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SYSTEM AND METHOD FOR DETERMINATION OF ORIGIN
DISPLACEMENT FOR A LASER RANGEFINDING INSTRUMENT

CROSS REFERENCE TO RELATED PATENT APPLICATIONS

The present invention is related to, and claims
priority from United States Provisional Patent
Application Ser. No. 62/546,433 filed on August 16,
2017, the disclosure of which is herein specifically
incorporated by this reference in its entirety. The
present invention is also related to the subject matter
disclosed in United States Patent Application Serial No.
14/524,900 filed October 27, 2014 for: “Pseudo-
Stabiliiatfon Technique for Laser-Based Rangéfinding
Instruments Utilizing a Rate Gyroscope to Track Pitch
and Yaw Deviations from the Aiming Point” assigned to
the assignees of the present invention, the disclosure
of which is herein specifically incorporated by this

reference in its entirety.

BACKGROUND OF THE INVENTION

The present invention relates, in general, to the
field of laser rangefinding instruments and methods for
utilizing the same. More particularly, the present
invention 2elates to a system and method for
determination of origin displacement for a laser
rangefinding instrument.

Laser Technology, Inc., assignee of the present
invention, designs, manufactures and distributes laser
rangefinding instruments which calculate distance by
measuring the time of flight of very short pulses of
eye-safe infrared light. Any solid object will reflect

back a certain percentage of the emitted light energy to



10

15

20

25

30

WO 2019/035943

the instrument. This need only be a small percentage for
a sensitive detector to pick it up and a measurement
then made with a precision time base as to the time it
takes for the laser pulses to travel to the target and
back. Given knowledge of the constant speed of light,
the distance the laser pulses have traveled can then be
calculated.

In order to increase accuracy, such laser
rangefinders are designed to process multiple pulses in
a single measurement period, with target acquisition
times typically ranging from 0.3 to 0.7 seconds.
Sophisticated accuracy validation algorithms are then
utilized to ensure reliable distance measurements and
eliminate spurious signals due to noise and other
factors.

Laser Technology, Inc. has pioneered and developed
the design and measurement functionality found in some
of the most popular lines of rangefinders and speed
measurement instruments currently available on the
market. Representative of its proprietary technology is
that disclosed in U.S. Pat. Nos. 5,574,552; 5,612,779;
5,652,651; 5,703,678; 5,880,821; 5,926,260; 6,057,910;
6,226,077 and 6,445,444 the disclosures of which are
herein specifically incorporated by this reference in
their entirety.

Current laser rangefinders, such as the TruPulse®
series of laser rangefinders available from Laser
Technology, Inc. incorporate inclinometers (or tilt
sensors) and have the capability to enable measurement
of a what is known as a two dimensional (2D) missing
line. This is the calculated value between two remote

points within the same plane determined by -measuring the

PCT/US2018/000216
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slope distance and inclination to each targeted point.

Other instruments in the TruPulse series may also
incorporate magnetic sensors and accelerometers and have
the capability to enable measurement of what is known as
a three dimensional (3D) missing line. This is the
calculated value between two remote points that is
determined by measuring the slope distance, inclination
and azimuth value to each targeted point. Such
instruments can also be utilized to determine, for
example, the area of a building roof by targeting three
or more points at the corners of a rectangular roof.

The incorporation of magnetic sensors and/or
accelerometers in laser:rangefinding instruments is
disclosed, for example, in United States Patent No.
8,240,186 issuing to Laser Technology, Inc. on August
14, 2012, the disclosure of which is also herein
incorporated by this reference in its entirety.

In order for the values of the measured slope
distance, inclination and azimuth values to be accurate
in the determination of the 2D or 3D missing line
calculations previously described, it has heretofore
been necessary that the rangefinding instrument be
mounted on a tripod or otherwise fixed about a pivot
point such that the origin point is the same for each
measurement shot. This has effectively precluded the
use of a laser rangefinder in a handheld mode of
operation due to the vagaries inherent in a user’s
lateral and vertical positioning of the device between
measurements.

For this reason, it would be highly advantageous to
provide a system and method for determination of origin

displacement for a laser rangefinding instrument.

PCT/US2018/000216
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SUMMARY OF THE INVENTION

Particularly disclosed herein is a rangefinding
instrument which comprises a laser transmitting section
for transmitting laser energy to first and second target
coordinates from respectively disparate first and second
origin points. The instrument further comprises a laser
energy receiving section for receiving laser energy
reflected back to the instrument from the first and
second target coordinates. A processor section is
coupled to the laser transmitting and laser energy
receiving sections for calculating ranges from the
instrument to the first and second target coordinates,
with the processor section being configured to
compensate for displacement between the disparate first
and second origin points and determine a distance
between the first and second target coordinates.

Also particularly disclosed herein is a
rangefinding instrument which comprises a laser
transmitting section for transmitting laser energy to
first, second and third target coordinates from
respectively disparate first,‘second and third origin
points. The instrument further comprises a laser energy
receiving section for receiving laser energy reflected
back to the instrument from the first, second and third
target coordinates. A processor section is coupled to
the laser transmitting and laser energy receiving
sections for calculating ranges from the instrument to
the first, second and third target coordinates, with the
processor section being configured to compensate for

displacement between the disparate first, second and
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third origin points and determine a distance between the
first, second and third target coordinates.

Further particularly disclosed herein is a method
for remotely determining the distance between target
coordinates. The method comprises determining a first
range to a first target coordinate from a first origin
point and further determining a second range to a second
target coordinate from a second disparate origin point.
The method compensates for a displacement between the
first and second origin points and determines the
distance between the first and second target coordinates
based upon the compensated displacement. The
compensation for the displacement may be carried out by
determining lateral and vertical positioning differences

between the first and second origin points.

BRIEF DESCRIPTION OF THE DRAWINGS

The aforementioned and other features and objects
of the present invention and the manner of attaining
them will become more apparent and the invention itself
will be best understood by reference to the following
description of a preferred embodiment taken in
conjunction with the accompanying drawings, wherein:

Fig. 1 is a representative functional block diagram
of a laser rangefinding and speed instrument for
possible incorporation of the system and method for
determination of origin displacement of the present
invention;

Fig. 2 is a simplified illustration of a prior art
technique for determining, for example, the dimensions
and/or area of the roof of a building utilizing a laser

rangefinding instrument wherein the origin point “0”
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with respect to points “A“, "B” and “"C” must remain
fixed to enable determination of the roof dimensions
and/or area;

Fig. 3 is a corresponding simplified illustration
of an exemplary.implementation of the system and method
for determination of origin displacement for a laser
rangefinding instrument in accordance with the technique
of the present invention wherein the origin points “0.”,
“Op” and “Oc¢” need not be coincident thereby enabling
handheld utilization of the laser rangefinding
instrument in the determination of the roof dimensions
and/or area;

Fig. 4 is a set of exemplary waveforms illustrating
the relationship between positive and negative
acceleration, velocity and the displacement vector of
the laser rangefinding instrument 100 as in Fig. 3; and

Fig. 5 is a simplified depiction of acceleration ay
to ay.,; during time sample ty to ty,; which provides the
area under the curve representative of velocity during

that time period.

DESCRIPTION OF A REPRESENTATIVE EMBODIMENT

With reference now to Fig. 1, a representative
functional block diagram of a laser rangefinding and
speed instrument for possible incorporation of the
system and method for determination of origin
displacement of the present invention is shown.

The exemplary instrumenltl 100 comprises a
microprocessor 102 or central processing unit (CPU) with
an associated oscillator 104 for providing clocking
signals to the microprocessor 102. A battery and power

management section 106 supplies operating power to the
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microprocessor 102 and various other instrument
subsystems (not shown) as well as the high voltage (HV)
power supply 108 which provides operating voltage to a
laser transmit section 110 and associated laser diode as
well as a laser receive section 112 and associated
photodiode.

The laser receive section 112 receives a portion of
the laser energy transmitted by the laser transmit
section 110 as reflected by a target through a
photodiode and provides the return signals to a
signal/noise (S/N) discriminator section 114 in order to
separate true return pulses from any associated noise. A
timing section 116 accurately measures the time between
the transmission of laser pulses from the laser transmit
section 110 and the reception of the same target
reflected pulses at the laser receive section 112 to
determine, in conjunction with the microprocessor 102,
the distance to the particular target towards which the
instrument 100 is aimed. A fire button 122 is coupled
to the battery and power management section 106 and is
operable by a user of the instrument 100 in conjunction
with the microprocessor 102 to determine when to emit
pulses toward a target from the laser transmit section
110.

The instrument 100 may also incorporate a user
viewable display 118, which may include a view of the
target in conjunction with an aiming reticule as well as
information regarding the range to the target, speed of
the target, battery condition and other information.

The display 118 may also comprise a touchscreen display
to allow user inputs to the instrument 100 in

conjunction with, or as an alternative to, an
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input/output (I/O) section 120. As also illustrated,
the instrument 100 may further incorporate an
inclinometer (“INCL” or tilt sensor) 124, and/or an
accelerometer (“ACC”) 126 and/or a magnetic sensor
(*“MAG” or compass) 128 and/or a rate gyroscope (“RATE
GYRO"”) 130 and/or a global positioning system unit
(“GPS”) not shown.

The I/0 section 120 may comprise a keypad or other
means of communicating information to or from the
microprocessor 102 including wired connections such as a
universal serial bus (USB) and the like as well as
wireless connections such as an IEEE 802.11 (WiFi), or
other wireless local area network (WLAN) transceiver; a
Bluetooth transceiver or other personal are network
(PAN) system for wirelessly exchanging data over short
distances; and/or another near field communication (NFC)
transceiver (inclusive of infrared (IR) coupling) for
wirelessly coupling the instrument 100 to external
devices or data storage elements.

With reference additionally now to Fig. 2, a
simplified illustration of a prior art technique 200 is
shown for determining, for example, the dimensions
and/or area of the roof of a building utilizing a laser
rangefinding instrument 100 wherein the origin point “0O”
with respect to points “A”, “B” and “C” must remain
fixed to enable accurate determination of the roof
dimensions and/or area.

As previously discussed, if the 3D missing line
distance AB is to be determined, the slope distances OA
and OB must be measured along with the inclination from

point O to points A and B in addition to the azimuth
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value © between the vectors OA and OB as shown.
Further, if the area of the roof ABCD is to be
determined, the slope distance OC must also be measured
along with the additional inclination and azimuth as
represented by ¥. For each of the slope distances,
inclination and azimuth measurements to be accurate, it
has been necessary that the laser rangefinding
instrument 100 be physically pivoted about a fixed
origin point O by means of a tripod 202 or other pivot
point as shown.

With reference additionally now to Fig. 3, a
corfesponding simplified illustration of an exemplary
implementation 300 of the system and method for
determination of origin displacement for a laser
rangefinding instrument 100 in accordance with the
technique of the present invention is shown. 1In
accordance with the system and method of the present
invention, the origin points “0p”, “0s” and “O¢” need
not be coincident thereby enabling handheld utilization
of the laser rangefinding instrument 100 in the
determination of the roof dimensions and/or area with
the instrument 100 held at, for example, positions 3023,
302B and 302C as shown.

In this representative example of the system and
method of the present invention, a first measurement of
the slope distance from origin point Oa to point A is
made along with the inclination between the two points.

A second measurement of the slope distance from the

origin point Oy to point B is then made along with the

inclination between the two points and the azimuth ©

between this slope distance measurement and the

PCT/US2018/000216
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preceding. If, for example, the area of the roof ABCD is
to be determined, a subsequent measurement of the slope
distance from the origin point Oc¢ to point C is then
made along with the inclination between the two points
and the azimuth ¥ between this slope distance
measurement and the preceding.

In accordance with the system and method of the
present invention, the points O, Oz and O need not be
coincident to enable accurate 3D missing line or area
determinations unlike the prior art technique
illustrated in Fig. 2. Therefore, a handheld laserxr
rangefinder can instead be utilized to account for the
fact that the origin of each of the three slope
measurements are not the same, thereby providing
distinct advantages in actual day-to-day utilization of
these instruments.

As previously described, one may utilize a laser
rangefinding instrument 100 to determine the length,
width or area of a wall, roof or the like at a remote
distance. 1In operation, a distance measurement is made
to a first corner, a next corner, a subsequent corner
etc. Conventionally, the rangefinding instrument 100
would be mounted to a tripod 202 or other supporting
structure such that the origin point is centered about
an axis and is the same for all the measurements as
shown in Fig. 2.

However, that is a less than expeditious way of
determining the dimensions of a target structure and
typically the laser rangefinding instrument 100 might be
handheld wherein the operator must be very cognizant of

how the instrument 100 is positioned in an attempt to
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ensure that the device remains in the same relative
position; failing which an inaccurate calculation of the
target dimensions 1is acquired.

Since that is very difficult to do in practice, it
is highly desirable to provide a calculation within the
microprocessor 102 of the laser rangefinding instrument
100 itself to determine the displacement of the origin
point from the initial measurement to the second
measurement, to the third measurement and the like. So
in order to do that, and with reference now additionally
to Figs. 4 and 5, a system and method is disclosed
herein which utilizes the accelerometer 126 that is
currently implemented in tilt sensor mechanisms
incorporated in laser rangefinding instruments 100. In
this manner, an angle to the target is acquired from the
static gravity vector by, for example, the accelerometer
126. When the instrument 100 is moved, the acceleration
of the device is going to be added to the gravity
vector. Therefore, when a measurement to point A is
taken, then the accelerometer 126 data is now logged for
the measurement plus this now becomes the starting point
for subsequent measurements. Then, when the instrument
100 is moved to take a measurement to point B one can
subtract out the gravity vector from the acceleration
vector and then apply a double integral to the
acceleration vector with the gravity vector removed such
that the actual physical displacement of the laser
rangefinding instrument can be calculated as will be
described in more detail hereinafter.

That displacement can then be added to the target
coordinate to provide an accurate distance to the target

coordinate because two vectors then result. As shown
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previously with respect to Fig. 3, the starting point is

origin Oa then the instrument 100 is moved over to

~origin O and then up to origin O¢. This results in a

vector from origin Oy minus origin O, which is then
added to the second target coordinate to point B
because, from the original motion, the instrument 100
has seen a displacement by horizontal angle ©. Since
origin Oz is now displaced from origin O, a true measure
of the coordinate to point B does not result. (As also
illustrated, ¥ is the angle trom origin B to origin C).

The first measurement to point A provides the
reference. If a compass sensor is utilizéd in the laser
rangefinding instrument 100, this can be close to an
absolute reference, or if a rate gyro 130 system is
employed then this can just be the initial measurement
using a known angle.

Having taken the initial measurement from origin O,
and then the second measurement, if the instrument 100
is rotated about the same point with the concomitant
change in angle and the change in range, the two angles
and the two ranges provide the missing line which is
basically the width of the roof line AB.

When the instrument 100 is not rotated about the
same point and without compensation, the instrument 100
would measure the distance to point B as being shorter
than it actually is by not allowing for the fact that
the origin point has shifted. Therefore the computation
of the present invention contemplates a differing origin
Oz and a target coordinate B so the distance to the
target B vector is equal to the measured B vector plus

the origin Oz vector. 1In other words, origin O is the
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starting point (0,0,0) in three dimensional space so as
instrument 100 is moved, origin Oz is now the origin for
the new measurement followed by origin O¢ and so on.
Therefore every time the instrument 100 position is
changed, the actual target measurement is the measured
value from the instrument 100 from the horizontal angle
and the vertical angle and the range to the target plus

the calculated origin shift as shown below.

Target A= M,+ 0,
Target B = #g+ 0g

Target C= M;+ 0,

This shift can be vertically, horizontally,
laterally and/or any type of movement.

If the instrument 100 is placed on so that it
remains in the same orientation, the same acceleration
vector may be used. However, there are real world
situations that can present somewhat more complicated
situations than that, such as when there is a pole in
the way and a measurement is taken from one side and
then the other. The technique of the present invention
now affords an operator this additional freedom of
operation even though in this situation the angle of the
instrument 100 toward the target has changed
signiticantly as well as 1ts displacement.

In this instance, it is then advantageous to track
the displacement of the instrument 100 in six axes, that
is, track the changing angles as well as the changing

acceleration. This can be done utilizing information
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from the rate gyro 130 with the first still measurement
to the target (the acceleration vector is assumed to be
that the instrument 100 is stationary) enabling the
calculation of just the gravity wvector. 1In the
utilization of information from the rate gyro 130, one
can assume that all three axes are stationary so that
becomes the zero point for the three axes of the rate
gyro 130. At this point, one can subtract the zero
point and then convert it into an angle axis
representation by simply taking the rate vectors divided
by the magnitude axis and the root of the magnitude is
the root of the sum of the squares of the vectors. This
can be integrated using Simpson’s Rule or simply a
sfraight integration.

This can then be converted into a rotation matrix
or Quaternian form which may be somewhat simplexr. 1In
this manner, the instantaneous rate angle can then be
converted into an axis angle form or into a Quaternian
form. And then, from the initial orientation of the
instrument 100, the delta on every sample can be
computed by consecutively multiplying the Quaternians.
At any given time though, the sum total of the
Quaternians can then be converted back to an actual
orientation of the instrument 100 at the instant the
accelerometers 126 are being sampled. This is what is
desired since the accelerometer 126 vector will be
changing not only in magnitude but also in the magnitude
of ite components which ig then tracked by continuously
calculating the rotation integral.

In the calculation of the actual inertial
displacement of the instrument 100, the measured

accelerometer 126 data 1is the measured data minus the
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gravity zerxo which is the stationary measurement. So as
soon as a measurement is taken, this measurement is
locked in. When the operator of the instrument 100
releases the fire button 122, the instrument 100 is then
informed it is about to be repositioned and now the
microprocessor 102 then takes those zero points and
starts immediately computing the integral.

In practice, this can be effectuated as a double
integral from the accelerometer 126 to the displacement
and can be done with a relatively simple summation as
follows or, alternatively, through a more complicated

arrangement using Simpson’s Rule.

N N (_ ta )
—. aN Cl_.v
3= Z + X (tysr — tw )| X (ta+1— tw)

t-01cr-C

N

v

In other words the acceleration is substantially
(ans1 + ay) /2 at time sample ty,; - ty which provides the

area under that curve for that cell (c.f. Fig. 5). This

becomes the velocity (the inner term is the velocity v
indicated above) then the outer summation (ty.,:; - ty) 1is
multiplied to provide the displacement vector. So the
summation of these trapezoids ends up with the

displacement vector S (c.f. Fig. 4).

s t+1 t2
=u —a
2

whereu=0
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So ay basically defines the coordinates and the
measured acceleration 1s the active measurement (Xww,
Ywy, Zuy as indicated below) minus the stationary
measurement (Xwo, Ywmo, Zmo) . As there has been a
significant rotation of the instrument 100, this
instantaneous value has to be corrected back to the
original earth coordinate frame (Xwmo, Ymo. Zmo) using the

rotation integral from the rate gyro 130.

ay = (@yy  Guo)

Xun — Ko
2| Yunw — Yao
Zun — Zuo
;&
= 2 dy at measurement
t—0

The principles of the present invention are also
applicable to tape lasers or any other handheld
rangefinder device or instrument 100 wherein consecutive
measurements are to be taken of various target points.
As previously described, conventional devices would
generally require that the device be mounted on a tripod
202 (Fig. 2), pivot or otherwise be mechanically
centered or with a known given offset. Without a common
center point ot rotation, thére i1s not even an
intersection between vectors so the actual origin vector
must be computed and then added to the target vector,

While there have been described above the

principles of the present invention in conjunction with
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specific systems and methods, it is to be clearly
understood that the foregoing description is made only
by way of example and not as a limitation to the scope
of the invention. Particularly, it is recognized that
the teachings of the foregoing disclosure will suggest
other modifications to those persons skilled in the
relevant art. Such modifications may involve other
features which are already known per se and which may be
used instead of or in addition to features already
described herein. Although claims have been formulated
in this application to particular combinations of
features, it should be understood that the scope of the
disclosure herein also includes any novel feature or any
novel combination of features disclosed either
explicitly or implicitly or any generalization or
modification thereof which would be apparent to persons
skilled in the relevant art, whether or not such relates
to the same invention as presently claimed in any claim
and whether or not it mitigates any or all of the same
technical problems as confronted by the present
invention. The applicants hereby reserve the right to
formulate new claims to such features and/or
combinations of such features during the prosecution of
the present application or of any further application
derived therefrom.

As used herein, the terms "comprises",
"comprising", or any other variation thereof, are
intended to cover a non-exclusive inclusion, such that a
process, method, article, or apparatus that comprises a
recitation of certain elements does not necessarily
include only those elements but may include other

elements not expressly recited or inherent to such
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process, method, article or apparatus. None of the
description in the present application should be read as
implying that any particular element, step, or function
is an essential element which must be included in the
claim scope and THE SCOPE OF THE PATENTED SUBJECT MATTER
IS DEFINED ONLY BY THE CLAIMS AS ALLOWED. Moreover,
none of the appended claims are intended to invoke
paragraph six of 35 U.S.C. Sect. 112 unless the exact
phrase "means for" is employed and is followed by a
participle.

What is claimed is:
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CLAIMS:
1. A rangefinding instrument comprising:

a laser transmitting section for transmitting laser
enexrgy to first and second target coordinates from
respectively disparate first and second origin points;

a laser energy receiving section for receiving
laser energy reflected back to said instrument from said
first and second target coordinates;

a processor section coupled to said laser
transmitting and laser energy receiving sections for
calculating ranges from said instrument to said first
and second target coordinates, said processor section
configured to compensate for displacement between said
disparate first and second origin points and determine a
distance between said first and second target

coordinates.

2. The rangefinding instrument of claim 1 wherein said
laser transmitting section comprises a pulsed laser
transmitter for emitting a series of laser pulses toward

said first and second target coordinates.

3. The rangefinding instrument of claim 2 wherein said
laser energy receiving section comprises a pulsed laser
receiver for determining said ranges from said
instrument to said first and second target coordinates
based upon a time of flight of said series of laser

pulses.

4. The rangefinding instrument of claim 1 wherein said
processor section comprises a microprocessor in

operative association with an accelerometer for
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determining said displacement between said disparate

first and second origin points.

5. The rangefinding instrument of c¢laim 1 wherein said
processor section comprises a microprocessor in
operative association with a compass sensor for
determining said displacement'between said disparate

first and second origin points.

6. The rangefinding instrument of claim 1 wherein said
processor section comprises a microprocessor in
‘operative association with a rate gyro for determining
said displaccment between said disparate first and

second origin points.

7. The rangefinding instrument of claim 1 further
comprising:

a display coupled to said processor section for
indicating said distance between said first and second

target coordinates.

8. The rangefinding instrument of claim 7 wherein said

display also-indicates said calculated ranges.

9. The rangefinding instrument of claim 7 wherein said
display also indicates said displacement between said

disparate first and second origin points.

10. A rangefinding instrument comprising:
a laser transmitting section for transmitting laser

energy to first, second and third target coordinates



10

15

20

25

30

WO 2019/035943 PCT/US2018/000216

21

from respectively disparate first, second and third
origin points;

a laser energy receiving section for receiving
laser energy reflected back to said instrument from said
first, second and third target coordinates;

a processor section coupled to said laser
transmitting and laser energy receiving sections for
calculating ranges from said instrument to said first,
second and third target coordinates, said processor
section configured to compensate for displacement
between said disparate first, second and third origin
points and determine a distance between said first,

second and third target coordinates.

11. A method for remotely determining the distance
between target coordinates, said method comprising:

determining a first range to a first target
coordinate from a first origin point;

further determining a second range to a second
target coordinate from a second disparate origin point;

compensating for a displacement between said first
and second origin points; and

determining said distance between said first and
second target coordinates based upon said compensated

displacement.

12. The method of claim 11 further comprising:
also determining a third range to a third target
coordinate from a third disparate origin point;
additionally compensating for said displacement

between said first, second and third origin points; and .
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additionally determining said distances between
sald first, second and third target coordinates based

upon said additionally compensated displacement.

13. The method of claim 11 wherein said first and
second ranges are determined by a laser rangefinding

device.

14. The method of claim 12 wherein said first, second
and third ranges are determined by a laser rangefinding

device.

15. The method of claim 11 wherein said step of
compensating is carried out by determining lateral and
vertical positioning differences between said first and

second origin points.

16. The method of claim 12 wherein said step of
compensating is carried out by determining lateral and
vertical positioning differences between said first,

second and third origin points.

17. The method of claim 11 further comprising:
displaying said distance between said first and

second target coordinates.

18. The method of c¢laim 12 further comprising:
displaying said distance between said first, second

and third target coordinates.

19. The method of claim 12 further comprising:
calculating an area of a surface defined by said

first, second and third target coordinates.
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20. The method of claim 17 further comprising:

displaying said area of said surface.
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