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(57) Abrege/Abstract:

The adder (121) provided In a trigger delay control circuit (12) adds a fixed delay value (203), which is transmitted from a CPU (16)
and which Is In clock units, to time stamp information (202), which is obtained by a software trigger detection circuit (114) and
which Is In clock units, and outputs a time stamp (204) including a trigger delay of a given time length. The comparator (122)
compares a cycle timer value (201) that has been output from a cycle timer operation circuit (113) with the time stamp (204) that
has been output from the adder (121) and that includes the trigger delay of the given time length, and when the cycle timer value
(201) exceeds the time stamp (204) including the trigger delay of the given time length, the comparator sends a trigger signal (205),
which commands that exposure be started, to a sync-signal generator circuit (13).
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(57) Abstract: The adder (121) provided in a trigger
delay control circuit (12) adds a fixed delay value
(203), which 1s transmitted from a CPU (16) and which
1s 1 clock units, to time stamp mformation (202),
which 1s obtained by a software trigger detection circuit
(114) and which 1s 1n clock units, and outputs a time
stamp (204) including a trigger delay of a given time
length. The comparator (122) compares a cycle timer
value (201) that has been output from a cycle timer op-
eration circuit (113) with the time stamp (204) that has
been output from the adder (121) and that includes the
trigger delay of the given time length, and when the cy-
cle timer value (201) exceeds the time stamp (204) m-
cluding the trigger delay of the given time length, the
comparator sends a trigger signal (205), which com-
mands that exposure be started, to a sync-signal genera-
tor circuit (13).
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D ESCRIPTTION

Title of Invention: CAMERA APPARATUS

Technical Field

The present 1nvention relates to a camera

apparatus which has a random trigger function, which 1is

connected to a host device through an IEEE 1394 bus.
Background Art
There are camera apparatuses which have a random

trigger function of starting exposure by a trigger
signal that 1s supplied from outside at desired timing,

as FA (Factory Automation) camera apparatuses which are

connected to a host device through an IEEE 1394 bus.

As a technique of maintaining the accuracy of
exposure start timing, a camera apparatus having the
random trigger function uses a camera control means
adopting a hardware trigger method, 1in which a
transmission path for external trigger signals 1is
provided between the host device and the camera

apparatus, exposure of which 1s controlled by the host

L*]

E 1394 bus, and the

device, separately from the IE]
camera apparatus receives an external trigger signal on
the transmission path and starts exposure (see Patent
Literature 1).

However, the camera control means of the hardware

trigger method requires a connection interface for the
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external trigger signal transmission path between the

]
[1]

host device and the camera apparatus besildes an IE

F

1394 interface, and thus has a problem of complicating

a connection interface between the host device and the

camera apparatus.
As a camera control means which solves the above

problem, there are cameras which have a so-called

software trigger function (camera of a software trigger

method) which notification of exposure start timing 1s

performed by an IEEE 1394 packet (see Non patent

Literature 1).
The camera control means of the software trigger

method is realized by providing the host device with a

software trigger generation and transmission means, and

providing the camera apparatus, which 1s connected to

L
R

[

the host device through an EE 1394 bus, with an IE
1394 packet reception circuit, a software trigger
detection circuit, a synchronization signal generation

circuit, an image sensor, an lmage sensor control

circuit, and an IEEE 1394 packet transmission cilrcult.

In the camera apparatus including the above constituent

elements, the software trigger detection circuit

]

R
(7]

analyzes an E 1394 packet received by the IEEE 1394
packet reception circuilt, and 1nstructs the

synchronization signal generation cilrcult to start

exposure when the circuit detects a software trigger

packet. The synchronization signal generation circuilt
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notifies the image sensor control circuit of exposure
timing in accordance with the instruction. The image

sensor control circult performs exposure control based

on the exposure timing for the image sensor. After

exposure 1s finished, the image sensor transmits an

obtained image to the image sensor control circuit.
The 1mage sensor control circuit converts the obtained

1mage (1lmage data) into an IEEE 1394 packet and

(%]

transmits the packet to the EE 1394 bus through the
IEEE 1394 packet transmission circuit.

However, 1n the camera control means of the

software trigger method, the time at which the software

trigger packet arrives at the camera apparatus varies

(fluctuates) according to the condition of use of the

IEEE 1394 bus (traffic condition of the bus band), as

l1llustrated in FIG. 4. This time fluctuation varies

the accuracy of the exposure start timing, and thus the

software trigger method has a problem of being inferior

to the hardware trigger method in imaging performance.

Therefore, 1n prior art, a camera control means of

the hardware trigger method is used only in an IEEE

1394 camera system which requires exposure start timing

~— -y

of high accuracy, and a camera control means of the

software trigger method, hardware connection of which

=

1s relatively easy, 1s used in an IEEE 1394 camera

1

system which does not require exposure start timing of

high accuracy.
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Citation List
Patent Literature

PTL 1: Jpn. Pat. No. 3704712

Non—-Patent Literature

NPL 1: TIIDC 1394-based Digital Camera Specification

Ver. 1.32

Ssummary of Invention

Technical Problem

As described above, 1in a camera apparatus having
the random trigger function, a camera control means of

the hardware trigger method requires a connection

interface for the external trigger signal transmission

path between the host device and the camera apparatus

1n addition to the IEEE 1394 interface, and has the

F

problem of complicating the connection interface

petween the host device and the camera apparatus. In a

camera control means of the software trigger method,

the time at which a software trigger packet arrives at

the camera apparatus varies (fluctuates) according to

the bus use condition (traffic condition of the bus

pand), and thus the software trigger method has the

problem that the accuracy of the exposure start timing
varlies, and the 1imaging performance 1is inferior to the
hardware trigger method.

The present 1nvention has been made in
consideration of the above circumstances. The object

of the present invention 1s to provide a camera
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apparatus which has & random trigger functicn of a

software trigger method, which can realize a trigger

According to an aspect, there is provided a camera apparatus which includes
a random trigger function of controlling exposure timing of an image sensor, based
on timestamp information that is included in a software trigger packet received
through an |EEE 1394 bus, comprising:

a cycle timer operation circuit which outputs a cycle timer value that Is

synchronized with operation of the IEEE 1394 bus;

an |IEEE 1394 packet reception circuit which receives a packet on the
IEEE 1394 bus;

a software trigger detection circuit which detects the software trigger
packet from a code in an originally provided area of the packet received by the
IEEE 1394 packet reception circuit;

a fixed delay value setting circuit which outputs a fixed delay value to
perform a fixed trigger delay for the timestamp information included in the originally
provided area of the software trigger packet that is detected by the software trigger

detection circuit; and

an exposure control circuit which starts exposure to the image sensor
when the cycle timer value, the timestamp information and the fixed delay value

are received and the cycle timer value exceeds a value which is an addition to the

fixed delay value and the timestamp information.
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According to a particular embodiment, there is provided a camera apparatus which
includes a random trigger function of controiling
exposure timing of an image sensor, based on timestamp

information that is included in a software trigger

cycle timer operation circuit which outputs a cycle
timer value that 1s synchronized with operation of the
IEEE 1394 bus; an IEEE 1394 packet reception circuit
which recelves a packet on the IEEE 1394 bus; a
software trigger detection circuit which detects the
software trigger packet from the packet received by the
[EEE 1394 packet reception circuit; a fixed delay value
setting means which outputs a fixed delay value to
oerform a fixed trigger delay for the timestamp

information ircluded in the softwar

e Lrigger pacKet

that 1s detected by the software trigger detection

the cycle timer value, the timestamp informaticn, and
the fixed delay wvalue, and instructs the image sensor

v
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In addition, the present invention is an IEEE 1394

camera system which connects a host device to a camera

(*]

apparatus 1including an imaging element through an IEE:
1394 bus, wherein the host device includes a software

trigger packet generation means which transmits a

software trigger packet, when a phenomenon for which

exposure 1s to be performed occurs, to the IEEE 1394

bus, the software packet includes a cycle timer value

at the time the phenomenon occurs as a timestamp, the

camera apparatus comprises: an IEEE 1394 interface

which 1ncludes a cycle timer operation circuit that

outputs a cycle timer value synchronized with the IEEE
1394 bus, and a software trigger packet detection means

that detects the software trigger packet, a fixed delay

setting means which outputs a fixed delay value

L]

determined with the unit of IEEE 1394 clock to perform

a fixed trigger delay for the timestamp included in the

software trigger packet detected by the software

trigger packet detection means; and a trigger delay

control means which receives the clock cycle timer

value output from the cycle timer operation circuit,

the timestamp output from the software trigger packet

detection means, and the clock fixed delayv value output
from the fixed delay setting means, compares the cycle

timer value with the timestamp information, and

lnstructs the 1maging element to start exposure after a

fixed trigger delay time according to the fixed delay
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value has passed when the cycle timer value exceeds the

timestamp.

Advantageous Effects of Invention

According to the present invention, 1in a camera
apparatus which includes a random trigger function
achieved by a software trigger method, it is possible
Lo perform exposure control at constantly fixed timing

for occurrence of a cause for performing exposure

’ amal

(lnstruction of performing exposure at desired exposure

timing), regardless of the state of use of the IEEE

1394 bus. Thereby, it is possible to provide a camera

EE 1394 camera System which realize

(%]

apparatus and an

a trigger function with high time accuracy while easy

#

connection of the software trigger method is

malntalned.

F

Brief Description of Drawings

FIG. 1 1s a block diagram of a structure of a

—

camera apparatus according to an embodiment of the

present 1nvention.

FIG. 2 1s a block diagram of a structure of a main

pr——

part of the camera apparatus according to the

embodiment.

FIG. 3 1s a timing chart for explaining operation

F

of the camera apparatus according to the embodiment.

FIG. 4 1s a timing chart for explaining a

conventional software trigger operation, which

corresponds to FIG. 3.
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FIG. 5 1s a block diagram of a structure of an

IEEE 1394 camera system, to which the camera apparatus
according to the embodiment is connected.

FIG. 6 1s a diagram 1llustrating a structure of a
software trigger packet which 1s used for the camera
apparatus of the embodiment.

Description of Embodiments

An embodiment of the present invention will be
explained hereinafter with reference to drawings. A
camera apparatus according to an embodiment of the

present 1nvention 1s used as a factory automation (FA)

camera Or a machiline vision camera. The camera

apparatus 1s connected to an IEEE 1394 bus, and

exposure of the camera apparatus 1s controlled by a

host device (hereinafter referred to as a “host PC”)

through the IEEE 1394 bus.

P

For explaining the embodiment of the camera

apparatus according to the present 1nvention, explained

T

is an outline of an IEEE 1394 camera system, to which

the camera apparatus according to the embodiment of the

present invention 1is connected, with reference to

FIG. 5, FIG. 6 and FIG. 3.

As 1llustrated i1n FIG. 5, the IEEE 1394 camera

system, to which the camera apparatus according to the

embodiment of the present invention 1s connected,

comprises a host PC 1, an IEEE 1394 bus 3, and a camera

apparatus 10. Although FIG. 5 illustrates only one
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1394

5
L1}
L*]

camera apparatus 10 which 1s connected to the
pus 3 and to be controlled by the host PC 1, a
plurality of camera apparatuses can be connected to the
system.

The host PC 1 includes a software trigger packet

generation means 2. When a phenomenon for which

exposure 1s to be performed occurs, the host PC 1

N

enerates a software trigger packet (STP) by the

g

software trigger packet generation means 2 each time

when the phenomenon occurs, and transmits the packet to

the IEEE 1394 bus 3. FIG. 6 illustrates a structure of

the software trigger packet (STP).

The software trigger packet (STP) which is
generated and 1ssued by the software trigger packet
generation means 2 each time a phenomenon for which

posure 1s to be performed occurs conforms to the

]

e X

Global Asynchronous Stream Packet defined by IEEE std

1394a-2000, as illustrated in FIG. 6. In a packet

structure 1llustrated in FIG. 6, the item “data length”
indicates a data length between “header CRC” and
“data CRC”, which is 6x4 bytes = 24 bytes (0x0018).

The 1tem “tag” is fixed to 0x3 by the standard. The

1tem “channel” designates a channel which is used for
data communication. The item “tcode”, in which
generally 31 (0x1F) is described, is fixed to 0xA by

the standard. The item “sy” is fixed to 0x0 by the

standard. The 1tem “header“CRC” describes CRC-32 of
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10

the header part. The item “source ID” describes an ID

0f a node which 1ssues a software trigger, such as the

host PC. The item “specifier ID hi/lo” describes an

F

organizationally unique identifier (OUI) of 24 bits.

—

The 1tem “version” indicates a version of the packet

structure. A part following the above data defining

part 1s a data defining part which defines a software
trigger packet (STP) applied to the embodiment of the
present 1nvention. The item “reserved” indicates a
reserved field. The item “destination ID” indicates a
node ID of the camera apparatus 10 according to the
embodiment. The item “timestamp” describes a cycle

Cimer value at the time when a cause for exposure

occurs. The i1tem “command_soft;trig” describes a
unique code which indicates that the packet is a

software trigger packet. The item “data CRC” describes

CRC-32 of a data part including the header CRC and

subsequent items. The cycle timer value of a clock

defined by IEEE 1394 and described in the above item

“"timestamp” 1s recognized as timestamp information in

the camera apparatus 10. By virtue of the above
structure, the camera apparatus 10 can obtain a cycle
timer value of a clock at the time when a cause for

exposure occurs, simultaneously with reception of a

software trigger packet.

Tne camera apparatus 10 which receives the

software trigger packet (STP) includes an IEEE 1394
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11

interface, and includes a cycle timer operation circuit

(not shown: see FIG. 1) and a software trigger packet

detection means 4 in the interface. The camera

apparatus 10 also includes a fixed delay setting means
5, a trigger delay control means 6, and an lmaging
clrcuit 7 which includes an 1mage sensor.

The software trigger packet detection means 4

analyzes a packet on the IEEE 1394 bus 3, detects a

software trigger packet (STP) from a code described 1in
the i1tem “command soft trig” of the packet. Then, the

software trigger packet detection means 4 recognizes a

cycle timer value of a clock described 1in the 1tem

“timestamp” of the packet as timestamp information, and

transmits the timestamp i1nformation to the trigger
delay control means 6.

The fixed delay setting means 5 outputs a fixed

delay value of the clock to perform fixed trigger delay

for the timestamp information (cycle timer value

described 1n the 1tem “timestamp”) which i1s included in
the software trigger packet (STP) detected by the

software trigger packet detection means 4. As the

fixed delay value, the fixed delay setting means 5

stores 1n advance a value of a clock timing according

lﬂ

to a clock frequency provided in IEEE 1394, which

1ndicates a desired delay time which i1s larger than the

maximum value of a time width ({(time fluctuation range)

that 1s caused by shift of reception timing of the
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12

-~ ¢
p—

software trigger packet (STP) due to traffic

fluctuations (bus band traffic degree) of the IEEE 1394

| -

pus 3.
The trigger delay control means 6 receives the

cycle timer value of a clock which is output from the

cycle timer operation circuit in the IEEE 1394
interface, the timestamp information (cycle timer value

OL a clock at the time when a cause for exposure

occurs) output from the software trigger packet
detection means 4, and the clock fixed delay value
output from the fixed delay setting means, and compares

the cycle timer value with the timestamp information

for each clock. When the cycle timer value exceeds the

timestamp information, the trigger delay control means

6 1lnstructs the image sensor of the imaging circuit 7

CO start exposure, after the fixed trigger delay time

according to the fixed delay value has passed.
The 1maging circuit 7 obtains image data by

controlling the image sensor in accordance with the

instruction to start exposure. After exposure is

finished, the imaging circuit 7 converts the image data

[ —

obtained from the image sensor into an IEEE 1394

packet, and transmits the packet to the IEEE 1394 bus

3.

FIG. 3 (a) and FIG. 3 (b) 1llustrate an exposure

e

control timing of the camera apparatus 10 in the above

empbodiment. FIG. 4 (a) and FIG. 4 (b) illustrate an
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13

exposure control timing of a camera apparatus according

F
—

to a conventilonal software trigger method. Each of

FIG. 3 (a) and FIG. 4 (a) 1llustrates exposure control

timing in the case where the bus band of the IEEE 1394
bus 3 has spare capacity (traffic is light), and each
of FIG. 3 (b) and FIG. 4 (b) 1llustrates exposure

control timing 1n the case where the bus band of the

IEEE 1394 bus 3 1s congested (traffic 1s heavy). In

exposure control according to the embodiment of the

exposure control at fixed timing according to a fixed

delay value, regardless of the state of use of the IEE

P

1394 bus, for occurrence of a cause for performing

exposure (exposure 1instruction at desired exposure

timing). Thereby, 1t 1s possible to prevent

fluctuations 1n the time at which the software trigger

packet reaches the camera apparatus according to the

[*]

state of use of the IEEE 1394 bus 3 (traffic state of

[*]

present 1nvention, 1t 1s possible to constantly perform

the bus band) as i1llustrated in FIG. 4, and prevent the

problem of time fluctuations 1n the exposure start

timing. Thereby, 1t 1s possible to realize a camera

system which has a software trigger function with

r—

eXxposure timing of high accuracy.

According to the IEEE 1394 camera system 1ncluding

the above camera apparatus 10, 1t 1s possible to

perform exposure control at constantly fixed timing for

occurrence of a phenomenon, for which exposure 1s to be
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£
[*3
[*]

performed, regardless of the state of use of the

1394 bus.

In the above IEEE 1394 camera system, although the

-

fixed delay setting means 5 provided i1in the camera

apparatus 10 can set a desired delay time (delay time

with the unit of clock) for each camera apparatus, it

1s also possible to perform direct control of the

exposure start timing 1including a delay of a fixed time

py the host PC 1, by adding clock delay information, or
clock timestamp 1nformation which corresponds to

deslired exposure start in view of a fixed delay, to the

software triligger packet (STP).

As described above, 1n the IEEE 1394 camera system

of the software trigger method, 1t 1s possible to

widely 1mprove the exposure timing accuracy of the

software triggering. Therefore, 1t 1s possible to use

software triggering in IEEE 1394 camera systems, which

P

require exposure timing of high accuracy that cannot be

realized 1in hardware triggering 1n prior art, and

simplify the connection line.

More detailled structure and operation of the

camera apparatus 10 according to the above embodiment

will be explained hereinafter with reference to FIG. 1

and FIG. 2. FTIG. 1 i1llustrates the structure of the

camera apparatus 10, and FIG. 2 1llustrates a structure

of a trigger delay control circuilt 12 provided 1n the

camera apparatus 10.
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As 1llustrated in FIG. 1, the camera apparatus 10

according to the embodiment of the present 1nvention

T

comprises an IEEE 1394 interface control circuit 11, a

trigger delay control circuit 12, a synchronization
signal generation cilrcuilt 13, an 1mage sensor control
circuit 14, an image sensor 15, and a CPU lé6. Among
the constituent elements of the camera apparatus 10

1llustrated in FIG. 5, the software trigger packet

detection means 4 1s realized by an IEEE 1394 packet
reception circuit 111 and a software trigger detection

circuit 114 which are included in the IEEE 1394

interface control circuit 11 illustrated in FIG. 1, the

fixed delay setting means 5 1s realized by the CPU 16

also 1llustrated 1in FIG. 1, the trigger delay control

means © 1s reallzed by a cycle timer Operation clrcult
113 and the trigger delay control circuit 12 also
illustrated in FIG. 1, and the imaging circult 7 1s
reallized by the synchronization signal generation

circult 13, the 1mage sensor control circuit 14, and

the image sensor 15 also 1llustrated 1n FIG. 1.

In the camera apparatus 10 illustrated in FIG. 1,

the IE]

L

E 1394 interface circuit 11 manages control of

IEEE 1394 packets which are transmitted and recelved

through the IEEE 1394 bus 3. The IEEE 1394 1interface

circuit 11 includes the IEEE 1394 packet reception

—Y

circuit 111, the IEEE 1394 packet transmission clrcult

112, the cycle timer operation circuit 113, and the
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software trigger detection circuit 114.

| — 4

The IEEE 1394 packet reception circuit 111 has a

packet reception processing function of monitoring the

IEEE 1394 bus 3 and receiving packets on the bus. The

IEEE 1394 packet transmission circuit 112 has a packet

transmission processing function of transmitting

packets to the IEEE 1394 bus 3.

The cycle timer operation circuit 113 has a

processing function of performing counting with the

unit of clock provided in IEEE 1394 in synchronization

with a cycle start packet on the IEEE 1394 bus 3, which

1s received by the IEEE 1394 packet reception circuit
111, and transmitting the cycle timer value which is
updated for each clock to the trigger delay control
circulit 12.

The software trigger detection circuit 114 has a

processing function of detecting a software trigger

(%]

EE 1394 bus 3 which

packet (STP) among packets on the

are recelved by the IEEE 1394 packet reception circuit

111, obtaining timestamp information (cycle timer value

at the time of occurrence of a phenomenon, for which

exposure 1s to be performed) from the software trigger

packet (STP), and transmitting the timestamp

information to the trigger delay control circuit 12 in
addition to notification of software trigger reception.
The trigger delay control circuit 12 generates a

trigger signal which issues an instruction to start
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exposure, based on the cycle timer value that 1s output

from the cycle timer operation circuilt 113 1n response

to notification of software trigger reception from the

software trigger detection circuit 114, the timéstamp

information obtained by the software trigger detection

circult 114, and a fixed delay value 1ssued by the CPU

lo. As 1llustrated in FIG. 2, the trigger delay
control circuit 12 includes an adder 121 and a

comparator 122.

The adder 121 has a processing function of adding

the clock fixed delay value 203 issued by the CPU 16 to

the clock timestamp information 202 obtained by the
software trigger detection circuit 114, and outputting
a timestamp 204 including a trigger delay of a fixed

time.

The comparator 122 has a processing function of

comparing the cycle timer value 201 output from the
cycle timer operation circuit 113 with the timestamp

204 which 1s output from the adder 121 and includes the

trigger delay of the fixed time, and outputting a
trigger signal 205 which i1nstructs the image sensor to

start exposure when the cycle timer value 201 exceeds

the timestamp 204 including the trigger delay of the

fixed time. The comparator 122 performs comparison

F

1ncluding overflow processing at a turning point of the

cycle timer.

The syncnronization signal generation circult 13
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has a processing function of generating and outputting
an exposure timing signal which 1s synchronized with
the clock cycle, in response to the trigger signal
output from the trigger delay control circuit 12.

The 1mage sensor control circuit 14 has a

processing function of controlling exposure of the

1mage sensor 15 based on the exposure timing signal

output from the synchronization signal generation
circult 13, obtaining image data from the image sensor
15, converting the obtained image data into a packet

with finishing of exposure, and transmitting the packet

to the IEEE 1394 packet transmission circuit 112.

Operation of the image sensor 15 is controlled by
the 1mage sensor control circuit 14, based on the
synchronization signal generated by the synchronization
signal generation circuit 13. The image sensor 15
outputs 1mage data, which 1s imaged by an optical
system (not shown), to the image sensor control circult

14. The 1mage sensor 15 is formed of an area image

sensor such as a CMOS sensor and a CCD sensor.

P

The CPU 16 manages control of the whole camera

apparatus 10. In the present embodiment, the CPU 16

P

has a function of the fixed delay setting means 5

P
—

1llustrated in FIG. 5. The CPU 16 has a function of

managing a preset fixed delay value with the unit of

clock for performing a fixed trigger delay for the

timestamp i1nformation (cycle timer value described in
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the 1tem “timestamp”) included in the software trigger

packet (STP), and transmitting the fixed delay value to
the trigger delay control circuit 12 through an

internal bus.

Operation of the camera apparatus 10 having the

apove structure will be explained hereinafter with

reference to a timechart illustrated in FIG. 3.

First, the host PC 1 transmits a software trigger

packet (STP) which includes a timestamp of the trigger
occurrence time based on the cycle timer. The software

trigger packet (STP) 1is input to the camera apparatus

1394 bus 3.

L1

10 through the I1EE

[

EE 1394 packet

In the camera apparatus 10, the :

EEE 1394

(]

reception circuit 111 provided in the

packet on the

:

interface control circuit 11 receives the

IEEE 1394 bus 3.

The software trigger detection circult 114

analyzes the packet received by the IEEE 1394 packet

reception circuit 111, and determines whether the

recelved packet 1s a software trigger packet (STP) or

not. In the present embodiment, the software trigger
detection circuit 114 recognizes that the received

packet 1s a software trigger packet (STP) from the code

which 1s described in the 1tem “command soft trig”
1llustrated in FIG. 6, and detects a software trigger
packet. The software trigger detection circuit 114

also obtains the timestamp information (cycle timer
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value at which a cause for exposure occurs) which 1s

described 1n the i1tem “timestamp” from the detected
software trigger packet (STP), and transmits the

timestamp 1nformation to the trigger delay control

circult 12 1in addition to notification of software

trigger reception.

In response to notifilication of trigger reception

from the software trigger detection circuit 114, the
trigger delay control circuit 12 generates a trigger
signal which 1nstructs the image sensor to start

exposure, based on the cycle timer value output from

the cycle timer operation circuilt 113, the timestamp
1nformation obtained by the software trigger detection

circult 114, and the fixed delay value issued by the

CPU 16. Specifically, the adder 121 provided in the
trigger delay control circuit 12 adds the fixed delay

value 203 which 1s determined in clocks and issued from

the CPU 16 to the timestamp information 202 determined

in clocks and obtained by the software trigger

detection circuit 114, and outputs a timestamp 204

F

which 1ncludes a trigger delay of a fixed time. The

comparator 122 compares the cycle timer value 201 which

1s output from the cycle timer operation circuit 113

wlth the timestamp 204 which 1s output from the adder

121 and 1ncludes the trigger delay of the fixed time.
When the cycle timer value 201 exceeds the timestamp

204 1ncluding the trigger delay of the fixed time, the
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comparator 122 transmits a trigger signal 205 which
1nstructs the image sensor to start exposure to the

synchronization signal generation circult 13.

In response to the instruction (trigger signal 205
to start exposure, the synchronization signal
generation circult 13 generates an exposure timing
signal which 1s synchronized with the clock cycles,
transmits the exposure timing signal to the image
sensor control circuit 14, and notifies the image
sensor control circuit 14 of exposure timing of the
1lmage sensor 15.

Based on the exposure timling, the 1mage sensor
control circuit 14 performs control of exposure of the
lmage sensor 15. After exposure 1is finished, the image
sensor control circult 14 converts 1mage data obtained
from the 1mage sensor 15 into a form (packet) which can

be transmitted through the IEEE 1394 bus 3, and

transmits the packet to the IEEE 1394 packet

transmission circult 112. The IEEE 1394 packet

transmission cilrcult 112 outputs the image data packet

received from the image sensor control circuit 14 to

L*]

the IEEE 1394 bus 3.

FIG. 3 (a) and FIG. 3 (b) 1llustrate operation

=

timing of the above exposure control. When a cause for

exposure (deslred exposure timing) occurs, the host PC

1 generates a timestamp based on the value of the cycle

timer at the point in time. Thereafter, the host PC 1
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generates a software trigger packet (STP), to which the
timestamp 1s added. The timing of 1issuing a software

trigger packet (STP) fluctuates according to the

operation (bus band) state of the IEEE 1394 bus 3, in

F

the same manner as the case of adopting a conventional

software trigger technique. However, the camera

apparatus 10 which receives the software trigger packet

(STP) can recognize the desired exposure timing,

regardless of fluctuations in the issue timing.

Thereby, the camera apparatus 10 can start exposure at

timing with a fixed delay from the desired exposure
timing.
As described above, in the camera apparatus 10

according to the embodiment of the present invention,
software trigger input can be delayed as desired by the
trigger delay control circuit 12. Therefore, the cycle
timer value at thé Clme when a cause for exposure
occurs 1s described in the software trigger packet
(STP) transmitted from the host PC 1, as desired
exposure start timing at the time axis by the cycle

timer, and thereby it is possible to realize an

exposure delay controlling function which does not

include fluctuations in packet issue which depend on

the traffic state of the bus band, as illustrated in

FIG. 3 (a) and FIG. 3 (b). This function 1s realized
py deslgnatling an exposure delay time which is

sufficiently larger than the range of the time
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F

fluctuations of the communication line (IEEE 1394 bus

3). Thereby, 1t 1s possible to provide a camera
apparatus which has a new software trigger with high
time accuracy, while easy connection of the software
trigger 1s maintained.

The present invention 1s not limited to the above
embodiment, but can be carried out with modified
constituent elements within a range not departing from

g
e

the gist of the invention. For example, in the above

embodiment, the comparator 122 transmits a trigger

signal 205 which instructs the image sensor to start
exposure to the synchronization signal generation

circuit 13, when the cycle timer value 201 exceeds the
timestamp 204 which includes a trigger delay of a fixed

time. However, the present invention is not limited to

this structure, but the comparator 122 may perform
processing of transmitting the trigger signal 205 which
instructs the image sensor to start exposure to the
synchronization signal generation circuit 13, when the
cycle timer value 201 reaches the timestamp 204 which

—

lncludes the trigger delay of the fixed time. In

addition, although in the above embodiment the CPU 16
which manages control of the whole camera apparatus 10
manages a preset fixed delay value which is determined

with the unit of clock, the present invention is not

limited to this structure, but may have a structure of

providing each camera apparatus with hardware in which
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a desired fixed delay value 1s set. As another
example, 1t 1s possible to adopt a structure in which
the host PC 1 directly controls the exposure start

timing including a delay of a fixed time, by adding

delay information for each clock, or timestamp

information for each clock that corresponds to desired
exposure start, to which a fixed delay 1s added, to the

software trigger packet (STP).

In addition, although 1n the above embodiment the

software trigger packet (STP) 1s formed of a Global

Asynchronous Stream Packet, the present invention 1is

not limited to it, but it 1s possible to use a packet

which can be transmitted with timestamp information

added to the software trigger, such as an asynchronous

write request for data block packet.

In addition, although the above embodiment has the
structure in which the host PC 1 transmilits the software

trigger packet (STP), the present invention 1s not

limited to the structure, but, for example, a software

trigger generation device which 1s 1ndependent of the

host PC and the camera apparatus may transmit the

software trigger packet (STP). In addition, the

present 1lnvention may have a structure 1n which the

camera apparatus 1tself transmits the software trigger

packet (STP), and performs exposure control for another

1H
-4

camera whlch 1s connected to the same I1EEE 1394 bus.
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Reference Signs List

1. Host PC (host device), 2.. Software trigger

packet generation means, 3.. IEEE 1394 bus, 4.. Software

trigger packet detection means, b5.. Fixed delay setting

means, 6.. Trigger delay control means, /.. Imaging

circuit, 10.. Camera apparatus, 1l.. IEEE 1394 interface
control circuit, 12.. Trigger delay control circuit, 13..
Synchronization signal generation circuit, 14.. Image

sensor control circuit, 15.. Image sensor, lo6.. CPU, 111..

IEEE 1394 packet reception circuit, 112.. IEEE 1394

packet transmission circuit, 113.. Cycle timer operation
circuit, 114.. Software trigger detection circuit, 201..

Cycle timer value, 202.. Timestamp information, 203..

Fixed delay value, 204.. Timestamp, STP.. Software

trigger packet.
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WHAT IS CLAIMED IS :

1. A camera apparatus which includes a random trigger function of controlling
exposure timing of an image sensor, based on timestamp information that Is
included in a software trigger packet received through an IEEE 1394 bus,
comprising:

a cycle timer operation circuit which outputs a cycle timer value that is
synchronized with operation of the IEEE 1394 bus;

an |[EEE 1394 packet reception circuit which receives a packet on the |IEEE
1394 bus;

a software trigger detection circuit which detects the software trigger packet
from a code in an originally provided area of the packet received by the IEEE 1394
packet reception circuit;

a fixed delay value setting circuit which outputs a fixed delay value to
perform a fixed trigger delay for the timestamp information included in the originally
provided area of the software trigger packet that is detected by the software trigger
detection circuit; and

an exposure control circuit which starts exposure to the image sensor when
the cycle timer value, the timestamp information and the fixed delay value are
received and the cycle timer value exceeds a value which is an addition to the fixed

delay value and the timestamp information.

2. The camera apparatus of claim 1, wherein the fixed delay value setting
circuit stores, as the fixed delay value, a value of a clock timing which indicates a
desired delay time that is larger than a maximum value of a time width caused by
fluctuations in reception timing of the software trigger packet due to fluctuations in

traffic including a bus band traffic degree of the IEEE 1394 bus.
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3. The camera apparatus of claim 1, wherein the exposure control circuit
Includes a trigger delay control circuit, a synchronization signal generation circuit,
and an image sensor control circult,
the trigger delay control circuit includes an adder which adds the fixed delay
value to a value of the timestamp information, and a comparator which compares
the value of the timestamp information output from the adder with the cycle timer
value and outputs a trigger signal when the cycle timer value exceeds the value of
the timestamp information, and
the synchronization signal generation circuit notifies the image sensor control
circuit of exposure timing of the image sensor based on the trigger signal, and the

Image sensor control circuit controls exposure of the image sensor in response to

notification of the exposure timing.
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