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METHODS, SYSTEMS AND APPARATUS FOR SEGMENTING AND
DIMENSIONING OBJECTS

FIELD OF THE DISCLOSURE

[0001] This disclosure relates generally to image processing systems and, more
particularly, to methods, systems and apparatus for segmenting and dimensioning

objects.

BACKGROUND

[0002] Transportation and logistics systems include planning operations that
improve efficiency and accuracy of certain delivery services. For example, when a
plurality of objects (e.g., packages) are going to be loaded into a container (e.g.,
delivery trucks), a transportation and logistics system may determine which objects
are to be transported via which container and how the objects are to be loaded into the
containers. Such systems are better able to execute the planning operations by gaining

knowledge of one or more dimensions of the objects to be transported.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1 depicts an example environment including an example object
dimensioning system constructed in accordance with teachings of this disclosure.
[0004] FIG. 2 is block diagram representative of an example implementation of the
example freight dimensioner of FIG. 1.

[0005] FIG. 3 is a block diagram representative of an example implementation of the
example reference setter of FIG. 2.

[0006] FIG. 4 is diagram representative of a directional scheme implemented by the

example reference setter of FIG. 3.
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[0007] FIG. 5 is a block diagram representative of an example implementation of the
freight analyzer of FIG. 2.

[0008] FIG. 6 is flowchart representative of example operations that may be
executed to implement the example reference setter of FIGS. 2 and/or 3.

[0009] FIG. 7 is a flowchart representative of example operations that may be
executed to implement the example freight analyzer of FIGS. 2 and/or 5.

[0010] FIG. 8 is a block diagram representative of an example implementation of the
image sensor calibrator of FIG. 1.

[0011] FIGS. 9A-9F illustrate example stages associated with the example image
sensor calibrator of FIGS. 1 and/or 8.

[0012] FIG. 10 is a flowchart representative of example operations that may be
executed to implement the example image sensor calibrator of FIGS. 1 and/or 8
[0013] FIG. 11 is a block diagram of an example logic circuit capable of executing
the example operations of FIG. 6 to implement the example reference setter of FIGS.
2 and/or 3, the example operations of FIG. 7 to implement the example freight
analyzer of FIGS. 2 and/or 5, and/or the example operations of FIG. 10 to implement

the example image sensor calibrator of FIGS. 1 and/or 8.

DETAILED DESCRIPTION

[0014] Advancements in communication technology, such as Internet-based
purchasing and ordering, have increased the number of consumers and enterprises that
rely on accurate and timely delivery of goods and materials. In turn, demands on those
tasked with providing such services have amplified. In addition to greater volumes of
packages to be delivered, allotted delivery times have shortened to meet demand as

the transportation and logistics industry grows and competition intensifies. Moreover,
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many entities operate under guarantees in terms of accurate and timely delivery of
packages, thereby heightening the importance of accurate and timely performance.
[0015] To meet these and other challenges, transportation and logistics entities seek
improvements across different aspect of various operations. For example, the process
of loading packages into containers (e.g., delivery truck trailers) includes determining
which packages should be loaded into which containers, determining a preferred
spatial arrangement of the packages in the containers, communicating data to loaders
(e.g., persons or machines tasked with physically placing the packages into the
containers), and tracking information related to the packages being loaded. Some of
these operations involve determining or obtaining one or more characteristics of the
packages such as, for example, a weight of a package, a shape of package, and/or one
or more dimensions of a package. The process of measuring or obtaining one or more
dimensions of an object, such as a package, is sometimes referred to as dimensioning.
[0016] However, dimensioning each package to be loaded into a container consumes
valuable time. To reduce the time taken to dimension packages, some systems utilizes
machines, such as scanners or imagers, to obtain measurements. In known systems
that utilize machines to obtain measurements, packages to be imaged or scanned are
stationary and isolated from other objects due to challenges and complexities
associated with object to be dimensioned being proximate (e.g., abutting or resting
on) other objects (e.g., forks of a forklift). Such known systems incur additional time
and resource consumption in connection with isolating the packages from other
objects before being dimensioned.

[0017] Example methods, systems, and apparatus disclosed herein provide efficient
and accurate dimensioning of an object while the object is being carried by a vehicle,
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such as a forklift. In particular, examples disclosed herein include image sensors at
multiple capture positions that generate color data and depth data representative of the
vehicle and, if present, the object to be dimensioned. As described in detail below,
examples disclosed herein identify one of the image sensors toward which the vehicle
is moving. That is, examples disclosed herein are capable of determining which of the
image sensors is/are closest to pointing directly at a front face of the vehicle.
Examples disclosed herein select the image sensor toward which the vehicle is
moving as a reference for combining image data generated by the different image
sensors to generate combined image data representative of the vehicle and any
object(s) being carried by the vehicle.

[0018] As described in detail below, examples disclosed herein generate clusters in
the image data and use the clusters to identify the object being carried by the vehicle.
For example, using the knowledge of which image sensor toward which the vehicle is
traveling, examples disclosed herein identify the object being carried by the vehicle
by determining which cluster in the combined image data has a centroid nearest the
reference image sensor. Examples disclosed herein segment the object by removing
other ones of the clusters. Accordingly, examples disclosed herein isolate the image
data corresponding to the object despite the object being close to (e.g., resting on or
otherwise in contact with) parts of the vehicle.

[0019] Examples disclosed herein recognize that the clustering performed on the
combined image data may include errors due to, for example, close proximity and/or
contact of the object with portions of the vehicle. That is, certain data points in the
cluster associated with the object may actually correspond to, for example, forks of a
front face of a forklift. To remove such data points from the cluster, examples
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disclosed herein recognize that a front face of the vehicle is differently colored than
the object being carried by the vehicle. As described in detail below, examples
disclosed herein maintain a knowledge base including color information for front
faces of vehicles. Using the knowledge base of colors that correspond to front faces of
the vehicles, examples disclosed herein remove portions of the front face of the
vehicle from the combined image data if any such portions remain. That is, examples
disclosed herein isolate the object from portions of the vehicle that are in contact with
the object, which in the case of a forklift is located proximate the front face of the
vehicle. With the object fully segmented from the vehicle, examples disclosed herein
accurately and efficiently dimension the object by calculating one or more
characteristics of the object (e.g., a shape, a dimension, or a volume).

[0020] While the foregoing explains challenges associated with package loading and
delivery, similar challenges exist in other environments and applications that involve
a need for accurate and efficient dimensions of objects. For example, inventory
stocking operations and warehouse management operations suffer when objects are
not accurately placed in assigned locations. Further, while example methods, systems
and apparatus disclosed herein are described below in connection with package
loading operations at a loading dock, example methods, systems and apparatus
disclosed herein can be implemented in any other suitable context or environment
such as, for example, a warehouse, a retail establishment, an airport, a train loading
location, or a shipping port. Moreover, while the following describes a forklift and
dimensioning packages being carried by a forklift, example methods, systems, and

apparatus disclosed herein are applicable to additional or alternative types of objects
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and/or additional or alternative types of carriers (e.g., containers, persons carrying
object(s), and/or different types of vehicles).

[0021] FIG. 1 illustrates an example environment in which example methods,
systems and apparatus disclosed herein may be implemented. The example of FIG. 1
is representative of a loading dock including a dimensioning system 100 constructed
in accordance with teachings of this disclosure. The example dimensioning system
100 of FIG. 1 is includes a north imaging station 102, a west imaging station 104, a
south imaging station 106 and an east imaging station 108. The imaging stations 102-
108 of FIG. 1 are mounted to a frame 110. Alternative examples include any suitable
number (e.g., three (3) or five (5)) of imaging stations deployed in any suitable
manner (e.g., mounted to walls). The terms “north,” “west,” “south” and “east” are
used for ease of reference and not limitation. Each of the imaging stations 102-108 of
FIG. 1 includes an image sensor 112-118, respectively, capable of capturing color
data and depth data in a respective coordinate system. For example, each of the image
sensors 112-118 is an RGB-D sensor (e.g., a Kinect® sensor) that generates an RGB
value and a depth value for each pixel in a coordinate system. In alternative examples,
each of the imaging stations 102-108 includes a three-dimensional (3D) image sensor
that provides depth data and a separate two-dimensional (2D) image senor that
provides color data. In such instances, the 2D image sensor is registered to the
coordinate system of the partner 3D image sensor, or vice versa, such that the color
data of each pixel is associated with the depth data of that pixel.

[0022] Each of the image sensors 112-118 of FIG. 1 are pointed toward an imaging
area 120. Each of the image sensors 112-118 is tilted (e.g., at a forty-five (45) degree
angle toward a floor of the imaging area 120. As such, each of the image sensors 112-
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118 generate color data and depth data representative of the imaging area 120. When
a vehicle 122 carrying an object 124 enters the imaging area 120, the image sensors
112-118 generate color data and depth data representative of the vehicle 122 and the
object 124 from the respective perspectives. In the example of FIG. 1, the vehicle 122
is a forklift and the object 124 is a package to be dimensioned by the dimensioned
system 100. For example, the vehicle 122 may be in the process of moving the object
124 from a warehouse location to a trailer or other type of container associated with
the loading dock illustrated in FIG. 1. In the illustrated example, vehicles can enter
the imaging area 120 in a first direction 126 or a second direction 128. However, any
suitable number of directions are possible depending on, for example, surrounding
environmental arrangement of the loading dock. As illustrated in FIG. 1, the vehicle
122 is entering the imaging area 120 in the first direction 126, which is towards the
west imaging station 114.

[0023] To efficiently and accurately dimension the object 124 being carried by the
vehicle 122 without interrupting movement of the vehicle 122 and without requiring
removal of the object 124 from the vehicle 122, the example dimensioning system of
FIG. 1 includes a freight dimensioner 130 constructed in accordance with teachings of
this disclosure. In the illustrated example of FIG. 1, the freight dimensioner 130 is
implemented on a processing platform 132 deployed at the loading dock. However,
the example freight dimensioner 130 disclosed herein may be implemented in any
suitable processing platform such as, for example, a processing platform deployed on
the vehicle 122 and/or a mobile processing platform carried by a person associated

with the vehicle 122 or, more generally, the loading dock. An example
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implementation of the processing platform 132 described below in connection with
the FIG. 11.

[0024] FIG. 2 is a block diagram representative of an example implementation of the
freight dimensioner 130 of FIG. 1. The example freight dimensioner 130 of FIG. 1
receives color data and depth data generated by the image sensors 112-118. The
example freight dimensioner 130 of FIG. 1 includes a reference setter 200 to
determine which of the image sensors 112-118 is the reference sensor at a particular
time and to generate, based on which of the image sensors 112-118 is the reference
sensor, a point cloud representative of the vehicle 122 and the object 124 from
different perspectives. To determine which of the image sensors 112-118 is the
reference sensors, the example reference setter 200 uses the received color data and
depth data to determine that the vehicle 122 is moving in, for example, the first
direction 126. In other words, the example reference setter 200 determines that the
vehicle 122 is moving toward, for example, the west image sensor 114. The example
reference setter 200 of FIG. 2 selects the image sensor toward which the vehicle 122
is moving as the reference sensor at that particular time. Referring to the example
scenario illustrated in FIG. 1, the reference setter 200 selects the west image sensor
114 as the reference sensor. Notably, the example reference setter 200 of FIG. 2
determines the direction of vehicle movement dynamically and selects one of the
image sensors 112-118 as the reference sensor dynamically. That is, the example
reference setter 200 of FIG. 2 selects one of the image sensors 112-118 as the
reference sensor in real-time for a current scenario and, should a different scenario be
subsequently encountered, the reference setter 200 selects a different one of the image
sensors 112-118 as the reference sensor for that scenario.
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[0025] To generate the point cloud representative of the vehicle 122 and the object
124 from different perspectives, the example reference setter 200 of FIG. 2 transforms
color data and depth data generated by the non-reference sensors to the coordinate
system of the reference sensor. In the example scenario illustrated in FIG. 1, the non-
reference sensors are the north, south, and east image sensors 112, 116, and 118. As
such, when presented with the example of FIG. 1, the example reference setter 200
transforms color data and depth data from the north, south, and east image sensors
112, 116, and 188 to the coordinate system of the west image sensor 114. The result
of the transform performed by the example reference setter 200 of FIG. 2 is a 3D
point cloud including color information for the points of the cloud.

[0026] The example reference setter 200 of FIG. 2A provides the 3D point cloud and
a reference camera identifier (ID) indicative of which of the image sensors 114 to a
freight analyzer 202. As described in detail below in connection with FIGS. 5 and 6,
the example freight analyzer 202 of FIG. 2 clusters points in the 3D point cloud and
uses the depth data of the 3D point cloud to determine which one of the clusters is
nearest to the reference sensor (e.g., the west image sensor 114 in the example
scenario shown in FIG. 1). The example freight analyzer 202 of FIG. 2 identifies the
cluster nearest the reference sensor as the object 124. The example freight analyzer
202 uses the identified cluster to segment the object 124 from other elements. For
example, the freight analyzer 202 deletes clusters corresponding to the vehicle 122
and clusters corresponding to a person in the vehicle 122. As such, the example
freight analyzer 202 of FIG. 2 isolates elements of the point cloud corresponding to

the object 124 from other elements of the point cloud.
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[0027] Additionally, the example freight analyzer 202 of FIG. 2 uses the color data
of the 3D point cloud in conjunction with a database of colors known to correspond to
a face of the vehicle 122 to identify points in the 3D point cloud corresponding to a
front structure of the vehicle 122. Such points may remain after the isolation of the
cluster corresponding to the object 124 due to, for example, close proximity of the
object 124 to portions of the vehicle 122. In the illustrated example of FIG. 1 in which
the vehicle 122 is a forklift, the front structure identified by the freight analyzer 202 is
an assembly having forks that carry the object 124 and rails along which the forks
traverse. Data points of the point cloud corresponding to such structures may remain
and, if not segmented out, may distort dimensioning calculations. Accordingly, the
example freight analyzer 202 of FIG. 2 utilizes the difference in color between the
object 124 and the front structure of the vehicle 122 to segment the object 124 from
the front structure of the vehicle 122 by, for example, removing the points of the 3D
point cloud having a color value that corresponds to the known color value of the
front structure of the vehicle 122. Notably, the segmentation of the object 124 from
the structure carrying the object 124 provided by the freight analyzer 202 enables the
object 124 to be isolated from a structure that is in contact with the object 124.

[0028] Thus, the example freight analyzer 202 of FIG. 2 provides image data
corresponding only to the object 124 such that accurate dimensioning of the object
124 can be performed. The example freight analyzer 202 of FIG. 2 performs any
suitable analysis of the object 124 such as, for example, a dimensioning analysis that
provides characteristics of the object 124 (e.g., width, length, height, volume, and/or
areas of different faces). The example freight dimensioner 130 of FIG. 2 includes a
freight characteristic database 204 to store the obtained characteristic information, the
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associated color data and/or depth data, the reference camera ID, and/or any other
data associated with the dimensioning system 100 of FIG. 1.

[0029] FIG. 3 is a block diagram representative of an example implementation of the
reference setter 200 of FIG. 2. The example reference setter 200 of FIG. 2 includes a
movement analyzer 300 having a feature detector 302, a feature matcher 304, a
mapper 306, a direction identifier 308 and a sensor selector 310. The example
movement analyzer 300 of FIG. 3 receives a series of frames of the color data and
depth data. The example feature detector 302 of FIG. 3 uses the color data to identify
features in each of the series of frames. For example, the feature detector 302
identifies known identifiable structures, text, or images and/or other aspects of the
image data that can be repeatedly and distinguishably identified. The example feature
matcher 304 of FIG. 3 identifies the same feature occurring in multiple ones of the
frames. That is, the example feature matcher 304 determines whether the same feature
is detected by the feature detector 302 across more than one of the series of frames.
For example, the feature matcher 304 determines which portions of a first frame
associated with a first time correspond to a feature also detected in a second frame
associated a second time subsequent to the first time. If the matching features are
differently located in the different frames, those features are determined to be in
motion. The example 3D mapper 306 of FIG. 3 maps the matching features, which
were detected using the color data, to the depth data. Accordingly, the example 3D
mapper 306 of FIG. 3 generates 3D data indicative of matching features across a
series of frames.

[0030] The example direction identifier 308 of FIG. 3 utilizes the data generated by
the 3D mapper 306 to determine or at least estimate a direction of movement of the
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matching features and, thus, a direction of movement of the vehicle 122
corresponding to the matching features. In particular, the example direction identifier
308 of FIG. 3 defines two possible directions of movement (i.e., toward and away) for
each of the image sensors 112-118. Referring to the example loading dock of FIG. 1,
the vehicle 122 can enter the imaging area 120 in the first direction 126 or the second
direction 128. Accordingly, the example direction identifier 308 of FIG. 3 defines a
first possible direction for the vehicle 122 as a Z+, a second possible direction as Z-, a
third possible direction as X+, and a fourth possible direction as X-. FIG. 4 illustrates
a relationship of the example Z directions and the example X directions used by the
example direction identifier 308 of FIG. 3. In the illustrated example, the direction
identifier 308 rotates the point cloud such that the Z-axis, which corresponds to the
depth data captured by the image sensors 112-118, is parallel to the ground.

[0031] The example direction identifier 308 of FIG. 3 calculates a motion vector for
each of the Z directions and the X directions for the matching feature pairs, as
provided to the direction identifier 308 by the 3D mapper 306. In some examples, the
direction identifier 308 only uses those of the matching features pairs that indicative
movement. For each of the matching features pairs, the example direction identifier
308 of FIG. 3 generates a vote by determining a maximum magnitude and sign of the
corresponding motion vector. That is, the example direction identifier 308 of FIG. 3
determines a likely direction of movement indicated by each of the matching feature
pairs. The example direction identifier 308 of FIG. 3 determines which of the
directions has the most votes and selects that direction for the corresponding series of

frames. Put another way, the example direction identifier 308 of FIG. 3 selects the
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movement direction according to the following equations, wherein i represents a

matching feature pair taken from consecutive frames at time ¢ and ¢+1:

MovementDirection = max(Vote(Z+(_) ), Vote(X ) )), @))

Vote(Z, ., )= ZVote( Z.o); @)

Vote(X. )= ZV"’e( Xr); ©)

Vote { ?f i+l Z:t|—| il i,t‘&&(Zi,tH _Zi,t)>0}; (4)
0,else

Vote {1 1 1 2 |Xi,t+1 - Xi,t| & &(Zi,t+1 - Zi,t ) < O} : (5)
0,else

1!f|Zzt+1 Z |<| it T

Vote
{ 0,else

&&(X, . -X,)>0
sl onpd,

X, |&&(x,

t Fr ‘ i, 4 T

Vote

i,+1 Xit)<0
: ; (7)

0,else

[0032] The determined direction of movement is provided to the example sensor
selector 310 of FIG. 3. The example sensor selector 310 of FIG. 3 selects one of the
image sensors 112-118 as the reference sensor based on the determined direction of
movement. As indicated in FIG. 4, the example sensor selector 310 selects the north
image sensor 112 as the reference sensor if the direction identifier 308 identifies the
Z+ direction, the west image sensor 114 if the direction identifier 308 identifies the X-

direction, the south image sensor 116 if the direction identifier 308 identifies the Z-
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direction, or the east image sensor 118 if the direction identifier 308 identifies the X+
direction.

[0033] The example sensor selection 310 of FIG. 3 provides the reference sensor
selection to a 3D data transformer 312 of the reference setter 200. Additionally, the
example 3D data transformer 312 receives the depth data, as filtered by an outlier
remover 314 and a background remover 316, generated by the image sensors 112-118.
In particular, the example outlier remover 314 of FIG. 3 removes points in a point
cloud that exceed a threshold value (e.g., depth) associated with the imaging area 120.
Moreover, the example background remover 316 of FIG. 3 removes points in the
point cloud known (e.g., according to background images obtained of the imaging
area 120 previous to the vehicle 122 entering the imaging area 120) to correspond to
background elements (e.g., fixed structures of the loading dock such as the frame 110
and/or a sign posted on a wall). The example 3D transformer 312 of FIG. 3 transforms
or maps the image data from the non-reference image sensors to the coordinate
system of the reference sensor. To continue the example scenario of FIG. 1, the 3D
transformer 312 is informed that the west image sensor 114 is selected as the
reference sensors and, thus, transforms image data generated by the north, south, and
east image sensors 112, 116, and 118 to the coordinate system of the west image
sensor 114. In the illustrated example of FIG. 3, the 3D transformer 312 utilizes a
calibration matrix 318 associated with the image sensors 112-118 to perform the
transformation. The example calibration matrix 318 of FIG. 3 includes values that
represent spatial relationships between pairs of the image sensors 112-118. To
transform data points generated by a first one of the image sensors 112-118 to a
coordinate system of a second one of the image sensors 112-118, the example 3D
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transformer 312 of FIG. 3 performs an operation (e.g., a multiplication) on the data
points generated by the first one of the images sensors 112-118 using values of the
calibration matrix 318 associated with the spatial relationship between the first and
second ones of the image sensors 112-118.

[0034] Accordingly, the example reference setter 200 of FIG. 3 generates a 3D point
cloud representative of the imaging area 120 (and the vehicle 122 present in the
imaging area 120) from the different perspectives of the different image sensors 112-
118.

[0035] FIG. 5 is a block diagram representative of an example implementation of the
freight analyzer 202 of FIG. 2. The example freight analyzer includes a cluster
generator 500, a cluster selector 502, a cluster remover 504, a front remover 506, a
trained color model 508, and a characteristic measurer 510. As described above, the
example freight analyzer 202 is provided with an identifier indicative of which of the
image sensors 112-118 is the current reference sensor and a point cloud including
color data and depth data from the image sensors 112-118 that has been transformed
to the coordinate system of the reference sensor.

[0036] The example cluster generator 500 combines points of the received point
cloud that likely correspond to a common object into clusters. In the illustrated
example of FIG. 5, the cluster generator 500 executes a Euclidean Cluster Extraction
algorithm to generate the clusters. As such, the example cluster generator 500 of FIG.
5 generates a cluster for the object 124 and any other objects in the point cloud. The
example cluster generator 500 provides the clusters and the associated data to the
cluster selector 502. The example cluster selector 502 of FIG. 5 uses the reference
sensor ID and depth data and/or coordinates associated with the clusters, which are in
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terms of the reference coordinate system, to identify one of the clusters as having a
centroid nearest to the reference sensor. To continue the example scenario of FIG. 1,
the example cluster selector 502 determines that the cluster corresponding to the
object 124 has a centroid nearest to the west image sensor 114 as the vehicle 122
carrying the object 124 is moving toward the west image sensor 114. Accordingly, the
cluster selector 502 identifies the points of the point cloud corresponding to the object
124. In the example of FIG. 5, the cluster remover 504 deletes points in the point
cloud not corresponding to the cluster identified as corresponding to the object 124.
That is, clusters other than the cluster identified as corresponding to the object 124 are
removed by the example cluster remover 504. For example, the clusters
corresponding to portions of the vehicle 122 are removed by the cluster remover 504.
In some examples, the cluster remover 504 additionally removes unclustered points.
[0037] In the example of FIG. 5, the front remover 506 uses the trained color model
508 to identify one or more front structures of the vehicle 122 that remain in the point
cloud after the cluster remover 504 has performed the deletions described above. Data
points corresponding to, for example, a front structure of the vehicle may remain due
to the cluster generator 500 mistakenly grouping data points corresponding to the
vehicle with data points corresponding to the object 124. Such mistakes may result
from the object 124 being close too and/or in contact with the vehicle 122. The trained
color model 508 includes color value(s) known to correspond to a front structure of
the vehicle 122. For example, when the vehicle 122 is a particular type of forklift, the
carrying assembly (e.g., forks and rails along which the forks move up and down) is
known to be black. The example front remover 506 of FIG. 5 searches the point cloud
for the color values known to correspond to the particular type of the vehicle 122. The
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example front remover 506 deletes any identified points in the point cloud
corresponding to the front structure(s) of the vehicle 122. Notably, this removal rids
the point cloud of image data corresponding to structure that is in contact with the
object 124 which, without the example freight analyzer 202, is difficult to distinguish
from the object 124 for purposes of, for example, dimensioning the object 124.
[0038] The example front remover 506 of FIG. 5 provides the point cloud, with the
points not corresponding to the object 124 removed

[0039] The point cloud, with the points not corresponding to the object 124 removed,
is provided to the characteristic measurer 510. The example characteristic measurer
510 of FIG. 5 calculates any desired characteristic of the object 124 such as, for
example, one or more dimensions of the object 124. The characteristics are provided
to, for example, the freight characteristic database 204 and/or are communicated to a
requestor.

[0040] FIG. 6 is a flowchart representative of example operations capable of
implementing the example reference setter 200 of FIGS. 2 and/or 4. As described
above in connection with FIG. 1, the image sensors 112-118 of the dimensioning
system 100 generate color data and depth data representative of the imaging area 120
from different perspectives. In the example of FIG. 6, the reference setter 200 obtains
or is otherwise provided with the color data and the depth data (block 600). The
example feature detector 302 (FIG. 3) identifies a plurality of features (e.g., known
identifiable structures, text, or images and/or other aspects of the image data that can
be repeatedly and distinguishably identified) present in the imaging area 120 by
analyzing at least two frames of the obtained color data (block 602). The example
feature matcher 304 (FIG. 3) determines whether any of the features appears in
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multiple frames and, if so, identifies the common features as matching features across
the frames (block 604). The example 3D mapper 306 (FIG. 3) maps the matching
features to the obtained depth data (block 606).

[0041] The example direction identifier 308 (FIG. 3) generates motion vectors that
represent motion of the matching features (block 608). The example direction
identifier 308 generates a direction indication for the individual motion vectors (block
610). That is, each of the motion vectors is indicative of movement in a particular
direction (e.g., toward the west image sensors 114 of FIG. 1) and the direction
identifier 308 determines which that direction for the individual motion vectors. Put
another way, each of the motion vectors casts a vote for the movement direction of the
vehicle 122. In the example of FIG. 6, the example direction identifier 308 only
generates a vote for those of the matching features that are indicative of movement
(e.g., by exceeding a threshold difference between coordinate locations). That is,
votes of motion vectors not exceeding the threshold difference between the matching
features are discarded. The example direction identifier 308 of FIG. 3 determines
which of the directions has the most votes and selects that direction for the
corresponding series of frames (block 612). For example, the direction identifier 308
uses example equations (1)-(7) above to generate the votes and to determine which
direction is to be selected.

[0042] The example sensor selector 310 (FIG. 3) uses the determined direction of
movement of the vehicle 122 to designate one of the image sensors 112-118 as the
reference sensor based on the determined direction of movement (block 614). For
example, the sensor selector 310 selects the west image sensor 114 if the direction
identifier 308 identifies the X- direction in the example system of FIG. 4.
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[0043] With the knowledge of the image sensor 112-118 toward which the vehicle
122 is moving, the example 3D data transformer 312 of the reference setter 200
transforms the color data and depth data of the non-reference image sensors 112-118
to the coordinate system of the reference sensor (block 616). In the illustrated
example of FIG. 6, the 3D data transformer 312 receives image data filtered by the
outlier remover 314, which removes outlying points in the point cloud corresponding
to points not of interest, and by the background remover 316, which removes points in
the point cloud known to correspond to background associated with the loading dock.
In the illustrated example of FIG. 3, the 3D transformer 312 utilizes the calibration
matrix 318 associated with the image sensors 112-118 to perform the transformation.
In the example of FIG. 65, the 3D data transformer 312 provides the transformed
image data and the reference sensor ID to the freight analyzer 202.

[0044] FIG. 7 is a flowchart representative of example operations that can be
executed to implement, for example, the freight analyzer 202 of FIGS. 2 and/or 5. In
the example of FIG. 7, the freight analyzer 202 obtains or is otherwise provided with
the point cloud generated by, for example, the reference setter 200 (block 700). In the
example of FIG. 7, the cluster generator 500 (FIG. 5) combines points likely to
correspond to a common object into clusters (block 702). That is, the example cluster
generator 500 identifies points in the point cloud that likely correspond to a same
object and groups those points together to form a cluster using, for example, a
Euclidean Cluster Extraction technique or algorithm. In the example of FIG. 7, the
example cluster selector 502 (FIG. 5) uses the reference sensor ID and depth data
and/or coordinates associated with the clusters, which are in terms of the reference
coordinate system, to identify one of the clusters as having a centroid nearest to the
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reference sensor (block 704). Such a cluster corresponds to the object 124. The
example cluster remover 504 deletes points in the point cloud not corresponding to
the cluster identified as corresponding to the object 124 (block 706). For example, the
points belonging to clusters corresponding to the vehicle 122 are removed by the
cluster remover 504.

[0045] The example front remover 506 (FIG. 5) utilizes the trained color model 508
to identify remaining (e.g., after the deletions performed by the cluster remover 504)
points in the point cloud that correspond to one or more front structures of the vehicle
122 (block 708). For example, the front remover 506 searches the point cloud for
color values known in the trained color model 508 to correspond to the front
structure(s) of the vehicle 122. The example front remover 506 (FIG. 5) deletes any
identified points in the point cloud corresponding to the front structure(s) of the
vehicle 122 (block 710). Notably, this removal rids the point cloud of image data
corresponding to structure that is in contact with the object 124 which, without the
example freight analyzer 202, is difficult to distinguish from the object 124 for
purposes of, for example, dimensioning the object 124.

[0046] In the example of FIG. 7, the characteristic measurer 510 (FIG. 5) calculates
any desired characteristic of the object 124 such as, for example, one or more
dimensions of the object 124 (block 712). The characteristics are communicated or
stored in, for example, the characteristic database 204 (FIG. 2) (block 714).

[0047] Referring back to FIG. 1, to improve accuracy of the calibration or alignment
of the different image sensors 112-118 with each other, the example dimensioning
system 100 includes an image sensor calibrator 134 constructed in accordance with
teachings of this disclosure. In some instances, the image sensors 112-118 are
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required to cover a large area and, thus, are spaced apart by significant distance(s).
For example, the north image sensor 112 may be spaced apart from the west image
sensor 114 such that only a few points of overlap are present between a first field of
view of the north image sensor 112 (i.e., the north field of view) and a second field
view of the west image sensor 114 (i.e., the west field of view). Typically, calibration
techniques suffer (e.g., in terms of accuracy and/or speed) from insufficient points of
overlap between the different fields of view.

[0048] The example image sensor calibrator 134 of FIG. 1 improves accuracy and
speed of the calibration process that is tasked with aligning, for example, the image
sensors 112-118 of FIG. 1. In some examples, the image sensor calibrator 134
generates data for the calibration matrix 318 of FIG. 3, which is used to, for example,
transform image data from the non-reference images sensors 112-118 to the reference
images sensor 112-118. In the illustrated example of FIG. 1, the image sensor
calibrator 134 is implemented on the processing platform 132 deployed at the loading
dock. However, the example image sensor calibrator 134 disclosed herein may be
implemented in any suitable processing platform such as, for example, a processing
platform deployed on the vehicle 122 and/or a mobile processing platform carried by
a person associated with the vehicle 122 or, more generally, the loading dock. An
example implementation of the processing platform 132 described below in
connection with the FIG. 11.

[0049] As described in detail below, the example image sensor calibrator 134 of
FIG. 1 executes first and second calibration stages to generate an accurate calibration
matrix, which may be referred to as a transformation matrix. The first calibration
stage implemented by the image sensor calibrator 134 of FIG. 1 is based on 2D image

21



WO 2018/034730 PCT/US2017/037863

data. In some examples, the 2D image data includes RGB values at the coordinates.
Alternatively, the 2D image data may include grayscale values at the coordinates.
The first calibration stage implemented by the example image sensor calibrator 134
may be referred to herein as an initial calibration that generates an initial
transformation matrix, as the first calibration stage generates a coarse or rough
transformation matrix. The second calibration stage implemented by the image sensor
calibrator 134 of FIG. 1 is based on 3D image data including depth information. The
second calibration stage implemented by the example image sensor calibrator 134
may be referred to herein as a refinement calibration, as the second calibration stage
refines the initial transformation matrix to more accurately reflect the spatial
relationship between the image sensors 112-118.

[0050] FIG. 8 is a block diagram representative of an example implementation of the
image sensor calibrator 134 of FIG. 1. FIGS. 9A-9F are described below in
conjunction with FIG. 8 for purposes of illustration. That is, the example elements of
FIGS. 9A-9F are for purposes of illustration and not limitation, as the example image
sensor calibrator 134 can be applied or implemented in additional or alternative
environments than the environment shown in FIGS. 9A-9F.

[0051] The example sensors calibrator 134 of FIG. 8 includes an initial matrix
generator 800 to generate an initial transformation matrix based on 2D image data
(e.g., grayscale values or RGB values) provided by the image sensors 112-118. In the
illustrated example of FIG. 8, the initial matrix generator 800 generates the initial
transformation matrix based on a calibration structure or element deliberately placed
in the imaging area 120 for purposes of the calibrating the image sensors 112-118.
FIG. 9A illustrates a first frame 900 of 2D image data generated by, for example, the
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east image sensor 118 of FIG. 1. In the example first frame 900 of FIG. 9A, a
calibration tool 902 has been placed in the imaging area 120. The example calibration
tool 902 of FIG. 9A is a board having a checkboard pattern. FIG. 9B illustrates a
second frame 904 of 2D image data generated by, for example, the west image sensor
114 of FIG. 1. In the example second frame 904 of FIG. 9B, the calibration tool 902 is
shown from a different perspective than the perspective from the east image sensor
118. In some examples, the initial matrix generator 800 uses the first and second
frames 900 and 904 and additional frames of 2D image data from the other (north and
south) image sensors 112 and 116 to generate the initial transformation matrix. In
particular, the checkboard pattern of the calibration tool 902 provides the initial
transformation matrix with data points (e.g., straight lines and corners) that can be
matched between the different image sensors 112-118. The example initial matrix
generator 800 generates mapping values for the initial transformation matrix based on
the data points provided by the calibration tool 902.

[0052] In some instances, the initial transformation matrix generated by the initial
matrix generator 800 includes alignment errors. The example image sensor calibrator
134 of FIG. 8 includes a refined matrix generator 802 that uses 3D image data to
refine the initial transformation matrix into a refined transformation matrix. In the
example of FIG. 8, the refined matrix generator 802 includes a 3D aligner to align 3D
image data generated by the different image sensors 112-118 based on the initial
transformation matrix. That is, the example 3D aligner 804 of FIG. 8 uses the initial
transformation matrix to align depth values generated by one of the image sensors
112-118 to the depth values generated by one or more other ones of the image sensors
112-118. Accordingly, the example 3D aligner 804 of FIG. 8 applies the initial
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transformation matrix to the 3D image data. FIG. 9C illustrates how the application of
the initial transformation matrix may result in alignment errors in the depth data. The
alignment errors illustrated in FIG. 9C are caused by in accuracies in the initial
transformation matrix.

[0053] The example image sensor calibrator 134 of FIG. 8 includes a pre-processing
module 806 to condition the transformed depth values for further processing. For
example, the pre-processing module 806 removes points in the depth point cloud that
correspond to a floor of the imaging area 120. FIG. 9D illustrates the point cloud of
FIG. 9C with points corresponding to the floor having been removed by the example
pre-processing module 806 of FIG. 8. Additional or alternative pre-processing
operations may be performed.

[0054] The example image sensor calibrator 134 of FIG. 8 includes an overlap
extractor 808 to execute a nearest neighbor search of the point cloud to identify
overlapping points in the point cloud. The example overlap extractor 808 of FIG. 8
extracts the identified overlapping points in the point cloud and discards non-
overlapping points. FIG. 9E illustrates the overlapping points extracted by the
example overlap extractor 808 of FIG. 8. When alignment errors are present, an offset
is present between identified overlapping points.

[0055] The example image sensor calibrator 134 of FIG. 8 includes a pairwise view
registration module 810 to refine the initial transformation matrix based on the
overlapping points identified by the example overlap extractor 808 and the offsets
between the overlapping points. In particular, the example pairwise view registration
module 810 generates a translation factor (e.g., a multiplier) that compensates for the
offsets between respective overlapping points. As such, to achieve proper alignment,
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an operation (e.g., multiplication or dot product) can be executed on values of the
initial transformation matrix using the values generated by the pairwise view
registration module 810. In the illustrated example, the refined transformation matrix
corresponds to a combination of the initial transformation matrix and the values
generated by the pairwise view registration module 810 of FIG. 8. FIG. 9F illustrates
the improved alignment of the depth values according to the refined transformation
matrix generated by the example pairwise view registration module 810.

[0056] FIG. 10 is a flowchart representative of example operations that capable of
implementing the example image sensor calibrator 134 of FIGS. 1 and/or 8. In the
example of FIG. 10, the image sensor calibrator 134 obtains 2D image data
representative of the imaging area 120 from, for example, two of the image sensors
112-118 (block 1000). For example, the image sensor calibrator 134 obtains 2D image
data generated by the west and east image sensors 114 and 118. The example initial
matrix generator 800 generates an initial transformation matrix based on the obtained
2D image data (block 1002) which, in the illustrated example, includes an extrinsic
calibration tool (e.g., the calibration tool 902 of FIG. 9).

[0057] In the example of FIG. 10, the 3D aligner 804 (FIG. 8) aligns the depth
values from the two of the image sensors 112-118 using the initial transformation
matrix (block 1004). In the example of FIG. 10, the pre-processing module 806 (FIG.
8) conditions the depth values from the two image sensors 112-118 by, for example,
removing points corresponding to a floor of the imaging area 120 (block 1006).
[0058] To correct or improve upon alignment errors resulting from inaccuracies of
the initial transformation matrix, the example overlap extractor 808 that executes a
nearest neighbor search of the point cloud to identify overlapping points in the point
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cloud (block 1008). The example overlap extractor 808 extracts the overlapping
points and discards the non-overlapping points of the point cloud (block 1010).
[0059] In the example of FIG. 10, the pairwise view registration module 810 refines
the initial transformation matrix based on the overlapping points identified by the
example overlap extractor 808. In particular, the pairwise view registration module
810 generates the refined transformation matrix based on offsets between the
extracted overlapping points. In some examples, the refined transformation matrix is
stored as the example calibration matrix 318 of FIG. 3.

[0060] FIG. 11 is a block diagram representative of an example logic circuit that
may be utilized to implement, for example, the example reference setter 200 of FIGS.
2 and/or 3, the example freight analyzer 202 of FIGS. 2 and/or 5, and/or, more
generally, the example freight dimensioner 130 of FIGS. 1 and/or 2. Additionally or
alternatively, the example logic circuit represented in FIG. 11 may be utilized to
implement the example initial matrix generator 800 of FIG. 8, the refined matrix
generator 802 of FIG. 8, and/or, more generally, the example image sensor calibrator
134 of FIG. 1 and/or 8. The example logic circuit of FIG. 11 is a processing platform
1100 capable of executing instructions to, for example, implement the example
operations represented by the flowcharts of the drawings accompanying this
description. As described below, alternative example logic circuits include hardware
(e.g., a gate array) specifically configured for performing operations represented by
the flowcharts of the drawings accompanying this description.

[0061] The example processing platform 1100 of FIG. 11 includes a processor 1102
such as, for example, one or more microprocessors, controllers, and/or any suitable
type of processor. The example processing platform 1100 of FIG. 11 includes
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memory (e.g., volatile memory, non-volatile memory) 1104 accessible by the
processor 1102 (e.g., via a memory controller). The example processor 1102 interacts
with the memory 1104 to obtain, for example, machine-readable instructions stored in
the memory 1104 corresponding to, for example, the operations represented by the
flowcharts of this disclosure. Additionally or alternatively, machine-readable
instructions corresponding to the example operations of the flowcharts may be stored
on one or more removable media (e.g., a compact disc, a digital versatile disc,
removable flash memory, etc.) that may be coupled to the processing platform 1100 to
provide access to the machine-readable instructions stored thereon.

[0062] The example processing platform 1100 of FIG. 11 includes a network
interface 1106 to enable communication with other machines via, for example, one or
more networks. The example network interface 1106 includes any suitable type of
communication interface(s) (e.g., wired and/or wireless interfaces) configured to
operate in accordance with any suitable protocol(s).

[0063] The example processing platform 1100 of FIG. 11 includes input/output (I/O)
interfaces 1108 to enable receipt of user input and communication of output data to
the user.

[0064] The above description refers to block diagrams of the accompanying
drawings. Alternative implementations of the examples represented by the block
diagrams include one or more additional or alternative elements, processes and/or
devices. Additionally or alternatively, one or more of the example blocks of the
diagrams may be combined, divided, re-arranged or omitted. Components represented
by the blocks of the diagrams are implemented by hardware, software, firmware,
and/or any combination of hardware, software and/or firmware. In some examples, at
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least one of the components represented by the blocks is implemented by a logic
circuit. As used herein, the term “logic circuit” is expressly defined as a physical
device including at least one hardware component configured (e.g., via operation in
accordance with a predetermined configuration and/or via execution of stored
machine-readable instructions) to control one or more machines and/or perform
operations of one or more machines. Examples of a logic circuit include one or more
processors, one or more Coprocessors, one or more microprocessors, one or more
controllers, one or more digital signal processors (DSPs), one or more application
specific integrated circuits (ASICs), one or more field programmable gate arrays
(FPGAs), one or more microcontroller units (MCUSs), one or more hardware
accelerators, one or more special-purpose computer chips, and one or more system-
on-a-chip (SoC) devices. Some example logic circuits, such as ASICs or FPGAs, are
specifically configured hardware for performing operations (e.g., one or more of the
operations represented by the flowcharts of this disclosure). Some example logic
circuits are hardware that executes machine-readable instructions to perform
operations (e.g., one or more of the operations represented by the flowcharts of this
disclosure). Some example logic circuits include a combination of specifically
configured hardware and hardware that executes machine-readable instructions.
[0065] The above description refers to flowcharts of the accompanying drawings.
The flowcharts are representative of example methods disclosed herein. In some
examples, the methods represented by the flowcharts implement the apparatus
represented by the block diagrams. Alternative implementations of example methods
disclosed herein may include additional or alternative operations. Further, operations
of alternative implementations of the methods disclosed herein may combined,
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divided, re-arranged or omitted. In some examples, the operations represented by the
flowcharts are implemented by machine-readable instructions (e.g., software and/or
firmware) stored on a medium (e.g., a tangible machine- readable medium) for
execution by one or more logic circuits (e.g., processor(s)). In some examples, the
operations represented by the flowcharts are implemented by one or more
configurations of one or more specifically designed logic circuits (e.g., ASIC(s)). In
some examples the operations of the flowcharts are implemented by a combination of
specifically designed logic circuit(s) and machine-readable instructions stored on a
medium (e.g., a tangible machine-readable medium) for execution by logic circuit(s).
[0066] As used herein, each of the terms “tangible machine-readable medium,”
“non-transitory machine-readable medium” and “machine-readable storage device” is
expressly defined as a storage medium (e.g., a platter of a hard disk drive, a digital
versatile disc, a compact disc, flash memory, read-only memory, random-access
memory, etc.) on which machine-readable instructions (e.g., program code in the form
of, for example, software and/or firmware) can be stored. Further, as used herein, each
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of the terms “tangible machine-readable medium,” “non-transitory machine-readable
medium” and “machine-readable storage device” is expressly defined to exclude
propagating signals. That is, as used in any claim of this patent, none of the terms
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“tangible machine-readable medium,” “non-transitory machine-readable medium,”
and “machine-readable storage device” can be read to be implemented by a
propagating signal.

[0067] As used herein, each of the terms “tangible machine-readable medium,”
“non-transitory machine-readable medium” and “machine-readable storage device” is

expressly defined as a storage medium on which machine-readable instructions are
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stored for any suitable duration of time (e.g., permanently, for an extended period of
time (e.g., while a program associated with the machine-readable instructions is
executing), and/or a short period of time (e.g., while the machine-readable
instructions are cached and/or during a buffering process)).

[0068] Although certain example apparatus, methods, and articles of manufacture
have been disclosed herein, the scope of coverage of this patent is not limited thereto.
On the contrary, this patent covers all apparatus, methods, and articles of manufacture

fairly falling within the scope of the claims of this patent.
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What is claimed is:

1. A method comprising:

determining, using a logic circuit, a first sensor of a plurality of sensors toward
which a vehicle is moving based on image data generating by the plurality of sensors;

designating the first sensor as a reference sensor;

combining, using the logic circuit, the image data from the plurality of sensors
to generate combined image data representative of the vehicle and an object carried
by the vehicle, the combining based on reference sensor;

generating, using the logic circuit, a plurality of clusters based on the
combined image data; and

identifying, using the logic circuit, a first one of the clusters nearest the

reference sensor as the object.

2. A method as defined in claim 1, further comprising segmenting the
first one of the clusters from a second one of the clusters by removing the second one

of the clusters from the combined image data.

3. A method as defined in claim 2, further comprising dimensioning the

first one of the clusters.

4. A method as defined in claim 1, further comprising:

identifying a first structure of the vehicle nearer to the reference sensor than
other structures of the vehicle; and

removing points in the combined image data corresponding to the first

structure of the vehicle.

5. A method as defined in claim 4, wherein:

identifying the first structure of the vehicle comprises determining a color of a
front assembly of the vehicle; and

removing the points in the combined image data corresponding to the first
structure of the vehicle comprises determining that the points have the determined

color of the front assembly of the vehicle.

31



WO 2018/034730 PCT/US2017/037863

6. A method as defined in claim 4, wherein:
the vehicle is a forklift; and
the front assembly of the forklift is a carrying portion of the forklift on which

the object is carried.

7. A method as defined in claim 1, wherein combining the image data to
generate the combined image data comprises transforming the image data into a

coordinate system of the reference sensor.

8. A tangible machine-readable medium comprising instructions that,
when executed, cause a machine to at least:

determine a first sensor of a plurality of sensors toward which a vehicle is
moving based on image data generating by the plurality of sensors;

designate the first sensor as a reference sensor;

combine the image data from the plurality of sensors to generate combined
image data representative of the vehicle and an object carried by the vehicle, the
combining based on reference sensor;

generate a plurality of clusters based on the combined image data; and

identify a first one of the clusters nearest the reference sensor as the object.

9. A tangible machine-readable medium as defined in claim 8, wherein
the instructions, when executed, cause the machine to segment the first one of the
clusters from a second one of the clusters by removing the second one of the clusters

from the combined image data.

10. A tangible machine-readable medium as defined in claim 9, wherein
the instructions, when executed, cause the machine to dimension the first one of the

clusters.

11. A tangible machine-readable medium as defined in claim 8, wherein
the instructions, when executed, cause the machine to:
identify a first structure of the vehicle nearer to the reference sensor than other

structures of the vehicle; and
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remove points in the combined image data corresponding to the first structure

of the vehicle.

12. A tangible machine-readable medium as defined in claim 11, wherein
the instructions, when executed, cause the machine to:

identify the first structure of the vehicle by determining a color of a front
assembly of the vehicle; and

remove the points in the combined image data corresponding to the first
structure of the vehicle by determining that the points have the determined color of
the front assembly of the vehicle.

13. A tangible machine-readable medium as defined in claim 11, wherein:
the vehicle is a forklift; and
the front assembly of the forklift is a carrying portion of the forklift on which

the object is carried.

14, A tangible machine-readable medium as defined in claim 8, wherein
the instructions, when executed, cause the machine to combine the image to generate
the combined image data by transforming the image data into a coordinate system of

the reference sensor.

15.  An apparatus comprising:
a reference setter to:
determine a first sensor of a plurality of sensors toward which a vehicle
is moving based on image data generating by the plurality of sensors;
designate the first sensor as a reference sensor; and
combine the image data from the plurality of sensors to generate
combined image data representative of the vehicle and an object carried by the
vehicle, the combining based on reference sensor; and
a freight analyzer to:

generate a plurality of clusters based on the combined image data; and

33



WO 2018/034730 PCT/US2017/037863

identify a first one of the clusters nearest the reference sensor as the
object, wherein at least one of the reference setter or the freight analyzer is

implemented via a logic circuit.

16.  An apparatus as defined in claim 15, wherein the freight analyzer is to
segment the first one of the clusters from a second one of the clusters by removing the

second one of the clusters from the combined image data.

17.  An apparatus as defined in claim 16, wherein the freight analyzer is to

dimension the first one of the clusters.

18.  An apparatus as defined in claim 15, wherein the freight analyzer is to:
identify a first portion of the vehicle nearest to the reference sensor;
and
remove points in the combined image data corresponding to the first

portion of the vehicle.

19.  An apparatus as defined in claim 18, wherein the freight analyzer is to:

identify the first portion of the vehicle by determining a color of a front
assembly of the vehicle; and

remove the points in the combined image data corresponding to the first
portion of the vehicle by determining that the points have the determined color of the

front assembly of the vehicle.

20.  An apparatus as defined in claim 18, wherein:
the vehicle is a forklift; and
the front assembly of the forklift is a carrying portion of the forklift on which

the object is carried.

21. A method comprising:
identifying first features in a first frame of image data and second features in a
second frame of image data;
identifying matching features based on the first features and the second
features;
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generating a direction vote for respective ones of the matching features,
wherein the direction vote is indicative of a direction of movement of a vehicle;
selecting, based on the direction votes, one of a plurality of image sensors as a

reference sensor.

22. A method as defined in claim 21, further comprising using the
reference sensor to determine which of a plurality of clusters in a point cloud
corresponds to an object carried by the vehicle.

23. A method as defined in claim 21, wherein generating the direction vote
for respective ones of the matching features comprises discarding one of the matching

features not indicative of movement.

24. A method of generating a transformation matrix for transforming
information from a first coordinate system of a first image sensor to a second
coordinate system of a second image sensors, the method comprising:

generating, using a logic circuit, an initial transformation matrix based on two-
dimensional image data representative of an area; and

generating, using the logic circuit, a refined transformation matrix based on
the initial transformation matrix and three-dimensional image data representative of
the area by:

aligning depth values of the three-dimensional image data according to
the initial transformation matrix;

extracting overlapping points in the aligned depth values;

discarding non-overlapping points in the aligned depth values; and

refining the initial transformation matrix according to the overlapping

points.

25. A method as defined in claim 24, wherein refining the initial
transformation matrix according to the overlapping points is based on offsets between

the overlapping points.

26. A method as defined in claim 24, wherein refining the initial

transformation matrix according to the overlapping points includes generating
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multipliers to apply to the initial transformation matrix based on offsets between the

overlapping points.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-20

A method (claims 1-7), computer product (claims 8-14) and
apparatus (claims 15-20) for determining, using a logic
circuit, a first sensor of a plurality of sensors toward
which a vehicle is moving based on image data generating by
the plurality of sensors; designating the first sensor as a
reference sensor; combining, using the Togic circuit, the
image data from the plurality of sensors to generate
combined image data representative of the vehicle and an
object carried by the vehicle, the combining based on
reference sensor; generating, using the logic circuit, a
plurality of clusters based on the combined image data; and
identifying, using the Togic circuit, a first one of the
clusters nearest the reference sensor as the object.

2. claims: 21-23

A method (claims 21-23) comprising: identifying first
features in a first frame of image data and second features
in a second frame of image data; identifying matching
features based on the first features and the second
features; generating a direction vote for respective ones of
the matching features, wherein the direction vote is
indicative of a direction of movement of a vehicle;
selecting, based on the direction votes, one of a plurality
of image sensors as a reference sensor.

3. claims: 24-26

A method (claims 24-26) of generating a transformation
matrix for transforming information from a first coordinate
system of a first image sensor to a second coordinate system
of a second image sensors, the method comprising:
generating, using a logic circuit, an initial transformation
matrix based on two-dimensional image data representative of
an area; and generating, using the logic circuit, a refined
transformation matrix based on the initial transformation
matrix and three-dimensional image data representative of
the area by: aligning depth values of the three-dimensional
image data according to the initial transformation matrix;
extracting overlapping points in the aligned depth values;
discarding non-overlapping points in the aligned depth
values; and refining the initial transformation matrix
according to the overlapping points.
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