wo 20097129284 A2 I 0K OO0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization @T‘?‘S\

tellectual Property /,:‘. ) T O O 0
. L. ME' (10) International Publication Number
(43) International Publication Date \,!:,: #
22 October 2009 (22.10.2009) WO 2009/129284 A2

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
GO01S 17/89 (2006.01) GO01S 17/93 (2006.01) kind of national protection available): AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ éé’ gg’ 23’ gg’ gg ? ]])31}({, 3\1\}[]’ gg’ gé’
PCT/US2009/040620 EC, EE, EG, ES, FL GB, GD, GE, GH, GM, GT, HN,
(22) International Filing Date: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
15 April 2009 (15.04.2009) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
. MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
(25) Filing Language: English NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
(26) Publication Language: English SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,

UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

12/081.346 15 April 2008 (15.04.2008) ys (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
CATERPILLAR INC. [US/US]; 100 N.E. Adams Street, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Peoria, IL 61629-9510 (US). TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(72) Inventors; and MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),

5) Invent‘ors/Appl.lcants (for US only): KOTEJOSHYER, OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
Badari [IN/IN]; #4/2, Akshayanager, 1st Main Road, Ye- MR, NE, SN, TD, TG)
lenahalli, Begur Hobli, Bangalore 560068 (IN). ED- T ’
WARDS, David [US/US]; 10910 N. Northtrail Drive, Published:

Dunlap, IL 61525 (US). —  without international search report and to be republished
(74) Agents: CARTER, Janda, M. et al; 100 N.E. Adams upon receipt of that report (Rule 48.2(g))
Street, Peoria, IL 61629-9510 (US).

(54) Title: OBSTACLE DETECTION METHOD AND SYSTEM

(57) Abstract: A system (30) for detecting obstacles (12) near a machine (10) is disclosed. The system has a plurality of obstacle
sensors (32) located on the machine. The system also has a controller (34) in communication with each of the plurality of obstacle
sensors. The controller is configured to pair one-to-one each of the plurality of obstacle sensors to each of a plurality of non-over-
lapping confidence regions (44). Additionally, the controller is configured to scan with the plurality of obstacle sensors. The con-
troller is also configured to receive from the plurality of obstacle sensors raw data regarding the scanning, and assemble the raw
data into a map (36). Based on the map, the controller is configured to determine at least one characteristic of at least one obstacle.



WO 2009/129284 PCT/US2009/040620

10

15

20

25

Description

OBSTACLE DETECTION METHOD AND SYSTEM

Technical Field

The present disclosure relates generally to a detection method and,

more particularly, to a method for detecting obstacles near a machine.

Background

Large machines such as, for example, wheel loaders, off-highway
haul trucks, excavators, motor graders, and other types of earth-moving machines
are used to perform a variety of tasks. Some of these tasks involve intermittently
moving between and stopping at certain locations within a worksite and, because
of the poor visibility provided to operators of the machines, these tasks can be
difficult to complete safely and effectively. Therefore, operators of the machines
may additionally be provided with detections of obstacle sensors. But, individual
obstacle sensors operate effectively (i.e. provide accurate detections) only within
certain spatial regions. Outside of these regions, the obstacle sensors may
provide inaccurate detections. For example, one obstacle sensor may detect an
obstacle at a certain location, and another obstacle sensor may detect nothing at
that same location, solely because of how each is mounted to the machine and
aimed.

One way to minimize the effect of these contradictory detections
is described in U.S. Patent No. 6,055,042 (the ‘042 patent) issued to Sarangapani
on 25 April 2000. The ‘042 patent describes a method for detecting an obstacle
in the path of a mobile machine. The method includes scanning with each of a
plurality of obstacle sensor systems. The method also includes weighting the
data scanned by each of the obstacle sensor systems based upon external

parameters such as ambient light, size of the obstacle, or amount of reflected
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power received from the obstacle. Based on this weighted data, at least one
characteristic of the obstacle is determined.

Although the method of the ‘042 patent may improve detection of
an obstacle in the path of a mobile machine, it may be prohibitively expensive for
certain applications. In particular, weighting the data scanned by the obstacle
sensor systems may be unnecessary. Because this weighting may require
information regarding external parameters, additional hardware may be required.
And, this additional hardware may increase the costs of implementing the
method.

The disclosed method and system are directed to overcoming one

or more of the problems set forth above.

Summa

In one aspect, the present disclosure is directed to a method for
detecting obstacles near a machine. The method includes pairing one-to-one each
of a plurality of obstacle sensors to each of a plurality of non-overlapping
confidence regions. Additionally, the method includes scanning with the
plurality of obstacle sensors. The method also includes receiving from the
plurality of obstacle sensors raw data regarding the scanning. In addition, the
method includes assembling the raw data into a map. The method also includes
determining at least one characteristic of at least one obstacle, based on the map.

In another aspect, the present disclosure is directed to a system for
detecting obstacles near a machine. The system includes a plurality of obstacle
sensors located on the machine. The system also includes a controller in
communication with each of the plurality of obstacle sensors. The controller is
configured to pair one-to-one each of the plurality of obstacle sensors to each of a
plurality of non-overlapping confidence regions. Additionally, the controller is
configured to scan with the plurality of obstacle sensors. The controller is also

configured to receive from the plurality of obstacle sensors raw data regarding the
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scanning, and assemble the raw data into a map. Based on the map, the controller

is configured to determine at least one characteristic of at least one obstacle.

Brief Description of the Drawings

Fig. 1 is a pictorial illustration of an exemplary disclosed machine;

Fig. 2 is a diagrammatic illustration of an exemplary disclosed
obstacle detection system for use with the machine of Fig. 1;

Fig. 3 is a pictorial illustration of exemplary disclosed coordinate
systems for use with the obstacle detection system of Fig. 2;

Fig. 4 is a top view of exemplary disclosed detection regions for
use with the obstacle detection system of Fig. 2;

Fig. 5 is a front view of exemplary disclosed confidence regions
within the detection regions of Fig. 4; and

Fig. 6 is a flow chart describing an exemplary method of operating

the obstacle detection system of Fig. 2.

Detailed Description

Fig. 1 illustrates an exemplary machine 10 and an obstacle 12 of
machine 10, both located at a worksite 14. Although machine 10 is depicted as
an off-highway haul truck, it is contemplated that machine 10 may embody
another type of large machine, for example, a wheel loader, an excavator, or a
motor grader. Obstacle 12 is depicted as a service vehicle. But, it is
contemplated that obstacle 12 may embody another type of obstacle, for example,
a pick-up truck, or a passenger car. If obstacle 12 is at least a certain size,
obstacle 12 may be classified as dangerous. For example, the certain size may be
a length 22. If obstacle 12 has a height 16 longer than a length 22, a width 18
longer than length 22, or a depth 20 longer than length 22, obstacle 12 may be
classified as dangerous. Worksite 14 may be, for example, a mine site, a landfill,

a quarry, a construction site, or another type of worksite known in the art.
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Machine 10 may have an operator station 24, which may be
situated to minimize the effect of blind spots (i.e. maximize the unobstructed arca
viewable by an operator of machine 10). But, because of the size of some
machines, these blind spots may still be large. For example, dangerous obstacle
12 may reside completely within a blind spot 28 of machine 10. To avoid
collisions with obstacle 12, machine 10 may be equipped with an obstacle
detection system 30 (referring to Fig. 2) to gather information about obstacles 12
within blind spot 28.

Obstacle detection system 30 may include an obstacle sensor 32,
or a plurality thereof, to detect points E on surfaces within blind spot 28. For
example, obstacle detection system 30 may include a first obstacle sensor 32a and
a second obstacle sensor 32b. Obstacle sensor 32a may detect points E, that are
on surfaces facing it (i.e. points E within a line of sight of obstacle sensor 32a).
And, obstacle sensor 32b may detect points E, that are on surfaces facing it (i.e.
points E within a line of sight of obstacle sensor 32b). Detections of points E;
and E, may be raw (i.e. not directly comparable). Therefore, as illustrated in Fig.
2, obstacle detection system 30 may also include a controller 34, which may
receive communications including the detections of points E; and E; from
obstacle sensors 32a and 32b, respectively, and then transform, filter, and/or
unionize the detections.

Controller 34 may be associated with operator station 24 (referring
to Fig. 1), or another protected assembly of machine 10. Controller 34 may
include means for monitoring, recording, storing, indexing, processing, and/or
communicating information. These means may include, for example, a memory,
one or more data storage devices, a central processing unit, and/or another
component that may transform, filter, and/or unionize detections of points E; and
E,. In particular, controller 34 may include or be configured to generate a map
36 to store the locations of transformed points E; and E,. Furthermore, although

aspects of the present disclosure may be described generally as being stored in
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memory, one skilled in the art will appreciate that these aspects can be stored on
or read from different types of computer program products or computer-readable
media such as computer chips and secondary storage devices, including hard
disks, floppy disks, optical media, CD-ROM, or other forms of RAM or ROM.
Map 36, electronic in form, may be stored in the memory of
controller 34, and may be updated in real time to reflect the locations of
transformed points E; and E,. As illustrated in Fig. 3, these locations may be
defined with respect to a coordinate system T. Coordinate system T may have an
origin at a point Or, which may be fixedly located with respect to machine 10.
Coordinate system T may be a right-handed 3-D cartesian coordinate system
having axis vectors xr, yt, and zt. It is contemplated that axis vector zr may
extend gravitationally downward from point Ot toward a ground surface 37 when
machine 10 is in an upright position. Therefore, a plane formed by axis vectors
xt and yr may be substantially parallel to a predicted ground surface 38. A point
in coordinate system T may be referenced by its spatial coordinates in the form

X, = [t1 t, 1, ] , where from point Or, #; is the distance along axis vector xr, %

is the distance along axis vector yt, and #; is the distance along axis vector zr. An
orientation with respect to coordinate system T may be referenced by its angular

coordinates in the form A, =[r, ¢, t,], where rotated about point Or, # is the

pitch angle (i.e. rotation about axis vector yr), £ is the yaw angle (i.e. rotation
about axis vector zr), and f is the roll angle (i.c. rotation about axis vector xr).
As previously discussed, detections of points E; and E, by
obstacle sensors 32a and 32b, respectively, may be raw. In particular, these
detections may be raw because sensors 32a and 32b may or may not be fixedly
located at a shared location with respect to coordinate system T. For example, it
is contemplated that obstacle sensors 32a and 32b may both be attached to a
quarter panel 39 of machine 10, but obstacle sensor 32a may be located at a point
Os, and obstacle sensor 32b may be located at a point Ogp. Therefore, locations

of points E; may be detected with respect to a coordinate system Sa, with an
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origin at point Og,, and locations of points E; may be detected with respect to a
coordinate system Sb, with an origin at point Osp.

Coordinate system Sa may be a right-handed 3-D cartesian
coordinate system having axis vectors Xs,, Ysa, and zg,. A point in coordinate
system Sa may be referenced by its spatial coordinates in the cartesian form
X, =[sa, sa, sa,], where from point Os,, sa; is the distance along axis
vector Xs,, say 18 the distance along axis vector ysa, and sas is the distance along
axis vector zs,. The geographical location of point Og, and the orientation of
coordinate system Sa relative to coordinate system T may be fixed and known.
In particular, X, (O, ) may equal [~by,, —by, —bg,],and A, (Sa) may
equal [ psa  ysa rsa] . A point in coordinate system Sa may alternatively be
referenced by its spatial coordinates in the polar form X , = [pa G (pa],

where pa is the distance from point Og,, fa is the polar angle from axis vector Xg,,
and ga is the zenith angle from axis vector zg,.

Coordinate system Sb may be a right-handed 3-D cartesian
coordinate system having axis vectors Xsp, Ysb, and zsp. A point in coordinate
system Sb may be referenced by its spatial coordinates in the cartesian form
X = [sb1 sb, sb, ], where from point Ogp, $b; 1s the distance along axis
vector Xg, $b; 18 the distance along axis vector ygp,, and sbs is the distance along
axis vector zsp. The geographical location of point Ogp, and the orientation of
coordinate system Sb relative to coordinate system T may also be fixed and

known. In particular, X, (OSb) may equal [— boy —bgyr —bgs ] ,and A, (Sb)
may equal [psb ysb rsb]. A point in coordinate system Sb may alternatively
be referenced by its spatial coordinates in the polar form X, =[oh 6b @b],

where pb is the distance from point Ogy, b is the polar angle from axis vector
Xsb, and @b is the zenith angle from axis vector zgp,.

Each obstacle sensor 32 may embody a LIDAR (light detection
and ranging) device, a RADAR, (radio detection and ranging) device, a SONAR
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(sound navigation and ranging) device, a vision based sensing device, or another
type of device that may detect a range and a direction to points E. For example,
as detected by obstacle sensor 32a, the range to point E; may be represented by
spatial coordinate pa and the direction to point E; may be represented by the
combination of spatial coordinates fa and gpa. And, as detected by obstacle
sensor 32b, the range to point E; may be represented by spatial coordinate pb and
the direction to point E; may be represented by the combination of spatial
coordinates b and ¢b.

As illustrated in Figs. 4 and 5, the detections made by obstacle
sensors 32a and 32b may be bounded by certain spatial coordinates, thereby
forming detection regions 40a and 40b, respectively. For example, detection
region 40a may be bounded by fa = 6ai and Ha = 0aii, and by ga = ¢ai and pa =
@aii. And, detection region 40b may be bounded by b = 6bi and b = 6bii, and
by pb = ¢bi and ¢pb = @bii. It is contemplated that detection regions 40a and 40b
may overlap at an over-detected region 42 (shown by double crosshatching and
shading in Fig. 5).

Some of the detections within over-detected region 42 may be
inaccurate due to reflections or other unknown interferences. For example,
detections of points E; within over-detected region 42a (shown by double
crosshatching in Fig. 5), and detections of points E; within over-detected region
42b (shown by shading in Fig. 5) may be inaccurate. But, the reverse may not be
true. That is, detections of points E, within over-detected region 42a may be
accurate, and detections of points E; within over-detected region 42b may be
accurate. Therefore, it is contemplated that, as previously discussed and as
described below, controller 34 may transform, filter, and unionize the detections
of points E; and E; to remove inaccurate detections.

Fig. 6 illustrates an exemplary method of operating the disclosed
system. Fig. 6 will be discussed in the following section to further illustrate the

disclosed system and its operation.
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Industrial Applicability

The disclosed system may be applicable to machines, which may
intermittently move between and stop at certain locations within a worksite. The
system may determine a characteristic of an obstacle near one of the machines.
In particular, the system may detect and analyze surface points to determine the
size and location of the obstacle. Operation of the system will now be described.

As illustrated in Fig. 6, the disclosed system, and more
specifically, controller 34, may pair each obstacle sensor 32 to a confidence
region 44 (step 100). Each obstacle sensor 32 may scan (i.e. detect points E
within) its associated detection region 42 (step 110), and communicate data
regarding these scans (i.e. the raw locations of points E) to controller 34 (step
120). Based on the pairings of step 100, controller 34 may assemble the raw
locations of points E into map 36 (step 130). Controller 34 may then, based on
map 36, determine a characteristic of at least one obstacle (step 140).

The pairing of step 100 may be based on the location and
orientation of obstacle sensors 32a and 32b. Since the pairing is one-to-one,
controller 34 may use it to resolve conflicting obstacle detections from sensor
32a and 32b. For example, obstacle sensor 32a may be paired with confidence
region 44a, which may include the volume bounded by detection region 40a
(referring to Fig. 5) except for that volume also bounded by over-detected region
42a (referring to Fig. 5). Obstacle sensor 32b may be paired with confidence
region 44b, which may include the volume bounded by detection region 40b
except for that volume also bounded by over-detected region 42b. It is
contemplated that an operator of machine 10 may define the volumes bounded by
detection regions 40 and over-detected regions 42. Alternatively, it is
contemplated that the operator of machine 10 may define directly the volumes
bounded by confidence regions 44.

Before or after step 100, each obstacle sensor 32 may scan its

associated detection region 42 (step 110). As previously discussed, each obstacle



WO 2009/129284 PCT/US2009/040620

10

15

20

sensor 32 may detect the range and direction from itself to points E. It is
contemplated that these detections may occur concurrently (i.e. parallelly). For
example, obstacle sensor 32a may detect the range and direction from itself to
points E, (step 110a). And, obstacle sensor 32b may detect the range and
direction from itself to points E, (step 110b).

Each of obstacle sensors 32a and 32b may then simultancously
communicate to controller 34 several points E; (step 120a) and several points E;,
(step 120b), respectively. For example, obstacle sensor 32a communications may

include the locations of n points E; in coordinate system Sa in polar form:

pa, Ga,  ¢a
a, G

Xgp = p: : :2 (pc:zz , ach row representing one point. And, obstacle
pa, Ga, g¢a,

sensor 32b communications may include the locations of n points E; in

pby &b, b
b, &b D
coordinate system Sb in polar form: Xg,, = o2 :2 o , each row

representing one point.

Next, controller 34 may assemble the raw locations of points E
into map 36 (step 130). This assembly may include sub-steps. In particular, step
130 may include the sub-step of transforming the received locations of points E
into coordinate system T (sub-step 150). Step 130 may also include the sub-step
of applying a confidence filter to points E (sub-step 160). Additionally, step 130
may include unionizing points E received from each obstacle sensor 32 (sub-step
170).

Transforming the received locations of points E into coordinate
system T (sub-step 150) may also include sub-steps. These sub-steps may be
specific to each obstacle sensor, and may again be performed concurrently. For

example, controller 34 may relate points E; in coordinate system Sa to their
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locations in coordinate system T. In particular, controller 34 may first relate
points E; in coordinate system Sa in polar form to their locations in coordinate
system Sa in cartesian form (sub-step 180a). The relation between coordinate
system Sa in polar form (i.e. Xg,p) and coordinate system Sa in cartesian form
5  (i.e. Xg,) may be as follows:
pa, cosba, singa, pa,sinéa, singa, pa, cosea,

X pa, costa, singpa, pa,sinba,singa, pa,coseda,
Sa = : : :

a

, where

pa, cosba,simba, pa, sinba, sinba, pa, cosba,
cach row represents one point.

Next, controller 34 may relate points E; in coordinate system Sa in
cartesian form to their locations in coordinate system T (sub-step 190a). The

10 relation between coordinate system Sa in cartesian form and coordinate system T

may be as follows:

- . T
_ASaXSal + BSa ]

T T
_ASLJXSLJZ + BSLI _ , Where:

- T T
L _ASaXSan + BSa ]

Xsa1 18 the first row of Xg,, Xsq2 18 the second row of X, and Xgx
is the nth row of Xg,;
15 Asy = AyaApsaArsa, and represents the rotational transform from

coordinate system Sa in cartesian form to coordinate system T, where:

cosysa —sinysa 0
A, =|sinysa cosysa O0];
0 0 1
‘cos psa 0 —sin psa
A= 0 1 0 ; and
| sinpsa 0 cos psa
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1 0 0
A _=|0 cosrsa -—sinrsa|;and

rsa

0 sinrsa cosrsa

bSal
b, |,and represents the translational transform from
bSa3

B, =
coordinate system Sa in cartesian form to coordinate system T.
Similarly, controller 34 may relate points E, in coordinate system
5  Sb to their locations in coordinate system T. In particular, controller 34 may first
relate points E; in coordinate system Sb in polar form to their locations in
coordinate system Sb in cartesian form (sub-step 180b). The relation between
coordinate system Sb in polar form (i.e. Xgsp) and coordinate system Sb in

cartesian form (i.e. Xg5) may be as follows:

pb, cos6b, sinpb,  pb, sinbb, singpb,  pb, cos b,

10 X, =

pb, cosbb, singpb, pb,sin6b, sinpb, pb, coseb,
: : : , where each

pb. coséb, sinbb, pb, sinbb, sinbb, pb cosbh,

row represents one point.

Next, controller 34 may relate points E; in coordinate system Sb in
cartesian form to their locations in coordinate system T (sub-step 190b). The
relation between coordinate system Sb in cartesian form and coordinate system T

15  may be as follows:

3 . T
_ASbXSbl + BSb,

T T
_ASbXsz +BSb_ , where:

) T T
L _ASbXSbn + BSb_

Xsp1 18 the first row of X, X, 1s the second row of X, and X,
is the nth row of Xgp;

Agp = Ay ApspAsgp, and represents the rotational transform from
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coordinate system Sb in cartesian form to coordinate system T, where:

[cos ysb  —sin ysb 0
A, =|sinysb cosysb 0];
0 0 1

[cospsb 0 —sin psh
A = 0 1 0 ;and

psb

| sinpsb 0 cos psb

1 0 0
A, =|0 cosrsb —sinrsb |;and
0 sinrsb  cosrsb
bSbl
5 B, =1 b, |, and represents the translational transform from
bSb3

coordinate system Sb in cartesian form to coordinate system T.

The application of a confidence filter to points E (sub-step 160)
may be performed before or after step 150, and may be based upon the pairings
of step 100. In particular, the received locations of points E; may be filtered so

10 asto retain only those points E; within confidence region 44a (sub-step 160a).
And, the received locations of points E, may be filtered so as to retain only those
points E; within confidence region 44b (sub-step 160b). These filterings may
occur concurrently, and serve to resolve conflicts between obstacle sensor 32a
and 32b detections (i.e. where a conflict exists, a detection by only one obstacle

15  sensor 32 will be retained).

After completing sub-steps 150 and 160, controller 34 may
unionize transformed remaining points E; and E; (hereafter “points U”).
Specifically, controller 34 may delete all points stored in map 36, and then
incorporate points U into map 36. It is contemplated that by this deletion and

20  incorporation map 36 may be kept up-to-date (i.e. only the most recent detections

will be stored in map 36). It is further contemplated that controller 34 may lock
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map 36 after incorporating points U, thereby preventing the newly stored points
U from being deleted before controller 34 determines a characteristic of an
obstacle 12 (step 140).

After completing step 130, controller 34 may proceed to step 140,
which may include sub-steps. In particular, step 140 may include the sub-step of
applying a height filter to points U (sub-step 200). Step 140 may also include the
sub-step of converting points U into obstacles 12 through blob extraction (sub-
step 210). Additionally, step 140 may include the sub-step of applying a size
filter to obstacles 12, thereby determining a characteristic (i.e. the size) of
obstacles 12 (sub-step 220).

Controller 34 may apply a height filter to points U to filter out
ground surface 37 (referring to Fig. 3) (sub-step 200). Specifically, controller 34
may filter out points U that are within a certain distance 46 (e.g. a meter) (not
shown) of predicted ground surface 38 (referring to Fig. 3). This may be
accomplished by comparing the spatial coordinate t; of each point U to a distance
48. Distance 48 may equal distance 46 subtracted from the distance between
point Ot and predicted ground surface 38. If spatial coordinate t; is greater than
distance 48, point U may be filtered out. But, if spatial coordinate t; is less than
or equal to distance 48, point U may be retained.

Next, controller 34 may convert points U into obstacles 12 through
blob extraction (sub-step 210). Blob extraction is well known in the art of
computer graphics. Obstacles are found by clustering similar points into groups,
called blobs. In particular, blob extraction works by clustering adjacent points U
(indicating an obstacle 12 is present) together and treating them as a unit. Two
points U are adjacent if they have either: (1) equivalent spatial coordinates #; and
consecutive spatial coordinates #,; (2) equivalent spatial coordinates ¢, and
consecutive spatial coordinates #3; (3) equivalent spatial coordinates ¢, and
consecutive spatial coordinates #; (4) equivalent spatial coordinates ¢, and

consecutive spatial coordinates #3; (5) equivalent spatial coordinates ¢; and
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consecutive spatial coordinates #;; or (6) equivalent spatial coordinates #; and
consecutive spatial coordinates #,. By converting points U into obstacles 12,
obstacles 12 can be treated as individual units that are suitable for further
processing.

Controller 34 may then apply a size filter to obstacles 12 (sub-step
220). Specifically, controller 34 may filter out obstacles 12 that do not have at
least one of height 16, width 18, and depth 20 longer than length 22 (referring to
Fig. 1). By filtering out these obstacles 12, only dangerous obstacles 12 may
remain. The filtering may be accomplished by first calculating height 16, width
18, and depth 20. Height 16 may be calculated by subtracting the smallest spatial
coordinate #; value associated with obstacle 12 from the largest spatial coordinate
t; value associated with obstacle 12; width 18 may be calculated by subtracting
the smallest spatial coordinate #, value associated with obstacle 12 from the
largest spatial coordinate #, value associated with obstacle 12; and depth 20 may
be calculated by subtracting the smallest spatial coordinate ¢, value associated
with obstacle 12 from the largest spatial coordinate #; value associated with
obstacle 12. Next, height 16, width 18, and depth 20 may be compared to each
other. The longest of height 16, width 18, and depth 20 may then be compared to
length 22. If the longest of height 16, width 18, and depth 20 is not longer than
length 22, obstacle 12 may be filtered out. But, if the longest of height 16, width
18, and depth 20 is longer than length 22, obstacle 12 may be retained and
classified as dangerous.

It is contemplated that after step 140, operation of the disclosed
system may vary according to application. Since obstacles 12 may be dangerous,
it is contemplated that the disclosed system may be incorporated into a vehicle
collision avoidance system, which may warn an operator of machine 10 of
dangerous obstacles 12. This incorporation may be simple and cost effective
because the disclosed system need not have access to information regarding

external parameters. In particular, it need not include hardware for gathering
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information regarding these external parameters. Alternatively, it is

contemplated that the disclosed system may be incorporated into a security

system. This incorporation may also be cost effective because the disclosed

system may be configured with detection regions only in high threat areas such
5  as, for example, windows and doors.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the method and system of the present
disclosure. Other embodiments of the method and system will be apparent to
those skilled in the art from consideration of the specification and practice of the

10 method and system disclosed herein. It is intended that the specification and
examples be considered as exemplary only, with a true scope of the disclosure

being indicated by the following claims and their equivalents.
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Claims

1. A method for detecting obstacles (12) near a machine (10),
comprising:

pairing one-to-one cach of a plurality of obstacle sensors (32) to
cach of a plurality of non-overlapping confidence regions (44);

scanning with the plurality of obstacle sensors;

receiving from the plurality of obstacle sensors raw data regarding
the scanning;

assembling the raw data into a map (36); and

determining at least one characteristic of at least one obstacle,

based on the map.

2. The method of claim 1, wherein assembling the raw data
into a map includes transforming the raw data from each of the plurality of

obstacle sensors into useable data.

3. The method of claim 2, wherein transforming the raw data
from each of the plurality of obstacle sensors into useable data includes applying
a confidence region filter specific to each of the plurality of obstacle sensors to

the raw data from each of the plurality of obstacle sensors.

4. The method of claim 2, wherein assembling the raw data
into a map includes unionizing the usable data from each of the plurality of

obstacle sensors.

5. The method of claim 1, wherein the map includes a set of

surface points.
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6. The method of claim 5, wherein determining at least one
characteristic of at least one obstacle includes determining a size of at least one

obstacle.

7. The method of claim 6, wherein determining the size of at

least one obstacle, includes applying a height filter to the set of surface points.

8. A system (30) for detecting obstacles (12) near a machine
(10), comprising:
a plurality of obstacle sensors (32) located on the machine; and
a controller (34) in communication with each of the plurality of
obstacle sensors, and configured to:
pair one-to-one ecach of the plurality of obstacle sensors to
cach of a plurality of non-overlapping confidence regions (44);
scan with the plurality of obstacle sensors;
receive from the plurality of obstacle sensors raw data
regarding the scanning;
assemble the raw data into a map (36); and
determine at least one characteristic of at least one

obstacle, based on the map.

9. The system of claim 8, wherein the map includes a set of

surface points.

10. The system of claim 8, wherein the confidence regions

are volumetric regions.
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