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(57) Abrege/Abstract:

The present specification relates generally to geopositioning and more specifically relates to a method, system and computer
program product for calibrating absolute user location and bearing on a low geolocation accuracy computing device or a
computing device without location capabillities by using a high geometric resolution map.
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 ABSTRACT

The present specification relates generally to geopositioning and more specifically relates
to a method, system and computer program product for calibrating absofute user location

and bearing on a low geolocation accuracy computing device or a computing device
without location capabilities by using a high geometric resolution map.

CA 30199889 2018-11-19
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METHOD, SYSTEM AND COMPUTER PROGRAM PRODUCT
FOR GEOSPATIAL CALIBRATION

FIELD OF THE INVENTION

[0001] The present specification relates generally to geopositioning and more
specifically relates to a method, system and computer program product for calibrating
absolute user location and bearing on a low geolocation accuracy computing device or a

computing device without location capabilities by using a high geometric resolution map.

BACKGROUND OF THE INVENTION

[0002] Computing devices such as laptops, maobile devices, peripheral devices and
virtual/augmented/mixed reality devices require accurate geopositioning information such
as coordinates and bearing to perform tasks that rely on the location of the computing
device. Typical approaches for obtaining accurate geopositioning information include
using GNSS (Global Navigation Satellite System), aGPS (assisted global positioning
system) and Wi-Fi-based geolocation. Bearing, which is the direction a computing device
faces, is typically determined by internal or external sensors, such as a compass or
magnetometer, or calculations based onh movement, such as sampling location
information and calculating direction based on two or more points an the computing
device’s travel path.

[0003] Consumer-grade computing devices often have low geolocation accuracy.
More specifically, most consumer-grade computing devices, such as smartphones,
smartwatches and fitness trackers, have a high geolocation accuracy tolerance with a

margin of error of up to 30 meters. In contrast, in specific applications such as utility
mapping, high-precision purpose-built GNSS units are used to attain location accuracy of
as little as 0.1 meters. However, these high accuracy GNSS units are produced by a small
group of manufacturers and are more expensive. Further, in many instances, GNSS units

must be coupled with additional hardware to accomplish a specific task.

CA 3019989 2018-11-19
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[0004] The location abilities of consumer-grade computing devices that have an
accuracy of 30 meters typically exceed the acceptable margin of error for various
professional applications, such as construction. Further, the accuracy of internal and
external sensors and calculations based on movement may be within several arc-
degrees. In addition, when near large metal objects, a bearing may not even be available.
Without knowing the exact location of a computing device or the exact direction a
computing device faces, consumer-grade computing devices cannot be used where
accurate geolocation is required.

[0005] Aside from professional applications, ather applications which may benefit from
lower cost accurate geolocation calibration may include workout tracking, video games

such as Pokémon GO™ and mapping tools.

[0006] Accordingly, there remains a need for improvements in the art.

SUMMARY OF THE INVENTION

[0007] In accordance with an aspect of the invention, there is provided a method,
system and computer program product for calibrating absolute user location and bearing
on a low geolocation accuracy computing device using a high geometric resolution map.

[0008] According to an embodiment of the invention, the present invention provides a
method for calibrating absolute user location and bearing on a low geoclocation accuracy
computing device using a high geometric resolution map, the method comprising:
displaying a high geometric resolution map to a user via a display on the computing
device; receiving an identification of the user's location on the high geometric resolution
map at the computing device; determining absolute location coordinates corresponding
to the identification of the user's location: displaying an interactive user interface element
overlaying the high geometric resolution map to the user via a display on the computing
device for the user to identify their bearing on the high geometric resolution map; and

receiving an identification of the user's bearing via the positioning of the interactive user

CA 3019989 2018-11-19
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interface element on the high geometric resolution map at the computing device.

[0009] According to a further embodiment of the invention, the present invention
provides a system for calibrating absolute user location and bearing on a low geolocation
accuracy computing device using a high geoimetric resolution map, the system
comprising: a computing device comprising a processor, a display, a memory, an input
mechanism, a transceiver, a camera and a microphone; wherein the memory comprises
computer-readable instructions, which when executed by the prbcessor, specially
configure the computing device to display a high geometric resolution map to a user via
a display on the computing device, receive an identification of the user's location on the
high geometric resolution map at the computing device, determine absolute location
coordinates corresponding to the identification of the user's location, display an interactive
user interface element overlaying the high geometric resolution map to the user via a
display on the computing device for the user to identify their bearing on the high geometric
resolution map, and receive an identification of the user's bearing via the positioning of
the interactive user interface element on the high geometric resolution map at the
computing device.

[0010] According to a further embodiment of the invention, the present invention
provides a computer program product for calibrating absolute user location and bearing
on a low geolocation accuracy computing device using a high geometric resolution map,
the computer program product comprising: a storage medium comprising computer-
readable instructions, which when executed by a processor, carry out the steps of.
displaying a high geometric resolution map to a user via a display on the computing
device; receiving an identification of the user's location on the high geometric resolution
map at the computing device; determining absolute location coordinates corresponding
to the identification of the user's location; displaying an interactive user interface element
overlaying the high geometric resolution map to the user via a display on the computing
device for the user to identify their bearing on the high geometric resolution map; and
receiving an identification of the user's bearing via the positioning of the interactive user

interface element on the high geometric resolution map at the computing device,

CA 3019989 2018-11-19
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[0011] Other aspects and features according to the present application will become
apparent to those ordinanly skilled in the art upon review of the following description of

embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Reference will now be made to the accompanying drawings which show, by
way of example only, embodiments of the invention, and how they may be carried into
effect, and in which:

[0013] Figure 1 is a flow diagram of a method for determining accurate geopositioning
information according to an embodiment of the invention;

[0014] Figure 2 is a system diagram for determining accurate geopositioning
information according to an embodiment of the invention;

[0015] Figure 3 is a satellite map displayed on a computing device accarding to an
embodiment of the invention;

[0016] Figure 4 is the satellite map of Figure 3 displayed on a computing device with

a point marked by the user according to an embodiment of the invention;

[0017] Figure 5 is a magnified satellite map of the satellite map shown in Figure 4
about the point marked by the user as displayed on a computing device according to an

embodiment of the invention:

[0018] Figure 6 is a satellite map as shown in Figure 4 with an additional point marked
as detected by a low precision GPS such as in a consumer-grade computing device

displayed on the computing device according to an embodiment of the invention;

CA 3019989 2018-11-19
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[0019] Figure 7 is a satellite map of Figure 6 also displaying a line used to select
bearing as displayed on a computing device according to an embodiment of the invention;
and

{0020] Figure 8 shows a corresponding line as in Figure 7 used to select bearing

through pointing the camera of a smartphone at an object according to an embadiment
of the invention.

{0021} Like reference numerals indicated like or corresponding elements in the
drawings.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0022] Described herein are a method, system and computer program product for
calibrating absolute user location and bearing on a low geolocation accuracy computing

device using a high geometric resolution map.

[0023] According to an embodiment of the present invention as shown in Figure 1, a
method 100 for calibrating absolute user location and bearing on a computing device with
{ow geolocation accuracy or no location capabilities, such as computing device 150, using
a high geometric resolution map may include displaying a high geometric resolution map
to a user via a display 160 on the computing device 150 in step 105. The high geometric
resolution map may be received at the computing device 150 via a transceiver 170. The

high geometric map may be a satellite map, an aerial map or any other high geometric
resolution map, which may have a location accuracy of less than (i.e. more accurate than)

1 meter although this may vary from application to application and some may allow for
greater tolerances than 1 meter. Then in step 110, identification of the user’s location on
the high geometric resolution map may be received at the computing device 150. The
identification of the user’s location may be received via touch entry on the high geometnc
resolution map if the computing device 150 has a touch display or by entering an address,

coordinates or a name of a place via the input mechanism 175 which may be the touch

CA 3019989 2018-11-19
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display or another input mechanism, for example a physical keyboard or a microphane
185, on the computing device 150.

[0024]) For example, the user’s location may bé at a notable landscape feature such
as where a driveway meets a sidewalk, a crack on a road, a fire hydrant or a telegraph
pole. The absolute location coordinates corresponding to the identification of the user’s
location may be determined in step 115. Determining absolute location coordinates
corresponding to the identification of the user’s location may comprise communicating
with a map provider via the transceiver 170 or alternatively, the location coordinates may
already be associated with the map stored locally on the computing device 151. Suitable

map providers include Google, Bing, Here and Esri and other high-resolution map
providers.

[0025] Then in step 120, an interactive user interface element, such as a line, or a
point, or another symbol overlaying the high geometric resolution map may be displayed
to the user via the display 160 on the computing device 150 for the user to identify their
bearing on the high geometric resolution map. This interactive user interface element may
be repositioned to correspond to the user’s bearing or used to click on the virtual object
to align the calibrated computing device 150 with it. Finally, an identification of the user's
bearing via the positioning of the interactive user interface element on the high geometric
resolution map may be received at the computing device 150 in step 125 following the
user's selection of bearing.

[0026] The identification of the user’s bearing via the positioning of the interactive user
interface element, such as a line, on the high geometric resolution map may be received
via the input mechanism 175 such as touch entry on a touch dispiay or another input
mechanism such as a physical keyboard on the computing device 150. The interactive
user interface element on the high geometric resolution map may be positioned in
alignment with an object located at a suggested distance of between 30 and 100 meters,
although shorter or longer distances may be used. The object may be any object visible

on the map including, for example, a fire hydrant, a telegraph pole, a bus stop or a traffic

CA 3019989 2018-11-19
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light. According to an embodiment, the user may point the computing device 150 at the
selected object to align the interactive user interface element on the display 160 with the
selected object also appearing on the display 160 via input from the camera 180 of the
computing device 150. Once alignment is completed, the user may send a command via

touch entry or voice entry to lock in the alignment. According to a further embodiment,
automatic image recognition may be used to lock in the alignment.

[0027] Using the absolute location coordinates and the user's bearing, the relative
positions of one or more objects to the user may be determined at the computing device
150. The computing device 150 may store the absolute location coordinates
corresponding to the identification of the user's location and identification of the user’s
bearingin a memory 165 accessible to the computing device 150, which may be retrieved
for future use. This may occur when the user moves the computing device 150 thereby
changing the user's location and bearing. After calibration of absolute location and
bearing, this further movement may be measured through the use of an accelerometer
and gyroscope (or compass or magnetometer) on the users computing device and the
new position and bhearing may displayed to the u'ser via the relative distance and changes
in direction from the calibrated absolute location and bearing.

[0028] According to a further embodiment of the present invention as shown in Figure
2, a system 200 for calibrating absolute user location and bearing on a low geolocation
accuracy computing device using a high geometric resolution map may comprise a
computing device 150 such as a smartphone 350, a tablet computer or a virtual,

augmented or mixed-reality device, for example mixed-reality goggles. According to an
embodiment, the low geolocation accuracy computing device 150 may compnse a

computing device without any location capabilities whatsoever.

[0029] Computing device 150 may include a processor 155, a display 160, a memory
165, a transceiver 170, a camera 180, a microphone 185 for receiving voice commands,
and an input mechanism 175, which may be a touch sensitive display which may provide
a virtual keyboard, a physical keyboard or another mechanism for inputting information to

CA 3019989 2018-11-19
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the computing device 150 apart from the transceiver 170, camera 180 and microphone
185. The memory 165 may comprise computer-readable instructions, such as in the form
of a computer software application or “app”, which when executed by the processor 135
may specially configure the computing device 150 to display a high geometric resclution
map to a user via the display 160 on the computing device 150, to receive an identification
of the user’s location on the high geometric resolution map at the computing device 150,
to determine absolute location coordinates corresponding to the identification of the user’s
location, to display an interactive user interface element overlaying the high geometric
resolution map to the user via the display 160 on the computing device 150 for the user
to identify their bearing on the high geometric resolution map, and to receive an
identification of the user's bearing via the paositioning of the interactive user interface
element on the high geometric resolution map at the computing device 150. These
instructions may also specially configure the computing device 150 receive the high
geometric resolution map at the computing device 150 via the transceiver 170, to
determine the relative positions of one or more objects to the user, for example, fire
hydrants or underground pipes, using the absolute location coordinates and the user's
bearing, and to receive inputs from an accelerometer and gyroscope and use them to
determine a new position and bearing relative to the absolute location and bearing from
calibration. '

[0030] According to an embodiment as shown in Figures 3-8, a method 300 for
calibrating absolute user location and bearing on a computing device, such as
smartphone 350, may comprise displaying a high-resolution satellite map 305 of an area
where the smartphone 350 is located, wherein the satellite map 305 may be retrieved
from a satellite map provider or loaded from the device memory or obtained from another
source (Figure 3). A presentation layer may be calculated to ensure coordinates on the
presentation layer align with map information received from the satellite map provider.
Upon alignment of the satellite map 305 with points on a display, the satellite map 303
may be displayed to the user. A user may navigate to its physical location on the satellite
map 305 manually. According to an embodiment, low-precision GPS such as that on the

computing 'device 150 may be used to identify the user’s approximate location.

CA 3019989 2018-11-19
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[0031] As shown in Figures 4-5, the user may identify a point, such as point 310 where,
in this instance, two crosswalks meet on the satellite map 305. According to an
embodiment, the user may alternatively identify a nearby landscape feature visible on the
satellite map 305. If low-precision GPS was used 10 identify its approximate location, the
user may adjust the identified location by positioning him or herself along with the
smartphone 350 at the point 310. The user may mark the point 310 on the satellite map
305. For increased accuracy, the user may magnify the satellite map 305 or may zoom in
on the satellite map 305 to mark the point 310 on the satellite map 305.

[0032] According to an embodiment, anchor points, such as manhole caver icons, may
be displayed to aid the user in determining their location at a faster rate. This may be
useful where the location identified by the user is near or on top of known objects, such
as a sewer inlet. For instance, an icon of the sewer inlet may be displayed on the sateilite
map 305. To allow the user to identify a location immediately, the user may paosition itself
on top of the sewer inlet and then choose the anchor point. The point 310 may then be
confirmed by the user to lock in the selection. Upon confirmation by the user, the
smartphone 350 may request location coordinates from the satellite map provider or the
location coordinates may be retrieved from memory on the smartphone 350 or from
another available source.

[0033] As shown in Figure 6, point 315 may be the location identified by low-precision
GPS whereas the point 310 may be the location manually identified by the user. As shown

in Figure 7, the smartphone 350 may further display a line 320 on the satellite map 303
from the point 310. The user may select an object visible on the satellite map 305 and

rotate the line 320 such that the line 320 aligns from the point 310 to the object. The object
may be placed at a suggested distance of between 30 meters and 100 meters from the

user (although shorter or longer distances may be used). The smartphone 350 may
request coordinates from the satellite map provider or coordinates may be retrieved from
memory on the smartphone 350 or obtained from another source. Bearing may he

calculated based on the difference between the two selected coordinates.

CA 3019989 2018-11-19



~N O M Bh W N

0o

10
11

12
13

14
15
16
17
18
19

20
21
22
23

24
25

26
27
28
29

30

31

10

[0034] According to an embodiment as shown in Figure 8, the user may point the
smartphone 350, wherein the smartphone 350 or other augmented reality device may
display the line 320 down the center of the smartphone 350, to align the fine 320 with the
selected object. Once alignment is completed, the user may send a command via touch
entry or voice entry to lock in the alignment.

[0035] Absolute user location and bearing may be used for geotagging, determining
relative positions of one or mare objects to the user using internal and external sensors
as well as for a multitude of other tasks. With absolute user location and bearing, the
computing device 150 may calculate where the user is in space relative to where it was.
This calculation may be achieved using sensors such as accelerometers and gyroscopes,
which may calculate pitch, roll, yaw and travel distance. For example, accelerometers and
gyroscopes may determine that the user moved 25 feet away from the absolute user
location and turmed 30 degrees from the user’s bearing. As a second example, absolute
user location and bearing may be used with virtual/augmented/mixed reality devices.
Upon determining absolute user location and bearing, the computing device 150 may

display objects or guide the user to a destination with step-by-step directions.

[0036] The capability to calibrate absolute user location and bearing may provide
computing devices with low geolocation accuracy or without location capabilities to gain
high-precision GPS (global positioning system) movement tracking abilities (i.e.
movements under 0.5 meters) over short distances (i.e. under 100 meters). Further,
absolute user location and bearing may allow computing devices with low geolocation

accuracy or without location capabilities to be almost as accurate and occasionally more
accurate than high-precision GNSS units. Therefore, computing devices with low
geolocation accuracy or without location capabilities may act as a substitute to high-
precision GNSS units. Substitution may be especially advantageous in high-density urban
areas where high-precision GNSS units may be incapable of locking accurate locations.

[0037] Using Google Earth in most North American cities may achieve a location

CA 3019989 2018-11-19
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accuracy of under 0.03 meters per map pixel and a heading accuracy of 0.05 degrees
per map pixel 100 meters away. ThiS may achieve an accuracy, under commaon
conditions, of 0.03 meters and +/- 0.1 arc-degrees. When compared to high-precision
GNSS units, which may have an accuracy of 0.1 meters and +/- 1.5 arc-degrees, the

accuracy of Google Earth may be 3 and 15 times more accurate, respectively.

[0038] To help the user accurately choose their location on the high geometric
resolution map, oversampling or super-zooming of the map may be used. For example,
If each pixel on a map represents 0.1 meters, the map may be stretched (i.e. super-
zoomed) such that each pixel of the original map corresponds to 10 pixels on super-
zoomed image. The super-zoomed image will have the same quality as the original one
(i.e. the stretch image will be very pixelated), however the enlarged image may allow for
more accurate placement of the user's location by the user.

[0039] The present invention may be embodied in other specific forms without
departing from the spirit or essential characteristics thereof. Certain adaptations and
modifications of the invention wiI‘I be obvious to those skilled in the art. Therefore, the
presently discussed embodiments are considered to be illustrative and not restrictive, the
scope of the invention being indicated by the appended claims rather than the foregoing
description and all changes which come within the meaning and range of equivalency of
the claims are therefore intended to be embraced therein.

CA 3019989 2018-11-19
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What is claimed is:

1. A method for calibrating absolute user location and bearing on a low geolocation

accuracy computing device using a high geometric resolution map, the method
comprising:

displaying the high geometric resolution map to a user via a display on the
computing device;

receiving’ an identification of the user’s location on the high geometric

resolution map at the computing device;

determining absolute location coordinates corresponding to the

identification of the user’s location:

displaying an interactive user interface element overlaying the high
geometric resolution map to the user via the display on the computing
device for the user to identify their bearing on the high geometric resolution

map; and

receiving an identification of the user’'s bearing via the positioning of the
interactive user interface element on the high geometric resolution map at

the computing device.

2. The method of claim 1, further comprising receiving the high geometric resolution
map at the computing device via a transceiver.

3. The method of claim 2, wherein determining absolute location coordinates

corresponding to the identification of the user’s location comprises communicating

with a map provider via the transceiver.

12
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The method of claim 1, wherein the computing device comprises a smartphone, a
tablet computer, or a virtual, mixed or augmented reality headset,

The method of claim 1, wherein the identification of the user’s location is received
via touch entry on the high geometric resolution map or entering an address,
coordinates or a name of a place via another input mechanism on the computing

device.

The method of claim 1, wherein the computing device stores the absolute location
coordinates corresponding to the identification of the users location and

identification of the user’s bearing in a memory accessible to the computing device.

The method of claim 1, wherein the identification of the user’s bearing via the
positioning of the interactive user interface element on the high geometric

resolution map is received via touch entry or another input mechanism on the

computing device.

The method of claim 1, wherein the relative positions of one or more objects to the
user are determined at the computing device using the absolute location

coordinates and the user’s bearing.

The method of claim 1, wherein the low geolocation accuracy computing device

comprises a computing device without location capabilities.

A system for calibrating absolute user location and bearing on a low geolocation
accuracy computing device using a high geometric resolution map, the system

comprising:

a computing device comprising a processor, a display, a memory, an input

mechanism, a transceiver, a camera and a microphone;

13
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13.

14,

15.

3,019,989

wherein the memory comprises computer-readable instructions, which
when executed by the processor, specially configu“re the computing device
to display a high geometric resolution map to a user via the display on the
computing device, receive an identification of the user’s location on the
high geometric resolution map at the computing device, determine
absolute location coordinates corresponding to the identification of the
user's location, display an interactive user interface element overlaying the
high geometric resolution map to the user via the display on the computing
device for the user to identify their bearing on the high geometric
resolution map, and receive an identification of the user’s bearing via the
positioning of the interactive user interface element on the high geometric

resolution map at the computing device.

The system of claim 10, further comprising instructions for receiving the high

geometric resolution map at the computing device via the transceiver.

The system of claim 11, wherein determining absolute location coordinates
corresponding to the identification of the user’s location comprises communicating

with a map provider via the transceiver.

The system of claim 10, wherein the computing device comprises a smartphone,

a tablet computer, or a virtual, mixed or‘augmented reality headset.

The system of claim 10, wherein the identification of the user’s location is received
via touch entry on the high geometric resolution map or entering an address,

coordinates or a name of a place via another input mechanism on the computing

device.

The system of claim 10, wherein the identification of the user’'s bearing via the
positioning of the interactive user interface element on the high geometric

resolution map is received via touch entry or another input mechanism on the

14
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16.

17.

18.

19.

3,019,989

' computing device.

The system of claim 10, wherein the computing device stores the absolute location
coordinates corresponding to the identification of the user’s location ang

identification of the user’s bearing in the memory.

The system of claim 10, further comprising instructions for determining the relative
positions of one or more objects to the user using the absolute location coordinates

and the user’s bearing.

The system of claim 10, wherein the low geolocation accuracy computing device
comprises a computing device without location capabilities.

A computer program product for calibrating absolute user location and bearing on
a computing device with low geolocation accuracy or no location capabilities using

a high geometric resolution map, the computer program product comprising:

a storage medium comprising computer-readable instructions, which when

executed by a processor, carry out the steps of:

displaying the high geometric resolution map to a user via a display

on the computing device:

receiving an identification of the user’s location on the high geometric

resolution map at the computing device;

determining absolute location coordinates corresponding to the

identification of the user’s location:

displaying an interactive user interface element overlaying the high
geometric resolution map to the user via the display on the

15
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3,019,989

computing device for the user to identify their bearing on the high
geometric resolution map: and '

recetving an identification of the user’s bearing via the positioning of

the Interactive user interface element on the high geometric

resolution map at the computing device.

20.  The computer program product of claim 19. further comprising instructions for

determining the relative positions of one or more objects to the user using the
absolute location coordinates and the user’s bearing.

16
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FIGURE 1

100

Step 105; Computing device 150 displays a high geometric resolution map to a user via a display
160

Step 110; Computing device 150 receives an identification of the user's location on the high
geometric resolution map

N Yy I

Step 115: Computing device 150 determines absolute location coordinates corresponding to the
identification of the user’s location |

Step 120: Computing device 150 displays an interaciive user interface element gveriaying th.e
high geometric resolution map to the user via the display 160 for the user to identify their bearing
on the high geometric resolution map

Step 125: Computing device 150 receives an identification of the user’s bearing via the

positioning of the interactive user interface element on the high geometric resolution map
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FIGURE 2

200

Computing Device 150

Processor 155

s

Display 160

| Memory 165

Transceiver 170

Input Mechanism 175

Camera 180

Microphone 185
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FIGURE 3

300

305

.
e o =
- ‘.ln_ -

137 07, o
e . -'-!-{4’-.-_
v.\‘ﬁ.?'.'.f;:' .

A
ST B ANS -

=

'.,.- ")‘..v-. . v ¥
o Gateway N L

.. -1

ey o wdt

¢ - .. . ”
cas %

@ "

e

. 4

“os b

ECL PRI . -l:. " ‘l.'.‘ i
2T ARACA T

2
_ )
N AR A

= .

e
-,

»"?'_.

i O
“\../.'

B PR

-----

. '..

R A R O
.,‘:? ' ?"2"' .l:‘.

. . ' ) * “ \ 3 do .“." .'.”_' .~‘, .'j- L .:'. . --. T & S ': ot N
LT Stttk Yoy =, 5 : , Yo, -

._ ; .o .ot N L MR R -
I o, ' R g3ty S LR e 4 - o
-“* .y - A o bl “\ y . - N ... ;.. \.. -
% ’ 5 '..' . r. -'. : . ’_. X . ot -4 ‘~ ] * [}
R N TR ST BT N L LIESE Ll
» ' . i . Y ' ‘¢ .. . ' &

. - ' rp: Y x5 .
L gdLe A
. ' "N ':“.(]".f‘-"
: WA - b
. ."-\}. ,{ T
Y 1 idl- 4
B ASE T wy )

Rike' SR8 ToTnis

] ‘g\i‘l \2"1‘. ” 37
A

A _:‘:{ v ’q‘h.. . R )

L

e

-+ b
d
N
Tredon
i

S
o,

Ny

V- oe
v
: ]
. .
L
e I

CA 3019989 2018-11-19



4/8

FIGURE 4
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FIGURE 5 :

NS

L
TR

. vt
.
1L

w -3

LI |
. .l: 7, ,Oou_l.'

AP |

= |

L]

e ot

.
AERLCTROR L

CA 3019989 2018-11-19



300

319

6/8
FIGURE 6
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FIGURE 7
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FIGURE 8
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