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(57) ABSTRACT 

(73) Assignee? NIKON CORPORATION, Tokyo An image-capturing system includes: an image-capturing 
(JP) device that captures an image of a subject; and an illumination 

device that illuminates the subject. The image-capturing 
(21) Appl. No.: 12/318,463 device includes a control unit that calculates a light quantity 

needed to illuminate the subject based upon at least, either an 
(22) Filed; Dec_ 30, 2008 exposure time or an aperture value and image-capturing sen 

sitivity. The illumination device includes a current-controlled 
. . light emission unit that emits light used to illuminate the 

Related U's' Apphcatlon Data subject and a light emission control unit that controls the light 
(63) Continuation of application No. 11/000,429, ?led on emission unit SO 85 IO emit light in the light quantity Calcu 

Dec. 1, 2004. 
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lated by the control unit. 
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PHOTOGRAPHIC ILLUMINATION DEVICE, 
IMAGE-CAPTURING SYSTEM, CAMERA 

SYSTEM AND CAMERA 

[0001] This is a Continuation of application Ser. No. 
11/000,429 ?led Dec. 1, 2004, Which claims the bene?t of 
Japanese Patent Application No. 2003-407500 ?led Dec. 5, 
2003. The disclosure of the prior applications is hereby incor 
porated by reference herein in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to an illumination 
device used to illuminate a main subject during a photograph 
ing operation, an image-capturing system, a camera system 
and a camera. 

[0004] 2. Description of the Related Art 
[0005] There is a camera knoWn in the related art that 
illuminates a main subject With an illumination device that 
uses an LED-type instead of a discharge-type illumination 
device such a xenon discharge tube (see Japanese Laid Open 
Patent Publication No. 2002-207236). In the camera dis 
closed in Japanese Laid Open Patent Publication No. 2002 
207236, the quantity of light to be emitted from the illumi 
nation device is determined based upon the subject distance 
measured by a range ?nding device and the ?lm sensitivity. 
The publication discloses that the light quantity is controlled 
by varying the number of LEDs driven, the value of the 
electrical current Which drives the LEDs and the length of 
time over Which the LEDs emit light. 

SUMMARY OF THE INVENTION 

[0006] There is a concern that overexposure or underexpo 
sure may occur during a daylight synchronous (?ll-in ?ash) 
photographing operation or a sloW synchronous photograph 
ing operation unless the photographing operation is per 
formed by taking into consideration the shutter speed and the 
aperture value. 
[0007] According to the 1st aspect of the invention, a pho 
to graphic illumination device comprises: a current-controlled 
light emission means that emits illuminating light toWard a 
subject; a range ?nding means that detects distance informa 
tion indicating a distance to a main subject; and a light emis 
sion control means that controls the light emission means to 
emit light in a quantity calculated by using the distance infor 
mation detected by the range ?nding means and an exposure 
time, an aperture value and a photographic sensitivity set in a 
camera. 

[0008] According to the 2nd aspect of the invention, a pho 
to graphic illumination device comprises: a current-controlled 
light emission means that emits illuminating light toWard a 
subject; and a light emission control means that controls the 
light emission means to emit light in a quantity calculated by 
using distance information indicating a distance to a main 
subject Which is detected by a range ?nding means in a 
camera and an aperture time, an aperture value and a photo 
graphic sensitivity set in the camera. 
[0009] According to the 3rd aspect of the invention, in the 
photographic illumination device according to the 1st aspect 
or the 2nd aspect, it is preferred that the light emission control 
means continuously supplies a drive current to the light emis 
sion means over a speci?c length of time. 
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[0010] According to the 4th aspect of the invention, in the 
photographic illumination device according to the 3rd aspect, 
it is preferred that the light emission control means gradually 
increases the drive current. 
[0011] According to the 5th aspect of the invention, in the 
photographic illumination device according to the 1st aspect 
or the 2nd aspect, it is preferred that the light emission control 
means supplies a pulse drive current to the light emission 
means a speci?c number of times. 

[0012] According to the 6th aspect of the invention, in the 
photographic illumination device according to any of the 3rd 
through 5th aspects it is preferred that the light emission 
control means stops supplying the drive current once an inte 
grated value representing light having been re?ected off the 
subject illuminated by the light emission means becomes 
equal to a value corresponding to the calculated light quantity. 
[0013] According to the 7th aspect of the invention, in the 
photographic illumination device according to any of the 1st 
through 5th aspects, it is preferred that the light emission 
control means determines a level of drive current so as to 
sustain a supply of drive current to the light emission means 
While exposure is in progress over the exposure time. 

[0014] According to the 8th aspect of the invention, a cam 
era system comprises: a photographic illumination device 
according to any of the 1st through 7th aspects; and a camera 
having a range ?nding means that detects distance informa 
tion indicating a distance to a main subject, an arithmetic 
operation means that calculates a quantity of light to be emit 
ted by the light emission means by using the distance infor 
mation detected by the range ?nding means and an exposure 
time, an aperture value and a photographic sensitivity set in 
the camera, and a signal output means that outputs a signal 
indicating the light quantity calculated by the arithmetic 
operation means. 
[0015] According to the 9th aspect of the invention, a cam 
era comprises: a current-controlled light emission means that 
emits illuminating light toWard a subject; a range ?nding 
means that detects distance information indicating a distance 
to a main subject; an arithmetic operation means that calcu 
lates a quantity of light to be emitted by the light emission 
means by using the distance information detected by the 
range ?nding means and an exposure time, an aperture value 
and a photographic sensitivity set therein; and a light emis 
sion control means that controls the light emission means to 
emit light in the calculated light quantity. 
[0016] According to the 10th aspect of the invention, a 
camera system comprises: a current-controlled light emission 
means that emits illuminating light toWard a subject; an arith 
metic operation means that starts a light emission at the light 
emission means in response to a light emission start signal 
and calculates a quantity of light to be emitted by the light 
emission means by using information indicating an aperture 
value and photographic sensitivity set therein; and a light 
emission control means that controls a light emission quantity 
in conformance to the calculated light quantity. 
[0017] According to the 11th aspect of the invention, a 
camera system comprises: a current-controlled light emission 
means that emits illuminating light toWard a subject; an arith 
metic operation means that starts a light emission at the light 
emission means in response to a light emission start signal 
and calculates a quantity of light to be emitted by the light 
emission means by using distance information set therein and 
information corresponding to an aperture value and photo 
graphic sensitivity set therein; and a light emission control 
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means that controls a light emission quantity in conformance 
to the calculated light quantity. 
[0018] According to the 12th aspect of the invention, a 
portable device comprises: a current-controlled light emis 
sion means that emits illuminating light toWard a subject; an 
arithmetic operation means that starts a light emission at the 
light emission means in response to a light emission start 
signal and calculates a quantity of light to be emitted by the 
light emission means by using information indicating an 
aperture value and photographic sensitivity set therein; and a 
light emission control means that controls a light emission 
quantity in conformance to the calculated light quantity. 
[0019] According to the 13th aspect of the invention, a 
portable device comprises: a current-controlled light emis 
sion means that emits illuminating light toWard a subject; an 
arithmetic operation means that starts a light emission at the 
light emission means in response to a light emission start 
signal and calculates a quantity of light to be emitted by the 
light emission means by using distance information set 
therein and information corresponding to an aperture value 
and photographic sensitivity set therein; and a light emission 
control means that controls a light emission quantity in con 
formance to the calculated light quantity. 
[0020] According to the 14th aspect of the invention, an 
image-capturing system comprises: an image-capturing 
device that captures an image of a subject; and an illumination 
device that illuminates the subject. The image-capturing 
device comprises a control means that calculates a light quan 
tity needed to illuminate the subject based upon at least, either 
an exposure time or an aperture value and image-capturing 
sensitivity. The illumination device comprises a current-con 
trolled light emission means that emits light used to illumi 
nate the subject and a light emission control means that con 
trols the light emission means so as to emit light in the light 
quantity calculated by the control means. 
[0021] According to the 15th aspect of the invention, an 
image-capturing system according to the 14th aspect, it is 
preferred that the control means in the image-capturing 
device calculates the light quantity based upon the exposure 
time, the aperture value and the image-capturing sensitivity 
set therein and measured subject brightness, so as to achieve 
optimal exposure. 
[0022] According to the 16th aspect of the invention, an 
image-capturing system according to the 14th aspect or the 
15th aspect, it is preferred that: the image-capturing device 
further comprises a range ?nding means that detects distance 
information indicating a distance to the subject; and the con 
trol means in the image-capturing device calculates the light 
quantity by taking into consideration the distance information 
indicating the distance to the subject. 
[0023] According to the 17th aspect of the invention, in the 
image-capturing system according to any of the 14th through 
16th aspects, it is preferred that the light emission control 
means in the illumination device controls light emission 
intensity at the light emission means in correspondence to the 
exposure time. 
[0024] According to the 18th aspect of the invention, in the 
image-capturing system according to the 17th aspect, it is 
preferred that the light emission control means in the illumi 
nation device controls the light emission intensity at the light 
emission means so as to emit light in the light quantity over 
the exposure time. 
[0025] According to the 19th aspect of the invention, in the 
image-capturing system according to the 18th aspect, it is 
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preferred that the light emission control means in the illumi 
nation device implements control so as to stop the light emis 
sion by the light emission means once light in the light quan 
tity has been emitted. 
[0026] According to the 20th aspect of the invention, in the 
image-capturing system according to any of the 14th through 
19th aspects, it is preferred that the light emission control 
means in the illumination device has information indicating 
drive current and light emission intensity characteristics at the 
light emission means. 
[0027] According to the 21 st aspect of the invention, an 
illumination device is the illumination device constituting the 
image-capturing system according to any of the 14th through 
20th aspects. 
[0028] According to the 22nd aspect of the invention, a 
camera is a camera having the image-capturing device con 
stituting the image-capturing system according to any of the 
14th through 20th aspects. 
[0029] According to the 23rd aspect of the invention, a 
camera corresponds to the image-capturing system according 
to any of the 14th through 20th aspects. 
[0030] According to the 24th aspect of the invention, a 
portable device equipped With a camera corresponds to the 
image-capturing system according to any of the 14th through 
20th aspects. 
[0031] It is to be noted that the term “means” used above 
may be replaced With “unit”. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 illustrates the camera system achieved in a 
?rst embodiment of the present invention; 
[0033] FIG. 2 is a block diagram of the structure in the 
essential portion of the electronic camera; 
[0034] FIG. 3 is a block diagram of the structure adopted in 
the essential portion of the externally mounted ?ash unit; 
[0035] FIG. 4 shoWs the relationship betWeen the length of 
current supply period and the drive current Which is deter 
mined by the illumination control circuit; 
[0036] FIG. 5 shoWs the relationship betWeen the length of 
current supply period and the drive current achieved in an 
example of a variation; 
[0037] FIG. 6 shoWs the relationship betWeen the length of 
current supply period and the drive current achieved in 
another example of a variation; and 
[0038] FIG. 7A shoWs the interior surfaces of a portable 
telephone in an open state; and 
[0039] FIG. 7B shoWs the exterior surfaces of the portable 
telephone in an open state. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0040] The folloWing is an explanation of the preferred 
embodiments of the present invention, given in reference to 
the draWings. 

First Embodiment 

[0041] FIG. 1 illustrates the camera system achieved in the 
?rst embodiment of the present invention. FIG. 1 shoWs that 
an exchangeable photographic lens 20 is mounted at an elec 
tronic camera 10. In addition, an externally mounted ?ash 
unit 30 is mounted at an accessory shoe (not shoWn) of the 
electronic camera 10. 
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[0042] FIG. 2 is a block diagram of the essential structure 
adopted in the electronic camera 10. An arithmetic operation 
circuit 101 in FIG. 2 is constituted With a microcomputer and 
the like. The arithmetic operation circuit 101 executes spe 
ci?c arithmetic operations by using signals input thereto from 
the individual blocks to be detailed later and outputs control 
signals generated based upon the results of the arithmetic 
operations to the various blocks. The arithmetic operation 
circuit 101 further includes an interface circuit (not shoWn) 
Which enables communication With the external ?ash unit 30. 

[0043] An image-capturing element 121 may be consti 
tuted With a CCD image sensor or the like. The image-cap 
turing element 121 captures an image formed With subject 
light having passed through the photographic lens 20 and 
outputs image-capturing signals to anA/D conversion circuit 
122. At the A/D conversion circuit 122, the analog image 
capturing signals are converted to digital signals. The image 
capturing element 121 and the A/ D conversion circuit 122 are 
driven so as to engage in operations With speci?c timing by 
drive signals output from a timing circuit 124. 
[0044] An image processing circuit 123 is constituted With 
an ASIC and the like. In addition to executing image process 
ing such as White balance processing on the image data result 
ing from digital conversion, the image processing circuit 123 
executes compression processing for compressing the image 
data having undergone the image processing into a speci?c 
format, decompression processing for decompressing the 
compressed image data and the like. In a buffer memory 125, 
image data to be processed by the image processing circuit 
123 are temporarily stored. A recording medium 126 is con 
stituted With a memory card or the like that can be detachably 
loaded into the camera. Image data having undergone the 
image processing are recorded into the recording medium 
126. 

[0045] A photometering device 111 detects the quantity of 
subject light having passed through the photographic lens 20 
and outputs a detection signal to the arithmetic operation 
circuit 101. The arithmetic operation circuit 101 calculates 
the subject brightness by using this detection signal. A pho 
tosensor 103 receives light having been emitted from the 
external ?ash unit 30 and re?ected from the subject. The 
photosensor 103 also outputs a time integral value obtained 
through time integration of the light reception signal to the 
arithmetic operation circuit 101. 
[0046] A focal point detection device 104 detects the state 
of the focal point position adjustment achieved With the pho 
tographic lens 20 and outputs a detection signal to the arith 
metic operation circuit 101. A lens drive device 105 drives a 
focus lens (not shoWn) Within the photographic lens 20 for 
Ward/backWard along the optical axis in response to a com 
mand issued by the arithmetic operation circuit 101, so as to 
adjust the position of the focal point of the photographic lens 
20. It is to be noted that a detection signal provided by the 
focal point detection device 104 constitutes distance informa 
tion that corresponds to the distance to the main subject. 
[0047] At a display device 118, photographic information 
such as the shutter speed and the aperture value is displayed in 
response to a command issued by the arithmetic operation 
circuit 101. 

[0048] A shutter release sWitch SW1 outputs a shutter 
release operation signal to the arithmetic operation circuit 
101 by interlocking With a depression of a shutter release 
operation button (not shoWn). 
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[0049] A motor drive circuit 112 controls drive of a 
sequence motor 113 in response to a command issued by the 
arithmetic operation circuit 101. The sequence motor 113, 
Which is part of a sequence drive device (not shoWn), raises/ 
loWers a mirror (not shoWn), drives an aperture (not shoWn) 
and charges a shutter 115. 
[0050] A sequence sWitch SW2, Which is also part of the 
sequence drive device mentioned above, generates brake con 
trol timing for the sequence motor 113 and the like. 
[0051] A shutter drive circuit 114 individually controls 
holds on and releases of a front curtain and a rear curtain (not 
shoWn) of the shutter 115. An X contact point sWitch SW3 
enters an on state and outputs an ON signal as a run of the 
front curtain at the shutter 115 is completed and enters an off 
state and outputs an OFF signal halfWay through the charge of 
the shutter 115. 
[0052] An aperture position detection device 116 detects 
the aperture position corresponding to the aperture value and 
outputs a detection signal to the arithmetic operation circuit 
101. An aperture lock device 117 stops the aperture being 
driven and locks the aperture at a speci?c aperture value. 
[0053] A sensitivity setting operation member 120 outputs 
an operation signal corresponding to an image-capturing sen 
sitivity setting operation to the arithmetic operation circuit 
101. Based upon the operation signal input thereto, the arith 
metic operation circuit 101 adjusts the image-capturing sen 
sitivity setting for the image-capturing element 121. The 
image-capturing sensitivity may be set in speci?c steps Within 
a range equivalent to, for instance, ISO 100 through ISO 
1 600. 
[0054] A shutter speed setting operation member 121 out 
puts an operation signal corresponding to a shutter speed 
setting operation to the arithmetic operation circuit 101. The 
arithmetic operation circuit 101 adjusts the shutter speed 
setting based upon the operation signal input thereto. The 
shutter speed may be set in speci?c steps Within a range of, for 
instance, 1/8000 sec to 1 sec. 
[0055] An aperture value setting operation member 122 
outputs an operation signal corresponding to an aperture set 
ting operation to the arithmetic operation circuit 101. The 
arithmetic operation circuit 101 adjusts the aperture value 
setting based upon the operation signal input thereto. The 
aperture value may be set in speci?c steps Within a range of, 
for instance, F 1.4 through F 22. 
[0056] The arithmetic operation circuit 101 achieved in the 
present invention executes an exposure calculation as 
expressed in (l) to (3) beloW by using the current setting for 
the aperture value AV, the current setting for shutter speed TV, 
the subject brightness BV calculated as described earlier and 
the current setting for image-capturing sensitivity SV, When 
the camera is set to execute a photographing operation With 
light emitted from the external ?ash unit 30. 

EVIBV+SV (1) 

EV1IAV+TV (2) 

AEVIEV-EVl (3) 

[0057] EV in expression (1) represents the optimal expo 
sure quantity. The arithmetic operation circuit 101 calculates 
the optimal exposure quantity EV based upon the subject 
brightness BV and the image-capturing sensitivity SV. The 
exposure quantity EV1 in expression (2) is an exposure quan 
tity determined in correspondence to the current aperture 
value setting AV and the current shutter speed setting TV 
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Namely, EV1 is a control exposure quantity. Under normal 
circumstances, the values for the aperture value AV and the 
shutter speed TV are set so as to match the control exposure 
quantity EV1 With the optimal exposure quantity EV. HoW 
ever, if the aperture value AV or the shutter speed TV is set in 
advance or if the aperture value AV or the shutter speed TV 
exceeds its limit value, the control exposure quantity EV1 and 
the optimal exposure quantity EV may not match. It is to be 
noted that the optimal exposure quantity and the control expo 
sure quantity may be simply referred to as optimal exposure 
and control exposure respectively. 
[0058] The exposure deviation AEV in expression (3) rep 
resents the difference betWeen the optimal exposure quantity 
EV and the control exposure quantity EV1. In order to 
achieve the correct exposure, the arithmetic operation circuit 
101 calculates the quantity of light to be emitted from the 
?ash unit 30 in correspondence to the exposure deviation 
AEV. In other Words, With the light emitted from the ?ash unit 
30 in the quantity corresponding to the exposure deviation 
AEV Which is calculated by the arithmetic operation circuit 
101, the optimal exposure quantity EV and the control expo 
sure quantity EV1 can be made to match each other. The 
arithmetic operation circuit 101 increases/decreases the 
quantity of light to be emitted based upon the distance infor 
mation indicating the distance to the main subject. 
[0059] FIG. 3 is a block diagram of the essential structure 
adopted in the external ?ash unit 30. As shoWn in FIG. 3, the 
external ?ash unit 30 includes an illumination control circuit 
43, a DC/DC converter 40, LEDs (light emitting diodes) 41 
and 42 and an interface circuit 9. 

[0060] The DC/ DC converter 40 is constituted of, for 
instance, an integrated circuit used to drive the LEDS. The 
DC/DC converter 40 boosts a battery voltage supplied from a 
battery 1 via poWer lines L10 and L12 to a voltage achieving 
a predetermined voltage level (e.g., 3V) needed to drive the 
LEDs 41 and 42. In addition, the DC/DC converter 40 sup 
plies speci?c levels of electric current to the LED 41 and the 
LED 42 in response to a command transmitted from the 
illumination control circuit 43 via a signal line L11. The 
values representing the levels of the current to be supplied to 
the LEDs 41 and 42 are determined by the illumination con 
trol circuit 43. 

[0061] The LEDs 41 and 42 emit so-called White light.As is 
already knoWn, an LED is a current-controlled device that 
manifests a proportional relationship betWeen the drive cur 
rent and the light emission intensity (light poWer) Within its 
rated range. By controlling the drive current supplied to the 
LED 41 and the LED 42, the illumination control circuit 43 
controls the quantities of light emitted from the LEDs 41 and 
42. 

[0062] Once the external ?ash unit 30 is mounted at the 
accessory shoe (not shoWn) of the electronic camera 10, the 
arithmetic operation circuit 101 in the electronic camera 10 
becomes connected With the illumination control circuit 43 
via the interface circuit 9. The signals that become connected 
as a result include the X contact point signal from the X 
contact point sWitch SW3, the signal indicating the quantity 
of emitted light and the signal indicating the shutter speed. 
[0063] The X contact point signal is outputs to the illumi 
nation control circuit 43 While a signal output is alloWed by 
the arithmetic operation circuit 101 but is not output to the 
illumination control circuit 43 if the signal output is disal 
loWed by the arithmetic operation circuit 101. 
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[0064] The illumination control circuit 43 is constituted 
With a microcomputer and the like. Upon receiving the signal 
indicating the quantity of emitted light from the arithmetic 
operation circuit 101, the illumination control circuit 43 cal 
culates the values of the drive current needed to have illumi 
nating light emitted from the LEDs 41 and 42 in the quantity 
corresponding to the received signal and the length of current 
supply period (i.e., the length of time over Which light is to be 
emitted). Namely, the quantity of light to be emitted is indi 
cated as the integrated value obtained by integrating the light 
emission intensity over the length of time over Which light is 
emitted. As an X contact point ON signal is input from the 
arithmetic operation circuit 101, the illumination control cir 
cuit 43 issues an instruction for the DC/DC converter 40 
indicating the drive current value and a light emission start, 
and once the light emission period elapses, it issues an 
instruction for a light emission stop. 
[0065] The present invention is characterized by the drive 
current supplied to the LEDs in order to enable the ?ash unit 
30 to emit light in the required quantity and the length of time 
over Which the current is supplied in the camera system 
described above. In the ?rst embodiment, light is emitted 
continuously at a constant light emission intensity level 
Within the exposure time range corresponding to the shutter 
speed setting. 
[0066] FIG. 4 shoWs the relationship betWeen the length of 
current supply period and the drive current determined by the 
illumination control circuit 43. The horiZontal axis and the 
vertical axis in FIG. 4 respectively represent the length of 
current supply period and the drive current. Upon receiving 
the signals indicating the quantity of light to be emitted and 
the shutter speed (exposure time) from the arithmetic opera 
tion circuit 101, the illumination control circuit 43 calculates 
the light emission intensity needed to achieve the indicated 
quantity of emitted light through a light emission at a constant 
intensity level during the exposure and determines the drive 
current Ic needed to execute the light emission at this light 
emission intensity level. In the example presented in FIG. 4, 
the length of current supply period X corresponds to the 
length of exposure time. 
[0067] The relationship betWeen the light emission inten 
sity and the drive current is stored in advance in a nonvolatile 
memory inside the illumination control circuit 43 as a table 
based upon the results of an actual measurement. The illumi 
nation control circuit 43 references the table by using the light 
emission intensity level as an argument to determine the value 
of the required drive current and outputs the current value thus 
determined to the DC/ DC converter 40. 

[0068] Since there are tWo LEDs, the illumination control 
circuit 43 determines the drive current for each of the LEDs in 
the embodiment. It is to be noted that the sum of the quantities 
of light to be emitted by the LED 41 and the LED 42 corre 
sponds to the quantity of light to be emitted Which is indicated 
by the arithmetic operation circuit 101. 
[0069] The ?rst embodiment explained above is noW sum 
mariZed. 
(1) When the camera system is set for a photographing opera 
tion to be executed With light emitted from the external ?ash 
unit 30, the exposure calculation is executed by using the 
current aperture value setting AV, the current shutter speed 
setting TV, the detected subject brightness BV and the current 
image-capturing sensitivity setting SV, and the control expo 
sure Which includes the quantity of light to be emitted from 
the ?ash unit 30 is calculated in correspondence to the differ 
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ence AEV between the control exposure and the optimal 
exposure in order to achieve the optimal exposure. As a result, 
accurate exposure control can be implemented regardless of 
Whether the shutter speed is high or loW. 
(2) The LEDs 41 and 42 Which are current-controlled devices 
are used as light emitting elements in the ?ash unit 30, and 
thus, unlike in an illumination device using a discharge type 
light emitting tube such as a xenon tube, no high-voltage 
circuit is required. Furthermore, light can be continuously 
emitted at a constant intensity level over a speci?c length of 
time. As a result, the cost of the drive circuit is reduced, the 
light emission can start Without having to alloW for any pre 
paratory time period (for charging and the like), and light can 
be emitted continuously during the exposure even When the 
shutter speed is loW. 
(3) Since the ?ash unit 30 is alloWed to emit light continu 
ously Within the exposure time range corresponding to the 
shutter speed setting, the light emission intensity level can be 
loWered. Thus, the extent of glare manifesting during a short 
range photographing operation is not as pronounced as that 
experienced When light is emitted at a high level of light 
emission intensity only over part of the exposure time. In 
addition, by emitting light continuously during a loW speed 
photographing operation, raindrops, ?oWing Water and the 
like in the subject can be represented for example. 
(4) Since the relationship betWeen the light emission intensity 
and the drive current is stored in a nonvolatile memory in the 
illumination control circuit 43 as a table, the quantity of light 
to be emitted can be controlled With a high degree of accuracy 
even if the current light emission intensity characteristics 
among individual LED are not consistent. In addition, even if 
the current light emission intensity characteristics of the LED 
41 are different from those of the LED 42, light emission can 
be controlled so as to match the levels of light emission 
intensity at the tWo LEDs. 
[0070] While tWo LEDs are utiliZed in the example 
explained above, the number of LEDS is not limited to tWo, 
and a single LED or ?ve LEDs may be used instead. 

[0071] Within the range of exposure time corresponding to 
the shutter speed, setting, the intensity of light emission can 
be gradually raised during the continuous light emission. 
FIG. 5 shoWs the relationship betWeen the length of current 
supply period and the drive current determined by the illumi 
nation control circuit 43 in such a variation. In FIG. 5, the 
horizontal axis represents the length of current supply period 
and the vertical axis represents the drive current. Upon receiv 
ing the signals indicating the quantity of light to be emitted 
and the shutter speed (exposure time) from the arithmetic 
operation circuit 101, the illumination control circuit 43 cal 
culates a light emission intensity pattern With Which the indi 
cated quantity of emitted light can be obtained by gradually 
increasing the light emission intensity during the exposure 
and then determines the drive current (including the current 
increase rate and the length of current supply period) needed 
to achieve this light emission intensity pattern. In the example 
presented in FIG. 5, the length of current supply period Y 
corresponds to the length of exposure time and the current 
value at the light emission start is lg. 
[0072] While the drive current is increased at a constant rate 
in FIG. 5, the increase rate may be altered over time instead. 

[0073] In addition, Within the range of exposure time cor 
responding to the shutter speed setting, the required quantity 
of emitted light may be obtained through repeated pulse light 
emissions. FIG. 6 shoWs the relationship betWeen the length 
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of current supply period and the drive current determined by 
the illumination control circuit 43 in such a variation. In FIG. 
6, the horizontal axis represents the length of current supply 
period and the vertical axis represents the drive current. Upon 
receiving the signals indicating the quantity of light to be 
emitted and the shutter speed (exposure time) from the arith 
metic operation circuit 101, the illumination control circuit 43 
calculates a light emission intensity pattern With Which the 
indicated quantity of emitted light can be obtained through 
repeated pulse light emissions executed during the exposure 
and then determines the drive current (including the pulse 
current and the number of pulses) needed to achieve this light 
emission intensity pattern. In the example presented in FIG. 
6, the length of current supply period Z corresponds to the 
length of exposure time and pulse light is emitted ntimes With 
the drive current Ip. 

Second Embodiment 

[0074] In the second embodiment, a time integral value 
provided by the photosensor 103 after a light emission starts 
at the ?ash unit 30 is monitored and the light emission at the 
?ash unit 30 is stopped once the time integral value becomes 
equal to the required quantity of light to be emitted Within the 
range of exposure time corresponding to the shutter speed 
setting. 
[0075] Upon receiving the signal indicating the quantity of 
light to be emitted from the arithmetic operation circuit 101, 
the illumination control circuit 43 calculates the values of the 
drive current and the length of current supply period (i.e., the 
length of time over Which light is to be emitted) needed to 
have illuminating light emitted from the LEDs 41 and 42 in 
the quantity corresponding to the received signal. Then, in 
response to an X contact point ON signal input from the 
arithmetic operation circuit 101, the illumination control cir 
cuit 43 issues an instruction indicating the drive current and a 
light emission start to the DC/ DC converter 40. The operation 
of the illumination control circuit executed up to this point is 
identical to that in the ?rst embodiment. 
[0076] Upon judging that the time integral value provided 
by the photosensor 103 has reached a decision-making 
threshold value, the arithmetic operation circuit 101 issues an 
instruction for the illumination control circuit 43 to stop the 
light emission. The decision-making threshold value corre 
sponds to the quantity of light to be emitted determined 
through the exposure calculation. In this situation, the illumi 
nation control circuit 43 outputs a command for the DC/DC 
converter 40 to stop the light emission at the LED 41 and the 
LED 42 even if the exposure time is not up yet. It is to be noted 
that if the time integral value provided by the photosensor 1 03 
does not reach the decision-making threshold value, an 
instruction for a light emission stop is issued once the origi 
nally calculated length of current supply period (Which cor 
responds to the length of exposure time) elapses. 
[0077] In the second embodiment explained above, the 
light having been emitted from the ?ash unit 30 to illuminate 
the main subject and having been re?ected off the main sub 
ject is monitored in real-time, and if the time integral value of 
the re?ected light becomes equal to a value corresponding to 
the required quantity of light to be emitted, the supply of the 
drive current to the LED 41 and the LED 42 is stopped. As a 
result, over exposure attributable to the illuminating light is 
prevented. 
[0078] The second embodiment explained above may be 
adopted in any of the three applications described earlier; 1) 
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When continuously emitting light at a constant light emission 
intensity Within the range of exposure time corresponding to 
the shutter speed setting (FIG. 4), 2) When gradually increas 
ing the light emission intensity during a continuous light 
emission (FIG. 5) and 3) When repeatedly executing pulse 
light emission (FIG. 5). 

Third Embodiment 

[0079] In the third embodiment, the quantity of light to be 
emitted is calculated in advance at the arithmetic operation 
circuit 101 based upon the distance information that have 
been obtained, the aperture value information and the photo 
graphing sensitivity information, and the LEDs 41 and 42 
emit light at the intensity level over the length of time both 
determined by the arithmetic operation circuit. The third 
embodiment alloWs the light emission intensity level at the 
light emission start to be set at an appropriate value. Since 
other features of the third embodiment are identical to those 
of the ?rst embodiment, their explanation is omitted. 

Fourth Embodiment 

[0080] The photosensor 103 receives light re?ected off the 
subject illuminated With light emitted from the LEDs 41 and 
42 Which starts the light emission based upon the aperture 
value information and the photographic sensitivity informa 
tion in response to a light emission start signal, and the light 
emission is stopped once an optimal value is achieved in the 
fourth embodiment. As in the third embodiment, the light 
emission intensity level at the light emission start can be set to 
an appropriate value in the fourth embodiment. Since other 
features are identical to those in the ?rst embodiment, their 
explanation is omitted. 
[0081] While an explanation is given above on an example 
in Which the present invention is adopted in conjunction With 
the external ?ash unit 30, a ?ash unit may instead be built into 
a camera main unit or a portable device such as a portable 
telephone. 
[0082] In addition, While the distance is measured by the 
electronic camera 10, the information indicating the distance 
to the subject may instead be detected by the ?ash unit 30, or 
such information may be obtained in advance as data. 
[0083] The exposure calculation may be executed at the 
?ash unit 30 as Well. In such a case, information indicating the 
aperture value and the shutter speed set in the camera is 
provided to the ?ash unit 30 from the camera through com 
munication betWeen the arithmetic operation circuit 101 and 
the ?ash unit 30. 
[0084] While an explanation is given above on an example 
in Which the present invention is adopted in an electronic 
camera, the present invention may also be adopted in con 
junction With a ?lm camera or a portable device such as a 
portable telephone (a cellular phone). FIGS. 7A and 7B shoW 
hoW the present invention may be adopted in a portable tele 
phone. FIG. 7A shoWs the interior surfaces of a portable 
telephone 201 in an open state, Whereas FIG. 7B shoWs the 
exterior surfaces of the portable telephone 201 in an open 
state. The portable telephone 201 includes a camera unit 202 
and an illumination unit 203. 

[0085] It is to be noted that the individual components 
described above may be alternatively referred to as folloWs. 
The LEDs 41 and 42 may be referred to as means for light 
emission. The focal point detection device 104 may be 
referred to as a means for range ?nding. The illumination 

May 14, 2009 

control circuit 43 may be referred to as a means for light 
emission control. The arithmetic operation circuit 101 may be 
referred to as a means for arithmetic operation and also as a 
means for signal transmission. 
[0086] The above described embodiments are examples 
and various modi?cations can be made Without departing 
from the spirit and scope of the invention. 
What is claimed is: 
1. A photographic illumination device, comprising: 
a current-controlled light emission unit that manifests a 

proportional relationship betWeen a drive current and a 
light emission intensity and emits illuminating light 
toWard a subject; 

a range ?nding unit that detects distance information indi 
cating a distance to a main subject; and 

a light emission control unit that controls the light emission 
unit to emit light in a quantity calculated by using the 
distance information detected by the range ?nding unit 
and an exposure time, an aperture value and a photo 
graphic sensitivity set in a camera. 

2. A photographic illumination device, comprising: 
a current-controlled light emission unit that manifests a 

proportional relationship betWeen a drive current and a 
light emission intensity and emits illuminating light 
toWard a subject; and 

a light emission control unit that controls the light emission 
unit to emit light in a quantity calculated by using dis 
tance information indicating a distance to a main subject 
Which is detected by a range ?nding unit in a camera and 
an aperture time, an aperture value and a photographic 
sensitivity set in the camera. 

3. A photographic illumination device according to claim 
1, Wherein: 

the light emission control unit continuously supplies a 
drive current to the light emission unit over a speci?c 
length of time. 

4. A photographic illumination device according to claim 
3, Wherein: 

the light emission control unit gradually increases the drive 
current. 

5. A photographic illumination device according to claim 
1, Wherein: 

the light emission control unit supplies a pulse drive cur 
rent to the light emission unit a speci?c number of times. 

6. A photographic illumination device according to claim 
3, Wherein: 

the light emission control unit stops supplying the drive 
current once an integrated value representing light hav 
ing been re?ected off the subject illuminated by the light 
emission unit becomes equal to a value corresponding to 
the calculated light quantity. 

7. A photographic illumination device according to claim 
1, Wherein: 

the light emission control unit determines a level of drive 
current so as to sustain a supply of drive current to the 
light emission unit While exposure is in progress over the 
exposure time. 

8. A camera system, comprising: 
a photographic illumination device according to claim 1; 

and 
a camera having a range ?nding unit that detects distance 

information indicating a distance to a main subject, an 
arithmetic operation unit that calculates a quantity of 
light to be emitted by the light emission unit by using the 
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distance information detected by the range ?nding unit 
and an exposure time, an aperture value and a photo 
graphic sensitivity set in the camera, and a signal output 
unit that outputs a signal indicating the light quantity 
calculated by the arithmetic operation unit. 

9. A camera, comprising: 
a current-controlled light emission unit that manifests a 

proportional relationship betWeen a drive current and a 
light emission intensity and emits illuminating light 
toWard a subject; 

a range ?nding unit that detects distance information indi 
cating a distance to a main subject; 

an arithmetic operation unit that calculates a quantity of 
light to be emitted by the light emission unit by using the 
distance information detected by the range ?nding unit 
and an exposure time, an aperture value and a photo 
graphic sensitivity set therein; and 

a light emission control unit that controls the light emission 
unit to emit light in the calculated light quantity. 

10. A camera system, comprising: 
a current-controlled light emission unit that manifests a 

proportional relationship betWeen a drive current and a 
light emission intensity and emits illuminating light 
toWard a subject; 

an arithmetic operation unit that starts a light emission at 
the light emission unit in response to a light emission 
start signal and calculates a quantity of light to be emit 
ted by the light emission unit by using information indi 
cating an aperture value and photographic sensitivity set 
therein; and 

a light emission control unit that controls a light emission 
quantity in conformance to the calculated light quantity. 

11. A camera system, comprising: 
a current-controlled light emission unit that manifests a 

proportional relationship betWeen a drive current and a 
light emission intensity and emits illuminating light 
toWard a subject; 

an arithmetic operation unit that starts a light emission at 
the light emission unit in response to a light emission 
start signal and calculates a quantity of light to be emit 
ted by the light emission unit by using distance informa 
tion to a main subject set therein and information corre 
sponding to an aperture value and photographic 
sensitivity set therein; and 

a light emission control unit that controls a light emission 
quantity in conformance to the calculated light quantity. 

12. A portable device, comprising: 
a current-controlled light emission unit that manifests a 

proportional relationship betWeen a drive current and a 
light emission intensity and emits illuminating light 
toWard a subject; 

an arithmetic operation unit that starts a light emission at 
the light emission unit in response to a light emission 
start signal and calculates a quantity of light to be emit 
ted by the light emission unit by using information indi 
cating an aperture value and photographic sensitivity set 
therein; and 

a light emission control unit that controls a light emission 
quantity in conformance to the calculated light quantity. 

13. A portable device, comprising: 
a current-controlled light emission unit that manifests a 

proportional relationship betWeen a drive current and a 
light emission intensity and emits illuminating light 
toWard a subject; 
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an arithmetic operation unit that starts a light emission at 
the light emission unit in response to a light emission 
start signal and calculates a quantity of light to be emit 
ted by the light emission unit by using distance informa 
tion to a main subject set therein and information corre 
sponding to an aperture value and photographic 
sensitivity set therein; and 

a light emission control unit that controls a light emission 
quantity in conformance to the calculated light quantity. 

14. An image-capturing system, comprising: 
an image-capturing device that captures an image of a 

subject; and 
an illumination device that illuminates the subject, 

Wherein: 
the image-capturing device comprises a control unit that 

calculates a light quantity needed to illuminate the sub 
ject based upon at least, either an exposure time or an 
aperture value and image-capturing sensitivity; and 

the illumination device comprises a current-controlled 
light emission unit that manifests a proportional rela 
tionship betWeen a drive current and a light emission 
intensity and emits light used to illuminate the subject, 
and a light emission control unit that controls the light 
emission unit so as to emit light in the light quantity 
calculated by the control unit. 

15. An image-capturing system according to claim 14, 
Wherein: 

the control unit in the image-capturing device calculates 
the light quantity based upon the exposure time, the 
aperture value and the image-capturing sensitivity set 
therein and measured subject brightness, so as to achieve 
optimal exposure. 

16. An image-capturing system according to claim 14, 
Wherein: 

the image-capturing device further comprises a range ?nd 
ing unit that detects distance information indicating a 
distance to the subject; and 

the control unit in the image-capturing device calculates 
the light quantity by taking into consideration the dis 
tance information indicating the distance to the subject. 

17. An image-capturing system according to claim 14, 
Wherein: 

the light emission control unit in the illumination device 
controls light emission intensity at the light emission 
unit in correspondence to the exposure time. 

18. An image-capturing system according to claim 17, 
Wherein: 

the light emission control unit in the illumination device 
controls the light emission intensity at the light emission 
unit so as to emit light in the light quantity over the 
exposure time. 

19. An image-capturing system according to claim 18, 
Wherein: 

the light emission control unit in the illumination device 
implements control so as to stop the light emission by the 
light emission unit once light in the light quantity has 
been emitted. 

20. An image-capturing system according to claim 14, 
Wherein: 

the light emission control unit in the illumination device 
has information indicating drive current and light emis 
sion intensity characteristics at the light emission unit. 

21. An illumination system constituting an image-captur 
ing system according to claim 14. 
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22.A camera having an image-capturing device constitut- 24. An image-capturing system according to claim 14, 
ing an image-capturing system according to claim 14. Wherei_n3 _ _ _ _ 

the image-capturing system 1s a portable devlce equlpped 
23. An image-capturing system acc0rd1ng t0 c1a1m 14, Witha Camera‘ 

Wherein: 

the image-capturing system isacamera. * * * * * 


