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1
DRIVING SUPPORT SYSTEM WITH PLURAL
DIMENSION PROCESSING UNITS

FIELD OF THE INVENTION

This invention relates to an apparatus for driving support
system, and more particularly, to a driving support system
with plural dimension processing units (DPUs) for indicating
a condition of a surrounding area.

BACKGROUND OF THE INVENTION

There are various automatic tracking control systems,
which detect the speed of a preceding vehicle and determine
the distance between the subject and the preceding vehicle,
that is the inter-vehicle distance, based on the detected speed,
and which maintain the distance between the two vehicles in
order to support long-distance driving with safety.

An apparatus for indicating a condition of a surrounding
area of a vehicle has been known which photographs the
surrounding area using a vehicle-mounted camera, and dis-
plays an image photographed on a display device. FIG. 1is a
flowchart for showing the specific operation of the moving
body/approaching object detecting means according to the
prior art. First, in the same manner as in the vibration com-
ponent extraction, a motion vector (V,, V,) with respect to
each point (%, y) on the screen and the virtual vanishing point
(X, Vo) are input (S21 and S22).

It is determined whether or not the point is a moving body
depending upon whether or not the input vector represents
movement toward the vanishing point after canceling the
offset (S23). Meanwhile, motion vectors each determined as
a moving body are detected in respective portions of the
moving body on the screen. Therefore, an area including
these motion vectors is grouped, so as to generate a rectan-
gular moving body area (S24). A distance from the vehicle to
this moving body is then estimated on the position of the
lower end of the moving body area (S25).

The distance to the moving body area estimated at this
point is stored in a memory. When a moving body area is
detected in the same position through processing of a subse-
quent frame image and the estimated distance to the moving
body area is shorter than the estimated distance obtained in
the previous frame and stored in the memory, the object
included in the moving body area is determined as an
approaching object (S26). On the other hand, a distance Z is
calculated on the basis of the size of the vector (with the offset
canceled) by the following formula (S27): Z=dZ*r/dr
wherein dZ is a travel length of the vehicle between the
frames, r is a distance from the vanishing point on the screen
and dr is the size of the motion vector, which are represented
as follows: r=sqrt((x—x0)*+(y-y0)?)) dr=sqrt(Vx>+(Vy-
Vdy)?), wherein the distance Z obtained at this point is com-
pared with the distance to the road surface stored as the
default distance value (S28). Thus, an object positioned
higher than the road surface is determined as an obstacle.
Also, when an object is approaching from substantially right
behind like a vehicle, a motion vector is obtained in the
vicinity of the vanishing point, but its size is very small.
Therefore, when the distance Z is obtained in the aforemen-
tioned manner, a value representing that the object is posi-
tioned below the road surface may be obtained. Since no
object is generally present below the road surface, such a
motion vector is determined as a moving body, so as to be
processed through the moving body area extracting process-
ing S24.
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Through the aforementioned processing, an obstacle, a
moving body, an approaching object and their distances in the
image are obtained on the basis of the respective motion
vectors of the points on the screen (S29), and the resultant
information is output to the image synthesizing means. The
image synthesizing means synthesizes a frame of the rectan-
gular area to be lighted in red on the camera image input from
the imaging means and outputs the synthesized image to the
display device. The display device displays an image
obtained by laterally inverting the synthesized image so as to
be in the same phase as an image on a rearview mirror.

However, the prior art provides a driving support system,
which includes an apparatus for indicating a condition of a
surrounding area of a vehicle from a vehicle-mounted camera
merely. As we know, it is impossible to acquire entire infor-
mation of surrounding via a camera merely. There should be
a dead space unable to be informed, if a camera is introduced
for capturing image. Furthermore, it is difficult to detect the
size of the object near the vehicle according to the prior art.
Several points instead of real shape in proportional represen-
tation would be introduced to indicate a real-time related map
around the vehicle, if the size of the object near the vehicle
can’t be informed. Obviously, the prior art can’t provide
integrated and broad functions.

Therefore, it needs to provide an apparatus for providing
vehicle integrated and broad alarm information to a vehicle
operator by means of introducing plural dimension process-
ing units (DPUs) for rectifying those drawbacks and limita-
tions in operation of the prior art and solving the above
problems.

SUMMARY OF THE INVENTION

This paragraph extracts and compiles some features of the
present invention; other features will be disclosed in the fol-
low-up paragraph. It is intended to cover various modifica-
tions and similar arrangements included within the spirit and
scope of the appended claims, and this paragraph also is
considered to refer.

It is an object of the present invention to provide a driving
support system to a vehicle operator, which introduces plural
dimension processing units (DPUs) for processing plural
images, simplifies the entire system and the control process
thereof, is capable of achieving the purpose of indicating a
condition of a surrounding area of the vehicle in a vertical
view, and can rectity those drawbacks of the prior art and
solve the above problems.

In accordance with an aspect of the present invention, the
driving support system of a vehicle includes plural image
capturing devices disposed around the vehicle; plural dimen-
sion processing units (DPUs) connected with the plural image
capturing devices for receiving images from the plural image
capturing devices and then producing plural related depth
maps; and a controller connected with the plural DPUs for
receiving the plural related depth maps and indicating a con-
dition of a surrounding area of the vehicle.

Certainly, the plural image capturing devices can be cam-
eras.

Preferably, each of the plural DPUs further includes an
intrinsic camera parameter calibration module for receiving
images from the plural image capturing devices; a disparity
estimation module connected with the intrinsic camera
parameter calibration module; an extrinsic camera parameter
estimation module connected with the disparity estimation
module; a depth estimation module connected with the
extrinsic camera parameter estimation module; and a depth
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fusion module connected with the depth estimation module
for outputting the plural related depth maps.

Preferably, more than one of the plural image capturing
devices is connected to one of the plural DPUs.

Preferably, the driving support system further includes a
display device connected with the controller for indicating the
condition of the surrounding area of the vehicle in a vertical
view.

Preferably, the driving support system further includes a
GPS/GPRS module communicating with the controller for
providing a display data.

Certainly, the display data be one selected from a group of
aunit’s ID, a time, a GPS’s latitude and longitude, a speed, a
direction, a temperature, a device’s status, an event number, a
report configuration parameter, and a mixture thereof.

In accordance with another aspect of the present invention,
the driving support system of a vehicle includes plural image
capturing devices disposed around the vehicle; at least a
dimension processing unit (DPU) connected with the plural
image capturing devices for receiving images from the plural
image capturing devices and then producing plural related
depth maps; a controller connected with the DPU for receiv-
ing the plural related depth maps and then producing an
indicating data; and a display device connected with the con-
troller for displaying the indicating data around the vehicle in
a vertical view.

Preferably, the plural image capturing devices are cameras.

Preferably, the DPU further includes an intrinsic camera
parameter calibration module for receiving images from the
plural image capturing devices; a disparity estimation module
connected with the intrinsic camera parameter calibration
module; an extrinsic camera parameter estimation module
connected with the disparity estimation module; a depth esti-
mation module connected with the extrinsic camera param-
eter estimation module; and a depth fusion module connected
with the depth estimation module for outputting the plural
related depth maps.

Preferably, more than one of the plural image capturing
devices is connected to the DPU.

Preferably, the driving support system further includes a
GPS/GPRS module communicating with the controller for
providing a display data.

Preferably, the display data comprises a unit’s ID, a time, a
GPS’s latitude and longitude, a speed, a direction, a tempera-
ture, adevice’s status, an event number, a report configuration
parameter, and a mixture thereof.

According the present invention, the driving support sys-
tem of a vehicle could include an image capturing module
having plural image capturing devices disposed around the
vehicle for taking plural images; an estimation module con-
nected with the image capturing module via multiple chan-
nels for receiving the plural images and then producing plural
related depth maps; a controller connected with the estima-
tion module for receiving the plural related depth maps and
then producing an indicating data; and a display device con-
nected with the controller for displaying the indicating data
around the vehicle in a vertical view.

Certainly, the plural image capturing devices can be cam-
eras.

Preferably, the estimation module further includes plural
dimension processing units (DPUs), wherein each of the plu-
ral DPUs further includes an intrinsic camera parameter cali-
bration module for receiving images from the plural image
capturing devices; a disparity estimation module connected
with the intrinsic camera parameter calibration module; an
extrinsic camera parameter estimation module connected
with the disparity estimation module; a depth estimation
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module connected with the extrinsic camera parameter esti-
mation module; and a depth fusion module connected with
the depth estimation module for outputting the plural related
depth maps.

Preferably, the driving support system further includes a
GPS/GPRS module communicating with the controller for
providing a display data.

Preferably, the display data comprises a unit’s ID, a time, a
GPS’s latitude and longitude, a speed, a direction, a tempera-
ture, a device’s status, an event number, a report configuration
parameter, and a mixture thereof.

The present invention needs not be limited to the above
embodiment. The above objects and advantages of the present
invention will become more readily apparent to those ordi-
narily skilled in the art after reviewing the following detailed
description and accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a flowchart for showing the specific
operation of the moving body/approaching object detecting
means according to the prior art;

FIG. 2 illustrates a preferred embodiment of the driving
support system of a vehicle according to the present inven-
tion;

FIG. 3 illustrates the DPU structure of the present inven-
tion;

FIG. 4 illustrates a display device indicating the condition
of the surrounding area of the vehicle in a vertical view
according to the present invention; and

FIG. 5 illustrates another preferred embodiment of the
driving support system of a vehicle according to the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention discloses a driving support system to
a vehicle operator by means of introducing plural dimension
processing units (DPUs) for processing plural images, and the
objects and advantages of the present invention will become
more readily apparent to those ordinarily skilled in the art
after reviewing the following detailed description. The
present invention needs not be limited to the following
embodiment.

Please refer to FIG. 2. It illustrates a preferred embodiment
of the driving support system of a vehicle according to the
present invention. As shown in FIG. 2, the driving support
system includes plural image capturing devices 21 disposed
around the vehicle 20; plural dimension processing units
(DPUs) 22 connected with the plural image capturing devices
21 for receiving images from the plural image capturing
devices and then producing plural related depth maps; and a
controller 23 connected with the plural DPUs 22 for receiving
the plural related depth maps and indicating a condition of a
surrounding area of the vehicle.

In practice, the plural image capturing devices 21 are cam-
eras for taking images. In this embodiment, there are 16
cameras disposed around the vehicle 20. Furthermore, there
are 4 DPUs 22, wherein each DPU 22 connects with 4 image
capturing devices 21. Certainly, the combination of image
capturing devices 21 and DPU 22 is variable, wherein more
than one of the plural image capturing devices 21 is connected
to one of the plural DPUs 22.

Please refer to FIG. 3. It illustrates the DPU structure of the
present invention. As shown in FIG. 3, the DPU 22 of the
present invention further includes an intrinsic camera param-
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eter calibration module 221 for receiving images from the
plural image capturing devices; a disparity estimation module
222 connected with the intrinsic camera parameter calibra-
tion module 221; an extrinsic camera parameter estimation
module 223 connected with the disparity estimation module
222; a depth estimation module 224 connected with the
extrinsic camera parameter estimation module 223; and a
depth fusion module 225 connected with the depth estimation
module 224 for outputting the plural related depth maps.

In this embodiment, the driving support system further
includes a display device connected with the controller for
indicating the condition ofthe surrounding area of the vehicle
in a vertical view. Please refer to FIG. 4. It illustrates a display
device indicating the condition of the surrounding area of the
vehicle in a vertical view according to the present invention.
As shown in FIG. 4, Car A includes the driving support
system, as shown in FIG. 2, of the present invention. Plural
image capturing devices 21 disposed around the Car A could
capture plural images and transmit to DPU 22, wherein the
lens ofthe image capturing device 21 is calibrated by DPU 22,
and the depth information is obtained via the DPU 22 from
plural image capturing devices 21. In FIG. 4, the image cap-
turing devices 21 disposed in front of the car A captures plural
images of car B. After processing via DPU 22 and transmit-
ting depth maps to the controller 23, the operator of car A
could get wise to the relative position of car B in a vertical
view, wherein the information is illustrated in the display
device 24 of car A. Similarly, the image capturing devices 21
disposed in back of the car A captures plural images of car C,
and the operator of car A could get wise to the relative position
of car C form the display device 24 of car A. Certainly, the
driving system could provide series alarms, such as flashing
light or beeping sound, according to the information from the
controller thereof for full protection.

Please refer to FIG. 5. It illustrates another preferred
embodiment of the driving support system of a vehicle
according to the present invention. As shown in FIG. 5, the
driving support system of a vehicle 20 includes plural image
capturing devices 21 disposed around the vehicle 20; at least
a dimension processing unit (DPU) 22 connected with the
plural image capturing devices 21 for receiving images from
the plural image capturing devices and then producing plural
related depth maps; a controller 23 connected with the DPU
22 for receiving the plural related depth maps and then pro-
ducing an indicating data; and a display device 24 connected
with the controller 23 for displaying the indicating data
around the vehicle 20 in a vertical view. Furthermore, the
driving support system further includes a GPS/GPRS module
25 communicating with the controller 23 for providing a
display data, wherein the display data can be a unit’s ID, a
time, a GPS’s latitude and longitude, a speed, a direction, a
temperature, a device’s status, an event number, a report
configuration parameter, or a mixture thereof. Hence, the
driving support system of the present invention introduces
plural dimension processing units (DPUs) to process plural
images for achieving the purpose of indicating a condition of
asurrounding area of the vehicle ina vertical view, and further
introduces GPS/GPRS module for integrating and providing
a vehicle alarm information to a vehicle operator. Certainly,
the DPU 22 of the present invention could further include an
intrinsic camera parameter calibration module 221 for receiv-
ing images from the plural image capturing devices; a dispar-
ity estimation module 222 connected with the intrinsic cam-
era parameter calibration module 221; an extrinsic camera
parameter estimation module 223 connected with the dispar-
ity estimation module 222; a depth estimation module 224
connected with the extrinsic camera parameter estimation
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module 223; and a depth fusion module 225 connected with
the depth estimation module 224 for outputting the plural
related depth maps, as shown in FIG. 3.

In a word, the present invention provides a driving support
system of a vehicle, including an image capturing module
having plural image capturing devices disposed around the
vehicle for taking plural images; an estimation module con-
nected with the image capturing module via multiple chan-
nels for receiving the plural images and then producing plural
related depth maps; a controller connected with the estima-
tion module for receiving the plural related depth maps and
then producing an indicating data; and a display device con-
nected with the controller for displaying the indicating data
around the vehicle in a vertical view.

Therefore, the present invention provides a driving support
system to a vehicle operator, which introduces plural dimen-
sion processing units (DPUs) for processing plural images,
simplifies the entire system and the control process thereof, is
capable of achieving the purpose of indicating a condition of
a surrounding area of the vehicle in a vertical view. Further-
more, the driving support system introduces a GPS/GPRS
module communicating with the controller thereof for pro-
viding vehicle integrated and broad alarm information to a
vehicle operator. Meanwhile the prior art fails to disclose that.

Accordingly, the present invention possesses many out-
standing characteristics, effectively improves upon the draw-
backs associated with the prior art in practice and application,
produces practical and reliable products, bears novelty, and
adds to economical utility value. Therefore, the present inven-
tion exhibits a great industrial value. While the invention has
been described in terms of what is presently considered to be
the most practical and preferred embodiments, it is to be
understood that the invention needs not be limited to the
disclosed embodiment. On the contrary, it is intended to cover
various modifications and similar arrangements included
within the spirit and scope of the appended claims, which are
to be accorded with the broadest interpretation so as to
encompass all such modifications and similar structures.

What is claimed is:

1. A driving support system of a vehicle comprising:

plural image capturing devices disposed around said

vehicle;

plural dimension processing units (DPUs) connected with

said plural image capturing devices for receiving images
from said plural image capturing devices and then pro-
ducing plural related depth maps; and

a controller connected with said plural DPUs for receiving

said plural related depth maps and indicating a condition
of a surrounding area of said vehicle;

wherein each of said plural DPUs further comprises:

an intrinsic camera parameter calibration module for

receiving images from said plural image capturing
devices;

a disparity estimation module connected with said intrinsic

camera parameter calibration module;

an extrinsic camera parameter estimation module con-

nected with said disparity estimation module;

a depth estimation module connected with said extrinsic

camera parameter estimation module; and

a depth fusion module connected with said depth estima-

tion module for outputting said plural related depth
maps.

2. The driving support system according to claim 1,
wherein said plural image capturing devices are cameras.

3. The driving support system according to claim 1,
wherein more than one of' said plural image capturing devices
is connected to one of said plural DPUs.
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4. The driving support system according to claim 1, further
comprising a display device connected with said controller
for indicating said condition of said surrounding area of said
vehicle in a vertical view.

5. The driving support system according to claim 1, further
comprising a GPS/GPRS module communicating with said
controller for providing a display data.

6. The driving support system according to claim 5,
wherein said display data comprises a unit’s ID, a time, a
GPS’s latitude and longitude, a speed, a direction, a tempera-
ture, adevice’s status, an event number, a report configuration
parameter, and a mixture thereof.

7. A driving support system of a vehicle comprising:

plural image capturing devices disposed around said
vehicle;

at least a dimension processing unit (DPU) connected with
said plural image capturing devices for receiving images
from said plural image capturing devices and then pro-
ducing plural related depth maps;

a controller connected with said DPU for receiving said
plural related depth maps and then producing an indi-
cating data; and

adisplay device connected with said controller for display-
ing said indicating data around said vehicle in a vertical
view,

wherein said DPU further comprises:

an intrinsic camera parameter calibration module for
receiving images from said plural image capturing
devices;

adisparity estimation module connected with said intrinsic
camera parameter calibration module;

an extrinsic camera parameter estimation module con-
nected with said disparity estimation module;

a depth estimation module connected with said extrinsic
camera parameter estimation module; and

a depth fusion module connected with said depth estima-
tion module for outputting said plural related depth
maps.

8. The driving support system according to claim 7,

wherein said plural image capturing devices are cameras.

9. The driving support system according to claim 7,
wherein more than one of'said plural image capturing devices
is connected to said DPU.

10. The driving support system according to claim 7, fur-
ther comprising a GPS/GPRS module communicating with
the controller for providing a display data.
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11. The driving support system according to claim 10,
wherein said display data comprises a unit’s ID, a time, a
GPS’s latitude and longitude, a speed, a direction, a tempera-
ture, a device’s status, an event number, a report configuration
parameter, and a mixture thereof.

12. A driving support system of a vehicle comprising:

an image capturing module having plural image capturing

devices disposed around said vehicle for taking plural
images;

an estimation module connected with said image capturing

module via multiple channels for receiving said plural
images and then producing plural related depth maps;

a controller connected with said estimation module for

receiving said plural related depth maps and then pro-
ducing an indicating data; and

adisplay device connected with said controller for display-

ing said indicating data around said vehicle in a vertical
view;

wherein said estimation module further comprises plural

dimension processing units (DPUs); and;

wherein each of said DPUs further comprises:

an intrinsic camera parameter calibration module for

receiving images from said plural image capturing
devices;

a disparity estimation module connected with said intrinsic

camera parameter calibration module;

an extrinsic camera parameter estimation module con-

nected with said disparity estimation module;

a depth estimation module connected with said extrinsic

camera parameter estimation module; and

a depth fusion module connected with said depth estima-

tion module for outputting said plural related depth
maps.

13. The driving support system according to claim 12,
wherein said plural image capturing devices are cameras.

14. The driving support system according to claim 12,
further comprising a GPS/GPRS module communicating
with the controller for providing a display data.

15. The driving support system according to claim 14,
wherein said display data comprises a unit’s ID, a time, a
GPS’s latitude and longitude, a speed, a direction, a tempera-
ture, a device’s status, an event number, a report configuration
parameter, and a mixture thereof.



