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(54) IMAGE PICKUP APPARATUS, IMAGE PICKUP METHOD AND IMAGE PICKUP SYSTEM

(57) This imaging apparatus includes: an imaging el-
ement for a color; a lens that forms an image of image
light on an imaging surface of the imaging element; an
A/D converter that converts an analog signal for each
color, which is output by the imaging element, into a dig-
ital signal to generate raw data; a transmission processor

that generates an IP packet storing the raw data gener-
ated by the A/D converter; and a network interface that
transmits the generated IP packet to a server capable of
performing development processing of the raw data,
through a network.



EP 3 079 344 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present technology relates to an imaging
apparatus, an imaging method, and an imaging system
by which an object can be imaged with an imaging ele-
ment.

Background Art

[0002] In recent years, the number of pixels and frame
rate of cameras for business use have increased. There-
fore, a load on a controller of a camera tends to increase
more and more.
[0003] In order to reduce the load on the controller of
the camera and minimize the camera, the following sys-
tem is known. Specifically, in the system, processing
such as RGB conversion, color distortion correction, im-
age adjustment, and gamma correction with respect to
raw data generated by the imaging element of the camera
is performed by a development unit connected to the
camera via an optical cable (e.g., see Patent Document
1).
[0004] Patent Document 1: Japanese Patent Applica-
tion Laid-open No. 2011-216948

Summary of Invention

Problem to be solved by the Invention

[0005] It is an object of the present technology to pro-
vide an imaging apparatus, an imaging method, and an
imaging system by which a load on a controller can be
reduced and downsizing and power reduction can be
achieved. It is an object is to provide.

Means for solving the Problem

[0006] In order to solve the above problem, an imaging
apparatus according to the present technology, includes:
an imaging element for a color; an A/D converter that
converts an analog signal for each color, which is output
by the imaging element, into a digital signal to generate
raw data; a transmission processor that generates an IP
packet storing the raw data generated by the A/D con-
verter; and a network interface that transmits the gener-
ated IP packet to a server capable of performing devel-
opment processing of the raw data, through a network.
[0007] The imaging apparatus may further include a
buffer that buffers the raw data generated by the A/D
converter.
[0008] The imaging apparatus may further include: a
busy information acquisition unit that acquires busy in-
formation indicating a busy state of the server, which is
transmitted from the server; and a controller that chang-
es, on the basis of the detected busy information, an out-
put rate of the buffer.

[0009] An imaging method according to the present
technology is a method including: converting, by an A/D
converter, an analog signal for each color, which is output
by an imaging element for a color, into a digital signal to
generate raw data; generating, by a transmission proc-
essor, an IP packet storing the generated raw data; and
transmitting, by a network interface, the generated IP
packet to a server capable of performing development
processing of the raw data, through a network.
[0010] An imaging system based on another aspect
according to the present technology includes: an imaging
apparatus; and a server connectable to the imaging ap-
paratus through a network, the imaging apparatus includ-
ing an imaging element for a color, an A/D converter that
converts an analog signal for each color, which is output
by the imaging element, into a digital signal to generate
raw data, a transmission processor that generates an IP
packet storing the raw data generated by the A/D con-
verter, and a network interface that transmits the gener-
ated IP packet to the server through the network, the
server including a CPI configured to perform develop-
ment processing of the raw data.

Effects of the Invention

[0011] As described above, according to the present
technology, it is possible to further reduce the load on
the controller and to achieve the downsizing and power
reduction. Brief Description of Drawings
[0012]

[Fig. 1] Fig. 1 is a block diagram showing an overall
configuration of an imaging system 10A according
to a first embodiment of the present technology.
[Fig. 2] A block diagram showing configurations of
an imaging apparatus 100 (100A) and a network
server 200 in the imaging system 10 (10A) according
to the first embodiment.
[Fig. 3] A block diagram mainly showing a configu-
ration of an imaging apparatus 100B in an imaging
system 10B according to a second embodiment.
[Fig. 4] A block diagram mainly showing a configu-
ration of an imaging apparatus 100C in an imaging
system 10C according to a third embodiment.
[Fig. 5] A block diagram showing Modified Example
1 of the imaging apparatus 100A according to the
first embodiment.
[Fig. 6] A block diagram showing Modified Example
1 of the imaging apparatus 100B according to the
second embodiment.
[Fig. 7] A block diagram showing Modified Example
1 of the imaging apparatus 100C according to the
third embodiment.
[Fig. 8] A block diagram showing Modified Example
2 of the imaging apparatus 100A according to the
first embodiment.
[Fig. 9] A block diagram showing Modified Example
2 of the imaging apparatus 100B according to the
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second embodiment.
[Fig. 10] A block diagram showing Modified Example
2 of the imaging apparatus 100C according to the
third embodiment.
[Fig. 11] A block diagram showing Modified Example
3 of the imaging apparatus 100A according to the
first embodiment.
[Fig. 12] A block diagram showing Modified Example
3 of the imaging apparatus 100B according to the
second embodiment.
[Fig. 13] A block diagram showing Modified Example
3 of the imaging apparatus 100C according to the
third embodiment. Mode(s) for Carrying Out the In-
vention

[0013] Hereinafter, embodiments according to the
present technology will be described with reference to
the drawings.

<First Embodiment>

[Configuration of Imaging System 10]

[0014] Fig. 1 is a block diagram showing an overall
configuration of an imaging system 10A according to a
first embodiment of the present technology.
[0015] The imaging system 10 includes one or more
imaging apparatuses 100, a network server 200, and a
network 300.
[0016] In the imaging system 10, each of the imaging
apparatuses 100 images an object, generates raw data
from an imaging signal, and sends it to the network 300.
[0017] The network server 200 subjects the raw data
sent by the imaging apparatus 100 through the network
300 to development processing, storage processing, and
the like. That is, the raw data is sent from each imaging
apparatus 100 to the network server 200 through the net-
work 300.
[0018] The network 300 may be a LAN (Local Area
Network), or may be a WAN (Wide Area Network), or
may be the Internet. Note that a single imaging apparatus
100 may be provided. A plurality of network servers 200
may be provided to execute processing in a distributed
manner.

[Configuration of Imaging Apparatus]

[0019] Fig. 2 is a block diagram showing configurations
of the imaging apparatus 100 (100A) and the network
server 200 in the imaging system 10 (10A) according to
the first embodiment.
[0020] Note that, in the figure, the imaging system 10
is shown as an "imaging system 10A" and the imaging
apparatus 100 is shown as "an imaging apparatus 100A."
[0021] The imaging apparatus 100A includes a lens
101, an imaging element 102, an A/D converter 103, a
transmission processor 104, a network interface 105, and
a controller 110.

[0022] The lens 101 is a lens that forms an image from
image light on an imaging surface of the imaging element
102.
[0023] The imaging element 102 converts the light into
an electrical signal for each RGB according to its inten-
sity. The imaging element 102 is, for example, a CMOS
(Complementary MOS) image sensor or a CCD (Charge
Coupled Device) image sensor. The imaging element
102 has, for example, a Bayer array.
[0024] The A/D converter 103 performs A/D conver-
sion to generate, from an analog signal for each RGB,
which is output from the imaging element 102, raw data
having, for example, 12 bits per pixel.
[0025] The transmission processor 104 generates,
from the raw data output by the A/D converter 103, a
packet (IP packet) for TCP/IP (Transmission Control Pro-
tocol/Internet Protocol) network transmission. A header
structure including an IP address and the like of the net-
work server 200 specified in advance is added to this
packet. An FTP (File Transfer Protocol) is used as a
transfer protocol, for example.
[0026] The network interface 105 transmits the IP
packet generated by the transmission processor 104 to
the network server 200 through the network 300.
[0027] The controller 110 is constituted of, for example,
hardware such as a CPU (Central Processing Unit) and
a main memory and software such as a program. The
controller 110 may be constituted of a programmable
controller and the like. The controller 110 controls the
imaging element 102, the A/D converter 103, the trans-
mission processor 104, the network interface 105, and
the like.
[0028] In a typical imaging apparatus (not shown), the
controller also has a role of performing development
processing with respect to the raw data. Therefore, the
controller requires a high-speed CPU, a large-volume
main memory, and the like. In contrast, in the imaging
apparatus 100A according to this embodiment, the de-
velopment processing with respect to the raw data is con-
figured to be performed using a hardware resource of
the network server 200 connected to the imaging appa-
ratus 100 through the network 300. Therefore, the con-
troller 110 of the imaging apparatus 100 does not require
the high-speed CPU, the large-volume main memory,
and the like for the load of the development processing.
Thus, downsizing, power reduction, and cost reduction
of the imaging apparatus 100 can be realized.
[0029] The network server 200 is configured by includ-
ing, specifically, computer hardware such as a CPU
(Central Processing Unit) 201, a memory 202, storage
203, a network interface 204, a user interface 205, and
a system bus 206 and software such as an operating
system and an application program for image processing
including development.
[0030] The CPU 201 is capable of operating the net-
work server 200 (computer) in the following manner by
executing the application program.
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1. The CPU 201 extracts raw data from an IP packet
received at the network interface 204, expands it in
the memory 202, and performs development
processing for visualization. The term "development
processing" includes at least pixel interpolation
processing corresponding to an RGB-pixel array
(Bayer array, etc.) of the imaging element 102 of the
imaging apparatus 100. In addition to the pixel inter-
polation processing, various types of image adjust-
ment such as color distortion correction, white bal-
ance adjustment, gamma correction, contrast ad-
justment, and sharpness processing may be per-
formed, for example.
2. The CPU 201 performs processing for displaying
visualized data (hereinafter, referred to as "picture
data") on a display apparatus of the user interface
205.
3. The CPU 201 performs processing of storing the
picture data in the storage 203.
4. The CPU 201 performs processing of transmitting
the picture data generated by the development
processing or the picture data stored in the storage
203 to another apparatus through the network 300.

[0031] The memory 202 temporarily stores software
such as an operating system and an application program,
raw data, and further, data being subjected to the devel-
opment processing, for example.
[0032] The storage 203 is, for example, a large-volume
external storage apparatus such as an HDD (Hard disk
drive), an SSD (solid state drive), and a magnetic tape
recorder. The storage 203 stores raw data before devel-
opment and picture data after development, for example.
[0033] The network interface 204 is an interface that
processes connection with the network 300.
[0034] The user interface 205 includes an input appa-
ratus and a display apparatus. The input apparatus re-
ceives various types of instructions from a user, inputs
of values of various parameters for image adjustment,
and the like. The display apparatus displays a GUI
(Graphical User Interface) for the development process-
ing, and further, picture data after development, and the
like. The input apparatus is specifically a keyboard, a
mouse, and the like. The display apparatus is specifically
a crystal display, an organic EL display, or the like.
[0035] The network server 200 may be configured by
including a GPU (Graphics Processing Unit) and a GPG-
PU (General-purpose computing on graphics processing
units) 207 for performing the development processing
and the like.

[Operation of Imaging System 10A]

[0036] Next, an operation of the imaging system 10A
according to this embodiment will be described.
[0037] First, in the imaging apparatus 100A, an image
of image light is formed on the imaging surface of the
imaging element 102 through the lens 101. The imaging

element 102 outputs an analog electrical signal corre-
sponding to the intensity of light for each RGB. The an-
alog electrical signal from the imaging element 102 is
input into the A/D converter 103.
[0038] The A/D converter 103 performs A/D conver-
sion to generate raw data having 12 bits, for example,
per pixel from the analog electrical signal from the imag-
ing element 102 and supplies it to the transmission proc-
essor 104.
[0039] The transmission processor 104 generates a
plurality of IP packets from the raw data supplied from
the A/D converter 103 and sends them to the network
300. The destination of the IP packets is the network
server 200.
[0040] Note that processing such as pixel defect cor-
rection and color noise correction may be performed on
the raw data obtained at the A/D converter 103. That is,
the raw data stored in the IP packets may be one obtained
by performing certain processing on the values of indi-
vidual pixels as long as it is raw data having a structure
of the pixel array of the imaging element 102.
[0041] The CPU 201 of the network server 200 re-
ceives the IP packets through the network interface 204.
Then, the CPU 201 of the network server 200 extracts
the raw data from the received IP packets and expands
it in the memory 202.
[0042] The CPU 201 of the network server 200 per-
forms the development processing including at least the
pixel interpolation processing on the raw data expanded
in the memory 202. The picture data generated in this
development processing is temporarily stored in the stor-
age 203. The picture data may be displayed on the dis-
play apparatus of the user interface 205 in a real time
manner.
[0043] In order to satisfactorily well continuously trans-
mit the raw data from the imaging apparatus 100A to the
network server 200 in the imaging system 10A according
to this embodiment, the output rate of the A/D converter
103 and the transmission rate of the raw data have to be
constantly equal. In order to satisfy such a condition, it
is necessary to ensure a sufficient communication speed
in the connection between the imaging apparatus 100A
and the network server 200 through the network 300.
[0044] The output rate of the A/D converter 103 de-
pends on the resolution of the imaging element 102, a
frame rate, and further, the number of bits per pixel of
the raw data, for example. For example, in recent years,
for example, regarding required specifications of imaging
apparatuses for business use (for broadcasting/cinema),
the following settings have been made. Specifically, the
imaging element has a horizontal resolution of 2.5 K or
higher, a frame rate of 23 frames per second or higher,
and 12 or more bits (12 bits, 14 bits, 16 bits, etc.) as the
number of bits per pixel.
[0045] As described above, in the imaging system 10A
according to this embodiment, the imaging apparatus
100A packetizes the raw data and transmits them to the
network server 200 through the network 300. The net-
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work server 200 extracts the raw data from the received
packets and performs development processing such as
pixel interpolation. That is, the development processing
at the imaging apparatus 100 becomes unnecessary,
and hence the load on the controller 110 of the imaging
apparatus 100 can be largely reduced and the downsiz-
ing, speed increase, and cost reduction of the imaging
apparatus 100 can be achieved.

<Second Embodiment>

[0046] Fig. 3 is a block diagram mainly showing a con-
figuration of the imaging apparatus 100B in the imaging
system 10B according to the second embodiment. A con-
figuration of the network server 200 is the same as that
of the first embodiment. Further, the same parts of the
imaging apparatus 100B as those of the imaging appa-
ratus 100A according to the first embodiment are denoted
by the same reference symbols.
[0047] The imaging system 10B according to the sec-
ond embodiment is different from the imaging system
10A according to the first embodiment in that the imaging
apparatus 100B includes a buffer 106 between the A/D
converter 103 and the transmission processor 104. The
buffer 106 is a memory for absorbing a difference be-
tween the output rate of the A/D converter 103 and the
transmission rate of the raw data.
[0048] If a sufficient communication speed is not en-
sured between the imaging apparatus 100B and the net-
work server 200, such a configuration in which the buffer
106 is added enables the raw data to be satisfactorily
well continuously transmitted from the imaging apparatus
100B to the network server 200. For example, a lack of
a picture frame after development can be prevented.

<Third Embodiment>

[0049] Fig. 4 is a block diagram mainly showing a con-
figuration of an imaging apparatus 100C in the imaging
system 10C according to the third embodiment. A con-
figuration of the network server 200 is the same as that
of the first embodiment. Further, in the imaging apparatus
100, the same parts as those of the imaging apparatus
100B according to the second embodiment are denoted
by the same reference symbols.
[0050] The imaging apparatus 100C of the imaging
system 10C includes a busy information acquisition unit
107.
[0051] The busy information acquisition unit 107 de-
tects server busy information transmitted from the net-
work server 200 to the imaging apparatus 100C through
the network 300. When detecting the server busy infor-
mation, the busy information acquisition unit 107 notifies
the controller 110 of a status corresponding to the server
busy information.
[0052] When receiving the status of the server busy
information from the busy information acquisition unit
107, the controller controls the output rate of the raw data

from the buffer 106 to be lowered.
[0053] The method of lowering the output rate of the
raw data from the buffer 106 is as follows, for example.

1. A case where the server busy information takes
two values of a busy state and an unbusy state will
be assumed. The controller 110 stops the output
from the buffer 106 in response to the busy state and
performs control to restart the output in response to
the unbusy state.
2. A case where the server busy information has a
value quantitatively indicating the busy degree of the
network server 200 will be assumed. The controller
110 stops the output from the buffer 106 for a time
corresponding to the value of the busy degree. With
this, the controller 110 dynamically controls the out-
put rate from the buffer 106.

[0054] In the case where the network server 200 re-
ceives and processes packets of raw data from a plurality
of imaging apparatuses 100C (see plurality of imaging
apparatuses 100 in Fig. 1), the load on the CPU 201 of
the network server 200 fluctuates over time. The CPU
201 of the network server 200 monitors the load, for ex-
ample, the reception rate of the packets of the raw data
or the number of imaging apparatuses 100C in connec-
tion. The CPU 201 generates server busy information
corresponding to the detected load and performs control
to respond to the imaging apparatuses 100C as trans-
mission sources of the packets. Note that the responding
control of the server busy information at the network serv-
er 200 may be replaced by various other schemes.
[0055] The CPU 201 of the network server 200 trans-
mits the server busy information to the imaging apparatus
100C in the following case, for example.

1. When the development processing of the raw data
from another imaging apparatus 100C is being exe-
cuted.
2. When a free resource of the CPU 201 is equal to
or smaller than a set ratio.
3. Others.

[0056] According to this embodiment, it is possible to
control, according to the load condition of the network
server 200, the transmission rate of the raw data from
the imaging apparatus 100C to the network server 200
and temporally distribute the load of the network server
200. With this, the reliability of the imaging system 10C
can be enhanced.

<Modified Example 1>

[0057] Next, a modified example of the above embod-
iment will be described.
[0058] Figs. 5, 6, and 7 are block diagrams showing
Modified Examples 1 of the imaging apparatuses 100A,
100B, and 100C according to the first to third embodi-
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ments above.
[0059] As shown in Figs. 5, 6, and 7, in these Modified
Example 1, an encryption unit 108 that encrypts the raw
data is provided before packetization of the raw data. For
encrypting the raw data, for example, a DES (Data En-
cryption Standard: standard encryption), an AES (Ad-
vanced Encryption Standard: common-key cryptogra-
phy), or a public-key cryptography may be used.
[0060] With this, it is possible to prevent wiretapping
and the like of the raw data from the network 300 and
enhance the reliability.

<Modified Example 2>

[0061] Figs. 8, 9, and 10 are block diagrams showing
Modified Examples 2 of the imaging apparatuses 100A,
100B, and 100C of the above first to third embodiments.
[0062] As shown in Figs. 8, 9, and 10, in these Modified
Examples 2, a data compression unit 109 that compress-
es the raw data output by the A/D converter 103 is pro-
vided. For compressing the raw data, for example,
MPEG-2 (MPEG: Moving Picture Experts Group), AVC,
XAVC, or JPEG2000 (JPEG: Joint Photographic Experts
Group) can be used.
[0063] With this, it is possible to reduce the transmis-
sion amount of the raw data. Further, it is possible to
reduce the size of the buffer 106.

<Modified Example 3>

[0064] Figs. 11, 12, and 13 are block diagrams showing
Modified Examples 2 of the imaging apparatuses 100A,
100B, and 100C of the above first to third embodiments.
[0065] As shown in Figs. 11, 12, and 13, in these Mod-
ified Examples 2, the data compression unit 109 that
compresses the raw data output by the A/D converter
103 and the encryption unit 108 that encrypts the com-
pressed raw data are provided.
[0066] With this, it is possible to prevent wiretapping
and the like of the raw data from the network 300 and
enhance the reliability. Further, it is possible to reduce
the transmission amount of the raw data. In addition, it
is possible to reduce the size of the buffer 106.
[0067] Note that, in the imaging apparatuses 100B and
100C in Figs. 12 and 13, the data compression unit 109
may be disposed on the output side of the encryption unit
108.
[0068] Note that the present technology may also take
the following configurations.

(1) An imaging apparatus, including:

an imaging element for a color;
an A/D converter that converts an analog signal
for each color, which is output by the imaging
element, into a digital signal to generate raw da-
ta;
a transmission processor that generates an IP

packet storing the raw data generated by the
A/D converter; and
a network interface that transmits the generated
IP packet to a server capable of performing de-
velopment processing of the raw data, through
a network.

(2) The imaging apparatus according to (1), further
including
a buffer that buffers the raw data generated by the
A/D converter.
(3) The imaging apparatus according to (2), further
including:

a busy information acquisition unit that acquires
busy information indicating a busy state of the
server, which is transmitted from the server; and
a controller that changes, on the basis of the
detected busy information, an output rate of the
buffer.

(4) The imaging apparatus according to any one of
(1) to (3), in which
the imaging element has a horizontal resolution of
2.5 K or higher.
(5) The imaging apparatus according to any one of
(1) to (4), in which
the raw data has a frame rate of 23 frames per sec-
ond or higher.
(6) The imaging apparatus according to any one of
(1) to (5), in which
the raw data has 12 or more bits as the number of
bits per pixel.
(7) The imaging apparatus according to any one of
(1) to (6), further including
a compression unit that compresses the raw data,
in which the transmission processor generates an
IP packet storing the compressed raw data.
(8) The imaging apparatus according to any one of
(1) to (6), further including
an encryption unit that encrypts the raw data,
in which the transmission processor generates an
IP packet storing the encrypted raw data.
(9) The imaging apparatus according to any one of
(1) to (6), further including:

a compression unit that compresses the raw da-
ta; and
an encryption unit that encrypts the raw data,
in which the transmission processor generates
an IP packet storing the compressed and en-
crypted raw data. Description of Reference Nu-
merals

[0069]

10 imaging system
100 imaging apparatus
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101 lens
102 imaging element
103 A/D converter
104 transmission processor
105 network interface
106 buffer
107 busy information acquisition unit
108 encryption unit
109 data compression unit
110 controller
200 network server
201 CPU
300 network

Claims

1. An imaging apparatus, comprising:

an imaging element for a color;
an A/D converter that converts an analog signal
for each color, which is output by the imaging
element, into a digital signal to generate raw da-
ta;
a transmission processor that generates an IP
packet storing the raw data generated by the
A/D converter; and
a network interface that transmits the generated
IP packet to a server capable of performing de-
velopment processing of the raw data, through
a network.

2. The imaging apparatus according to claim 1, further
comprising
a buffer that buffers the raw data generated by the
A/D converter.

3. The imaging apparatus according to claim 2, further
comprising:

a busy information acquisition unit that acquires
busy information indicating a busy state of the
server, which is transmitted from the server; and
a controller that changes, on the basis of the
detected busy information, an output rate of the
buffer.

4. The imaging apparatus according to claim 3, wherein
the imaging element has a horizontal resolution of
2.5 K or higher.

5. The imaging apparatus according to claim 4, wherein
the raw data has a frame rate of 23 frames per sec-
ond or higher.

6. The imaging apparatus according to claim 5, wherein
the raw data has 12 or more bits as the number of
bits per pixel.

7. The imaging apparatus according to claim 1, further
comprising
a compression unit that compresses the raw data,
wherein the transmission processor generates an IP
packet storing the compressed raw data.

8. The imaging apparatus according to claim 1, further
comprising
an encryption unit that encrypts the raw data,
wherein the transmission processor generates an IP
packet storing the encrypted raw data.

9. The imaging apparatus according to claim 1, further
comprising:

a compression unit that compresses the raw da-
ta; and
an encryption unit that encrypts the raw data,

wherein the transmission processor generates an IP
packet storing the compressed and encrypted raw
data.

10. The imaging apparatus according to claim 9, wherein
the encryption unit encrypts the raw data com-
pressed by the compression unit.

11. The imaging apparatus according to claim 5, further
comprising:

a compression unit that compresses the raw da-
ta; and
an encryption unit that encrypts the raw data,

wherein the transmission processor generates an IP
packet storing the compressed and encrypted raw
data.

12. An imaging method, comprising:

converting, by an A/D converter, an analog sig-
nal for each color, which is output by an imaging
element for a color, into a digital signal to gen-
erate raw data;
generating, by a transmission processor, an IP
packet storing the generated raw data; and
transmitting, by a network interface, the gener-
ated IP packet to a server capable of performing
development processing of the raw data,
through a network.

13. An imaging system, comprising:

an imaging apparatus; and
a server connectable to the imaging apparatus
through a network, the imaging apparatus in-
cluding

11 12 
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an imaging element for a color,
an A/D converter that converts an analog
signal for each color, which is output by the
imaging element, into a digital signal to gen-
erate raw data,
a transmission processor that generates an
IP packet storing the raw data generated by
the A/D converter, and
a network interface that transmits the gen-
erated IP packet to the server through the
network, the server including
a CPI configured to perform development
processing of the raw data.
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