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(57) Abrege/Abstract:
An omnidirectional camera comprises a camera for acquiring a digital image, an image data processing device 20 for compressing
a signal 2 outputted from the camera and for converting the signal to an image signal, and an external memory 3, and In the
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(57) Abrege(suite)/Abstract(continued):

omnidirectional camera, the image data processing device has a signhal processing unit 5 for taking in the signal, a writing
changeover unit 25, two first internal memories In one set 6a and 6b, a data converting unit 10, a third internal memory 11 for
temporarily storing the data after conversion outputted from the data converting unit, and an input/output control unit 7 for
controlling input and output of the data between the third internal memory and the external memory, and the writing changeover
unit accumulates signal outputted from the signal processing unit in one of the first internal memories until the data are
accumulated to a predetermined amount, and when the data are accumulated to the predetermined amount, writing changeover
unit changes destination of accumulation and repeatedly accumulates the data in the other of the first internal memories, and the
sighal Is outputted to the data converting unit from the first internal memory where accumulation of the signal reaches the
predetermined amount, and the data conversion unit compresses and converts an Iinputted signal to an image signal, and the
Image signal Is successively inputted to the external memory by the input/output control unit.
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ABSTRACT

An omnidirectional camera comprises a camera for
acquiring a digital image, an image data processing device 20
for compressing a signal 2 outputted from the camera and for
converting the signal to an image signal, and an external
memory 3, and in the omnidirectional camera, the image data
precessing device has a signal processing unit 5 for taking
1n the signal, a writing changeover unit 25, two first
internal memories in one set 6a and 6b, a data converting
unit 10, a third internal memory 11 for temporarily storing
the data after conversion outputted from the data converting
unit, and an input/output control unit 7 for controlling
input and output of the data between the third internal
memory and the external memory, and the writing changeover
unit accumulates signal outputted from the signal processing
unit 1n one of the first internal memories until the data are
accumulated to a predetermined amount, and when the data are
accumulated to the predetermined amount, writing changeover
unit changes destination of accumulation and repeatedly
accurmulates the data i1in the other of the first internal
memories, and the signal is outputted to the data converting
unit from the first internal memory where accumulation of the
signal reaches the predetermined amount, and the data
conversion unit compresses and converts an inputted signal to
an image signal, and the image signal is successively
inputted to the external memory by the input/output control

unit.
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OMNIDIRECTIONAL CAMERA -

BACKGROUND QOF THE INVENTION

The present invention relates to an omnidirectional
camera, which is provided with a plurality of cameras and is
used to take omnidirectional images.

As map information or the like to be used for navigator,
image data along a route are acguired, and further,
measurement is performed based on the images acquired. A&n
omnidirectional camera is used for acquiring such 1mages.

The omnidirectional camera i1s installed on a ceiling of a
mobile object such as an automobile or the like, and while
the mobile obiject is moving, the omnidirectional camera takes
image of buildings, structures, and sceneries or the like
along the route.

For such purpocse, a speed to sequentially take in the
images acquired by the omnidirectional camera must correspond
to a moving speed of the mobile object, and the speed of the
mobile object 1s limited to the speed to take in the images.

A signal itself outputted from image pickup element of
the omnidirectional camera 1s not image data and the signal
has an enormous amount of data. Therefore, for the purpose
of storing the data as image data, the data must be converted
to the image data and the data must alsoc bhe compressed.

Referring to FIG.4, description will be given below on a
conventional type image data processing device which
compresses the data outputted from the camera {image pickup

element) as 1lmage data. To simplify the explanation,



10

15

20

25

CA 02775552 2012-04-25

processing of the data, which are outputted from a single
camera, 1s shown.

In FIG,4, reference numeral 1 represents an image data
processing device, numeral 2 represents a photodetection
signal outputted from a camera, numeral 3 represents an
external memory, and numeral 4 represents a CPU. Describing
more concretely, the photedetection signal 2 is a
photodetection signal outputted from pixel of image pickup
element of the camera. As the external memory 3, DRAM
{(Dynamic Random Access Memory) such as DDRZ {Double Data Rate
2y or the like 1s used, for instance.

The image data processing device 1 primarily comprises a
signal processing unit 5, a first internal memory 6, an
input/output control unit 7, a memory controller 8, a second
internal memory 9, a data conversion unit 10, a third
internal memory 11, a fourth internal memory 12, an image
data input/output unit 13, and an internal register 14.

The photodetection signal 2 1s inputted to the signal
processing unit 5, The signal processing unit 5 converts the
photodetection signal 2 thus inputted from a serial signal to
a parallel signal. After performing signal processing as
required such as conversion of number of bits or the like,
the signal are outputted to the first internal memory 6,

The first internal memory 6 temporarily stores the
signals until the inputted signals reach a predetermined
amount. In this case, the predetermined amount is “204%
pixels x 16", for instance. When the stored data amount

reaches “2048 pixels x 167, the data are written in the

external memory 3 via the input/output control unit 7 and the
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memory controller 8. In this case, the memory controller 8
controls timing of the writing of the data into the external
memory 3 and a region of the external memory 3 where the data
are written.

The external memory 3 has a photodetection signal
storage region where the photodetection signal 2 1s stored
and an image data storage region where the image data are
stored, The signals ocutputted from the first internal memory
6 are stored in the photodetection signal storage region via
the input/output control unit 7 and the memory controller 8
(arrow mark “a” in FIG.4).

The photodetection signals 2 are continuously inputted
to the first internal memory €. The signals stored in the
first internal memory & are written in the external memory 3
via the memory controller 8 each time the data reaches the
predetermined amount, and the data are stored in the external
memory 3. When the amount ©f the stored data reaches an
amount corresponding to one image frame, the input/output
control unit 7 cuts ocut the data of a predetermined amount
out ¢f amcunt for one frame {(e.g. “2048 pixels x 1l6”) (arrow
mark “b” in FIG.4) via the memory controller 8, and the data
are outputted to the second internal memory 9.

A JPEG encoder 1s used as the data conversion unit 10,
for instance, and the JPEG encodey compresses and converts
the signhals accumulated in the second internal memory 9 to
image data ©of JPEG. The image data thus converted are
temporarily stored in the third internal memory 11, and the
data are written from the input/output contrel unit 7 into

the external memory 3 at reguired timing which 1s controlled
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by the memory controller 8.

The data, each in the predetermined amount, are
compressed and converted to image data at the data conversion
unit 10, and the data are sequentially written in the
external memory 3. When the image data thus converted reach
the amount for one frame, the data are stored in the image
data storage region as the image data for one frame (arrow
mark “c¢” 1in FIG.4)}.

Next, 1n a case where the CPU 4 carries out the
measurement or the like according to the image data, a
reading command 1is issued to the input/output control unit 7
via the 1mage data input/output unit 13, and the image data
are read via the memory controller 8 f{arrow mark “d” in
FIG.4). Then, the 1mage data are outputted to the CPU 4 via
the fourth internal memory 12 and the image data input/output
unit 13.

In the image data processing device 1, it is s0 arranged
that data of large capacity for one frame are inputted and
outputted by as many as four times between the image data
processing device 1 and the external memory 3. Also,
conversion and compression of the image data are carried out
for each frame. As a result, an image processing is
naturally performed with a delay of one frame.

Yor this reason, 1n the lmage data processing as
performed in the past, giving and taking of the data to and
from the external memory 3 used to be a bottleneck in the
processing. Further, because there has been time lag of one
frame in the conversion or the compression of the image data

or the like, the speed to take in the images acquired by the



10

15

20

25

CA 02775552 2012-04-25

camera has been limited. Also, in a case where there are two
Oor mQre cameras as in the case of the omnidirectional camera
and the two or more cameras acquire the 1lmages at the same
time, the limitation on the speed to take 1n the image has

been an important problem.

SUMMARY OF THE INVENTION

It is an object of the present invention to speed up the
image conversion of the data acquired by the cameras.

To attain the above object, an omnidirectional camera
according to the present invention comprises a camera for
acquiring a digital image, an image data processing device
for compressing a signal outputted from the camera and for
converting the signal t¢ an image signal, and an external
memory, and 1n the omnidirectional camera, the image data
processing device has a signal processing unit for taking in
the signal, a writing changeover unit, two first internal
memorlies in one set, & data c¢onverting unit, a third internal
memory for temporarily storing the data after conversion
outputted from the data converting unit, and an input/output
control unit for coentrolling input and output of the data
between the third internal memory and the external memory,
and the writing changeover unit accumulates signal outputted
from the signal processing unit in one of the first internal
memorles untilil the data are accumulated to a predetermined
amount, and when the data are accumulated to the
predetermined amount, writing changeover unit changes

destination @f accumulation and repeatedly accumulates the
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data in the other ¢of the first internal memories, and the
signal is outputted to the data converting unit from the
first internal memory where accumulation ¢f the signal
reaches the predetermined amount, and the data conversion
unit compresses and converts an inputted signal to an image
signal, and the image signal is successively inputted to the
external memory by the input/output control unit.

Further, the omnidirectional camera according to the
present 1nvention comprises two or more the cameras, and in
the omnidirectional camera, the signal processing unit, the
writing changeover unit, the two first internal memories in
one set, the data conversion unit, and the third internal
memory are provided as many as the number of the cameras
correspondingly to each of the cameras respectively.

Further, in the cmnidirectional camera according to the
present invention, the input/output contreol unit comprises a
request mediating unit for giving priority ranking to each of
two or more writing requests inputted from the third internal
memory, and & data stocking unit for temporarily storing the
data after conversion, which i1s outputted from the data
conversion unit and corresponds to the writing request, and
the data after conversion are written in the external memory
according to the priority ranking as given.

Further, in the omnidirectional camera according to the
present invention, the predetermined amount of the
accumulated signal 1s an amount of minimal unit, to which the
data conversion unit can compress and convert the data.

According to the present invention, the omnidirectional

camera comprises a camera for acquiring a digital image, an
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image data processing device for compressing a signal
outputted from the camera and for converting the signal to an
image signal, and an external memory, and in the
omnidirectional camera, the image data processing device has
a signal processing unit for taking in the signal, a writing
changeover unit, two first internal memories in one set, a
data converting unit, a third internal memory for temporarily
storing the data after conversion outputted from the data
converting unit, and an input/output control unit for
controlling input and ocutput of the data between the third
internal memory and the external memory, and the writing
changeover unit accumulates signal outputted from the signal
processing unit in one of the first internal memories until
the data are accumulated to a predetermined amount, &and when
the data are accumulated to the predetermined amount, writing
changeover unit changes destination of accumulation and
repeatedly accumulates the data in the other of the first
internal memories, and the signal 1s outputted to the data
converting unit from the first internal memory where
accumuiation of the signal reaches the predetermined amount,
and the data conversion unit compresses and converts an
lnputted signal to an image signal, and the image signal 1s
successively inputted to the external memory by the
input/output control unit., As a result, the taking-1in of the
data from the camera and compression and conversion ¢f the
data are carried out at the same time. The number of the
processes of giving and taking of the data to and from the

external memory is reduced and it is possible to extensively

reduce the time required for compression and conversion of
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the data.

Further, according to the present invention, the
omnidirectional camera comprises two or more the cameras, and
in the omnidirectional camera, the signal processing unit,
the writing changeover unit, the two first internal memories
in one set, the data conversion unit, and the third internal
memory are provided as many as the number of the cameras
correspondingly to each of the cameras respectively. As a
result, compression and conversion of the signals from each
of the cameras can be separately conducted and the time
required for conversion 18 shortened. Therefore, 1t 13
possible to 1ncrease the speed of image pickup by the
omnidirectional camera.

Further, according to the present invention, 1in the
omnidirectional camera, the input/output control unit
comprises a request mediating unit for giving priority
ranking to each of two or more writing requests inputted from
the third internal memory, and a data stocking unit for
temporarily storing the data after conversion, which is
outputted from the data conversion unit and corresponds to
the writing request, and the data after conversion are
written in the external memory according to the priority
ranking as given. As a result, a data amount to be further
written 1s reduced, and the writing ¢f the data to the
external memory 1s not delayed, and is performed smoothly.

Furthermore, according to the present invention, in the
omnidirectional camera, the predetermined amount of the

accumulated signal is an amount of minimal unit, to which the

data conversion unit can compress and convert the data, As a
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result, capacity of the internal memory may be small.
Further, because of compression and conversion of the data in
the amount of minimal unit compression and conversion of the
data can be completed within short time, and taking-in of the
data and compression and conversion of the data can be

simultaneously carried out at real time,

BRIEEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a schematical drawing of an omnidirectional
camera according to an embodiment of the present invention;

FIG.2 1is a schematical block diagram of an image data
processing device to be used in the omnidirectional camera;

FIG.3 is a block diagram of an input/output control unit
of the image data processing device; and

FIG.4 is a schematical block diagram of a conventional

image data processing device,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Description will be given below on an embodiment of the
present invention by referring to the attached drawings.

First, referring to FIG.l, description will be given on
an example of an omnidirecticnal camera <21, 1in which the
present invention is applied.

On four side surfaces vertically crossing each other of
a camera housing 22, cameras 23a, 23b, 23c and 23d (cameras
23c and 23d are not shown in the figure) each for taking a

digltal image are disposed, and a camera Z3e for taking a
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digital image is disposed on a ceiling surface. An image
over total circumference can be acquired by each of the
cameras 23a, 23b, 23c and 23d. An 1mage in upward direction
can be acquired by the camera 23e. Images in all directions
except downward direction ¢an be acquired by the cameras 23a,
23b, 23c¢ and 23d, and by the camera 23e. Further, by
synthesizing images taken by the cameras 23a, 23b, 23c and
23d respectively, a pancramic¢ image over total circumference
can be prepared.

Inside the camera housing 22, an image data processing
device 20 (see FIG.2) is accommodated. Signals acquired by
the cameras 23a, 23b, 23c and 23d and by the camera 23e are
sent to the image data processing device 20 respectively. At
the image data processing device 20, the data are compressed
and are converted to images. The camera housing 22 1is
designed in watertight structure, designed in such manner
that and the camera housing 22 can be installed on a ceiling
of an automobile, for instance.

Next, by referring to FIG.2, description will be given
on the image data processing device 20 of the present

embodiment. In FIG.2, the same component as shown in FIG.4
is referred by the same symbol, and detailed description will
not be given here.

The image data processing device 20 primarily comprises
a signal preocessing unit 5, a writing changeover unit 235, two
first internal memories 6a and 6b installed on each of the
cameras respectively, an input/output control unit 7, a
memory controller 8, a third internal memory 11, a fourth

internal memory 12, an image data input/output unit 13, and

10
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an internal register 114.

Because each processing of each individual signal as
ocutputted from the cameras 23a, 23b, 23c and 23d and from the
camera Z3e 1is the same, description will be given on
processing regarding a photodetection signal 2 inputted from
the single camera 23a. The signals outputted from the
cameras 23a, 23b, 23c and 23d and from the camera 23e are
signals of image pickup elements.

The photodetection signal 2 from the camera 23a 1is
inputted to the signal processing unit 5. The signal
processing unit 5 takes in the photodetection signal 2 and
converts the photodetection signal 2 thus taken in from a
serial signal to a parallel signal, and converts the
photodetection signal 2 to an 8-bit signal,

Signals from the signal processing unit 5 are by turns
and alternatively inputted to either one of the first
internal memories 6a or 6b via the writing changeover unit 25
1n a predetermined amount and are accumulated in the first
internal memories 6a and ©b. In this case, the predetermined
amount of the data to be accumulated in each ¢f the first
internal memories €a and €b is extremely lower than
capacities of the data for one f{rame of image or extremely
lower than the capacities of the first internal memories 6a
and 6b, The predetermined amount 1s preferably a data amount
of minimal unit which the data conversion unit 10 can
compress and convert to image data, e.g. 1t is a data amount
of "8 pixels x 8”.

Each time a data amount as accumulated in the first

internal memories ©a and ok reaches a data amount "8 pixels X

11
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87, the data 1s outputted to the data conversion unit 10.
Therefore, data of “8 pixels x 8” are alternately inputted
from the first internal memories ©a and 6b to the data
conversion unit 10.

The writing changeowver unit 25 controls accumulation and
release of the data of the first internal memories 6a and 6b.
For instance, in a case where the data are written in the
first internal memory 6a, the data are coutputted from the
first internal memcry éb to the data conversion unit 10.

When the data to be sent to the first internal memory 6a
reaches the predetermined amount (8 pixels x 8), the data are
Wwritterr in the first internal memory €b, and the data
accumulated 1n the first internal memory ba are outputted to
the data conversion unit 10.

The data conversion unit 10 converts and compresses the
signals of “8 pixels x 8" as inputted frcm one of the first
interncel memories 6. For instance, the data conversion unit
10 converts the data to image data of JPEG and outputs the
data to the third internal memory 11. The third internal
memory 11 temporarily stores the image data until an
instruction to output the data is recelived from the
input/output control unit 7.

In this case, data conversion by the data conversion
unit 10 is in the minimal unit of image data conversion, and
the data can be converted at high speed. Further, 1f it 1is
so arranged that conversion speed (i.e. time period required
for conversion) 1is set to a time period shorter than the time

period, during which the data of the photodetection signal 2

is accumulated in one of the first internal memories 6a and

12
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6b, there is no waiting time period for the output of the
data from the first internal memories 6éa and ©b to the data
conversion unit 10, and taking-in of the data from the signal
processing unit 5, conversion of the data to the image data
and compression of the data are carried out at the same time
in real time,

The input/output contrel unit 7 successively writes
image data of the minimal unit, which are successively
converted by the data conversion unit 10, to a predetermined
region of the external memory 3 and at a predetermined
address at a predetermined timing via the memory controller 8
{arrow mark “a” in FIG.2). When the data to be written are
accumulated to an amount for one frame, the memory controller
8 changes the region and the address where the data are to be
written and controls so that the image data can be completed
for each frame within the external memory 3.

In a case where measurement or other operations are to
be carried out based on the image data, a data reading
request 1s 1ssued from the CPU 4. 1In response to the data
reading request, each of the input/output control unit 7 and
the memory controller 8 outputs the image data stored in the
external memory 3 in a predetermined unit (arrow mark “d” in
FIG.2). The data amount in this case 1s 1n such an amount
that the data can be stored in the fourth internal memory 12,
e.g. “2048 pixels x 16”, etc. The image data thus read are
outputted at a predetermined timing te the ilmage data
input/output unit 13.

As described above, according to the present embodiment,

the data are alternately accumulated by setting two of the

13
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first internal memories 6a and 6b as one set, and data
accumulated 1in one ©of the memories 1s converted while the
other of the memories is accumulating the data. As a result,
there i1is no need to accumulate the data for one frame in the
external memory 3, and it 1$ not necessary to perform the
giving and the taking of the data between the external memory
3 and the image data processing device 20, which has been a
bottleneck. Further, there 1s no need to have waiting time
for data accumulation for one frame of data in the
compression of the data and in the conversion processing to
image data. As a result, the compression of the data and
conversion of the image data can be carried out at extremely
high speed.

In the above, descripticn has been given on a case where
one camera is used. In a case where there are two or more
cameras, the signal processing unit 5, the first internal
memories 6a and 6b, the data conversion unit 10, and the
third internal memory 11 can be provided as many as the
number of the cameras correspondingly to each camera,
Taking-1in of the data and compression and conversian of the
data can be carried out that way.

FIG.3 shows a configuration of the input/output control
unit 7 in a case where there are two or more cameras 23. In
particular, a configuration of writing-in portion of the
input/output control unit 7 1s shown.

The input/output control unit controls the writiag-in of
the image data outputted from two or more third internal
memories 11 to the external memory 3. The input/ocutput

control unit 7 comprises a regquest mediating unit 26, a

14



10

15

20

25

CA 02775552 2012-04-25

request stocking unit 27, a data stocking unit 28, a request
generating unit 29, and an address generating unit 30,

When the image data after compression and conversion are
accumulated in the third memories 11, writing requests 1 to 5
are 1ssued from each cof the third internal memories 11
respectively, and the writing requests 1 to 5 are inputted to
the request mediating unit 26. The request medliating unit 26
adds priority ranking to the writing requests 1 to 5 and
stores the writing requests 1 to 5 in the request stocking
unit 27. The priority ranking is sequentially determined
from the one inputted earlier in terms of time so that there
will be no waiting time or that the waiting time will be
shortened.

From the third internal memory 11, the data
corresponding to the writing requests 1 to 5 are outputted to
the data stocking unit 28 and are temporarily stored in the
data stocking unit 28,

The request generating unit 29 produces the writing
request according to the priority ranking, for instance, the
writing request 2 and the address generating unit 30
determines an address ¢f the writing data 2 corresponding to
the writing request 2 and inputs the address to the memory
controller 8 together with the writing request 2. The memory
controller 8 reads the writing data 2 (image data)
corresponding to the writing request 2 based on the writing
request 2 from the data stocking unit 28 and writes the
writing data 2 on the address of the external memory 3.

Image data ocutputted from two or more third internal

memories 11 are prepared as image data for each camera and

15
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for each frame within the external memories 3.

Even in a case where 1lmages are acquired by two or more
cameras, compression and conversion of the data are carried
out at the same time as the taking=-in of the data, and only
data converted to image data are sent to the external
memorlies 3. Nelther giving nor taking of the data before the
conversion is performed between the image data processing
device 20 and the external memory 3, and this makes it
possible to speed up the conversion and the compression of
the data.

In the above embodiment, an omnidirectional camera
having 5 cameras 1is described, while the number of the
cameras may be determined according to a field angle of the
camera, and the number of the cameras 1s not limited to 5
cameras.

Also, the camera may not necessarily be a completed
single unit, and may be image pickup element and optical
system incorporated in a caméera housing.

Further, the input/ocutput control unit 7 may be
integrated with the memory controller 8 as an input/output
control unit, and the input/output c¢ontrol unit may control
giving and taking ¢f signals between the image data
processing device 20 and the external memory 3, writing to
the external memory 3 and data reading. Also, the third

internal memory 1l may be used commonly as the data stocking

unit 28.

lo
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CLAIMS

1. An omnidirectional camera, comprising a camera for

acquiring a digital i1mage, an image data processing device

for compressing a signal outputted from said camera and for
converting sald signal to an image signal, and an external
memory, whereilin said 1mage data processing device has a
signal processing unit for taking in said signal, a writing
changeover unit, two first internal memories in one set, a
data converting unit, a third internal memory for temporarily
storing the data after conversion outputted from said data

converting unit, and an input/output control unit for

controlling input and output of the data between said third

internal memory and said external memory, and wherein said

wriltilng changeover unit accumulates signal outputted from

sald signal processing unit in one of said first internal

memorles until the data are accumulated to a predetermined
amount, and when the data are accumulated to the

predetermined amount, writing changeover unit changes

destination of accumulation and repeatedly accumulates the

data 1n the other of said first internal memories, and said

signal 1s outputted to the data converting unit from said

first i1nternal memory where accumulation of said signal
reaches the predetermined amount, and said data conversion
unit compresses and converts an inputted signal to an image
signal, and sald image signal is successively inputted to

sald external memory by said input/output control unit,

L7
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pr—

wherein a predetermined amount of signals to be accumulated

in each of said first internal memory 1s set lower than
capacities of a data for one frame of i1mage and the
conversion time required for said data conversion unit to

convert said accumulated predetermined data amount data 1s

set to be shorter than the time that the data 1s accumulated

in the other of said first internal memoriles,
wherein saild image data processing device 1s adapted to
eliminate a waiting time of data accumulation time 1n the

converslion processing of the data.

2. An omnidirectional camera according to claim 1,
comprising two or more saild cameras, whereln said signal
processing unit, said writing changeover unit, said two first
internal memories in one set, sald data conversion unit, and
sald third i1nternal memory are provided as many as the number

of sailid cameras correspondingly to each of said cameras

respectively.

3. An omnidilrectional camera according to claim 2, wherein

sald input/output control unit comprises a reguest mediating

—

unit for giving priority ranking to each of two or more

wrlting requests inputted from said third internal memory,

and a data stocking unit for temporarilily storing the data

after conversion, which 1s outputted from the data conversion
unlit and corresponds to the writing request, and the data
after conversion are written 1n said external memory

according to said priority ranking as given.

18
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4, An omnidirectional camera according to claim 1, wherein

gr—

the predetermined amount of said accumulated signal 1s an

amount of minimal unit, to which said data conversion unit

can compress and convert the data.
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