electrostatic discharge. Alternatively, a layer of plastic, or other non-conductive
material, can be used to shield the circuit from electrostatic discharge and to physically protect
the printed circuit board 40. In some embodiments, a layer of plastic can be used in addition to a
protective layer of circuit board substrate. It is to be understood that the v layers and thicknesses
indicated here are only exemplary of one embodiment. Other combinations of layers and
thicknesses, and materials, can also be used.

[00168] In some embodiments the sensor plates 32 can be placed on the fourth layer of
copper. A shield to electrically protect the sensor plates 32 from electrical interference from
ambient conditions, including the user’s hand may be used. In some embodiments the shield
may be placed on the first layer of copper. In some embodiments a solid shield the covers
substantially all of the shield’s area, instead of using a mesh, or stripes, or another pattern that
may provide less than substantially all of the shield’s area.

[00169] In some embodiments the electrically conductive paths that link the sensor plates
32 to the capacitance-to-digital converter 38 comprise sensor plate traces 35. In some
embodiments the sensor plate traces 35 are placed primarily on the second layer of copper, and
shields for the 35 are placed on the first and fourth layers of copper.

[00170] In some embodiments each sensor plate 32 may be on its own independent printed
circuit board 40. In some embodiments each sensor plate 32 can be individually attached to the
housing 12 through a flexible medium such as a spring, or foam rubber. In some embodiments
the sensor plates 32 are on plastic, wood, or other appropriate materials.

[00171] In some embodiments, the obscured feature detector 10 uses a plurality of printed
circuit boards 40 that can each be independently, flexibly connected to the detector housing 12.

[00172] The sensor plates 32 can be mounted on two independent printed circuit boards
40, such that approximately half of the sensor plates 32 are on a first printed circuit board 40, and
approximately half of the sensor plates 32 are on a second printed circuit board 40. In this way, it
may be possible to achieve a design that offers increase surface-conforming capability. In some

embodiments more than two independent circuit boards 40 are used.
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[00173] In some embodiments, the housing 12 has flexible features that allow the housing
12 to flex or bend to adapt to the contour of a non-flat detecting surface. In one particular
example, an obscured feature detector 10 uses two printed circuit boards 40. Each printed circuit
board 40 is attached to the housing 12. In this particular example, the housing 12 is able to flex
in the center, such that each sensor plate 32 more closely matches the contour of the surface to be
detected. In some embodiments, the housing 12 is mostly or entirely flexible.

[00174] Some embodiments may indicate the presence of features that may be so large
that substantially all of the sensor plates 32 may be over a feature. Features that are this large
may be called large features 96, or large obscured features 96. If the detector 10 is initially
placed over a large feature 96, such that substantially all of the sensor plates 32 are over the large
feature 96, all of the readings from the sensor plates 32 may have substantially the same value.
This may cause the detector 10 to indicate that there are not any obscured features present.
However, some embodiments provide a module that allows the obscured feature detector 10 to
indicate the presence of features that are so large that substantially of the sensor plates 32 may be
over the feature.

[00175] In some embodiments, when it is determined that there is an obscured feature in a
particular region, a memory will record the value of the capacitance reading that existed at the
time that the obscured feature was present. Then, subsequently if it is determined that a new
capacitance reading has a value that is near the value stored in memory, then the indicators 52
associated with the respective region(s) may be activated. The procedure may allow the detector
10 to activate indicators 52 even when at least most of sensor plates 32 are over a feature.

[00176] In some embodiments, the detector 10 may indicate that it is over a large obscured
feature 96 if the detector 10 first determines that the detector 10 is over region where a large
feature 96 may be present, then if subsequently all of the sensor plate readings are substantially
similar. FIG. 2 illustrates an obscured feature detector 10 that is partially over a large feature 96;
the detector 10 has some of the indicators 52 activated. The detector 10 may be approaching a
region where a large feature 96 may be present.

[00177] In some embodiments, the detector 10 may decide that a very large obscured
feature 96 is present if an increasing number of indicators 52 become activated, increasing in
number from one side of the detector 10 to the other. In some embodiments, the detector 10 may

indicate that it is over a large obscured feature 96, if it was previously over region where a large
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feature 96 may be present approaching a large feature 96, then subsequently all of the sensor
plate readings are substantially similar, and if the sensor plate readings are above a threshold
value.

[00178] In some embodiments the detector 10 may indicate that it is over a large obscured
feature 96 if in a first time period many of the indicators 52 are activated and if in a second time
period all of the sensor plate readings are substantially similar. In some embodiments the
detector 10 may indicate that it is over a large obscured feature 96 if all of the sensor plate
readings are substantially similar and if the sensor plate readings are above a threshold value. In
some embodiments the detector 10 may indicate that it is over a large obscured feature 96 if in a
first time period the detector 10 had an indication that it was over region where a large feature 96
may be present and if in a second time period all of the sensor plate readings are substantially
similar.

[00179] In some embodiments the detector 10 may indicate that it is over a large obscured
feature 96 if in a first time period the detector 10 sensed capacitive readings that are consistent
with the detector 10 being near a large obscured feature 96 and if in a second time period all of
the sensor plate readings are substantially similar. In some embodiments the detector 10 may
indicate that it is over a large obscured feature 96 if in a first time period the detector 10 sensed
capacitive readings that are consistent with the detector 10 being near a large obscured feature 96
and if in a second time period all of the sensor plate readings are substantially similar. In some
embodiments the detector 10 may indicate that it is over a large obscured feature 96 if in a first
time period the detector 10 sensed capacitive readings that are consistent with the detector 10
being near a large obscured feature 96 and if in a second time period one or more of the sensor
plates 32 are above a threshold value. In some embodiments, the detector 10 may activate all of

the indicators 52 to indicate that the detector 10 is over a large obscured feature 96.
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WHAT IS CLAIMED I8S:

1. An obscured feature detector comprising;:

a plurality of sensor plates, each having a capacitance that varies based on: (a) the
proximity of the sensor plate to one or more surrounding objects, and (b) the dielectric
constant(s) of the surrounding object(s);

a sensing circuit coupled to the sensor plates, the circuit being configured to
measure the capacitances of the sensor plates, the set of measured capacitance values
comprising a measured reading pattern;

a pattern matching module configured to compare the measured reading pattern
with a plurality of predetermined patterns and determine which predetermined pattern
best matches the measured reading pattern; and

one or a plurality of indicators coupled to the controller, each indicator capable of
toggling between a deactivated state and an activated state,

wherein the controller is configured to activate one or more of the indicators to

identify a location of an obscured feature.

2. The obscured feature detector of claim 1, wherein at least one of the
predetermined patterns has values that are consistent with the detector performing a reading on

sheetrock with a single stud behind the sheetrock.

3. The obscured feature detector of claim 1, wherein at least one of the
predetermined patterns has values that are consistent with the detector performing a reading on
sheetrock with two studs behind the sheetrock, the two studs separated by a distance of at least

about two inches.

4, The obscured feature detector of claim 1, wherein the obscured feature detector

comprises at least four sensor plates.
5. The obscured feature detector of claim 1, wherein the indicators are LEDs.

6. The obscured feature detector of claim 1, wherein the pattern matching module is
configured to compare the values of the measured reading pattern to the values of a

predetermined pattern.
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7. The obscured feature detector of claim 1, wherein the pattern matching module is
configured to compare the slopes of the measured reading pattern to the slopes of a
predetermined pattern, wherein the slopes of the measured reading pattern are calculated by
comparing neighboring measured capacitance values and the slopes of the predetermined pattern

are calculated by comparing neighboring values.

8. The obscured feature detector of claim 1, wherein the plurality of predetermined

patterns comprises at least 30 unique patterns.

9. The obscured feature detector of claim 1, wherein each of the sensor plates are

substantially the same size.

10.  The obscured feature detector of claim 1, wherein the plurality of predetermined
patterns includes multiple patterns corresponding to a single stud, where each of the multiple

patterns corresponds to a single stud in a different location.

11.  The obscured feature detector of claim 1, further comprising a non-volatile

memory that stores the plurality of sensor read patterns.

12.  The obscured feature detector of claim 1, wherein the pattern matching module is
configured to calculate the plurality of sensor read patterns and store them in memory when the

obscured feature detector is initialized.

13.  The obscured feature detector of claim 1, wherein the pattern matching module is
configured to calculate the plurality of sensor read patterns and store them in memory when a

calibration routine in executed.

14.  The obscured feature detector of claim 1, wherein the pattern matching module is
configured to calculate the plurality of sensor read patterns in real-time, when the obscured

feature detector is in use.

15. A method for determining the location of obscured features behind a surface, the
method comprising:
placing an obscured feature detector on the surface, the obscured feature detector

having a plurality of sensor plates arranged in an array;
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measuring capacitance readings sensed in a plurality of regions, each region
corresponding to an area surrounding one or more of the sensor plates, the set of
capacitance readings forming a measured reading pattern;

comparing the measured reading pattern to each of a plurality of predetermined
patterns, each predetermined pattern comprising a set of values;

identifying, based upon comparisons of the measured reading pattern to the
predetermined patterns, the predetermined pattern that best matches the measured reading
pattern, each predetermined pattern being associated with one or more indicators; and

activating the one or more indicators associated with the predetermined pattern

that best matches the measured reading pattern.

16.  The method of claim 15, wherein at least one of the predetermined patterns has
values that are consistent with the detector performing a reading on sheetrock with a single stud

behind the sheetrock.

17.  The method of claim 15, wherein at least one of the predetermined patterns has
values that are consistent with the detector performing a reading on sheetrock with two studs

behind the sheetrock, the two studs being located adjacent to each other.

18.  The method of claim 15, wherein at least one of the predetermined patterns has
values that are consistent with the detector performing a reading on sheetrock with two studs

behind the sheetrock, the two studs being separated by a distance of at least about two inches.

19.  The method of claim 15, wherein at least one predetermined pattern is associated

with one or more indicators spanning a distance of at least about one and one half inches.

20.  The method of claim 15 wherein at least one predetermined pattern is associated

with one or more indicators that indicate the edges of an obscured feature.

21.  An obscured feature detector comprising;:
a plurality of sensor plates, each having a capacitance that varies based on: (a) the
proximity of the sensor plate to one or more surrounding objects, and (b) the dielectric

constant(s) of the surrounding object(s);
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a sensing circuit coupled to the sensor plates, the circuit being configured to
measure the capacitances of the sensor plates;

a controller coupled to the sensing circuit, the controller being configured to
analyze the capacitances measured by the sensing circuit; and

one or more indicators coupled to the controller, each indicator capable of
toggling between a deactivated state and an activated state,

wherein, when the controller detects two or more obscured features, the controller
is configured to activate two or more indicators simultancously to identify the locations

of the two or more obscured features.

22. The obscured feature detector of claim 21 wherein the detector is at least

approximately seven inches wide.

23.  The obscured feature detector of claim 21 wherein the number of sensor plates is

4 or greater.

24.  The obscured feature detector of claim 21 wherein each of the sensor plates are

substantially the same size.

25.  The obscured feature detector of claim 21 wherein the detector is capable of

detecting three or more features simultaneously.

26.  The obscured feature detector of claim 21 wherein the detector is capable

identifying the width of more than one feature.

27.  The obscured feature detector of claim 21, further comprising a pattern matching
module configured to compare the measured capacitance readings with a plurality of
predetermined patterns and determine which predetermined pattern best matches the measured

capacitance readings.

28. A method for determining the location of a plurality of obscured features behind a
surface, the method comprising:
placing an obscured feature detector on the surface, the obscured feature detector

having a plurality of sensor plates arranged in an array;
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measuring capacitance readings sensed in a plurality of regions, each region
corresponding to an area surrounding one or more of the sensor plates;

identifying, based upon the measured capacitance readings, the location of the
plurality of obscured features; and

activating a plurality of indicators simultancously to identify the locations of the

plurality of obscured features.

29.  The method of claim 28, wherein identifying the location of the plurality of
obscured features comprises using a pattern matching module to determine the locations of the

plurality of obscured features.

30.  An obscured feature detector comprising;:

a plurality of sensor plates, each having a capacitance that varies based on: (a) the
proximity of the sensor plate to one or more surrounding objects, and (b) the dielectric
constant(s) of the surrounding object(s);

a sensing circuit coupled to the sensor plates, the circuit being configured to
measure the capacitances of the sensor plates;

a controller coupled to the sensing circuit, the controller being configured to
analyze the capacitances measured by the sensing circuit; and

one or more indicators coupled to the controller, each indicator capable of
toggling between a deactivated state and an activated state,

wherein the controller is configured to activate one or more of the indicators to

identify both a location and a width of an obscured feature.

31.  The obscured feature detector of claim 30, wherein the detector uses a pattern

matching module to determine the width of obscured features.

32. The obscured feature detector of claim 30, wherein the detector activates

indicators that are in front of an obscured feature to indicate the width of the obscured features.

33.  The obscured feature detector of claim 30, wherein a larger number of activated
indicators indicate that an obscured feature is wider, and a smaller number of activated indicators

indicates that an obscured feature is narrower.
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34.  An obscured feature detector comprising;:

a plurality of sensor plates, each having a capacitance that varies based on: (a) the
proximity of the sensor plate to one or more surrounding objects, and (b) the dielectric
constant(s) of the surrounding object(s);

a sensing circuit coupled to the sensor plates, the circuit being configured to
measure the capacitances of the sensor plates;

a controller coupled to the sensing circuit, the controller being configured to
analyze the capacitances measured by the sensing circuit; and

one or a plurality of indicators coupled to the controller, each indicator capable of
toggling between a deactivated state and an activated state,

wherein the controller is configured to activate one or more of the indicators to
identify a location of an obscured feature such that indicators that are in front of an

obscured feature are activated.

35. A method for determining the location of more than one obscured features behind

a surface, the method comprising;:

placing an obscured feature detector on the surface, the obscured feature detector
having a plurality of sensor plates arranged in an array;

measuring capacitance readings sensed in a plurality of regions, each region
corresponding to an area surrounding one or more of the sensor plates;

identifying, based upon the measured capacitance readings, the location of an
obscured feature; and

activating the indicator(s) in front of the obscured feature to identify both the

location and the width of the obscured feature.

36.  An obscured feature detector comprising;:

a plurality of sensor plates, each having a capacitance that varies based on: (a) the
proximity of the sensor plate to one or more surrounding objects, and (b) the dielectric
constant(s) of the surrounding object(s);

a sensing circuit coupled to the sensor plates, the circuit being configured to

measure the capacitances of the sensor plates;
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a controller coupled to the sensing circuit, the controller being configured to
analyze the capacitances measured by the sensing circuit to identify sensor plates located
in one or more regions of relative high capacitance, as well as sensor plates located in one
or more regions of relative low capacitance; and

a plurality of indicators coupled to the controller, each indicator capable of
toggling between a deactivated state and an activated state,

wherein the controller is configured to activate one or more of the indicators to

identify the location of region(s) of relative high capacitance.
37.  The obscured feature detector of claim 58, comprising at least four sensor plates.

38.  The obscured feature detector of claim 58, further comprising a housing having a

longitudinal axis with a length of at least about 6”.

39. A stationary obscured feature detector comprising;:

a housing having a top, a bottom, and an interior cavity, with a handle located
near the top, the housing being configured to be placed against a surface at a first location
to detect the presence of one or more features obscured by the surface near the first
location, without requiring movement of the stationary obscured feature detector;

a plurality of sensor plates arrayed substantially in a plane near the bottom of the
housing, each sensor plate having a capacitance that varies based on: (a) the proximity of
the sensor plate to one or more surrounding objects, and (b) the dielectric constant(s) of
the surrounding object(s);

a sensing circuit located in the interior cavity of the housing and coupled to the
sensor plates, the sensing circuit being configured to transmit charge to the sensor plates
and read the capacitances of the sensor plates;

a controller located in the interior cavity of the housing and coupled to the sensing
circuit, the controller being configured to analyze the capacitances measured by the
sensing circuit; and

a plurality of indicators located near the top of the housing and coupled to the

controller,
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wherein the controller is configured to control the indicators to identify the

location of the feature(s) obscured by the surface near the first location.

40.  The obscured feature detector of claim 61 wherein the indicators are arrayed in a
line along a longitudinal axis of the housing at intervals corresponding to the spacing of the
sensor plates, with every indicator corresponding to a unique sensor plate so that the indicator
changes state when the corresponding sensor plate detects a capacitance value that exceeds a

threshold value.

41.  The obscured feature detector of claim 61 wherein the indicators are arrayed in
more than one line along a longitudinal axis of the housing at intervals corresponding to the
spacing of the sensor plates, with a plurality of indicators at the same longitudinal location
corresponding to a unique sensor plate so that the indicators indicate when the corresponding

sensor plate detects a capacitance value that exceeds a threshold value.

42.  The obscured feature detector of claim 61 wherein the indicators are arrayed in a
line along a longitudinal axis of the housing at intervals less than the spacing of the sensor plates,

and more than one indicator in the linear array corresponds to a sensor plate.

43.  The obscured feature detector of claim 61 wherein the indicators are arrayed in a
line along a longitudinal axis of the housing at intervals greater than the spacing of the sensor

plates, and less than one indicator in the linear array corresponds to a sensor plate.

44.  The obscured feature detector of claim 61, further comprising a dedicated sensing

circuit for each sensor plate.

45. The obscured feature detector of claim 61, wherein the obscured feature is an

electrical insulator.

46. The obscured feature detector of claim 61, wherein the obscured feature is an

electrical conductor.

47. The obscured feature detector of claim 61, wherein the obscured feature detector

has a length of at least about 16”.
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48. The obscured feature detector of claim 61, wherein the indicators are individual

elements in an LCD display.

49. A method of detecting an obscured feature behind a surface, comprising;:

placing an obscured feature detector in a stationary position on the surface, the
obscured feature detector having a plurality of sensor plates arranged in an array;

measuring capacitance readings sensed in a plurality of regions, each region
corresponding to an area surrounding one or more of the sensor plates;

comparing the sensed capacitance readings in different regions;

identifying, based on the compared capacitance readings, one or more regions of
relative high capacitance; and

activating one or more indicators corresponding to the location of the region(s) of

relative high capacitance.

50.  The method of claim 71, further comprising performing additional capacitance

readings on sensor plates adjacent to a region of relative high capacitance.

51.  The method of claim 71, further comprising determining a baseline of the

obscured feature detector by:

placing the obscured feature detector on the surface in an area where no obscured
features are believed to be present;

sorting the capacitance readings of all sensor plates from lowest to highest; and

designating the value of the third lowest capacitance reading to represent a surface

with no feature behind it.

52.  The method of claim 71, wherein the measuring step comprises:

iteratively placing a charge on a sensor plate and sharing the charge with a
capacitor connected to the sensor plate through a resistor, until the voltage on the
capacitor reaches a reference voltage;

counting the number of iterations required to achieve the reference voltage; and

equating the number of iterations to a relative capacitance.
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53.  The method of claim 71, further comprising electrically connecting a plurality of

sensor plates to a capacitance to digital converter.

54. A surface-conforming obscured feature detector comprising:

a plurality of sensor plates, flexibly connected together, each having a capacitance
that varies based on: (a) the proximity of the sensor plate to one or more surrounding
objects, and (b) the dielectric constant(s) of the surrounding object(s);

a sensing circuit coupled to the sensor plates, the circuit being configured to
measure the capacitances of the sensor plates;

a controller coupled to the sensing circuit, the controller being configured to
analyze the capacitances measured by the sensing circuit;

one or a plurality of indicators coupled to the controller, each indicator capable of
toggling between a deactivated state and an activated state,

wherein the controller is configured to activate one or more of the indicators to

identify a location of an obscured feature.

55.  The surface-conforming obscured feature detector of claim 76, further comprising

a flexible substrate, supporting the sensor plates.

56.  The surface-conforming obscured feature detector of claim 77, wherein the

flexible substrate comprises a printed circuit board.

57.  The surface-conforming obscured feature detector of claim 77, wherein the

flexible substrate comprises a rigid flex printed circuit board.

58.  The surface-conforming obscured feature detector of claim 76, further comprising

a housing, and a flexible medium disposed between the housing and the sensor plates.

59.  The surface-conforming obscured feature detector of claim 80, wherein the

flexible medium comprises foam rubber.

60.  The surface-conforming obscured feature detector of claim 80, wherein the

flexible medium comprises one or a plurality of springs.
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61. A surface-conforming obscured feature detector configured to be placed against a
surface to detect the presence of one or more features obscured by the surface, the detector
comprising:

a housing with a handle;

a plurality of flexibly interconnected sensor plates coupled to the housing, each
sensor plate having a capacitance that varies based on: (a) the proximity of the sensor
plate to one or more surrounding objects, and (b) the dielectric constant of the
surrounding object(s);

a sensing circuit coupled to the sensor plates, the circuit being configured to
measure the capacitances of the sensor plates;

a controller coupled to the sensing circuit, the controller being configured to
analyze the capacitances measured by the sensing circuit;

one or a plurality of indicators coupled to the controller, each indicator capable of
toggling between a deactivated state and an activated state,

wherein the controller is configured to activate one or more of the indicators to

identify a location of an obscured feature.

62.  The surface-conforming obscured feature detector of claim 83, wherein the

flexible connection between sensor plates comprises a printed circuit board.

63.  The surface-conforming obscured feature detector of claim 83, wherein the sensor

plates comprise regions of metal on a flexible printed circuit board.

64.  The surface-conforming obscured feature detector of claim 83, wherein all the

sensor plates are mounted on a common printed circuit board.

65.  The surface-conforming obscured feature detector of claim 83, further comprising

a flexible medium, disposed between the sensor plates and the housing.

66.  The surface-conforming obscured feature detector of claim 87, wherein the

flexible medium comprises foam rubber.
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67.  The surface-conforming obscured feature detector of claim 83, further comprising
at least one sensor plate disposed upon a first printed circuit board, and at least one sensor plate

disposed upon a second printed circuit board.

68.  The surface-conforming obscured feature detector of claim 83, wherein one or

more sensor plates pivots on a hinge.

69.  The surface-conforming obscured feature detector of claim 83, wherein the sensor
plates comprise regions of metal on a first flexible substrate, and further comprising a first

flexible medium, disposed between the first flexible substrate and the housing.

70.  The surface-conforming obscured feature detector of claim 91, wherein the sensor
plates further comprise regions of metal on a second flexible substrate, and further comprising a

second flexible medium, disposed between the second flexible substrate and the housing.

71.  The surface-conforming obscured feature detector of claim 83, wherein the

housing is flexible.

72. A method of detecting an obscured feature behind a surface with a surface-
conforming obscured feature detector having a plurality of sensor plates that are flexibly
connected together in an array, the method comprising:

placing the surface-conforming obscured feature detector against the surface such
that the array of sensor plates conforms to the surface;

measuring the capacitance of one or a plurality of the sensor plates;

identifying, based on the capacitance readings, a location of the obscured feature
behind the surface;

activating one or more indicators to indicate the location of the obscured feature

behind the surface.

73.  The method of claim 94, wherein placing the surface-conforming obscured
feature detector against the surface comprises flexing the array of sensor plates to conform to a

concave or convex curvature of the surface.
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Predetermined Pattern A — Values of the pattern shown in FIG. 11
10 50 62 72 8 10080 V2 62 50 G 7 03

Predetermined Pattern B — Values of the pattern shown in FIG. 12
i8 48 61 79 100 100 72 61 48 18 © 30

Measured Reading Pattern
12 54 61 74 83 98 B1 70 5% 44 7 05 2

Error Values with Pattern A: Absolute value of the
difference between the values of Predetermined Pattern
A and the values of the Measured Reading Pattern

2 4 1 2 3 2 1 2 3 s 3 2 1

Score {Sum of Error Values): 32

Error Values with Pattern B: Absolute value of the
difference between the values of Predetermined Pattern
B and the values of the Measured Reading Pattern
6 & ¢ 5 17 2 2 $ i1 22 1 2 2

Score {(Sum of Error Values): 83

Table 1

FIG. 14
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Predetermined Pattern A — Values of the pattern shown in FIG. 11
10 50 62 72 80 100 8 72 62 53 10 6 3

Pattern A Slopes -- Slopes between values of Predetermined

Pattern A
40 12 10 8 20 -20 -8 -10 12 40 4 3

Predetermined Pattern B — Values of the pattern shown in FIG. 12

18 48 61 79 100 10079 61 48 18 &6 3 0

Pattern B Slopes -- Slopes between values of Predetermined
Pattern B

30 13 48 21 0o -21 -18 -13 30 -12 3 3
Measured Reading Pattern

12 54 61 74 83 98 81 70 52 44 7 5 2

Measured Reading Pattern Slopes - Slopes between values of
the Measured Reading Pattern

32 7 13 9 15 .17 -11 -11 <15 37 -2 -3

Error Values with Pattern A: Absolute value of the difference
between Pattern A Slopes and Measured Reading Pattern Slopes

8 5 3 i 5 3 3 i 3 3 Z g
Score {Sum of Error Values): 32
Error Values with Pattern B: Absolute value of the difference
between Pattern B Slopes and Measured Reading Pattern Slopes

2 6 5 12 15 4 7 2 15 23 1 O

Score {(Sum of Error Values): 94

Table 2

FIG. 15 +
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