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a reference object such as a lane marker from at least two
cameras coupled to an articulating vehicle are overlaid and
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LEARNING THE DISTANCE BETWEEN
CAMERAS FOR ARTICULATED VEHICLES

BACKGROUND

[0001] The present application finds particular application
in panoramic vehicle imaging systems. However, it will be
appreciated that the described techniques may also find appli-
cation in other vehicle monitoring systems, other imaging
systems, or other vehicle safety systems.

[0002] Articulated vehicles often consist of two or more
freely linkable sections, which may be exchanged for other
similar sections. If a surround view camera system is attached
to these linkable sections, then the distance and yaw angle
between the cameras on the tractor and the cameras on the
trailer(s) may vary. Conventional systems do not calculate
true inter-camera distance to account for these variations, and
do notaccount for camera yaw angle, when reconstructing the
surround view image.

[0003] The present innovation provides new and improved
systems and methods that facilitate calculating a true inter-
camera distance and accounting for yaw angle between cam-
eras when generating a composite surround view image for an
articulating vehicle, which overcome the above-referenced
problems and others.

SUMMARY

[0004] In accordance with one aspect, a system that facili-
tates determine a true inter-camera distance (TICD) between
cameras mounted on separate portions of an articulated
vehicle, comprises, a first camera, a second camera, and a
processor configured to receive from the first camera a first
image frame comprising a first image of a reference object,
and to receive from the second camera a second image frame
comprising a second image of the reference object, which is
offset from the first image. The processor is further config-
ured to overlay the first and second images thereby generating
a composite image of the reference object, shift the first and
second images until they are aligned, and calculate the TICD
between the first and second cameras as a function of the
distances by which first and second images are shifted during
alignment. The TICD may be calculated in both directions,
longitudinally and laterally. That is, shifting may be per-
formed in both directions.

[0005] Inaccordance with another aspect, a method of cal-
culating a true inter-camera distance (TICD) between cam-
eras mounted on separate portions of an articulated vehicle,
comprises receiving from a first camera a first image frame
comprising a first image of a reference object receiving from
a second camera a second image frame comprising a second
image of the reference object, which is offset from the first
image, and overlaying the first and second images thereby
generating a composite image of the reference object. The
method further comprises shifting the first and second images
until they are aligned, and calculating the TICD between the
first and second cameras as a function of the distances by
which first and second images are shifted during alignment.
[0006] In accordance with another aspect, a processor is
configured to execute computer-executable instructions for
calculating a true inter-camera distance (TICD) between
cameras mounted on separate portions of an articulated
vehicle, the instructions comprising, receiving from a first
camera a first image frame comprising a first image of a
reference object, receiving from a second camera a second
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image frame comprising a second image of the reference
object, which is offset from the first image, and overlaying the
first and second images thereby generating a composite
image of the reference object. The instructions further com-
prise shifting the first and second images until they are
aligned, and calculating the TICD between the first and sec-
ond cameras as a function of the distances by which first and
second images are shifted during alignment.

[0007] Inaccordance with another aspect, an apparatus that
facilitates calculating a true inter-camera distance (TICD)
between cameras mounted on separate portions of an articu-
lated vehicle comprises means for capturing a plurality of
images of a reference object from at least two perspective
points, means for receiving from a first camera a first image
frame comprising a first image of a reference object, and
means for receiving from a second camera a second image
frame comprising a second image of the reference object,
which is offset from the first image. The apparatus further
comprises means for overlaying the first and second images
thereby generating a composite image of the reference object,
means for shifting the first and second images until they are
aligned, and means for calculating the TICD between the first
and second cameras as a function of the distances by which
first and second images are shifted during alignment.

[0008] Still further advantages of the subject innovation
will be appreciated by those of ordinary skill in the art upon
reading and understanding the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The innovation may take form in various compo-
nents and arrangements of components, and in various steps
and arrangements of steps. The drawings are only for pur-
poses of illustrating various aspects and are not to be con-
strued as limiting the invention.

[0010] FIG. 1illustrates a system that facilitates calculating
a true inter-camera distance (TICD) between multiple cam-
eras mounted to an articulating vehicle, calculating camera
yaw angles, and compensating for camera yaw when recon-
structing a composite surround view image using the TICD,
in accordance with one or more aspects described herein.
[0011] FIG. 2A illustrates a first camera A, and a second
camera B, which can be mounted on respective segments of
an articulating vehicle, such as a tractor-trailer.

[0012] FIG. 2B shows a top-view image of a dashed line as
seen by camera A.

[0013] FIG. 2C shows a top-view image of a dashed line as
seen by camera B.

[0014] FIG. 2D shows a composite image in which the first
image and the second image are superimposed on each other.
[0015] FIG. 3illustrates an articulated vehicle comprising a
tractor and a trailer, as it travels in a traffic lane marked by a
plurality of dashed lane markers.

[0016] FIG. 4illustrates the articulated vehicle, wherein the
tractor and trailer are articulated relative to each other at an
articulation angle ., in accordance with one or more aspects
described herein.

[0017] FIG. 5illustrates a method for reconstructing a com-
posite surround image from multiple cameras coupled to an
articulating vehicle, in accordance with various features
described herein.

[0018] FIG. 6 illustrates a method for determining the
TICD between two cameras coupled to an articulating
vehicle, in accordance with one or more aspects described
herein.
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[0019] FIG. 7 illustrates a method of compensating for
camera yaw angles when reconstructing a composite sur-
round view image, in accordance with various aspects
described herein.

DETAILED DESCRIPTION

[0020] The foregoing problems are overcome by the
herein-described systems and methods, which facilitate
determining a distance between cameras mounted on an
articulated vehicle, in order to refine a surround view recon-
structed from the individual camera views. For instance, the
surround view can be generated from multiple cameras
mounted on the articulated vehicle with properly-connected
image stitching regardless of the particular orientation and/or
separation of the cameras.

[0021] FIG. 1 illustrates a system 10 that facilitates calcu-
lating a true inter-camera distance (TICD) between multiple
cameras mounted to an articulating vehicle, calculating cam-
era yaw angles, and compensating for camera yaw when
reconstructing a composite surround view image using the
TICD, in accordance with one or more aspects described
herein. The system thus determines distances between cam-
eras mounted on an articulating vehicle (e.g., a tractor-trailer
or the like) and uses the determined inter-camera distances to
generate a composite surround view image of the vehicle.
Additionally, the system calculates and compensates for cam-
era yaw angle, which may be different across multiple cam-
eras.

[0022] The system 10 includes an onboard controller 12
comprising a processor 14 that executes, and a memory 14
that stores, computer-executable instructions (e.g., modules,
routines, programs, applications, etc.) for performing the
various methods, techniques protocols, etc., described herein.
In contrast to conventional approaches, the system 10 facili-
tates compensating for camera yaw and calculating a precise
inter-camera distance in real time, which has the advantage of
mitigating distance calculation error that can arise when sec-
tions of the articulating vehicle are interchanged.

[0023] The memory 16 may include volatile, non-volatile
memory, solid state memory, flash memory, random-access
memory (RAM), read-only memory (ROM), programmable
read-only memory (PROM), erasable programmable read-
only memory (EPROM), electronic erasable programmable
read-only memory (EEPROM), variants of the foregoing
memory types, combinations thereof, and/or any other type
(s) of memory suitable for providing the described function-
ality and/or storing computer-executable instructions for
execution by the processor 14. Additionally, “module,” as
used herein denotes a set of computer-executable instructions
(e.g., aroutine, sub-routine, program, application, or the like)
that is persistently stored on the computer-readable medium
or memory for execution by the processor.

[0024] In one embodiment, the processor calculates true
inter-camera distances between all cameras used to generate
the composite surround view image. For instance, camera
images 18 are received from a plurality of cameras A, B, . . .
, N'(where N is an integer) mounted to the articulating vehicle
19 and stored in the memory 16. The processor executes an
object identification module 20 that identifies a reference
object (e.g., a lane marker or painted stripe on a road) in the
received images. The processor executes a superimposition
module 22 that overlays, e.g., an image from camera A onto
an image from camera B. It will be noted that the image
frames captured by cameras A and B are slightly offset from
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each other, regardless of whether the cameras capture images
synchronously or asynchronously as the vehicle moves.
Therefore, the processor executes a shift module 24 that shifts
one or both of the offset images until the reference object is
aligned in both images. The distance of the shift is used by the
processor, in conjunction with a priori knowledge of the
length of the reference object or calculated reference object
length, when executing a TICD module 26 to determine the
true inter-camera distance between the cameras. In one
embodiment, the one reference object image is subtracted
from the other to determine the shift distance. In another
embodiment, a matched filter technique is employed to deter-
mine the shift distance.

[0025] The processor executes a vehicle speed monitor
module 27 that monitors vehicle speed. The TICD module 26
evaluates start time data 28 for each camera being analyzed,
in conjunction with the vehicle speed information to deter-
mine a distance uncertainty value (DUFM) that is indicative
of distance uncertainty due to camera motion. An inter-cam-
era frame start time difference (DFST) is determined by the
TICD module, and is used to identify the amount of shift
applied to align the overlaid images. This amount of shift in
turn is used to determine the true inter-camera distance.
[0026] Additionally, the processor executes a yaw calcula-
tion module 29 that determines a yaw angle between the
cameras. Camera yaw angle is determined as a function of the
amount of rotation or “twisting” required to align the refer-
ence object in one camera image with another. The deter-
mined yaw values for each camera are averaged by the yaw
calculation module over multiple image frames and over time
in order to determine an average yaw value that can be regu-
larly applied for each camera when reconstructing the com-
posite surround view. For example, camera B may have an
average yaw of 0.4 degrees relative to the vehicle centerline or
relative to a ‘root’ camera that the other cameras reference to,
and so image frames received from camera B can be twisted
or otherwise adjusted by 0.4 degrees when generating the
composite surround view image. In this embodiment, the
camera yaw angle for respective cameras can be calculated
periodically or initially upon coupling a new trailer to a trac-
tor. A compensation module 30 applies yaw angle adjust-
ments as well as adjusts images from each camera for stitch-
ing together by a reconstruction module 32, which generates
the composite surround view image(s) 34.

[0027] With continued reference to FIG. 1, FIGS. 2A-2D
shows an example of two cameras, camera A and camera B,
viewing a rectangular pattern on the ground and producing a
stitched image from the two camera images, using an
assumed inter-camera distance, in accordance with one or
more features described herein.

[0028] FIG. 2A illustrates a first camera A, and a second
camera B, which can be mounted on respective segments of
an articulating vehicle, such as a tractor-trailer. A true inter-
camera distance (TICD) is determined by capturing images of
a reference object 102, such as a dashed line on a highway,
such as are used to mark traffic lanes. FIG. 2B shows a
top-view image 112 of a dashed line 102A as seen by camera
A. FIG. 2C shows a top-view image 114 of the same dashed
line 102B as seen by camera B. FIG. 2D shows a composite
image 116 in which the image 102A and the image 102B are
superimposed on each other. One of the reference object
images (102B in the illustrated example) is shifted until it is
aligned with the other reference object image (102A in this
example). Using a priori knowledge of the length of the



US 2016/0048966 Al

reference object, the distance (e.g., in pixels) by which the
reference marker image 102B is shifted can be used to deter-
mine the true inter camera distance. In another embodiment,
both images of the reference object are shifted toward each
other to align the reference object images in order to calculate
the TICD. It will be appreciated that although the examples of
FIGS. 2A-2D show a reference object shifted in the x-direc-
tion for illustrative purposes, the reference object can also be
shifted in the y-direction and/or rotated as needed to align the
images, as will be apparent to those of skill in the art.

[0029] According to an example, a composite surround
view generated from multiple camera views is adjusted using
a known length of one or more reference objects. In the
illustrated example, the inter-camera distance varies longitu-
dinally only. However, it will be appreciated that the inter-
camera distance may vary vertically (e.g., the cameras may be
mounted at different heights) and/or laterally (e.g., different
width trailers have different lateral offsets), and that such
variation may be compensated for in a manner similar to that
described with regard to horizontal variation, as will be
understood by those of skill in the art. The length of the
reference object can be known in advance (e.g., using knowl-
edge of standard highway lane marker lengths: e.g., 2 m long
lines spaced 3 m apart or some other known pattern) or
determined in advance or in real time (e.g., by positioning a
portion of the articulated vehicle having a known size or
length within the field of view of each camera and calculating
the length of the reference object by comparison to the vehicle
portion in the field of view with the reference object). In
another example, a portion of the vehicle within each cam-
era’s field of view, and at a known distance from the camera,
is marked with a set of reference lines representing inches,
centimeters, or the like, and the reference markings are com-
pared to the reference object in the field of view of the camera
to determine the length of the reference object. Once the
length of the reference object is known, a parameter describ-
ing the inter-camera distance may then be adjusted so that the
length of the pattern in the stitched image matches the known
value.

[0030] According to another example, the cameras are pre-
calibrated such that a point or object location on the ground is
known once it is located in the image, and its angle relative to
the cameras can be determined. The average difference
between the camera measurements over time is calculated to
obtain the TICD laterally and longitudinally, as well as the
yaw angle. For instance, with each camera looking at the
same point at a time instance Camera A says it is 3, 4 and 5
meters ahead, while Camera B says it is 6, 7 and 8 meters
ahead. In this example, the average difference between the
measurements is 3 meters, so the cameras are offset by 3
meters from each other. FIG. 3 illustrates an articulated
vehicle 140 comprising a tractor 142 and a trailer 144, as it
travels in a traffic lane marked by a plurality of dashed lane
markers 146. The dashed lane markers form repeating longi-
tudinal patterns, though typically with some variations in
appearance. Lane markers are typically located on the side(s)
of an articulated vehicle, where they are seen by multiple
cameras, and so may be used as reference objects for calcu-
lating the true inter-camera distance (TICD) between cam-
eras. A single camera, such as camera A or camera B, can
measure the length and location, relative to that camera, of the
dashed lane markings. The measured dashed lane markings
can be used to calculate the true inter-camera distance.
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[0031] FIG. 4 illustrates the articulated vehicle 140,
wherein the tractor 142 and trailer 144 are articulated relative
to each other at an articulation angle ¢, in accordance with
one or more aspects described herein.

[0032] Inoneexample, it may be assumed that the cameras
are moving and capturing video asynchronously. Cameras
take images multiple times per second. For instance, there
may be between V2sth and Veoth of a second between captured
image frames. In the present example, a frame time of V2sth of
a second is used. To further this example, the articulated
vehicle speed is 25 meters per second. A camera moving at
this speed, and producing 25 images per second, thus moves
1 meter between frames. However, the cameras A and B,
which are employed to generate the surround view, are not
necessarily synchronized. Thus, there may beup to Y4sth of a
second difference between the frame start times used produce
a surround view. This V4sth of a second corresponds to a
distance uncertainty of 1 meter between the cameras.

[0033] One problem with unsynchronized cameras is that
they may take a snapshot of the same object at different times.
If the vehicle to which the cameras are attached is moving,
then the object will move during the time gap between taking
the two images, and any shift calculated will include the
motion. Therefore it becomes desirable to account for the
motion related term. This is done by having the vehicle move
attwo different speeds (i.e., at two different instances in time,
as the cameras are rigidly affixed to the vehicle and therefore
move at the same speed). By moving at two different speeds,
e.g. once at 10 mph during vehicle acceleration, and again at
e.g. 50 mph, as the vehicle travels on the highway, the amount
of apparent object motion is changed.

[0034] In order to compensate for the difference uncer-
tainty in the inter-camera distance measurement the follow-
ing algorithms may be executed (e.g., by the processor of
FIG. 1 or the like). The inter-camera distance may be
expressed as:

AICD=TICD+DUFM (D

where AICD is the apparent inter-camera distance, TICD is
the true inter-camera distance, and DUFM is the distance
uncertainty from motion. The distance uncertainty from
motion may be expressed as:

DUFM=DFST*v )

where DFST is the difference in inter-camera frame start
times, and where v is the speed of the vehicle. As the vehicle
speed varies, the distance uncertainty from motion changes.
[0035] To further this example, a single point or object on
the ground is taken as a reference, as seen by two cameras.
The two image frames from the camera views are superim-
posed on one another using longitudinal shifting, at two dif-
ferent speeds. The apparent motion of the object is the vehicle
speed times the difference in frame start times, DFST. This is
added to the shift applied to align the object in the images
taken from camera A and camera B. The equations describing
the superimposition of the image frames are as follows:

Shift1=TICD+speed1 *DFST 3)

Shift2=TICD+speed2*DFST @

where Shift] is a value describing the amount by which the
reference point or object in the first image is shifted, and
speed] is the speed of the first camera. Similarly, Shift2 is a
value describing the amount by which the reference point or
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object in the second image is shifted, and speed? is the speed
of the second camera. DFST is common between the two
equations.

[0036] The equations (3) and (4) are then solved for TICD,
the true inter-camera distance, given:

TICD=(speed ratio*shift1)—(shift2)/(speed ratio-1) (5)

where speed ratio is (speed2/speedl). In one embodiment,
multiple reference points (more than one point being super-
imposed in two frames) are employed and averaged over time
to increase the accuracy of the inter-camera distance mea-
surement. The calculation of the distance between the cam-
eras A and B is affected by multiple variables, including but
not limited to: whether the cameras are moving; whether the
cameras are capturing video synchronously or asynchro-
nously; whether the articulated vehicle is yawing such that
respective camera perspectives are affected; etc.

[0037] According to another embodiment, camera yaw dif-
ferences are measured and compensated. For instance, the
articulation angle(s) between the tractor and trailer(s) of a
commercial vehicle are generally not zero. Therefore, the
individual views produced by each camera may be rotated
with respect to each other. To compensate for this rotation, an
additional term is considered, given that the cameras may be
yawed with respect to each other. For instance, FIG. 4 shows
that camera A looks straight out to the side, but camera B
looks somewhat more backward, and is yawed away from
Camera A. Vehicles travelling on a straight road at higher
speeds yaw only a little in their lane and/or during lane
changes. Therefore, the relative rotation between the vehicle
segments averages out to zero, with only small deviations
from this value. The average value of the remaining rotation
required to align the lane marking directions corresponds to
the static yaw angle difference between two cameras. Calcu-
lating this static angle may comprise accumulating the aver-
age value of the rotation required to align the lane marking
directions.

[0038] FIG.5illustrates a method for reconstructing a com-
posite surround image from multiple cameras coupled to an
articulating vehicle, in accordance with various features
described herein. At 200, a plurality of offset images of a
reference object are received. The offset images are taken by
at least two cameras having different vantage points or per-
spectives relative to the reference object. At 202, the offset
images are superimposed or overlaid on each other. At 204,
the offset images are shifted until the reference object in each
image is aligned. Using the shift distance, vehicle speed, and
camera frame start time information for each camera, the
TICD is calculated at 206. At 208, a yaw angle between
cameras is calculated and averaged over time. At 210, the
composite surround view image is reconstructed using the
TICD between each pair of cameras to position respective
images for image stitching, and using the calculated yaw
angle(s) to adjust for camera yaw.

[0039] FIG. 6 illustrates a method for determining the
TICD between two cameras coupled to an articulating
vehicle, in accordance with one or more aspects described
herein. At 220, the speed of the vehicle is determined. The
vehicle will typically change speed during its operation, e.g.
during acceleration or deceleration. At 222, the amount of
marking translation required for alignment is determined.
This alignment still contains an uncertainty due to potentially
different frame start times. For instance, the two cameras may
not capture image frames synchronously, but rather there may
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be a slight temporal offset between the image frames used to
calculate the TICD. At 224, a shift distance used to align the
reference objects in the image frames is determined. At a
second time instant, when the speed has changed, the align-
ment required is again determined, and the above equation (5)
is applied, at 225. The TICD is calculated, at 226.

[0040] FIG. 7 illustrates a method of compensating for
camera yaw angles when reconstructing a composite sur-
round view image, in accordance with various aspects
described herein. At 240, offset images of the reference object
are received or retrieved. At 242, the images are rotated until
the reference object in both images is aligned. The amount of
rotation required to align the reference object in a given pair
ofimages is equal to the yaw angle between the cameras at the
time of capture of the images. At 244, the yaw angle between
the cameras is averaged over multiple pairs of images. At 246,
a yaw compensation factor is applied when positioning
images from respective cameras for stitching together during
image reconstruction to generate the composite surround
view image.

[0041] The innovation has been described with reference to
several embodiments. Modifications and alterations may
occurto others upon reading and understanding the preceding
detailed description. It is intended that the innovation be
construed as including all such modifications and alterations
insofar as they come within the scope of the appended claims
or the equivalents thereof.

Having thus described the preferred embodiments, the
invention is now claimed to be:

1. A system that facilitates determination of the true inter-
camera distance (TICD) between cameras mounted on sepa-
rate portions of an articulated vehicle, comprising:

a first camera;

a second camera; and

a processor configured to:

receive from the first camera a first image frame com-
prising a first image of a reference object;

receive from the second camera a second image frame
comprising a second image of the reference object;

overlay the first and second images thereby generating a
composite image of the reference object;

shift the first and second images until they are aligned;
and

calculate the TICD between the first and second cameras
as a function of the distances by which first and sec-
ond images are shifted during alignment.

2. The system according to claim 1, wherein the first and
second cameras capture image frames asynchronously.

3. The system according to claim 2, wherein the processor
is further configured to:

calculate a distance uncertainty due to vehicle motion

(DUFM) as a function of vehicle speed and a frame start
time difference (DFST) between respective image cap-
ture start times of the first and second cameras.

4. The system according to claim 1, wherein the processor
is further configured to:

calculate the true inter-camera distance (TICD) such that

TICD=(speed ratio*shiftl)—(shift2)/(speed ratio—1) (5)

where Shift1 is the amount by which the reference point or
object in the image is shifted at a first speed, Shift2 is the
amount by which the reference point or object in the
second image is shifted at a second speed, and speed
ratio is the ratio of the second speed to the first speed.
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5. The system according to claim 1, wherein the processor
is further configured to:
rotate at least one of the first and second images when
aligning the second image with the first image; and

calculate, across a plurality of composite images, an aver-
age rotation required to angularly align the first and
second images.

6. The system according to claim 5, wherein the processor
is further configured to generate a surround view that is a
composite view of the first and second camera images,
adjusted to compensate for vehicle motion and yaw using the
calculated TICD and the calculated average rotation.

7. The system according to claim 1, wherein the first cam-
era is mounted on a first portion of the articulated vehicle, and
the second camera is mounted on a second portion of the
articulated vehicle, the second portion being coupled to the
first portion by an articulating coupling.

8. The system according to claim 1, further comprising a
plurality of cameras, wherein the processor is configured to
calculate a TICD between all permutations of pairs of cam-
eras in the plurality of cameras and to generate a surround
view that is a composite view of a plurality of images captured
by the respective cameras.

9. A method of calculating a true inter-camera distance
(TICD) between cameras mounted on separate portions of an
articulated vehicle, comprising:

receiving from a first camera a first image frame compris-

ing a first image of a reference object;

receiving from a second camera a second image frame

comprising a second image of the reference object;
overlaying the first and second images thereby generating
a composite image of the reference object;

shifting the first and second images until they are aligned;

and

calculating the TICD between the first and second cameras

as a function of the distances by which first and second
images are shifted during alignment.

10. The method according to claim 9, further comprising:

calculating a distance uncertainty due to vehicle motion

(DUFM) as a function of vehicle speed and a frame start
time difference (DFST) between respective image cap-
ture start times of the first and second cameras.

11. The method according to claim 9, further comprising:

calculating the true inter-camera distance such that

TICD=(speed ratio shiftl)—(shift2)/(speed ratio-1) (5)

where Shift1 is the amount by which the reference point or
object in the first image is shifted at a first speed, Shift2
is the amount by which the reference point or object in
the second image is shifted at a second speed, and speed
ratio is a ratio of the second speed to the first speed.
12. The method according to claim 9, further comprising:
rotating at least one of the first and second images when
aligning the second image with the first image; and

calculating, across a plurality of composite images, an
average rotation required to angularly align the first and
second images.

13. The method according to claim 12, further comprising
generating a surround view that is a composite view of the
first and second camera images, adjusted to compensate for
vehicle motion and yaw using the calculated TICD and the
calculated average rotation.

14. The method according to claim 9, wherein the first
camera is mounted on a first portion of the articulated vehicle,
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and the second camera is mounted on a second portion of the
articulated vehicle, the second portion being coupled to the
first portion by an articulating coupling.

15. The method according to claim 9, further comprising
calculating a TICD between all permutations of pairs of cam-
eras in a plurality of cameras mounted on the articulating
vehicle, and generating a surround view that is a composite
view of a plurality of images captured by the respective cam-
eras.

16. A computer-readable medium having stored thereon
instructions for performing the method according to claim 9.

17. A processor configured to execute computer-execut-
able instructions for calculating a true inter-camera distance
(TICD) between cameras mounted on separate portions of an
articulated vehicle, the instructions comprising:

receiving from a first camera a first image frame compris-

ing a first image of a reference object;

receiving from a second camera a second image frame

comprising a second image of the reference object;
overlaying the first and second images thereby generating
a composite image of the reference object;

shifting the first and second images until they are aligned;

and

calculating the TICD between the first and second cameras

as a function of the distances by which first and second
images are shifted during alignment.

18. The processor according to claim 17, further config-
ured to:

calculate the true inter-camera distance such that

TICD=(speed ratio*shiftl)—(shift2)/(speed ratio—1) (5)

where Shift1 is the amount by which the reference point or
object in the first image is shifted at a first speed, Shift2
is the amount by which the reference point or object in
the second image is shifted at a second speed, and speed
ratio is a ratio of the second speed to the first speed.
19. The processor according to claim 17, further config-
ured to:
rotate at least one of the first and second images when
aligning the second image with the first image; and

calculate, across a plurality of composite images, an aver-
age rotation required to angularly align the first and
second images.

20. The processor according to claim 19, further config-
ured to generate a surround view that is a composite view of
the first and second camera images, adjusted to compensate
for vehicle motion and yaw using the calculated TICD and the
calculated average rotation.

21. The processor according to claim 17, further config-
ured to calculate a TICD between all permutations of pairs of
cameras in a plurality of cameras mounted on the articulating
vehicle, and generate a surround view that is a composite
view of a plurality of images captured by the respective cam-
eras.

22. An apparatus that facilitates calculating a true inter-
camera distance (TICD) between cameras mounted on sepa-
rate portions of an articulated vehicle, comprising:

means for capturing a plurality of images of a reference

object from at least two perspective points;

means for receiving from a first camera a first image frame

comprising a first image of a reference object;

means for receiving from a second camera a second image

frame comprising a second image of the reference
object;
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means for overlaying the first and second images thereby
generating a composite image of the reference object;

means for shifting the first and second images until they are
aligned; and

means for calculating the TICD between the first and sec-
ond cameras as a function of the distances by which first
and second images are shifted during alignment.
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