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LASER LEVEL SYSTEM WITH AUTOMATIC DETECTOR ALIGNMENT

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

[0001] The present application claims the benefit of and priority to U.S. Provisional
Application No. 63/306,713, filed on February 4, 2022, U.S. Provisional Application No.
63/288,963, filed on December 13, 2021, U.S. Provisional Application No. 63/193,359, filed on
May 26, 2021, U.S. Provisional Application No. 63/173,917, filed on April 12, 2021, and U.S.
Provisional Application No. 63/173,793, filed on April 12, 2021, which are incorporated herein

by reference in their entireties.

BACKGROUND OF THE INVENTION

[0002] The present invention relates generally to the field of tools. The present invention
relates specifically to a laser projection device, such as a planar laser level, a rotary laser level, a

point laser level, etc., that projects one or more lasers onto a work piece or work surface.

SUMMARY OF THE INVENTION

[0003] One embodiment of the invention relates to a method of operating a laser level system
that includes a laser level and detector. The method includes emitting a laser, such as a vertical
planar laser beam, from the laser level, and rotating the laser beam with respect to the laser level
such that the laser beam traverses across the detector. The method includes pulsing the laser at a
known rate. A detector receives the laser and counts a number of pulses of the laser. The laser
level system calculates a distance between the laser level and the detector based at least in part
on the known pulse rate, the number of pulses detected, and/or a width of the detector panel that
detected the laser. In a specific embodiment, the laser is emitted from the laser level in a vertical
planar beam and the laser is rotated with respect to the laser level at a speed between 5 RPM and
30 RPM. In a specific embodiment, a laser level system is configured to practice the first

method.
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[0004] Another embodiment of the invention relates to a method of detecting a laser incident
on a laser level detector received from a laser level. The method includes emitting a laser from a
laser level and receiving the laser at a detector. A first signal, such as an electronic signal, is
generated by the detector based on the received laser. The detector receives a second signal
indicating a distance between the laser level and the detector, such as via analysis of the laser.
The detector generates a third signal based on the distance and the first signal. In a specific
embodiment, the third signal is an amplification of the first signal. In a specific embodiment, the
detector includes amplification circuitry, and the detector adjusts a gain of the amplification
circuitry based on the third signal. In a specific embodiment, a laser level system is configured

to practice the second method.

[0005] In one aspect, embodiments of the invention provide, a laser level light detection
system is configured to detect laser light from a laser level. The detection system includes a first
photodiode array and a second photodiode array. Each photodiode array includes two or more
photodiodes connected in parallel. The first and second photodiode arrays are arranged to
receive laser light from a laser level, and further configured to generate an electrical output in
response to the laser light. A first multistage amplifier is arranged to amplify an output of the
first photodiode array, and a second multistage amplifier is arranged to amplify an output of the
second photodiode array. Each multistage amplifier has at least three outputs each with a
different gain. A first microcontroller unit configured to receive outputs from the first multistage
amplifier, and further configured to choose a single output from among the at least three levels of
gain, and a second microcontroller unit configured to receive outputs from the second multistage
amplifier, and further configured to choose a single output from among the at least three levels of

gain.

[0006] In a particular embodiment, the first multistage amplifier includes a low amplification
gain output, a medium amplification gain output, and a high amplification gain output. The laser
light detection system further includes a first comparator coupled between the high amplification

gain output and the first microcontroller unit. In more particular embodiments, the second
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multistage amplifier includes a low amplification gain output, a medium amplification gain
output, and a high amplification gain output. The laser light detection system further includes a
second comparator coupled between the high amplification gain output and the second
microcontroller unit. In a further embodiment, the first microcontroller unit is configured to
count a number of pulses generated by the first comparator in order to determine a distance
between the first photodiode array and a source of laser light. In a more particular embodiment,
the second microcontroller unit is configured to count a number of pulses generated by the
second comparator in order to determine a distance between the second photodiode array and the

source of laser light.

[0007] In some embodiments, the laser level light detection system further includes a first
light intensity module coupled to the first photodiode array, and also includes a second light
intensity module coupled to the second photodiode array. Each light intensity module is
configured to deactivate one or more photodiodes in the photodiode array to which it is coupled.
The first light intensity module may include one or more switches coupled respectively to the
one or more photodiodes in the first photodiode array, such that each of the one or more
switches, when opened, is configured to deactivate a respective photodiode. Furthermore, the
second light intensity module may include one or more switches coupled respectively to the one
or more photodiodes in the second photodiode array, such that each of the one or more switches,
when opened, is configured to deactivate a respective photodiode. The first light intensity
module may be configured to provide a bias voltage to one or more photodiodes in the first
photodiode array. Similarly, the second light intensity module may be configured to provide a
bias voltage to one or more photodiodes in the second photodiode array. Additionally, the first
light intensity module may be configured to provide an electrical signal indicative of an intensity
of light incident upon the first photodiode array. Similarly, the second light intensity module
may be configured to provide an electrical signal indicative of an intensity of light incident upon

the second photodiode array.
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[0008] In a particular embodiment, the laser level light detection system also includes a first
high-pass filter and first transimpedance amplifier coupled between the first photodiode array
and the first multistage amplifier. The output of the first photodiode array is input to the first
high-pass filter whose output is input to the first transimpedance amplifier, whose output is input
to the first multistage amplifier. Furthermore, the laser level light detection system may include
a second high-pass filter and second transimpedance amplifier coupled between the second
photodiode array and the second multistage amplifier. The output of the second photodiode
array is input to the second high-pass filter whose output is input to the second transimpedance
amplifier, whose output is input to the second multistage amplifier. In a further embodiment, an
amplification of the output of the first photodiode array is adjusted based on a distance between a

laser light source and the first photodiode array.

[0009] In another aspect, embodiments of the invention provide a method of operating a laser
level light detection system. The method includes the steps of providing a first photodiode array
and a second photodiode array wherein each photodiode array includes two or more photodiodes
connected in parallel, and arranging the first and second photodiode arrays to receive laser light
from a laser level. The first and second photodiode arrays are configured to generate an
electrical output in response to the laser light. The method calls for amplifying a first output of
the first photodiode array, and amplifying a second output of the second photodiode array.
Amplifying the output of the first and second photodiode array includes simultaneously
providing more than one amplified output for each photodiode array, such that each of the more
than one amplified outputs for the first photodiode array has a different level of amplification,
and each of the more than one amplified outputs for the second photodiode array has a different
level of amplification. The method further calls for automatically selecting one first array output
from the more than one amplified outputs of the first photodiode array, and providing the
selected one first-array output as a system output of the first photodiode array, and selecting one
second array output from the more than one amplified outputs of the second photodiode array,
and providing the selected one second-array output as a system output of the second photodiode

array.
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[0010] In a particular embodiment, the method requires simultaneously providing a low-gain
amplification output, a medium-gain amplification output, and a high-gain amplification output
for each of the first and second photodiode arrays. In a further embodiment, the method calls for
automatically selecting one output from the low-gain output, medium-gain output, and high-gain
amplification output of the first photodiode array, and providing the selected one output as an
output of the first photodiode array. Similarly, the method may also include automatically
selecting one output from the low-gain output, medium-gain output, and high-gain amplification
output of the second photodiode array, and providing the selected one output as an output of the

second photodiode array.

[0011] In certain embodiments, the method includes the step of determining a distance
between the first photodiode array and a source of laser light. Further, determining a distance
between the first photodiode array and a source of laser light may call for counting a number of
laser beam pulses during a first sweep of a laser beam over the first array of photodiodes. The
method may further require the step of applying a first negative bias voltage to the first
photodiode array during counting of laser beam pulses. In a further embodiment, the method
calls for deactivating some photodiodes in the first photodiode array and applying a second
negative bias voltage to the first photodiode array before a second sweep of the laser beam over
the first array of photodiodes, where the second negative bias voltage is less that the first

negative bias voltage.

[0012] In a particular embodiment, the method requires automatically aligning the laser
beam during the second sweep by stopping the sweep and focusing the laser beam on that point
on the first photodiode array where a first current generated from a first end of the first
photodiode array is equal to a second current generated from a second end of the first photodiode

array opposite the first end.

[0013] In yet another aspect, embodiments of the invention provide a method of operating a

laser level light detection system. The method includes the steps of providing an array of
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photodiodes coupled in parallel, and arranging the array of photodiodes to receive laser light
from a laser level, the photodiode array configured to generate an electrical output in response to
the laser light. The method further includes maintaining a first reverse bias voltage across the
array of photodiodes while a first pulsed laser beam sweeps over each photodiode in the array of
photodiodes. The method also calls for counting a number of laser beam pulses during the
sweep of the laser beam over the array of photodiodes, then determining a distance from the
array of photodiodes to a source of the pulsed laser beam based on the number of counted laser
beam pulses. The method also includes determining a best gain for amplification of an output
from the array of photodiodes, and applying a second reverse bias voltage across the array of
photodiodes, while a second pulsed laser beam sweeps over each photodiode in the array of

photodiodes. The second reverse bias voltage is less than the first reverse bias voltage.

[0014] In certain embodiments, the method includes deactivating one or more photodiodes in
the array of photodiodes. In a further embodiment, the array of photodiodes is arranged linearly
such that individual photodiodes are positioned adjacently in a line from a first end of the array
to a second end of the array, and the method further includes deactivating one or more
photodiodes in the array of photodiodes comprises deactivating one photodiode at the first end of
the array and deactivating one photodiode at the second end of the array. Furthermore,
deactivating one or more photodiodes in the array of photodiodes may call for deactivating two
photodiodes at the first end of the array and deactivating two photodiodes at the second end of
the array. In a further embodiment, the array of photodiodes is arranged linearly such that
individual photodiodes are positioned adjacently in a line from a first end of the array to a second
end of the array, the array of photodiodes configured to provide a first current output from the

first end and a second current output from the second end.

[0015] In some embodiments, the method includes the step of transmitting a signal that
indicates when the first current output is above a threshold current and equal to the second
current output, thus indicating laser alignment. In certain particular embodiments, the first

current output is from one half of the photodiodes in the array of photodiodes, and the second
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current output is from the remaining half of the photodiodes in the array of photodiodes. The
method may also require the step of activating the deactivated one or more photodiodes after

laser alignment.

[0016] In some embodiments, maintaining the first reverse bias voltage across the array of
photodiodes may include maintaining the first reverse bias voltage of at least two volts.
Furthermore, maintaining the first reverse bias voltage across the array of photodiodes may
include maintaining the first reverse bias voltage of at least 18 volts. Moreover, applying the
second reverse bias voltage across the array of photodiodes may include applying the second
reverse bias voltage of less than three tenths of a volt. Alternatively, applying the second reverse
bias voltage across the array of photodiodes may include applying the second reverse bias

voltage of less than two volts.

[0017] In a further aspect, embodiments of the invention provide a laser level light detection
system configured to detect laser light from a laser level. The detection system includes only a
single photodiode. The single photodiode is arranged to receive laser light from a laser level,
and further configured to generate an electrical output in response to the laser light. A Fresnel
lens is arranged in spaced relation to the single photodiode so as to direct laser light onto the
single photodiode. A multistage amplifier is arranged to amplify an output of the single
photodiode. The multistage amplifier has at least three outputs each with a different gain. A
microcontroller unit is configured to receive outputs from the multistage amplifier, and further

configured to choose a single output from among the at least three levels of gain.

[0018] In certain embodiments, the Fresnel lens has a negative focal length. Further, the
Fresnel lens may be made of plastic. The Fresnel lens may be positioned between 12 and 18
millimeters from the photodiode. In particular embodiments, the multistage amplifier has at least
four outputs each with a different gain. Furthermore, the multistage amplifier may include a low

amplification gain output, a medium amplification gain output, a high amplification gain output,
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and a highest amplification gain output, and the laser light detection system may further include

a comparator coupled between the highest amplification gain output and the microcontroller unit.

[0019] In a further embodiment, the microcontroller unit is configured to count a number of
pulses generated by the comparator in order to determine a distance between the single
photodiode array and a source of laser light. The laser level light detection system may further
include a high-pass filter and transimpedance amplifier coupled between the single photodiode
and the multistage amplifier, such that the output of the single photodiode is input to the high-
pass filter, and the high-pass filter output is input to the transimpedance amplifier, where the

transimpedance amplifier output is input to the multistage amplifier.

[0020] In some embodiments, the laser level light detection system also has a light intensity
module coupled to the single photodiode, where the intensity module is configured to provide an
electrical signal indicative of an intensity of light incident upon the single photodiode. The light
intensity module may be configured to provide a bias voltage to the single photodiode. Further,
the light intensity module may be configured to deactivate the single photodiode via a switch

coupled between the light intensity module and the single photodiode.

[0021] In certain embodiments, the Fresnel lens is configured to spread the laser light such
that during a sweep across the photodiode, the laser light is incident on an area larger than an
area of the photodiode. Furthermore, the microcontroller unit may be configured to detect a
maximum intensity for the output of the single photodiode, and further configured to set a

reverse bias voltage for the single photodiode based on the detected maximum intensity.

[0022] In yet another aspect, embodiments of the invention provide a method of operating a
laser level light detection system. The method calls for providing a photodiode, and arranging
the photodiode to receive laser light from a laser level, where the photodiode is configured to
generate an electrical output in response to the laser light. The method further includes applying
a reverse bias voltage to the photodiode, and amplifying an output of the photodiode, where

amplifying the output of the photodiode includes simultaneously providing more than one
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amplified output, such that each of the more than one amplified outputs has a different level of
amplification, The method further includes determining a distance between the photodiode and a
laser light source, and adjusting the reverse bias voltage to improve a signal-to-noise ratio for the

amplified output of the photodiode.

[0023] In a particular embodiment, the method also includes the step of automatically
selecting one output from the more than one amplified outputs of the photodiode based on the
determined distance, and providing the selected one output as a system output of the photodiode.
Providing more than one amplified output may include providing a low-gain amplification
output, a medium-gain amplification output, and a high-gain amplification output. Further,
determining a distance between the photodiode and the source of laser light may call for
counting a number of laser beam pulses during a first sweep of a laser beam over photodiode.

The method may also include providing a photodiode comprises providing a photodiode array.

[0024] In some embodiments, the method includes transmitting a control signal to the laser

light source to align a laser beam from the laser light source at a point of maximum intensity for
photodiode output. The method may also include the step of determining a signal-to-noise ratio
for the amplified output of the photodiode, and determining a set point for adjusting the reverse

bias voltage.

[0025] In a further embodiment, the method calls for selecting a single system output from
the more than one amplified outputs. Selecting the single system output from the more than one
amplified outputs may include selecting the single system output from the more than one
amplified outputs based on the determined distance between the photodiode and the laser light
source. Additionally, the method may include saving a maximum analog reading of the output
of the photodiode, and transmitting a signal, based on the maximum analog reading, to control a

motor that rotates the laser level.

[0026] In still another aspect, embodiments of the invention provide a method of operating a

laser level light detection system. The method includes the step of arranging a photodiode array
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to receive laser light from a laser level. The photodiode array is configured to generate an
electrical output in response to the laser light. The method includes sweeping a laser beam
across the photodiode array, the laser light pulsing at a first duty cycle rate, and aligning the laser
beam on the photodiode array such that a first current generated from a first end of the
photodiode array is equal to a second current generated from a second end of the photodiode
array opposite the first end. The method also calls for causing the laser light to pulse at a second

duty cycle rate, the second duty cycle rate being higher than the first duty cycle rate.

[0027] In particular embodiments, the method includes pulsing the laser light at a first duty
cycle rate comprises pulsing the laser light at a duty cycle of less than 25 percent. Alternatively,
the method may call for pulsing the laser light at a first duty cycle rate comprises pulsing the
laser light at a duty cycle of less than 10 percent. In another embodiment, the method requires
causing the laser light to pulse at a second duty cycle rate comprises causing the laser light to
pulse at a duty cycle greater than 75 percent. Alternatively, the method may include causing the
laser light to pulse at a second duty cycle rate comprises causing the laser light to pulse at a duty

cycle greater than 90 percent.

[0028] Additional features and advantages will be set forth in the detailed description which
follows, and, in part, will be readily apparent to those skilled in the art from the description or
recognized by practicing the embodiments as described in the written description included, as
well as the appended drawings. It is to be understood that both the foregoing general description

and the following detailed description are exemplary.

[0029] The accompanying drawings are included to provide further understanding and are
incorporated in and constitute a part of this specification. The drawings illustrate one or more
embodiments and, together with the description, serve to explain principles and operation of the

various embodiments.

-10-
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BRIEF DESCRIPTION OF THE DRAWINGS

[0030] This application will become more fully understood from the following detailed
description, taken in conjunction with the accompanying figures, wherein like reference

numerals refer to like elements in which:

[0031] FIG. 1 is a perspective view of a laser level system, according to an exemplary

embodiment.

[0032] FIG. 2A is a front view of a detector of the laser level system of FIG. 1, according to

an exemplary embodiment.

[0033] FIG. 2B is a front view of a detector of the laser level system of FIG. 1, according to

another exemplary embodiment.

[0034] FIG. 3 is a schematic top view of the laser level system of FIG. 1, according to an

exemplary embodiment.

[0035] FIG. 4 is a graphical illustration showing the relationship between the number of
current pulses and the distance between the laser level and light detector, according to an

exemplary embodiment.

[0036] FIG. 5 is a schematic view of electronics of a laser level system, according to an

exemplary embodiment.

[0037] FIG. 6 is a schematic view of electronics of a laser level system, according to an

exemplary embodiment.

[0038] FIG. 7 is a schematic view of electronics of a laser level system, according to an

exemplary embodiment.

-11-
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[0039] FIG. 8 is a schematic view of electronics of a laser level system, according to an

exemplary embodiment.

[0040] FIG. 9 is a schematic view of electronics of a laser level system, according to an

exemplary embodiment.

[0041] FIG. 10 is a schematic view of electronics of a laser level system, according to an

exemplary embodiment.

[0042] FIG. 11 is a schematic block diagram for a light detecting system having three levels

of gain or amplification for the detector signal, in accordance with an exemplary embodiment.

[0043] FIG. 12 is a schematic circuit diagram for a system, as shown in FIG. 11, having three
levels of gain or amplification for the detector signal, in accordance with an exemplary

embodiment.

[0044] FIG. 13 is a front schematic view of a detector panel, according to an exemplary

embodiment.

[0045] FIG. 14 is a front schematic view of a detector panel, according to an exemplary

embodiment.

[0046] FIG. 15 is a front schematic view of a detector panel, according to an exemplary

embodiment.

[0047] FIG. 16 1s a front schematic view of a detector panel, according to an exemplary

embodiment.

[0048] FIG. 17 is a method of calculating distances of a detected laser, according to an

exemplary embodiment.

-12-
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[0049] FIG. 18 is a chart of measurements of a detected laser utilized to calculate a distance

of the detected laser, according to another exemplary embodiment.

[0050] FIG. 19 is a schematic of amplifying the signal from a detected laser, according to

another exemplary embodiment.

[0051] FIG. 20 is a chart of measurements of multiple lasers at multiple distances, according

to an exemplary embodiment.

[0052] FIG. 21 is a chart of amplified signals of the measurements of multiple lasers at

multiple distances of FIG. 18, according to an exemplary embodiment.

[0053] FIG. 22 is a chart of output from an MCE of measurements of multiple lasers at

multiple distances, according to an exemplary embodiment.

[0054] FIG. 23 is a chart of output from an MCE of measurements of the multiple lasers at

multiple distances of FIG. 20, according to an exemplary embodiment.

[0055] FIGS. 24A-24C show schematic representations of a photodiode array which are used
to demonstrate a process for the automatic alignment of the laser level, according to an

exemplary embodiment.

[0056] FIG. 25 is a schematic block diagram for a light detecting system having four levels

of gain or amplification for the detector signal, according to an exemplary embodiment.

[0057] FIG. 26 is a schematic diagram showing a laser beam directed at the single

photodiode and Fresnel lens, according to an exemplary embodiment.

[0058] FIG. 27 1s a schematic diagram illustrating a negative focal length Fresnel lens of the

type incorporated in an exemplary embodiment.

-13-
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[0059] FIG. 28 is a schematic diagram showing the laser beam of FIG. 26 directed at a

different portion of the single photodiode, according to an exemplary embodiment.

[0060] FIG. 29 is a schematic block diagram for a light detecting system having a feedback

loop for photodiode bias control, according to an exemplary embodiment.

[0061] FIG. 30 is a schematic circuit diagram showing the analog circuitry used in a laser

light detection system, according to an exemplary embodiment.

[0062] FIG. 31 is a graphical illustration showing an example of a high duty cycle current

input for a laser detection system.

[0063] FIG. 32 is a graphical illustration showing an example of a low duty cycle current

input for a laser detection system.

[0064] FIG. 33 is a graphical illustration showing the exemplary effects on output current of

high duty cycle current inputs and low duty cycle current inputs.

[0065] FIG. 34 is a graphical illustration showing the exemplary effects on output voltage of

high duty cycle current inputs and low duty cycle current inputs.

[0066] FIG. 35 is a graphical illustration showing the final amplified output from a
photodiode or photodiode array as a result of high duty cycle current inputs and low duty cycle

current inputs, where the final amplified output is amplified at a first level of gain.

[0067] FIG. 36 is a graphical illustration showing the final amplified output from a
photodiode or photodiode array as a result of high duty cycle current inputs and low duty cycle
current inputs, where the final amplified output is amplified at a second level of gain higher than

the first level of gain.

-14-
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[0068] FIG. 37 is a schematic representation of a photodiode array which is used to
demonstrate a particular process for the automatic alignment of the laser level, according to an

exemplary embodiment.

[0069] While the invention will be described in connection with certain preferred
embodiments, there is no intent to limit it to those embodiments. On the contrary, the intent is to
cover all alternatives, modifications and equivalents as included within the spirit and scope of the

invention as defined by the appended claims.

DETAILED DESCRIPTION

[0070] Referring generally to the figures, various embodiments of a laser level system,
including a laser level and a laser level detector, are shown. As discussed herein, Applicant has
developed a number of improvements to the functionality and/or control of laser levels. After
positioning laser levels and/or detectors, it can sometimes be desirable to determine the
alignment and/or distance between the laser level and detector. These determinations can be
used for various purposes such as controlling the automatic alignment of the laser level with the
detector. In particular, Applicant has developed a laser level system that includes a laser level
and detector that includes the ability for the laser level to automatically control the projected
position of the laser such that it is moved to align with the detector. Providing a laser level with
this functionality reduces setup time by removing the need for a second person to help during
setup and/or for a single user to repeatedly walk between points to make micro adjustments. Ina
specific embodiment, the laser level automatically aligns a vertical planar beam to the detector

which further reduces setup time.

[0071] In specific embodiments, the laser level system discussed herein provides various
designs and techniques for improving the auto alignment function, particularly in the context of
an automatic aligning a vertical planar laser. In a specific embodiment, the laser level system
determines the distance between a laser level and a detector and uses the detected distance to

control the gain/amplification of the detector circuitry. This allows for improved automatic
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alignment of the laser level by increasing the operational range (e.g., the distance between laser

level and detector) of the automatic alignment feature.

[0072] In various embodiments, Applicant has developed several specific systems, hardware

and methods for determining distance between laser level and detector.

[0073] In one embodiment, a laser from a laser level is detected at a detector. The laser
emitted by the laser is emitted at a known pulse rate (e.g., 10 kHz) and rotated with respect to the
laser level such that the laser beam traverses across the detector at a known rotational speed. The
detector analyzes the received laser to determine a number of pulses that were detected while the
laser transited the detector panel. The detector calculates a distance between the laser level and
the detector based on the number of pulses detected and a dimension (e.g., width) of the detector
panel. In some embodiments, the detector amplifies the signal generated by the laser based on a

determined distance between the laser level and the detector.

[0074] Referring to FIGS. 1-4, a laser level system, shown as laser measuring system 10, is
shown according to an exemplary embodiment. Laser measuring system includes laser level 20
and detector 40. Laser level 20 emits a laser reference beam, shown as vertical planar laser beam
22. In the embodiment shown, laser level 20 is configured to rotate about a vertical axis 26 such
that laser beam 22 is moved in the generally horizontal direction. As will be discussed in more
detail herein, laser measuring system 10 is configured such that laser level 20 is automatically
controlled to rotate laser beam 22 to align with a portion of detector 40 (e.g., such as the center
of a detector photodiode array of detector 40). In general, laser system 10 is configured to
determine the position of laser beam 22 relative to detector 40 and then to control rotation of

laser level 20 such that laser beam 22 is projected in the desired position relative to detector 40.

[0075] Referring to FIG. 4, details of the automatic alignment process are shown. While
laser level 20 and detector 40 are being aligned, laser beam 22 from laser level 20 is rotated
relatively slowly (e.g., at 10 RPM) such that laser beam 22 traverses across detector panel 42 of

detector 40. In a specific embodiment, laser 22 is rotated in direction 24 with respect to laser
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level 20 between 5 RPM and 30 RPM, and more specifically at 10 RPM. As shown, laser beam
22 is rotating in direction 24 such that at time zero (To) laser beam 22 is emitted along path 30, at
time one (T1) laser 22 is emitted along path 31, at time two (T>) laser beam 22 is emitted along

path 32, at time three (T3), laser beam 22 is emitted along path 33.

[0076] When detector 40 detects laser beam 22, detector 40 communicates to laser level 20
that laser beam 22 has been detected. Because of the time for detector 40 to determine that laser
beam 22 was received, and because of the time to communicate from detector 40 to laser level 20
that laser beam 22 was received, laser level 20 may have continued rotating laser beam 22 past
detector panel 42. In the example show, laser beam 22 has been rotated to path 33. When laser
level 20 receives an indication that laser beam 22 was detected by detector 40, laser level 20
rotates laser beam 22 in direction 28 opposite direction 24 until laser beam 22 is aligned detector

panel 42, at which point detector 40 signals laser level 20 to stop rotating laser beam 22.

[0077] Laser beam 22 is received at detector 40 and/or at detector 80. In a specific
embodiment, detector 40 and/or detector 80 are remote controls of laser level 20. Detector panel
42 (e.g., a photodiode array) of detector 40 detects laser beam 22 as laser beam 22 traverses the
detector panel 42. Detector 40 determines a number of pulses that were detected by detector
panel 42 while laser beam 22 was transiting detector panel 42. In a specific embodiment,
detector 40 generates a signal, such as an electronic signal, based on the detected laser beam 22.
Detector 40 analyzes the signal, such as by counting voltage spikes at a comparator, to count the
number of pulses. A signal is generated that indicates the number of pulses counted. Distance
12 between laser level 20 and detector 40 is calculated based on the number of pulses detected
by detector panel 42 and a dimension, shown as width 46, of detector panel 42. By determining
the distance 12 between laser level 20 and detector 40, a microcontroller unit (MCU), for
example, could then determine what gain or amplification is needed (e.g., higher gain at longer

distances) for the signal from the detector 40 to obtain the most accurate reading for that signal.
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[0078] An example is provided for illustrative purposes and illustrated in the graphical
representation of FIG. 4 showing the relationship between the number of pulses and the distance
between the laser level 20 and the detector 40. FIG. 4 includes two curves showing the number
of pulses versus distance for two different light detectors. In this example, the laser level 20 is
emitting laser beam 22 at a certain PWM frequency (i.e., 10,000 pulses per second). If detector
panel 42 detects 50 pulses during a single transiting incident of laser beam 22 past detector panel
42, and the laser beam 22 is being rotated at 10 RPM, and detector panel 42 has a width of 20
mm, then detector 40 calculates that detector 40 is at or near 30 meters away from laser level 20.
The rotation speed of the laser may be adjusted either automatically by the MCU or manually by
a user as needed. If, for example, the detector 40 does not detect the laser at 10 RPM, the

rotation speed may be decreased until sufficient readings are obtained.

[0079] As shown in FIG. 4, at longer distances, the two light detectors perform similarly.
However, at distances less than five meters, the difference is noticeable. At a distance of one to
two meters, one detector counts over 700 pulses while the other counts less than 400. Thus, it is
advantageous to calibrate the system based on the particular light detector being used. As the
number of pulses may not change much at distances between 15 and 30 meters, for example,

precise calibration will aid in pinpointing the distance more accurately at longer ranges.

[0080] In various embodiments, laser system 10 uses the detected/calculated distance
between laser level 20 and detector 40 to control operation of laser system 10. In particular
embodiments, laser system 10 uses the detected/calculated distance between laser level 20 and
detector 40 to control the gain/amplification of the signal from detector panel 42, e.g., increase
the gain as distance increases. As a result, the effective range of the automatic alignment feature
may be increased by increasing the gain (e.g., and therefore the sensitivity) of the detector
circuitry when the distance increases. This allows for increased range without increasing the

strength of the laser diode used in laser level 20.
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[0081] In an exemplary use, detector 40 will initially process the signal generated by the
received laser beam 22 with a very high gain. If the laser beam 22 is not sensed at the first

revolution, the rotation speed of laser level 20 may be slowed down.

[0082] Referring to FIGS. 5-10, various embodiments of amplification circuitry/electronics
for detector 40 are shown and described. In particular, FIGS. 5-10 show amplification circuitry
150, 152, 154, 156, 158, and/or 160 which each provide for variable gain/amplification of the
signal generated by detector panel 42 in response to receiving laser beam 22, and as noted above,
in various embodiments, the gain generated by amplification circuitry 150, 152, 154, 156, 158,
and/or 160 varies based on the detected/calculated distance between laser level 22 and detector

40.

[0083] In various embodiments, a laser beam 22 is emitted by a laser level 20 and received at
a detector 40. The detector 40 generates a first signal, such as an electronic signal, based on the
intensity of the laser beam 22 received at the detector 40. The detector 40 receives a second
signal indicating a distance between the laser level 20 and the detector 40. The detector 40 then
generates a third signal based on the distance and the first signal, such as via one or more of
amplification circuitry 150, 152, 154, 156, 158, and/or 160. The amplification circuitry
adjustably amplifies the first signal based on the distance between the laser level 20 and the
detector 40, such as by performing a larger amplification for longer distances and a smaller
amplification for shorter distances. In a specific embodiment, the third signal is an amplification

of the first signal.

[0084] Referring to FIGS. 5-8, according to an exemplary method of using a laser level
system, the signal generated by detector 40 when receiving the laser beam 22 is processed by
amplification circuitry 150, 152, 154, 156. The signal is adjustably amplified by adjusting the
configuration of the electronics. Using multiplexed switches 157 in parallel with resistors in the
feedback path is one way to accomplish this. For example, the feedback resistors of the

electronics can be closed or opened based on an estimated distance between the laser level 20
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and the detector 40. The magnitude of the amplification can be determined by a ratio of the
feedback to the input resistances. FIG. 5 shows a first group 153 of four resistors and a second
group 155 of four resistors each having resistors with values of 50 kQ, 100 kQ, 250 kQ, and 500
kQ in the embodiment shown. However, in other embodiments, the four resistors could have a
range of values different from those shown in FIG. 5. The four resistors of the first and second
groups 153, 155 are connected at one end while each of the other ends of the four resistors is
connected to a respective switch 157 where each of the four switches 157 is normally open. The
four switches 157 are connected at the terminal 159 not connected to the four resistors 153, 155.
The first and second groups 153, 155 of resistors are coupled to different portions of an amplifier

circuit with an op-amp 161, input resistors 163, and a feedback resistor 165 (shown in FIG. 9).

[0085] The first group 153 is placed in parallel with the feedback resistor 165 (shown in FIG.
9) such that closing any switch 157 coupled to the four resistors 153 places the resistor,
connected to that switch 157, in parallel with the feedback resistor 165. This reduces the value
of the feedback resistance. How much the feedback resistance is reduced depends on the value
of the resistor with the closed switch 157. The second group 155 is placed in parallel with an
input resistor 163 (shown in FIG. 9) to the non-inverting input of the op-amp 161 such that
closing any switch 157 coupled to the four resistors of the second group 155, places the resistor,
connected to that switch 157, in parallel with the input resistor 163. This reduces the value of the
input resistance. How much the input resistance is reduced depends on the value of the resistor

with the closed switch 157.

[0086] Referring to FIG. 9, according to an exemplary method of using a laser level system,
the signal generated by the detector 40 when receiving the laser beam 22 is processed by
amplification circuitry 158. Amplification circuitry 158 is an adjustable gain op amp 167 where
the gain is configurable by inputs GO-G2. G0-G2 can be controlled by digital outputs of the

microcontroller unit (MCU).
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[0087] Referring to FIG. 10, according to an exemplary method of using laser level system
110, the signal generated by detector 40 when receiving the laser beam 22 is processed by
amplification circuitry 160. The input to MCU 1 is an amplified input to the MCU for long
distance detection. The signal going to MCU 1 is amplified by op-amp U7, which feeds into op-
amp U8 to provide further amplification of the signal. As such, op-amp U8 provides higher gain
than MCU_2 and provides sufficient amplification to detect faint light beam signals. The input
to MCU 2 is amplified by op-amp U7 only. As such, the amplified input to MCU 2 has a
lower gain than the input to MCU 1, and provides input to the MCU for short distance detection.
Amplification circuitry 160 also provides an input to an MCU comparator used for counting
pulses to carry out the aforementioned distance determination between laser level 20 and

detector 40 (shown in FIG. 1).

[0088] Other embodiments of the detector 40 will provide at least three levels of gain or
amplification of the signal from the photodiodes prior to input to the MCU. FIG. 11 provides a
schematic block diagram for a system 200 having three levels of gain or amplification for the
detector signal. The system 200 includes two photodiode arrays 202. In FIG. 11, the system and
circuitry associated with the two photodiode arrays 202 are identical. Therefore, the following

description of the system of one photodiode array 202 is applicable to both arrays 202.

[0089] The photodiode array 202 has a single output 204 which provides an electric current
in response to a light beam incident upon the photodiodes of the array 202. The output 204 goes
to a high-pass filter 206 and from there to a transimpedance amplifier 208. The output from the
transimpedance amplifier 208 goes to a multi-stage amplifier 210 that includes a low
amplification gain amplifier 211, a medium amplification gain amplifier 213, and a high
amplification gain amplifier 215, configured to simultaneously and respectively provide a low-
amplification stage output, a medium-amplification stage output, and a high-amplification stage
output of the signal from the transimpedance amplifier 208. The outputs from the
aforementioned three amplifiers 211, 213, 215 of the multi-stage amplifier 210 are input to a

microcontroller unit, or MCU 212. It is envisioned that the three amplification stage outputs of

21-



WO 2022/221141 PCT/US2022/024029

both multi-stage amplifier 210 may be input separately into a single MCU 212. The MCU 212
then determines which of the three signals from the multi-stage amplifier 210 to use in order to
accurately determine the output from the photodiode array 202. In addition to providing an
output signal for input to the MCU 212, the high-amplification stage also provides an output
signal to a comparator 214, and the output from the comparator 214 enables the MCU 212 to
counts the pulses in the signal to make a distance determination between laser level 20 and

detector 40 (shown in FIG. 1).

[0090] FIG. 12 is a schematic circuit diagram for a system 240 having three levels of gain or
amplification for the detector signal and corresponding to that shown in FIG. 11. However, the
system 240 includes only one photodiode array 242 whose output goes to a bandpass filter 244
which includes a transimpedance amplifier. The output of the bandpass filter 244 goes to a
multistage amplifier 246 with three gain paths. The low gain path 248 takes the output from the
bandpass filter 244 bypassing the amplification stages. The medium gain path 250 takes the
output from a first op-amp amplifier 252, which gets its input from the bandpass filter 244. The
high gain path 254 takes the output from a second op-amp amplifier 256, which also gets its
input from the bandpass filter 244. An interrupt path 258 also takes the output from a second op-
amp amplifier 256, and includes a comparator 260 for pulse counting used to make the

aforementioned distance determination between laser level 20 and detector 40 (shown in FIG. 1).

[0091] Referring to FIGS. 13-16, various detector panels are shown according to exemplary
embodiments. It is contemplated herein that one or more of the detectors depicted in FIGS. 13-
16 can be utilized with one or more of the laser level systems described herein. Referring to
FIG. 13, detector panel 302 has a height of 25 mm and a width of 20 mm. Referring to FIG. 14,
detector panel 304 has a height of 30 mm and a width of 30 mm. Referring to FIG. 15, detector
panel 306 has a width of 60 mm. Referring to FIG. 16, detector panel 308 has a height of 30 mm

and the central panel has a width of 30 mm.
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[0092] Referring to FIG. 17, an exemplary method 400 of calculating distances between a
laser level and a detector is depicted. Starting at step 402, a laser level, such as a PWM line
laser, powers on. Then, the PWM line laser starts rotating at a selected speed (step 404). The
laser emitted by the PWM line laser sweeps past a light detector, such as a photodiode (step
406), and detection circuitry counts a number of pulses of the laser while the laser was sweeping
past the photodiode (step 408). Based on the count of the pulses, the distance between the PWM
line laser and the detector can be estimated (step 410). In a specific embodiment, laser level 20
and detector 40, discussed above, are utilized with method 400 to calculate a distance between

laser level 20 and detector 40.

[0093] Referring to FIG. 18, a chart 420 of measurements of a laser from a laser level are
depicted. When the laser is detected, such as at a photodiode, signal 422 is generated based on
the detected laser. In a specific embodiment, signal 422 includes a repeating series of spikes and
valleys, shown as pulses 424. The detector notes a first time, shown as Time Zero (TO) 426 that
pulse 424 is detected, and a second time, such as a last time, shown as Time One (T1) 428, that
pulse 424 is detected. The difference in time between Time Zero 426 and Time One 428, shown
as time delta 430, is calculated. The estimated distance between the laser level and the detector
is then calculated. In a specific embodiment, the calculation is based on the dimension (e.g.,

width) of the photodiode, and the known speed the laser is rotating around the laser level.

[0094] Referring to FIG. 19, an exemplary system 436 configured to amplify the signal from
a detected laser is shown. A laser beam 438 is detected at a detector 440, such as at a photodiode

of the detector 440.

[0095] Three signals are generated based on the detected signal. First, signal 442 indicates a
number of pulses detected. Second, low-gain signal 444 is generated from the detected laser
438. Third, high-gain signal 446 is generated from the detected laser 438. In a specific
embodiment, low-gain signal 444 is a first level of amplification of the signal generated by

detected laser 438, and high-gain signal 446 is a second level of amplification of the signal
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generated by detected laser 438, and the second level of amplification is higher than the first

level.

[0096] In a specific embodiment, the detector 440 generates each of signals 442, 444, and
446 (FIG. 19). In an alternate embodiment, circuitry other than detector 440 generates one or
more of signals 442, 444, and 446. In an alternate embodiment, three or more levels of signal
amplifications are generated by detector 440 and transmitted to MCU 448. In an alternate
embodiment, detector 440 transmits a single signal to MCU 448, and the single signal has an

adjustable strength based on the switch settings of an adjustable amplifier, for example.

[0097] MCU 448 processes signals 442, 444, and 446 to generate output 450. In a specific
embodiment, MCU 448 analyzes signal 442, which indicates the number of pulses detected, to
estimate a distance. Based on that analysis, the MCU 448 selects either the low gain signal 444
or the high gain signal 446 as the input signal from which to generate output signal 450. For
example, if the number of pulses indicates the detector 440 is below a threshold (e.g., is close to

the laser level), MCU 448 selects the low gain signal 444 to generate output signal 450.

[0098] Referring to FIGS 20-21, depicted are various measurements and amplified strengths
of multiple lasers at multiple distances. Referring to FIG. 20, chart 500 depicts the strength of
signals detected by a laser detector. According to an exemplary embodiment, signal 502 is the
strength of a 10 microamperes (LA) current pulse at 0.5 meters, signal 504 is the strength of a 5
UA current pulse at 0.9 meters, signal 506 is the strength of a 1 pA current pulse at 4.5 meters,
signal 508 is the strength of a 0.5 pA current pulse at 9 meters, signal 510 is the strength of a 0.2
1A current pulse at 20 meters, and signal 512 is the strength of a 0.08 uA current pulse at 35

meters.

[0099] Referring to FIG. 21, chart 520 depicts the strength of laser signals after being
amplified. According to an exemplary embodiment, signal 522 is the strength of a 10 uA current
pulse at 0.5 meters, signal 524 is the strength of a 5 pA current pulse at 0.9 meters, signal 526 is
the strength of a 1 pA current pulse at 4.5 meters, signal 528 is the strength of a 0.5 pA current
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pulse at 9 meters, signal 530 is the strength of a 0.2 uA current pulse at 20 meters, and signal 532
is the strength of a 0.08 pA current pulse at 35 meters.

[00100] Referring to FIGS 22-23, depicted are various measurements and amplified strengths
of multiple lasers at multiple distances. Referring to FIG. 22, chart 540 depicts the strength of
signals output by an MCU. According to an exemplary embodiment, signal 542 is the strength
of a 1.08 pA current pulse at 4 meters, signal 544 is the strength of a 0.808 pA current pulse at 5
meters, signal 446 is the strength of a 0.608 puA current pulse at 7 meters, signal 548 is the
strength of a 0.408 pA current pulse at 11 meters, signal 550 is the strength of a 0.208 pA

current pulse at 20 meters, and signal 552 is the strength of a 0.08 uA current pulse at 31 meters.

[00101] Referring to FIG. 23, chart 560 depicts the strength of signals output by an MCU.
According to an exemplary embodiment, signal 562 is the strength of a 1.08 pA current pulse at
4 meters, signal 564 is the strength of a 0.808 uA current pulse at 5 meters, signal 566 is the
strength of a 0.608 uA current pulse at 7 meters, signal 568 is the strength of a 0.408 A current
pulse at 11 meters, signal 570 is the strength of a 0.208 pA current pulse at 20 meters, and signal
572 is the strength of a 0.08 pA current pulse at 31 meters.

[00102] FIGS. 24A-24C show schematic representations of a photodiode array 600 which are
used to demonstrate a process for the automatic alignment of the laser, in accordance with an
embodiment of the invention. FIG. 24A shows the photodiode array 600 with eight photodiodes
602 positioned side-by-side with all eight photodiodes 602 strongly reversed biased in order to
improve the response time of the photodiodes 602. In this context, “strongly reverse biased” is a
reverse bias of approximately two volts, though in alternate embodiments the reverse bias could
be greater or less than two volts. In certain other embodiments, the strong reverse bias is 20
volts or more. A laser beam 604 sweeps across the eight reversed biased photodiodes 602. As
shown in FIG. 24A, the laser beam 604, when incident on the photodiodes 602, may be a vertical
planar laser beam 22 (shown in FIG. 4) which extends vertically both above and below the

photodiode array 600 during the entirety of the sweep.
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[00103] During the course of this first sweep of the laser beam 604, the detector 40 (shown in
FIGS. 1-4) determines the distance between the laser level 20 and the detector 40, for example
using the pulse-counting method described above. As indicated above, the strongly reversed
biased photodiodes 602 respond quickly to the laser sweep allowing for a fast initial
determination of the distance between the laser level 20 and the detector 40. After determination
of the distance between the laser level 20 and the detector 40, the MCU determines the best gain

amplification to use at that distance.

[00104] Following the first laser sweep, the two photodiodes 602 on each end of the
photodiode array 600 are turned off or deactivated. In an alternate embodiment, only one
photodiode 602 at each end of the photodiode array 600 is deactivated. FIG. 24B shows the
photodiode array 600 with the four center photodiodes 602 operating and the four outer
photodiodes 602 turned off. The four operating center photodiodes 602 are lightly reversed
biased. In this context, “lightly reverse biased” is a reverse bias of less than three tenths of a
volt, or in more particular embodiments, approximately one tenth of a volt, though in alternate
embodiments the reverse bias could be slightly greater or slightly less than one tenth of a volt. In
certain other embodiments, the light reverse bias is less than two volts. While reducing the
reverse bias will slow the response time of the four operating center photodiodes 602, the

accuracy of the readings is increased.

[00105] As shown in FIG. 24B, from where the first laser sweep ended, the laser beam 604
performs a second sweep in the opposite direction. As the laser beam 604 moves toward the
center of the photodiode array 600, measurements are taken of the current flow from each end of
the photodiode array 600. FIG. 24C shows the laser beam 604 aligned at the point on the
photodiode array 600 where the current flow from each end of the photodiode array 600 is equal.
As can be seen from FIG. 24C, the point of alignment may not be exactly at the center of the

photodiode array 600 though that point would be expected to be somewhat close to the center.
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[00106] In particular embodiments, the detector 40 transmits a signal, via wired or wireless
means, to the laser level 20 that indicates when the current flow from one end of the photodiode
array 600 is equal to the current flow from the other end of the array 600. In certain
embodiments, the photodiode array 600 has an even number of photodiodes, and the current flow
from one end of the photodiode array 600 is from one half of the photodiodes in the array 600,
while the current flow from the other end of the array 600 is from the other, or remaining, half of
the photodiodes in the array 600. In embodiments, the detector 40 would only transmit the signal
for non-zero current flows above a certain threshold, such that the signal would only be triggered

when a laser light is incident upon the photodiode array 600.

[00107] FIG. 25 is a schematic block diagram for a light detecting system 700 having four
levels of gain or amplification for the detector signal, in accordance with an exemplary
embodiment. The light detecting system 700 includes one photodiode 702. In a typical
application, the photodiode 702 is reverse biased during use. The single photodiode 702 is used

in combination with a Fresnel lens 750 having a negative focal length (shown in FIG. 26).

[00108] The photodiode 702 has a single output 704 which provides an electric current in
response to a light beam incident upon the photodiode 702 via the negative-focal-length Fresnel
lens 750. The signal from output 704 goes to a high-pass filter 706 and from there to a
transimpedance amplifier 708. The output from the transimpedance amplifier 708 is
simultaneously routed to four different amplification stages each with a corresponding output.
The four amplification stages include a low-gain amplifier 710, a medium-gain amplifier 712, a
high-gain amplifier 714, and a very-high-gain amplifier 716. The outputs from the four
amplifiers 710-716 are input to an MCU 718. It is envisioned that the four amplifier outputs are
input separately into a single MCU 718. The MCU 718 then determines which of the four
signals from the four amplifiers 710-716 to use in order to most accurately determine the output
from the photodiode 702. In certain embodiments, the signal determined by the MCU 718 to be

the most accurate from among the four available outputs is provided to the user via a display on
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the detector 40, or on the laser level 20, or on some other suitable device for viewing such

information.

[00109] FIG. 25 also shows that the light detecting system 700 may include an optional
comparator 720, which counts the pulses in the signal to make a distance determination between
laser level 20 and detector 40 (shown in FIG. 1). However, as referenced, the system 700 can
operate without the comparator 720 in which case the MCU 718 is configured to choose the best
signal among the four amplifier outputs absent any distance determination. The MCU 718 may
determine which of the four signals is to be used based on characteristics such as signal strength,

signal-to-noise ratio, etc.

[00110] Constructing the light detection system 700 with a single photodiode 702 and Fresnel
lens 750, which can be made from plastic, results in a system that is easier to manufacture, less
expensive to manufacture, and easier to calibrate. In an exemplary embodiment, a light detector
incorporates the single photodiode 702 positioned on the detector to detect light from a laser. A
negative focal length Fresnel lens 750 is positioned above the photodiode 702 to effectively
create a window in the detector such that laser light must pass through the negative focal length

Fresnel lens 750 window before reaching the single photodiode 702.

[00111] FIG. 26 is a schematic diagram showing a laser beam 740 directed at the single
photodiode 702 and Fresnel lens 750, in accordance with an embodiment of the invention, while
FIG. 27 is a schematic diagram illustrating a negative focal length Fresnel lens 750 of the type
incorporated in embodiment of the invention. As illustrated by FIG. 27, the Fresnel lens 750
spreads out the laser beam 740. FIG. 26 shows a spread-out light beam 742 incident on the
photodiode 702. The spread-out light beam 742 must be larger than the photodiode 702 when
the spread-out light beam 742 is incident on the photodiode 702.

[00112] In one particular exemplary embodiment, the photodiode 702 is a square-shaped, and
the Fresnel lens 750 is positioned between 12 and 18 millimeters from the photodiode 702. In a

more particular embodiment, the Fresnel lens 750 is positioned approximately 14.7 millimeters

-28-



WO 2022/221141 PCT/US2022/024029

above the photodiode 702. The negative focal length of the Fresnel lens 750 is such that the
spread-out light beam 742 has a square footprint 744 where each side of the footprint is between
12 and 16 millimeters long. In a specific embodiment, the spread-out light beam 742 has a
square footprint 744 where each side of the footprint is approximately 14 millimeters in length.
In the exemplary embodiment of FIG. 26, the square photodiode 702 has sides that are
approximately 12 millimeters in length, though it is envisioned that the photodiode 702 may
have sides with lengths greater or lesser than 12 millimeters, and that the photodiode 702 may be
rectangular with two sets of opposed sides having different lengths. It is understood that
alternate embodiments of the invention may have dimensions for the photodiode 702, the
footprint 744, and distance from photodiode 702 to Fresnel lens 750 that are substantially

different from those recited above.

[00113] The spread-out light beam 742 created by the Fresnel lens 750 accentuates the
Gaussian distribution of the laser light so that as the laser beam 740 passes over the Fresnel lens
750 and photodiode 702, the photodiode 702 can detect a rise and then fall of light

intensity. After the first pass, the maximum intensity is noted and used to set the sensitivity of
the photodiode 702 for the second pass. Then, once the photodiode 702 detects the maximum
level of light during the second pass, the system 700 determines that the laser beam 740 is
centered on the photodiode 702.

[00114] FIG. 26 illustrates that positioning of the square footprint 744 over the photodiode
702 such that the output from the photodiode 702 is at maximum intensity FIG. 28 shows the
positioning of the square footprint 744 only partially over the photodiode 702 such that the
output from the photodiode 702 is well below the maximum intensity. In this way, it can be seen
how rotation of the laser beam 740 would cause a leading edge 746 of the square footprint 744
produced by the spread-out light beam 742 to come into contact with a first edge 752 of the
photodiode 702. The output from the photodiode 702 is very low at this point, but increases until
the positioning of the square footprint 744 over the photodiode 702 is positioned as shown in

FIG. 26 where the photodiode output is at a maximum after which the output intensity decreases
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until a trailing edge 748 moves past a second edge 754 of the photodiode 702. Thus, it can be
seen how the photodiode 702 output produces a Gaussian curve in response to a rotating laser

beam 740.

[00115] An alternate embodiment of the light detecting system is shown in FIG. 29 which
provides a schematic block diagram for a light detecting system 800 having a feedback loop for
photodiode bias control, in accordance with an exemplary embodiment. The feedback loop of
light detecting system 800 is provided by a bias voltage generator 820 which receives an input
from an MCU 816 and, based on the input signal from the MCU 816, outputs a variable bias
voltage to the photodiode 802. The feedback loop is a method to reduce signal noise by
determining a noise level in the signal from the photodiode 802, and then adjusting the amount
of reverse bias voltage being applied to the photodiode 802. The reverse bias voltage is set at the
level most appropriate for the distance that the laser is from the receiver and the level of signal

noise in the photodiode output.

[00116] The light detecting system 800 has three levels of gain or amplification for the
detector signal. The system 800 includes at least one photodiode 802. The photodiode array 802
has a single output 804 which provides an electric current in response to a light beam incident
upon the photodiode 802. The output 804 goes to a high-pass filter 806 and from there to a low-
pass filter 808. The output from the low-pass filter 808 goes to three different amplification
stages: a low-gain amplifier 810, a medium-gain amplifier 812, and a high-gain amplifier 814.
The outputs from the three amplifiers 810-814 are input to an MCU 816. It is envisioned that the
three amplifier outputs are input separately into a single MCU 816. The MCU 816 then
determines which of the three signals from the three amplifiers 810-814 to use in order to

accurately determine the output from the photodiode 802.

[00117] In the embodiment of FIG. 29, the MCU 816 includes a pulse counting module 822
used to approximate a distance between the laser level 20 and the detector 40 (see FIG. 1). A

module 824 to output the distance measurement provides an input signal to a gain path selection
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module 826 which also gets an input from the three amplifiers 810-814. The gain path selection
module 826 output goes to an analog reading module 828, which provides an output to a motor
control module 830, which provides a wired or wireless signal to control the motor which rotates
the laser level 20. An output of the analog reading module 828 is also provided as an input to a
noise measurement module 832. The noise measurement module 832 provides an output to a

bias setpoint module 834 whose output goes to the input of the bias voltage generator 820.

[00118] In atypical application of the light detecting system 800, the photodiode 802 begins
with a nominal reverse bias, such as 20 volts, but could be significantly higher or lower than 20
volts depending on the hardware and application. In some cases, a reverse bias of 20 volts
results in noise that distorts the photodiode 802 signal output, which, in turn, can make proper
alignment of the laser difficult. A pulsing laser beam is swept across the photodiode 802. A
typical pulsing frequency of the laser beam is about 10 kilohertz but may be greater or less than
10 kilohertz. Pulse counting is done by pulse counting module 822 to determine an approximate
distance from the laser to the detector. A gain path is selected by gain path selection module
826, then a maximum analog reading for the output of the photodiode 802 is saved by analog
reading module 828. The laser beam then sweeps back across the photodiode 802 to align at the
point of maximum intensity for photodiode output. The signal-to-noise ratio is determined by
noise measurement module 832. Additionally, the MCU 816 calculates a net equivalent power
in the frequency domain, and based on the signal-to-noise ratio and net equivalent power, the
bias setpoint module 834 determines a bias voltage setpoint which is provided to the bias voltage

generator 820.

[00119] When the signal-to-noise ratio is within a certain range, adjusting the bias voltage on
the photodiode 802 reduces signal noise. Those factors which may influence the level of bias
voltage adjustment include the level of ambient light, and the distance between the laser and

detector.
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[00120] FIG. 30 is a schematic circuit diagram showing the analog circuitry 900 used in a
laser light detection system. The analog circuitry 900 includes a plurality of photodiodes 902
where the laser light pulses from the laser level are represented as a plurality of parallel current
sources 904. The laser light pulses cause the photodiodes 902 to generate current pulses which
are directed to an ambient light filter 906, and then through a low-pass filter 908 with some

amplification before going into an analog-to-digital converter 910.

[00121] By changing the duty cycle of the laser pulses, we can reduce the noise seen by the
detector. A higher duty cycle is more easily seen by the naked eye because the laser is on for
more time than it is off, and, intuitively, one would think that a higher duty cycle would be more
easily detected because more power is being transmitted. However, a lower duty cycle reduces
the noise seen by the detector because the short, sharp pulses are more distinct from ambient
light. One additional benefit of using a lower duty cycle is that we need one fewer op amps since

we do not need to invert the signal (using a high duty cycle, we do need to invert the signal).

[00122] Embodiments of the invention disclosed herein take advantage of this by keeping the
duty cycle high during “normal” operation where a user will want to see the laser line. However,
during the automatic alignment function, the user does not need to watch the laser, so we can
change the duty cycle to low. Essentially, when the user initiates the automatic alignment
function, the duty cycle is reduced and the visibility of the laser light is reduced accordingly,
possibly to the point, in some instances, that the laser light is not visible to the user. Then, once
the automatic alignment process is complete, the laser duty cycle is changed back to high such
that the light. From the viewpoint of the user, the laser turns off (i.e., is not visible) and then

turns back on and is exactly aligned with the detector.

[00123] FIGS. 31 and 32 show examples of a high duty cycle current input and a low duty
cycle current input, respectively. The high duty cycle current input shown in FIG. 31 provides
an example in which the laser light is detected by one or more photodiodes 902 about 10 times

every 0.9 milliseconds. The low duty cycle current input shown in FIG. 32 provides an example
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in which the laser light is detected by one or more photodiodes 902 about 13 times every 1.2
milliseconds. The FIGS. 33 and 34 show graphical representations of exemplary effects on
output voltage of high duty cycle current inputs and low duty cycle current inputs, while FIGS.
35 and 36 show graphical representations of exemplary effects on output voltage of high duty
cycle current inputs and low duty cycle current inputs different from those shown in FIGS. 33

and 34.

[00124] In FIGS. 33 and 34, the graphs provide a visual comparison to illustrate an exemplary
response to laser pulses operating at a high duty cycle versus laser pulses operating at a low duty
cycle. The duty cycle is defined as the ratio of the time the laser pulse response is at a high
voltage to the time the laser pulse response is at a low voltage. In FIG. 33, the graph shows a
high duty cycle response where the duty cycle is greater than 90 percent. Embodiments of the
invention may be operated using laser pulses with a high duty cycle greater than 75 percent. In
FIG. 34, the graph shows a low duty cycle response with a duty cycle less than 10 percent.
Embodiments of the invention may be operated using laser pulses with a low duty cycle less than

25 percent. In a particular example, both high and low duty cycle pulses are 10-kilohertz pulses.

[00125] In FIG. 34, the graph shows four separate pulses. The two on the left are in response
to a low-power laser beam, as indicated by the two low-current inputs on the left side of FIG. 33.
The two on the right are in response to a high-power laser beam, as indicated by the two high-
current inputs on the right side of FIG. 33. One of the two low-current inputs is from a laser
pulsing in accordance with a high duty cycle, and the other from a laser pulsing in accordance
with a is a low duty cycle. The output voltage shown in FIG. 34 illustrates that the lower duty
cycle laser is more easily seen above the 1.65-volt threshold for both the low-power laser beam
and the high-power laser beam. In this example, as in the one above, the laser pulses are 10-

kilohertz pulses.

[00126] In FIGS. 35 and 36, the graphs show the final amplified output from a photodiode or

photodiode array that will be input into a microcontroller. As can be seen, after filtering, the
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lower duty cycle pulses at both the low-power and high-power laser light intensities are more
visible that the higher duty cycle pulses. FIGS. 35 and 36 show the same output signal at
different amplification levels. As indicated by the voltages, FIG. 35 is the output generated at a
lower level of gain, while FIG. 36 is the output generated at a higher level of gain. In certain
embodiments of the invention, the laser level is configured to generate laser light that pulses in
accordance with a lower duty cycle modes when aligning the laser. This results in the output
having a better signal-to-noise ratio such that less amplification is needed to read the output
signal. However, the lower duty cycle results in a less visible laser beam. In some cases,
depending on how low the duty cycle is the laser may not be visible to the human eye. In such a
case, the lower duty cycle is used only for alignment of the laser beam. Then the duty cycle is

increased to a higher level where the laser is more visible.

[00127] FIG. 37 is a schematic representation of a photodiode array 920 which is used to
demonstrate a particular process for the automatic alignment of the laser level 20 (shown in FIG.
1), according to an exemplary embodiment. In the example shown, the photodiode array 920
includes four photodiodes 922 coupled in parallel, though it is understood that the array 920
could have a number of photodiodes 922 greater or lesser than four. The photodiode array 920 is
arranged to receive a laser beam or laser light from the laser level 20. The photodiode array 920
is configured to generate an electrical output in response to the laser light emitted by the laser
level 20. The laser light from laser level 20 is swept in a first direction across the photodiode
array 920 from one end of the array 920 to beyond the other end. The laser light is pulsing at a
rate indicative of a first duty cycle. In this context, the laser light typically pulses periodically
between a high point and a low point. The high point represents the full power of the laser light
or laser beam, while the low point typically represents zero power or the absence of the laser

light.

[00128] With the laser light still pulsing at the first duty cycle, the laser is aligned with respect
to the photodiode array 920. Alignment involves focusing the laser light on the photodiode array

920 such that a first electrical current generated from a first end of the photodiode array 920 is
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equal to a second electrical current generated from a second end of the photodiode array 920
opposite the first end. After the laser level 20 is aligned, the laser light is pulsed at a second duty
cycle rate. The second duty cycle rate is higher than the first duty cycle rate such that visibility

of the laser light is improved.

[00129] It should be understood that the figures illustrate the exemplary embodiments in
detail, and it should be understood that the present application is not limited to the details or
methodology set forth in the description or illustrated in the figures. It should also be understood

that the terminology is for description purposes only and should not be regarded as limiting.

[00130] Further modifications and alternative embodiments of various aspects of the
disclosure will be apparent to those skilled in the art in view of this description. Accordingly,
this description is to be construed as illustrative only. The construction and arrangements, shown
in the various exemplary embodiments, are illustrative only. Although only a few embodiments
have been described in detail in this disclosure, many modifications are possible (e.g., variations
in sizes, dimensions, structures, shapes and proportions of the various elements, values of
parameters, mounting arrangements, use of materials, colors, orientations, etc.) without
materially departing from the novel teachings and advantages of the subject matter described
herein. Some elements shown as integrally formed may be constructed of multiple parts or
elements, the position of elements may be reversed or otherwise varied, and the nature or number
of discrete elements or positions may be altered or varied. The order or sequence of any process,
logical algorithm, or method steps may be varied or re-sequenced according to alternative
embodiments. Other substitutions, modifications, changes and omissions may also be made in
the design, operating conditions and arrangement of the various exemplary embodiments without

departing from the scope of the present disclosure.

[00131] Unless otherwise expressly stated, it is in no way intended that any method set forth
herein be construed as requiring that its steps be performed in a specific order. Accordingly,

where a method claim does not actually recite an order to be followed by its steps or it is not
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otherwise specifically stated in the claims or descriptions that the steps are to be limited to a
specific order, it is in no way intended that any particular order be inferred. In addition, as used
herein, the article "a" is intended to include one or more component or element, and is not
intended to be construed as meaning only one. As used herein, "rigidly coupled" refers to two
components being coupled in a manner such that the components move together in a fixed

positional relationship when acted upon by a force.

[00132] Various embodiments of the disclosure relate to any combination of any of the
features, and any such combination of features may be claimed in this or future applications.
Any of the features, elements or components of any of the exemplary embodiments discussed
above may be utilized alone or in combination with any of the features, elements or components

of any of the other embodiments discussed above.

[00133] For purposes of this disclosure, the term “coupled” means the joining of two
components directly or indirectly to one another. Such joining may be stationary in nature or
movable in nature. Such joining may be achieved with the two members and any additional
intermediate members being integrally formed as a single unitary body with one another or with
the two members or the two members and any additional member being attached to one another.
Such joining may be permanent in nature or alternatively may be removable or releasable in

nature.

[00134] While the current application recites particular combinations of features in the claims
appended hereto, various embodiments of the invention relate to any combination of any of the
features described herein whether or not such combination is currently claimed, and any such
combination of features may be claimed in this or future applications. Any of the features,
elements, or components of any of the exemplary embodiments discussed above may be used
alone or in combination with any of the features, elements, or components of any of the other

embodiments discussed above.
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[00135] In various exemplary embodiments, the relative dimensions, including angles, lengths
and radii, as shown in the Figures are to scale. Actual measurements of the Figures will disclose
relative dimensions, angles and proportions of the various exemplary embodiments. Various
exemplary embodiments extend to various ranges around the absolute and relative dimensions,
angles and proportions that may be determined from the Figures. Various exemplary
embodiments include any combination of one or more relative dimensions or angles that may be
determined from the Figures. Further, actual dimensions not expressly set out in this description
can be determined by using the ratios of dimensions measured in the Figures in combination with

the express dimensions set out in this description.
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WHAT IS CLAIMED IS:

1. A laser level light detection system configured to detect laser light from a laser level,
the detection system comprising:

a first photodiode array and a second photodiode array wherein each photodiode array
includes two or more photodiodes connected in parallel, the first and second photodiode arrays
arranged to receive laser light from a laser level, and further configured to generate an electrical
output in response to the laser light;

a first multistage amplifier arranged to amplify an output of the first photodiode array,
and a second multistage amplifier arranged to amplify an output of the second photodiode array,
wherein each multistage amplifier has at least three outputs each with a different gain; and

a first microcontroller unit configured to receive outputs from the first multistage
amplifier, and further configured to choose a single output from among the at least three levels of
gain, and a second microcontroller unit configured to receive outputs from the second multistage
amplifier, and further configured to choose a single output from among the at least three levels of

gain.

2. The laser level light detection system of claim 1, wherein the first multistage
amplifier includes a low amplification gain output, a medium amplification gain output, and a
high amplification gain output, the laser light detection system further comprising a first

comparator coupled between the high amplification gain output and the first microcontroller unit.

3. The laser level light detection system of claim 2, wherein the second multistage
amplifier includes a low amplification gain output, a medium amplification gain output, and a
high amplification gain output, the laser light detection system further comprising a second
comparator coupled between the high amplification gain output and the second microcontroller

unit.
4. The laser level light detection system of claim 3, wherein the first microcontroller

unit is configured to count a number of pulses generated by the first comparator in order to

determine a distance between the first photodiode array and a source of laser light.
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5. Thelaser level light detection system of claim 4, wherein the second microcontroller
unit is configured to count a number of pulses generated by the second comparator in order to

determine a distance between the second photodiode array and the source of laser light.

6. The laser level light detection system of claim 1, further comprising a first light
intensity module coupled to the first photodiode array, and comprising a second light intensity
module coupled to the second photodiode array, each light intensity module configured to

deactivate one or more photodiodes in the photodiode array to which it is coupled.

7. The laser level light detection system of claim 6, wherein the first light intensity
module includes one or more switches coupled respectively to the one or more photodiodes in
the first photodiode array, wherein each of the one or more switches, when opened, is configured

to deactivate a respective photodiode.

8. The laser level light detection system of claim 6, wherein the second light intensity
module includes one or more switches coupled respectively to the one or more photodiodes in
the second photodiode array, wherein each of the one or more switches, when opened, is

configured to deactivate a respective photodiode.

9. The laser level light detection system of claim 6, wherein the first light intensity
module is configured to provide a bias voltage to one or more photodiodes in the first photodiode

array.

10. The laser level light detection system of claim 6, wherein the second light
intensity module is configured to provide a bias voltage to one or more photodiodes in the

second photodiode array.
11.  The laser level light detection system of claim 6, wherein the first light intensity

module is configured to provide an electrical signal indicative of an intensity of light incident

upon the first photodiode array.
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12. The laser level light detection system of claim 6, wherein the second light
intensity module is configured to provide an electrical signal indicative of an intensity of light

incident upon the second photodiode array.

13.  The laser level light detection system of claim 1, further comprising a first high-
pass filter and first transimpedance amplifier coupled between the first photodiode array and the
first multistage amplifier, wherein the output of the first photodiode array is input to the first
high-pass filter whose output is input to the first transimpedance amplifier, whose output is input
to the first multistage amplifier.

14. The laser level light detection system of claim 13, further comprising a second
high-pass filter and second transimpedance amplifier coupled between the second photodiode
array and the second multistage amplifier, wherein the output of the second photodiode array is
input to the second high-pass filter whose output is input to the second transimpedance amplifier,

whose output is input to the second multistage amplifier.

15.  The laser level light detection system of claim 1, wherein an amplification of the
output of the first photodiode array is adjusted based on a distance between a laser light source
and the first photodiode array.

16. A method of operating a laser level light detection system, the method
comprising:

providing a first photodiode array and a second photodiode array wherein each
photodiode array includes two or more photodiodes connected in parallel, and arranging the first
and second photodiode arrays to receive laser light from a laser level, the first and second
photodiode arrays configured to generate an electrical output in response to the laser light;

amplifying a first output of the first photodiode array, and amplifying a second output of
the second photodiode array, wherein amplifying the output of the first and second photodiode
array comprises simultaneously providing more than one amplified output for each photodiode
array, where each of the more than one amplified outputs for the first photodiode array has a
different level of amplification, and each of the more than one amplified outputs for the second

photodiode array has a different level of amplification; and
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automatically selecting one first array output from the more than one amplified outputs of
the first photodiode array, and providing the selected one first-array output as a system output of
the first photodiode array, and selecting one second array output from the more than one
amplified outputs of the second photodiode array, and providing the selected one second-array

output as a system output of the second photodiode array.

17. The method of claim 16, wherein providing more than one amplified output for
each photodiode array comprises simultaneously providing a low-gain amplification output, a
medium-gain amplification output, and a high-gain amplification output for each of the first and
second photodiode arrays.

18. The method of claim 17, further comprising automatically selecting one output
from the low-gain output, medium-gain output, and high-gain amplification output of the first
photodiode array, and providing the selected one output as an output of the first photodiode

array.

19. The method of claim 18, further comprising automatically selecting one output
from the low-gain output, medium-gain output, and high-gain amplification output of the second
photodiode array, and providing the selected one output as an output of the second photodiode

array.

20.  The method of claim 16, further comprising the step of determining a distance

between the first photodiode array and a source of laser light.
21.  The method of claim 20, wherein determining a distance between the first
photodiode array and a source of laser light comprises counting a number of laser beam pulses

during a first sweep of a laser beam over the first array of photodiodes.

22.  The method of claim 21, further comprising the step of applying a first negative

bias voltage to the first photodiode array during counting of laser beam pulses.

23.  The method of claim 21, further comprising the step of deactivating some

photodiodes in the first photodiode array and applying a second negative bias voltage to the first
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photodiode array before a second sweep of the laser beam over the first array of photodiodes, the

second negative bias voltage being less that the first negative bias voltage.

24.  The method of claim 21, further comprising the step of automatically aligning the
laser beam during the second sweep by stopping the sweep and focusing the laser beam on that
point on the first photodiode array where a first current generated from a first end of the first
photodiode array is equal to a second current generated from a second end of the first photodiode

array opposite the first end.

25. A method of operating a laser level light detection system, the method comprising:
providing an array of photodiodes coupled in parallel, and arranging the array of
photodiodes to receive laser light from a laser level, the photodiode array configured to generate

an electrical output in response to the laser light;

maintaining a first reverse bias voltage across the array of photodiodes while a first
pulsed laser beam sweeps over each photodiode in the array of photodiodes;

counting a number of laser beam pulses during the sweep of the laser beam over the array
of photodiodes, then determining a distance from the array of photodiodes to a source of the
pulsed laser beam based on the counted laser beam pulses;

determining a best gain for amplification of an output from the array of photodiodes; and

applying a second reverse bias voltage across the array of photodiodes while a second
pulsed laser beam sweeps over each photodiode in the array of photodiodes, the second reverse

bias voltage being less than the first reverse bias voltage.

26.  The method of claim 25, further comprising deactivating one or more photodiodes

in the array of photodiodes.

27.  The method of claim 26, wherein the array of photodiodes is arranged linearly
such that individual photodiodes are positioned adjacently in a line from a first end of the array
to a second end of the array, and wherein deactivating one or more photodiodes in the array of
photodiodes comprises deactivating one photodiode at the first end of the array and deactivating

one photodiode at the second end of the array.
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28.  The method of claim 27, wherein deactivating one or more photodiodes in the
array of photodiodes comprises deactivating two photodiodes at the first end of the array and

deactivating two photodiodes at the second end of the array.

29. The method of claim 26, wherein the array of photodiodes is arranged linearly such
that individual photodiodes are positioned adjacently in a line from a first end of the array to a
second end of the array, the array of photodiodes configured to provide a first current output

from the first end and a second current output from the second end.

30. The method of claim 29, further comprising the step of transmitting a signal that
indicates when the first current output is above a threshold current and equal to the second

current output, thus indicating laser alignment.

31. The method of claim 30, further comprising the step of activating the deactivated

one or more photodiodes after laser alignment.

32. The method of claim 30, wherein the first current output is from one half of the
photodiodes in the array of photodiodes, and the second current output is from the remaining half

of the photodiodes in the array of photodiodes.

33. The method of claim 25, wherein maintaining the first reverse bias voltage across

the array of photodiodes comprises maintaining the first reverse bias voltage of at least two volts.

34. The method of claim 25, wherein maintaining the first reverse bias voltage across

the array of photodiodes comprises maintaining the first reverse bias voltage of at least 18 volts.

35. The method of claim 25, wherein applying the second reverse bias voltage across
the array of photodiodes comprises applying the second reverse bias voltage of less than three

tenths of a volt.
36. The method of claim 25, wherein applying the second reverse bias voltage across

the array of photodiodes comprises applying the second reverse bias voltage of less than two

volts.
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37. Alaser level light detection system configured to detect laser light from a laser
level, the detection system comprising:

only a single photodiode, the single photodiode arranged to receive laser light from a
laser level, and further configured to generate an electrical output in response to the laser light;

a Fresnel lens arranged in spaced relation to the single photodiode so as to direct laser
light onto the single photodiode;

a multistage amplifier arranged to amplify an output of the single photodiode, the
multistage amplifier having at least three outputs each with a different gain; and

a microcontroller unit configured to receive outputs from the multistage amplifier, and

further configured to choose a single output from among the at least three levels of gain.

38. The laser level light detection system of claim 37, wherein the Fresnel lens has a

negative focal length.

39.  The laser level light detection system of claim 37, wherein the Fresnel lens is

made of plastic.

40.  The laser level light detection system of claim 37, wherein the Fresnel lens is

positioned between 12 and 18 millimeters from the photodiode.

41. The laser level light detection system of claim 37, wherein the multistage amplifier
having at least four outputs each with a different gain.

42. The laser level light detection system of claim 41, wherein the multistage amplifier
includes a low amplification gain output, a medium amplification gain output, a high
amplification gain output, and a highest amplification gain output, the laser light detection
system further comprising a comparator coupled between the highest amplification gain output

and the microcontroller unit.
43. The laser level light detection system of claim 42, wherein the microcontroller unit

is configured to count a number of pulses generated by the comparator in order to determine a
distance between the single photodiode array and a source of laser light.
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44, The laser level light detection system of claim 37, further comprising a high-pass
filter and transimpedance amplifier coupled between the single photodiode and the multistage
amplifier, wherein the output of the single photodiode is input to the high-pass filter, wherein the
high-pass filter output is input to the transimpedance amplifier, wherein the transimpedance

amplifier output is input to the multistage amplifier.

45. The laser level light detection system of claim 37, further comprising a light
intensity module coupled to the single photodiode, the intensity module configured to provide an

electrical signal indicative of an intensity of light incident upon the single photodiode.

46. The laser level light detection system of claim 37, wherein the light intensity

module is configured to provide a bias voltage to the single photodiode.

47. The laser level light detection system of claim 37, wherein the light intensity
module is configured to deactivate the single photodiode via a switch coupled between the light

intensity module and the single photodiode.

48. The laser level light detection system of claim 37, wherein the Fresnel lens is
configured to spread the laser light such that during a sweep across the photodiode, the laser light
is incident on an area larger than an area of the photodiode.

49. The laser level light detection system of claim 37, wherein the microcontroller unit
is configured to detect a maximum intensity for the output of the single photodiode, and further
configured to set a reverse bias voltage for the single photodiode based on the detected

maximum intensity.

50. A method of operating a laser level light detection system, the method comprising:

providing a photodiode, and arranging the photodiode to receive laser light from a laser
level, the photodiode configured to generate an electrical output in response to the laser light;

applying a reverse bias voltage to the photodiode;

amplifying an output of the photodiode, wherein amplifying the output of the photodiode
comprises simultaneously providing more than one amplified output, wherein each of the more

than one amplified outputs has a different level of amplification;
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determining a distance between the photodiode and a laser light source; and
adjusting the reverse bias voltage to improve a signal-to-noise ratio for the amplified

output of the photodiode.

51. The method of claim 50, further comprising the step of automatically selecting one
output from the more than one amplified outputs of the photodiode based on the determined

distance, and providing the selected one output as a system output of the photodiode.

52. The method of claim 50, wherein providing more than one amplified output
comprises providing a low-gain amplification output, a medium-gain amplification output, and a

high-gain amplification output.

53. The method of claim 50, wherein determining a distance between the photodiode
and the source of laser light comprises counting a number of laser beam pulses during a first

sweep of a laser beam over photodiode.

54. The method of claim 50, wherein providing a photodiode comprises providing a

photodiode array.

55. The method of claim 50, further comprising the step of transmitting a control signal
to the laser light source to align a laser beam from the laser light source at a point of maximum

intensity for photodiode output.

56. The method of claim 50, wherein adjusting the reverse bias voltage to improve a
signal-to-noise ratio for the amplified output of the photodiode comprises determining a signal-
to-noise ratio for the amplified output of the photodiode, and determining a set point for

adjusting the reverse bias voltage.

57. The method of claim 50, further comprising selecting a single system output from

the more than one amplified outputs.

58. The method of claim 57, wherein selecting the single system output from the more

than one amplified outputs comprises selecting the single system output from the more than one
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amplified outputs based on the determined distance between the photodiode and the laser light

source.

59.  The method of claim 57, further comprising saving a maximum analog reading for
the output of the photodiode, and transmitting a signal, based on the maximum analog reading, to

control a motor that rotates the laser level.

60. A method of operating a laser level light detection system, the method comprising:

arranging a photodiode array to receive laser light from a laser level, the photodiode array
configured to generate an electrical output in response to the laser light

sweeping a laser beam across the photodiode array, the laser light pulsing at a first duty
cycle rate;

aligning the laser beam on the photodiode array such that a first current generated from a
first end of the photodiode array is equal to a second current generated from a second end of the
photodiode array opposite the first end; and

causing the laser light to pulse at a second duty cycle rate, the second duty cycle rate

being higher than the first duty cycle rate.

61. The method of claim 60, wherein pulsing the laser light at a first duty cycle rate

comprises pulsing the laser light at a duty cycle of less than 25 percent.

62. The method of claim 60, wherein pulsing the laser light at a first duty cycle rate

comprises pulsing the laser light at a duty cycle of less than 10 percent.

63. The method of claim 60, wherein causing the laser light to pulse at a second duty

cycle rate comprises causing the laser light to pulse at a duty cycle greater than 75 percent.

64. The method of claim 60, wherein causing the laser light to pulse at a second duty

cycle rate comprises causing the laser light to pulse at a duty cycle greater than 90 percent.
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