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IMAGE PROCESSING APPARATUS AND IMAGE PROCESSING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001]

The invention relates to an image processing apparatus and an image processing
method.

2. Description of the Related Art

[0002]

Japanese Patent Application Publication‘ No. 2003-15816 describes a face/line-of-sight
recognition apparatus that detects the direction of the face and the line of sight of a user
in real time by performing a series of processes, that is, face search, face tracking, blink
detection, and line-of-sight direction determination, on the data of a user's face image
picked up by a stereo camera. In this face/line-of-sight recognition apparatus, errors
that cause wasted operation time are reduced to achieve high-speed image processing.

[0003]

In the systems, such as pre-crash safety systems, in which real-time output of the
image processing results is required, a series of processes must be completed within a
predetermined period of time. However, even when errors are not occurring, the
processing time of each process in image processing is not constant, but varies depending
on, for example, the branching conditions and other interrupt processes (in particular,
multiple interruptions) (see FIG. 8). Meanwhile, the importance and the required
accuracy of a process vary depending on the process in many cases. Thus, also in view
of the real-time processing and the required accuracy, it is difficult to say that it is

efficient to indiscriminately perform all the processes.

SUMMARY OF THE INVENTION
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[0004]

The invention provides an image processing apparatus and an image processing
method that more efficiently perform image processing involving a plurality of processes.

[0005]

An image processing apparatus according to a first aspect of the invention is an image
processing apparatus that performs image processing in a fundamental cycle by
performing a plurality of processes on data of an image picked up by a camera means, the
apparatus including: a process setting means for selecting, from the plurality of processes,
the processes that are performed and setting a combination of the selected processes for
each of a plurality of unit cycles constituting the fundamental cycle, in accordance with a
priority of each of the plurality of processes; and a processing means for performing each
of the processes in accordance with the combination set by the process setting means.

[0006]

The image processing apparatus according to the first aspect of the invention is
configured not so that the plurality of processes that constitute the image processing are
all indiscriminately performed with the same priority, but so that the combination of the
performed processes is set for each unit cycle in accordance with the priorities
individually set for the processes, and the image processing is performed every
fundamental cycle that is constituted of a plurality of unit cycles. Accordingly, it is
possible to achieve the optimum process combination within the limits of the processing
cycle (processing time) in consideration of the priorities of the processes. ~ As a result, it
is made possible to efficiently perform image processing involving a plurality of
processes. Such an image processing apparatus is capable of efficiently performing
image processing. Thus, the image processing apparatus is useful especially when the
available resources are limited, such as when used as an onboard image processing
apparatus, and it is possible to obtain required information in real time.

[0007]

The "processes" mean those performed to obtain "various pieces of information” from

image data. The "various pieces of information" include information concerning
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detection of an object, information concerning determination of conditions of the object,
and information concerning determination made using such information, for example.
By setting the priorities of the processes that are performed to obtain the "various pieces
of information" from the image data, and setting the combination of the processes that are
performed for each of the plurality of unit cycles in accordance with the priorities, it is
possible to efficiently perform the image processing.

[0008]

The process setting means may select, from the plurality of processes, the processes
that are performed and set the combination of the selected processes for each of the
plurality of unit cycles so that the higher the priority of the process is, the higher the
occupation rate of the process in the fundamental cycle is. When the occupation rate in
the fundamental cycle is set so that the higher the priority of the process is, the higher the
occupation rate of the process in the fundamental cycle is in this way, the number of
times such a process(es) are performed and the processing time used for such a
process(es) are increased, which makes it possible to efficiently perform image
processing processes.

[0009]

The process setting means may set the combination of the processes in consideration
of processing time and required accuracy of each of the processes and/or the required
number of times the processes are performed relative to the number of times the
picked-up image is received within the fundamental cycle.

[0010]

With this configuration, it is possible to set the combination of the processes in
consideration of the importance of each process, the required frequency of updating the
processing result, the processing load, and the required accuracy, which are criteria used
in setting the priorities, so that it is possible to adjust the proportion of the processing
load of each process to the whole processing load, according to the priorities of the
processes.

[0011)]
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The process setting means may set the combination of the processes so that the
processes performed every unit cycle are completed within a single unit cycle.

[0012]

In this case, the combination of the processes is set so that the processes complete
within a unit cycle, and it is therefore possible to ensure real-time output of the image
processing result.

[0013]

In this case, the process setting means may set the combination of the processes so
that the sum of the processing time of the processes that are performed within each unit
cycle is less than the duration of a single unit cycle.

[0014]

The process setting means may change the priorities of the processes, and select, from
the plurality of processes, the processes that are performed for( each of the unit cycles in
accordance with the changed priorities. When the priorities are changed in this way, it
is possible to efficiently perform the image processing in response to the importance and
the required accuracy of the process with respect to the processes that depend on the
changes in conditions.

[0015]

The image processing apparatus may further include a driving status detection means
for detecting driving status of a vehicle, the camera means may be installed in the vehicle,
and the process setting means may set the priority of each of the processes based on the
driving status of the vehicle detected by the driving status detection means, and select,
from the plurality of processes, the processes that are performed for each of the unit
cycles in accordance with the set priorities.

[0016]

When the image processing is performed on the data of the image picked up by the
camera means installed in the vehicle, the above-described priority and processing load
of each process are affected by the driving status of the vehicle, such as the kinetic status

of the vehicle and the driving environment. According to the image processing
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apparatus according to the first aspect of the invention, the priorities of the processes are
set based on the driving status of the vehicle, and the processes that are performed are
selected for each unit cycle in accordance with the set priorities. Thus, it is possible to
set an appropriate priority for each process according to the picked-up image, and it is
therefore possible to select the performed processes and set a combination of the
processes for each unit cycle in accordance with the priorities.  As a result, it is possible
to more efficiently perform image processing involving a plurality of processes on the
data of the image that is picked up by the camera means installed in the vehicle.

[0017]

The image processing apparatus may further include a driver condition determination
means for determining conditions of a driver, the image that is picked up by the camera
means may be a face image of the driver; and the process setting means may set the
priority of each of the processes based on the conditions of the driver determined by the
driver condition determination means, and select, from the plurality of processes, the
processes that are performed for each of the unit cycles in accordance with the set
priorities.

[0018]

When the image processing is performed on the data of the face image of the driver,
the above-described priority and processing load of each process are affected by the
conditions of the driver, such as the motion, the external features, and the personal
features of the driver. According to the image processing apparatus according to the
first aspect of the invention, the priorities of the processes are set based on the conditions
of the driver, and the processes that are performed are selected for each unit cycle in
accordance with the set priorities. Thus, it is possible to set an appropriate priority for
each process according to the face image of the driver, and it is therefore possible to
select the performed processes and set a combination of the processes for each unit cycle
in accordance with the priorities. As a result, it is made possible to more efficiently
perform image processing involving a ‘plurality of processes on the image data of the face

of the driver.
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[0019]

The process setting means may also take into account the face image of the driver
picked up by the camera means in setting the priority of each of the processes.

[0020]

When the image processing is performed on the data of the face image of the driver,
the above-described priority and processing load of each process are affected by the face
image of the driver, that is, the face direction, for example. According to the image
processing apparatus according to the first aspect of the invention, the priorities of the
processes are set with the image data of the face of a driver also taken into account, and it
is therefore possible to set an optimum priority for each process, according to the image
data of the individual face. As a result, it is made possible to more efficiently perform
image processing involving a plurality of processes on the image data of the face of the
driver. '

[0021]

According to the first aspect of the invention, the image processing apparatus that
performs image processing every fundamental cycle by performing a plurality of
processes on data of the received image is configured so that the processes that are
performed are selected from the plurality of processes and a combination of such
processes is set for each of the plurality of unit cycles constituting the fundamental cycle
in accordance with a priority of each of the plurality of processes. Thus, it is made
possible to more efficiently perform image processing involving a plurality of processes.

[0022]

In an image processing method according to a second aspect of the invention, image
processing is performed in a fundamental cycle, in which a plurality of processes are
performed on data of an image picked up by a camera means. The image processing
method includes: selecting, from the plurality of processes, the processes that are
performed and setting a combination of the selected processes for each of a plurality of
unit cycles constituting the fundamental cycle, in accordance with a priority of each of

the plurality of processes; and performing each of the processes in accordance with the

6

SUBSTITUTE SHEET (RULE 26)



WO 2008/139328 PCT/1IB2008/002003

set combination of the processes.

[0023]

According to the second aspect of the invention, the image processing apparatus that
performs image processing every fundamental cycle by performing a plurality of
processes on data of the received image selects, from the plurality of processes, the
processes that are performed and sets a combination of such processes for each of the
unit cycles constituting the fundamental cycle in accordance with the priorities of the
processes. Thus, it is made possible to more efficiently perform image processing

involving a plurality of processes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

The foregoing and further features and advantages of the invention will become
apparent from the following description of example embodiments with reference to the
accompanying drawings, wherein like numerals are used to represent like elements, and
wherein:

FIG. 1 is a block diagram showing a configuration of an image processing apparatus
according to a first embodiment;

FIG. 2A and 2B are flow charts showing processing procedures of image processing
(first image processing) performed by the image processing apparatus according to the
first embodiment;

FIG. 3 is a diagram showing processing timing and processing time of each process of
" the first image processing;

FIG. 4 is a block diagram showing a configuration of an image processing apparatus
according to a second embodiment;

FIG. 5 is a flow chart showing a processing procedure of image processing (second
image processing) performed by the image processing apparatus according to the second
embodiment;

FIGS. 6A to 6D are diagrams showing an example of kinetic status of a vehicle,

7
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driving environment, conditions of a driver, and priorities of processes;

FIG. 7 is a diagram showing processing timing and processing time of each process of
the second image processing; and

FIG. 8 is a diagram showing processing timing and processing time of each process of

conventional image processing.

DETAILED DESCRIPTION OF EMBODIMENTS

[0025]

Example embodiments of the invention will be described in detail below with
reference to drawings. In the drawings, the same or comesponding elements are
designated by the same reference characters. The description will be given of a case
where apparatuses according to embodiments of the invention are installed in a vehicle
and determine sleepiness of a driver based on a picked-up face image of the driver, by
way of example.

[0026]

First, with reference to FIG. 1, a configuration of an image processing apparatus 1
according to a first embodiment will be described. FIG. 1 is a block diagram showing
the configuration of the image processing apparatus 1.

[0027]

The image processing apparatus 1 is installed in a vehicle. The image processing
apparatus 1 detects the direction of a driver's face, a driver's line-of-sight direction, and a
driver's blink by performing image processing on the data of the picked-up face image of
the driver, and determines whether the driver is dozing and the level of deterioration in
consciousness of the driver based on the results of the detection. For this purpose, the
image processing apparatus 1 includes a camera 10 for picking up a face image of the
driver, and an image processing ECU (Electronic Control Unit) 40.

[0028]

The camera 10 is used to obtain an image of the area including the face of the driver.

The camera 10 is installed in an instrument panel or a steering column, directed toward

8
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the face of the driver. The camera 10 picks up an image every predetermined period of
time (1/30 second, for example), and sends the image data of each frame to the image
processing ECU 40 as a video signal. In order to obtain a clear image, the apparatus
may include an LED light.

[0029]

The image processing ECU 40 includes: a microprocessor that performs calculation; a
ROM that stores programs for causing the microprocessor to perform various processes;
a RAM that stores various data, such as results of calculation; and a backup RAM whose
memory content is maintained by a battery, etc.

[0030]

The image processing ECU 40 reads the data of a driver's face image that is picked up
by the camera 10, and performs the driver's dozing determination and/or the driver's
consciousness deterioration level determination by repeatedly performing on the read
data in a fundamental cycle (600 ms, for example) image processing (initializing process
and image receiving process, filtering process and characteristic-point detection process,
face direction determination process, line-of-sight direction determination process, blink
detection process, dozing determination process, comsciousness deterioration level
determination process, and output process and diagnosis process). It should be noted
that one process may be performed a plurality of times within the fundamental cycle.

[0031] |

When this is performed, from the plurality of processes (face direction determination
process, line-of-sight direction determination process, blink detection process, dozing
determination process, and consciousness deterioration level determination process),
which are involved in the image processing, the image processing ECU 40 selects the
processes that are performed and sets a combination of the processes for each of the six
unit cycles (100 ms, for example) that constitute the fundamental cycle, in accordance
with the priorities of the processes, and performs each of the processes according to the
combination. The image processing ECU 40 sets the combination of the processes so

that the processes performed every unit cycle are completed within a single unit cycle.
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Specifically, the combination of the processes is set so that the sum of the processing
time of the processes that are performed within each unit cycle is less than the duration of
a single unit cycle. Thus, the image processing ECU 40 may be regarded as the process
setting means and the processing means of the invention. The initializing process and
the image receiving process, the filtering process and the characteristic-point detection
process, and the output process and the diagnosis process are performed every unit cycle.

[0032]

Next, operation of the image processing apparatus 1 will be described with reference
to FIGS. 2A, 2B and 3. FIG. 2 A, 2B are flow charts showing processing procedures of
the image processing (hereinafter, referred to as the "first image processing") performed
by the image processing apparatus 1. This processing, performed by the image
processing ECU 40, is repeatedly performed in a predetermined cycle (100 ms, for
example) from when the image processing ECU 40 is turned on to when the image
processing ECU 40 is turned off. FIG. 3 is a diagram showing the processing timing
and the processing time of each process of the first image processing.

[0033]

In step S100, the data of a driver's face image that is picked up by the camera 10 is
read. Subsequently, in step S102, the read face image data is subjected to a filtering
process.

[0034]

Subsequently, in step S104, the position of the driver's face is determined based on the
obtained face image data. The face position is determined by performing edge detection
and pattern recognition in combination.

[0035]

Next, in step S106, the characteristic points in the face whose position is determined
in step S104 are detected. The characteristic points of a face are the points that are
positioned at the boundaries between the skin and each of the outer comers of the eyes,
each of the inner corners of the eyes, each of the right and left nostrils, and each of the

right and left corners of the mouth, for example, and therefore, are the points at which
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there is evident difference in the image data, such as brightness and color.

[0036]

Subsequently, in step S108, the value of the counter CT whose value varies from 1to
6 and that is used to perform the processes set for each unit cycle is incremented by one.
Thus, the value of the counter CT is incremented by one every time the processing is
performed, and, when the count of 6 is reached, the value of the counter CT is reset to
zero (step S132 described later).

[0037]

In subsequent step S110, it is determined whether the value of the counter CT is"1".
When the value of the counter CT is "1", the face direction determination (step $122) and
the line-of-sight direction determination (step S124) are performed, and the processing
then proceeds to étep S134 (see the case of "counter CT=1" in FIG. 3). In the face
direction determination (step S122), the position of the center of the face (the line passing
through the tip of the nose) and the positions of both sides of the face are detected from
the obtained image data by using established methods, such as edge detection, in
combination, and the face direction is calculated based on the positions of the center and
both sides of the face. In the line-of-sight direction determination (step S124), the line
of sight of the driver is détected based on the characteristic points obtained in step S106.
More specifically, the line of sight is determined using the change in the relative
positions between the center of the iris of the eye and the characteristic points at the
comers of the eye. It should be noted that the face direction and the line-of-sight
direction are defined such that the direction that coincides with the forward direction of
the host vehicle has the angle of zero, the direction on the right side of the forward
direction has a positive angle, and the direction on the left side of the forward direction
has a negative angle. On the other hand, when the value of the counter CT is not "1",
the processing proceeds to step S112.

[0038]

In step S112, it is determined whether the value of the counter CTis "2". When the

value of the counter CT is "2", the line-of-sight determination (step S124) and the blink
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detection (step S126) are performed, and the processing then proceeds to step S134 (see
the case of "counter CT=2" in FIG. 3). The line-of-sight direction determination is as
described above, and therefore description thereof will be omitted. In the blink
detection (step S126), the change in, of the characteristic points detected in step S106, the
characteristic points related to the eyes at which a change is made due to sleepiness, that
is, a blink, is detected. When the value of the counter CT is not "2", the processing
proceeds to step S114.

[0039]

In step S114, it is determined whether the value of the counter CT is "3". When the
value of the counter CT is "3", the face direction determination (S122) and the blink
detection (step S126) are performed, and the processing then proceeds to step S134 (see
the case of "counter CT=3" in FIG. 3). The face direction determination and the blink
detection are as described above, and therefore description thereof will be omitted.
When the value of the counter CT is not "3", the processing proceeds to step S116.

[0040]

In step S116, it is determined whether the value of the counter CT is "4".  When the
value of the counter CT is "4", the line-of-sight direction determination (step S124), the
dozing determination (step S128), and the consciousness deterioration level
determination (step S130) are performed, and the processing then proceeds to step S134
(see the case of "counter CT=4" in FIG. 3). The line-of-sight direction determination is
as described above, and therefore description thereof will be omitted. In the dozing
determination (step S128), based on the line-of-sight direction determined in step S124
and the blink detected in step S126, it is determined that the driver is dozing when, for
example, it is determined that the eyes of the driver have been closed for more than a
predetermined period of time. In the consciousncss deterioration level determination
(step S130), based on the blink detected in step S126, it is determined whether the
consciousness of the driver is deteriorated. More specifically, the focus is placed on the
blink (in particular, successive blinks: a plurality of blinks that are performed at intervals

shorter than the normal intervals of blinks), and, when successive blinks are detected, it is
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determined that the consciousness of the driver is deterjorated. When the value of the
counter CT is not "4", the processing proceeds to step S118.

[0041]

In step S118, it is determined whether the value of the counter CT is "5".  When the
value of the counter CT is "S", the face direction determination (step S122), the
line-of-sight direction determination (step S124), and the blink detection (step S126) are
performed, and the processing then proceeds to step S134 (see the case of "counter
CT=5" in FIG. 3). The face direction determination, the line-of-sight direction
determination, and the blink detection are as described above, and therefore description
thereof will be omitted. When the value of the counter CT is not "5", the processing
proceeds to step S120.

[0042]

In step $120, it is determined whether the value of the counter CT is "6". When the
value of the counter CT is "6", the blink detection (step S126), the dozing determination
(step S128), and the consciousness deterioration level determination (step S130) are
performed, and the value of the counter CT is then reset to zero (see the case of "counter
CT=6" in FIG. 3). Thereafter, the processing proceeds to step S134. The blink
detection, the dozing determination, and the consciousness deterioration level
determination are as described above, and therefore description thereof will be omitted.
When the value of the counter CT is not "6", the processing proceeds to step S134.

[0043]

In step S134, after one of the above-described sets of processes is performed, the
result thereof is output. Then, the processing is repeatedly performed in a
predetermined unit cycle.

[0044]

According to this embodiment, each step is performed as described above, so that: the
face direction determination and the line-of-sight direction determination are performed
in the case of "counter CT=1"; the line-of-sight direction determination and the blink

detection are performed in the case of "counter CT=2", and the face direction
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determination and the blink detection are performed in the case of "counter CT=3", as
shown in FIG. 3. The line-of-sight direction determination, the dozing determination,
and the consciousness deterioration level determination are performed in the case of
"counter CT=4", the face direction determination, the line-of-sight direction
determination, and the blink detection are performed in the case of "counter CT=5", and
the blink detection, the dozing determination, and the consciousness deterioration level
determination are performed in the case of "counter CT=6".

[0045]

Thus, this embodiment is configured not so that the plurality of processes (five
processes in this embodiment) that constitute the image processing are all
indiscriminately performed with the same priority, but so that the combination of the
performed processes is set for each unit cycle (according to the value of the counter CT)
in accordance with the priorities individually set for the processes, and the image
processing is performed every fundamental cycle that is constituted of six unit cycles.
Accordingly, it is possible to achieve the optimum process combination within the limits
of the processing cycle (processing time) in consideration of the priorities of the
processes. As a result, it is made possible to efficiently perform image processing
involving a plurality of processes.

[0046]

According to this embodiment, it is possible to set the combination of the processes in
advance in consideration of the importance of each process, the required frequency of
updating the processing result, the processing load and the required accuracy, which are
criteria used in setting the priorities, so that it is possible to adjust the proportion of the
processing load of each process to the whole processing load, according to the priorities
of the processes.

[0047]

In addition, according to this embodiment, the combination of the processes is set s0
that the processes performed in each unit cycle complete within a single unit cycle, and it

is therefore possible to ensure real-time output of the image processing result.
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[0048]

Although, in the above-described first embodiment, the priority of each process and
the combination of the processes are predetermined, it is also possible to adopt a
configuration in which the priority of each process and the combination of the processes
are varied depending on the driving status of the vehicle and the status of the driver.

[0049]

Next, with reference to FIG. 4, a configuration of an image processing apparatus 2
according to a second embodiment will be described. FIG. 4 is a block diagram
showing the configuration of the image processing apparatus 2. In FIG. 4, the
components the same as or similar to those of the first embodiment are designated by the
same reference characters.

[0050]

The image processing apparatus 2 differs from the above-described image processing
apparatus 1 in further including a driving status detection means 20 that detects the
driving status of the vehicle, and a driving environment sensing means 30 that senses the
environment of the road on which the vehicle is running.

[0051]

In addition, the second embodiment differs from the above-described first
embodiment in that an image processing ECU 41, which is a component of the image
processing apparatus 2, sets the priority for each process based on the driving status of
the vehicle that is detected by the driving status detection means 20 and/or the driving
environment sensing means 30, and that the image processing ECU 41 selects, from the
above-described plurality of processes, the processes that are performed for each unit
cycle in accordance with the set priorities. Other components are the same as or similar
to the corresponding ones of the above-described first embodiment, and therefore
description thereof will be omitted.

[0052]

The driving status detection means 20 includes a steering angle sensor 21, an

accelerator pedal operation amount sensor 22, a vehicle speed sensor 23, a lateral
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acceleration sensor 24, and a longitudinal acceleration sensor 25, for example. The
steering angle sensor 21 is a sensor that detects the steering angle of a steering wheel, and
outputs the detected value to the image processing ECU 41. The accelerator pedal
operation amount sensor 22 is a Sensor that detects the amount of operation of an
accelerator pedal, and outputs the detected value to the image processing ECU 41. The
vehicle speed sensor 23 is a sensor that detects the speed of the vehicle, and outputs the
detected value to the image processing ECU 41.  The lateral acceleration sensor 24 is a
sensor that detects the lateral acceleration of the vehicle, and outputs the detected value
to the image processing ECU 41.

[0053]

The driving environment sensing means 30 includes a preceding-vehicle
speed/distance sensor 31 and a car navigation system 32. The preceding-vehicle
speed/distance sensor 31 senses whether there is a preceding vehicle based on the radar
data for the area ahead of the host vehicle provided by a radar, and, when there is a
preceding vehicle, the preceding-vehicle speed/distance sensor 31 senses the speed of the
preceding vehicle and the distance to the preceding vehicle and outputs the sensing result
information to the image processing ECU 41.  The car navigation system 32 is a system
that, for example, detects the current position and the driving direction of the vehicle and
provides guidance on the route to the destination, and outputs such data to the image
processing ECU 41. In addition, the car navigation system 32 outputs information on
the road around the cuirent position to the image processing ECU 41. The road
information includes traffic-jam information, traffic-signal information, the form of
intersections, and the number of lames, for example. As can be seen from this
description, the driving status detection means 20 and the driving environment sensing
means 30 may be regarded as the driving status detection means of the invention.

[0054]

Next, operation of the image processing apparatus 2 will be described with reference
to FIGS. 5 and 6A to 6D. FIG. 5 is a flow chart showing a processing procedure of the

image processing (hereinafter, referred to as the "second image processing") performed
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by the image processing apparatus 2. This processing, performed by the image
processing ECU 41, is repeatedly performed in a predetermined cycle (100 ms, for
example) from when the image processing ECU 41 is turned on to when the image
processing ECU 41 is turned off. FIGS. 6A to 6D are diagrams showing the processing
timing and the processing time of each process in the second image processing.

[0055]

Because steps S200 to S206 are the same as the above-described steps S100 to S106,
description thereof will be omitted. '

[0056]

Subsequently, in step S208, the detection results showing the driving status of the
vehicle that are obtained by the driving status detection means 20 and the driving
environment sensing means 30 are read. In addition, conditions of the driver are read.
The conditions of the driver are determined based on the picked-up image of the driver.
In this case, the camera 10 and the image processing ECU 41 may be regarded as the
driver condition determination means of the invention.

[0057]

In the subsequent step S210, the kinetic status of the vehicle, driving environment, and
the conditions of the driver are determined and classified based on the various data read
in step S208. An example of the classification is shown in FIGS. 6A to 6D. As shown
in FIGS. 6A to 6D, classes include "Kinetic Status of Vehicle", "Driving Environment 1",
"Driving Environment 2", and "Conditions of Driver". Under the class "Kinetic Status
of Vehicle", there are items, such as "Driving.at High Speed", "Driving at Low Speed",
"Lateral Acceleration is High", and "Longitudinal Acceleration is High". Under the
class "Driving Environment 1", there are items, such as "Jammed Road (no traffic
signal)", "Jammed Road (having traffic signals)", "Mountain Road", "Straight Road",
"Narrow Road/Residential Street", "Multilane Road", "Driving on High Speed Way",
"Driving on Tokyo Metropolitan Expressway", and "Toll Road/Motor Vehicle Road".
Under the class "Driving Environment 2", there are items, such as "Incidence of Direct

Sunlight", "Night Driving", "Commuting Time", "Vehicles around Host Vehicle", and
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"Pedestrians". Under the class "Conditions of Driver”, there are items, such as
"Wearing Glasses", "Wearing Sunglasses", "Eyes are Covered with Hair", "Wearing Hat",
"Accustomed Road", and "First-Time Road".

[0058]

Determination concerning the itemé "Driving at High Speed" and "Driving at Low
Speed" is made based on the result of detection by the vehicle speed sensor 23,
determination concerning the item "Lateral Acceleration is High" is made using the
lateral acceleration sensor 24, and determination concerning the item "Longitudinal
Acceleration is High" is made based on the result of detection by the longitudinal
acceleration sensor 25 and the accelerator pedal operation amount sensor 22.
Determination concerning the items "Jammed Road (no traffic signal)" and "Jammed
Road (having traffic signals)" is made based on VICS (Vehicle Information and
Communication System) information and map data provided by the car navigation
system 32. Determination concerning the items "Mountain Road", "Straight Road",
"Narrow Road/Residential Street", "Multilane Road", "Driving on High Way", "Driving
on Tokyo Metropolitan Expressway", and "Toll Road/Motor Vehicle Road" is made based
on the map data provided by the car navigation system 32. Determination concerning
the item "Incidence of Direct Sunlight" is made based on the brightness of the face image
data, determination concerning the items "Night Driving" and "Commuting Time" is
made based on the time data provided by the car navigation system 32, and determination
concerning the items "Vehicles around Host Vehicle" and "Pedestrians" is made based on
the result of detection by the preceding-vehicle speed/distance sensor 31.
Determination concerning the items "Wearing Glasses", "Wearing Sunglasses"”, "Eyes are
Covered with Hair", and "Wearing Hat" is made based on the face image data, and
determination concerning the items "Accustomed Road" and "First-Time Road" is made
based on the vehicle path history data provided by the car navigation system 32,

[0059]

Subsequently, in step S212, scheduling of the processes performed within each unit

cycle is performed. More specifically, the priority of each process is set based on, for
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example, the kinetic status of the vehicle, driving environment, and the conditions of the
drive that are determined and classified in step S210, and the processes that are
performed within each unit cycle are selected and the combination is set in accordance
with the set priorities. An example of the relations between the above-described items
and the priorities of the processes (face direction determination, line-of-sight direction
determination, blink detection, dozing determination, and consciousness deterioration
level determination) is shown in FIGS. 6A to 6D. For example, when it is determined
that the vehicle is in the "Driving at High Speed" state, the priorities of the processes, the
face direction determination, the line-of-sight direction determination, the blink detection,
the dozing determination, and the consciousness deterioration level determination, are
"A" "B" "A" "A" and "B", respectively. In FIGS. 6A to 6D, the priorities of the
processes satisfy "A" > "B" > "C".

[0060]

A method of scheduling the processes will be described with respect to the case where
it is determined that the conditions for the "Driving at High Speed" and "Lateral
Acceleration is High" are satisfied with 1espect to the kinetic status of the vehicle, that
the conditions for the "Tokyo Metropolitan Expressway" are satisfied with respect to the
driving environment 1, that the conditions for the "Night Driving" and "Vehicles around
Host vehicle" are satisfied with respect to the driving environment 2, and that the
conditions for the "Wearing Glasses" are satisfied with respect to the conditions of the
driver, by way of example.

[0061]

As described above, when it is determined that the vehicle is in the "Driving at High
Speed" state, the priorities of the face direction determination process, the line-of-sight
direction determination process, the blink detection process, the dozing determination
process, and the consciousness deterioration level determination process, are "A", "B",
"A" "A" and "B", respectively. Similarly, when it is determined that the vehicle is in
the "Lateral Acceleration is High" state, the priorities of the face direction determination

process, the line-of-sight direction determination process, the blink detection process, the
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dozing determination process, and the consciousness deterioration level determination
process, are "B", "B", "B", "C" and "C", respectively. Similarly, the priorities of the
processes are read for each of the items "Driving on Tokyo Metropolitan Expressway",
"Night Driving", "Vehicles around Host Vehicle", and "Wearing Glasses".

[0062]

Next, the priority of each process in the case where the conditions for the items
"Driving at High Speed”, "Lateral Acceleration is High", "Driving on Tokyo
Metropolitan Expressway”, "Night Driving", "Vehicles around Host Vehicle", and
"Wearing Glasses" are satisfied is determined. More specifically, because, with respect
to the "face direction determination", for example, the priorities of the items "Driving at
High Speed", "Lateral Acceleration is High", "Driving on Tokyo Metropolitan
Expressway", "Night Driving", "Vehicles around Host Vehicle", and "Wearing Glasses"
are "A", "B", "A", "A", "A", and "A", respectively, the calculation of the mean value, in
which it is assumed that the points of A, B and C are 4, 2 and 1, respectively, results in
(4+2+4+4+4+4)/6=3.7. When it is assumed that the priority of the process of which the
mean value is equal to or greater than 3 is "A" that the priority of the process of which
the mean value is equal to or greater than 2 and less than 3 is "B", and that the priority of
the process of which the mean value is less than 2 is "C", the priority of the "face
direction determination” process is determined to be "AY,

[0063]

Similarly, with tespect to the "line-of-sight direction determination", for example, the
priorities of the items "Driving at High Speed", "Lateral Acceleration is High", "Driving
on Tokyo Metropolitan Expressway", "Night Driving", "Vehicles around Host Vehicle",
and "Wearing Glasses" are "B", "B", "A", "B", "A", and "B", respectively. Thus, the
mean value is (2+2+4+2+4+2)/6=2.7. Thus, the priority of the "line-of-sight direction
determination” process is determined to be "B". When the priorities of the processes are
determined similarly, the priorities of the "blink detection" process, the "dozing
determination" process, and the "cbnsciousness deterioration level determination"

process are "A", "B", and "C", respectively.
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[0064]

The scheduling of the processes is performed based on the calculated priorities of the
processes. An example of the scheduling method will be described. The combination
(scheduling) of the processes adopted in the above-described first embodiment is set as a
default. On top of that, the rule for assignment according to the process priorities (A, B
and C) is defined as follows: the occupation rate in each fundamental cycle (six unit
cycles) is equal‘to or greater than 66% when the priority is "A", about 50% when the
priority is "B", and equal to or less than 30% when the priority is "C". The processes
are assigned to each of the six unit cycles so that the processes with the priority "A" are
performed four times or more, the processes with the priority "B" are performed three
times, and the processes with the priority "C" are performed two times (so that the higher
the priority of the process is, the higher the occupation rate of the process is).

[0065]

In this embodiment, the upper limit value of the computing power of the processor is 3
for the process with the priority "A", and 2 for the process with the priority "B". In this
case, because of the calculation result, 3*66(%)+2*50(%)=3*(4/6)+2%(3/6)=3, the
processes, each having one of the priorities "A", "B", and "C", are assigned so that this
value is not exceeded. In the case of this embodiment, the prioritics of the "face
direction determination" process, the "line-of-sight direction determination" process, the
"blink detection" process, the "dozing determination” process, and the "consciousness
deterioration level determination" process are "A", "B", "A", "B, and "C", respectively,
and the mean value is therefore calculated as follows: 2%(4/6)+2*(3/6)+1%*(2/6)=2.7.
Thus, because this value does not exceed the upper limit value of the computing power,
and it is determined that there is mo problem with the calculation cycle and the
scheduling.

[0066]

Subsequently, in step S214, the processes are performed according to the process
schedule of each unit cycle set in step S212.  Each of the processes of each unit cycle is

performed in a similar way to that of the first embodiment (steps S108 to S132). The
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method is as described above, and therefore detailed description thereof will be omitted.

[0067]

Next, the result of processing is output in step S216, and the processing temporarily
exits. Then, the processing is repeatedly performed in a predetermined fundamental
cycle.

[0068]

According to this embodiment, the priorities of the processes are set based on the
kinetic status of the vehicle, the driving environment, and the conditions of the driver,
and the processes that are performed are selected for each unit cycle in accordance with
the set priorities, and then the scheduling is performed. The processes are performed in
accordance with the process schedule, and as a result, as shown in FIG. 7, the face
direction determination, the dozing determination, and the consciousness deterioration
level determination are performed in the case of "counter CT=1"; the face direction
determination, the line-of-sight direction determination, and the blink detection are
performed in the case of "counter CT=2"; and the blink detection and the dozing
determination are performed in the case of "counter CT=3". The face direction
determination, the line-of-sight direction determination, and the consciousness
deterioration level determination are performed in the case of "counter CT=4", the face
direction determination and the line-of-sight direction determination are performed in the
case of "counter CT=5", and the face direction determination, the dozing determination,
and the consciousness deterioration level determination are performed in the case of
"counter CT=6".

[0069]

According to this embodiment, the priorities of the processes are set based on the
kinetic status of the vehicle, the driving environment, and the conditions of the driver,
and the processes that are performed are selected for each unit cycle in accordance with
the set priorities. Thus, it is possible to set an appropriate priority for each process
according to the picked-up image, and it is therefore possible to select the performed
processes for each unit cycle in accordance with the priorities to accomplish the
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scheduling. As a result, it is possible to more efficiently perform image processing
involving a plurality of processes on the data of the face image of the driver that is picked
up by the camera 10 installed in the vehicle.

| [0070]

In addition, a configuration may be adopted in which the calculation load is reduced
by setting the priority with which the result of detection is adopted based on the
difference in the reliability of blink detection between the right and left eyes, determining
the priority regarding which of the right and left eyes should be subjected to the blink
detection based on the direction of the face of a driver, and thus skipping the next
calculation for the eye for which the above reliability is low or the eye for which the
above priority is low, in the above-described second embodiment.

[0071]

When the positions of right and left eyelids are detected when the driver faces the
front, a case can occur in which the accuracy of deteétion for one of the eyelids is inferior
to the accuracy of detection for the other eyelid, depending on the light conditions. A
configuration may be adopted in which, in such a case, only the data concerning the blink
of the eyelid of the higher reliability is used, and the blink of the other eyelid is assumed
to be the same as that of the former eyelid to skip the calculation.

[0072]

A configuration may be adopted in which the calculation load is reduced by
performing detection only for the left eye when the driver faces right, performing
detection only for the right eye when the driver faces left, and skipping the line-of-sight
direction determination process when the eyes are closed and therefore no blink is
detected.

[0073]

In this way, the priorities of the processes are set with the image data of the face of a
driver also taken into account, and it is therefore possible to set an optimum priority for
each process, according to the image data of the individual face. As a result, it is made

possible to efficiently perform image processing involving a plurality of processes on the
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image data of the face of the driver.

[0074]

Althoﬁgh the embodiments of the invention have been described, the invention is not
limited to the above-described embodiments, and various modifications can be made.
In the description of the above-described embodiments, a case is described by way of
example in which the image processing apparatus is installed in a vehicle and slecpiness
of a driver is determined based on the data of the picked-up driver's face image.
However, needless to say, the scope of the application of the image processing apparatus
according to the invention is not limited to these embodiments.

[0075]

The number of the unit cycles that constitute the fundamental cycle in which the
image processing is performed is not limited to six. Further, the contents of the
processes and the division of functions of the plurality of pfocesses are not limited to
those of the above-described embodiments.

[0076]

The various sensors, which are components of the driving status detection means 20
and the driving environment sensing means 30 are not limited to those of the
above-described embodiments. In place of or in addition to the above-described sensors,
one or more different sensors may be used.

[0077]

In the above-described embodiment, in accordance with the priorities of the processes,
the higher the priority of the process is, the greater the number of times the process is
performed (processing time) in each unit cycle is. However, a configuration may be
adopted in which a process with a higher priority is performed using a highly accurate
algorithm, whereas a process with a lower priority is performed using an algorithm with
lower accuracy or is skipped.

[0078]

By preparing a plurality of algorithms with different processing accuracies

(operational densities) for each process, and assigning processing resources (processing
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power) in accordance with the priorities, it is made possible to control the processing
load in a'ccordance with the priorities. In addition, using algorithms with low accuracy
means that low-load algorithms are used.

[0079]

Some algorithms show high accuracy but take long time to complete processing;
, méanwhile, other algorithms show less accuracy but take less time to complete
processing. By setting the priorities based on the driving status of the vehicle and the
conditions of the driver and selecting algorithms in accordance with the priorities, it is

possible to efficiently perform image processing,.
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CLAIMS

1. An image processing apparatus that performs image processing every fundamental
cycle by performing a plurality of processes on data of an image picked up by camera
means, the apparatus being characterized by comprising:
process setting means for selecting, from the plurality of processes, the processes that are
performed and setting a combination of the selected processes for each of a plurality of
unit cycles constituting the fundamental cycle, in accordanée with a priority of each of
the plurality of processes; and
processing means for performing each of the processes in accordance with the

combination set by the process setting means.

2. The image processing apparatus according to claim 1, wherein the process setting
means selects, from the plurality of processes, the processes that are performed and sets
the combination of the selected processes for each of the plurality of unit cycles so that
the higher the priority of the process is, the higher an occupation rate of the process in the

fundamental cycle is.

3. The image processing apparatus according to claim 1 or 2, wherein the process
setting means sets the combination of the processes in consideration of processing time
and required accuracy of each of the processes and/or a required number of times the
processes are performed relative to a number of times the picked-up image is received

within the fundamental cycle.

4. The image processing apparatus according to any one of claims 1 to 3, wherein the
process setting means sets the combination of the processes so that the processes that are

performed every unit cycle are completed within the unit cycle.

5. The image processing apparatus according to claim 4, wherein the process setting

means sets the combination of the processes so that a sum of processing time of the
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processes that are performed every unit cycle is less than a duration of the unit cycle.

6. The image processing apparatus according to any one of claims 1 to 5, wherein the
process setting means changes the priorities of the processes, and selects, from the
plurality of processes, the processes that are performed for each of the unit cycles in

accordance with the changed priorities.

7. The image processing apparatus according to any one of claims 1 to 6, further
comprising driving status detection means for detecting driving status of a vehicle,
wherein:

the camera means is installed in the vehicle; and

the process setting means sets the priority of each of the processes based on the
driving status of the vehicle detected by the driving status detection means, and selects,
from the plurality of processes, the processes that are performed for each of the unit

cycles, in accordance with the set priorities.

8. The image processing apparatus according to any one of claims 1 to 7, further
comprising driver condition determination means for determining conditions of a driver,
wherein:

the image that is picked up by the camera means is a face image of the driver; and

the process setting means sets the priority of each of the processes based on the
conditions of the driver determined by the driver condition determination means, and
selects, from the plurality of processes, the processes that are performed for each of the

unit cycles in accordance with the set priorities.

9. The image processing apparatus according to claim 8, wherein the process setting
means also takes into account the face image of the driver picked up by the camera

means in setting the priority of each of the processes.
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10. The image processing apparatus according to any one of claims 1 to 9, wherein the
process seiting means selects an algorithm to be used to perform each of the processes so
that the higher the priority of the process is, the higher the accuracy of the algorithm to be
used to perform the process is, and the lower the priority of the process is, the lower the

accuracy of the algorithm to be used to perform the process is.

11. The image processing apparatus according to any one of claims 1 to 10, wherein
the plurality of processes include at least two of a face direction determination process, a
line-of-sight direction determination process, a blink detection process, a dozing

determination process, and a consciousness deterioration level determination process.

12. An image processing method for performing image processing every fundamental
cycle by performing a plurality of processes on data of an image picked up by camera
means, the method being characterized by comprising:
selecting, from the plurality of processes, the processes that are performed and setting a
combination of the selected processes for each of a plurality of unit cycles constituting
the fundamental cycle, in accordance with a priority of each of the plurality of processes;
and
performing each of the processes in accordance with the set combination of the

processes.

13. An image processing apparatus that performs image processing every fundamental
cycle by performing a plurality of processes on data of an image picked up by a camera
device, the apparatus comprising:

a process setting section that selects, from the plurality of processes, the processes that
are performed and sets a combination of the selected processes for each of a plurality of
unit cycles constituting the fundamental cycle, in accordance With a priority of each of
the plurality of processes; and

a processing section that performs each of the processes in accordance with the
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combination set by the process setting section.
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