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METHOD AND SYSTEM FOR VEHICLE CLASSIFICATION

FIELD OF THE INVENTION

[0001] The present invention to a method and system of vehicle classification, and

more particularly to a method and system called hierarchical vehicle classification
system using a video and/or video image, a method and system of vehicle
classification using a vehicle ground clearance measurement system, and method
and system for classification of passenger vehicles and measuring their properties,
and more particularly to capturing a vehicle traveling along a road from a single
camera and classifying the vehicle into one of the 3 classes: Sedan, Pickup, and/or

Minivan and SUV (Sports Utility Vehicle).

BACKGROUND OF THE INVENTION
[0002] A vehicle is typically classified into one of the six (6) classes: sedans,

pickups, minivans, SUVs (Sports Utility Vehicles), buses and trucks. Currently, it is
believed that no such system exists for classifying on-road civilian vehicles. State of
the art video based vehicle classifiers classify the vehicles based on their size alone.
Consequently, these systems fail in fine grain classification of various passenger and
commercial vehicles.

[0003] Academic research has been done for side views of the vehicle; however,
prior work for classifying vehicle from rear view video does not exist. A typical
system has a camera pointed at a road lane such that the horizontal scan lines of the
camera are parallel to the horizon. Accordingly, it would be desirable to have a
softwarc system for hicrarchical classification of vehicles from a video of the rear
view and/or back end of the vehicle.

[0004] In addition, current methods and systems of passenger vehicle
classification rely on sidc vicws of the vehicles. Generally, the side profile of the
vehicle is the key information used to accurately classify the vehicles. However, on
a multi-lane road, the side profiles can be easily occluded by other vehicles.
Additionally, most of the cameras deployed along the highways and other road

capture rear views of the vehicle making the side profile based techniques useless.

-1-



WO 2012/125687 PCT/US2012/029012

10

15

20

25

30

Thus, there is a need for a system and method that classifies passenger vehicles

based on a camera image of the back end or rear of the vehicle.

SUMMARY

[0005] In accordance with an exemplary embodiment, a method for hierarchical
classification of vehicles comprises: locating a moving object using a moving object
detection system; determining if the moving object is a small vehicle or a large
vehicle based on a width of the moving object relative to a width of a roadway lane;
and assigning the moving object to classifiers for refined classification.

[0006] In accordance with a further exemplary embodiment, a system for
classification of vehicles comprises: a camera for capturing images of at least one
moving object; and a computer processing unit, which performs the following steps:
locating a moving object using a moving object detection system; determining if the
moving object is a small vehicle or a large vehicle based on a width of the moving
object relative to a width of a roadway lane; and assigning the moving object to
classifiers for refined classification.

[0007] In accordance with a further excmplary embodiment, a computer program
product comprising a non-transitory computer usable medium having a computer
readable code embodied therein for classification of passenger vehicles and
measuring their properties from a rear view video frame, the computer readable
program code is configured to execute a process, which includes the steps of:
locating a moving object using a moving object detection system; determining if the
moving object is a small vehicle or a large vehicle based on a width of the moving
object relative to a width of a roadway lane; and assigning the moving object to
classifiers for refined classification.

[0008] In accordance with an exemplary embodiment, a method for calculating
clearance of a vehicle comprises: (2) calibrating a transformation between a camera
image and a road surface; (b) using the transformation lo calculate a scale [or each
scan line in the camera image; (c) locating a licensc plate of the vehicle in the
image; (d) calculating a horizontal and a vertical scale of the license plate;

(e) comparing the horizontal scale of the license plate with a scale of each scan line

and a scan line where the scales are equal is found; (f) calculating a number of scan

-0



WO 2012/125687 PCT/US2012/029012

10

15

20

25

30

lines between the matching scan line and a top of the license plate; (g) dividing the
number of scan lines by the vertical scale of the number plate to find a height of the
license plate from the ground; (h) calculating a number of scan lines between the top
of the license plate and a lowest visible part of the vehicle; (i) dividing the number
of scan line between the top of the license plate and the lowest visible part of the
vehicle by the vertical scale of the number plate to find a distance between the top of
the license plate to the lowest visible part of the vehicle; and (j) subtracting the
distance in step (i) from the distance in step (g) to obtain the ground clearance of the
vehicle.

[0009] In accordance with a further exemplary embodiment, a system for
classification of vehicles comprises: a camera for capturing images of at least one
moving object; and a computer processing unit, which performs the following steps:
(a) calibrating a transformation between a camera image and a road surface;

(b) using the transformation to calculate a scale for each scan line in the camera
image; (c) locating a license plate of the vehicle in the image; (d) calculating a
horizontal and a vertical scale of the license plate; (€) comparing the horizontal scale
of the license plate with a scale of each scan line and a scan line where the scales are
equal is found, (f) calculating a number of scan lines between the matching scan line
and a top of the license plate; (g) dividing the number of scan lines by the vertical
scale of the number plate to find a height of the license plate from the ground,

(h) calculating a number of scan lines between the top of the license plate and a
lowest visible part of the vehicle; (i) dividing the number of scan line between the
top of the license plate and the lowest visible part of the vehicle by the vertical scalc
of the number plate to find a distance between the top of the license plate to the
lowest visible part of the vehicle; and (j) subtracting the distance in step (i) from the
distance in step (g) to obtain the ground clearance of the vehicle.

[0010] In accordance with a further exemplary embodiment, a computer program
product comprising a non-transitory computer usable medium having a computer
readable code embodied therein for classification of passenger vehicles and
measuring their properties from a rear view video frame, the computer readable
program code is configured to execute a process, which includes the steps of:

(a) calibrating a transformation between a camera image and a road surface;

-3



WO 2012/125687 PCT/US2012/029012

10

15

20

25

30

(b) using the transformation to calculate a scale for each scan line in the camera
image; (c) locating a license plate of the vehicle in the image; (d) calculating a
horizontal and a vertical scale of the license plate; (¢) comparing the horizontal scale
of the license plate with a scale of each scan line and a scan line where the scales are
equal is found; (f) calculating a number of scan lines between the matching scan line
and a top of the license plate; (g) dividing the number of scan lines by the vertical
scale of the number plate to find a height of the license plate from the ground;

(h) calculating a number of scan lines between the top of the license plate and a
lowest visible part of the vehicle; (i) dividing the number of scan line between the
top of the license plate and the lowest visible part of the vehicle by the vertical scale
of the number plate to find a distance between the top of the license plate to the
lowest visible part of the vehicle; and (j) subtracting the distance in step (i) from the
distance in step (g) to obtain the ground clearance of the vehicle,

[0011] In accordance with an exemplary embodiment, a method for calculating
clearance of a vehicle comprises: calibrating a transformation between a camera
image and a road surface; detecting locations of a feature on the vehicle for which a
clearance is to be calculated; detecting locations of a vehicle shadow; tracking the
locations of the feature on the vehicle and the vchicle shadow over time; inverting
the locations of the feature of the vehicle and the shadow and calculating differences
between the location inverses; using a relationship between the differences and a
height of the vehicle to calculate a distance between a lowest visible part of the
vehicle from the rear view and the road based on the difference between a height of
the vehicle; and classifying the vehicle based on the clearance of the vehicle.

[0012] In accordance with a further exemplary embodiment, a system for
calculating clearance of a vehicle comprises: a camera for capturing images of at
least one moving object; and a computer processing unit, which performs the
following steps: calibrating a transformation between a camera image and a road
surface; detecting locations of a feature on the vehicle for which a clearance is to be
calculated; detecting locations of a vehicle shadow; tracking the locations of the
feature on the vehicle and the vehicle shadow over time; inverting the locations of
the feature of the vehicle and the shadow and calculating differences between the

location inverses; using a relationship between the differences and a height of the
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vehicle to calculate a distance between a lowest visible part of the vehicle from the
rear view and the road based on the difference between a height of the vehicle; and
classifying the vehicle based on the clearance of the vehicle.

[0013] In accordance with another exemplary embodiment, a computer program
product comprising a non-transitory computer usable medium having a computer
readable code embodied therein for classification of passenger vehicles and
measuring their properties from a rear view video [rame, the computer readable
program code is configured to execute a process, which includes the steps of:
calibrating a transformation between a camera image and a road surface; detecting
locations of a feature on the vehicle for which a clearance is to be calculated;
detecting locations of a vehicle shadow; tracking the locations of the feature on the
vehicle and the vehicle shadow over time; inverting the locations of the feature of
the vehicle and the shadow and calculating differences between the location
inverses; using a relationship between the differences and a height of the vehicle to
calculate a distance between a lowest visible part of the vehicle from the rear view
and the road based on the difference between a height of the vehicle; and classifying
the vehicle based on the clearance of the vehicle.

[0014] In accordance with an exemplary embodiment, a method for classification
of vehicles comprises: (a) calibrating a transformation between a camera image and
a road surface; (b) detecting moving objects on the road surface in the camera
image; (c) establishing a vertical axis of symmetry for each of the moving objects;
(d) detecting dominant horizontal edges intersecting with the vertical axis of
symmetry for each of the moving objects; (e) tracking the dominant horizontal edges
for a plurality of consecutive video frames; (f) projecting each of the dominant
horizontal edges onto a ground plane; (g) treating each pair of adjacent projected
edges as a projected surface; (h) calculating changes in the projected surface; and (i)
calculating distinct structural signatures from the changes in the projected surfaces
which are sent to a classifier.

[0015] In accordance with a further exemplary embodiment, a system for
classification of vehicles comprises: a camera for capturing images of at least one
moving object; and a computer processing unit, which performs the following steps:

(a) calibrating a transformation between a camera image and a road surface;
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(b) detecting moving objects on the road surface in the camera image;

(c) establishing a vertical axis of symmetry for each of the moving objects;

(d) detecting dominant horizontal edges intersecting with the vertical axis of
symmetry for each of the moving objects; (¢) tracking the dominant horizontal edges
for a plurality of consecutive video frames; (f) projecting each of the dominant
horizontal edges onto a ground plane; (g) treating each pair of adjacent projected
edges as a projected surface; (h) calculating changes in the projected surface; and
(i) calculating distinct structural signatures from the changes in the projected
surfaces which are sent to a classifier.

[0016] In accordance with a further exemplary embodiment, a computer program
product comprising a non-transitory computer usable medium having a computer
readable code embodied therein for classification of passenger vehicles and
measuring their properties from a rear view video frame, the computer readable
program code is configured to execute a process, which includes the steps of?

(a) calibrating a transformation between a camera image and a road surface;

(b) detecting moving objects on the road surface in the camera image;

(c) establishing a vertical axis of symmetry for each of the moving objects;

(d) detecting dominant horizontal edges intersecting with the vertical axis of
symmetry for each of the moving objects; (e) tracking the dominant horizontal edges
for a plurality of consecutive video frames; (f) projecting each of the dominant
horizontal edges onto a ground plane; (g) treating each pair of adjacent projected
edges as a projected surface; (h) calculating changes in the projected surface; and
(i) calculating distinct structural signatures from the changes in the projected
surfaces which are sent to a classifier.

[0017] The details of one or more embodiments of the disclosure are set forth in
the accompanying drawings and the description below. Other features, objects, and

advantages will be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings are included to provide a further

understanding of the invention, and are incorporated in and constitute a part of this

specification. The drawings illustrate embodiments of the invention and, together
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with the description, serve to explain the principles of the invention. In the
drawings,

[0019] Figure 1 shows a diagram of a hierarchal classification system in
accordance with an exemplary embodiment.

[0020] Figure 2 shows an example of the hierarchal classification system for
detecting a blob of a large vehicle versus a small vehicle.

[0021] Figure 3 shows an example of the classification system for classification
between a trucks and a bus in accordance with an exemplary embodiment.

[0022] Figure 4 shows examples of exception classification in accordance with an
exemplary embodiment.

[0023] Figure 5 shows an exemplary setup for a vehicle ground clearance
measurement system in accordance with an embodiment.

[0024] Figure 6 shows a perspective image of a road surface, which provides a
baseline for use with the vehicle ground clearance measurement system as shown in
Figure 5.

[0025] Figure 7 shows a camera plane for a plurality of locations on a road
surface.

[0026] Figure 8 shows a diagram a vehicle clearance estimation in accordance
with an exemplary embodiment.

[0027] Figure 9 shows a flow chart of a vehicle clearance estimation system in
accordance with an exemplary embodiment. ,

[0028] Figure 10 shows another exemplary setup for a vehicle ground clearance
measurement system in accordance with an exemplary embodiment,

[0029] Figure 11 shows an image captured by the setup for the vehicle ground
clearance measurement system as shown in Figure 10.

[0030] Figure 12 shows a system diagram of the vehicle ground clearance system
as shown in Figure 10.

[0031] Figure 13 shows an image of the geometry of projection with time for a
moving vehicle from a side view having two projections of interest.

[0032] Figure 14 shows an image and calculations for characterizing change in

projection on the ground plane.
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[0033] Figure 15 shows another image and related calculations for characterizing
change in the projection on the ground plane.

[0034] Figure 16 shows an image of the calibration to establish mapping between
aroad surface and a camera image in accordance with an exemplary embodiment.
[0035] Figure 17 shows a flow chart of a moving object detection system in
accordance with an exemplary embodiment.

[0036] Figurc 18 shows a flow chart of a symmetry detection system in
accordance with an exemplary embodiment.

[0037] Figure 19 shows a series of photographs of the structural signatures for a
plurality of vehicles.

[0038] Figure 20 shows a flow chart of a system diagram in accordance with an

exemplary embodiment.

DETAILED DESCRIPTION
[0039] A VIDEO BASED HIERARCHICAL VEHICLE CLASSIFICATION
SYSTEM

[0040] In accordance with an exemplary embodiment, a software system for

hierarchical classification of vehicles from their rear view videos is described herein.
Vehicles are typically classified into one of the six (6) classes: sedans, pickups,
minivans, SUVs (Sports Utility Vehicles), buses and trucks. At this time, it is
believed that no such system exists for classifying on-road civilian vehicles. State of
the art video based vehicle classifiers classify the vehicles based on their size alone.
Consequently, they fail in fine grain classification of various passenger and
commercial vehicles. In accordance with an exemplary embodiment, the video
based hierarchical vehicle classification system 100 as shown in Figure 1, which
classifies the vehicles into one of six (6) classifications, which include sedans 110,
pickups 120, minivans 130, SUVs (Sports Utility Vehicles) 140, buses 150, and
trucks 160. The system preferably includes a camera pointed at a road lane such that
the horizontal scan lines of the camera are parallel to the horizon. Once the camera

has been positioned, the system detects the following:
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[0041] System first detects the lanes on the road:
[0042] With edge detection techniques and voting methods such as Hough
transform, the lanes on the road or roadway are detected. If multiple lanes are
detected, a lane of interest is selected based on its properties such as the visibility
5  from camera, traffic density, etc. For multiple lanes, cach of the multiple lanes are
processed by implementing the system for each of the detected lanes.
[0043] The system locates moving object in the video using moving object
detection:
[0044] Using standard moving object detection techniques, moving objects from
10  the video are detected. In accordance with an exemplary embodiment, if multiple
moving objects are detected they are processed individually.
[0045] Based on the size of the object, the large or small vehicle classifier is
activated:
[0046] Passenger and commercial vehicles can be differentiated from each other
15  based on their size. Unlike state of the art systems, which aim to carry out the fine
grain classification of a vehicle based on its size, in accordance with an exemplary
embodiment, an alternative approach as described herein uses size to separate
passenger and commercial vehicles, which is more reliable. The state of the art
systems detect size of the moving blob to achieve size based classification. In
20  accordance with an eXemplary embodiment, the decision about the size of a vehicle
200 is based on the width of the blob in comparison to the lane width as shown in
Figure 2, which allows the system to make a small/large decision even if the entire
vehicle has not entered the view of the camera. For example, as shown in Figure 2,
the leading edge 202 of a large vehicle 210 occupies most of the lane, e.g., more
25  than 90%, while the leading edge 202 of a small vehicle 220 occupies less, e.g., less
than 90%. Thus, a decision can be taken or made earlier than compared to the blob
based approach.
[0047] The small vehicle classifier has the following steps:
[0048] Based on the structure, the vehicles are classified into sedan, pickup and
30 minivan + SUV classes. In accordance with an embodiment, if a vehicle is
classified as Minivan + SUV, the Minivan + SUV classifier is activated. If an

exception case is detected the exception classifier is activated.
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[0049] The large vehicle classifier has the following steps:

[0050] In accordance with an exemplary embodiment, in step 1, a vertical axis of
bilateral symmetry of the moving object is established. In step 2, asymmetric parts
of the detected object such as shadow are separated. In step 3, dominant vertical
edges in the object are detected. In step 4, if one or multiple dominant vertical edges
are present in the vicinity of the vertical axis of symmetry, the object is classified as
a truck. Instep S, if a symmetric pair of dominant vertical edges, towards the left
and right extremities of an object is present, the object is classified as a truck.
Alternatively, in step 6, if the object does not have a symmetric pair of dominant
vertical edges, towards the left and right extremities, the object is classified as a bus.
Figure 3 shows a plurality of images 300 of a rear portion of trucks 310 and a bus
320, wherein the trucks 310 have a symmetric pair of dominant vertical edges 330,
towards the left and right extremities, and the bus 320 does not have a symmetric
pair of dominant vertical edges, towards the left and right extremities. In step 7, if
an exception case is detected, the exception classifier is activated.

[0051] The Minivan/SUV (Minivan + SUV) classifier has the following steps:
[0052] In accordance with an exemplary embodiment, the ground clearance of the
vehicle (moving object) is estimated, if the object has high ground clearance, it is
classified as a SUV. Alternatively, if the object has low ground clearance, it is
classified as Minivan; and if an exception case is detected the exception classifier is
activated.

[0053] The exception classifier incorporates rules to reclassify objects, which
the preceding set of classifier fails to classify:

[0054] In accordance with another exemplary embodiment, elements of this
classifier can be reconfigured. For example, hatchback sedan: if a small vehicle is
classified as Minivan/SUV, but has a smaller blob size then reclassify it as a
hatchback sedan/station wagon 410 as shown in Figure 4a; SUV with spare wheel
mounted on rear : if a small vehicle with circular symmetry of size of a wheel is
detected on the rear of the vehicle, then classify it as SUV 420 as shown in Figure
4b; Tanker trucks: if a large vehicle with non-rectangular shaped rear is detected,

then classify it as a tanker truck 430 as shown in Figure 4c; and Truck: if a large
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vehicle with reflective tape patter of red-white 442 is detccted, then classify the
vehicle as a truck 440 as shown in Figure 4d.

[0055] Applications of the system:

[0056] The system and method as described herein can be used for: classifying
vehicles on the road; separating commercial and passenger vehicles; identifying
commercial and passenger vehicles for automatic category based tolling; detecting
lane restriction violations for law enforcement; traffic analysis; and/or security
related applications ensuring limited/controlled access to vehicles.

[0057] Variations of the system:

[0058] The system as described herein can be implemented for classifying the
vehicles from back and/or front and/or side views. Alternatively, a partial classifier,
which detects only a few of the classes, can be implemented. In addition, parts of or
the complete system can be implemented as equivalent hardware implementation.
[0059] In accordance with another exemplary embodiment, a computer program
product comprising a non-transitory computer usable medium having a computer
readable code embodied therein for classification of passenger vehicles and
measuring their properties from a rear view video frame. The computer readable
program code is configured to execute a process, which includes the steps of:
locating a moving object using a moving object detection system; determining if the
moving object is a small vehicle or a large vehicle based on the size of the moving
object; and assigning the moving object to a classifier based on the size of the
moving object.

[0060] The computer usable medium, of course, may be a magnetic recording
medium, a magneto-optic recording medium, or any other recording medium which
will be developed in future, all of which can be considered applicable to the present
invention in all the same way. Duplicates of such medium including primary and
secondary duplicate products and others are considered equivalent to the above
medium without doubt. Furthermore, even if an embodiment of the present
invention is a combination of software and hardware, it does not deviate from the
concept of the invention at all. The present invention may be implemented such that
its software part has been written onto a recording medium in advance and will be

read as required in operation.
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[0061] A VEHICLE GROUND CLEARANCE MEASUREMENT SYSTEM
[0062] A method and system, which calculates clearance of a vehicle part such as
a bumper from the road or ground from their rear view video is disclosed herein. In
accordance with an exemplary embodiment, the method and system provides the
separation between Minivan and SUV (Sports Utility Vehicle) class from a rear
view, which is not possible from other measurements such as size, length, width,
motion tracks, and shape profile.

[0063] Inaccordance with an exemplary embodiment, the system includes a
camera, which is setup in such a way that its horizontal scan lines are parallel to the
horizon. Additionally, the camera is preferably configured to see one of the lanes of
the road. Figures 5-7 shows the basis setup of the system, which includes a camera
(not shown) having a ray of projections 410 onto the road surface 420, which
intersects a rear bumper of a vehicle 430. Figure 6 shows an cxemplary road surface
600 from a perspective view, and the different camera angles 700 as shown in Figure
7. In accordance with an exemplary embodiment, the calibration phase, a scale for

each scan line in the image is calculated. Under perspective projection, objects are

X, Y

scaled in inverse proportion to there distance to the camera, where x = ~ y= PR

If scan lines of the camera are parallel to the horizon, the projection of the y th scan
line on the road has a scale associated with it, e.g., scale (y). The scale in pixels /
foot can be computed from the lane width. For each scan line, if the distance

between two imaged points on the road is known, a scale can be established. For
example, lane extremitiesk and & can be detected for each scan line and lane width
is known to be 12 feet. For each scan line ¥ the system finds a scale 7 as ratio
of number of pixels between the two points and distance between them on the road.
[0064] Locating the license plate of the vehicle in the image

[0065] Figure 8 shows a diagram a vehicle clearance estimation 800 in accordance
with an exemplary embodiment. As shown in Figure 8, with help of an automatic
license plate recognition (ALPR) module the system locates the license plate?V 810

of the vehicle.
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[0066] Calculating horizontal and vertical scale for the license plate

[0067] Horizontal scaleS#(LF) of the plate 810 is calculated as the ratio of width
in pixels to width in feet. Similarly, vertical scaleSv(LF) of the plate 810 is
calculated as the ratio of height in pixels to height in feet.

[0068] Carrying out scale matching

[0069] Horizontal scale of the license plate SH(EF)is compared with the scale of

each scan line$¥} and the scan line M where the scales are equal is found.

[0070] Calculating height of the license plate

[0071] Number of scan lines between matching scan line # and top of the license

plate is calculated. This number is divided by the vertical scale Sy (LFof the

number plate to find height® of the license plate from the ground.

[0072] Calculating distance between the lowest edge of the vehicle and top of
license plate

[0073] The Number of scan lines between the top of the license plate and the

lowest visible part of the vehicle is calculated. This number is divided by the
vertical scale of the number plate to find distance? between top of the license plate

to the lowest visible part€ of the vehicle.

[0074] Calculating ground clearance

[0075] Distance  is subtracted from distance # to find ground clearance ¢ of the
vehicle. Figure 9 shows a flow chart of a vehicle clearance estimation system 900 in
accordance with an exemplary embodiment as described above.

[0076] Applications

[0077] Ground clcarance can be estimated as a feature in vehicle classification e.g.
distinguishing between a Minivan and SUV (sport utility vehicle), busses, and
trucks.

[0078] Alternate implementations

[0079] Instead of the license plate, other known dimensions on the vehicle rear
surface can also be used to compute the scales on the vehicle. For examplc as
shown in Figure 10, a system and method is described, which provides for the
determination between Minivan and SUV class from a rear view, which is not

possible from other measurements such as size, length, width, motion tracks, and
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shape profile. As shown in Figure 10, the system 1000 includes a camera 1010,
which is setup in such a way that its horizontal scan lines are parallel to the horizon.
Additionally, the camera 1010 captures a vehicle 1020 by seeing at least a part of
one of the lanes of the road 1030. Figure 11 shows an image 1100 captured by the
camera 1010 as shown in Figure 10. The following steps are taken:

[0080] The camera parameters are measured

[0081] In order to measure the ground clearance # of vehicles, the vehicles are

observed through a camera. Before the clearance can be computed, camera

height # , camera depression angle & and camera focal length f are measured.
[0082] The projection of the line at infinity is found
[0083] The line at infinity is established as a horizontal line passing through the

intersection of two parallel lines in the image. These lines can be lane markings

4 and B as shown in Figure 11,

[0084] Calculate offset for the location of features.

. [0085] Vehicle features are captured by the camera at the horizontal image

coordinate * and the vertical image coordinate ¥ . The vehicle is recorded by the

camera as it moves away in a road lane. Only change in vertical coordinate ¥ of the

vehicle features is significant, Locations of vehicle feature are calculated with
respect to the projection of line at infinity. This is achieved by adding an offset € to
the image location ¥ . The offset added is the difference between ¥ image
coordinate of the first horizontal scan line of the image and » image coordinate of
the projcction of line at infinity. For feature at image coordinate(Cx- Cy ), its
location is calculated as &r =Cy +0

[0086] Location of the feature for which the clearance is to be estimated is
detected.

[0087] In general, clearance of a vehicle is the distance between the lowest visible
part of the vehicle from the rear view and the road. Alternatively, it can be distance
between top/middle/bottom of the bumper and the road. The feature can be detected
though combination of image processing and pattern recognition techniques such as

edge detection, region segmentation, clustering and classification. If detected
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feature has more than one value for ¥ image coordinate, a representative value Byis

used to compute the features location. Choices for Ry are the largest or smallest
¥ value, most frequent ¥ value or weighted sum of ¥ values etc. As the largest
value of ¥ represents the lowest part of the feature, it is the typical choice. Location

of the feature in frame ! is calculated as Ly () =Fy + 0

[0088] Location of vehicle shadow is detected.

[0089] For the vehicle, its shadow is located. The shadow can be located in
different ways: based on the position of the sun or other dominant light source,
camera and road geometry; based on symmetry reasoning as shadows are
asymmetric; based on the image location as shadows are cast underneath the vehicle;
based on intensity as shadows lower the intensity of the object they fall on. If

detected shadow has more than one value for ¥ image coordinate, a representative

value S¥is used to compute the features location. Choices for Sy are the largest or
smallest ¥ value, most frequent ¥ value or weighted sum of ¥ values etc. As the
largest value of ¥ represents the lowest part of the shadow, it is the typical choice.

Location of the feature in frame ¢ is calculated as Ls ) =3y + O

[0090] Locations of the vehicle part L and shadow Ls are tracked with
time.

[0091] Vehicle moves with time and correspondingly shadow and vehicle parts
also move in the pictures captured by the camera. Using properties such as
intensity, color, edges, regions, image location etc. Both shadow and vehicle part
locations are tracked with time, Locations of feature are stored as

L @+ 1) Ly C+ 2) apd so on. Similarly, Locations of shadow are stored as
Ls (¢ + 1), Ls (t + 2) and so on. The tracking is continued for & frames. Here

NZ>1 agnd N = pumber of frames vehicle is visible to camera.
[0092] Differences between location inverses are computed.

[0093] For each frame, feature and shadow locations are inverted.

-1 _ 1 e 1
Lrerm =y 5 W= 1w
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Where 7 = 0,1,2... . N. Differences between location inverses of different frames
are calculated.

Dt 7ty ) = L+ np) = L +7ny)

Dty =Lt +ny)— LA +ny)
Typically Ty — 1t1=1 i.e. the differences are computed for consecutive frames.
[0094] Using relationship between the differences and the height of the vehicle

part, the clearance of the vehicle is calculated.

[0095] For an object moving at speed ® between frames 7 and 7t T 1 | the
difference between the inverse of locations of a feature whose clearance is # from

the road is

et cos? g _ Constant
(H—nf  H-—»n

De(t.mn + 1) =

If speed # is known, then above equation is solved to find clearance % . If speed &
is unknown additional analysis is carried out. For shadow, # = 0 as shadow is cast

on the road.
wcos®’@  Constant
Hf H

The constant in two equations above is the same and is computed by second

DAt.n.n+ 13=

equation alone. Then the first equation can is used to find the clearance . Figure 12
shows a system 1200 diagram of the steps as described above to calculate ground
clearance for a vehicle in accordance with an exemplary embodiment. As shown in
Figure 12, the system includes a camera 1210, which provides a video stream 1220
for detecting vehicle features and vehicle shadows, which are used to compute the
vehicle clearance as described above.

[0096] Exemplary Applications

[0097] Ground clearance can be estimated as a feature in vehicle classification e.g.
distinguishing between Minivan and SUV, Busses and trucks etc. Height of other
vehicle features can also computcd which can be used in vehicle classification.
[0098] Alternate implementations

[0099] The system can be implemented for frontal view videos of the vehicles. In
place of the bumper of the vehicle, the system can be used to calculate height of

other vehicle parts such as top, windshields etc. When camera is horizontal scan
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lines are not along the horizon, the images captured by the camera can be rectified to
make the scan lines horizontal. The system can then be applied to the rectified
image. Clearance estimate can be improved by combining estimates of multiple
frames.

[0100] In accordance with another exemplary embodiment, a computer program
product comprising a non-transitory computer usable medium having a computer
readable code embodied therein for classification of passenger vehicles and
measuring their properties from a rear view video frame. The computer readable
program code is configured to execute a process, which includes the steps of:

(a) calibrating a transformation between a camera image and a road surface;

(b) using the transformation to calculate a scale for each scan line in the cameré
image; (c) locating a license plate of the vehicle in the image; (d) calculating a
horizontal and a vertical scale of the license plate; (¢) comparing the horizontal scale
of the license plate with a scale of each scan line and a scan line where the scales are
equal is found; (f) calculating a number of scan lines between the matching scan line
and a top of the license plate; (g) dividing the number of scan lines by the vertical
scale of the number plate to find a height of the license plate from the ground,;

(h) calculating a number of scan lines between the top of the license plate and a
lowest visible part of the vehicle; (i) dividing the number of scan line between the
top of the license plate and the lowest visible part of the vehicle by the vertical scale
of the number plate to find a distance between the top of the license plate to the
lowest visible part of the vehicle; and (j) subtracting the distance in step (i) from the
distance in step (g) to obtain the ground clearance of the vehicle.

[0101] The computer usable medium, of course, may be a magnetic recording
medium, a magneto-optic recording medium, or any other recording medium which
will be developed in future, all of which can be considered applicable to the present
invention in all the same way. Duplicates of such medium including primary and
secondary duplicate products and others are considered equivalent to the above
medium without doubt. Furthermore, even if an embodiment of the present
invention is a combination of software and hardware, it does not deviate from the

concept of the invention at all. The present invention may be implemented such that
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its software part has been written onto a recording medium in advance and will be
read as required in operation.

[0102] A STRUCTURAL SIGNATURE BASED PASSENGER VEHICLE
CLASSIFICATION AND MEASUREMENT SYSTEM

[0103] In accordance with an exemplary embodiment, the system and methods as
described herein rely on structural signatures for classification of vehicles, which are
obtained by analysis of multiple (or a plurality) of video frames of passcnger
vehicles from the rear of the vehicles. The structural signature encodes whether a
visible vehicle surface intersecting a vehicle's axis of symmetry is parallel to the
road or otherwise. The system and method provides for classification of passenger
vehicles and measuring their properties, and more particularly to capturing a vehicle
traveling along a road from a single camera and classifying the vehicle into one of
the 3 classes: Scdan, Pickup, and/or Minivan and SUV (Sports Utility Vehicle).
[0104] n accordance with an exemplary embodiment, the system and method for
classification of vehicles comprises the steps of: calibrating a transformation angle
between a camera image and a road surface; detecting moving objects on the road
surface; establishing a vertical axis of symmetry for each of the moving objects;
detecting dominant horizontal edges intersecting with the vertical axis of symmetry
for each of the moving objects; tracking the dominant horizontal edges for a
plurality of consecutive vides frames; projecting each of the dominant horizontal
edges onto a ground plane; treating each pair of adjacent projected edges as a
projected surface; calculating changes in the projected surface; calculating distinct
structural signatures from the changes in the projected surfaces; and classifying the
distinct structural signatures in a class. For example, as shown in Figures 13-15,
images 1300 of the geometry of projection with time for a moving vehicle from a
side view having two projections of interest, and images 1400, 1500 for
characterizing change in projection on the ground plane are obtained. The method
preferably includes the following steps: |

[0105] Step 1 - Establishing a transformation between the camera image and
the road through calibration

[0106] In accordance with an exemplary embodiment, the system establishes

through calibration a transformation between the camera image and the road. The
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calibration establishes a one-to-one correspondence between a camera image point
and a point on the road. This correspondence can be established by knowing
locations of at least 4 coplanar points, no three of which are collinear, in the image
and on the road. Figure 16 shows a scenario 1600 where two dimensional location
of points A, B, C and D 1610 on road, which are known from the pavement marking
standards or measurement. Their corresponding two-dimensional locations in the
image are A’, B’, C” and D’ 1620 on road, which can be detected by image
processing or manually. With these 4 correspondences, the unique transformation
can be determined by using projective geometry.

[0107] Step 2 - Locating a moving object in the video using moving object
detection

[0108] In accordance with an exemplary embodiment, the system locates a moving
object in the video using moving object detection. A moving object in a video can
be detected with various computer vision techniques such as frame difference,
change detection and optical flow. If multiple vehicles are detected, each object can
be assigned a unique idcntity based on their properties such as color and location.
Thus, each object can now be treated individually for the rest of the classification
system. The detection of the moving object provides its boundary and location. In
addition, in accordance with an exemplary embodiment, the system 1700 fuses
optical flow, frame difference and image segmentation methods to detect moving
objects as shown in Figure 17.

[0109] Step 3 - Establishing a vertical axis of symmetry of the object

[0110] As shown in Figure 18, a vertical axis of symmetry 1800 of the object is
then established. In accordance with an embodiment, the rear view of a vehicle
exhibits a strong symmetry along a verlical axis. The visible structure of a vehicle is
almost entirely captured along the axis of symmetry. In addition, various methods to
establish bilateral symmetry of an object exist. The system preferably establishes an
axis of bilateral symmetry by matching Gabor features. The region of interest
around the detected moving object is then filtered in step 2 with a set of Gabor filters
1810. In accordance with an exemplary embodiment, the output of the Gabor filter
is edge magnitudes and directions. Surround suppression 1820 is carried out on the

output of the Gabor filters to eliminate local texture patterns which might interfere
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with the symmetry detection. Non-maximal suppression 1830 and thinning 1840 are
carried as well to avoid spurious edges. The system matches edge points 1850,
which have complementary orientations (6 and 180-0) and which are along the
same scan line of the image. Each pair of matched edge points then votes for a
vertical axis, which is equidistant from both the edge points. In accordance with an
exemplary embodiment, a winner takes all (WTA) approach 1870 can be used
and/or other techniques can be applied to the votes 1860 to establish the vertical axis
of symmetry of the vehicle.

[0111] Step 4 - Separating asymmetric parts of the detected object such as
shadows

[0112] Asymmetric parts of the detected object such as shadow are separated. The
sun or other illumination sources cause the vehicle to cast a shadow on the road.

The shadow is detected as a part of the moving object by step 2. Since the shadow is
asymmctric, it can be climinated by enforcing axis of symmetry found in step 3 on
the detected moving object in step 2. In addition, other methods of shadow removal
such as based on physics can be used as well.

[0113] Step 5 - Detecting dominant horizontal edges intersecting with the
vertical axis of symmetry

[0114] Dominant horizontal edges intersecting with the vertical axis of symmetry
are detected. As shown, images of vehicles exhibit strong horizontal and vertical
edges. Most of the horizontal edges seen in a vehicle image are caused by structural
changes. The system detects dominant horizontal edges from a vehicle image.
Spurious detection of edges is avoided by eliminating the edges, which do not
intersect the axis of symmetry detected in step 3.

[0115] Step 6 - Tracking the horizontal edges in multiple consecutive video
frames

[0116] The horizontal edges are tracked in multiple consecutive video frames.

The system tracks the edges detected in step 5 in multiple following video frames.
The tracking is carried out with Lukas-Kanade-Tomasi tracker. Other tracking

methods such as correlation based, mean shift can also be applied.
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[0117] Step 7 - Projecting the edges on the ground plane

[0118] These edges are now projected onto the ground plane. The locations of the
detected and tracked edges from step 5 and 6 are in terms of the 2D (2 dimensional)
image coordinates, These are transformed on the 2D road coordinates with the
transformation established in step 1.

[0119] Step 8 - Calculating changes in the projected surfaces over time

[0120] Changes in the projected surfaces over time are calculated. Each pair of
adjacent edges projected in image and on the road is treated as a surface. The
system treats the distance between the edges along the axis of symmetry as the
height of the surface. For each projected surface, change in height with each
tracking step is calculated. In accordance with an exemplary embodiment, various
time steps can be used to calculate these changes.

[0121] Step 9 - Calculating distinct structural signatures from changes in the
projected surfaces

[0122] Distinct structural signatures are calculated from changes in the projected
surfaces. If a surface is parallel to the road, height of its projection does not change
with time. However, if a surface is not parallel to the road, height of its projection
changes with the time. It should be noted that if height of this surfaces were small,
the change of projection would be smaller. This might lead to misinterpretation of
the small surfaces. To avoid the confusion, the change in projection is normalized
with projection at a certain time instant (e.g., initial or final). This leaves the change
in projection for surfaces parallel to road close to zero while magnifying the changes
in small surfaces.

[0123] Step 10 - Classifying the structural signatures into Sedan, Pickup and
Minivan + SUYV classes

[0124] The structural signatures are classified into Sedan, Pickup and (Minivan +
SUV) classes. As structural signatures Sedan 1910, Pickup 1920 and Minivan
(1930) + SUV (1940) classes can be represented semantically as {pp, n, p, n}, {p, n,

pp, n}, and {pp, nn}, respectively. Here ¥ denotes surface parallel to the road and

7 denotes surface not parallel to the road. The symbols ¥ and * are repeated to

indicate larger lengths. This is shown in Figure 19 where cross-hatched portions
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stands for surfaces parallel to the road and non-cross hatched portions for other
surfaces. The system passes these signatures to a classifier. Among others,
classifier can be chosen to be a sematic classifier, probabilistic classifier or a
machine learning based classifier such as SVM. The system uses SVM with radial
basis functions as the classifier. For SVM classification the structural signature is
expressed numerically. Starting from the top of the detected object to the bottom of
the object change in projection is sampled for a fixed number of times along the axis
of the symmetry such that on the road projection these samples are equidistant.
[0125] As the classification is being carried out, measurements for vehicle are
generated at various steps by the system. After classification Step 4, a symmetric
blob, which represents the vehicle, is available. The lower edge of the blob is
projected on the road using the transformation in classification Step 1. In
accordance with an exemplary embodiment, the projected size is the width of the
vehicle. After classification Step 7, location of the lowest projected edge at two
different times is preferably used to calculate the speed of the vehicle. Figure 20
shows a flow chart of a system diagram 2000 for the process as in accordance with
an exemplary embodiment. As shown in Figure 20, the system 2000 includes a
video stream 2010, which is analyzed to determine vehicle class 2020, vehicle speed
2030, and vehicle size via a series of steps as described above.
[0126] In accordance with an exemplary embodiment, applications of the system
can include classifying passenger vehicles on the roads; parking garage or parking
lot allocation can be carried out based on vehicle class; vehicle speed measurement
for law enforcement; and security related applications ensuring limited/controlled
access to vehicles.
[0127] In addition, variations of the system can include and are not limited to: the
system can be implemented for classifying the vehicles from front and side views;
only the classifier part of the system can be implemented; only measurement part of
the system can be implemented; only speed measurement can be implemented; only
size measurement can be implemented; partial classifier which detects only one or
two of the classes can be implemented; and the parts of or the complete software

system can be implemented as equivalent hardware implementation.
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[0128] In accordance with another exemplary embodiment, a computer program
product comprising a non-transitory computer usable medium having a computer
readable code embodied therein for classification of passenger vehicles and
measuring their properties from a rear view video frame. The computer readable
program code is configured to execute a process, which includes the steps of: a
method for classification of vehicles comprising: (a) calibrating a transformation
angle between a camera image and a road surface; (b) detecting moving objects on
the road surface in the camera image, (c) establishing a vertical axis of symmetry for
each of the moving objects; (d) detecting dominant horizontal edges intersecting
with the vertical axis of symmetry for each of the moving objects; (e) tracking the
dominant horizontal edges for a plurality of consecutive video frames; (f) projecting
each of the dominant horizontal edges onto a ground plane; (g) treating each pair of
adjacent projected edges as a projected surface; (h) calculating changes in the
projected surface; and (i) calculating distinct structural signatures from the changes
in the projected surfaces.

[0129] The computer usable medium, of course, may be a magnetic recording
medium, a magneto-optic recording medium, or any other recording medium which
will be developed in future, all of which can be considered applicable to the present
invention in all the same way. Duplicates of such medium including primary and
secondary duplicate products and others are considered equivalent to the above
medium without doubt. Furthermore, even if an embodiment of the present
invention is a combination of software and hardware, it does not deviate from the
concept of the invention at all. The present invention may be implemented such that
its software part has been written onto a recording medium in advance and will be
read as required in operation.

[0130] It will be understood that the foregoing description is of the preferred
embodiments, and is, therefore, merely representative of the article and methods of
manufacturing the same. It can be appreciated that many variations and
modifications of the different embodiments in light of the above teachings will be
readily apparent to those skilled in the art. Accordingly, the exemplary

embodiments, as well as alternative embodiments, may be made without departing
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WHAT IS CLAIMED IS:

1. A method for hierarchical classification of vehicles comprising;
locating a moving object using a moving object detection system;
determining if the moving object is a small vehicle or a large vehicle based
on a width of the moving object relative to a width of a roadway lane; and
assigning the moving object to a classifier based on the size of the moving

object.

2. The method of Claim1, further comprising if an exception is detected,

activating an exception classifier.

3. The method of Claim 1, wherein upon assigning the moving object to
a small vehicle classifier based on the structure of the vehicle determining if the

vehicle is a sedan, a pickup and/or minivan or SUV (Sports Utility Vehicle).

4, The method of Claim 1, wherein if the vehicle is classified as a

minivan and/or SUV, activating a minivan/SUV classifier.

5. The method of Claim 4, further comprising:

estimating a ground clearance for a vehicle for the vehicle, and if the vehicle
has a high ground clearance, classifying the moving object as a SUV, and if the
vehicle has a low ground clearance, classifying the moving object as a minivan, and

if an exception case is detected, activating the exception classifier.

6. The method of Claim 1, where upon assigning the moving object to a
large vehicle classifier, performing the following steps:

establishing a vertical axis of symmetry of the moving object;

detecting dominant vertical edges of the moving object;

if one or more dominant vertical edges are present in a vicinily of the vertical

axis of symmetry, classifying the moving object as a truck; and
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if a symmetric pair of dominant vertical edges towards left and right
extremities of the moving object is present, classifying the moving object as a truck;
and

classifying any other moving objects as a bus.

7. The method of Claim 6, further comprising separating asymmetric

parts of a detected object as a shadow from the classification.

8. The method of Claim 6, further comprising if an exception is

detected, activating an exception classifier.

9. The method of Claim 8, wherein the exception classifier incorporales

rules to reclassify the moving objects, which a preceding classifier [ails to classify.

10.  The method of Claim1, wherein the moving object detection system

detects the moving object from an image obtained from a video camera.

11. The method of Claim 1, further comprising implementing at least one

moving object detection system for each lane of traffic.

12. The method of Claim 1, further comprising processing each moving

object separately (i.e., individually).

13. A system for classification of vehicles comprising:
a camera for capturing images of at least one moving object; and
a computer processing unit, which performs the following steps:
locating a moving object using a moving object detection system,
determining if the moving object is a small vehicle or a large vehicle
based on a width of the moving object relative to a width of a roadway lane; and
assigning the moving object to a classifier based on the size of the

moving object.
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14. The system of Claim 13, whercin further comprises a memory
arrangement, a central processing unit and an optional display unit for displaying

data and/or classification of the distinct structures in the class.
15. The system of Claim 13, wherein the camera captures video images.

16. A computer program product comprising a non-transitory computer
usable medium having a computer readable code embodied therein for classification
of passenger vehicles and measuring their properties from a rear view video frame,
the computer readable program code is configured to execute a process, which
includes the steps of:

locating a moving object using a moving object detection system;

determining if the moving object is a small vehicle or a large vehicle based
on a width of the moving object relative to a width of a roadway lane; and

assigning the moving object to a classifier based on the size of the moving

object.

17. A method for calculating clearance of a vehicle comprising:

(a) calibrating a transformation between a camera image and a road surface;

(b) using the transformation to calculate a scale for each scan line in the
camera image;

(c) locating a license plate of the vehicle in the image;

(d) calculating a horizontal and a vertical scale of the license plate;

(e) comparing the horizontal scale of the license plate with a scale of each
scan line and a scan line where the scales are equal is [ound,

(f) calculating a number of scan lines between the matching scan line and a
top of the license plate;

(g) dividing the number of scan lines by the vertical scale of the number
plate to find a height of the license plate from the ground,

(h) calculating a number of scan lines between the top of the license plate

and a lowest visible part of the vehicle;
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(i) dividing the number of scan line between the top of the license plate and
the lowest visible part of the vehicle by the vertical scale of the number plate to find
a distance between the top of the license plate to the lowest visible part of the
vehicle; and

(j) subtracting the distance in step (i) from the distance in step (g) to obtain

the ground clearance of the vehicle.

18.  The method of Claim 17, further comprising configuring the camera

image to image only one lane of the road surface.

19. The method of Claim 17, wherein the horizontal scan lines are

parallel to the horizon,

20 The method of Claim 17, further comprising using an automatic

license plate recognition (ALPR) module to locate the license plate on the vehicle.

21.  The method of Claim 17, further comprising calculating the

horizontal scale of the license plate as a ratio of width in pixels to width in feet.

22,  The method of Claim 17, further comprising calculating the vertical

scale of the license plate as a ratio of height in pixels to height in feet.

23. The method of Claim 17, further comprising using other known

dimensions on the vehicle rear surface instead of the license plate.

24. A system for classification of vehicles comprising:
a camera for capturing imagcs of at least one moving object; and
a computer processing unit, which performs the following steps:
(a) calibrating a transformation between a camera image and a road
surface;
(b) using the transformation to calculate a scale for each scan line in

the camera image;
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(c) locating a license plate of the vehicle in the image;

(d) calculating a horizontal and a vertical scale of the license plate;

(e) comparing the horizontal scale of the license plate with a scale of
each scan line and a scan line where the scales are equal is found;

(f) calculating a number of scan lines between the matching scan line
and a top of the license plate;

(g) dividing the number of scan lines by the vertical scale of the
number plate to find a height of the license plate from the ground,

(h) calculating a number of scan lines between the top of the license
plate and a lowest visible part of the vehicle;

(1) dividing the number of scan line between the top of the license
plate and the lowest visible part of the vehicle by the vertical scale of the number
plate to find a distance between the top of the license plate to the lowest visible part
of the vehicle; and

(j) subtracting the distance in step (i) from the distance in step (g) to

obtain the ground clearance of the vehicle.

25.  The system of Claim 24, wherein the computer processing unit
further comprises a memory arrangement, a processing unit and an optional display

unit for displaying data and/or classification of the distinct structures in the class.
26.  The system of Claim 24, wherein the camera captures video images.

27. A computer program product comprising a non-transitory computer
usable medium having a computer readable code embodied therein for classification
of passenger vehicles and measuring their properties from a rear view video frame,
the computer readable program code is configured to execute a process, which
includes the steps of:

(a) calibrating a transformation between a camera image and a road surface;

(b) using the transformation to calculate a scale for each scan line in the
camera image;

(c) locating a license plate of the vehicle in the image;
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(d) calculating a horizontal and a vertical scale of the license plate;

(e) comparing the horizontal scale of the license plate with a scale of each
scan line and a scan line where the scales are equal is found;

(f) calculating a number of scan lines between the matching scan line and a
top of the license plate; }

(g) dividing the number of scan lines by the vertical scale of the number
plate to find a height of the license plate from the ground;

(h) calculating a number of scan lines between the top of the license plate
and a lowest visible part of the vehicle;

(i) dividing the number of scan line between the top of the license plate and
the lowest visible part of the vehicle by the vertical scale of the number plate to find
a distance between the top of the license plate lo the lowest visible parl of the
vehicle; and

(j) subtracting the distance in step (i) from the distance in step (g) to obtain

the ground clearance of the vehicle.

28.  The product of Claim 27, further comprising configuring the camera

image to image only one lane of the road surface.

29.  The product of Claim 27, wherein the horizontal scan lines are

parallel to the horizon,

30.  The product of Claim 27, further comprising using an automatic

license plate recognition (ALPR) module to locate the license plate on the vehicle.

31. A method for calculating clearance of a vehicle comprising:

calibrating a transformation between a camera image and a road surface;

detecting locations of a feature on the vehicle for which a clearance is to be
calculated;

detecting locations of a vehicle shadow;

tracking the locations of the feature on the vehicle and the vehicle shadow

over time;
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inverting the locations of the feature of the vehicle and the shadow and
calculating differences between the location inverses;

using a relationship between the differences and a height of the vehicle to
calculate a distance between a lowest visible part of the vehicle from the rear view
and the road based on the difference between a height of the vehicle; and

classifying the vehicle based on the clearance of the vehicle.

32, The method of Claim 31, wherein calibrating the transformation
between the camera image and the road surface comprises:

computing a camera height, a camera depression angle and a camera focal
length;

establishing a projection of a line at infinity, the projection of the line at
infinity is a horizontal line passing through the intersection of two parallel lines in
the image; and

calculating an offset for the location of vehicle features based on the

projection line at infinity and adding a difference between a between ¥ image

coordinate of a first horizontal scan line of the image and a ¥ image coordinate of

the projection of line at infinity.

33,  The method of Claim 31, wherein the distance is between a top, a

middle, and/or a bottom of a bumper of the vehicle and the road.

34,  The method of Claim 31, further comprising detecting the vehicle
features though a combination of image processing and pattern recognition
techniques, the image processing and pattern recognition techniques including edge

detection, region segmentation, clustering and/or classification.

35. A system for calculating clearance ol a vehicle comprising:
a camera for capturing images of at least one moving object; and
a computer processing unit, which performs the following steps:

calibrating a transformation between a camera image and a road surface;
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detecting locations of a feature on the vehicle for which a clearance is
to be calculated;

detecting locations of a vehicle shadow;

tracking the locations of the feature on the vehicle and the vehicle

5  shadow over time;

inverting the locations of the feature of the vehicle and the shadow
and calculating differences between the location inverses;

using a relationship between the differences and a height of the
vehicle to calculate a distance between a lowest visible part of the vehicle from the

10  rear view and the road based on the difference between a height of the vehicle; and

classifying the vehicle based on the clearance of the vehicle.

36.  The system of Claim 35, wherein calibrating the transformation
between the camera image and the road surface comprises:
15 computing a camera height, a camera depression angle and a camera focal
length;
establishing a projection of a line at infinity, the projection of the line at
infinity is a horizontal line passing through the intersection of two parallel lines in
the image; and
20 calculating an offset for the location of vehicle features based on the

projection line at infinity and adding a difference between a between ¥ image

coordinate of a first horizontal scan line of the image and a ¥ image coordinate of

the projection of line at infinity.

25 37.  The system of Claim 35, wherein the distance is between a top, a

middle, and/or a bottom of a bumper of the vehicle and the road.

38. The system of Claim 35, further comprising detecting the vehicle
features though a combination of image processing and pattern recognition
30 techniques, the image processing and pattern recognition techniques including edge

detection, region segmentation, clustering and/or classification.
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39. A computer program product comprising a non-transitory computcr
usable medium having a computer readable code embodied therein for classification
of passenger vehicles and measuring their properties from a rear view video frame,
the computer readable program code is configured to execute a process, which
includes the steps of:
calibrating a transformation between a camera image and a road surface;

detecting locations of a feature on the vehicle for which a clearance is to be
calculated;

detecting locations of a vehicle shadow;

tracking the locations of the feature on the vehicle and the vehicle shadow
over time;

inverting the locations of the featurc of the vehicle and the shadow and
calculating differences between the location inverses;

using a relationship between the differences and a height of the vehicle to
calculate a distance between a lowest visible part of the vehicle from the rear view
and the road based on the difference between a height of the vehicle; and

classifying the vehicle based on the clearance of the vehicle.

40, The product of Claim 39, wherein calibrating the transformation
between the camera image and the road surface comprises:

computing a camera height, a camera depression angle and a camera focal
length;

establishing a projection of a line at infinity, the projection of the line at
infinity is a horizontal line passing through the intersection of two parallel lines in
the image; and

calculating an offsct for the location of vehicle features based on the

projection line at infinity and adding a difference between a between ¥ image

coordinate of a first horizontal scan line of the image and a ¥ image coordinate of

the projection of line at infinity:.
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41, The product of Claim 39, wherein the distance is between a top, a

middle, and/or a bottom of a bumper of the vehicle and the road.

42.  The product of Claim 39, further comprising detecting the vehicle
features though a combination of image processing and pattern recognition
techniques, the image processing and pattern recognition techniques including edge

detection, region segmentation, clustering and/or classification.

43, A method for classification of vehicles comprising:

(a) calibrating a transformation angle between a camera image and a road
surface;

(b) detecting moving objects on the road surface in the camera image;

(c) establishing a vertical axis of symmetry for each of the moving objects;

(d) detecting dominant horizontal edges intersecting with the vertical axis of
symmetry for each of the moving objects;

(e) tracking the dominant horizontal edges for a plurality of consecutive
video frames;

(f) projecting each of the dominant horizontal edges onto a ground plane;

(g) treating each pair of adjacent projected edges as a projected surface;

(h) calculating changes in the projected surface; and

(1) calculating distinct structural signatures from the changes in the projected

surfaces.

44,  The method of Claim 43, further comprising classifying the distinct

structural signatures in a class based on the distinct structural signatures.

45.  The method of Claim 44, wherein the moving object is a motor
vehicle and the class includes one of the following sedan, pickup, minivan and sport

utility vehicle (SUV).

46.  The method of Claim 45, further comprising separating asymmetric

parts of the moving objects and classifying them as non-vehicles.
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47.  The method of Claim 46, further comprising after separating
asymmetric parts of the moving objects and classifying them as non-vehicles,
projecting a lower edge of the blob onto the road surface using the transformation in

classification step (a).

48.  The method of Claim 47, wherein the projected size is a width of the

vehicle.

49. The method of Claim 43, further comprising after treating each pair
of adjacent projected edges as a projected surface, calculating a speed of a vehicle

using a location of a lowest projected surface at at least two different times.

50. The method of Claim 45, further comprising classifying passenger

vehicles on a road surface.

51.  The method of Claim 45, further comprising allocating parking

garage and/or parking lot spaces based on a vehicle classification.

52.  The method of Claim 45, further comprising calculating vehicle

speed for law enforcement.

53.  The method of Claim 45, further comprising ensuring limited and/or

controlled access to vehicles for security related applications.

54, The method of Claim 45, further comprising implementing the

method for classifying vehicles from a front and/or a side view.
55. A system for classification of vehicles comprising:

a camera for capturing images of at least one moving object; and

a computer processing unit, which performs the following steps:
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(a) calibrating a transformation angle between a camera image and a
road surface;

(b) detecting moving objects on the road surface in the camera image;

(c) establishing a vertical axis of symmetry for each of the moving
objects;

(d) detecting dominant horizontal edges intersecting with the vertical
axis of symmetry for each of the moving objects;

(e) tracking the dominant horizontal edges for a plurality of
consecutive video frames;

(f) projecting each of the dominant horizontal edges onto a ground
plane;

(g) treating each pair of adjacent projected edges as a projected
surface;

(h) calculating changes in the projected surface; and

(1) calculating distinct structural signatures from the changes in the

projected surfaces.

56.  The system of Claim 55, wherein the computer processing unit
further comprises a memory arrangement, a processing unit and an optional display

unit for displaying data and/or classification of the distinct structures in the class.

57.  The system of Claim 55, wherein the camera captures video images.

58.  The system of Claim 55, further comprising classifying the distinct

structural signatures in a class based on the distinct structural signatures.

59.  The system of Claim 58, wherein the moving object is a motor
vehicle and the class includes one of the following sedan, pickup, minivan and sport

utility vehicle (SUV).

60.  The system of Claim 59, further comprising separating asymmetric

parts of the moving objects and classifying them as non-vehicles.
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61.  The system of Claim 60, further comprising after separating
asymmetric parts of the moving objects and classifying them as non-vehicles,
projecting a lower edge of the blob onto the road surface using the transformation in

classification step (a).

62. A computer program product comprising a non-transitory computer
usable medium having a computer readable code embodied therein for classification
of passenger vehicles and measuring their properties from a rear view video frame,
the computer readable program code is configured to execute a process, which
includes the steps of:

(a) calibrating a transformation angle between a camera image and a road
surface;

(b) detecting moving objects on the road surface in the camera image;

(c) establishing a vertical axis of symmetry for each of the moving objects;

(d) detecting dominant horizontal edges intersecting with the vertical axis of
symmetry for each of the moving objects;

(e) tracking the dominant horizontal edges for a plurality of consecutive
video frames;

(f) projecting each of the dominant horizontal edges onto a ground plane;

(g) treating each pair of adjacent projected edges as a projected surface;

(h) calculating changes in the projected surface; and

(i) calculating distinct structural signatures from the changes in the projected

surfaces.

63.  The product of Claim 62, further comprising classifying the distinct

structural signatures in a class based on the distinct structural signatures.
64.  The product of Claim 63, wherein the moving object is a motor

vehicle and the class includes one of the following sedan, pickup, minivan and sport

utility vehicle (SUV).
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65.  The product of Claim 64, further comprising separating asymmetric

parts of the moving objects and classifying them as non-vehicles.

66.  The product of Claim 65, further comprising after separating
5  asymmetric parts of the moving objects and classifying them as non-vehicles,
projecting a lower edge of the blob onto the road surface using the transformation in

classification step (a).

-38 -



PCT/US2012/029012

WO 2012/125687

1/14

091

v

Monua|

) 4%

l Old

ANS

o€t

v

UBAIUI

\

@oueles|D punols

sjiel=d
2oBUNgG Jeay

00 _.i\

0Sl oclL oLl
e A e e
sng ANS/UBAIUIN dnyoid uepss
A A A A
alnponig
SIPIYSA
A A
ablie lews
9ZIS 3|2IYSA




PCT/US2012/029012

WO 2012/125687

2/14

TY1 Y1
c ol | & S pas ﬁji =N
= . = e TR
- o) | R ) I
L = = L o =
— _ C ﬁd W. nn_
00e—" : d
r A S 2
0ce //o:o, //Sm ,/Sm
RCRI=——Sy ]
02z A
20T =
J 0Lz coc |
] 7
a i
00T—7

oce



PCT/US2012/029012

WO 2012/125687

3/14

005—" sue|d Jeay uopnosfoud jo Aey

Thy—

0[0) 4




PCT/US2012/029012

WO 2012/125687

4/14

TN~ oA A
Y mT\\.u/\ -
q e
\ ﬂﬂdmz_ / o)
e ofe pl—~ A
008 !
J 9|4 9 9Old
P 4 \
\\\‘ 77 o)
€z
aue|d ejswe) %
)
[ 7 Q

004 009




PCT/US2012/029012

WO 2012/125687

5/14

006

0l "Old

0001

soueles|)
puNoIS) S0IYSA

¢

peoy

A

y

A\
ﬁ S[PIYSA
00—

6 Old

<

7

0L0}

1

e RNCECE
S|JISIA ISOMOT

A

soueloliq |« Qwﬁ_uag mwmﬂu_._
A 'S
o oA < 9[e0S [EOIHSA
Hed }Jsomo |« R
0} 9je|d 9sUDIIT .

so[eos Yolel

elowen

A

uonewnsg
9|eag aul| ueds

8|eog [BjuoZIIoH

A

ale|noe)d
A

ole|d

9SUS0IT 818007

A

\

wealls OspIA

uonelqiien
2US80S

A




PCT/US2012/029012

WO 2012/125687

6/14

/1100

(1)°7 MOpEUS JO UOIIEI0T

(1o} @ourIES|D 3] 9IndWOod 0] alnjead)
(1)47 wonoq Jadwing Jo UonRE20T

e il
Y

\

A

L.
>

X

f line at infinity

|

!

Prqec/ o)

A

A
\4

Offset O

Parallel lines

FIG. 11



PCT/US2012/029012

WO 2012/125687

7/14

A

y

Bupioel |

¢l

Old

A

uoneindwo)
aoueles|)

A A

A

\

Bunjoes |

Mmopeys
S[oIyaA Jo81e(

A

ainjes)
8[oIYsA 10918

\ONN_‘

Ajuyul

Je aul] 81e007

weauns 0spIA

«

JusWBinSES|N

00¢ _‘\

Jojslleled elswed

elawe)

/o_‘w_‘



PCT/US2012/029012

WO 2012/125687

8/14

¢l Old

< sd PEN
(z1.2d (Zn.1d (@ed (Wed ouedpeoy (Wid (Wed 0d
] 1 ¥ 1 _
> pg RSN pp > T

00¢ _\.\

aue|d peoJ ayj uo uonosfoid -

abew "o'1 sueld elowed sy} uo uonosfold - sue|d BloWen

1salajul Jo suonosfold om] o



PCT/US2012/029012

WO 2012/125687

9/14

vl Old

JUBJSUOD S| S80BHNS [9][esed JO uoosfold

_ac_mn_ (Zh.1d (11.2d oueld peoy (11)id 0d |,
|~ pg - PN po > A '}
Q
B - _
) P S <«—P Y | d

o=uonoaloid ui abueyn

9.
}

D
}

oovr.\

Q =D
pd + (Dhd’d  (Phd’d

(1)ed (1)1d

y

p+('da  (9°da
po + (Mha%y  (Mha%y

9-y
y

p+Mtag  Nda
(Dddov~(4)°daov
EnhdPdov~(Drdaov
("d%dov~("Ddaov
M dPdov~()rdaov

-y

aue|d elewe) 0

aue|d punolb
ay} uo uonoaloid ul sbueyo bBuizieyoeiey) o



PCT/US2012/029012

WO 2012/125687

10/ 14

Gl Ol

_ sd _

(21 ezd (@id  (aed aue|d peoy

oJaz-uou sI uonossloid ui sbuey) o

_AlwI.O|V_

(Wd (W) ed 0d

v~ (11ed |

. S @mn_

[€— ) —P
,I
€— () —P

AY

% -
(D - (MDEL) 4 = uonoasloid uj sbueyn
s
¢-y
Cd - (@Ed) =sd
s
o-y
g - ("Ea) = S0
s

009 _\.\

sue|d eiswe) 0

aue|d punolb

8y} uo uonosloid ui abueys buizusyoeley) o



WO 2012/125687 PCT/US2012/029012

11/14

1610
\

ﬂ / ]
Image to road
<:| /i

jZO
0 I " [Road o A
5 5 oad to image /
B )
) 1662
1662
FIG. 16
f1700
—1{ Frame at t - Reference frame at t Frame at t +
Y f & % Y
Optical Flow v v Optical Flow

Background Model
[ 1

3 \ 4 Y f

> Frame Difference Frame Difference
v v
Moving region Moving region
detection detection

| >(ND<
T %

Moving region _ Boundary
voting g extraction

Y

FIG. 17 Detected object




WO 2012/125687

12 /14
Objecit ROI
F(i?tae?%rg [\-1810
Y
s?ﬁ&ggg%n ™\-1820
Y
Suppression | 1830
Y
Thinning ™\1840
Y
Matching \-1850
Y
Voting [™\-1860
Y
WIA ™\-1870

Vertical axis of
symmetry

FIG. 18

PCT/US2012/029012

1800
/‘



WO 2012/125687 PCT/US2012/029012

13714

1940
s
T

FIG. 19




PCT/US2012/029012

WO 2012/125687

14714

0¢ ©Old

0c0¢
//V poadg g|oIysa

ﬁ

ooom\A

uonelaues) ainjeubig

[einjonns

orow/

SSE[D SOIYaA

H

uonosla(

| peoyuo .| sishleuy
sebp3 oelL sebp3 yoeloid 7| sweld-pnpy
A
sobp3 |ejuozuoH | lerowey | uoposied - 1
100190] < mopeys | ° ApwwAis |
Y
sjuswaINSes|y
\v 9ZIS 90y NE— qoid
0€0c

108[qO Buiroy

\

> Jayisse|D

«

uonelqied
aueog

A

weas ospIA




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings

